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NITROGEN CYCLING IN 
AGROECOSYSTEMS
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SOCIETAL INTERESTS –ENVIRONMENTAL N LOSSES

Adapted from Klimasmith & Kent 2022, Trends in Microbiology
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SOCIETAL INTERESTS –ENVIRONMENTAL N LOSSES

N2O: About 1% of
environmental N losses

Adapted from Klimasmith & Kent 2022, Trends in Microbiology
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HOLISTIC VIEW IS MISSING

& NO

DON, NH4 &

N deposition

DON, NH4 &

Rhizosphere
processes

Adapted from Klimasmith & Kent 2022, Trends in Microbiology
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MAJOR UNCERTAINTIES

& NO

DON, NH4 &

N deposition

DON, NH4 &

Rhizosphere
processes

ΔN 
(ΔC or ΔC:N)

Adapted from Klimasmith & Kent 2022, Trends in Microbiology
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WHY IS IT IMPORTANT TO REDUCE UNCERTAINTIES?

• System understanding

• Nitrogen Use Efficiency

• Optimizing land
management

Nin Nout

Re-distribution/
Lateral transport

ΔSoilN

Nleaching
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DRIVER OF UNCERTAINTY –
N LOSSES DUE TO DENITRIFICATION 



PROF. DR. KLAUS BUTTERBACH-BAHL
LAND-CRAFT – CENTER FOR LANDSCAPE RESEARCH IN SUSTAINABLE AGRICULTURAL FUTURES

UNKNOWNS  ABOUT N –(C-) CYLING IN 
AGROECOSYSTEMS

6 JUNE, 2022

DRIVER OF UNCERTAINTY –
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METHODS FOR MEASURING
DENITRIFICATION

(1) acetylene-based methods

(2) 15N tracers

(3) direct N2 quantification

(4) N2:Ar ratio quantification

(5) mass balance approaches

(6) stoichiometric approaches

(7) methods based on stable isotopes

(8) in situ gradients with atmospheric environmental tracers 

(9) molecular approaches
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CLOSING THE N BALANCE FOR VEGETABLE
SYSTEMS
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CLOSING THE N BALANCE FOR VEGETABLE
SYSTEMS

Qasim et al., 2022a, Plant and Soil 471, 157-174; 
Qasim et al., 2022b, Sci.Total Environm., 830, 154673
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N2 EMISSIONS FROM GRASSLAND SYSTEMS

NO3 → NO2 → NO → N2O → N2

Wang et al., 2011, Environ. Sci. Technol., 45, 6066–6072
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N2 EMISSIONS FROM GRASSLAND SYSTEMS

Wang et al., 2011, Environ. Sci. Technol., 45, 6066–6072
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N-GAS EMISSIONS FOLLOWING SLURRY
APPLICATION

[kg N ha-1]

Zistl-Schlingmann et al., 2019. Biogeochemistry 143, 15-30
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N2 : N2O STOCHIOMETRY & N2 FLUXES FROM WHEAT
SYSTEMS

Wang et al., 2020. Soil Biol. Biochem. 148,  107904

1. Measurements of N2O (NO) fluxes in the field + soil environmental parameters

2. Measurements of N2O:N2 ratios in the laboratory (He-O2 approach) + soil environmental paramters

3. Parameterization of a Dual Arrhenius and Michaelis-Menten (DAMM) model

4. Field N2O fluxes + soil environmental parameters + DAMM model = Field scale N2 fluxes
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15N LABELLING AND N BALANCES FOR WHEAT/ MAIZE
ROTATION

Zhou et al., 2016. Agric. Ecosys. Envnvironm. 231, 1-14
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CONCLUSIONS

o At all scale s, e cosyste m N cycling and  fate of ad d e d N not we ll constraine d

o The  d e nitrification challe ng e  (whe re ? Whe n? Mag nitud e ? Prod uct ratios? Plant e ffe cts?)  

o Not g e tting  d e nitrification rig ht hamp e rs 
o und e rstand ing  of e nvironme ntal N losse s, incl. N2O  fluxe s
o Und e rstand ing  of so il C:N d ynamics (ΔN, ΔC:N) 
o De ve lop me nt and  te sting  of b iog e oche mical mod e ls
o De ve lop me nt o f strate g ie s to  increase  NUE
o …..

o Various ap p roache s for q uantifying  d e nitrification  none  of those  are  “cheap ”

o O nly fe w site s e stimate d  to tal N b ud g e ts (incl. N flow comp one nts)

o Long -te rm trials (!) ne e d e d  and  may includ e  e stab lishme nt o f d e taile d  N b alance s
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