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Millet

Yield gap (t/ha)

Bl Up to 1.0 8.0-7.0

Bl 1.0-2.0 7.0-8.0

B zo-30 N 80-90
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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




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

* Over-estimation of low yields (underestimation of water stress)
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1) new cereal and legume crops (1/3)

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

Millet - Senegal Rice - Madagascar
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1) new cereal and legume crops (2/3)

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

Sorghum - Mali
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1) new cereal and legume crops (2/3)

* Over-estimation of yield under unfertilized conditions (in season N
mineralisation over-estimated)
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1) new cereal and legume crops (3/3)

Cowpea - 3 sites in West Africa
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1) new cereal and legume crops (3/3)

Cowpea - 3 sites in West Africa
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I1) cereal-legume intercropping (1/2)

* Cereal and legume calibration in inter-cropping (de Freitas 2023)
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I1) cereal-legume intercropping (1/2)

* Cereal and legume calibration in inter-cropping (de Freitas 2023)
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I1) cereal-legume intercropping (2/2)

* Virtual experiment to assess the interest of intercropping vs sole cropping in Mali
(Traoré et al 2023)
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I11) 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)
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I11) Crop/manure residue decomposition and feedback
on crop growth (2/3)
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I11) Crop/manure residue
decomposition and feedback on

crop qrowth

- Soil organi ration on lo g term trla)s for different organic residues (Couédel et al. in prep)
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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)
* j.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.
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Table 3

Values of sorghum parameter as calibrated in the STICS crop model for experiments at N Tarla in Mali,

Parameter Vinlue
Process MCromym Description Targes variable V1 vz
Emergence tlmin basal termpersture for crop development Lesd aren inclex B A
Crop sensiphot Index of photoperiod sensitivity (1 =insensitve) 0.4 1K1
development calibration
phobase basal photoperiod controlling photoperiod slowing 14 14 - Traore (2015)
effiact
phaosat siturating photoperiod controlling phaotoperiod 12,75 1275 - Tracwe (2015)
slowing effect
stlewamf cumulative thermal time berween emergence and end 180 718 BE1 Test of a range of
of juvenile phasse values
stamflax cumulative thermal time between end of juvenile 305 314 GET Trial and error
phaze and maximum LAL calibration
stlevdrp cumulative thermil time betwesn emergence and GBS 1077 160% Trial and error
beginning of grain filling calibration
Leaves dlalmaxbrut  maximum rate of the setilng up of LAl 00015200 001 0.0035 Trlal and error
ealibration
durvieF maximal lifespan of an adult leaf 480 280 240 Trial and error
calibration
Shoot growth efcroijuy maximum racliation use efficiency during the juvenile  Aboveground 21836 2.1877 1.2 Trial and error
phase biomass calibration
efcroirepro maximum radiation use efflclency during the grain Aboveground 38572 2R372 1.35549 Trial and error
filling phisse binmass calibration
efcroiveg maximum radiation use efficiency during the Aboveground 38049 28414 1.7465 Trial and error
vegetative stage biomass calibration
temin hasal temperature for photosynthesis - 11 11 7.2 Felliard et al, (2004),
teapt optimal temperature for photosynthesis a5 a5 a7
temax maximal temperature for photosynthesis - 45 45 40
L {2011)
Nitrogen fmangr maximal N symbiotic fixation rate per unit of grain My fixed” - - a5 Trial and error
fixation growth rate calibration
fxmaxveg maximal N symbilotic fixation rate per unit of Mz fixed! 30 Trlal and error
vegetative growth rate cilibration
Nitrogen Kmabs2 affinity constant of N uptake by roots for the low N uptake 40,000 3767232 25,000 numerical optimization
uptake uptake gystem
Vmax2 maximum specific M uptake rate with the high affinity N Uptake 0.1 0.00878 0,06 numerical optimization
transport system
Yield formation  cgrain slape of the relationship between grain number and Nurmber of grains 0.06 0.07 0.084 Trial and error
growth rate cilibration
nhjgrain Duration in days of the period during which the Mumber of grains 15 15 15 Traore (2015)
number of grains can be reduced by siresses
cgrainvik number of grains produced during the nbjgrains Mumber of grains 0 o 0,069 Trial and error
before beginning of grain filling calibration
Yield formation  witircarbe rate of increase of the C harvest index vs time grain yield 0009 0015 001462 Trial and error
calibration
nbgrmax maximum number of grains grain yield 25,000 60,000 1200 Measurement
prainmaxi maximum weight of one grain grain yleld 0.027 0.0247 025 Measurement
Irmax maximum harvest index grain yield 0.3 0.51 0.42 Measurement

# Nz fixed by the legume was not measured, but estimated for sole cowpea as the difference between the N uptake of sole sorghum without fertilizer and N uptake of

sole cowpea.
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I1) cereal-legume intercropping (5/5)

* Virtual experiment to assess the interest of intercropping vs sole cropping (de

Freitas 2023)
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