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Improving low-input systems with legumes

Bedoussac et al, 2015
Gaba et al, 2015

- Not a new question! (role of legumes on soil... Virgile, | BC) 3
Liischer et al, 2014

- But a renewed agro-climatic background:
* Increasing concern about climate change and environment

-> requires transformation of cropping system and management practices

- Crop diversification and legumes are a solution for low-input systems
* Benefits from N2 fixation and break-crop effect

-> requires identification of the drivers of N2 fixation and NUE at different scales
(crop / plant community / rotation levels)



Improving low-input systems with legumes

- Different ways to introduce legumes in low input cropping systems
» Cash crops / Forages / Service species (cover crops...)
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Improving low-input systems with legumes

- Different ways to introduce legumes in low input cropping systems
» Cash crops / Forages / Service species (cover crops...)
» Sole crops / Mixed species (intercrops)

Sole crops Mixed Species

COvererops



Overview of current contributions to N inputs

Contribution to fixed N inputs in aroecosystems?

2015

M Prairies artificielles (luzerne, ..)
W Prairies temporaires

Prairies longue durée

( W Prairies permanentes

W Soja (France)

M Protéagineux (pois, féverole,
lupins)
W Lég. graines alim. humaine

Schneider & Huyghe, 2015

0.52 MT fixed N in french SAU Vertes et al. 2015

- 90% from forage legumes
- mostly grown in mixtures!
- Including forages in crop rotations (PA/PT)

- About 10% from grain legumes
- mostly grown as sole crops
- Butintercropping and cover crops
increasing



Legume crop impact on the N cycle (inputs / losses)

Guinet, 2017
Guinet et al, 2019
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Legume crop impact on the N cycle (inputs / losses)

EXPORTATION (IR: N Récolté) Guinet. 2017

PROCESSUS BIOLOGIQUES Guinet et al, 2019
ACQUISITION DE t
Fixation __——| LAZOTEPARILA ”‘PPTJ::JT“TE
Assimilation N / Floraisor Maturite :
minéral n
RESIDUS . _' qﬂ
59 g’i ' P &'

Crolssance

ci_'émnjj position

SOL

B

Legume Non-Legume (e.g. cerel)




Legume crop impact on the N cycle (inputs / losses)

EXPORTATION (IR: N Récolté)
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Legume crop impact on the N cycle (inputs / losses)

EXPORTATION (IR: N Récolté)
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Legume traits related to N fate

- Amounts of residual N (Hl, ...)

- Mineralisation rate of residues (quality,
ubial communities...)

- Rhizodeposition

Legume traits related to N inputs
- N fixation (nodulation / symbiosis...)
- N assimilation by roots (root traits /

phenology)
- Crop productivity (N demand)

Non-Legume (e.g. cereal)

Legume




Legume crop impact on the N cycle (inputs / losses)

Guinet, 2017

Comparison of
10 grain legumes
on N fixation and

N fate

Haricot Pois chiche ' Fenugrec  Vesce de Narbonne



Differential contributions to fixed N inputs

Guinet et al, 2019
Regarding fixed N inputs in sole crops
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Impact on residual N fate

Regarding N fate in sole

legumes species largely
differin :
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Impact on residual N fate

Regarding N fate in sole crops

Legume legacy effect on the following crop generally
positive (ratio > 1), partially related to species

@ 2015 référence = rendement blé avec précédent orge (38 ghal) ® 2015 référence = précédent sorgho (23 ghal)
® 2017 ; rétérence = rendement blé avec précédent orge (33 ghal) @ 2017 : reférence = précédent scrgho (26 g ha't)
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Mixing species to maximize the benefits from N fixation?




Mixing species to maximize the benefits from N fixation?

Neighbors effect

Soil migzzip\al N , Growth / demand

o

Competition at the N fixation Management/meteo

community level
-> Niche separation for N:
-Grasses/cereals >>

competitors for
mineral N

-Legumes able to fix
atmospheric N




N, fixed (g m?)

N fixation in mixtures

Cereal-legume intercop
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High Ndfa (>75-80%) -> Fixed N inputs proportional to the partial yield of legumes
20-40 kg N.T-1 depending on species and stages



N fixation and supplementary N inputs in mixtures

Bedoussac et al, 2015
Rodriguez et al, 2020

100

Intercroppad legume nitrogen derved fram air (%)

80 -

&0 -

40 -

20

y =0,85x + 0,77

Cereal-legume intercop

B B

HI = ulﬂsbn

(=]
o ASoft wheat-Faba bean
= 4 Soft wheat-Pea
BBarley-Faba bean
s [Barley-Pea
20 40 60 80 100

SC legume nifrogen derivad from air (%)

"1_ 1134 1% Ginbal nitect
Pt 4 S =13
I L}
updn 4 —— J13.2%
Fiifini 7 +: 1103 Lagiiitin bpocing
wan 4 [ 2.9
ibh i
el o i PR T
: nF dinsh et
L5075 < . —— L1t}
LSS +.. 1A 1
L#5.02n5 4 (8.2 Inlurzen
o CompoaEian
L1t a5 - . [
1
L il 1733
L100-Cht - : 1735 Sl
P fmrinar 4 :—l-— 12310
N O | —— : 7.5}
. .| Fafilzaie rabes
S 100 kgl 4 —ﬂl— B3y
=100 Kt o = )

(a} Helfa intercron legume! sols legume (amount)

_ - * " -
Hitrogan fizatian respanss ratio

Neighbors effect

| N\

X
Soil mi Er | N Growth / demand

N fixation 4%%' Management/meteo

- Generally, mixture advantage
compared to sole crops in terms
of %Ndfa, not necessarilly on
total fixed N

- The relative advantage is higher
under low input conditions

- The advantage in terms of total N
is higher in balanced mixtures
(moderate ligtht competition
favors legume growth)



Yield advantage in mixtures

Increased N input in mixed grasslands Nyfeler et al 2011
Fox et al 2020
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Mixed grassland
Yield (tDMha™ yr')

Yield advantage in mixtures

Increased N input in mixed grasslands Nyfeler et al 2009

/ \ Fox et al 2020

Direct effect on mixture yield
compared to sole crops
(Overyielding->ressource use)

Indirect legacy effect on the
following crop

S 12 [ a) Yield 7

- The relative yield
advantage is higher under
low input conditions
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Yield advantage in mixtures

Louarn et al 2015
Louarn et al 2021
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Control of N losses by mixtures

Cover crop mixtures
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Designing legume-based innovative systems?

- Further work is needed to better take advantage of legume fixation in cropping

systems:
* Comparative N use between diversification species / systems (cover crops / annuals
versus perennial sp.)
* trade-off between services?
* Impact of intercropping and mixtures at the rotation level (pets and diseases? ->

delays)

- A number of factors/levers still need to be adressed:
» Species and cultivars adaptations -> Combination of traits? Ideomixes?
* Sowing pratices (densities/patterns/relays...)
* Harvest and post-harvest for grains

- Rotational position / complementarities between production/services
e Living mulch?



Thank you for your attention!
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