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tmospheric CO, Concentrations
are Increasing
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The Global Carbon Cycle in the 1990s

: = Fossil Fuel
Combustion
= 6.4 0.4 PgClyr

. Atmospheric
Accumulation
1 3.2 £ 0.1 Pg Clyr

Adapted from Prentice et al. 2001
by C.A. Masiello
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Oxidative Ratio (OR)

OR = moles O,
moles CO,

Photosynthesis:
¢c0,+H,0+NH, >CHO.N,+0,

OR = moles O, fixed
mole CO, consumed

i ation/Decomposition:
C.H,O.N,+0, —CO,+H,0 +NH,

?OR = moles O, consumed
mole CO, fixed

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



dypothesis:

- Can vary as a function of:
= Land use

= Ecosystem nutrient status

- Climate
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adapted from Keeling et al., Nature, 1996.

Ecosystem OR is not constant

OR & Apportionment

AOR=0.01->0.1PgC

Randerson et al. 2006

ocean uptake can only
alter the atmospheric
CO; concentration

0,/N,

B S

CO,

The angle of the vector of terrestrial
uptake determines the size of the
terrestrial and ocean carbon sinks.

OR
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Measuring OR

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

Can use carbon oxidation state (C,,)
measurements to estimate OR

NH, N Source: HNO;

OR:I—COX +2N
4 C



C,, = 2[O] - [H] + 3[N
[C]
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lant Biochemical Composition

Changes In the relative abundance of biomolecules
~ within a plant can alter a plant’s C_, & OR

Plant Biochemistry

Carbohydrates Proteins ‘ Lignin Lipid

Carbohydrates Proteins Lgni* Lipid

soluble phenolics

charcoal
lipids [ ]tignin
amino acids
organic acids
methane || carbohydrates Co,

2.00 1.75 1.50 1.25 1.00 0.75 0.50 0.25 0.00
|




: Site
0gg Biological Station - Michigan
Itrogen Rate Experiment on Corn Ecosystem

202 kg N/ha 34 kg N/ha
7/ 2

Rep 1

No Cover

Rep 2
Numbers

indicate
fertilization
rates

No Cover

Rep 3
1-lowest;

7-highest

No Cover

Rep 4

No Cover




Methods

= 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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erpretation of 1*C NMR data

Nelson & Baldock 2005

% Carbohydrate
% Lignin

% Lipid

% Protein

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

120

100

80

C:N Ratio

60

40

20

C:N Ratio

—J— Corn Grain
—— Reproductive Parts
—@— Leaves & Stems

.\'\'\'\-—-\.

0

34 67 101 134 168 202

Nitrogen Fertilization Rate (kg N/ha)




1 ges In Plant Biochemistry

Highest vs. Lowest Nitrogen Fertilization Rates
Corn Grain Reproductive Parts Leaves & Stems
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COX

Carbon Oxidation State
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OR

Oxidative Ratio
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Conclusion

- = 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



Implications

. 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

‘ecosystem C_, & OR



Future Work

| ':Collect data for more replicates
= \Weight results with NPP data

= Measure C_, & OR via Elemental Analysis
Compare with that estimated from Mixing Model
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Mixing Model

a+b+c+d+e+ f=1
a(n,)+ b(ng)+c(n.)+dn,)+e(n,)+ f(n.)=n

sample

a(oy )+ b(oy)+ c(op )+ d(oy, )+ e(oy) + (o) = &

L a(B)+ b(By)+ B+ d(By)+ e B)+ F(B)= Lo

a( )+ bCp) + cCre) +dCp) + eCrp) + F(Xe) = Xoampre
a(o,)+ (5B)+ c(0,)+d0,)+ e(o,)+ f(0,)=0,

ample



Plant Polymers
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