A
umm GE ST

Karlsruher Institut for Technol ogle

Nitrous oxide (N20)
emissions from
decomposing crop

residues in soils

Gwenaélle Lashermes, Sylvie Recous,
Gonzague Alavoine, Baldur Janz, Klaus
Butterbach-Bahl, Maria Ernfors,
Patricia Laville

Fractionation of AgroResources and
Environment lab, Reims, France

Reims, 12 October 2021 - @ E W FcoS
eims ctober . ERA-GAS ey A UNIVERSITE s m bCOSYS
The ICOS France Science day DE REIMS 1

CHAMPAGNE-ARDENNE



The recycling of crop residues into the soil

Crop residues : all the materials left above and below
ground after harvesting or cover destruction (e.g., “catch

crop”, “green manure”) ' -
Apart from exogenous organic matters (e.g., manure, ' --~-,ttp;//www.fao.org/sons.zms
compost), crop residues are the only C input to soils Soils sequester C preventing CO, from

escaping into our atmosphere

https://precisionagri-cuItu.re/s;)iI-residue-managem-e-.n:[/ . i " 18y T Y ) Su"-s FOR FOOD
. R L SECURITY AND CLIMATE
Senescent wheat residue after harvest A cover crop at green stage being : : ==

destroyed https://www.4p1000.org/ 2



The recycling of crop residues into the soil

Other benefits ...

Crop residues : contribute main elements (e.g., nitrogen (N), phosphorous, sulfur) to the soil,
supporting the crop nutrition, the soil microorganisms and soil fauna biodiversity

sustain soil organic matters (SOM) providing soil structure, nutrient retention, habitats for
soil life, protection from erosion and flooding

But crop residues contribute to the greenhouse gas

(GHG) balance of cropping systems in two ways
e Soil carbon storage in soils
* Nitrous oxide (N,O) emissions

Clover cover



Agroecology : a diversity of crop residues management

Rape seed
Brassicaceae

Wheat
Poaceae

Alfalfa
Fabaceae

Potatoe
Solanaceae

Sugar beet
Amaranthaceae

Direct seeding of corn in rye

— Crop residues:
- from plant with different species, botanical families, physiological stages (maturity)

- in different recycling situations (on the soil surface, buried...)



How N,O emission are estimated from crop residues?

In the Intergovernmental Panel on Climate Change (IPCC) Tier 1
Crop residue Ninput ~methodology, the nature of the plant residues is taken into account by the
quantity of biomass (AGR & BGR) returned and its nitrogen (N) content

EQUATION 11.6 (UPDATED)
N FROM CROP RESIDUES AND FORAGE/PASTURE RENEWAL (TIER 1)

N
\
Belowground

N content of biomass and N

aboveground residues
Crop residue above- — Emission factor (EF) standard for all

ground biomass types of crops : 0.005 to 0.006 kg
N,O-N kg N returned .

2019 Refinement to the 2006 IPCC Guidelines for National GHG Inventories



s it that simple?

Residue decomposition is a complex process O

2

mineralization

SR Crop residues = Microorganisms
H i ﬁ
ReCYCllng OrganicCand N (bacteria, fungi)

|mmob|||zat|on

mineralization
vy

Humus

https://mediatheque.inrae.fr

Increasing soil moisture and microbial activity/ decreasing soil oxygen
Adapted from (Recous et al. Quae 2017) and (Verhoeven et al., Calif Agr 2017)



Objectives of the study

¢}

How N,O emissions are influenced by
crop residues characteristics during

their decomposition in soil ?
ecomp05|t|on

N, N,O

mineralization

Crop residues
Experiment with 9 Organic Cand N

ﬁ
ﬁ

Microorganisms

different crop species
residues and two soils
under controlled

conditions \A/

Humus

Soil

Adapted from (Recous et al. Quae 2017) and (Verhoeven et al., Calif Agr 2017)

Incr

(bacteria, fungi)

\

immobilization

mineralization

easing soil moisture and microbial activity/ decreasing soil oxygen



Materials and Methods

A range of crop residue “quality”

The residue chemical quality is both the N content and the biochemical composition plant tissues ->
depends on crop species, plant part, and crop maturity

Residue N content
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Materials and Methods

Soil+residue in cylinders

i ved | = Controlled density of
Crop residues mixed in 1.25 g cm3

the top 0-4 cm layer = 4t residue-DM hat
= 15°C
= 60% WFSP

Initial residue moisture
adjusted to 20% wet weight
(wheat, pea, potato, rapeseed)
and 80% (others)

Calcareous silty clay loam (GRI) pH 8.3
Sandy loam (SLU) pH 6.2

= NO; and NH,* contents in the 2 layers
atdays 0, 4, 7, 14, 28, 60

= CO, trapped in NaOH

No residue in the
bottom 0-4 cm layer

. . Alavoine et al., Pedobiologia, 2008
N,O emissions measured by infrared spectrometry ( & )

[ acL

Aerodyne,;_ .- = ' st~ & = Flux assessments by two methods : in open circuit and
' e ] with accumulation in closed circuit
= Every day during 3 weeks

9
- (Laville et al., IEEE International Workshop on Metrology for Agriculture
and Forestry, 2019)
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Daily and cumulative CO, emitted
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b) Net cumulative CO4o mineralization

1200

1000

800

kg C ha’

1 I = R R =

Days (15°C)

(Lashermes et al. STOTEN, n°150883, 2021, https://doi.org/10.1016/j.scitotenv.2021.150883)
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Soil mineral N dynamics: NO,; and NH,*

c) NO, dynamic in the soil (0—4 cm layer) e) |*~|H4+ dynamic in the soi (0—4 cm layer)
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Results

g N,O-N ha' day"

Daily and cumulative N,O emitted

1600

1400

12

10D0

600

400 ~

200 ~

a) Net N2O fluxes (012 days)

b) Net N5>O fluxes (12-60 days)

c) Net cumulative N5O fluxes

100

80

40

g N,O-N ha' day’

Alfalfa-SLU

Sugar Beet-GRI

"Wheat-GRI

Rape Seed-GRI
Mustard-GRI
Pea-GRI
Potato-GRI

Red Clover —GRI
Miscanthus-GRI
Alfalfa-GRI

"Red Clover —SLU

Miscanthus-SLU

12



= Net N cumulative N,0 emission

Mustard

Sugar beet

Rape seed Alfalfa

Wheat Pea Pl
uS

@

% dry matter

senescence
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CROP RESIDUE CONTENT IN SOLUBLE

Low

—I 13 green stage

BN ook

1 95% confidence band
—— BExponential model

netN20 e = 23.497 - ¢0-093:SOL-NDS

r>=0.71

The residue neutral detergent soluble content
explained the observed N,O emissions

These residues were also non-senescent and
promoted high N,O emissions, likely directly
by nitrification and indirectly by denitrification
in microbial hotspots.

(Lashermes et al. STOTEN, n°150883, 2021,
https://doi.org/10.1016/j.scitotenv.2021.150883)



Conclusions

N,O emissions :

- occurred mainly in the very first days of decomposition

- were related to the consumption of soluble compounds

- Were further limited by microbial assimilation of mineral N (i.e., N immobilization)

Residues with a high soluble content (non- Jape—
senescent) promoted N,O emissions St . -
representing 1-5% of applied N >> 0.6 % the i
current recommended values for residue EF-

N,O in national inventories (IPCC, 2019).

Quentin B-Frame photo

Differentiated emission factors are strongly needed! -
Destruction of cover crop

More studies are needed to objectively weigh the other benefits these non-senescent
residues could bestow upon C storage, NO;™ retention, and erosion limitation by soil cover.




Conclusions

Th e d ata a re ava i Ia b I e o n th e Data QO B htps//data incaefr/dataset shtmtjsessionid=0d75761d381d803931 3b09ackaT 6 persistentid = doi%IAT0.15454%2FBASYPCAversion=DRAFT £ C Search
. E?E Data |NRM Sgarch - About User Guide Support English = Sign Up Log In
INRAE repository

htt ps ://d Oi . o rg/l O . 1 5454/8ASY P C Experimental - Observation - Simulation Dataverse (wwwnrae Ir)

Portail Data INRAE > Expenmental - Observabion - Smulalion Dataverse

o Unpublished Datasat Private URL - This unpublished dataset is baing privately shased You will not be able to access f when logged into your Dataverse accotnt

More information about the projet :

https://projects.au.dk/residuegas/ Data for: Decomposition and N20 emissions of nine crop residues

incubated under controlled conditions in two soils

. . Lashemes, Gwenadlle; Recous, Syivie; Gonzague, Alavoine; Janz, Baldur, Butterbach-Bahl, Klaus, Emfors,
[\
We t h a n k Sy I VI e M I I I O n Pa S Ca I Mana, Lavilbe, Patnicea, 2021, "Data for. D P and N20 of mine crop residues incubated under T Shara
' lled it in two soils”, hitps:doi org 10 15454/ BASYPC, Portail Data INRAE, DRAFT VERSION,
.« 7 « e . UNF 6:Qz2z" p NeS/TFQ== [fleUNF] @ Dataset Motrics ©
Thiébeau, Olivier Delfosse, Rachid P s

Be n a bd a I I a h' H u g u es C I iVOt fo r t h e i r Description © This dataset was acquired fo the d ition factors related to nitrous oxide (N20)
hel p... an d you fo r your attention Fape 5000, potht,pos, sar, o clavor, akeke, and miccai, vitylng by Moty ¢ i 7 of

collection, were incubated in two soils during 60 days, at 15°C, with a water-filled pore space of G0%.
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