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Climate change adapation
• Agricultural adaptations that have deserved great attention: 
• Varietal choice 
• Mineral fertilizer use  

• Agroecological practices less accounted for: 
• Residue mulching
• Legume integration (rotation and intercropping) with cereals
• Application of organic amendments 

Rik Schuiling - TropCrop /TCS



Collective research effort
• To update and test STICS to account for the impact of agroecological 

practices on cropping system performance in the tropics. 

• Calibration and evaluation on multiple years of measurements in 
contrasting experimental sites: 
• from cool to warm, 
• from semi-arid to sub-humid subtropical environments
• in Senegal, Zimbabwe, Mali, Burkina Faso, Kenya, Brazil and Madagascar.

• Virtual experiments to assessment performances in face of climate 
variability (long-term simulations)



Table of content
i) new cereal and legume crops 

ii) cereal-legume intercropping 

iii) crop residue decomposition and feedback on crop growth 

iv) crop residue mulching



i) new cereal and legume crops (1/3)

Millet - Senegal

Sow et al, in revision

• Over-estimation of low yields (underestimation of water stress) 



i) new cereal and legume crops (1/3)

Rice - Madagascar Millet - Senegal

Sow et al, in revision Ranaivoson et al., 2022

• Over-estimation of low yields (underestimation of water stress) 



i) new cereal and legume crops (2/3)

Sorghum - Mali  

• Over-estimation of yield under unfertilized conditions (in season N 
mineralisation over-estimated) 

Traoré et al., 2022



i) new cereal and legume crops (2/3)

Sorghum - Mali  Rice - Madagascar 

• Over-estimation of yield under unfertilized conditions (in season N 
mineralisation over-estimated) 

Traoré et al., 2022 Ranaivoson et al., 2022



i) new cereal and legume crops (3/3)
Cowpea – 3 sites in West Africa

de Freitas, 2022
Yield observed

Yi
el

d 
sim

ul
at

ed



i) new cereal and legume crops (3/3)
Groundnut - SenegalCowpea – 3 sites in West Africa

de Freitas, 2022 Civil, 2022
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ii) cereal-legume intercropping (1/2) 
• Cereal and legume calibration in inter-cropping (de Freitas 2023)

de Freitas, 2023
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ii) cereal-legume intercropping (1/2) 
• Cereal and legume calibration in inter-cropping (de Freitas 2023)

de Freitas, 2023  Presentation tomorrow at 9:20am
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ii) cereal-legume intercropping (2/2)
• Virtual experiment to assess the interest of intercropping vs sole cropping in Mali 

(Traoré et al 2023) 

Traoré et al, 2023 Agroecological intensification



iii) Crop/manure residue decomposition and feedback 
on crop growth (1/3)

• mucuna + crotalaria green manures effect on soil N during rice cropping season 
(Ranaivoson et al 2022)

Ranaivoson et al., 2022



iii) Crop/manure residue decomposition and feedback 
on crop growth (2/3)

• STICS reproduced well the observed 
feedback between declining soil 
organic carbon and declining yield 
(Couëdel et al. under review)

Across four long-term experiments 
(Côte d’Ivoire, Kenya x2 and 
Zimbawbe)



iii) Crop/manure residue 
decomposition and feedback on 
crop growth (3/3)

- Soil organic carbon calibration on long term trials for different organic residues (Couëdel et al. in prep)



iii) Crop/manure residue 
decomposition and feedback on 
crop growth (3/3)

- Soil organic carbon calibration on long term trials for different organic residues (Couëdel et al. in prep)

CL= Calliandra, FYM = farmyard manure, MS= maize stover, SD = sawdust, TD= Tithonia diversifolia 

Kenya – 4 sites  



iv) crop residue mulching
• Crop residue mulching helps reduce evaporation and can be a key 

adaptation strategy. 
• Earlier simulation study showed that soil temperature under mulch 

(Balde, 2011) was not adequately represented, leading to poor 
simulation of soil organic matter mineralization. 
• This issue is currently being investigated with new data collected in 

sub-humid Zimbabwe so that new formalisms can be implemented 
into the model (new Stics modelling branch, Souleymane Diop).



Plans to move forward 
• New evaporation function to be developed to account for the specificities of 

warm tropical environments (Souleymane Diop) 
• i.e. topsoil does not necessarily reach field capacity after a rainfall event
• i.e no more evaporation after long dry periods (wilting point not reached)

• New mineralization function specific to the tropical context
• Better simulation of in-season soil organic matter mineralization and long-term soil 

organic carbon trends

• New data on nitrogen fixation will be used to test the accuracy of model 
simulation with the current set of calibrated plant parameters.



Thank you for your attention!

Rik Schuiling - TropCrop /TCS
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ii) cereal-legume intercropping (5/5)
• Virtual experiment to assess the interest of intercropping vs sole cropping (de 

Freitas 2023) 

de Freitas, 2022
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