cirad

ACRICULTURAL RESEARCH
FOR DEVELOPMENT

"

e IEMNM < )

Libwrrd = .E,..i.w Fravermivd wwsegionreunion.com  DEPARTEMENT

Hmuuqy: FRANGCAISE ..... RéuﬂlOﬂ

Tropicalization of the STICS model:
Insights from sugarcane calibration
and nitrogen dynamics in tropical
volcanic solls

Florent Kebalo!, Mathias Christina? and
Antoine Versinil

1CIRAD, UPR Recyclage & Risque
2CIRAD, UPR AIDA

XIVth STICS seminar, 17-19 March 2026,
organized by ULiege-GxXABT & INRAE

e
§ LIEGE université
INRAZ o
Agro-Bio Tech



Challenges of tropicalization

Original cropping systems !
Sugarcane, major tropical crop
Giant C4 perennial grass

Original soils !
Volcanic and tropical soils Original climates !
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Why STICS?

= |sland agriculture in La Réunion - Need to assess agro-environmental impacts
for local organic fertilizer and sugarcane x legume associations

= STICS as a generic model for assessing varied conditions!

Need for Tropicalization ?

= Adapt the model through parameterization ?
= OR Need for new formalisms ?
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1 Sugarcane growth T & H,O

Calibration procedure

1) Calibration of the belowground compartment

- Root front & distribution
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1 Sugarcane growth T & H,O

Calibration procedure
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2) Calibration of the aboveground
compartment
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1 Sugarcane growth T & H,O ¥
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1 Sugarcane growth T & H,O

Robustness of the calibration depending on variety

The calibration was mainly performed on R570 variety but can we use this calibration for other variety ?

Relative mean biai error at harvest on sugarcane yield
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1 Sugarcane growth T & H,O
1st Take home message

Calibration strategy:

« only 3 parameters were optimized (dlaimaxbrut, remobres, krepracperm),

- all other were obtained from measurements (on-field or literature), crop similarity (e.g.
miscanthus), and previous prototype

Model not able to represent root-to-shoot plasticity
—> site-specific calibration of krepracperm or change in formalism?

Robust calibration for sugarcane yield in stalk fresh mass (stem) regarding climate
- Can be applied in many other varieties as a first step

BUT currently not able to simulate sucrose yield !
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2 Soil N mineralization and fertilizer N uptake

Calibration procedure of soil N mineralization T
; \
12 sites Yield and N uptake for ON and 100N fertilization rates .
§ 0 ; A
_— e e o
Default N uptake
» Hypothesis: total N mineralization = 3001
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2 Soil N mineralization and fertilizer N uptake

Adaptation of soil N mineralization in STICS

Transformation of the clay variable
1:1clay tropical solls : addition of fine silt
Allophanic soils : clay optimization and related to allophanes %
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2 Soil N mineralization and fertilizer N uptake

Adaptation of fertilizer use efficiency

10 sites Fate of 1°N-labelled fertilizers in the soil-plant system

orgeng optimized to 63

orgeng 35 (default) based on 1°N measurements
607 RMSE = 12.81 607 RMSE = 8.49
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2 Soil N mineralization and fertilizer N uptake

Validation on TERO project

Partial-factor productivity (PFP):

Validation dataset (TERO — ey Vol o essoute conne Yield / Fertilizer N
project): ERcane 07
N’ Site
» 4 sites x 7-10 years x Eﬂ-ﬁ' E?}:rﬁ.
2 fertilization levels (ON and 2 oo
100 N) E 057 RMSE =0.08 Id_cycle
* Measurements: N mass, : Feos0 ciry
aboveground biomass %“' Moe 502 _ %Eg
« Contrasted soil: andic and 2 | - G
non-andic, and climate e
(rainfall and temperature) 02l g | | .
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3 N losses under tropical conditions

Datasets and calibration procedure

SOERE-PRO

Calibration dataset SOERE-PRO project:
« 1 sites x 11 years x organic and mineral fertilizers

« Measurements: N uptake, N volatilization, N,O
emissions, N lixiviation
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3 N losses under tropical conditions

S~

Datasets and calibration procedure

Calibration dataset SOERE-PRO project:
« 1 sites x 11 years x organic and mineral fertilizers

« Measurements: N uptake, N volatilization, N,O
emissions, N lixiviation
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3 N losses under tropical conditions

Calibration of N fluxes

Volatilization is acceptable but N,O and NO; are strongly overestimated

Treatment Default
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3 N losses under tropical conditions

Calibration of N fluxes

Volatilization is acceptable but N,O and NO; are strongly overestimated
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23 N cycling under tropical conditions

2nd Take home message

A way to improve N mineralization for tropical conditions is by adjusting the soil’s clay
Increase the fertilizer N immobilization in tropical conditions

N volatilization was quite well simulated by the default model despite the wide range of
fertilizers

The overestimation of N,O emission and N leaching by the model was improved by reducing
the maximum nitrification rate
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Perspectives

STICS « plant » perspectives

Modelling cane x legume intercropping

Viaud, 2023 PhD De Freitas, 2026 PhD

(data) (STICS cereal-cowpea) INTE RC R 0 P
VALUES

Optimization of crop management

—> Balance between sugarcane
and cowpea vyield
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Perspectives

STICS « plant » perspectives

Modelling sucrose accumulation in the stalk
=> use of temporary reserve in STICS? Or add a grain in the stem?

| /Comparison of sucrose accumulatiorm

formalisms in sugarcane crop models
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Perspectives

STICS « soil » perspectives

Modelling volcanic and tropical SOM mineralization

 Accounting for 1:1 and amorphous clays in STICS : new function or calibration ?

 Improving tropical SOM mineralization in soil-crop models

Marie Ruillé, 2025-2028 4 , N\
[ Post-doc 1 Multimodel simulatation of # J

SON mineralization vs. Ag P s M | p
observed crop N uptake 'ii..

\_ J

[ o
STICS simulations of SOC dynamic
in tropical long-term experiments 5 16

\_

‘ C | ra d Tropicalization of the STICS model — XIVth STICS seminar - 19




Perspectives

STICS « fertilizer » perspectives

Modelling N fluxes toward atmosphere and hydrosphere

d N,O and NH; datasets mixing temperate and tropical measurements
- STICS ability to simulate these fluxes with the same formalisms and parameterization ?

ﬁeglon -0~ ?ropical —h ?emperate
(a) (b) (c) (d)
Nitrate leaching losses . Nitrous oxide losses o Nitric oxide losses Ammonia losses
S T 5" ST 0 Modeling makes it possible to
5, . LA determine whether the
= 2 S Za0- processes involved differ
S o o Z .
2" = ok e between temperate and tropical
£ g contexts
- 0-6 100 200 300 £ 0-6 100 200 300 z 0-6 100 200 300 3 06 100 200 300
g N N

N inputs (kg N ha’1season'1) N inputs (kg N ha'1season’1) inputs (kg N ha'1season'1) inputs (kg N ha‘1season'1)

Huddell et al. 2019. GCB
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