
The rhizosphere: 
a hotspot of N2O action

Liz Baggs



Li et al 2004 Biol Fertil Soils



1 core

3 cores

glucose15N-KNO3
-

Loick et al 2017. Geoderma



Giles et al 2012. Frontiers in Microbiology

Nitrogen
Oxygen

Rhizosphere adapted

Bulk soil adapted 

Unsaturated soil

N2O
N2O

N2O
N2O



Giles et al 2012. Frontiers in Microbiology

Nitrogen
Oxygen

Rhizosphere adapted

Bulk soil adapted 

Root in unsaturated soil

N2O

N2O

N2O

N2O

N2O

N2O



N2O N2NO3
- NO2

- NO

C
  t

ra
ns

fe
r

C 
NO, N2O, N2

NO3
- NO2

- NH4
+



S
u

c
c

in
at

e

B
u

ty
ra

te

A
c

e
ta

te

M
a

li
c

 a
c

id

S
u

c
ro

s
e

G
lu

c
o

s
e

A
rg

in
in

e

C
ys

te
in

e

N
2

O
 :

 N
2

 m
o

le
 r

a
ti

o

0.00

0.02

0.04

0.06

0.08

0.10

0.60

0.80

75 µg C g-1 day-1

K15NO3

20 g N m-2

organic acids sugars amino acids

Morley et al 2014. PLoS one



0 4 8 12

Days

0 4 8 12

Days

0 4 8 12

Days

Organic acids: enhanced N2O reductase efficiency
major constituent of labile root C exudation

organic acid sugar amino acid

75 µg C g-1 day-1

K15NO3

20 g N m-2

Morley et al 2014. PLoS one



0 1 2 3 4 5 6 7

0

50

100

150

200

250

300

Distance from C source (cm)

Distance from C source (cm)

0 1 2 3 4 5 6 7
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Glutamine

Citric acid

.

l
 N

2O
-N

 L
-1

 

Giles et al 2017. Soil Biol Biochem



N
2O

a b

C flow

a b

Denitrification

Ammonia oxidation

Water filled pore

Sub-oxic microsite
Oxic zone

a b

N
2

Nitrate 
ammonificationN uptake



Low SOM

Plant or SOM-derived C (mg CO2-C m-2 h-1)
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Plant-derived C (mg CO2-C m-2 h-1)
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Maize genotype screening for C & N cycling
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