
The influence of tree species composition on 
carbon (C) cycling in forest soils



From Chapin, F.S. et al. 2002. Principles of Terrestrial Ecosystem Ecology. 2002. Springer.

Who cares about soil C?



Where is the C?

Jobbagy and Jackson, 2000  
Ecological Applications



Goodale et al, 2002  
Ecological Applications

Now we’re in the forest, but where is the C?



Soil organic C 
(SOC)

INPUT   →

Dead plants, animals, microbes

Litter production (leaf and fine root)

Climate / Environmental conditions

Soil mineralogy, texture, structure

→ OUTPUT

Microbial Decomposition

Litter chemistry (leaves)

Climate / Environmental 
conditions

Soil mineralogy, texture, 
structure

What controls the size of the soil C pool?



Woodbury et al, 2007  
Forest Ecology and Management

How much is SOC in forests changing?



Goodale et al, 2002  
Ecological Applications





Abrams, 2003
Bioscience

The trees are changing . . .





↑ US Forest Service

← California Oak Mortality Task Force



Lovett and Mitchell 2004                    
Frontiers in Ecology and the Environment



Woodbury et al, 2007
Forest Ecology and Management

Goodale et al, 2002  
Ecological Applications



Soil organic 
carbon (SOC)

INPUT   →

Dead plants, animals, microbes

Litter production (leaf and fine root)

Climate / Environmental conditions

Soil mineralogy, texture, structure

→ OUTPUT

Microbial Decomposition

Litter chemistry (leaves)

Climate / Environmental 
conditions

Soil mineralogy, texture, 
structure

What controls the size of the SOC pool?



What are we doing?

Fahey et al. 2005 
Biogeochemistry

How do different tree species influence C cycling in soil?

How does variation in leaf and fine root traits of tree species 
influence soil C cycling?



Study site



Experimental design 
Ac ps Pi ab Qu ro 1 2 3

Ac pl Fa sy Ps me 6 5 4

Ti co Ab al La de 7 8 9

Pi ab Qu ro Ac ps 12 11 10

Fa sy Ps me Ac  pl 13 14 15

Ab al La de Ti co 18 17 16

Qu ro Ac ps Pi ab 19 20 21

Ps me Ac pl Fa sy 24 23 22

La de Ti co Ab al 25 26 27

30 29 28 La de Ca be Be pe

31 32 33 Pi ab Qu ru Pi ni

36 35 34 Ps me Qu ro Pi sy

37 38 39 Ca be Be pe La de

42 41 40 Qu ru Pi ni Pi ab

43 44 45 Qu ro Pi sy Ps me

48 47 46 Be pe La de Ca be

49 50 51 Pi ni Pi ab Qu ru

54 53 52 Pi sy Ps me Qu ro



Species

Leaf litter
production‡

(kg ha-1 yr-1)

Root 
production†

(cm yr-1)

Leaf 
litter N‡

(mg g-1)

Leaf 
litter Ca‡

(mg g-1)

Leaf 
litter lignin‡

(mg g-1)

Abies alba 802 20.9 12.5 12.5 304

Acer platanoides 2801 127.1 6.5 19 124

Acer pseudoplatanus 3715 86.8 9.4 20.5 164

Betula pendula 2559 NA 12.6 12.6 384
Carpinus betulus 1662 NA 11 9 140

Fagus sylvatica 3091 33.3 8.4 12.7 242

Larix decidua 1293 18.4 8.7 7 316

Picea abies 1845 31.1 9.9 11 213

Pinus nigra 2794 38 5.4 3.7 238

Pinus sylvestris 3293 25.2 6.8 5.8 176

Pseudotsuga menziesii 1181 2.9 7.2 9.7 246

Quercus robur 2237 22.1 12.7 11.5 230

Quercus rubra 5595 NA 7.1 10.8 196

Tilia cordata 2901 42.1 12.2 22.4 375

‡from Reich et al. 2005  †from Withington et al. 2006 



Organic horizon 

Reich et al. 2005        
Ecology Letters



Mineral soil
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Radiocarbon

University of Utrecht

(http://www1.phys.uu.n/

ams/ radiocarbon.htm)
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What else are we missing?
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Unpublished data, Reich et al.
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