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Objective

Compare yields of organic and conventional 
crops, and analysed their variability across 
experiments and years. 
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Yield mean – Yield variance 
relationship

• Does such a relationship exist for inter-annual crop 
yield variance?

• Does it depend on cropping systems? 

Taylor’s law: 



Dummy variable (0,1) 
related to cropping system

Trial random effect

Within-trial residual







ln ( mean yield )

ln
 ( 

sd
 yi

el
d 

)

Organic system

Conventional system



Topics

• Comparison Organic vs. Conventional systems
• Grain legumes as preceding crops
• Assessment of crop diversification strategies
• Ranking of bioenergy species
• Assessment of yield loss due to climate

change in France





Topics

• Comparison Organic vs. Conventional systems
• Grain legumes as preceding crops
• Assessment of crop diversification strategies
• Ranking of bioenergy species
• Assessment of yield loss due to climate

change in France



Why	synthethizing results on	crop	
diversification ?

u Numerous	strategies	of	crop	diversification	are	proposed

American Phytopathological Society

Agroforestry World - World Agroforestry Centre
Agronomic Crops Network - The Ohio State University

Photos:

Inter-cropping cultivar	mixture																										Agroforestry



Why	synthethizing results on	crop	diversification ?

Beillouin D., Ben Ari T. , Makowski D

u Numerous	strategies	of	crop	diversification	are	proposed

u Many	experiments	has	been	performed	in	different	countries	

Experimental sites	thathave	conductedexperimentson	cropdiversification



Meta-analyses published on crop diversification

114	meta-analyses
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Numberof	meta-analyses

Strategiesof	diversification	explored:
Rotation

Mix.annual.perenial

Cover crops

Include non crop habitats

Variety mixtures

Intercropping
Others



Subcategoriesof	
output	:

Beillouin D., Ben Ari T. , Makowski D

Production:
43	MA

Environment:
50	MA

Economy:
6	MA

Type	of	output	analysed:
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One experiment comparing two species

Species 1: 
Switchgrass

Species 2: 
Miscanthus x giganteus

Experiment 1

Yield of 
species 1

Yield of 
species 2



Dataset including N experiments comparing P species

Species 1 Species 2

Experiment 1

Species 1 Species 2

Experiment 2

Species 1 Species 3

Experiment 3

Species 1 Species 2

Experiment 4

Species 1 Species 2 Species 1 Species 2

Experiment 6
Species 3 Species 2

Experiment 7

Species 2

Species 4 Species 2

Experiment N

Species P Species 2

Experiment 8

Species 5 Species 4

Experiment 9



How could we rank the P species 
according to their productivity from 
such dataset? 
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Network of experimental data 
28 papers,  67 site-years, 36 species, 639 yield data

1: Miscanthus x giganteus 
2: Panicum virgatum 
3: Salix 
4: Triticosecale 
5: Erianthus 
6: Sorghum halepense 
7: Saccharum officinarum 
8: Zea mays 
9: Sorghum bicolor
10: Pennisetum purpureum 
11: Phalaris arundinacea
12: Miscanthus sinensis 
13: Phragmites australis 
14: Arundo donax
15: Cynara cardunculus
16: Miscanthus sacchariflorus
17: Sida hermaphrodita
18: Salix viminalis
19: Triticum aestivum 
20: Secale cereale 
21: Dactylis glomerata 
22: Populus maximowiczii x 
P.nigra, 
23: Populus maximowiczii x 
P.trichocarpa,
24: Secale montanum, 
25: Helianthus tuberosus, 
26: Cannabis sativa, 
27: Salix schwerinii E.Wolf x 
viminalis, 28: Festuca 
arundinacea, 
29: Spartina cynosuroides, 
30: Medicago sativa, 
31: Panicum amarum, 
32: Cynodon dactylon, 
33: Pennisetum flaccidum, 
34: Eragrostis curvula,
35: Saccharum spp, 
36: Saccharum 
arundinaceum. 
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Ln(Yi,t) = ai + bit + cit² + dTi,t + eT²i,t + fPi,t + gP²i,t + εi,t

t: year of yarvest
ai, bi, ci: 

parameters
i: departement
t: year of harvest

All temperature and precipitation values are means over the 
last
four months of the growing season and are centered and
reduced.

Predicte
d Yield

ResidualT: mean temperature
P: precipitation

d, e, f, g: parameters
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Stage de Julia Hebbrecht





Lobell’s detrending method to « remove climate change »

• Climate variable: Tmean
• Crop:

Winter wheat
• Departement:

Allier

• Start year
of detrending:
1958, 1960, 1965,
1970, 1975, 1980
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Time series of observed and detrended mean temperature
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30

Estimated mean yield loss and gain by crop species in France 
over the period 1970 – 2016 
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Average yield loss and gain over the period 1970 - 2016

Maize

Mean percentage yield loss (%)



Bonus
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