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Introduction Abstract Results and Discussion (Cont.)
- * 1ot - Accurately and precisely constraining ecosystem oxidative ratio (OR) 1s necessary to assess ‘ ' '
What 1S .O.deatwe Ratio? the sizes of tge terrgstrial b%]osphere andgoc.ean.ycarbon (C) sinks, as vgfell 2)18 the rate atywhich EStH,natmg U,'S,' Agrlculﬁural OR. ., Wi n
Soll Regtestion Oxidative Ratio (OR) is the O./CO, ratio of an they are takmcg) up anthropoigemc carbon dioxide. The Intergovernmental Panel on Climate We estimated a preliminary U.S. agricultural OR | rened e
Litter Decomposition Photosynthesis ecosystem and describes the net gazs exchange Change (IPPC)-used OR value used in apportionment calculations 1s 1.10 + 0.05. Techniques value for 2003-2005 (Fig. 10) by calculating a _
2, CO CO 0 bet ¢ d the at h currently used to estimate OR values are prone to error, which can lead to large errors in weighted average using crop OR values for soybean, | ®a
’ 2 : ClweC an €COSysIcin and the atmosphere. estimations of the sizes of carbon sinks: for example, an error of £0.05 OR units is equivalent corn, and wheat (Fig. 9; which make up 83% of U.S. 110 IPCC-Used Global OR Value =1.10
CO,0, to an error of 0.5 Pg C/yr or 50 Pg C over 100 fyears (Randerson et al., 2006). We have Croplands), and planted acreage data (Fig. 11).
/; Plant \v OR = O [moles] developed several methods for estimating OR from biomass chemistry that are more accurate ’ 7
SR A = and precise. To better constrain biospheric OR, measurements need to be made across a range . - S . _
CO, [moles] Sty : US.Agriculural OR= L U.S. Agricultural OR,, =1.060
2 of ecosystems, and here we begin with 3 agricultural ecosystems. Here we analyze the top three OR. A R A OR . A
The terrestrial biosphere exchanges O. and CO, with the crops in the United States (soybean, corn, and wheat) and show significant differences between Re Crelgesoy ’ Rciz' Creagecom/: Runea AT wen | 105 1
atmosphere through a number of procésses (Fig. 1) including: the OR of legumes versus grass crops. Our preliminary estimate of the 2003-2005 average U.S. CTCA8Csoy T+ ACTEARC Com + AACTCAEC whea _ D o
' ' agriculture OR value of 1.06, an increase from 1.04 1n the 1930s. This shift was driven by

-soil respiration -litter decomposition, : 2 : ; : : . .
b ’ P changes in cropland composition, with the major driver being the increase in soybean acreage

-photosynthesis -plant respiration L .
_If)ire. y 9 p p p between 1 963 and the present. U S . AngCU.ltural OR — 1 . 06():':0003 .00 29% of US Cropland . 23% of US Cropland . 31% of US Cropland
Figure 1. Ecosystem Gas Exchanges Soybean Wheat Corn

. OR OR R ° ° . o Top Three Crops .
ba ab Figure 10. Preliminary Estimate of U.S. Agricultural OR
Flux OR and Stock OR (Flg. 2) Dei:ompo,siti,on Net Primary Production Slte Descrlptlon . I 4 J
Like C & N isotopes, there are OR values associated Soil Respiration e AN w . SITE: W.K. Kellogg Biological Station-Long Term Ecological U.S. Agrlcultural OR Has Increased Over the Past 80 Years.
w1t111 bulk organic matter pools (plant biomass stocks, Photosynthesis ReSnglrr;lttion — p— Figure 6. Research (LTER) site in southwest Michigan, USA (Fig. 6) Using this approach we estimated the
soil organic matter), & with gas fluxes (net primary Kellogg . ‘ ‘ US . ultural OR f h Fi 120000
production, soil respiration, decomposition, fire, efc.). | , : TREATMENTS: Conventional agriculture, 3-crop rotation .. agricultura Or cach year (Fig. 2 TOTAL
The OR of organic matter records the O /CO, ratio of Blologlcal -Soybean (2003), Wheat (2004), & Corn (2005) 12) from 1930-2010 using: 3
previous ecosystem gas exchanges. Plant Station- . -U.S. Planted Acreage data (Fig. 11) 2100000 -
Stock LTER site REPLICATES: 3 out of 6 replicates analyzed; _Crop OR values for the top 3 crops i Sum_of Top 3
The OR of fluxes that transfer C from the atmosphere OR Michi USA crops split into grain and stover organ fractions _ASSUMPTION: Crop OR has S 20000 4
to the blothere (e.g. net primary production) is (Michigan, ) not chanee over time = —Comn
known as OR . — Titter http://lte r.kbs.msu.edu/ g 2 :g?;;fan
The OR of fluxes that return C from the biosphere to m OR for Top 3 Crops (by acreage): 2 60000 - —Cotton
the atmosphere (e.g. decomposition) is known as OR, . , -1963-2010: o0 — Juis
Figure 2. Flux and Stock OR M th d -Soybean: 1.112 = Corn —TOTAL
: : : : ctnoas . -Wheat:  1.035 < 40000 Twhent
Why 1s Oxidative Ratio Important? %C and %N: Elemental Analysis Corn:  1.030 T wg\\ POV o
\ \ \ \ -Costech CHNSO 4010 Elemental Combustion System at Rice University -1930-1962: S 20000 4__ Oats '
0. The angle of the terrestrial -Perkin-Elmer 2400 Series CHNS/O Elemental Analyzer at the University -Wheat: 1.035 -
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of California-Santa Barbara’s Marine Science Institute Nelson & Baldock 2005 -Comn: 1.030 Soybean O
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Figure 11. Planted Acreage for Top 5 U.S. Crops (www.nass.usda.gov)

OR 1s the angle of the terrestrial biosphere vector
in CO, apportionment calculations (Fig. 3), &

biosphere vector 1s OR

determines the size of the terrestrial biosphere &
ocean C sinks (Fig. 4).

Carbon Oxidation State: :2C Nuclear Magnetic Resonance (NMR) Mixing model (Estimated from biochemical composition

Spectroscopy data; Nelson & Baldock 2005)

Fossil Fuels

e -2 - . -Bruker 200 MHz NMR Spectrometer at Rice University . 108
S o -4mm magic angle spinning (MAS) probe Elemenkal data Decadal Averages (Fig. 12) ’ —U.S. Ag. OR - Corn, Wheat, Soybean
=y Amosphere | Molecular Mixing Model (MMM) (C:Nratio) 1930s: 1.04240.000 1970s: 1.054+0.002 (oo e O - o, Whea, Oats
IPCC-Used OR <1.10 OR >1.10 -Developed by Nelson and Baldock (2005) . . 1.O7 1 2SR s e AR
OR = 1.10 £0.05 Terrestrial biosphere  Terrestrial biosphere _Input sample C:N ratio and individual peak areas Sz w0 40 o 1940s: 1.043+0.000 1980s: 1.056+0.001
a4 _ | . : sink 1s LARGER than sink is SMALLER than , ' , , - shemicalshift (ppm) i i
Tcrres}tlrlal previously thought. previously though. -Determines sample biochemical composition and C. Resonance frequency 1950s: 1.043+0.001 1990s: 1.056+0.002 1.06 - P
PIOSPREre - Ocean T et Nl Nl Figure 7. NMR Spectrum and the MMM 1960s: 1.047+0.004 2000s: 1.059+0.001 | Y AV
-5 | ‘ ‘ | | g Biosphere ”é g o7 ,() e
0 I 2 3 4 5 2 | 2 | 2 | o o o 1.05 1 y
CO, (ppm) S N |2 T 24 Re—— | |[Results and Discussion U.S. Agricultural OR shifts "
Figure 3. Fossil Fuel CO., Apportionment - : Y - Taan 1 e s SN
I Keoling ot a. 1996, Rand son bt a1, 2008 B ! R Y T Crop Organs Can Have Different OR Values. from 1.04 in 1930 1.04 -
Y | 1 2 3 1 2 31 2 3 ) to 1.06 1n 2010.
CO, (ppm) CO, (ppm) CO, (ppm) 1.20 : : : .
- 4. Sroall Errors in OR can C Larae Shifts in th 2003 Soybean 2004 Wheat 2005 Corn Different plant organs have Shifts in crop acreage 1.03
If OR off by +0.01 igure o ma rror.s n can Lause Large Shifts in the 118 7 B Rep 1 different biochemical Compo- (eg Increase S()ybean acreage)
Size of the C Sinks (adapted from Keeling et al. 1996) 1.16 - ARep 2 4 WA d . . . 1.02 . . . . . . .
. . . . ° oRep3 S-ltlo-ns (Car D-O:Jy rate’ prOteln’ haS led tO the 1NCTCAse 1n | 1930 1940 1950 1960 1970 1980 1990 2000 2010
0.1 Pg C/yr 1s misapportioned | If OR is smaller than the value used by the IPCC, our view 44 P lignin, & lipid; Galagher etal. in press), agricultural OR with time. Year
(Randerson et al. 2006) of the C cycle 1s skewed. We are estimating the terrestrial L1 which affects organ OR. Figure 12. Shifts in U.S. Agricultural OR
biosphereC sink to be smaller than 1t actually 1s. L . .
1,10 - - Soybean grain has a higher OR Conclusion
How 1s Oxidative Ratio Measured? L0g - than soybean stover due to hiftine d df lead to sionifi h - ultural
. . | ~ higher protein concentrations Shifting demand for crops can lead to significant changes in U.S. agricultural OR
OR can be measured directly from simultaneous O, & CO, measurements (Stephens et al. 2007; Seibt et al. 106 - : : 4 through land use change
2004; Severinghaus 1995). o ' while corn stover has a higher -
HOV_VSIYOCI{»G there are (lgggieef{lzlw%logl}ssggeprf&aggus 1995) 1.04 1 T ac b OR than corn grain due to Using an OR value that is too high (1.10 compared to 1.06), can lead to underestimating
-provides no long term record of OR; ’ 1.02 - ¥d higher lignin concentrations and overestimating the sizes of the terrestrial biosphere and ocean C sinks, respectively.
-1s not 1deal for ecosystems undergoing fire or land use change. 1 00 (Flg 5; Flg, 8).
We have developed 3 methods (elemental analysis, bomb calorimetry, '*C nuclear magnetic Grain Stover Grain Stover Grain Stover Futu re W() ]‘k Ecosymgg °;‘e‘;;a“t Lype
resonance spectroscopy; Masiello et al. 2008, Hockaday et al. 2009) to estimate OR directly from Tob Three C , , , , o Ff)rest T —
biomass through measuring carbon oxidation state (Cojl. op TAree L10ps In order to better constrain the sizes of the terrestrial biosphere Poplar Tree Bole
Figure 8. Crop Organ OR Can Vary and ocean C sinks, we need to better constrain the terrestrial Weeds Mixture
. : . . . : : : Wheat
20 - H + 3N Cox 3N OR Varies with Crop Species. biosphere’s OR. OR data for other major ecosystems, including ——_Wheal_____
C = OR =1 - 4+ . .15 tropical forests, boreal forests, peatlands, and temperate forests Goldenrod
o C 4 4C Crop OR = N Psiner *ORgnee + PP, *OR g, : ¢ Weighted Average need to be collected to estimate a true global terrestrial Corn
NPP, .. + NPP. . _ biosphere OR Red Clover
i a- | Timothy
harcoal Soybean: 1.112+0.003 _ D,
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Figure 5. Biochemical Compounds have IPCC-used value (1.10+0.05). Top Three Crop :
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