Interests of intercrops for low input systems

Improve cereal grain quality (grain protein content) (Jensen, 1996;Hauggaard-Nielsen &al 2001a;2009, Bedoussac & Justes, 2010a) Increase global yield (compared to low input sole crops) (Hauggaard-Nielsen &al 2001a;Zhan &al, 2010;Bedoussac & Justes, 2010a) Reduce weeds (compared to legume) (Hauggaard-Nielsen &al 2001b, Corre-Hellou &al, 2011) Potentially reduce pests (e.g.pea aphids) and diseases (hypothesis widely cited, e.g. Vendermeer, 1989;but no demontration published) Reduce the nitrate leaching risk (compared to sole legumes) (Hauggaard-Nielsen &al 2003;2009, Bedoussac & Justes, 2010b) Increase yield stability (compared to sole crops) (hypothesis widely cited, e.g. Vandermeer, 1989;but no demonstration published) Increase or stabilise over years the farmer gross margin (Bedoussac, 2009;Pelzer &al, 2012) 

Lots of references for cereal-legume IC (except winter crops)

Few limits highlighted by the scientific community IC improve grain quality (Jensen 1996;Hauggaard-Nielsen et al. 2001, 2009; Bedoussac and Justes 2010)

Cereal grain protein concentration higher in IC (11.1% vs. 9.8% in SC)

The lowest the SC protein the higher the increase 

N transfers limited between plants (at least for anual crops)

There is N transfered between intercropped plants N amounts are limited (<1% of plant N content) Sorting out grains at farm ? Using a more efficient machine ? Creating a double harvest machine ? Using wheat cultivars easy to harvest and peas not sensitive to splitting ? Diluting the impurities with sole crop wheat ? Accepting not to sort out all the grains ? 

Conclusion and perspectives

Intercropping is an efficient way to improve yield, quality and reduce weeds when

Competition for similar ressources (in time, space or chemical forme) are limited Facilitation process occurred (e.g. P) or niche complementarity (e.g. N) Intercropping advantages mostly occured in limited conditions

N transfers between species are limited for annual crops

Interspecific complementarities depend on species, cultivars, fertilisation…

Modelling intercropping systems could be helpful to optimize them and to determine varietal characteristics suited to mixtures

An ex-ante study of the logistics of agricultural cooperatives to estimate the acceptability of durum wheat-grain legumes intercrops PART 2 : Agricultural innovative practices & impacts of the supply chain

How does lock-in effect work ?

SELF-REINFORCING MECHANISMS

-Increasing returns 

QWERTY prevails even with electronic

More efficient Drovak's keyboard not chosen

Can Agroecological practices be adopted ?

Context and questions

Context:

There is efficient innovative solutions for low input systems

There is a social request to set up these solutions Actors of the supply chain slightly integrate these innovations due to structured and stable organization of the supply chain around the conventional technological paradigm

Questions ?

Are farming systems lock-in ? Why ?

Which acceptability of these alternatives by the supply chain ?

Which evolution for farming systems ?

How to switch from conventional to agroecological paradigm ?
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Changes in production practices

Integrated supply chain

Market

Market driven incentives

Farmers driven incentives 

  by the cereal (kg N/ha) N min uptake by the legume (kg N/ha) N2 fixed by the legume (kg N/ha)

For

  higher when SC yields low Or when N available low Niche complementarity for N sources in low N IC is a kind of "insurance" of production for farmers 12 IC reduce weeds (in comparison of legume) Less weeds than the SC legume (0.40 vs. 1.38 Mg ha-1) But similar to SC cereal Weeds mostly controlled by the cereal and due to less light and N available 13 From : Bedoussac et al. Agr. Sus. Dev. 2015 IC reduce aphids (at least those of pea) Less green aphids in IC than in SC pea Physical barrier ? Modification of plant recognition (shape, color, odor..) ? Modification of habitat quality (temperature, humidity, sap quality …) ? Acyrthosiphon pisum 14 From : Abanda et al. J. Applied Entomology 2014 Δ Intercrop ■ Sole crop Intercropping reduce environmental impacts (Pelzer et al. 2012) CASDAR associations (2005-08 ; 16 sites-years) Lower energy consumption per kg of grain produced due to lower use of N fertilizer and also less N 2 O emissions… 15 P : Pea W : Wheat W0 : Wheat N0 WP : Wheat-Pea WP0 : Wheat-Pea N0Intercropping improves margin (notably when that of sole crop is low)Total intercrop gross margin mostly always higher than the mean SC The lower the SC margin the higher the benefit in IC

Conclusion

  Can intercrops be adopted by farmers? The cooperative's logistic Adoption of intercrops by farmers must be compatible with cooperative's logistic (ex: abilities to the collection, grading and marketing of the two species)The logistic of cooperatives can be an obstacle but also a competitive advantage (in a context of products differentiation by quality)Analyzing the diversity of cooperatives in the SW France region with an indicator of resiliency of cooperatives logistic Size (number of species, volumes) Flexibility (storage capacity, ability to sort out grains) Importance of durum wheat and quality strategy Dynamic (investments perspectives)Assess ex-ante the characteristics of the logistics of coop. likely to promote the adoption of new practices such as intercropping 24Capacity to sort out grains Still working on IC optimisation in order to include them in cropping systems notably as cover crops to promote sustainable supply chain PART 3 : New questions, new actors and others works integrating intercrops

  

  

  

  

  

  

  

more competitive and increased with N supply

  

	10 years of experiments
	10 years of experiments in Toulouse but also in others
	pedoclimatic situations (NW, SE, Denmark)
	Conventional and organic farming
	Experimental station and farm
	Spring and Winter crops
	Large range of practices
	Cultivars
	Densities
	Sowing paterns
	Fertilization N or P
	Pest management
	Different aims :

Evaluate the potential advantages of intercrops for grain yield, grain protein concentration, weed and pests control Analyze the functioning of cereal-grain legume intercrops to further propose optimized intercropped systems IC improve yield (compared to low N SC) (Hauggaard-Nielsen et al. 2001; Bedoussac and Justes 2010) Total intercrop grain yield higher than the mean sole crops (3.3 vs 2.7 Mg ha -1 ) Highest efficiency for low N Total IC grain yield more stable compared to each sole crop Higher resiliency Proportion of cereal > 50% Cereal

technology is not chosen because it is the best one but it became the best one because it has been chosen" SUBOPTIMAL CHOICE "Once a solution is reached, it is difficult to exit from" LOCK-IN PROBLEM Arthur (1994) QWERTY design invented in 1870 (Sholes & Glidden) to prevent typebars clashes

  

		Earlier choice of a
		0 technology A at t 0
	-Increasing returns	
	-Supply chain organization -Supply chain organization	Earlier choice
	-Switching costs -Switching costs	
	-Knowledge state -Knowledge state	
	-Uncertainty -Uncertainty	&
	-Government Support -Property Rights… -Government Support -Property Rights…	Alternative B Alternative B could be
		preferred but
		is not chosen is not chosen

• Economies to scale • Network/Learning effects • Economies to scale • Network/Learning effects 1 Earlier choice of A prevails in t 0 +t 1 Cowan, R. & Gunby, P. (1996) « Sprayed to Death: Path Dependence, Lock-in and Pest Control Strategies », The Economic Journal ; Vanloqueren, G. & Baret, P. V. (2008) « Why are ecological, low-input, multi-resistant wheat cultivars slow to develop commercially? A Belgian agricultural "lock-in" case study », Ecological Economics ; Vanloqueren, G. & Baret, P. V. (2009) « How agricultural research systems shape a technological regime that develops genetic engineering but locks out agroecological innovations », Research Policy 21 "A

From : Bedoussac et al. Agr. Sus. Dev. 2015

Some difficulties to adopt intercrops

For farmers:

Species and cultivars Sowing (densities, date…) Fertilization (amount, fractioning…) Pesticides use (products, doses…) Harvest (adjustments, when ?…) How to declare them for subsidies ?

Many levers and a potential to reach

For commercialization:

Intercrops still not well accepted by collectors Necessity to sort out grains at harvest (human) Risk of contamination by other specie

Understanding their point of view to propose further solutions efficient and acceptable

Which cultivars are the most suited for intercropping
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The best intercrop is not the intercrop of the best sole crops cultivars Which caracters make a cultivar suited for intercropping ? Is that possible to predict IC yield from SC yields and sensitivity to interactions ?