
Stable nitrogen isotopes in 
plant and soil processes

Natural 15N abundance

wolfgang wanek



atmospheric 
N2

soil 
ammonium 

NH4
+

fixation

herbivory

animal 
N

soil nitrate 
NO3

-

nitrous oxide 
N2O

plant 
N

death & excretion

mineralization

nitrification

denitrification

denitrification

i = immobilization
v = volatilization
d= deposition
l = leaching

uptake

soil 
organic 

N

atmospheric 
ammonia 

NH3v

d

l
carnivory

i

Modified after D. Robinson

Terrestrial N cycle



Plant N processes

• Plant N uptake and 15N discrimination

• Plant-mycorrhiza associations

• Symbiotic N2 fixation (legumes)



Plant N uptake and 15N discrimination

ε(-Δ) of ammonium nutrition by two rice cultivars
ε Range -20 to -55‰

f value .. % residual N left in solution
Yoneyama et al. (2001) Plant Cell Environ 24: 133  

ε of nitrate nutrition
Koshihikari: +0.6 ± 1.8‰
Kanto 168: -2.5 ± 1.5‰



Isotopic imprints in closed
systems
Rayleigh distillation equation

Plant N uptake and 15N discrimination

Högberg et al. (1999) New Phytol 142: 569  

Supply/
Pool size



Isotope discrimination during
N assimilation differs between N forms

- Uptake/Influx FIN
- Assimilation FRN discriminates by b
- Efflux FEN
- Net uptake FNN = FIN-FEN

Plant N uptake and 15N discrimination

Cernusak et al. (2009) Plant Physiology 151: 1667 

δplant = 
δNO3 – FRN/FNN*
(1-FNN/FIN)*b



Effect of mycorrhiza on 
plant 15N discrimination

Michelsen et al. (1998) Oecologia 115: 406  

WHY?

different      discrimi-
sources nation



N transfer in plant-myc associations

Hobbie et al. (2000) Oecologia 122: 273  



Natural 15N method for estimating the
proportion of N derived from N2 fixation

Peoples et al. (1989) ACIAR Series

%Ndfa=100*(δ15Nref-δ15Nleg)/(δ15Nref-B)
B-value: δ15N of legume totally independent on soil N (-1.0 to -2.5‰)



Symbiotic N2 fixation (legumes)
and N availability

Unkovich et al. (2000) Aust J Plant Physiol 27: 921  



Soil and ecosystem N dynamics

• Soil 15N enrichment (bulk and inorganic N)

• Nitrification, Denitrification

• Ecosystem N losses and global patterns



Stickstoff-Quellen

Isotopic signatures of bulk soil N

Bulk soil 15N enriched compared to atm. N2



δ15N of mineral N across soil profiles

Concentration and δ15N of mineral N in 
cropping and perennial pasture systems in New Zealand
Boddey et al. (2001) Nutr Cycl Agroecosystems 57: 235

Soil 15N enrichment
due to cumulative
losses



Soil N processes and 15N discrimination

Feigin et al. (1974)

Microbial NITRIFICATION
(ammonium oxidation to 
nitrate)

(Δ ~ 15-50‰)



Soil N processes and 15N discrimination

Mariotti et al. (1981) Plant Soil 62: 413  

Microbial DENITRIFICATION
(dissimilatory reduction of 
nitrate to nitrite, NO, N2O 
and N2)

(Δ ~ 0 - 35‰)



Ecosystem N losses and foliar δ15N

Högberg & Johannisson (1993) Plant Soil 157: 147  



Rates of soil N cycling and foliar δ15N

Garten (1993) Ecology 74: 2098  

Higher net nitrification =
higher N losses by leaching
or denitrification

The higher the N losses
the higher the residual 
inorg. N and plant δ15N 
values



Comparison of foliar δ15N between
temperate and tropical forests

Martinelli et al. (1999) Biogeochemistry 46: 45  

Temperate –
N limitation & thus

closed systems Tropical –
P limitation & thus

more open systems



Ecosystem N cycling and foliar δ15N:
influence of mean annual precipitation

Handley et al. (1999) Aust J Plant Physiol 26: 185  

Strong seasonality: Litterfall 
and decomposition provide
pulses of N when vegetation
is inactive → large N losses, 
open N cycle

Perhumid forests: year-round
N cycling and plant growth, 
more closed N cycling →
small N losses



Comparison of foliar δ15N between
temperate and tropical forests

Amundson et al. (2003) Glob Biogeochem Cycles 17: 1031  

- Low 15N enrichment in 
Northern ecosystems
- High 15N enrichment in 
tropical ecosystems

+ DIN and gaseous N 
(strongly 15N depleted) 
in tropics
+ low losses from
northern ecosystems
(pref. 15N enriched
DON) 


