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Carbon in the biosphere – by ecosystem



Thornley (1998)
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above ground fluxes of C in grazed grassland
(best characterised in terms of mean vegetation state)

gross shoot production

Parsons et al, (1983)

increasing intensity of utilisation
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gross shoot production
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increasing intensity of utilisation

C fluxes are increased at any given vegetation state, and also at the optimum

low fertility high fertility



‘intensification’ is a term 
that confounds two factors that change 
C flux in opposite directions :

an increase in stock density (reduces fluxes)
an increase in fertiliser input (increases fluxes)

effects of ‘intensification’’
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increasing intensity of utilisation

but ‘intensification’ is a term that confounds two opposing changes

low fertility high fertility



Stocking rate and soil C
modelled and measured data

Hurley Pasture Model
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Plant, Cell Environment 
Vol. 12 December 1989 

A model of nitrogen flows in grassland
JHM Thornley, ELJ Verberne

New Zealand Journal of Agricultural Research
Vol. 43 2000

Effects of fertiliser application on nutrient statu s and 
organic matter content of hill soils 

MG Lambert, DA Clark, AD Mackay, DA Costall
[Drawn from data in Table 1]



climate change  



Soil C and atmospheric CO2 

concentration



Soil C and atmospheric CO2 

concentration

CO2 concentration at canopy height (ppm)



Analysis of observations (data)
Factor �  soil C 

(t C ha-1 yr -1) 
% change Reference 

(*=calculated from)  
Elevated CO2    
NZFACE 0.4 0.7 *Allard et al 2005 
NZ CO2 spring 0.4 0.25 *Ross et al 2000 
Shortgrass prairie 0.1 1.3 Pendall & King 2007 
C3/C4 grassland, Texas 0.48 1.1 Gill et al. 2002 
Tallgrass prairie 0.52 0.9 Williams et al 2004 
Swiss mountain 0.15 0.4 Niklaus et al 2000 
Meta-analysis  1.2 de Graaff et al 2006 
    
Stocking rate    
Ballantrae trial 
Low fertility 
High fertility 

 
-0.35 (per stock unit) 
-0.84 (per stock unit) 

 
1.1 
2.5 

 
*Lambert et al 2000 
 

    
N fertiliser    
Ryegrass (France) 0.65 (per 300 kg N ha-1) 2.8  
    
Losses    
UK survey -0.6 0.6 Bellamy et al 2005 
NZ  -1.06 4.5 Schipper et al 2007 
    
 



Allard et al Global Change Biology 
10, 1553-1564 (2004)

DECOMPOSITION  

the species composition effect



Allard et al Global Change Biology 
10, 1553-1564 (2004)
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A) Green leaves

Duration of incubation (days)
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Roots
Anthoxanthum odoratum
Hypochaeris radicata
Paspalum dilatatum
Trifolium subterraneum

B) Root and leaf litter

No difference in 
decomposability of litter at 
elevated and ambient CO2

But greater abundance of 
more rapidly decomposing 
species at elevated CO2

Outcome is 15% increase 
in rate of decomposition in 
elevated CO2

DECOMPOSITION  

the species composition effect



DECOMPOSITION

the dung effect !

Allard et al Global Change Biology 
10, 1553-1564 (2004)

Quality of litter is unaffected by elevated CO 2

However, the live tissue, eaten, has higher 
C:N at elevated CO 2

this results in dung that decomposes more 
slowly in summer



Allard et al Global Change Biology 
10, 1553-1564 (2004)

principles each quite simple but
note the complexity of interactions ?



data may hold primacy over 
theory/models

but it will be difficult to unravel 
confounding/interacting effects

and there are no data from a 
future climate world

Inventory/policy : 
difficult to resolve answers from data alone



“the answer lies in the soil” (anon)

but we mustn’t forget it was C fixed in 
shoots that put much of it there

(and there is capacity to manipulate the above ground contribution) 

C sequestration in grassland
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sustain vegetation cover ?
intake and performance per ha relatively insensitive 
to vegetation state, around the optimum

increasing intensity of utilisation



Future research:

• capacity to manipulate flux/quality of litter
(maintain vegetation cover)

• grazing and C and N cycling, overall C:N 
ratios, and spatial distribution of C and N

• climate change (Progressive Nutrient Limitation) –
critical appraisal

• high sugar grasses (surrogate for CHC)

• role of legumes in self regulating  C and 
N cycles



“the answer lies in the soil” (anon)

but we mustn’t forget it was C fixed in 
shoots that put much of it there

(and there is capacity to manipulate the above ground contribution) 

C sequestration in grassland


