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Atmospheric CO2 Concentrations 
are Increasing 

Atmospheric CO2 Concentrations 
are Increasing

Prentice et al. 2001



Anthropogenic CO2 Emissions Are 
Influencing the Global Carbon Cycle 
Anthropogenic CO2 Emissions Are 

Influencing the Global Carbon Cycle
Fossil Fuel 
Combustion

6.4 ± 0.4 Pg C/yr

Atmospheric 
Accumulation

3.2 ± 0.1 Pg C/yr

Fossil Fuel 
Combustion

6.4 ± 0.4 Pg C/yr

Atmospheric 
Accumulation

3.2 ± 0.1 Pg C/yr

Adapted from Prentice et al. 2001
by C.A. Masiello1 Gt C = 1 Pg C = 1015 g C



Carbon Reservoir ApportionmentCarbon Reservoir Apportionment
Terrestrial biosphere 
draws down CO2
while simultaneously
releasing O2 via 
photosynthesis

Ocean draws down 
CO2 via dissolution

Small O2 outgas from 
ocean

Terrestrial biosphere 
draws down CO2
while simultaneously
releasing O2 via 
photosynthesis

Ocean draws down 
CO2 via dissolution

Small O2 outgas from 
ocean

Climate Change 2001:  The Scientific Basis

Oxidative Ratio



Oxidative Ratio (OR)Oxidative Ratio (OR)
OR  =   moles O2 

moles CO2 

OR  =   moles O2

moles CO2

Randerson et al. 2006;
Masiello et al. in press 2008

OR = moles O2 fixed
mole CO2 consumed

OR = moles O2 consumed
mole CO2 fixed

Photosynthesis:
CO2 + H 2O + NH 3 →CxHyOzNw +O2

CxHyOzNw +O2 →CO2 + H 2O + NH 3

Respiration/Decomposition:



OR & ApportionmentOR & Apportionment
Hypothesis: 

Ecosystem OR is not constant
Can vary as a function of:

Land use
Ecosystem nutrient status
Climate 

Hypothesis: 
Ecosystem OR is not constant

Can vary as a function of:
Land use
Ecosystem nutrient status
Climate Randerson et al. 2006

∆OR = 0.01 → 0.1 Pg C

OR 
large

OR 
small



Measuring ORMeasuring OR

Difficult to directly measure via gas exchange 
studies (Seibt. et al. 2004)

Can use carbon oxidation state (Cox) 
measurements to estimate OR

Difficult to directly measure via gas exchange 
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Can use carbon oxidation state (Cox) 
measurements to estimate OR
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Carbon Oxidation State (Cox )Carbon Oxidation State (Cox )

Cox = 2[O] - [H] + 3[N]
[C]

Cx Hy Oz Nw 

Cox = 2[O] - [H] + 3[N]
[C]

Cx Hy Oz Nw

Hox = +1

Oox = -2

Nox = -3



Plant Biochemical CompositionPlant Biochemical Composition
Changes in the relative abundance of biomolecules 
within a plant can alter a plant’s Cox & OR
Changes in the relative abundance of biomolecules 
within a plant can alter a plant’s Cox & OR

Plant Biochemistry



SiteSite
Kellogg Biological Station - Michigan

Nitrogen Rate Experiment on Corn Ecosystem
Kellogg Biological Station - Michigan

Nitrogen Rate Experiment on Corn Ecosystem

Numbers 
indicate 
fertilization 
rates

1-lowest;

7-highest
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Elemental Analysis
CosTech CHNSO Elemental 
Combustion System

%C & %N

13C Nuclear Magnetic 
Resonance (NMR) 
Spectroscopy

Bruker 200 MHz NMR 
Spectrometer

Type of carbon bonds in a molecule
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13C Nuclear Magnetic Resonance 
(13C NMR)

13C Nuclear Magnetic Resonance 
(13C NMR)N
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Slide by WC Hockaday
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chemical shift (ppm)

Resonance frequencyResonance frequency

Mixing modelMixing model

% Carbohydrate% Carbohydrate
% Lignin% Lignin
% Lipid% Lipid
% Protein% Protein

Elemental data Elemental data 
(C:N ratio)(C:N ratio)

Interpretation of 13C NMR dataInterpretation of Interpretation of 1313C NMR dataC NMR data

Slide by WC Hockaday

Nelson & Baldock 2005 
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Changes in Plant BiochemistryChanges in Plant Biochemistry
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Cox Cox
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ConclusionConclusion
Plant Biochemistry

Carbohydrates:  No change
Protein:  Increase
Lignin: Decrease for Grain and Leaves & Stems
Lipids:  Increase for Grain and Leaves & Stems; 
Decrease for Reproductive Parts

Plant Biochemistry
Carbohydrates:  No change
Protein:  Increase
Lignin: Decrease for Grain and Leaves & Stems
Lipids:  Increase for Grain and Leaves & Stems; 
Decrease for Reproductive Parts

Cox: overall corn becomes more reduced
OR increases as nitrogen supply increases
Cox: overall corn becomes more reduced
OR increases as nitrogen supply increases



ImplicationsImplications

Changes in nitrogen supply to corn can:
Alter the quality of the grain which is used for 
feedstock & food
Alter the biochemistry of litter which can affect

Soil microbial community
Soil carbon pools

Alter ecosystem Cox & OR
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Future WorkFuture Work

Collect data for more replicates
Weight results with NPP data
Measure Cox & OR via Elemental Analysis

Compare with that estimated from Mixing Model

Collect data for more replicates
Weight results with NPP data
Measure Cox & OR via Elemental Analysis

Compare with that estimated from Mixing Model
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Mixing ModelMixing Model

a + b + c + d + e + f = 1

a(nA ) + b(nB ) + c(nC ) + d(nD ) + e(nE ) + f (nF ) = nsample

a(αA ) + b(αB ) + c(αC ) + d(αD ) + e(αE ) + f (αF ) = αsample

a(βA ) + b(βB ) + c(βC ) + d(βD ) + e(βE ) + f (βF ) = βsample

a(χA ) + b(χB ) + c(χC ) + d(χD ) + e(χE ) + f (χF ) = χsample

a(δA ) + b(δB ) + c(δC ) + d(δD ) + e(δE ) + f (δF ) = δsample

45--10 ppm

N:C ratio

95-60 ppm

210-165 ppm

145-110 ppm

components
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