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First version of STICS-Intercrop in 2004 (Brisson et al.)



Intercropping systems: interests and
modelling

The simplest example of a “complex” system.

Intercropping : high potential to increase the
durability of current cropping systems:

- Need less chemical inputs
- Increase resilience to climate variability
- Increase ecosystem services

- Fix more carbon

.. potentially

Huge opportunity for modelling to:

- help us designing the species combinations that
have good properties and sort out the ones that
does not.

- Assess agronomic performances

- pre-screen varieties with the best traits for
intercropping...




Intercropping systems in STICS: approach & limits

* Bi-specific intercropping only: 2 crops in row and strip/alley (only 2!)
* Spatial design with variable inter-row distance
* Sowing and Harvest could be independent for each crop (relay intercropping)

* Competition for light, water and N uptake
= f(rate of root in depth & density/soil layer, LAl expansion, growth rate)

* Niche complementary for water and N
f=(depth and density of roots, N2 fixation=f(soil nitrate concentration))

* The performance of intercrop is an emerging properties of the model

* BUT: NO true facilitation simulated, neither biotic interactions with soil micro- &
macro- biology...



Intercropping systems: STICS-Intercrop is
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rcropping systems: a virtual compartmentalizati
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srowth : root growth and radiation interception
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ypatial design in 2D: 2 rows represented
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Figure 2.1: Diagram representing the different parameters used to compute plant width. The
different names used in the model are shown between parenthesis



| ight competition between the 2 rows
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Figure 2_2: Competition for radiation interception of the dominant plant induced by a high
dominated plant



't competition: dominance simulated in dynamic
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Figure 2 3: Diagram of the computation workflow of STICS for radiation interception for two X

points placed above the dominated plant species. a. The X point is considered sunlit; b. The X



main of validity of STICS intercropping

Figure 7.1: Depiction of the potentially adapted intercrop designs for simulation using the STICS model.




OUT of the domain of validity: strip intercropping

Several independent simulations and aggregation of outputs ??7??
- Need to be tested to verify the relevance of this assumption

USM 1 USM 2  USM 3

Bt

Figure 7.2: Depiction of the intercrop designs not adapted for simulation using the STICS model as Is.
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Modelling work done in the new version

Defining a set of new formalisms for simulating the main interactions in bi-specific
intercropping systems
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Photosynthesis
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Intercrop formalisms in STICS

STICS is originally a sole crop model, implying that each
module simulates one plant only (e.g., light interception, lai)

For bi-specific intercrops, the modules are called twice,
sequentially in the algoritm:

1. Once for the dominant plant

2. Once for the dominated plant
3. With a shared soil

Approach for calibration :
© Parameétres determined for sole crop model

© 1 parameter only for intercrop option: effect of shading
on stem elongation

—> Simulation of intercrop is « a almost a validation step »



Improvement of formalisms: Light

Light interception (2.5D shape extrusion) . . .
* Fixed several bugs in the algorithm (see appendix)

* Fallback to Beer when canopy height is close:

LA I, -k,

{/} e V i ’ ' (LA11°k1+LA12-k2).(1_e—LAfl'kl—LAI2-k2)

* Closed the energy balance
* New plant height computation




Improvement of formalisms: new
equations

Needed a new plant height computation because crop height is de-coupled from LAI
dynamics in intercrops

Two changes:
1. Adding an option for computing height using phenological development instead:

@ |
C-(de v, b)

= pp,— H + —
1 + e

dev: sum of development units cumulated from sowing (thermal-time corrected by vernalisation and photoperiod)
a and b: parameters
: crop base height

2. Computing height incrementally each day:
4 ,— 4, | +~/\ FA,

y 4 y 4

NANH,=Adplé.éi— H p;,_,)-S-Eé



Improvement of formalisms:
Nitrogen in plant

Louarn et al. (2021):
ANmax;

= — . with:
P Nmax(Wiii,tot, biometa)-G.

demand ,
P b

And: with

Same equations than sole crops, with same parameter values, but using total biomass of the IC system.

Details:

* 1s the N demand of the crop (kg N ha! day')

* the maximum N concentration of the crop (gN kg)

* the daily crop growth rate (t ha! day')

* the total aerial biomass of both intercropped crops (t ha'!)

* the threshold of above which N dilution becomes significant (t ha!)

* denotes the current day, the change in the variable value between two days, and the current computed crop



Improvement of formalisms: Interspecific
competition

Introducing an effect of equivalent plant density () for computation of root length growth rate () for self-governing root length
expansion (default):

.G,=RDfront DE -deltaz - 107

RLGdd

RLG= 1+eS.5-sLAImaX—Uroot .SD.D .dtj.SA-I-RLGf

And equivalent plant density is simplified to twice the IC density, i.e. equivalent density for each species is
now considered as the ratio of sole crop plant density divided by intercrop plant density.

The intraspecific competition is now guaranteed to be the same for the equivalent sole crop, as the adens and bdens
parameters are determined for sole crops.



Spatial design in field and in STICS
Data set used for evaluation

Field Experiment

(Alternate rows \ (Mixed on the rows \ (Narrow strips \

Faba bean — Wheat Pea — Wheat Pea - Barley Pea — Wheat Soybean - Sunflower
> > > > e —> —> -
14.5 14.5 145 14.5 17.5 17.5 16.2 16.2 50 50

STICS representation

( Alternate rows \ (Mixed on the rows \ Garrow strips \
Faba bean — Wheat Pea— Wheat Pea - Barley Pea — Wheat Soybean - Sunflower
-—p —te “— - -—p
— —pe QTP — —e
\ 29 29 ) 16.2 150

Faba bean Durum wheat Spring Barley Soybean Sunflower



Simulation of
dynamical variables

Sole crop simulated as:
* Regularsole crop wem =
* Self-intercrop (half-density intercropped with itself)

STICS had a consistent behavior in the simulation of
both

Crucial for analyzing system performances based on
sole crops vs intercrop

Barley Fababean Pea Soybean Sunflower Wheat
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Genericity

EF >=0.71 for all variables
throughout the growing season;

Correct performances per se
and in comparison to classical
sole crops publications

Simulations are “very good”,
except for NDFA that is “good”
(Coucheney et al. 2015)

Biomass (tha™) Height (m) LAl (m?m™2)

1. 2. 3.

75 EF0.87 EF:0.96 EF:0.83
NRMSE:32.44 1.5 RMSE:15.99 3 NRMSE:30.2
RMSE:0.8 RMSE:0.08 RMSE 0.4

5.0 Bias:0.18 10 Bias:0.01 Bias:-0.12
n:56 " ns83 2 28

2.5 05 1

'8 0.0 0.0 0

?U' 0 2 4 6 8 00 0.5 1.0 1.5 0 1 2 3
S

= Nacq. (kgNha™) N Fix. (kg N ha™") NDFA (%)
7] 4. 200 . 6.

200 EF0.71 EF:0.81 EF:0.71
NRMSE:53.66 150 NRMSE383 0.75 nRMSE:20.1
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Bias:5.47 Bias:-17.72 0.50 Bias:-0.09

100 N34 100 n-12 ' n:i2

50 50 0.25

0 0 0.00
0 50 100 150 200 0 50 100 150 200 000 025 050 0.75
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Plant species: Barley Fababean Pea Soybean Sunflower Wheat

ASSO.: A Fababean-Wheat © Pea-Barley € Sunflower-Soybean V Wheat-Pea (alt.) B Wheat-Pea (mix.)



Flowering (Julian day) Maturity (Julian day) Max. height (m)

The model is found

300 2. 20 3.
EF.0.66 EF:0.92
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ASSO.: A Fababean-Wheat © Pea-Barley € Sunflower-Soybean ¥V Wheat-Pea (alt.) B Wheat-Pea (mix.)
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Practical aspects

New parameters in plant files (sole crops)
New parameter for intercrop = need a new plan file architecture

Prospects

Intercrop Branch almost integrated in the trunk (few bugs to be fixed by
Patrice)
Beta Version of STICS 11 will be available in early 2024
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