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Decomposition is an important 
process to understand

• Controls accumulation of organic matter
• Carbon dynamics of ecosystems

– Present and future
• Nutrient release for plants
• Decomposed material influences soil 

properties
• Ecosystem indicator of pollution



Compared to production we know 
little about decomposition

• Relatively few studies on decomposition
• Few global views of process-studies 

generally local
• Few global models of process
• Few databases to drive global 

calculations
• Uncertainty about long-term dynamics



LIDET: Long-term Intersite
Decomposition Experiment Team

To what degree does climate versus 
substrate quality control:

The rate of decomposition? 
Hypothesis: they interact

The formation of stable organic material? 
Hypothesis: no effect of either, a constant 15%



Lignin (%)

k

AET = 797 mm

AET = 343 mm 

Climate-Substrate Quality Interaction-
Meentemeyer (1978)



Background

• 1988 Wood’s Hole workshop at Marine 
Biological Laboratory
– LIDET; DIRT experiments designed

• 1989 Litter collected, bags filled
• 1990-91 Litter placed in field
• 2002 field work completed
• 2003-2006 NCEAS working group



Location of LIDET sites





Existing North American 
Networks

• LIDET: Long-term Intersite
Decomposition Experiment 
Team

• CIDET:  Canadian Intersite
Decomposition Experiment
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Steps Involved
• Collection of litter as selected sites
• Preparation of litterbags; data set built
• Sent to 28 sites
• Site periodically send data and litter back
• Initial Quality control checks, data entry, 

preliminary analysis
• Lab analysis 



Litter bags
20X20 cm
On surface

Root bags
20X20 cm
Buried ~10 cm



Models Examined
Mt=M0 exp[-kt]

Single exponential

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 2 4 6 8 10
Time (years)

M
as

s 
re

m
ai

ni
ng

Single exponential

0.001

0.01

0.1

1
0 2 4 6 8 10

Time (years)
M

as
s 

re
m

ai
ni

ng



Models Examined
Mt=Mf0 exp[-kft]+Ms0 exp[-kst]

Dual Exponential
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Models Examined
Mt=Mf0 exp[-kft]+Mstable

Asymptotic
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Acsa
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Ange-roots
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Single exponential-Pine leaves
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Single exponential-Drypetes leaves

Drgl L
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Double exponential-pine leaves

Pire L

0
10
20
30
40
50
60
70
80
90

100

0 20 40 60 80 100

Observed (PMR)

M
od

el
 5

 p
re

di
ct

ed
 (P

M
R

)



Double exponential-Drypetes leaves
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Asymptotic-pine leaves
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Asymptotic-Drypetes leaves

Drgl L

0

20

40

60

80

100

120

0 20 40 60 80 100

Observed (PMR)

M
od

el
 3

 p
re

di
ct

ed
 (P

M
R

)



Which model is best?
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Dual Exponential v Asymptotic
All sites and species
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Decomposition Rate-constants of 
Fast Phase
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Time

Accumulated carbon in forest floor, Sweden

R2 = 0.993
p<0.01

2984 yrs2081 yrs120 yrs 1106 yrs

7.8 tons

72 tons

173 tons

245 tons

After Wardle et al



Decomposition rate-constant of 
slow fraction
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What is the Decomposition Rate?
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Example of calculation 
of integrated k
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Integrated v. 1st year k
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Integrated v. 1st year k
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After Parton et al 2007



Open Sites

After Parton et al 2007



Short-term
relationships
1st year
decomposition
rate-constants 
and Climate
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Long-term
relationships
10 year average
decomposition
rate-constants 
and Climate
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Regression Relationships
Dependent 

varia
ble

Climate alone Litter quality alone AET and lignin 
only

Best independent 
variable r2 p Best independent 

variables‡ r2 p r2 p

kS CDI 0.46 < 0.001 lignin:N 0.14 < 0.001 0.48 < 0.001

kH CDI 0.45 0.048 lignin:N, ascarb, ws 0.11 0.001 0.41 0.001

kD CDI 0.30 0.034 lignin:N, ascarb 0.09 0.014 0.28 < 0.001

MD CDI 0.11 < 0.001 tnn, acid 0.10 < 0.001 0.16 < 0.001

kI AET 0.07 < 0.001 tex, ascarb 0.06 < 0.001 0.13 < 0.001



Climatic Effects: Dowel Results



Single exponential model
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CDI v Single exponential (k1)
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Website slide











Future Experiments

Fill out range of environments: Tropical-
subtropical; hydric

Better Understanding of Microclimate
Influence of organisms

Decomposition rate of the slow phase material
Does mass of slow phase depend on formation 

rate or decomposition rate?
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