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A simple FSPM In 9 steps

- no real species, more sort of a typical basic shape and
development

- (cf. Goethe: ,Urpflanze*)

- mimics an annual plant (but can be modified and
generalized)

- functional part will be (in the end): light interception,
photosynthesis, transport of assimilates in the plant

- In the first versions: purely structural model of a plant



// buds are red spheres
module Bud extends Sphere(0.1) {
{ setShader (RED); 1}

}

// nodes are green spheres
module Node extends Sphere (0.07) ({
{ setShader (GREEN); }

}

// internodes are yellow cylinders
module Internode extends Cylinder(l, 0.05) {

{ setShader (YELLOW); }
}

// leaves are green rectangles
module Leaf extends Parallelogram(2, 1) {
{ setColor (0x82B417); }

}



first version (sfspn01. rgg):

/* Steps towards a sinple FSPM sfspn0D1l.rgg:
A sinmple plant wth | eaves and branching i s generat ed.
Original version by G Buck-Sorlin; nodified. */

nmodul e Bud extends Sphere(0. 1)
{{ setShader(RED); }};

nodul e Node extends Sphere(0.07)
{{ set Shader (GREEN); }};

nmodul e | nt ernode extends F;

/* | eaves are rectangles: */
nmodul e Leaf extends Parallelogran(2, 1),

const float G ANGLE = 137.5; [/* golden angle */

/* sinple plant, with | eaves and branches: */
protected void init()

[

Axi om ==> Bud;

]

public void run()
[
Bud ==> Internode Node [ RL(50) Bud ] [ RL(70) Leaf ]
RH( G_ANGLE) | nternode Bud;

]



const float GOLDEN_ANGLE = 137.5; ®
const float BRANCH ANGLE = 50;
const float LEAF ANGLE = 70;

protected woid init ()

Axiom ==> Bud;

]

public wvoid run/()
[
Bud ==>
Interncde Node
[ RL(BRANCH ANGLE) Bud ] [ RL(LEAF_ ANGLE) Leaf ]
RH (GOLDEN_ANGLE) Interncde Bud



second version (sfspnD2.rgg):

modul e Bud(i Nt order) extends Sphere(0.0001)
{{ setShader (RED); setRadius(0.2); }};

nodul e Node extends Sphere(0.07)
{{ set Shader (GREEN); }};

nodul e | nt ernode extends F;

/* | eaves are rectangles: */
nmodul e Leaf extends Parallelogran(2, 1),

const float G ANGLE = 137.5; [/* golden angle */

/* sinple plant, with | eaves and branches: */
protected void init()

[
Axi om ==> Bud(0);
]

public void run()
[
Bud( o), (O < 3) ==> | nternode Node [ RL(50) Bud(o+l) ]
[ RL(70) Leaf] RH(G_ANGLE) | nternode Bud(o);

]



module Bud(int order) extends Sphere(0.1) {
{ setShader (RED); }

}

protected void init ()

[
Axiom ==> Bud(1l);

]

public void run()

[

Bud(o), (o < 4) ==>
Internode Node
[ RL(BRANCH ANGLE) Bud(o+l) ] [ RL(LEAF ANGLE) Leaf ]
RH (GOLDEN ANGLE) Internode Bud (o)



third version:

more precise timing for appearance of new metamers
(internode, node, leaf)

phyllochron = time span between the appearances of new
metamers in apical position at the same shoot axis

(often used as synonym: plastochron, but this means in its
proper sense the time span between two initiations of new
metamers)

(phyllochron: notion does not depend on growth being
preformed or neoformed)

Time count in the model in discrete steps
(1 step = 1 parallel application of rules)



module Bud(int phyllo, int order) extends Sphere(0.1) {
{ setShader (RED); }

const int PHYLLOCHRON = 25;

protected void init ()

[
Axiom ==> Bud(PHYLLOCHRON, 1);



public void run ()

[
Bud(p, o), (p > 0) ==> Bud(p-1, o);

Bud(p, o), (p == 0 && o < 4) ==>
Internode Node
[ RL(BRANCH ANGLE) Bud (PHYLLOCHRON, o+l1l) ]
[ RL(LEAF ANGLE) Leaf ]
RH (GOLDEN_ ANGLE) Internode Bud (PHYLLOCHRON, o)



sfspm03.rgg

nmodul e Bud (int ph, int order) extends Sphere(0.1)
{{ setShader(RED); }};

nodul e Node extends Sphere(0.07)
{{ set Shader (GREEN); }};

nodul e I nternode extends F;
nodul e Leaf extends Parallelogranm(2, 1);

const float G ANGLE = 137.5; [/* golden angle */

/* introducing a phyllochron */
const int phyllo = 25;

protected void init()
[
Axi om ==> Bud(phyl |l o, 0);
]

public void run()
[
Bud(p, o), (p > 0) ==> Bud(p-1, 0o); [/* first paraneter
counted down until...*/
Bud(p, 0), (p == 0 & 0 <= 1) ==> I nternode Node
[ RL(50) Bud(phyllo, o+l1l) ] [RL(70) Leaf]
RH( G ANGLE) | nternode Bud(phyllo, 0);
/* (order restricted to 1 ... for efficiency) */



Introducing flowers

module Flower ==>
RU(180) Cone (0.3, 0.3). (setColor (0xB82B417))

M(-0.25) RL(90)
[

for (int 4 = X; 1. = 5; a+t) |
[ RU(1+4360/5) RL(20) Parallelogram(2, 1l). (setColor (0OxFFOOFF)) ]
)
]

RU (45)
[
for: (int 2 = 1: 1 9= 5 3+4)
[ RU(i1x360/5) RL(40) F(0.3, 0.1, 14)
RV(-0.3) F(0.3, 0.1, 14) RV(-0.3) F(0.3, 0.1, 14) ]

]

RU (-45)
[
for {(ant 1 = 1;: i <= 5: it4) |
[ RU(i%#360/5) RL(70) Frustum(0.7, 0.2, 0.05). (setColor (0x8DAF58)) ]

)



module Bud(int rank, int phyllo, int order) extends Sphere(0.1) {
{ setShader (RED); }

protected void init ()

[
Axiom ==> Bud(l, PHYLLOCHRON, 1);



public void run()

[

Bud(r, p, o), (p > 0) ==> Bud(r, p-1,

Bud(r, p, o), (r < 10 && p == 0 && o < 4) ==>
RV(=0.1l) Internode Node
[ RL(BRANCH ANGLE) Bud(r, PHYLLOCHRON, o+l1l) ]
[ RL(LEAF ANGLE) Leaf ]
RH (GOLDEN ANGLE) RV (=0.1) Internode Bud(r+l, PHYLLOCHRON, o)

Bud(r, p, o), (r == 10) ==>
RV(=0.1) Internode RV(-0.1l) Internode Flower;



After importing textures into GrolMP:

const ShaderRef leafmat = new ShaderRef ("Leafmat");

const ShaderRef petalmat = new ShaderRef ("Petalmat");

const ShaderRef internodemat = new ShaderRef (“"Internodemat");
const ShaderRef nodemat = new ShaderRef ("Nodemat");



module Bud(int rank, int phyllo, int order) extends Sphere(0.1) {
{ setShader (nodemat),; }

}

module Node extends Sphere(0.07) {
{ setShader (nodemat),; }

}

module Internode extends Cylinder(l, 0.05) {
{ setShader (internodemat); }

}

module Leaf extends Parallelogram(2, 1) ({
{ setShader (leafmat); }

}

module Flower ==>
RU(180) Cone (0.3, 0.3). (setShader (internodemat))

M(-0.25) RL(90)
[
for (int i = 1; i <= 5; i++) (
[ RU(ix360/5) RL(20) Parallelogram(2, 1). (setShader (petalmat)) ]
)



sfspmO04.gsz: with flowers; textured organs

const Shader Ref | eaf mat = new Shader Ref ("Leaf mat");

const Shader Ref petal mat = new Shader Ref ("Petal mat");

const Shader Ref internodemat = new Shader Ref ("I nt er nodemat ") ;
const Shader Ref nodemat = new Shader Ref (" Nodemat ") ;

nodul e Bud(int tine, int ph, int order) extends Sphere(0.1)
{{ setShader (nodemat); }};

nodul e Node ext ends Sphere(0.07)
{{ setShader (GREEN); }};

nodul e Ni ceNode extends Sphere(0.07)
{{ set Shader (nodemat); }};

nodul e I nternode extends F(1, 0.1, 7);

nodul e Ni cel nternode extends Cylinder(1, 0.08)
{{ setShader(internodemat); }};

nodul e Leaf extends Parallelogram 2, 1)
{{ setCol or(0x82B417); }};

nodul e Ni ceLeaf extends Parall el ogran{2, 2)
{{ setShader(leafmat); }};

nodul e Fl ower ==> /* instantiation rule */
RU(180) Cone(0.3, 0.3).(setCol or(0x82B417)) M-0.25) RL(90)
[ for (int i=1; i<=5; i++) ( [ RU(i*360/5) RL(20)
Paral |l el ogram(2, 1).(setColor(0OxFFOOFF)) ] ) ] RU(45)
[ for (int i=1; i<=5; i++) ( [ RU(i*360/5) RL(40) F(0.3, 0.1, 14) RV(-0.3)
F(0.3, 0.1, 14) RV(-0.3) F(0.3, 0.1, 14) ] ) ] RU-45)
[ for (int i=1; i<=5; i++) ( [ RUi*360/5) RL(70)
Frustum(0.7, 0.2, 0.05).(setCol or(Ox8DAF58)) ] )
nodul e Ni ceFl ower ==>
RU(180) Cone(0.3, 0.3).(setShader(internodemat)) M-0.25) RL(90)
[ for (int i=1; i<=5; i++) ( [ RU(i*360/5) RL(20)
Paral | el ogram(2, 1).(setShader(petalmat)) ] ) ] RU(45)
[ for (int i=1; i<=2; i++) ( [ RU(i*360/3) RL(40) F(0.3, 0.1, 14) RV(-0.3)
F(0.3, 0.1, 14) RV(-0.3) F(0.3, 0.1, 14) ] ) ] RU(-45)
[ for (int i=1; i<=5; i++) ( [ RUi*360/5) RL(70)
Frustum(0.7, 0.2, 0.05).(setCol or(0Ox8DAF58)) 1 ) 1;



/Il sfspm04.gsz, continued

const float G ANGLE = 137.5; [* golden angle */
const int phyllo = 25;

protected void init()
[
Axi om ==> Bud(1, phyllo, 0);
]

public void run()

[

Bud(r, p, o), (p > 0) ==> Bud(r, p-1, 0);

Bud(r, p, 0), (r<10 && p==0 && 0<=2) ==> RV(-0.1) Nicelnternode Ni ceNode
[ RL(50) Bud(r, phyllo, o+l1) ] [ RL(70) NiceLeaf | RH{(G ANGLE) RV(-0.1)
Ni cel nt ernode Bud(r+1, phyllo, o0);

Bud(r, p, 0), (r == 10) ==> RV(-0.1) N celnternode RV(-0.1) Nicelnternode N ceFl ower;

]

additionally there are image files for the used textures, which are
connected manually in GrolIMP with the shader names ,Leafmat®,
.Petalmat” etc.



principle of radiation model

ray tracing — a method from computer graphics
basic idea:

Image _
Camera = il Light Source
3 ] »
T -
L fﬁ,—f"’ d ::,f' :
- View Ray
B >
/({_’ ol ,,--*"'f
:”" o |
[l

Scene Object

additionally the ray can be
traced along one or several
reflections

from: http://en.wikipedia. org/wiki/File:Ray_trace_diagram.svg



we do not want to generate an image, but calculate for all
leaves of the virtual plant the amount of intercepted light

— reversal of the direction of the rays:

they run from the light sources to the objects. An extra shadow
test is no longer necessary.

A large number of rays with random directions is generated:
.Monte-Carlo ray tracing*

accumulation of the intercepted power of radiation (in the unit
W = Watt) is possible for each object

Condition: there has to be a light source In the scene



Light sources in GrolMP

DirectionalLight
PointLight
SpotLight

Sky (SunSky Shader)




Adding a light source into the scene

// the light source
module MyLamp extends SpotLight {

{
setPower (200.0); // power in W

setAttenuationDistance (50.0) ; // in m
setAttenuationExponent (0.0);
setInnerAngle(22.5 » Math.PI/180.0);
setOuterAngle (30.0 » Math.PI/180.0);

}

// light specification with colour (R, G, B)
module MyLight extends LightNode (1.0, 1.0, 1.0) {
{ setLight (new MyLamp()); }

}



protected void init ()

[
Axiom ==> Bud(l, PHYLLOCHRON, 1);

R e b A4 be e e el e W S

aDOVe ©LIile scene




// light model instance

// 100000: number of random rays

// 5: recursion depth (nb. of reflections)
LightModel 1lm = new LightModel (100000, 5);

public void grow () {
// apply growth rules
run () ;
// compute light
Im. compute () ;
// calculate the amount of light
// (integrated over the whole spectrum),
// absorbed by a leaf
absorb () ;



module Leaf (float al) extends Parallelogram(2, 1) {
{ setShader (leafmat); }

}

protected void run() [
Bud(r, p, o), (r < 10 && p == 0 && o < 4) ==> ... Leaf(0) ... ;

]

protected void absorb() [
lf:Leaf ::> {
// 2.25 - conversion factor W -> PAR
// (photosynthetically active radiation [mikro mol/m*2/s])
1f[al] = 1lm.getAbsorbedPower3d(lf) .integrate() x 2.25;
//println(1f[al]);



AlgorithmSwitchShader(guiShader, radiationShader)

module Leaf (float al) extends Parallelogram(2, 1) {
{
// the leaf gets a new shader
// for the radiation model
setShader (new AlgorithmSwitchShader (
new RGBAShader (0, 1, 0), GREEN));

}

protected void absorb () [
lf:Leaf ::> {
1f[al] = 1lm.getAbsorbedPower3d(1lf) .integrate() * 2.25;
//println(1lf[al]);

1f. (setShader (new AlgorithmSwitchShader (
new RGBAShader (lf[al]/5.0, 1lf[al]lx2, 1£f[al]/100.0),
GREEN

)));



sfspm05.gsz (only the new parts of the model are displayed: )

... . nodul e definitions .....
/* the leaf collects |ight and gets a new shader for the radiation nodel: */

nodul e Leaf (fl oat al) extends Parallel ogran(2, 1)
{{ set Shader (new Al gorithnmtw t chShader (new RGAShader (0, 1, 0), GREEN)); }};

I ... .. further nodul e definitions .....

/* the light source: */

nodul e MyLanp extends Spot Li ght

{{
set Power (200. 0) ; /[* power in W*/
set Att enuati onDi st ance(50.0); [* in m?*/

set Att enuat i onExponent (0. 0);
set | nner Angl e(22. 5*Mat h. PI / 180. 0) ;
set Qut er Angl e(30. O*Mat h. PI / 180. 0) ;

1}

nodul e MyLi ght extends LightNode(1.0, 1.0, 1.0) /* R G B */
{{ setLight(new MyLanp()); }};

/* the radiation npdel is defined */
Li ght Model | m = new Li ght Model (100000, 5);

/* 100000: nunber of randomrays, 5: recursion depth (nb. of reflections) */



sfspm05.gsz (only new parts of the model are displayed; continued: )

protected void init()

[

Axi om ==> Bud(1, phyllo, 0);
==> A M 50) RU(180) MLi ght:

]

public void grow)
{
run();
I m conput e();
absorb();

}

protected void run()

[
Bud(r, p, o), (p>0) ==> ...
/[l further rules....

]

protected void absorb()

[

| f: Leaf ::>

{

/* Light source is placed above the scene */

If[al] = I mget Absor bedPower3d(If).integrate() * 2.25;
| f.(set Shader (new Al gorithnmBwi t chShader (

new RGBAShader ((float) If[al]/5.0,

printin(lf[al]);
}

GREEN) ) ) ;

(float) If[al]*2,

(float) |f[al]/100.0),



Plotting the absorbed light

const DatasetRef lightdata =
new DatasetRef ("Light intercepted by canopy");

protected void init ()

[
{ initChart (); }

]

public void grow ()
{
run () ;
Im. compute () ;
absorb () ;
updateChart () ;



Wiew Gomera P Aemder View -i'llrll"il.
270 & 230

protected void initChart () { 5 e Eopore | . e hiects| S | L mercoptsd oy canm |
- Light intercepted by canopy

lightdata.clear () ; )

chart (lightdata, XY PLOT); i
} 4
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protected void updateChart () {

lightdata.addRow () .set (0, sum((* Leaf x) [al]));
}

Panels — Explorers — Datasets




Leaf growth according to logistic function

module Leaf (super.length, super.width, float al, int age)
extends Box (length, width, 0.01) {
{
setShader (new AlgorithmSwitchShader (
new RGBAShader (0, 1, 0), GREEN));

}

public float logistic(float maxdim, int time,
float phylloM, float slope) {
return (slope * maxdim » Math.exp(-slope * (time-phylloM))) /
((Math.exp(-slope * (time-phylloM)) + 1)*x2);

Leaf growth rate

025

dw ka e(—k(t—tm))
dt (e k(t—tm)) +'|)

015

010

0.0s
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public void grow ()

{

run() ;

Im. compute () ;
absorbAndGrow () ;
updateChart () ;

}

protected void run/()

[

Bud(r, p, o), (r < 10 && p == 0 && o < 4) ==>
Leaf (0.1, 0.07, O, 1) ... ;



protected void absorbAndGrow ()
Leaf length

[ 2D e
lf:Leaf ::> { :

Lest

1f[age] ++;

lf[length] += logistic (2, lf[age], 10, 0.5);
1f[width] = lf[length] = 0.7;







Internode growth according to logistic function

module Internode (super.length, int age) extends Cylinder (length, 0.05) {
{ setShader (internodemat); }

}

protected wvoid run/()

[

Bud(r, p, ©0), (r < 10 && p == 0 && o < 4) ==>
RV(-0.1l) Internode (0.1, 1) Node
[ RL(BRANCH ANGLE) Bud(r, PHYLLOCHRON, o+l) ]
[ RL(LEAF_ANGLE) Leaf (0.1, 0.07, 0, 1) ]
RH (GOLDEN_ANGLE) RV (-0.1) Internode (0.1, 1) Bud(r+l, PHYLLOCHRON, o)

r

Bud(r, p, o), (r == 10) ==
RV(-0.1) Internode (0.05, 1) RV(-0.1) Internode(0.05, 1) Flower;
]

protected void absorbAndGrow ()

[
1f:Leaf ::> { ... }

itn:Internode ::> {
itn[age] ++;
itn[length] += logistic(l, itn[age], 10, 0.5);



sfspm06.gsz: leaf growth according to logistic function,
plotting the absorbed light in a chart (new parts of model only: )

/* the leaf is nodelled as a 3-d box now and gets new paraneters: */

nodul e Leaf (super.length, super.width, float al, int age)
ext ends Box(length, w dth, 0.01)
{{ set Shader (new Al gorithnmbw t chShader (new RGAShader (0, 1, 0), GREEN)); }};

/* Introducing |eaf growh: */

/* derivative of logistic function */
public float logistic(float maxdim int tine, float phylloM float slope)

{

return (slope * maxdi m* Math. exp(-slope*(tinme-phylloM)) /
((Mat h. exp(-sl ope*(tinme-phylloM)+1)**2);

}

/| * Table for absorbed |ight values: */

const DatasetRef |ightdata = new Dataset Ref ("Li ght intercepted by canopy");

protected void init()

[

{

| i ghtdata.clear(); /* the chart is initialized */
chart(lightdata, XY_PLOT);

}

Axi om ==> Bud(1, phyllo, 0);
==> ~ M50) RU(180) MLight; /* Light source is placed above the scene */
]



sfspm06.gsz: leaf growth according to logistic function,
plotting the absorbed light in a chart (new parts of model only; continued: )

public void grow)
{
run();
I m conput e();
absorb_and_grow eaf ();
I i ght dat a. addRow() . set (0, sum((* Leaf *)[al]));

}

protected void run()

[

Bud(r, p, 0), (p>0) ==> ...........
/1 further rules....

]

protected voi d absorb_and_grow eaf ()

[

[ f:Leaf ::>
{
If[al] = I mget Absor bedPower 3d(If).integrate();
| f.(set Shader (new Al gorithnmBwi t chShader (

new RGBAShader ((float) If[al]/5.0, (float) If[al]*2, (float) I[f[al]/100.0),
GREEN) ) ) ;

printin(lf[al]);
| f[ age] ++; /* the leaf is ageing */
| f[length] += logistic(2, If[age], 10, 0.5); [/* logistic growh */
I f[width] = If[length]*0. 7,
}



Determination of the light arriving at the soil

// light absorbing tile
module Tile (float len, float wid)

extends Parallelogram(len, wid) ({
float al;



protected void init () [

Axiom ==>
[
RL(90) M(4) RU(90) M(-4) ,
for ((1:40)) ( o
for ((1:40)}) |
Tile(0.25, 0.25). (setShader(
new RGBAShader (0.6, 0.3, 0.1)

))

)
M(-10) RU(90) M(0.25) RU(-90)

]

Bud (1, PHYLLOCHRON, 1)



protected void absorbAndGrow ()

[
1E:Yaaf 13> 1 . }

itn:Internode ::> { ... } wﬁ

t:Tile o |
t[al] = 1lm.getAbsorbedPower3d(t) .integrate();
//println(t[al]);

t. (setShader (new AlgorithmSwitchShader (
new RGBAShader (t[al]x*=300, t[al]x200, t[al]),
new RGBAShader (0.6, 0.3, 0.1)

)));



sfspm07.gsz: determination of the light arriving at the soil
(new parts of model only: )

...,

/* a single tile (will be positioned on the ground): */

nodule Tile(float len, float wid) extends Parall el ogran(len, w d)
{ float al; };

...,
protected void init()
[
{
| i ghtdata.clear(); /* the chart is initialized */
chart(lightdata, XY_PLOT);
}
Axiom ==> [ RL(90) M4) RU(90) M-4) for ((1:40)) /* paving the ground */
( for ((21:40))
( Tile(0.25, 0.25).(setShader(new RGBAShader (0.6, 0.3, 0.1))) )
M -10) RU(90) MO0.25) RU(-90)
) |
Bud(1, phyllo, 0);
==> "~ M 50) RU(180) M/Light; /* Light source is placed above the scene */
]
...,

protected void absorb_and_grow()

[

[ f:Leaf ::> ......

p:Tile ::>
{
p[al] = | m get Absor bedPower 3d(p).integrate();
println(p[al]);
p. (set Shader (new Al gorit hnbw t chShader (new RGBAShader (

p[al ]*300, p[al]*200, p[al]), new RGBAShader (0.6, 0.3, 0.1))));

}



Most simple model of photosynthesis:
Assumption of a linear relationship between the absorbed light and the amount of

assimilates produced in the leaf

- conversion factor CONV_FACTOR
- Leaf gets new property ,as” (produced amount of assimilates)

Linear model of photosynthesis

module Leaf (super.length, super.width, float al, int age, float as)
extends Box (length, width, 0.01) ({

{
setShader (new AlgorithmSwitchShader (

new RGBAShader (0, 1, 0), GREEN));

}

// conversion factor light->assimilates
const float CONV_FACTOR = 0.2;

protected void run()

[

Bud(r, p, ©), (r < 10 && p == 0 && o < 4) ==>
Leaf (0.1, 0.07, O, 1, 0) ... ;



protected void absorbAndGrow ()

[
1lf:Leaf ::> {

// amount of assimilates
lf[as] = 1lf[al] * CONV_FACTOR;

// amount of assimilates of all leaves
float 1lfas = sum((x Leaf %) [as]);

// dependency of growth on availability of assimilates
if (lrias > Q) {

lf[length] += logistic(2, lf[age], 10, 0.5);
}

lf[width] = lf[length] * 0.7;



Aging of flowers

module Flower (int age, int max age) ==> ... ;

public void run ()

[

Bud(r, p, o), (r == 10) ==> ... Flower(l, irandom(10, 15));

// ageing of flower
Flower(t, m), (t < m) ==> Flower (t+l, m);

// flower death
Flower(t, m), (t >= m) ==> ;



sfspm08.gsz: Usage of the linear model of photosynthesis
(new parts of model only: )

Ir.....
const float CONV_FACTOR = 0.2; [/* conversion factor light->assimlates */
Ir.....

protected void absorb_and_grow)
[

| f:Leaf ::>
{
[flal] = | mget Absor bedPower 3d(If).integrate()*2.25;
T

[fl[as] = I1f[al] * CONV_FACTOR, /* amount of assim|ates */

float Ifas = sum((* Leaf *)[as]); /[* ... of all |eaves */

if (Ifas > 0) / * dependency of growh on availability of assimlates */
{
I f[length] += logistic(2, If[age], 10, 0.5); [/* logistic growh */
}

[f[width] = I1f[length]*0.7;

}

itn:Internode ::> /] ......

]



Inclusion of a more realistic (non-linear) model of photosynthesis

CO, exchange rate (CER): saturation curve in dependence of photon flux densitiy
(ppfd) according to

_ (Foe +RD)IPE[ppfd _ :
PE (ppfd + F__ +RD ; /_/./-/”"
with RD = dark respiration - j //
PE = photosynthetic efficiency .
F..., = maximal photosynthesis A - e i
Units: ppfd

CER, ppfd, RD, Fmax : pmol Cm[s*; PE : dimensionless

sfspm09.gsz: Photosynthesis in the leaves with improved model
(calculation of photosynthesis only: )

/* function cal cul at eCER gi ves the instantaneous CO2 fixation rate
(mcroml CO2 m2 s-1) depending on light intensity (ppfd).
Dependency on tenperature is not included. */

fl oat cal cul at eCER(fl oat ppfd)
{
return (float) ( (FMAX+DARK RESPI RATI ON_RATE) * PHOTO EFFI Cl ENCY * ppfd) /
( PHOTO_EFFI Cl ENCY* ppfd + FMAX + DARK _RESPI RATI ON_RATE) - DARK _RESPI RATI ON_RATE;

}



Assimilate production of a leaf (in kg)

» Conversion of the amount of assimilates in kg for a leaf of a
certain area and during a given time span

float calculatePS (float a, float ppfd, float d) {

return

calculateCER (ppfd) * a x d
* 44.0le-6 // mass of 1 umol CO2 in g

* (180.162/264.06) // conversion C0O2 -> Glucose
/ 1000.0; // conversion g -> kg



// leaf form factor

const float LEAF FF = 0.7;

// conversion factor from absorbed power (W)

// to photon flux (umol/ (m*"2 s))

const float PPFD FACTOR = 0.575;

// duration of a timestep in sec, here: 8 hours
const float DURATION = 8 x 60 x 60;

protected void absorbAndGrow () [
1lf:Leaf ::> {

float area = LEAF_FF x lf[length] x 1lf[width];
// area converted from cm*2 to m*2
area /= 10000.0;

// calculation of photosynthetic production of the leaf
1f[as] += calculatePS(
area, PPFD FACTOR * l1lf[al] / area, DURATION);



Conversion of the amount of assimilates in kg for a leaf of a certain area and
during a given time span:
/* function cal cul atePS gives the assimlate production (in kg) of a |eaf,

depending on leaf area a (in nt*2), ppfd (in unol/(nt*2 s)) and duration

d (in seconds) of |light interception.
Dependency on tenperature is not included. */

float calculatePS(float a, float ppfd, float d)

{
return
cal cul ateCER(ppfd) * a * d
* 44.01e-6 /* mass of 1 umol CO2 in g */
* (180. 162/ 264. 06) /* conversion CO2 -> G ucose */
/ 1000. 0; /* conversion g -> kg */
}

conversion of photon flux from W (power) in pmol [ :

const float PPFD FACTOR = 0.575; /* conversion factor from absorbed
power (W to photon flux (umol/s);
unit: unol/J; after Kni enmeyer 2008 */
T
| f: Leaf >
{
Iflal] = I mget AbsorbedPower3d(If).integrate();
I

float area = LEAF_FF * If[length] * [f[wi dth] / 10000.O;
/* converted fromcnt*2 to nt*2 */

/* cal cul ation of photosynthetic production of the leaf: */
| f[as] += cal cul atePS(area, PPFD FACTOR * [f[al] / area, DURATI ON)



required for the distribution of the assimilates:

modelling of transport processes

model assumption: substrate flows from elements with high
concentration to elements with low concentration (principle of
diffusion)

example:

sm09 e4l.rgg (concentration of a substrate Is visualized
by the diameter here)



nodul e I nternode(super.di aneter) extends F(100, dianeter);

protected void init()
[
Axi om ==> P(14) Internode(1l) P(2) Internode(l)
P(4) Internode(l) P(15) Internode(60);
]

public void transport () (two reverse successor edges after the other)

[

| _above:lInternode < < i _below Internode ::>

{

float r = 0.1 * (i_belowdianeter] - i _above[di aneter]);
| _bel ow dianeter] :-=r;

_above[dianeter] +=r1;

i
}



Distribution of the assimilates

» Model assumption (principle of diffusion): substrate flows from
elements with high concentration to elements with low
concentration

module Internode (super.length, int age)
extends Cylinder (length, 0.05) {
{ setShader (internodemat); }

float as = 0;
}

// diffusion constant for transport of assimilates
const float DIFF CONST = 0.01;



public void grow() {

transport();
updateChart () ;

}

protected void transport () [
// transport from a leaf to the supporting internode

1lf:Leaf <—-minDescendants- itn:Internode ::> {
float r = DIFF CONST x (lf[as] - itn[as]);
1f[as] :== r;
itn[as] :4= r;

}

// exchange between successive internodes
1_top:Internode <-minDescendants- 1_bottom:Internode

float r = DIFF_CONST x (i_bottom[as] - i_top[as]);

1 bottom[as] :—-= r;
i_topl[as] :+= r;

* :}

{



modelling of transport in sf spnD9. gsz :

const float DI FF_CONST = 0. 01, [* diffusion constant for transport
of assimlates */
I
public void grow)
{
run();
I m set Seed(i randon( 1, 100000));
I m conpute();
absorb_and _grow();
for (apply(5)) transport(); /* 5 iterations of transport per step */
I
}

protected void transport()
[
/[* transport of assimlates froma |leaf to the supporting internode: */
| f: Leaf <-m nDescendants- itn:lnternode ::>

{
float r = DIFF_CONST * (lIf[as] - itn[as]);
lf[as] :-=r;
itn[as] :+=r;
}
/* exchange between successive internodes: */
i _top:lInternode <-m nDescendants- i_bottom | nternode ::>
{
float r = DIFF_CONST * (i _bottonfas] - i _top[as]);
I _bottonfas] :-=r;

_top[as] :+=r1;

i
}



Open questions / deficiencies of the model:

- Is this transport mechanism realistic?
- how are the conditions in the very beginning?

- what about buds which do not yet produce assimilates but
need some for extension growth?

- For growth and photosynthesis, nitrogen (N) is needed, too.
This is delivered by the roots. How would a transport model
for N differ from that for C?



