Intercropping cereals and legumes to
stabilise yield in the tropics: evaluation of
the STICS soil-crop model to simulate bi-
specific intercrops
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Study area: sub-Saharan Africa
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Global Yield Gap Atlas, Van Ittersum et al., 2016 - mais

Challenge: sustainable agricultural intensification in
the face of climate change
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Study area: sub-Saharan Africa
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The Physical Science Basis

Summary for Policymakers

Challenge: sustainable agricultural intensification in
the face of climate change




Cereal-legumes intercropping

* Increased production for the same cultivated area
Area required for pure crops to produce as much as in intercropping:

Literature review by Namatsheve et al, 2020

Sorghum/Cowpea Millet/Cowpea Maize/Cowpea
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Cereal-legumes intercropping

* Increased production for the same cultivated area
Area required for pure crops to produce as much as in intercropping:

Literature review by Namatsheve et al, 2020

Sorghum/Cowpea Millet/Cowpea Maize/Cowpea

= Stabilising yields in the face of climate variability (Raseduzzaman et al., 2017)
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Data collected

Contrasting sites:

Context Data collected




Data collected

Sorghum Cowpea

Contrasting sites:

Burkina Faso (Ganame, 2022)

Mali (Traoré et al., 2022)

Context Data collected




Data collected

Sorghum Cowpea

Contrasting sites:

Burkina Faso (Ganame, 2022)
Mali (Traoré et al., 2022)

Sénégal (Senghor et al., 2023)

Data collected




Data collected

Sorghum Cowpea
- -

Contrasting sites:

Burkina Faso (Ganame, 2022)
Mali (Traoré et al., 2022)
Sénégal (Senghor et al., 2023)

Brazil (Baldé et al., 2011)

Millet Cowpea

Data collected




Data collected

Sorghum Cowpea
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Contrasting sites:
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Parameters calibration

Adjustment of previous calibrations in version 10 of STICS :

Calibration of most parameters on sole crops
+

Calibration of the parameter governing competition for light on
INntercropping (Ktrou : extinction coefficient of PAR through the crop)

Data collected Calibration ]




Parameters calibration

Adjustment of previous calibrations in version 10 of STICS :

Calibration of most parameters on sole crops
+
Calibration of the parameter governing competition for light on
intercropping (Ktrou : extinction coefficient of PAR through the crop)

Formalisms used in sole cropping and intercropping :
- Intercepted radiation calculated with the radiative transfer method,
- evapotranspiration calculated with the resistive approach

Data collected Calibration ]




Parameters calibration

Adjustment of previous calibrations in version 10 of STICS :

Calibration of most parameters on sole crops
+

Calibration of the parameter governing competition for light on
INntercropping (Ktrou : extinction coefficient of PAR through the crop)

Formalisms used in sole cropping and intercropping :
- Intercepted radiation calculated with the radiative transfer method,

- evapotranspiration calculated with the resistive approach

Validation step - to be done

Data collected Calibration ]




Calibration

E_

Simulations:

Cereals |

Sole cropping yield (t.ha"l) .-~

rRMSE: 31.64
Eff: 0.548

Intercropping yield (t.ha) .-

-
- |

rRMSE : 34.46

Eff: 0.821

Observations of yield (t/ha)

Plant
*  Maize

Millet

*  Sorghum

Site
" Brazil
®* Burkina Faso
& Mali
= 3enegal - Bambey

=  Senegal - other sites

= Model accuracy as good in sole crop simulations as in intercropping simulations

Data collected Calibration ]
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= Model accuracy reduced in intercropping
= Overestimation of low intercropping yields

Data collected Calibration ]
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e S0 (Ml Interactions |

1.51

Simulations

0.5

1.0

Partial LER

rRMSE :40.27

Eff:0.666

004 .-

0.0 0.5 1.0
Observations

= Overestimation of low partial LERs
= No simulation of partial LER > 1

Data collected Calibration ]
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(Willey, 1979)



What are the benefits of cereal-legume intercropping
compared with cereal sole cropping with and without N
fertilisation ?

Data collected Calibration | Virtual expe ]




What are the benefits of cereal-legume intercropping
compared with cereal sole cropping with and without N
fertilisation ?

higher and more stable grain yields produced by
Intercropping compared to cereal sole cropping without N fertilisation.

Data collected Calibration | Virtual expe ]




What are the benefits of cereal-legume intercropping
compared with cereal sole cropping with and without N
fertilisation ?

higher and more stable grain yields produced by
Intercropping compared to cereal sole cropping without N fertilisation.

the benefits of cereal-legume intercropping compared to

cereal sole cropping decrease when the level of nitrogen fertilisation
INncreases.

Data collected Calibration | Virtual expe ]




Virtual experiment

. Crops (improved Fertilisation Simulation
Cropping system

varieties) (N)kg.ha"' years

0, 20, 40, 60,
Cereals 80, 100, 120,
Sole cropping 140, 160, 180 20

Legumes O

0O, 20, 40, 60,
Intercropping Cereals + Legumes 80, 100, 120, 20
140, 160, 180

Data collected Calibration | Virtual expe ]




N = Okg/ha ]
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Energy (Mcal.hal.year)

Treatment

.

- 1-sole cropping
. - 2 - intercropping

Seneqgal Burkina Mali Brazil
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Data collected Calibration | Virtual expe ]




N = Okg/ha ]

Productivity

= No reduction
in calorie yield

* |ncrease in
protein yield

Except in

[ Senegal

160001

Energy (Mcal.hal.year)
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- T

Seneqgal Burkina Mali Brazil
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Data collected Calibration | Virtual expe ]

Treatment

- 1-sole cropping
- 2 - intercropping



N = Okg/ha |

15000 1 QR =799 536 2047 1385 1414 1058 644 1110

&k EE T

Productivity

= No reduction
in calorie yield Except in

* Increase in [ Senegal
protein yield

100001

=

Stability

= Stabilisation of energy
and protein Yyields in
sub-Saharan Africa

Energy (Mcal.hal.year)

5000 *

. Treatment
- - 1-sole cropping
. - 2 - intercropping

Seneqgal Burkina Mali Brazil

Sites

Data collected Calibration | Virtual expe ]




Fertilisation]

Energy (Mcal.hal.year)
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Data collected Calibration | Virtual expe ]




Fertilisation]

Energy (Mcal.hal.year)

= Fertilisation reduced benefits
of intercropping in sub-
Saharan Africa:
- in terms of productivity
- in terms of stability
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Confldence In simulations
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= Reduced yields for each crop in
Intercropping
= |ntercropping is more land-efficient

Plot of maize intercropped with cowpea in.
Moamba, Mozambigque, Mathilde de Freitas,
2023

Data collected Calibration




- Confidence 1n simulations

na “‘ Iy

= Reduced yields for each crop in
Intercropping
= |ntercropping is more land-efficient

_But...

& = Underestimation of important

£ competition effects on legumes

= No simulated partial LER >1: no
simulation of facilitation effects

Plot of maize intercropped with cowpea in
Moamba, Mozambigque, Mathilde de Freitas,
2023

Data collected Calibration | Virtual expe M]




Technical problems with the STICS model

P, e e = Troubles simulating cumulated mineralized
| | nitrogen in the soil (Clivot equation - Beaudoin
et al., 2023)

Factorial trial in Sabie, Mozambique -
CIRAD - Eduardo Mondlane University,
Mathilde de Freitas 2023

Data collected Calibration | Virtual expe M]




Technical problems with the STICS model

= Troubles simulating cumulated mineralized

nitrogen in the soil (Clivot equation - Beaudoin
et al., 2023)

= Simulation of the senescence of all leaves
when leaf area index was maximum in
intercropping

Factorial trial in Sabie, Mozambique -
CIRAD - Eduardo Mondlane University,
Mathilde de Freitas 2023

Data collected Calibration | Virtual expe M]




Technical problems with the STICS model

. - : = Troubles simulating cumulated mineralized
: | ‘ nitrogen in the soil (Clivot equation - Beaudoin
et al., 2023)

= Simulation of the senescence of all leaves
when leaf area index was maximum in
intercropping

B = Trouble with the inversion of dominance in
intercropping

Factorial trial in Sabie, Mozambique -
CIRAD - Eduardo Mondlane University,
Mathilde de Freitas 2023

Data collected Calibration | Virtual expe M]




Conclusion

= STICS has satisfactorily reproduced the performance of
Intercropping on contrasting sites in tropical regions

= Confirmation of central hypotheses
= [ncreased productivity and stability @
= Benefits reduced by N fertilisation V)
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Study object : mtercroppmgé?

Competition Complementarity
Different sources of
N
Intercepted
radiation Water and nutrients
from different
horizons
+ Increased soil
cover:
Waper and + |[ntercepted
nutrients radiation

+ Transpiration
- Soil evaporation
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STICS model

Modelled Adapatation to
Plant processes iIntercropping
parameters o _
Dal |y time Radiation interception * @ THE SYSTEM
Climat step Phiendlagy @® © ;
model
Shoot growth and yield * @@ @ °
Interactions techniques- @ LU
, < P crop-soil @ @ Q
Sowing | gt i O O
/ Energy budget and SIS
- ; microclimate * -
e | Crop water balance * | @ @ @ ’
|_Crop nitrogen balance _| @@ @ D: dominant crop;
. Water, nitrogen and . U: understorey cro
Practices Harvest temperature transfers in @ - shaded part°ySU i
the soil i
_ _ - sunlit part: LU
| / . Brisson et al., 2004 el
Soil Agronomic  Environmental
parameters variables variables
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Parameters calibration

Parameters of the following processes on sole

Crops: S
- phenology .

- soil water and nitrogen
- leaf area (LAI)

200 - 4000~

100 - 2000~

- nitrogen absorbed by crops T v e -

- above-ground biomass o :

- number of grains 3

- grainyield

Calibration of the parameter of competition « — 1 I |

for ||_9 h_t !ﬂ Intercropping Comparison of simulations with
Maximising model accuracy. observations of sorghum grown as a

pure crop in Mali, using SticsRPacks




Calibration des parametres du modele

Mesures de la précision du modele

1 (S;—0)?

Ef=1— -
20— 0)°

S, simulation

O;: observation

O : moyenne des observations

n : nombre d'observations/ simulations

n
S.—0:)2 1
rRMSE = Z(‘ ) .—.100
_ n O
1

\




What are the benefits of cereal-legume intercropping compared with

cereal sole cropping with and without fertilisation in the face of inter-
annual rainfall variability?

higher and more stable grain yields produced by intercropping
compared to cereal sole cropping without fertilisation.

the benefits of cereal-legume intercropping compared to cereal sole
cropping decrease when the level of nitrogen fertilisation increases.

the yield gain of intercropping compared to cereal sole cropping
decreases with increasing annual rainfall.
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- 1-s0le cropping
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Protein (kg ha ' year™)
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Fertilisation] Protein (kg ha™ }fear")

Effet de |a fertilisation
sur le gain relatif moyen
de productivité en
association par rapport a

200 1

la culture pure de 1501
céréales Site
Brazil
Burkina
1007 Mali
Senegal

50
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Fertilisation ]|

Effet de la fertilisation sur le gain relatif moyen de variabilité en association par rapport a la culture

pure de céréal&wrgy (Mcal ha™'year ) Protein (kg ha ' year )
751
1504
A0
100 1
™ 251 Site
o Brazil
o razi
= 50 - Burkina
Mali
0 Senegal
I:I_
-251
-501
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IVilitasriia@ Precipitations |

Effect of rainfall on
the mean relative
gain in grain
productivity in 50

intercropping Ninput
compared to cereal °
sole cropping. o Site
o‘“>_9~ 404 <> Brazi
<> Burkina
< Mali
<{> Senegal

500 1000 1500
: -1
Rainfall (mm year ')

= Significant positive effect of rainfall on productivity gains in unfertilised
intercropping




IVilitas el Précipitations |

Effet des
précipitations sur le
gain relatif moyen de
productivité en grains 1 ot
en association par 0

rapport a la culture Py & 180
pure de céréales o . % sie

" 401 N © %Q © % & <> Brazl
< <» Burkina

£ mali
<» Senegal

MRS
> Bu6 800 @%nep0 <0
01 Lo
0.0 00% 80?0 ¢

500 1000 1500
Rainfall (mm '_-,fear'1}

= Effet positif significatif des précipitations sur le gain de productivité en association

non fertilisée
= Pas d'effet significative des précipitations lorsque I'association est fertilisée




IVilitas el Précipitations |
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A Senegal B Burkina Faso Cc Mali D Brazil
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Average LER for transpiration of cereals and legumes for fertilised and
unfertilised conditions. Average was calculated over twenty simulated

cropping seasons

st varible o kame . takgha
- Transpiration 1.14 1.1
- Transpiration 1.05 1.07
- Transpiration 1.07 1.07
- Transpiration 0.99 0.94
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Mean fraction of intercepted radiation by cereals and legumes in
Intercropping over the twenty simulated years in Senegal (A), Burkina
Faso (B), Mali (C) and Brazil (D)
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