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USING BULK SOIL RADIOCARBON MEASUREMENTS TO ESTIMATE SOIL ORGANIC MATTER TURNOVER TIMES: IMPLICATIONS FOR ATMOSPHERIC CO2 LEVELS KEVIN G. HARRISON



Phytotron, Duke University, Box 90340, Durham, North Carolina 27708-0340 USA ABSTRACT. Although soil contains about three times the amount of carbon present in the preindustrial atmosphere, determining how perturbations (e.g., changing land use, CO2 fertilization, changing climate and anthropogenic nitrogen deposition) alter soil carbon storage and influence atmospheric C02 levels has proved elusive. Not knowing the soil carbon turnover times causes part of this uncertainty. I outline a strategy for using radiocarbon measurements to estimate soil organic matter turnover times and inventories in native soil. The resulting estimates of carbon exchange produce reasonable agreement with measurements of C02fluxes from soil. Furthermore, derivatives of the model are used to explore soil carbon dynamics of cultivated and recovering soil. Because the models can reproduce observed soil 14C measurements in native, cultivated, and recovering ecosystems (i.e., the underlying assumptions appear reasonable), the native model was modified to estimate the potential rate of additional carbon storage because of C02fertilization. This process may account for 45-65% of the "missing C02 sink."



INTRODUCTION



Many researchers have estimated the global inventory of soil carbon using a variety of techniques: Schlesinger (1977) used vegetation types to estimate an inventory of 1456 Gt C; Post et al. (1982) estimated soil humus to hold 1395 Gt C using climatic life zones; and Eswaran, den Berg and Reich (1993) used soil orders to estimate an inventory of 1576 Gt C. Although there are differences among the techniques, the results generally agree. How this large pool of carbon influences atmospheric CO2 is uncertain, because the discrete turnover times of the multitude of soil compounds are not well known. These turnover times may range from days to millennia. The purpose of this paper is to introduce a strategy for estimating the turnover time of soil organic matter (SOM) using bulk soil radiocarbon measurements.



The technique builds on the approaches of others: the Century and Rothamsted models, mass balance approaches and soil humus fractionation approaches. The Century and Rothamsted models use measurements of soil carbon decomposition as the foundation for sophisticated ecosystem models. The model structures are similar, having SOM consisting of fast, active and passive fractions. The Century model (Parton et a1.1987, 1989, 1993; Schimel et al. 1994) has an active carbon turnover time ranging from 20 to 50 yr, and, it assigns an 800- to 1200-yr turnover time for passive carbon. The Rothamsted model (Jenkinson 1990) uses a 20-yr turnover time for active carbon and a near infinite turnover time for passive carbon.



O'Brien and Stout (1978) use a sophisticated model to interpret their New Zealand soil 14C measurements. Their model is constrained by the depth distribution of total carbon and 14C and includes carbon input, decomposition rates and soil diffusiveness. They assign a 50-yr turnover time for active carbon and a near-infinite time for passive carbon. Researchers have tried to separate active and passive components using physical and chemical fractionation techniques (Paul et al. 1964; Campbell et al. 1967; Martel and Paul, 1974b; Goh et al. 1976; Goh, Stout and Rafter 1977; Goh, Stout and Brown 1984; Scharpenseel, Ronzani and Pietig 1968; Scharpenseel, Tamers and Pietig 1968; Trumbore, Vogel and Southon 1989; Trumbore, Bonani and Wolfli 1990). Trumbore (1993) summarizes the results of various fractionation techniques. One way to test the effectiveness of these fractionation schemes is to see if the amount of
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bomb 14C increases in the soil as predicted by estimates of the residence time for SOM. To date, the available fractionation schemes cannot do this (Trumbore 1993). ESTIMATING SOIL CARBON TURNOVER TIMES USING BULK RADIOCARBON MEASUREMENTS



In my research, I use a time-step one-box model and bulk soil 14C measurements to estimate turnover times and inventories of active and passive carbon. The model has atmospheric 14C values and C02 concentrations for every year from AD 1800 until the present. The user selects the carbon inventory and the turnover time. The turnover time equals the carbon inventory divided by the exchange flux. The exchange flux equals the amount of carbon that is added to the box (from photosynthesis) or lost from the box (respiration). Losses through erosion and dissolution are thought to be small (Schlesinger 1986) and are not considered. The model can be run in either a steady-state mode (where the flux in equals the flux out) or in a non-steady-state mode (in which carbon is either accumulating or decreasing). I use this model and soil 14C data to show that soil carbon has more than one component and to estimate the turnover time of the passive fraction, the proportions of active and passive carbon in surface soil, and the active soil carbon residence time. Many researchers have concluded that soil consists of a complex mix of organic molecules whose turnover times range from a few years to thousands of years. This pool cannot be characterized by a single turnover time (O'Brien 1984; Balesdent, Wagner and Mariotti 1988; Parton et al. 1987, 1989, 1993; Jenkinson and Raynor 1977). Figure 1 shows how a single residence time of 650 yr fails to characterize soil humus. Six prebomb values of surface soil had an average 14C content of 92% modern (pMC) (Table 1). This 92 pMC value translates into a 650-yr turnover time, which shows very little increase in bomb 14C with time. The soil 14C values increase in the 1960s and then level off
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Year Fig. 1. Soil 14C values vs. time. Measured soil 14C values for non-cultivated soils are plotted against time from 1950 to 1991. The values tend to increase during the 1960s and then level off. Model results for a theoretical carbon pool having an 650-yr residence time are shown by the line. If soil carbon consisted of components having this single residence time, one would expect the observations to fall around this line. Data for these figures from Tables 1 and 2 and Harrison (1994).
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(Fig. 1). This increase suggests that soil organic material contains an active component with a turnover time significantly 650 yr. TABLE 1.



pMC 96 96 82 96 90 94



Prebomb Soil Depth (cm)



1-8 0-23 0-12 A-hor. A-hor.



0-2



14C



Values for Uncultivated Soil



type



1959 1959 1927 1962 1962 1959



(1986) (1993) et al. (1990) et al. 1967 et al. 1967



Zealand forest



The passive soil turnover time can be estimated from soil 14C measurements made at depths where little or no active soil carbon is present. 14C concentrations decrease with depth, reflecting a decrease in the proportion of active to passive carbon. Both carbon content and 14C soil values tend to decrease with increasing depth (Harrison, Broecker and Bonani 1993a). At some depth, the soil 14C measurements approach an inflection value below which they tend to decrease very slowly. These values and depths vary for different locations (see Table 2). The average value for the sites listed in Table 2 was 55 pMC, which corresponds to a 4700-yr turnover time for passive soil carbon. However, some tropical soils have active soil carbon several meters below the surface (Nepstad et al. 1994; Fisher et a1.1994) 14C
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Deep Soil Depth (cm)



49 43 60



65-105 74-94 60-140



Becker-Heidmann et al. (1988) O'Brien and Stout (1978) Scharpenseel and Becker-Heidmann



60 62



60-140 85-110



TABLE 2.



Values for Cultivated and Uncultivated Soil



type



Zealand



(1989)



Becker-Heidmann (1989) Tsutsuki et al. (1988)



For the prebomb condition, one can estimate the proportions of active and passive components in surface soil using the 55% modern passive soil 14C value and the 92% modern values measured for the bulk soil (Table 1). If the active component turns over quickly (


The postbomb increase in soil 14C concentrations can be used to estimate the active soil carbon turnover time (Harrison 1993a). A 25-yr turnover time produces the best fit to the available data. Most of the points are for temperate ecosystems, so warmer tropical ecosystems may have faster turnover times, whereas cooler boreal turnover times may be slower. The proportions of active and passive soil may differ for tropical and boreal climates. This approach can be validated by looking at a specific site where deep, prebomb, and a time series of surface soil data can be used to compare model predictions with soil 14C measurements. O'Brien
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Year Fig. 2. Soil 14C model predictions and soil 14C observations vs. time. A mixture of 83% active and 17% passive soil carbon produces the best visual tit to the native soil 14C measurements (0). The concentration of atmospheric 14C almost doubled because of nuclear bomb testing.



and Stout (1978) reported measurements for a New Zealand grassland soil that included a deep soil value and a time series of surface soil values that extended from prebomb times into the mid-1970s. The model that best fits the data has a 12% passive component plus a 88% active portion that turns over every 25 yr. Figure 3 shows the agreement between the model and the data. Although this model reproduces the prebomb soil 14C values and the postbomb increase in 14C values in native soil, the model's robustness can be evaluated by seeing if derivatives can explain 14C measurements in cultivated and recovering soil. SOIL CARBON DYNAMICS IN CULTIVATED ECOSYSTEMS



Another way to test the model's assumption is to see if it can be modified to reflect carbon dynamics in cultivated ecosystems. Soil loses ca. 25% of its carbon when cultivated (Schlesinger 1986; Post and Mann 1990; Davidson and Ackermen 1993). This loss stems from reduced inputs of organic matter and increased rates of organic matter mineralization. Cultivated soil generally has lower 14C values than native soil that has been sampled at the same time (Fig. 4; Martel and Paul 1974a). Hsieh (1992,1993) has developed a two-component model that reproduces temporal changes in 14C values in cultivated soil. Using a similar approach, Harrison, Broecker and Bonani (1993b) assumed that carbon lost from soil due to cultivation would be lost from the active carbon pool. However, the oxidation and loss of a fraction of the active-soil carbon could only explain about half the observed 14C depletion. Mixing subsurface soil with the shallow surface soil through cultivation (i. e., the plow mixes up the soil) can account for the remaining depletion in 14C values. The model, which included mixing and oxidation, produced good agreement with the available data for changes in soil 14C upon cultivation (Fig. 4).



Bulk Soil 14C Measurements to Estimate SOM Turnover



Fig. 3. New Zealand test case. O'Brien and Stout (1978) published 14C data for a New Zealand grassland site comprising a time series of surface soil, including one early-bomb, and one deep soil 14C value. I used this information to attempt to validate the model for a specific site. This model that best fit the data consisted of 88% active and 12% passive carbon. The active carbon had a 25-yr turnover time.



Fig. 4. Native vs. cultivated soil 14C values. Cultivated soil (A) has lower 14C values than native soil (0). This difference is caused by mixing and oxidation. The farmer's plow mixes deeper 14C depleted soil with 14C rich surface soil, diluting the amount of active soil carbon in the surface. Increased SOM oxidation further reduced the inventory of active soil carbon.
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SOIL CARBON TURNOVER IN RECOVERING ECOSYSTEMS To test the model further, the baseline model was modified to explore the carbon dynamics of a recovering soil that was increasing its carbon stores. One example includes a recovering temperate forest located in the Calhoun National Forest, described by Richter et al. (1994; 1995), Harrison (1994), and Harrison et al.(1995). This site contains a Loblolly pine (Pines taeda) forest that was planted in 1959 on land that had been cultivated for the previous 150 yr. The soil has been accumu-



lating carbon since the pines were planted. From 1962 to 1968, the surface carbon concentration increased from 5.9 to 8.0 Mg ha-1. The native soil carbon model was modified to take into account this carbon accumulation by increasing the flux of carbon into the active-soil carbon pool. The turnover time that best reproduced the observed 14C measurements was 12 yr, which is about twice as fast as carbon turnover in native ecosystems. Figure 5 shows the agreement between the model and the data for this accumulating ecosystem. 140
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Year Fig. 5.14C measurements and model results for South Carolina. The model results that best fit the surface soil 14C measurements were those from an accumulation model that took into account the increase in carbon inventory. The carbon increased from 5.9 Mg ha'1 to 8.0 Mg ha'1. The active reservoir turnover time is about twice as fast as the global average for native soils.



DETERMINING THE GLOBAL INVENTORY OF ACTIVE SOIL ORGANIC MATTER



Table 3 lists the current best estimates of the global inventory of non-wetland SOM. These values can be translated to give a global inventory of active soil carbon. The active-to-passive proportions found in surface soil cannot be applied to all carbon present in non-wetland soil because the proportion of active to passive carbon decreases with increasing depth. The integrated inventories suggest that the global pool is ca. 50% passive and 50% active (Harrison 1993a). Although extrapolating these distributions involves uncertainty (i.e., the proportions are likely to differ for other climates and types of vegetation), the global inventory of active carbon in soils ranges between 500 and 625 Gt C.



Bulk Soil 14C Measurements to Estimate SOM Turnover TABLE 3. Soil Carbon
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Sequestration Due to CO2 Fertilizations



Reference Schlesinger



Post et al.



Category



(1977,1991)



(1982)



Total soil carbon (Gt C) Non-wetland soil carbon (Gt C) Active soil carbon (Gt C) Exchange flux (Gt C yr'1) Potential C sequestration due to CO2 fertilization (Gt C yr'1) % "missing CO2 sink"



1500 1000 500 20 0.5



1400 1200 600 24 0.6



Eswaran et al.



45



*This table uses estimates of the inventory of active soil carbon and a simple CO2 fertilization model to estimate the potential carbon sequestration in soil due to CO2 fertilization. Only non-wetland soil was included in the calculation. The inventory of active soil was estimated assuming that a soil profile contains ca. 50% active carbon; a CO2 fertilization factor of 0.35 was used in the CO2 fertilization model to calculate the amount of carbon sequestered during an average year in the 1980s (Harrison 1993a). Dixon et al.'s (1994) missing sink estimate for the 1980s of 1.1 Gt C yr-1 was used.



A way to test the model is to determine if fluxes measured from the soil agree with those values predicted by the model. A 500 Gt C pool turning over every 25 yr emits 20 Gt C from the soil annually, i. e., a flux of 150 g C m-2 yr * The 600 and 625 Gt C values result in 24 Gt C yr'1(180 g C m2 yr'1) and 25 Gt C yr(190 g C m_2 yr'1), respectively. These estimates are significantly lower than the observed flux from a temperate forest soil, which ranged from 400 to 500 g C m'2 yr-1(Raich and Schlesinger 1992). It must be realized that the measured values record sources of CO2 besides microbial respiration of SOM, such as root respiration and the oxidation of litter and fine roots. While it is impossible to resolve the contribution from these additional CO2 sources, it is unlikely that they account for >50% of the total flux. Furthermore, soils such as desert soil that have low organic carbon contents make it difficult to compare global and regional values. The ecological complexities make it virtually impossible to get better agreement between the CO2 fluxes predicted by the model and those measured for a temperate forest ecosystem. However, even if one considers the measured flux to represent an upper limit, the predicted values fall well below it. CARBON DIOXIDE FERTILIZATION



Having estimated the turnover time and inventory of fast-cycling carbon, it is possible to assess the amount of carbon that might be stored in soil as a consequence of CO2 fertilization. CO2 fertilization occurs when plants increase their growth when exposed to elevated CO2 levels (Strain and Cure 1985; Bazzaz and Fajer 1992). A convenient way of expressing the effect is via a CO2 fertilization factor (i.e., the percentage increase in growth that results from a doubling of CO2 concentration). Although many indoor CO2 fertilization experiments have shown increased growth at elevated CO2 levels (Strain and Cure 1985), the extrapolation of these results to natural vegetation is highly controversial (Bazzaz and Fajer 1992). Further, the application of these CO2 fertilization factors to the carbon input to soil involves speculation. Zak et al. (1993) have shown that the soil carbon under plants grown in doubled CO2 concentrations in open-top chambers was greater than their nonelevated paired counterparts, although their results were not statistically significant. Norby et al. (1992) found evidence of increased fine root density for trees grown in elevated CO2 concentrations,



188



K



G.



Harrison



lending credibility to the belief that if plant growth is stimulated, the inventory of soil carbon will be as well. For this study, a CO2 fertilization model has been developed to estimate the additional amount of carbon stored in soil because of CO2 fertilization. The flux of carbon into soil organic matter can be increased by adding the term 3



where



SpCOz EF,



(1)



I = CO2 fertilization factor (0.35 after Harrison et a!. 1993a) SpC02 = fractional change in CO2 EF = exchange flux.



As the flux of carbon into the box increases in the box, the decay flux (i. e., the decay constant times the amount of carbon in the box) also increases. If the level of atmospheric CO2 stops increasing, the soil will attain a higher steady-state carbon content with a turnover time of 25 yr. Table 3 lists the model results. The amount of carbon sequestered in soil because of CO2 fertilization ranges from 0.5 to 0.7 Gt C yr'1 for the 1980s. Dixon et al. (1994) estimate that the "missing sink" is 1.1 Gt C yr'1 for this time period. Thus, CO2 fertilization might well provide the mechanism to explain much of the much of the "missing CO2 sink" as carbon held in soil. CONCLUSION I have presented a strategy for estimating the global inventory and turnover time for carbon stored



in non-wetland soil. The available 14C data suggest that active soil carbon has a 25-yr turnover time and a 500-625 Gt C inventory. Therefore, active soil carbon is well placed to respond significantly to perturbations such as CO2 fertilization, changing climate and anthropogenic nitrogen deposition. The effects of CO2 fertilization on the flux of detrital organic matter input to soil can potentially store 0.5-0.7 Gt C yr'1, thus explaining a major portion of the "missing CO2 sink." ACKNOWLEDGMENTS I thank Bill Schlesinger for helpful comments for improving the manuscript and many discussions
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recovering ecosystems (i.e., the underlying assumptions appear reasonable), the native .... A 25-yr turnover time produces the best fit to the available data. Most. 






 Download PDF 



















 1MB Sizes
 5 Downloads
 187 Views








 Report























Recommend Documents







[image: alt]





Target Atmospheric CO2 

... New York, NY. 10025, USA; E-mail: [email protected] ..... surface reservoirs can change due to exchange of carbon with the solid earth. CO2 thus becomes ...... http://www.eia.doe.gov/oiaf/archive/ieo06/index.html. [81] Keith DW ...














[image: alt]





Abrupt rise in atmospheric CO2 overestimates ... - John Klironomos 

Feb 10, 2005 - ability of the AMF community to influence plant biomass. On the ..... the US Department of Energy, and to M.C.R. by the US National Science ...














[image: alt]





Abrupt rise in atmospheric CO2 overestimates ... 

Feb 10, 2005 - a heavy carbon drain. Per cent root colonization by ..... floor. Smaller workers of C. atratus, and smaller species of. Cephalotes more generally ...














[image: alt]





Turnover of oxygen and hydrogen isotopes in the body water, CO2 ... 

thank Mike Lott and Craig Cook of the SIRFER facility at the. University of Utah for help in the ... isotope ratio mass spectrometry. Rapid Communications in.














[image: alt]





Elevated CO2 alters leaf-litter-derived dissolved organic ... - BioOne 

Sep 11, 2007 - Department of Biology, Loyola University Chicago, 6525 N. Sheridan ... The University of Michigan Biological Station, 9008 Biological Road, ...














[image: alt]





Turnover of carbon isotopes in tail hair and breath CO2 ... 

Erba elemental analyzer (Carlo-Erba, Milan, Italy) connected to the. Finnigan Mat isotope ratio mass ... small and large samples sizes) was 














[image: alt]





Turnover of oxygen and hydrogen isotopes in the body water, CO2 ... 

First, we switched 5 N. cinerea and 7 N. stephensi from the depleted water (dD = Ð� ..... The reaction progress method allowed us to plot data col- lected from all ..... lost due to breathing, expelled CO2, and urine combined with the influence of ..














[image: alt]





The origin and implications of dark matter ... - Wiley Online Library 

C. Pichon1,2,3 and S. Colombi2,3. 1Observatoire Astronomique de Strasbourg, 11 Rue de l'UniversitÃ©, 67000 Strasbourg, France. 2Institut d'Astrophysique de ...














[image: alt]





Soil biota responses to long-term atmospheric CO2 enrichment in two ... 

crobial biomass could be expected in response to in- creased carbon ..... by National Science Foundation and Department of Energy (DOE) grants. Support by ...














[image: alt]





mesoscale variability of organic matter composition in ... 

Concentrations are presented as bovine serum albumin (BSA) equivalents. Carbohydrates were analysed according to Gerchacov and Hatcher (1972) and ...














[image: alt]





Effects of dissolved organic matter and ... - Wiley Online Library 

â€ Center for Ecology and Evolutionary Biology, University of Oregon, Eugene, OR, U.S.A.. SUMMARY. 1. We investigated the effects of dissolved organic matter ...














[image: alt]





Using bulk radiocarbon measurements to estimate soil organic matter ... 

This chapter outlines a strategy for using bulk soil radiocarbon measurements to estimate soil organic matter turnover in native, cultivated and recovering soil.














[image: alt]





Photodegradation of dissolved organic matter in ... 

was measured in an open field on the UNDERC property (,1 km from .... Law; n Â¼ 7 different stream sources of dissolved organic matter (DOM). 420 .... latitude, cloud cover, etc.) on a per-day or ..... filters and storage bottles. Water Research ...














[image: alt]





Improving Garden Soils with Organic Matter, EC 1561 

The smaller pores store water. In a good soil, individual soil particles are aggregated into larger units, and the pore arrangement remains stable over time.














[image: alt]





Daily Turnover - NSE 

Mar 31, 2015 - Yatrik Vin. Chief Financial Officer. Telephone No. Fax No. Email id. 26598142. 26598394 [email protected] / [email protected].














[image: alt]





co2#1_results.pdf 

6 Callahan, Annie 16 MTV 3:33.47. #4 Boys 200 Yard Free. 2:07.84 STAT. Name Age Team Finals Time. 1 Eggelston, Rob 15 MTV 2:22.04. #5 Girls 200 Yard IM.














[image: alt]





Inefficient Worker Turnover 

Oct 5, 2007 - the quality of the match and on the fact that more information is ... workers search while employed.2 In this case, a job-to-job mobility .... linearity of the technology implies the value of a worker to a firm is independent of the ...














[image: alt]





co2#1_results.pdf 

Page 1 of 3. Boise YMCA Swim Team HY-TEK's MEET MANAGER 5.0 - 8:58 PM 9/10/2016 Page 1. CO2 High School Meet #1 - 9/10/2016. Results - Meet. #1 Girls 200 Yard Medley Relay. Team Relay Finals Time. 1 CO2 A 2:15.65. Otto, Alicia 16 Tuft, Jailee 16. Mas














[image: alt]





Inviting applications for an atmospheric chemistry postdoctoral ... 

The position has an anticipated start date of March 1, 2015 or shortly thereafter. Initial appointment is for one year, with possible renewal for second year ...














[image: alt]





Inviting applications for an atmospheric ... - MOBILPASAR.COM 

Major goals and responsibilities of the position include developing an improved description of the reactive carbon budget of the atmosphere (including gas and particle phase organics) within the GEOS-Chem global model, communicating and collaborating














[image: alt]





The Perils Of Portfolio Turnover - David Blanchett 

hold stocks with much higher average returns than low- turnover funds. ... you can sell a security, while the ask price is the price at ... these prices is known as the spread. Spreads ... trade on popular Internet brokers like E*Trade.com; insti-.














[image: alt]





Teacher Retention and Turnover Research - National Foundation for ... 

Oct 10, 2017 - retention and turnover data from the School Workforce Census. In .... these trends. Recommendation 7: Policy makers should look at how policy interventions, such as housing subsidies, could help to retain teachers in high-cost areas. .














[image: alt]





Atmospheric refraction - Semantic Scholar 

is logical, since it could not be observed with the naked eye. Ptolemy also addressed the Moon illusion. At dif- .... The horizontal compression of the lunar disk is even less, only a few parts in 10,000, which is defi- .... into a more logical seque


























×
Report organic matter turnover times: implications for atmospheric co2 levels





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















