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ABSTRACT

Current concerns about trends in the carbon (C) cycle include the risk of global climate change from increased atmospheric CO2, and diminished soil productivity from losses in carbon in degraded agricultural soils. Bioenergy production from switchgrass has shown promise in restoring degraded soil while reducing dependence on foreign energy sources and helping to mitigate greenhouse gas (GHG) emissions.  CO2 loss and C-sequestration in soils are important topics for research in order to better understand the environmental impacts of bioenergy crops. Switchgrass has proven efficient in producing biomass both above and below ground, thus providing transportation fuel that is carbon-negative. The need for more thorough research of the carbon cycle in soils used for bioenergy production precipitated the primary interest of this study, CO2 loss from soils to the atmosphere and carbon storage The specific objectives of this study  were  1) to measure SOC under switchgrass production in order to predict storage of carbon in soils based on previous cropping history, land management, soil physical characteristics, and time; and to  2) measure soil CO2 flux through the entire year to establish a) the annual, seasonal, and daily respiration rates, and b) use this data with soil carbon data to better understand the carbon life cycle in soils under switchgrass production in East Tennessee.  Objective (1) and the results are addressed in Chapter I. Objective (2) and the results are addressed in Chapter II.

	Switchgrass has emerged as a potential carbon sink fuel source. Therefore the need for a more thorough regional assessment of carbon storage precipitated the primary interest of Chapter 1 of this research. The study was conducted on twelve farms across East Tennessee. The 250 sampling points represented 350 acres of switchgrass. Seven previous different cropping systems, four soil textural classes, and four soil taxonomy classes are represented in this study. There was an average 10% decrease in SOC in the first 30 cm. SOC increased by 6% from 30 to 60 cm and increased roughly by 30% in the deeper soil profile (60-120 cm). However soil texture, soil taxonomy, and previous cropping system showed no statistical significant effects on SOC storage during the measurement period of this study (4 years).

	The second objective of this study was to1) measure and observe annual, seasonal, and daily soil CO2 flux from switchgrass produced for biofuel feedstock and 2) combine this information with the SOC results from Chapter 1in order to better understand the overall carbon lifecycle. Measurements were taken hourly from June 1, 2010 to August 18, 2011using LICOR LI-8100 long-term chambers. As hypothesized, soil temperature and moisture had a significant influence on CO2 flux variance. Soil temperature and soil moisture were able to explain 83% and 81.5% of variance in flux from clumps (cover) and between clumps (bare) respectively. The summer months exhibited the highest flux rate followed by spring, fall, and finally winter due to the favorable conditions for microbial metabolism in the warm summer months. Although largely overlooked in previous research, the winter months (mid Dec. – mid Mar.) did contribute 5.4 MgCO2 ha-1 season-1 (±2.5 MgCO2 ha-1 season-1) from clumps (cover) and 4.0 MgCO2 ha-1 season-1 (±3.2 MgCO2 ha-1 season-1) from between clumps (bare). The contribution of CO2 should not be overlooked when analyzing system contributions especially in the warmer Southeastern region. The objective of combining SOC data from Chapter 1 with CO2 data from this study became exceedingly difficult due to unresolvable complications involving the calculations of bulk SOC. Therefore the relationship will not be addresses in quantitative manner, but the problems will be presented.


Keywords: biofuel, bioenergy, CO2, carbon sequestration, global climate change, SOC
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GENERAL INTRODUCTION

	According to the EPA (2011), CO2 is the primary greenhouse gas (GHG) emitted from anthropogenic sources, accounting for 83% of the total GHG emissions. Of that percentage, 94.6% comes from fossil fuel combustion (USEPA, 2011). From 1990 to 2009 total emissions from the energy and agriculture sector grew by 463.3 TgCO2-Eq (9%) and 35.7 TgCO2-Eq (9%) respectively (USEPA, 2011). C-sequestration increased from land use management by 17% totaling 143.5 TgCO2-Eq (USEPA, 2011).  The EPA estimates that 10 to 25% of current GHG emission could be offset through forestry and agriculture actions (2010). One action the EPA suggests is bioenergy production (USEPA, 2010). 
Increasing national and international concerns regarding climate change, and the push to meet the goal of replacing 30% of fossil fuels with biofuels by 2030 has created an increasing need for research relevant to the environmental implications of growing bioenergy crops (Blanco-Canqui, 2010; Follett, 2010).  The United States is trying to implement policy based on sound science regarding biofuels. Oak Ridge National Laboratory (ORNL), the Roundtable on Sustainable Biofuels (RSB, 2010), U.S. Biomass Research and Development Board, Global Bioenergy Partnership (GBEP, 2010), and the Council on Sustainable Biomass Production (CSBP, 2010) are all working to develop sustainability indicators so sound policies regarding biofuel production can be implemented around the world (McBride et al., 2011). Thus far, nineteen indicators in six categories have been chosen to assess sustainability of biofuels (McBride et al., 2011). This paper addresses the categories of soil quality and greenhouse gases from switchgrass biofuel production. Previous research in the past few decades has focused on bioenergy production in the hopes of achieving higher biomass generation for biofuel production. Research regarding soil environmental consequences from bioenergy crops is incomplete on both a local and national level.
Bioenergy crops are any plant material that can be used to produce bioenergy. These crops are chosen by their capacity to produce large volumes of biomass, high energy potential, and can be grown in marginal soils (Lemus and Lal, 2005). Several crops stand out as potential bioenergy feedstock including corn, switchgrass, hybrid poplar, willows, high-diversity grasslands, and soybeans (Groom et al., 2008; McLaughlin and Kszos, 2005). Currently corn is the primary supply of biofuels in the United States; however the high water requirements and fertilizer inputs make corn an unsuitable alternative to petroleum (Dale et al., 2011; McLaughlin and Kszos, 2005).


Figure 0.1 Distribution of switchgrass production - (USDA)

Since 1978, The Bioenergy Feedstock Development Program (BFDP), initiated at ORNL under The Department of Energy (DOE) sponsorship, has researched a vast array of potential bioenergy feedstock (McLaughlin and Kszos, 2005). The focus of the program has been to find the most promising bioenergy feedstock based on productivity levels, intensity and type of management requirements, environmental attributes, and potential economic returns to the producers (McLaughlin and Kszos, 2005).  The BFDP chose switchgrass as one of the most promising potential feedstock for bioenergy production (McLaughlin and Kszos, 2005). The characteristics of switchgrass that led to this emphasis were the high levels of productivity compared with other species, its perennial nature that reduces management intensity and input needs, its ability to protect against erosion and restore soil carbon, wildlife habitat, its adaptability to poor soil, and farmers’ familiarity with the production of grasses (McLaughlin and Kszos, 2005). Because of the potential of biofuel production from switchgrass and the high yield potential in the Southeastern United States, it commands the research initiative in regard to the soil system and carbon dynamics related to its production. Current research calls for a systematic assessment of the roles of bioenergy crops in the C-cycle for evaluating the potential of SOC sequestration (Lemus and Lal, 2005). This study was directed to fill some of the information gaps in soil carbon dynamics under switchgrass used for bioenergy feedstock.
[bookmark: _Toc143332847]The primary benefit of growing bioenergy crops on marginal soils is to protect the soils from erosion and rebuild the nutrient stores, while not displacing fertile soil used for growing food (McLaughlin and Kszos, 2005). Marginal soils result from long term cultivation or mine disturbance. Three major causes of soil degradation are deforestation (29.4%), overgrazing (34.5%), and intensive agriculture (28.1%) (Lemus and Lal, 2005). The United States has 10.8 Mha of severely eroded soils that could benefit from growing bioenergy crops (Lemus and Lal, 2005). In Tennessee there are 168,100 ha of severely eroded land and 83,500 ha of mined land equaling 2.31% of total land in Tennessee that can potentially be restored by producing bioenergy feedstock (Lal, 2004). Soils in the southeastern region have a high potential for SOC sequestration due to their low SOC content from long term cropping and high temperature and precipitation (Tolbert et al., 2002). 
Goals
 	The specific objectives of this study  were  1) to measure SOC under switchgrass production in order to predict storage of carbon in soils based on previous cropping history, land management, soil physical characteristics, and time; and to  2) measure soil CO2 flux through the entire year to establish a) the annual, seasonal, and daily respiration rates, and b) use this data with soil carbon data to better understand the carbon life cycle in soils under switchgrass production in East Tennessee.  Objective (1) and the results are addressed in Chapter I. Objective (2) and the results are addressed in Chapter II.
Hypotheses
The hypothesis for objective (1) was that deep carbon storage from roots would be the most significant contributor to SOC, to a greater degree in the Southeastern United States than in other climates because the Southeastern climate region is well suited for high switchgrass yield. The second hypothesis for objective (1) regarding SOC storage was that historically high disturbance from previous cropping management would lead to a greater increase in SOC storage over time than those soils that had little disturbance. This hypothesis is based on research that indicated SOC decreases with disturbance from management like tillage which exposes soil organic matter (SOM) to microbes in an enriched oxygen environment resulting in the rapid decomposition of SOC in the lower soil profile. Due to the lower overall SOC content in these systems, a more rapid and dramatic increase in SOC is hypothesized when moving to a perennial system where SOM is not incorporated via tillage and harvest results in little soil disturbance. The hypothesis for objective (2) regarding CO2 flux was that temperature and moisture would be the most influential factors affecting soil respiration, which is of particular interest in the humid subtropical climate of East Tennessee.
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CHAPTER I:
Effects of continuous Switchgrass Production on soil organic carbon storage and bulk density and the relationship of depth, Previous management, soil texture, and soil taxonomy on soc
						

Abstract

Switchgrass has emerged as a renewable and potential carbon sink fuel source. Therefore the need for a more thorough regional assessment of carbon storage precipitated the primary interest of this study. The study was conducted on twelve farms across East Tennessee. The 250 sampling points represented 350 acres of switchgrass. Seven previous different cropping systems, four soil textural classes, and four soil taxonomy classes are represented in this study. There was an average 10% decrease in SOC in the first 30 cm. SOC increased by 6% from 30 to 60 cm and increased roughly by 30% in the deeper soil profile (60-120 cm). However soil texture, soil taxonomy, and previous cropping system showed no statistical significant effects on SOC storage during the measurement period of this study (4 years).

Introduction

Currently in the United States, there is a potential to utilize 17 Mha of land for bioenergy production (Walsh et al., 2003). 6.8 Mha of the 17Mha are protected by the Conservation Reserve Program (CRP) (Walsh et al., 2003). Switchgrass, one of the most compelling bioenergy crops, is a very popular in the Southeastern United States because of its high yields, low production costs, economic benefits, and lack of competition from existing enterprises. These characteristics coupled with soil’s potential to store vast amounts of soil carbon has lead local governments and regional planning agencies to affect changes in land management in the form of biofuel production (USEPA, 2011). SOC is an important concern when evaluating the impact of switchgrass production on the environment. SOC has become a popular research topic due to the potential to mitigate global climate change through management practices, but questions remain on the nature and potential of SOC storage. Carbon sequestration in soils has been shown to improve soil productivity by increasing nutrients and water retention and reducing bulk density (Bransby et al., 1998). The purpose of this study is to determine how switchgrass production for biofuel feedstock impacts SOC storage and GHG contribution in East Tennessee. With the emerging biofuel industry and the political push for new policy regarding GHG mitigation, many research gaps in the form of developing regional impact assessments of bioenergy production have come into sharper focus. This is of particular importance in the Southeastern United States because of the humid sub-tropical climate resulting in ideal conditions for switchgrass production as well as microbial degradation of SOC contributing to GHG emissions and SOC losses in disturbed management. The focus of the study is daily and seasonal observation of CO2 emissions from soils under switchgrass and pasture grasses as well as soil organic carbon storage in order to better understand the processes and interactions resulting from biofuel production. It will also assist in developing, as Follet (2010) suggests, a carbon footprint benchmark for local bioenergy operations. 
 The study was conducted on twelve farms across East Tennessee with 250 sampling points. Each sampling point was sampled to four depths. The samples represent 350 acres of switchgrass in East Tennessee. Seven historical cropping systems, four soil texture classes, and four soil taxonomy classes are represented in this study. The breadth of this study allowed for a more comprehensive observation of true field changes due to the establishment of switchgrass than can be observed in a simpler field plot or lab study.
The objectives of measuring soil organic carbon and bulk densities were to 1) determine if and how i) depth, ii) previous management, iii) texture, and iv) time affected SOC storage; and 2) monitor switchgrass establishment initial effect on bulk density.
This study presents a novel opportunity to evaluate effects of previous cropping systems on SOC storage when converted to switchgrass. Additionally, in the longer term, this study presents the opportunity to measure CO2 flux throughout the year in switchgrass production. This will allow for a more comprehensive evaluation of soil C dynamics under switchgrass grown for bioenergy feedstock in East Tennessee.
Literature Review
 
Using perennial grasses for both biofuel and as carbon sinks has demonstrated potential in the mitigation of global climate change, and is thus an important topic for research. In perennial grass systems, carbon is added to the soil through surface deposition from decaying above ground biomass and by root growth below the surface (Bransby et al., 1998). Switchgrass has been shown to increase SOC by 1.1 MgC ha-1 yr-1 in the upper 100 cm of mid-western soils (Frank et al., 2004; Liebig et al., 2005; McLaughlin and Walsh, 1998). Liebig et al. (2005) found soil organic carbon increased in shallow depths (0-5cm) but more significantly in lower depths (30-90cm).McLaughlin and Kszoz (2005) used modeling to project a 1.4 MgC ha-1 yr-1 increase over 10 years on degraded soils. The modeling projected 0.78 MgC ha-1 yr-1 over 10 years across the diverse Eastern United States with a reduction in accumulation to 0.53 MgC ha-1 yr-1 increase over 30 years (McLaughlin and Kszos, 2005).  Tolbert et al. (2002) also found SOC increased under switchgrass within the first 10 cm of soil in the Southeastern United States. Tolbert et al. (2002) and Post and Kwon (2000) also found former land use, growth characteristics, management practices, and physical and biological properties of the soil are the primary factors determining timing, depth and extent of SOC storage. 
It is difficult to measure the change in SOC resulting from growth characteristics versus management practices when moving from conventional agriculture to continuous switchgrass production. It is difficult because the reduced disturbance of the perennial system and the development of the extensive root system that is a growth characteristic of switchgrass are both contributing to SOC storage simultaneously. Therefore we assume in the studies relating to changes in SOC when moving from conventional agriculture to switchgrass that the contributions are both growth characteristics and less invasive management. Ma et al. (2000) conducted a study to observe the short term (0-2 yr.) changes in SOC after switchgrass establishment. No significant increases in SOC occurred during the 2 year study (Ma et al. 2000). However, a study conducted in Northern Alabama by Tolbert et al. (2002) found significant increases in SOC in the upper 15cm within three years of conversion from traditional agriculture crops to switchgrass due to the change in management and the growth characteristics of the perennial system.
One management practice that affects SOC storage is tillage. In general, tillage results in a rapid increase in soil respiration by introducing carbon from surface litter to microbes while increasing aeration. No-till and perennial systems have been touted as more sustainable alternatives to conventional tillage. Several studies have concluded that management practices eliminating or minimizing disturbances to soil result in significant increases in SOC storage (Causarano et al., 2006; Halvorson et al., 2002; Jones and Donnelly, 2004; Post and Kwon, 2000; Tolbert et al., 2002). The same results were found in studies performed across the United States and Canada where conventionally tilled and degraded land was converted to a perennial system (Blanco-Canqui, 2010; Bransby et al., 1998; Franzluebbers, 2010; Lemus and Lal, 2005; Liebig et al., 2005; Tolbert et al., 2002; Zan et al., 2001). Franzluebbers (2010) found there to be 0.45±0.04MgC ha-1 yr-1 addition in conservation tillage systems and 0.84±0.11MgC ha-1 yr-1 addition in perennial systems. Bransby et al. (1997) found carbon sequestration resulted from root dynamics rather than above ground inputs explaining why Liebig et al. (2005) and Zan et al. (2001) found differences in SOC between switchgrass and conventionally cultivated cropland to be more prolific at deeper soils depths. Switchgrass appears to be effective at storing SOC at depths where carbon is less susceptible to mineralization in large part because it is a no-till system. Zan et al. (1997) found switchgrass has four to five times more belowground biomass than corn contributing 2.2 MgC ha-1 yr-1. After reviewing several studies, Bransby et al. (1998) found switchgrass will provide net gains in C sequestration only if it replaces annual row crops or degraded land but not pasture.
There are contradictory results between modeling SOC storage and actual field measurements regarding SOC storage increases due to N fertilization management practice. Halverson et al. (2002) observed the long term (12yrs) effects of N fertilizer on SOC and found no significant increase. Ma et al. (2000) found increasing N from 0 to 112 kgN ha-1 and 224 kgN ha-1 increased shoot carbon storage but not root carbon storage thus not contributing to SOC. However, Jones and Donnely’s (2004) model indicated there would not be a significant sink of C without the application of N fertilizers. N-fertilization generally results in an increase in biomass production, which one would assume would contribute to a great root biomass production resulting in greater belowground carbon storage. Therefore modeling assumes N-fertilization results in greater SOC storage, but field studies have not found conclusive evidence that it does in fact result in increased SOC storage. 
Location in relation to soil physical characteristics and climate are important factors affecting SOC storage. Climate, specifically precipitation and temperature, influences SOC storage (Jones and Donnelly, 2004). This relationship is an important consideration in the humid subtropical East Tennessee climate where the soils have very high clay content. SOC increased with increasing precipitation and clay content, but decreased with rise in temperature (Jobbagy and Jackson, 2000). Soil texture affects both amount and retention of SOC (McConkey et al., 2003). SOC is adsorbed more strongly on finer soil particles. Therefore fine-textured soils have higher SOC content than coarse textured soils with the same organic matter inputs. McConkey et al. (2003) found SOC increased 0.2 to 1.2% yr-1 in no-till systems depending on clay content. SOC additions also affect soil physical properties by decreasing bulk density allowing for better root penetration and SOC accumulation at lower depths (Lemus and Lal, 2005).
Researchers argue that replacing fossil fuels with bioenergy will have the greatest effect on atmospheric CO2 when compared with C-sequestration because the cumulative effects of replacing fossil fuels is greater than the onetime benefit of C-sequestration (Adler et al., 2007; Bransby et al., 1998; Lemus and Lal, 2005; Tilman et al., 2006). In spite of these findings, there still remains a need for relevant local, regional, and national information on soil C-dynamics (Bransby et al., 1998; Groom et al., 2008; Lee et al., 2007). 
Materials and Methods
Sampling Sites:
The soil carbon sequestration portion of this study was conducted in accordance with the DOE Consortium for Research Enhancing Carbon Sequestration in Terrestrial Ecosystems (CSiTE). CSiTE is research collaboration among Argonne National Laboratory, Oak Ridge National Laboratory, Pacific Northwest National Laboratory, and affiliated academic institutions. They conduct multi-scale research to obtain knowledge for the execution of soil C sequestration. The premise of research for CSiTE is identifying and understanding the mechanisms controlling sequestration in both managed and unmanaged ecosystems in order to develop methods for enhancing C capture and storage. These research studies contribute to the observations of impacts of climate and land-use on soil C and the associated environmental and economic consequences. Of the seven themes of the CSiTE project, this experiment focused on soil carbon inputs, soil structural controls, and function and dynamics. The findings for all CSiTE research have the potential to have an immediate application to the successful development of energy technology. 

Figure 1.1 Map of farm sites 
Soil samples for percent organic carbon were taken on farms growing switchgrass all across East Tennessee. The switchgrass on the farms was largely Alamo or Kanlow due to high yield potentials. The switchgrass was planted in 2007 except one farm was planted in 2005. The switchgrass was managed according to UT Biofuels Initiative. The switchgrass was mowed once a year to a height of 16 to 25 centimeters after the first freeze of the year and receives the fertilizer recommendations seen below.
Table 1.1 Fertilizer recommendations for UT Biofuel Initiatives (kg ha-1)
	Practice
	Nitrogen
	Phosphate (P₂O₅)
	Potash (K₂O)

	
	Soil Test Levels

	
	(NT)
	L
	M
	H
	L
	M
	H

	1. Establishment Year
	0
	45
	0
	0
	89
	0
	0

	2. Maintenance Year
	67
	45
	0
	0
	89
	0
	0

	NT = Not Tested        L= Low      M= Medium   H= High



There were more than 250 points where soil sampling was collected representing 350 acres of switchgrass. The farms represent four soil taxonomy, Ultisols, Alfisols, Inceptisols, and Mollisols. The majority of soils were Ultisols. Four textural classes, loam, clay loam, silty clay loam, and silt loam were also represented in the study. Six cropping histories existed prior to switchgrass including corn, fallow, green beans, pasture, soybeans, switchgrass, and wheat. The sampling points were chosen by a “random with rules” algorithm. Points were generated randomly with constraints of being inside the soil boundary by eight meters and the points must be 30 meters from each other. At each point, soil samples were taken using a 30.5 centimeter two centimeter diameter soil core from a depth of 0 to 5 centimeters, 5 to 10 centimeters, 10 to 15 centimeters, and 15 to 30 centimeters. The deep samples were taken using a Giddings hydraulic soil sampling truck in 30 centimeter increments from 30 to 60, 60 to 90, and 90 to 120 centimeter.
Soil Organic Carbon:
 The samples were air dried in a greenhouse and boxed and sent to UT Soil and Pest Center in Nashville, TN to determine soil organic carbon. Inorganic carbon was not considered in the analysis due to the dissolution during soil formation (Sparks et al., 1996). Analysis of soil carbon involves the conversion of carbon in soils to carbon dioxide (CO2) by wet or dry combustion (Sparks et al., 1996). Dry combustion was used in this experiment. A sample of 5 to 10 mg was placed in a tin sample cup. The soil sample was heated to 1050oC in a furnace in a stream of helium (He) (Sparks et al., 1996). Flash combustion was induced by a pulse of O2 injected into the quartz reactor causing the tin to heat to 1700 to 1800oC combusting the soil sample releasing CO2 (Sparks et al., 1996). The He gas swept the CO2 and other gases through the chromium dioxide (CrO2) to catalyze oxidation of organic fragments (Sparks et al., 1996).  The gases then flowed through heated copper (Cu) (650oC) to remove excess oxygen and H2O and into a chromatographic column for separation of N2 and CO2 (Sparks et al., 1996). The thermal conductivity of the gases was measured and the relative concentration of the thermal conductivity indicated the content of organic carbon.
Bulk Density:
	Soil bulk density is the mass per unit volume of soil. Bulk density is applicable to nearly all soil studies. There is a current increase in interest in bulk density for assessments in soil quality, soil sufficiency, and sequestration of C (Dane et al., 2002). The two principle uses of bulk density are: 1) conversion of data (percentage, cmol kg-1) to a volume basis and 2) characterization of the soil fabric (Dane et al., 2002). Bulk density was used for both of these purposes in this study. Bulk density, when used in agriculture can be applied to ease of root penetration, prediction of water infiltration, and as an indicator of soil quality (Dane et al., 2002). All of these factors play a critical role in quantifying the impact an agricultural practice has on soil health.
 Over the lifetime of the DOE Consortium for Research on Enhancing Carbon Sequestration in Terrestrial Ecosystems (CSiTE) study, bulk density soil samples have been collected along with soil carbon samples. Soil bulk density for the shallow samples (0-30cm) was determined using core method according to Methods of Soil Analysis Part 4 – Physical Methods published by the Soil Science Society of America, Inc. Five centimeter cores were taken at 0 to 5 centimeter, 5 to 10 centimeter, 10 to 15 centimeter and 15 to 30 centimeter depths for the shallow measurements. The five centimeter cores were transferred to the lab to determine bulk density. The length and diameter of the core were recorded to calculate core volume. The cores were then oven tried for 24 hours at 105o Celsius and the dry weights were determined (Dane et al., 2002). For each core, bulk density was determined and recorded as mass (g)/volume (cm3). The clod method was used for determining deep bulk densities. The deep samples of 30-60cm, 60-90cm, and 90-120cm depth were taken using a soil probe truck. The nature of the probe truck excavation made the clod method preferable to all other bulk density measurements. Clods ranging from 100 to 200 milliliters were extracted and oven dried for 24 hours at 105o Celsius. The samples were determined on a dry weight basis. The clods were then coated in paraffin wax heated to 60o Celsius (Dane et al., 2002). Care was taken to record the weight of the string used to suspend the soil in water and wax coating to account for its contribution to the clod volume. The weight of the clod with paraffin wax suspended in water is equal to the clod volume once the volume of the wax has been removed. 
Data Analysis:
	The data was analyzed using SAS (SAS 9.2, Cary, NC) to find simple averages, and standard deviations. The study was an exploratory study so there was no experimental design. The data was analyzed using SAS ANOVA mixed models (SAS 9.2, Cary, NC) to determine significant changes in SOC based on the factors of interest including historical crop, texture, depth, and taxonomy over the length of the study.
Results and Discussion
Factors affecting SOC

Several factors were analyzed based on their potential influence on short-term SOC storage. Those factors include 1) depth, 2) previous cropping management and location, 3) texture, and 4) taxonomy. Each factor will be addressed including overall changes in SOC for the length of the study.
1)Depth

	The average SOC and standard deviation was determined using SAS (SAS, Inc. Cary, NC) (Figure 1.2, Table 1.2). SOC decreased in the upper 30 cm from 2008 to 2011 by an average 10% (Figure 1.3). SOC increased by 6% from 30 to 60 cm and on average 30% from 60 to 120 cm between 2008 and 2011(Figure 1.3). 


Figure 1.2 Percent soil organic carbon by depth



Table 1.2 Depth SAS Output 
	 
	Depth 

	 
	0-5cm
	5-10cm
	10-20cm
	15-30cm
	30-60cm
	60-90cm
	90-120cm

	SOC2008
	2.03
	1.45
	1.01
	0.78
	0.45
	0.30
	0.24

	STDEV
	0.53
	0.46
	0.32
	0.43
	0.32
	0.25
	0.24

	COUNT
	217
	210
	204
	201
	43
	36
	34

	LSD(P<.05)
	A
	B
	D
	EF
	HI
	HIJ
	J

	SOC2009
	1.94
	1.29
	0.93
	0.75
	0.44
	0.33
	0.28

	STDEV
	0.55
	0.36
	0.27
	0.32
	0.34
	0.25
	0.26

	COUNT
	200
	197
	198
	190
	29
	27
	19

	LSD(P<.05)
	A
	C
	DE
	FG
	HIJ
	HIJ
	IJ

	SOC2010
	1.96
	1.30
	0.93
	0.69
	0.56
	0.36
	0.34

	STDEV
	0.57
	0.40
	0.28
	0.27
	0.32
	0.26
	0.52

	COUNT
	238
	241
	239
	237
	35
	34
	33

	LSD(P<.05)
	A
	BC
	D
	F
	GH
	IJ
	IJ

	SOC2011
	1.95
	1.26
	0.92
	0.72
	0.48
	0.38
	0.32

	STDEV
	0.54
	0.42
	0.31
	0.33
	0.26
	0.27
	0.38

	COUNT
	207
	207
	207
	205
	32
	31
	27

	LSD(P<.05)
	A
	C
	D
	F
	HIJ
	HIJ
	HIJ





Figure 1.3 Percent Change in SOC by Depth

	The changes in SOC by depth were not statistically different except in depths of 5 to 10 cm (P<.0001) when analyzed using SAS ANOVA mixed models (SAS, Inc. Cary, NC). Although no significant differences were observed, the percent differences show a pattern that in the long term may lead to significant increase in below ground SOC storage in agreement with Tolbert et al. (2002) who observed a significant increase in SOC under switchgrass production in the Southeastern United States. The initial decrease in SOC seen in the upper 30 cm is likely due to disturbance of the system when changing from the historical cropping system to the perennial switchgrass system. Searchinger et al. (2008) found biofuels from switchgrass if grown on U.S. corn lands increase GHG emissions by 50%. Because biofuel feedstocks remove carbon dioxide from the atmosphere, biofuels in theory will reduce GHG emissions. However as Searching et al. (2008) point out, what are not often considered are the emissions from land use change. As biofuel demand increases, farmers will likely respond by plowing up forest land and undisturbed pasture causing and overall increase in GHG emissions and SOC losses (Searching et al., 2008). Our results show the losses of SOC due to disturbance. The study was originally designed to look at switchgrass production on degraded land. The farmers agreed to volunteering their land because it was already low producing and receiving little or no management emphasizing farmer’s likelihood to put previously unmanaged land into biofuel production.
2) Previous Cropping Systems and Location

	Previous management effect on SOC is largely inconclusive looking at percent changes in SOC over the four year study. The hypothesis was that those systems moving from conventional agriculture (i.e. corn and soybeans) to switchgrass would increase in SOC where those systems moving from low disturbance (i.e. pasture) would experience less change in SOC. Based on percent change, the opposite relationship developed (Table 1.3). For instance pasture had the highest SOC content and theoretically the least disturbance and an increase in SOC was still seen. The land that theoretically was the most disturbed, corn and soybeans, both resulted in net SOC decreases.  The hypothesis likely did not hold due to the short duration of the experiment. The soil system likely did not equilibrate over the four year study and would need to be revisited in several years to make more accurate assessments of changes in SOC due to historical land management.  

Figure 1.4 Percent SOC by Previous Cropping System 
Corn – 1 farm; Fallow – 1 farm;  Greenbeans – 1 farm; Pasture – 2 farms; Soybeans – 6 farms; Switchgrass – 2 farms; Wheat – 1 farm

Table 1.3 Previous Cropping Management SAS Output
	 
	Previous Cropping Method

	 
	Corn 
	Fallow 
	Green beans 
	Pasture 
	Soybeans 
	Switchgrass 
	Wheat

	SOC2008
	1.52
	1.26
	1.02
	1.41
	1.31
	1.97
	1.40

	STDEV
	0.06
	0.09
	0.11
	0.14
	0.03
	0.28
	0.17

	COUNT
	111
	47
	32
	21
	602
	5
	14

	LSD (P<.05)
	AB
	DEFG
	GJ
	ABCDEF
	DHI
	A
	ABCDEFG

	SOC2009
	1.35
	1.14
	1.09
	1.53
	1.22
	1.05
	1.13

	STDEV
	0.06
	0.09
	0.13
	0.14
	0.03
	0.62
	0.15

	COUNT
	103
	47
	24
	21
	573
	5
	16

	LSD (P<.05)
	CDE
	EFGIJ
	EFGIJ
	ABCD
	EFG
	ABCDEFGJ
	DEFGJ

	SOC2010
	1.37
	1.17
	1.10
	1.54
	1.20
	0.50
	1.23

	STDEV
	0.06
	0.09
	0.06
	0.09
	0.02
	0.62
	0.15

	COUNT
	109
	46
	24
	48
	620
	1
	16

	LSD (P<.05)
	BCDH
	EFGHJ
	GJ
	ABC
	FG
	BCDEFGJ
	BCDEFGJ

	SOC2011
	1.41
	1.12
	1.13
	1.45
	1.18
	0.89
	1.05

	STDEV
	0.06
	0.09
	0.12
	0.08
	0.03
	0.14
	0.15

	COUNT
	112
	48
	115
	56
	545
	20
	16

	LSD (P<.05)
	BCD
	FGJ
	EFGHJ
	ABCD
	FG
	J
	EFGHJ

	% Δ 08-11
	-7.29
	-11.08
	10.13
	2.81
	-9.93
	-54.92
	-24.72




            The soil system under greenbean production was lower in SOC than any of the other plots (Figure 1.4). The low organic carbon content of the soil could have resulted in a greater response to SOC inputs than in other systems. The greenbeans were only grown on one farm, so this too could attribute to the increase in SOC due to other factors like soil texture (see 3)texture result section). This does not however explain the occurance in the pasture systems. The pasture systems had close to the highest average SOC levels throughout the study and continued to have an increase in SOC (Figure 1.4). 

Figure 1.5 Percent SOC by Location
Table 1.4 Location SAS Output
[image: ]
	Analysis using SAS ANOVA mixed models showed that location or origin if sample contributed more to the over SOC content than the previous crop. Figure1.5 shows that the change in SOC is more likely due to site differences and not previous cropping. However, this assessment is not all together convincing because most previous cropping mangaments are only represented by one farm. Therefore, not knowing the long standing history of each of the farms and without doing an extensive spatial topographical analysis of SOC contents, it cannot be said diffinitively if changes in SOC can be assessed by location or previous cropping. Just for the purpose of comparing two similar previous cropping systems see Figure 1.5, the fallow system on farm 2 and the fallow system on farm 7 had statistically different initial SOC content (Table 1.4). Niether Farm 2 nor farm 7 resulted in statisically significant changes in SOC but remained statistically different from the other due to the initial SOC content.  
	It should be noted that generally farms with the lowest original SOC content such as farm 5, 8, 12, and 13 showed the smallest percent decrease or an increase in SOC (Table 1.5). This result is likely due to the smaller amount of SOC present in the soil. 
3)Texture

	Texture was analyzed for its effect on SOC storage. SOM content has been found to be positively correlated with soil clay concentration. In the duration of our study, soil texture did not significantly affect SOC storage. McLauchlan (2006) also found no correlation between SOC accumulation and clay content when determining the effects of soil texture on soil carbon after the cessation of agriculture.


Figure 1.6 Percent SOC by texture

Table 1.5 Texture SAS output
	 
	Texture

	 
	Clay Loam
	Silty Clay Loam
	Loam
	Silt Loam

	SOC2008
	1.38
	1.27
	1.52
	1.19

	STDEV
	0.09
	0.06
	0.06
	0.04

	COUNT
	62
	143
	206
	421

	LSD (P<0.05)
	ABCD
	BCDEF
	A
	EFG

	SOC2009
	1.23
	1.27
	1.34
	1.17

	STDEV
	0.09
	0.06
	0.06
	0.05

	COUNT
	63
	135
	177
	410

	LSD (P<0.05)
	BCDEF
	BCDEF
	BC
	F

	SOC2010
	1.33
	1.29
	1.43
	1.22

	STDEV
	0.09
	0.06
	0.06
	0.04

	COUNT
	64
	176
	151
	544

	LSD (P<0.05)
	ABCDEF
	BCDEF
	AB
	CDEF

	SOC2011
	1.37
	1.33
	1.26
	1.19

	STDEV
	0.10
	0.06
	0.05
	0.05

	COUNT
	48
	127
	236
	414

	LSD (P<0.05)
	ABCDEF
	BCE
	CDEF
	DFG

	% Δ 08-11
	-1.07
	5.29
	-16.80
	0.45




Analysis revealed that there were no definitive differences resulting from texture across years (Table 1.5). In 2011, silt loam was statistically different from clay loam, loam, and silty clay loam. In 2008, the silt loam had a statistically smaller percent SOC content than the loam and the clay loam, which matches with clay content. On close observation of the data, the differences in SOC among soil textural classes were not consistent. Thus in this study, soil texture class was not a factor able to predict SOC storage behavior.
4)Taxonomy

	Four taxonomic categories were measured in the study. The taxonomies were used to determine if one soil type may see more of an increase in SOC than another. The analysis until this point lead to no conclusive results therefore, no relationship was expected.


Figure 1.7 Percent SOC by Taxonomy
Table 1.6 Percent SOC by taxonomy – SAS output
	 
	Taxonomy

	 
	Alfisol
	Inceptisol
	Mollisol
	Ultisol

	SOC2008
	1.16
	1.30
	1.51
	1.38

	STDEV
	0.11
	0.07
	0.09
	0.03

	COUNT
	32
	85
	56
	637

	LSD (P<.05)
	CD
	BC
	AB
	ABD

	SOC 2009
	1.13
	1.20
	1.42
	1.26

	STDEV
	0.12
	0.07
	0.10
	0.03

	COUNT
	87
	107
	40
	614

	LSD (P<.05)
	C
	C
	ABC
	C

	SOC 2010
	1.20
	1.25
	1.55
	1.26

	STDEV
	0.07
	0.07
	0.11
	0.03

	COUNT
	87
	107
	40
	731

	LSD (P<.05)
	C
	CD
	AB
	C

	SOC 2011
	1.19
	1.20
	1.53
	1.24

	STDEV
	0.11
	0.08
	0.09
	0.03

	COUNT
	32
	60
	72
	661

	LSD (P<.05)
	CD
	C
	A
	C

	% Δ 08-11
	2.81
	-8.34
	1.19
	-10.10



	Table 1.6 shows that only Ultisols showed a significant change in SOC (P<0.05). That change, however, was a decrease in SOC by roughly 10%. Taxonomy did not contribute meaningful results for determining soil organic carbon dynamics for the duration of this study.
Bulk Density Changes

	The bulk density increased from 2008 to 2011 (Figure 1.8). Most of the increase occurred in the first year. The increase in bulk density could be a result of the disturbance caused by land use changes. No significant relationship was observed between SOC content and bulk density over the length of the study (Figure 1.9). 
As mentioned before the sites in this study were largely unmanaged prior to switchgrass production. The sites were low producing sites and degraded land put into the program in order to observe switchgrass production capabilities on degraded land. This fact accounts for the increase in bulk density. Therefore the only real change we are observing is bulk density due to the compaction of land use change on these farms. 


Figure 1.8 Bulk Density



Figure 1.9 Bulk Density versus Percent SOC

 	 
Final Conclusions
	
	Comparisons across multiple variables lead to inconclusive and erratic results, threrfore no meaningful relationships between variables could be determined. This is likely due to the length of the study. The study was initiated in 2008 and was completed in 2011. Because the switchgrass was planted in 2007 the system was not able to equilibriate to the point of beginning to see significant changes and patterns in SOC storage. The lack of conclusive increases in SOC within the first four years of switchgrass establishment in East Tennessee must be noted when assessing switchgrasses sustainability over its lifetime.  
One factor of concern was the calculation of bulk SOC that is often if not always used in reporting SOC in literature. Theoretically as soil organic carbon increases bulk density should decrease due the aggragation effects of soil organic matter (SOM). The same analysis done above using SOC stock (kg ha-1) rather than percent SOC would produce different results. As mentioned one would expect that as SOC increases bulk density would decrease, but when calculated using SOC stocks the effect is opposite.. Bulk density for this study was not taken at every sampling point and depth. Therefore the bulk density applied to determine SOC stock was an average bulk density over those samples taken at a given depth and year. The resulting assumption is that bulk density is fairly uniform across sampling sites. Even if that case could be made there still lies a problem in comparing changes in SOC on a stock basis. One such problem is if the percent SOC is decreasing and the bulk density is increasing calculation for SOC stock shows an increase. The results then, just explain a change in bulk density and not an actual increase in SOC.  These are assumptions that cannot be made and therefore these systems cannot in good science be compared on any specific level. It also leads me to question the legitimacy of calculations of bulk SOC published in literature.
From the objectives we were able to point out some factors that must be addressed when measuring changes in SOC. The assumption was that there would be evident changes in SOC storage over the four year experiment. This proved to be an inaccurate assumption. Four years may not be enough time to allow the system to equilibrate and begin to see the actual effects of the change in cropping system from conventional cropping to bioenergy production. The major differences between treatments were initial SOC content and not necessarily the treatment themselves. Scientists have found converting land from conventional agriculture to grasslands builds soil organic matter on a decadal time-scale rather than on annual time-scales (McLauchlan et al., 2006). Combining data found in this study with a study conducted on the same area in 10 to15 years would be more thorough and conclusive in determining true system carbon changes.
	 
	





REFERENCES

[bookmark: _ENREF_2_1]Adler P.R., Del Grosso S.J., Parton W.J. (2007) Life-cycle assessment of net greenhouse-gas flux for bioenergy cropping systems. Ecological Applications 17:675-691.
[bookmark: _ENREF_2_3]Blanco-Canqui H. (2010) Energy Crops and Their Implications on Soil and Environment. Agronomy Journal 102:403-419. DOI: DOI 10.2134/agronj2009.0333.
[bookmark: _ENREF_2_5]Bransby D.I., McLaughlin S.B., Parrish D.J. (1998) A review of carbon and nitrogen balances in switchgrass grown for energy. Biomass & Bioenergy 14:379-384.
[bookmark: _ENREF_2_6]Causarano H.J., Franzluebbers A.J., Reeves D.W., Shaw J.N. (2006) Soil organic carbon sequestration in cotton production systems of the southeastern United States: A review. Journal of Environmental Quality 35:1374-1383. DOI: Doi 10.2134/Jeq2005.0150.
[bookmark: _ENREF_2_8]Dane J.H., Topp G.C., Campbell G.S., Soil Science Society of America. (2002) Methods of soil analysis. Part 4, Physical methods Soil Science Society of America, Madison, Wis.
[bookmark: _ENREF_2_10]Follett R.F. (2010) Symposium: Soil Carbon Sequestration and Greenhouse Gas Mitigation. Soil Science Society of America Journal 74:345-346. DOI: DOI 10.2136/sssaj2009.cseqghgsymp.intro.
[bookmark: _ENREF_2_11]Frank A.B., Berdahl J.D., Hanson J.D., Liebig M.A., Johnson H.A. (2004) Biomass and carbon partitioning in switchgrass. Crop Science 44:1391-1396.
[bookmark: _ENREF_2_12]Franzluebbers A.J. (2010) Achieving Soil Organic Carbon Sequestration with Conservation Agricultural Systems in the Southeastern United States. Soil Science Society of America Journal 74:347-357. DOI: 10.2136/sssaj2009.0079.
[bookmark: _ENREF_2_15]Halvorson A.D., Wienhold B.J., Black A.L. (2002) Tillage, nitrogen, and cropping system effects on soil carbon sequestration. Soil Science Society of America Journal 66:906-912.
[bookmark: _ENREF_2_19]Jobbagy E.G., Jackson R.B. (2000) The vertical distribution of soil organic carbon and its relation to climate and vegetation. Ecological Applications 10:423-436.
[bookmark: _ENREF_2_20]Jones M.B., Donnelly A. (2004) Carbon sequestration in temperate grassland ecosystems and the influence of management, climate and elevated CO2. New Phytologist 164:423-439. DOI: DOI 10.1111/j.1469-8137.2004.01201.x.
[bookmark: _ENREF_2_21]Lal R. (2004) Soil carbon sequestration impacts on global climate change and food security. Science 304:1623-1627.
[bookmark: _ENREF_2_23]Lemus R., Lal R. (2005) Bioenergy crops and carbon sequestration. Critical Reviews in Plant Sciences 24:1-21. DOI: Doi 10.1080/07352680590910393.
[bookmark: _ENREF_2_24]Liebig M.A., Johnson H.A., Hanson J.D., Frank A.B. (2005) Soil carbon under switchgrass stands and cultivated cropland. Biomass & Bioenergy 28:347-354. DOI: DOI 10.1016/j.biombioe.2004.11.004.
[bookmark: _ENREF_2_27]McConkey B.G., Liang B.C., Campbell C.A., Curtin D., Moulin A., Brandt S.A., Lafond G.P. (2003) Crop rotation and tillage impact on carbon sequestration in Canadian prairie soils. Soil & Tillage Research 74:81-90. DOI: 10.1016/s0167-1987(03)00121-1.
McLauchlan, K.K. (2006) Effects of soil texture on soil carbon and nitrogen dynamics after cessation of agriculture. Geoderma 136:289-299. DOI10.1016/j.geoderma.2006.03.053
McLauchlan K.K., Hobbie S.E., Post W.M. (2006) Conversion From Agriculture To Grassland Builds Soil Organic Matter On Decadal Timescales. Ecological Applications 16:143-153. DOI: 10.1890/04-1650.
[bookmark: _ENREF_2_29]McLaughlin S.B., Walsh M.E. (1998) Evaluating environmental consequences of producing herbaceous crops for bioenergy. Biomass & Bioenergy 14:317-324. DOI: 10.1016/s0961-9534(97)10066-6.
[bookmark: _ENREF_2_30]McLaughlin S.B., Kszos L.A. (2005) Development of switchgrass (Panicum virgatum) as a bioenergy feedstock in the United States. Biomass & Bioenergy 28:515-535. DOI: DOI 10.1016/j.biombioe.2004.05.006.
[bookmark: _ENREF_2_31]Post W.M., Kwon K.C. (2000) Soil carbon sequestration and land-use change: processes and potential. Global Change Biology 6:317-327.
SAS Institute, Inc. 2008. SAS 9.2 Cary, NC.
[bookmark: _ENREF_2_37]Searchinger T., Heimlich R., Houghton R.A., Dong F.X., Elobeid A., Fabiosa J., Tokgoz S., Hayes D., Yu T.H. (2008) Use of US croplands for biofuels increases greenhouse gases through emissions from land-use change. Science 319:1238-1240. DOI: 10.1126/science.1151861.
[bookmark: _ENREF_2_38]Sparks D.L., Soil Science Society of America., American Society of Agronomy. (1996) Methods of soil analysis. Part 3, Chemical methods Soil Science Society of America : American Society of Agronomy, Madison, Wis.
[bookmark: _ENREF_2_39]Tilman D., Hill J., Lehman C. (2006) Carbon-negative biofuels from low-input high-diversity grassland biomass. Science 314:1598-1600. DOI: DOI 10.1126/science.1133306.
[bookmark: _ENREF_2_40]Tolbert V.R., Todd D.E., Mann L.K., Jawdy C.M., Mays D.A., Malik R., Bandaranayake W., Houston A., Tyler D., Pettry D.E. (2002) Changes in soil quality and below-ground carbon storage with conversion of traditional agricultural crop lands to bioenergy crop production. Environmental Pollution 116:S97-S106. DOI: 10.1016/s0269-7491(01)00262-7.
[bookmark: _ENREF_2_43]USEPA. (2010) Agricultural practices and forestry practices that sequester carbon and reduce other greenhouse gas emissions.
[bookmark: _ENREF_2_45]Walsh M.E., Ugarte D.G.D., Shapouri H., Slinsky S.P. (2003) Bioenergy crop production in the United States - Potential quantities, land use changes, and economic impacts on the agricultural sector. Environmental & Resource Economics 24:313-333. DOI: 10.1023/a:1023625519092.
[bookmark: _ENREF_2_47]Zan C.S., Fyles J.W., Girouard P., Samson R.A. (2001) Carbon sequestration in perennial bioenergy, annual corn and uncultivated systems in southern Quebec. Agriculture Ecosystems & Environment 86:135-144.


APPENDIX
Table 1.7 Bulk Density by year and depth
	Bulk Density 2008

	DEPTH
	0-2"
	2-4"
	4-6"
	6-12"
	12-24"
	24-36"
	36-48"

	MEAN
	1.13
	1.18
	1.22
	1.19
	1.57
	1.41
	1.39

	STDEV(±)
	0.11
	0.10
	0.09
	0.12
	0.30
	0.42
	0.39

	COUNT
	71
	68
	71
	70
	44
	42
	36

	Bulk Density 2009

	DEPTH
	0-2"
	2-4"
	4-6"
	6-12"
	12-24"
	24-36"
	36-48"

	MEAN
	1.38
	1.47
	1.53
	1.53
	1.77
	1.62
	1.66

	STDEV(±)
	0.25
	0.19
	0.22
	0.15
	0.25
	0.11
	0.14

	COUNT
	74
	79
	76
	76
	10
	11
	4

	Bulk Density 2010

	DEPTH
	0-2"
	2-4"
	4-6"
	6-12"
	12-24"
	24-36"
	36-48"

	MEAN
	1.30
	1.41
	1.42
	1.46
	1.53
	1.64
	1.57

	STDEV(±)
	0.15
	0.12
	0.12
	0.18
	0.24
	0.42
	0.29

	COUNT
	31
	32
	46
	45
	24
	21
	22

	Bulk Density 2011

	DEPTH
	0-2"
	2-4"
	4-6"
	6-12"
	12-24"
	24-36"
	36-48"

	MEAN
	1.36
	1.40
	1.42
	1.45
	1.62
	1.65
	1.61

	STDEV(±)
	0.23
	0.17
	0.14
	0.14
	0.12
	0.11
	0.11

	COUNT
	32
	36
	38
	40
	22
	23
	16



Complete SOC inventory from 2008-2011 data collection is on file.





























CHAPTER II:
CARBON DIOXIDE FLUX FROM SOILS IN SWITCHGRASS PRODUCTION

Abstract

The objectives of this study were to1) measure and observe annual, seasonal, and daily soil CO2 flux from switchgrass produced for biofuel feedstock and 2) combine this information with the SOC results from Chapter 1in order to better understand the overall carbon lifecycle. Measurements were taken hourly from June 1, 2010 to August 18, 2011using LICOR LI-8100 long-term chambers. As hypothesized, soil temperature and moisture had a significant influence on CO2 flux variance. Soil temperature and soil moisture were able to explain 83% and 81.5% of variance in flux from clumps (cover) and between clumps (bare) respectively. The summer months exhibited the highest flux rate followed by spring, fall, and finally winter due to the favorable conditions for microbial metabolism in the warm summer months. Although largely overlooked in previous research, the winter months (mid Dec to mid Mar) did contribute 5.4 MgCO2 ha-1 season-1 (±2.5 MgCO2 ha-1 season-1) from clumps (cover) and 4.0 MgCO2 ha-1 season-1 (±3.2 MgCO2 ha-1 season-1) from between clumps (bare). The contribution of CO2 should not be overlooked when analyzing system contributions especially in the warmer Southeastern region. The objective of combining SOC data from Chapter 1 with CO2 data from this study became exceedingly difficult due to unresolvable complications involving the calculations of bulk SOC. Therefore the relationship will not be addresses in quantitative manner, but the problems will be presented.

Introduction

It is estimated that soils store twice as much carbon than is atmospherically present contributing to ten times greater carbon loss through soil respiration than anthropogenic carbon dioxide production annually (Dornbush and Raich, 2006). Therefore, even slight changes in management practices can have a significant impact on atmospheric CO2 as well as on the soil system. Soil respiration, on a global scale, is contributes an estimated 10 to 30 times more CO2 to the atmosphere than burning fossil fuels (Raich and Schlesinger, 1992). This fact has precipitated an increased focus on research around the contribution of CO2 from crops to global climate change. Although bioenergy cropping systems have the potential to help offset GHG emissions, quantifying the offset is difficult due to the complexity of GHG measurements (Adler et al., 2007). Several scientists are beginning to facilitate the collection of data to help quantify the GHG emission offset potential of switchgrass.
During the past 250 years, global concentrations of carbon dioxide have increased by roughly 31% (IPCC, 2006). Fuel consumption, land-use conversions, agriculture practices are all factors contributing to this increase in GHG in the atmosphere (USEPA, 2004). IPCC (2006) ranks land use change as the second largest cause of GHG emissions to the atmosphere. Agriculture in the United States contributed 460 TgCO2-eq to the atmosphere in 2001 (USEPA, 2004). This estimate includes the 15 TgCO2-eq offset from agriculture soil C-sequestration (USEPA, 2004).
In Chapter I, we found no significant changes in SOC over the four year study. However we did find that although not significant increases in SOC there was a greater percentage of SOC gain from 60-120cm (about 30%) and a loss in the upper 30cm (about 10%). In order to better quantify those losses and determine the overall CO2 flux of the system, we installed soil CO2 flux analyzers in switchgrass to observe hourly and daily CO2 flux for an entire year. The objective of Chapter II was to 1) establish annual, seasonal, and daily respiration rates; and 2) use this data with soil organic carbon storage from chapter 1 to better understand the carbon life cycle.
Literature Review

Soil respiration in the form of CO2 is produced by roots, soil organisms and to a lesser degree the oxidation of carbon materials. CO2 moves in soil from sites of production to the atmosphere by diffusion through pores and crack in soil or by local changes in pressure due to wind or volumetric displacement by rain. Soil autotrophic respiration by roots depends on photosynthate supply and thus exhibits a strong diurnal pattern (Grahammer et al., 1991). Soil heterotrophic respiration by soil organisms results from the breakdown of cellulose, hemi-cellulose, proteins and lignin into low-molecular weight substances that are oxidized to CO2 to produce energy or cell growth. The rate of this breakdown is dependent on the quantity and quality of organic substances, efficiency and population of decomposer groups, and the soils physio-chemical state including soil temperature, moisture, oxygen, acidity, and redox potential (Venterea and Baker, 2008). Studies have attempted to partition total soil surface flux into heterotrophic and autotrophic respiration with varying results due to its complexity and expense (Bond-Lamberty et al., 2004). Bond-Lamberty et al. (2004) found after reviewing literature from 54 forest sites that heterotrophic and autotrophic correlated with total soil surface CO2 flux. They found plant type, measurement method, mean annual temperature, soil drainage, and leaf habit were not able to indicate soil surface CO2 flux where heterotrophic and autotrophic soil respiration correlate significantly (Bond-Lamberty et al., 2004). In this study, heterotrophic and autotrophic respiration was not partitioned and only total soil surface CO2 flux will be addressed. 
Root respiration and microbial metabolism resulting in CO2 production depend on both soil temperature and moisture content. Extensive research has concluded that soil respiration rates are positively correlated with atmospheric temperature (Dornbush and Raich, 2006; Raich and Schlesinger, 1992; Wang et al., 2008) and soil moisture (Bauer et al., 2008; Hernandez-Ramirez et al., 2009; Lee et al., 2007; Lloyd and Taylor, 1994; Raich and Potter, 1995; Sainju et al., 2010). Increased soil temperature and soil moisture produces favorable conditions for microbial activity, thus increasing soil respiration. Lloyd and Taylor (1994) specifically pointed out temperature sensitivity of soil respiration can be described by a relationship where there is an increase in activation energy with decreasing temperature. Boone et al. (1998) attributed this relationship to the sensitivity of oxidation of rhizosphere carbon and respiration by roots to temperature. Bauer et al. (2008) found temperature reduction functions in six different models resulted in 6 to 7 times greater sensitivity of soil respiration than moisture reductions. However soil moisture must be noted as an important factor controlling soil respiration. Sainju et al. (2010) found total soil CO2 flux averaged 29 to 50% greater on irrigated cropping systems versus un-irrigated cropping systems. Hernandez-Ramirez et al. (2009) found similar results with the greatest soil CO2 flux occurring immediately after rainfall events in the summer months. Both temperature and moisture readings were collected with CO2 flux readings in order to more comprehensively describe the environmental factors effecting flux in East Tennessee.
Microbial metabolism is dependent on ample supply of nitrogen described by a C:N ratio between 25:1 and 40:1. The relationship between microbial metabolism and plant productivity with soil nitrogen would lead to the assumption that nitrogen application affects soil respiration. Several studies have observed the relationship of nitrogen fertilizer application and soil respiration. Raich and Schlesinger (1992) found that nitrogen fertilization did not increase CO2 flux from soils, but brought about rather ambiguous results. Hernandez-Ramirez et al. (2009) found no differences in CO2 flux from fields receiving N –fertilization and those not receiving N-fertilization. Sainju et al. (2010) found that N-fertilization actually reduced soil CO2 flux compared to no fertilization. Lee et al. (2007) found that manure application increased soil CO2 production in switchgrass plots, but fertilization with NH4NO3 did not result in increased soil CO2 flux. The increased CO2 flux was attributed to the loss of carbon from the manure decomposition (Lee et al., 2007). 
One management practice that has been found to increase soil CO2 flux is tillage (Sainju et al., 2010). Tilling the soil increases aeration and exposes buried SOC to microbes leading to expedited decomposition of SOC releasing a burst CO2 into the atmosphere. No-till systems allow for the build-up of SOC in the soil profile by not exposing buried SOC to surface microbial activity where conditions are ideal for breakdown. 
Findings indicate that vegetation type plays an important role in determining soil respiration rate (Raich and Tufekcioglu, 2000). Perennial vegetation has been shown to increase soil CO2 flux due to the increase in fine root production and increased SOC content from limiting disturbance (Raich and Tufekcioglu, 2000; Sainju et al., 2010). Raich and Tufekcioglu (2000) found that annual soil respiration rates correlated strongly with SOC and fine root biomass due to the increase in microbial activity with the ample supply of carbon near the soil surface.  
Modeling is a popular and potentially exceedingly useful method for determining long term GHG emissions from cropping systems. ORNL is currently working to develop a model to predict carbon and nitrogen dynamics in switchgrass (personal correspondence with Dr. Charles T. Garten, ORNL 2011). This model is constructed on and calibrated by available data instead of on an abstract structure that one day may have data available. A model based on actual measurements reduces assumptions thus increasing the models potential to predict GHG emissions from a given cropping system.  Available data is currently limited to growing season measurements complicating scaling up to long term yearly assessments. Data is also limited by region and soil type which play significant roles in GHG emissions from soils. In a study done in Canada comparing diffusion modeling to in situ measurements to determine CO2 production in soils, Risk et al. (2008) found that soil gas diffusivity and its behavior across changing soil moisture content were significantly different in situ than in modeling. They point out the importance of in situ sampling of soil gas flux to develop accurate models for use in terrestrial carbon research across regions, soil types, and management practices (Risk et al., 2008).This fact along with the limited annual CO2 research on switchgrass in the Southeast, points out the importance of developing thorough analyses of soil carbon dynamics under switchgrass production. Field data can strengthen and calibrate models for all regions and potential biofuel feedstock to properly assess sustainability of the system.
Largely research has focused on the growing season. Our study was conducted in an effort to answer the question of annual CO2 flux from switchgrass and determine if this could be combined with the SOC study from Chapter 1 to better understand the overall carbon changes. The relationship of SOC to soil CO2 flux has been vague and essentially unquantifiable to this point.  Therefore the objective was to quantify annual CO2 flux from the switchgrass system to observe the hourly, daily, and annual changes in flux in order to compare it with SOC measurements determined in Chapter 1.  
Materials and Methods

Study Site and Measurement Set-up
The CO2 flux field experiment was conducted at the University of Tennessee Plant Science Experiment Station located in Knoxville, TN (35o 58’ N, 83o 56’ W) from August 1, 2010 to November 10, 2010 and at the University of Tennessee Holston Dairy Farm also located in Knoxville, TN from November  18, 2010 to July 31, 2011. The original switchgrass plots at the UT Plant Science Experiment Station were planted in 1992 (18 years old) and not consistently managed according to the University of Tennessee Biofuels Initiative. Therefore, the experiment was moved after the switchgrass was seasonally cut to the UT Holston Dairy Farm where the switchgrass of was planted in 2004 (5 years old) and managed according to the UT Biofuels Initiative providing a representative study site that mimics the soil organic carbon storage portion of the study. 	Knoxville is characterized by the humid subtropical climate zone. The hottest month is July with an average high of 32oC and an average low of 21oC. January is the coldest month with an average high of 8oC and an average low of -1oC. The average annual precipitation is 121.9cm. 
The switchgrass at the Holstein Unit (data November 10, 2010 – July 31, 2011) was managed according to the UT Biofuels Initiative (Table 1.1). Sixty seven kg ha-1 per year of nitrogen was applied to the switchgrass annually after the initial year of growth. The soil did not test low for potassium or phosphorus, therefore phosphate and potash were not applied. The switchgrass was harvested once a year at the beginning of November. The grass was cut between 10 and 15 centimeters. The switchgrass was Alamo, a common high yielding switchgrass in East Tennessee.
Soil Respiration Measurements
Six LICOR LI-8100 long-term infrared CO2 flux chambers were placed in the switchgrass plots. Initially (June 1 to November 10, 2010) two chambers were placed on switchgrass crowns and one chamber was placed between rows on bare soil to represent soil conditions. After the chambers were moved, 3 chambers were placed on crowns. On December 9, 2010 three more chambers were added to the study and placed on bare soil in between rows.  The design represented the CO2 flux that would occur in switchgrass production by representing both the flux on top of crowns as well as flux from the bare soil between crowns. The system initially housed two control units and two multiplexers each supplied energy by a solar panel charging two marine batteries. One system was for the crowns (Cover) and one system was for between crowns (Bare). This set-up worked well in the summer when the solar radiation was high. In the winter, the solar radiation was low causing a greater draw on the batteries than could be resupplied by the solar panel power supply. The loss of power resulted in the loss of data several days throughout the months of December and January. To prevent the further loss of data, the systems were combined to one multiplexer and one control unit powered by two solar panels feeding six batteries.
These chambers are designed to measure CO2 efflux from a continuous body of soil by covering an area of soil with a chamber and monitoring change in CO2 concentration with time in the chamber head space. The LI8100 uses the rate of increase of CO2 in the measurement chamber to estimate the rate CO2 diffuses into free air outside (LI-8100, LI-COR, Inc. Lincoln, NE). Conditions must be similar both inside and outside the chamber in order to get accurate readings. These conditions include concentration gradients that drive diffusion, barometric pressure, temperature, and moisture. CO2 gradient has proven to be different inside and outside the chamber due to the decrease in CO2 by a mole fraction inside the chamber (LI-8100, LI-COR, Inc. Lincoln, NE). This is corrected for in the calculations the machine makes using an analytical technique. Limiting measurement times to 1.5 to 3 minutes keeps chamber CO2 concentration changes as small as possible (LI-8100, LI-COR, Inc. Lincoln, NE).

Figure 2.1 LICOR LI-8100 System – (from left) EH2O Model EC-5 dielectric sensor and Omega T-handled Type E thermocouple, 8100-104 Long-term chamber, 8100 multiplexer and analyzer control unit

Total soil respiration was quantified in situ using long term LI-8100 (LI-8100, LI-COR, Inc. Lincoln, NE) infrared gas analyzer and soil chambers. CO2 flux measurements were taken hourly. A multiplexor was used to allow for multiple chambers to run from one control unit. The multiplexor is capable of housing 8 chambers, but only 6 were employed in this study. The chamber system column is 4076.1cm3 with an exposed soil area of 317.8cm2. The dimension of the entire system is 48.3cm long by 38.1 cm wide by 33 cm high. The double gasket system sealed the chamber outside the soil collar and between the chamber and mounting plate to minimize CO2 leaks and wind effects (Healy et al., 1996). Healy et al. (1996) states that although gas transport in soils may be influenced by wind, fluxuating temperature and pressure, differences in gas densities, and infiltrating wetting fronts, diffusion is accepted as the dominant mechanism for that transport. The chamber head moves away from the measurement collar to minimize perturbations to the natural microclimate. PVC soil collars measuring 20.3cm in diameter were inserted into the soil so roughly 3 to 10 cm extend from the soil surface. The inserted columns reduce disturbance affects and allow for repeated measurements to be taken at one location. The soil temperature was measured using an Omega T-handled Type E thermocouple with 6.4mm diameter and 250mm immersion length inserted to a depth of 250mm. The soil moisture was measured using EH2O Model EC-5 dielectric sensor 5 cm long inserted to 5 cm.  For both cover and bare, soil collars were installed at 3 to 5 cm below the soil surface to reduce lateral diffusion of CO2 in the soil column below the chamber, which can be a source of error in the measurement (Healy et al., 1996). The vegetation in the chambers on each site was kept at a height 5cm to allow the chamber to close. 

Figure 2.2 Field system setup 
	Using the LI-8100 requires measurement protocols allows you to maximize effective data collection. The measurement protocol was programmed using a palm wirelessly connected to the control unit. Those protocols include Observation Length, Dead Band, Observation Delay, Purge Time, and Chamber Offset. The Observation Length is the time period when the chamber closes to just before the chamber opens. The recommended length is 90 to 120 seconds to minimize the feedback effect that results from the rate of headspace concentration (Healy et al., 1996). This experiment’s Observation Length was 90 seconds. The Dead Band is the time period that begins when the chamber closes and continues until steady mixing has been established. The recommended length is 10 to 60 seconds, and this experiment’s Dead Band was 30 seconds. The Observation Delay is required when using a single chamber to allow the chamber air to return to ambient conditions before beginning the next observation cycle. To reduce variation between measurements in this experiment, the Observation Delay was set to zero. The Purge Time was set to 45 seconds to allow the lines to clear of environmental factors such as water vapor that may influence CO2 readings. The Chamber Offset is the distance between the soil surface and the top of the soil collar minus the chamber base plate to the top of the collar. The program requires this input to accurately measure the total system volume based on the 20 centimeter soil collar that is used with the long term chambers. The total system volume is required to find the soil CO2 flux. The measurements were taken every hour every day from August 1, 2010 to December 9, 2010 then every 2 hours December 9, 2010 to March 28, 2011 to reduce power consumption when solar radiation was low then back to every hour from March 29, 2011 to July 31, 2011.
Particle Size
The particle size was determined using laser diffractometry. The laser diffraction method (LDM) for determining soil particle size is becoming more widely used due to the speed with which soil samples can be run relative to the traditional sieve-pipette method. Laser diffract size analysis is based on the principle that particles of a given size will diffract light through a given angle, and the angle will increase with decreasing particle size. A beam on monochromatic light (laser λ = 750nm) is passed through a sample cell containing an upward moving suspension. Particle size distributions are key physical properties of soil determining the soils classification and basic hydraulic characteristics. The particle size distribution is usually given by a percentage of the total dry weight of soil. The traditional and longtime accepted techniques for determining the particle size distribution are the sieve-pipette method (SPM) and the hydraulic method (HM). However, the laser diffraction method (LDM) for determining soil particle size is becoming more widely used due to the speed with which soil samples can be run relative to the traditional sieve-pipette method. Laser diffract size analysis is based on the principle that particles of a given size will diffract light through a given angle, and the angle will increase with decreasing particle size. A beam on monochromatic light (laser λ = 750nm) is passed through a sample cell containing an upward moving suspension. In this experiment we will be using the laser diffraction technique, and therefore it is important to look objectively at both methods to determine where they differ and how to get the most accurate particle size distributions in the most time efficient manner.
Several researchers have studied the difference between the sieve-pipette and the laser diffraction methods. Studies ranging from milled quartz samples (Beuselinck et al. 1998) to sediments from the ocean (Ramaswamy & Rao 2006) to soils of all different textural classes (DiSefano et al. 2010, Bah et al. 2007, Goossens 2008, Eshel et al. 2004, Wen et al. 2002) compared the traditional SPM to the LDM.  All the studies found that there are disparities in the results between the SPM and the LDM. Beuselinck et al. (1998) concluded that the reason behind the differences is that the two methods are based on different principles. The sieve pipette method measures mass percentages of particles equivalent to those of quartz spheres whereas the laser diffraction measures volume percentages based on an inversion model of diffracted light. Therefore, when there is a big difference between optical grain diameters of particles or the spherical diameters of particles are different or when density variations exist between different classes, differences between the two methods are to be expected. Along the same lines Wen et al. (2002) concluded that deviations in the methods can be explained by three factors: 1) differences in definitions and measurements of particle sizes, 2) variations in densities of constituent grains, and 3) turbulence in flow pattern of suspension. 
There are discrepancies among scientists on the accuracy of LDM measurements within the sand fraction of the soil. Di Sefano et al. (2010) found that the sand content measured by the SPM can be assumed to be equal to that determined by the LDM whereas Beuselinck (1998) found that the reproducibility of the LDM was worse than the SPM for the sand fraction of soils. One fact that all the studies agree on is that the LDM underestimates the clay fraction of the soil (Eshel et al. 2003, Bah et al. 2009, Ramaswamy & Rao 2004, Beuselinck et al. 1998(June), Beuselinck et al. 1998 (Jan), Loizeau et al. 1994, Konet & Vandenberghe 1997). The studies found that variations in particle geometry proved to be the most important characteristic causing differences in measurements. Wen et al. (2002) concluded that discrepancies between methods vary in extent according to the soil type and specific size fraction. The soil samples with a higher clay fractions showed more variations than milled quartz samples or a course sandy soil because the morphology of soil particle vary greatly causing the laser diffraction and the sieve-pipette method to result in very different answers, but the quartz and larger silts and sand particles showed little discrepancies because of the similar morphology among particles (Beuselinck et al. 1998). The platy clay particles characteristic of illites and smectites have a larger optical diameter than spherical particles which causes the laser diffraction to classify the platy clay particles as silts (Eshel et al. 2003, Bah et al. 2009, Ramaswamy & Rao 2004, Beuselinck et al. 1998(June), Beuselinck et al. 1998 (Jan), Loizeau et al. 1994, Konet & Vandenberghe 1997). This causes an underestimation of the clay fraction and an overestimation of the silt fraction. Also particles under 0.4µm are ignored because they diffract light at all angles leading to another underestimation of clay. Konet and Vandenberghe (1997) found that the non-sphericity of the particles caused a coarsening of the mean diameter of one to two size classes. Ramaswamy and Rao (2004) found that a clay particle defined as 2µm by the SPM most closely fit to a size of 6.2µm determined by the LDM in sediments from the Northern Andaman Sea. Konet and Vandenberghe (1997) found platy forms of the clay particles makes considerable differences (8 size classes) between the pipette and laser measurements (2µm grain size defined by the sieve pipette method corresponds with the 8µm defined by the laser). Loizeau et al. (2004) the underestimation of the clay fraction was determined with an efficiency of detection proportional to the clay content determined by the pipette analysis for the soils in their study. Several scientists suggest using a higher grain size level for the clay fraction or a derived equation, when LDM is utilized to enable workers in the geological and environmental field to compare to the classical SPM (Ramaswamy and Rao 2004, Konet and Vandenberghe 1997, Di Stefano et al. 2010, Beuselinck et al. 1998, Bah et al. 2009, Eshel et al. 2004), however no scientist has derived an universal equation or grain size level increase for clays that applies to all soils. 
The advantages of the LDM are the time efficiency and reproducibility, only a single analysis is needed to obtain a wide range of particle sizes (0.4 - 900µm), small amounts of sample are needed, detailed information on the particle-size distribution is obtained, and the results are obtained in digital format and can be easily analyzed. Loizeau et al. (2004) also found that the laser diffraction method produces precise and accurate results in size ranges required for geological and environmental studies when precise measurements of clay content are not needed. Regardless of the discrepancies between the LDM and the SPM scientists who have studied the two methods have generally agreed that the LDM should be included as a standard for particle size analysis in geo-engineering, geo-environmental research, and environmental sciences for its many advantages (Wen et al. 2002, Goossens 2008, Eshel et al. 2004, Di Stefano et al. 2010, Ramaswamy & Rao, 2004).
Soil Chemical Properties
All chemical analyses were done at The University of Tennessee Soil, Plant and Pest Center in Nashville, TN. The reported values for both the CO2 study are pH, cation exchange capacity (CEC), and percent SOC. The SOC was determined using the same technique discussed in Chapter I of this thesis.
Soil pH tells more about the soil than if it is simply acidic or basic and is likely the most informative soil chemical property (Thomas 1996). It gives insight to the availability of nutrients and the toxicity of other elements can be determined due to their known relationship with pH (Thomas 1996). Soil pH was determined using electrometric measurements. The Denver Instruments pH meter was calibrated using 7.00 pH and 4.00 pH buffer solutions (UT Soil, Plant, and Pest Center). To measure the soil pH, 10 mL of deionized water was added 10 grams and allowed to sit for 30 minutes (UT Soil, Plant, and Pest Center). The glass electrode was inserted into the soil solution while swirling gently and pH was recorded (UT Soil, Plant, and Pest Center). To reduce contamination and inaccuracy, the meter was washed between samples with deionized water.
The cation exchange capacity (CEC) was calculated using the formula by Clemson soil testing (UT Soil, Plant and Pest Center). To determine the CEC, calculate the milliequivalents of hydrogen, potassium, magnesium, and calcium per 100 grams of soil using the formulas:
	H, meq/100g soil = 8 (8.00-buffer pH)
K, meq/100g soil = lbs/acre extracted K ÷ 782
Mg, meq/100g soil = lbs/acre extracted Mg ÷ 240
Ca, meq/100g soil = lbs/acre extracted Ca ÷ 400
Na, meq/100g soil = lbs/acre extracted Na ÷ 460
Total CEC is the sum of the calculations from these equations.



	



The mineral extraction by UT Soil, Plant, and Pest Center was performed using Perkin-Elmer 5300 Dual View (DV) Inductively Coupled Plasma (ICP). In ICP, ionized Argon (Ar) gas is passed through a quartz torch located inside a copper coil connected to a radio frequency (RF) generator, producing ICP (Sparks et al., 1996). The RF generates oscillating magnetic fields allowing electrons and ions to pass through at high acceleration rates (Sparks et al., 1996). The collisions and added unionized Ar gas cause further ionization (Sparks et al., 1996). The collisions cause heating measured spectroscopoically (Sparks et al., 1996). The sample is introduced in the innermost channel and vaporized. The mineral contents are then determined by the spectrometer (Sparks et al., 1996). The extracts and standards were prepared by first creating a Mehlick 1 extracting solution by combining 11.2 milliliters sulfuric acid (H2SO4) and 66.4 milliliters of hydrochloric acid (HCl) per 16 liters of deionized water (DI). All of the stock calibration standards were diluted with extracting solution.
Table 2.1 Soil classification and chemical properties at CO2 measurement plots
	 
	Jun 1, 2010 - Nov 8, 2010
	Nov 8, 2010 - May 31, 2011

	Depth
	0-5cm
	5-10cm
	10-15cm
	15-30cm
	0-5cm
	5-10cm
	10-15cm
	15-30cm

	Soil Classification
	Loam
	sandy clay

	pH
	5.61
	5.46
	5.52
	5.02
	5.535
	5.715
	6.15
	6.375

	CEC (meq/100g)
	10.20
	9.36
	8.96
	8.95
	7.85
	7.57
	8.85
	8.75

	% Organic Carbon
	1.45
	1.21
	1.03
	0.75
	1.19
	0.81
	0.53
	0.47


Calculating Total Greenhouse Gas Production
	Annual CO2 was determined for the study switchgrass plots. Nitrogen fertilizer was applied according to the University of Tennessee biofuels initiative (Chapter 1 -Table 1.1) in the form of granular urea at a rate of 146 kg ha-1 year-1to meet the nitrogen requirements of 67 kg N ha-1 year-1. The IPCC equation for urea greenhouse gas production was used (Table 2.2).
Results and Discussion
	Soil CO2 flux followed the hypothesis that the warmest months would experience the highest flux rates and the coldest months would experience the lowest flux rates. The data also showed that differences between days with relatively similar soil temperatures were a result of soil moisture. Largely lacking in current research is a complete year of data collection. In the warmer southern United States, where switchgrass has shown significant promise as a biofuel feedstock, there is a significant contribution of CO2 from soil in the winter months. 
	General observations of soil temperature showed that CO2 flux begins to increase between 10 to 15oC and then levels off at 25 to 30oC . Soil moisture does not produce as descriptive results; however there is generally lower CO2 flux when soil moisture is below 5%. 
	Combining SOC results from Chapter 1 and the soil CO2 flux results from this chapter became exceedingly difficult. The details of the problems associated with the combination will be discussed in detail further on in the results section.
Temperature and Moisture

	Studies show that temperature effects CO2 flux rates (Lloyd and Taylor, 1994, Bauer et al., 2008, Dornbush and Raich, 2006). Lloyd and Taylor (1994) eloquently stated that the temperature sensitivity of soil respiration is described by a relationship where microbial activation energy increases with decreasing temperature. 
 Linear and polynomial regression analysis was done to compare CO2 flux with temperature and moisture (SAS, Inc. Cary, NC). Of all the regression models, the linear model for cover and bare was the most statistically important in explaining variance. However, the cubic model was better able to explain variation (Figure 2.1). A cubic regression model for CO2 flux under switchgrass crowns (cover) based on temperature explained 75% of the variation (P<.0001). The same model was used for soil between crowns (bare) and explained 68.8% of the variation (P<.0001). Bauer et al. (2008) used six soil carbon decomposition models to determine the sensitivity of soil respiration to temperature and moisture. They found that only up to 41% of the variation in CO2 flux could be explained by temperature (Bauer et al., 2008). They also found that under field conditions the sensitivity of CO2 flux to temperature was 6 to 7 times higher than soil moisture (Bauer et al., 2008). Dornbush and Raich (2006) found similar results to this study with 89% of a variation in soil respiration were explained by soil temperature. 
Contributions from moisture were small for both cover and bare explaining only 6% and 9% respectively (P<.0001). Bauer et al. (2008) found similar results with moisture only explaining 2% of variation in CO2 flux.  However, the addition of moisture with temperature in a cubic polynomial regression model increased the model’s ability to explain variance for both cover and bare to 82.7% and 81.5% respectively (P<.0001). Bauer et al. (2008) found that combining soil temperature and moisture also increased their model’s ability to explain variance. These results support the hypothesis that temperature and moisture drive CO2 flux due to the relationship of these factors with microbial activity. 
The differences between this study and the previous studies that have looked at soil temperature and soil moisture effects on CO2 flux are that previous research is largely limited to the growing season and one daily measurement or even one weekly measurement. Measuring hourly variations through the entire year, we were able to observe the overall annual CO2 flux from this system and how soil temperature and soil moisture contribute.

Figure 2.3 CO2 flux relationship to soil temperature

Seasonal and DailyCO2 Flux

	The lowest flux months were winter months December, January, and February. The highest flux months were June, July, and August. Overall annual flux was calculated by totaling the daily averages. This is an estimate seeing as how the daily flux is averaged over a 24 hour period, however it is much more accurate and descriptive than studies to date that look only at growing season and weekly flux measurements versus this study’s hourly annual flux measurements.

Figure 2.4 CO2 flux by season 
	Daily CO2 flux peaked between 12:00 and 15:00. Daily CO2 flux exhibited greater variation in the summer than in the winter due to the more dramatic soil temperature changes in the summer than the winter. Daily CO2 flux also exhibited greater disparity between bare and cover in the summer with very little disparity present in the winter months (Figure 2.2). The results are attributed to the relationship of soil respiration to soil temperature are discussed above. The higher CO2 flux rates from cover sites can be explained by respiration from roots below the crowns and the ample supply of organic carbon from roots and above ground biomass inputs to soil microbial populations near the surface. 
	Grahammer et al. (1990) measured daily soil respiration to compare the day with the night. They made 20 observations over 18 days finding that soil respiration measured as CO2 flux was roughly 20% higher in the night than in the day (Grahammer et al., 1990). They also found that diurnal variability was reduced under wetter conditions (Grahammer et al., 1990). The reduced variability was due to the reduced diurnal variability in soil temperature as well as the increase in night microbial activity with increase in soil moisture (Grahammer et al., 1990). Our measurements showed similar patterns. The daily diurnal variability in this study can be explained by the soil temperature differences from night to day. Our study was able to observe the daily variation of soil respiration in every season. Figure 2.5 was created to observe the diurnal variation from flowering in early fall through winter of 2010.


Figure 2.5 Daily variations in CO2 flux 

Total annual CO2 Emissions

Total annual GHG emission for this plot was determined to assess the systems contribution of CO2 to the atmosphere. In order to estimate the soil system’s CO2 contributions, fertilizer inputs were included. For the sake of looking simply at the soil system itself, only inputs and outputs to the soil system were used to determine changes in soil carbon dynamics. Therefore this calculation does not include above ground carbon, root biomass, harvest, transportation, or processing. It includes fertilizer application because fertilizer application directly relates to plant productivity and thus the production of below ground carbon. It is also a nitrogen supply for microbial metabolism. 
	Total annual CO2 flux on the study plot was determined to be 80.96 MgCO2 ha-1 yr-1(±47.25 MgCO2 ha-1 yr-1) for cover and 52.70 MgCO2 ha-1 yr-1(±21.46 MgCO2 ha-1 yr-1) for bare. The CO2 loss from urea fertilizer application was determined to be 0.029 MgCO2 ha-1 yr-1(IPCC 2006 Table 2.2). If we assume 75% of the field is occupied by switchgrass crowns and 25% is bare soil in between crowns, the total annual CO2 loss from switchgrass from August 18, 2010 to August 18, 2011 in this study was 73.924 MgCO2 ha-1 yr-1 (± 40.803 MgCO2 ha-1 yr-1). 

Table 2.2 GHG production from urea application – modified from IPCC 2006 Guidelines for National GHG Inventories Vol. 4

	Sector
	Agriculture, Forestry and Other Land Use

	Category
	Urea Fertilization: Annual CO2 emissions from Urea Fertilization

	Category code
	3C3

	Sheet
	1 of 1

	Equation
	Equation 11.13

	Subcategories for reporting year
	
Annual amount of Urea Fertilization
	
Emission factor
	Annual CO2-C emissions from Urea Fertilization

	
	(kg urea ha-1 yr-1)
	[tonnes of C (tonne of urea)-1]
	(kg C ha-1 yr-1)

	
	
	
	

	
	 
	default is 0.20
	CO2-C Emission = M * EF

	
	M
	EF
	CO2-C Emission

	Total
	146
	0.2
	29.2



Figure 2.6 CO2 Flux June 2010 – August 2011-including daily soil temperature, soil moisture and precipitation 

	EPA estimates that the average passenger vehicle travels 20120 km in the United States annually producing 5.195 Mg CO2 car-1 yr-1 compared to the 73.9 Mg CO2 ha-1 yr-1 measured soil CO2 flux from this study. DOT (2007) recorded 255.9 million passage vehicles in the United States. Therefore annually passenger vehicles contribute 1.3 billion MgCO2 yr-1. The USDA’s estimate 2500 hectares of switchgrass in East Tennessee produces roughly 184,810 MgCO2 yr-1 based on the measured CO2 from this study. These calculations are only to use as a comparison and are not meant to be used as hard facts. Calculating exact annual flux was outside the scope of our study and even if the exactly flux had been calculated any given year with different climatic conditions or SOC levels would produce varying results. However, these comparisons do help to quantify the impact of switchgrass production even with the highly variable outcomes that can result from varying climate and soil conditions.  

Soil CO2 Flux Relation to SOC

	One of the original objectives was comparing the SOC study results from Chapter 1 with the CO2 flux results to better understand the carbon life cycle. It would be helpful to policy makers and farmers if there could be a way to quantify the sequestration of carbon for growing switchgrass of any given region in the United States. Models have been developed to accomplish this goal to varying degrees of success. This study wanted to incorporate the CO2 flux with the SOC to give a better regional assessment that could be compared to a model to determine the model’s accuracy for this region. However the task of comparing these results became exceedingly difficult due to the complexity of each system. The major factor that inhibited the integration of the two studies was the problem addressed in Chapter 1. Bulk density is required to convert SOC from a percentage to a bulk soil measurement. Chapter 1 results show an increase in bulk density likely due to the re-establishment of management on the sampling plots. The land the farmer’s put into the program was degraded land and unmanaged because the part of the study was to determine switchgrass production on degraded land (not part of my research). Therefore when calculating SOC on a bulk soil basis, the results indicate an increase in SOC where the SOC percentage results do not. This leads to a very questionable calculation because in fact you are only seeing increases in bulk density and not increases in SOC. Therefore we cannot quanifiably compare CO2 flux rates and SOC to develop a carbon life cycle of switchgrass production in this study.
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APPENDIX
	Date
	Cover (kg/ha)
	StDev
	Bare  (kg/ha)
	StDev
	Temp
	Stdev
	Moist
	STD
	Ppt

	6/1/10
	422.47
	76.42
	468.71
	55.70
	
	
	
	
	0.53

	6/2/10
	499.48
	155.80
	537.19
	106.13
	
	
	
	
	0.00

	6/3/10
	599.17
	244.81
	509.87
	107.02
	
	
	
	
	0.00

	6/4/10
	569.75
	153.96
	487.69
	47.76
	
	
	
	
	0.00

	6/5/10
	617.06
	198.74
	509.48
	85.50
	
	
	
	
	0.00

	6/6/10
	565.14
	128.58
	474.48
	71.38
	
	
	
	
	0.44

	6/7/10
	542.38
	199.19
	475.60
	82.21
	
	
	
	
	0.00

	6/8/10
	541.62
	175.92
	441.48
	75.41
	
	
	
	
	0.00

	6/9/10
	500.03
	183.65
	475.70
	108.23
	
	
	
	
	1.53

	6/10/10
	507.39
	251.41
	590.53
	106.01
	
	
	
	
	0.50

	6/11/10
	632.91
	228.75
	599.25
	97.74
	
	
	
	
	0.00

	6/12/10
	629.82
	209.90
	633.74
	85.31
	
	
	
	
	0.31

	6/13/10
	686.11
	227.24
	645.32
	154.30
	
	
	
	
	0.00

	6/14/10
	689.67
	222.13
	629.73
	97.40
	
	
	
	
	0.00

	6/15/10
	667.45
	292.99
	754.09
	149.17
	
	
	
	
	0.38

	6/16/10
	672.44
	209.47
	706.08
	154.18
	
	
	
	
	0.03

	6/17/10
	708.42
	190.63
	606.15
	92.04
	
	
	
	
	0.00

	6/18/10
	654.14
	181.13
	609.17
	128.46
	
	
	
	
	0.00

	6/19/10
	635.07
	179.02
	576.56
	139.96
	
	
	
	
	0.28

	6/20/10
	714.90
	256.71
	569.83
	93.89
	
	
	
	
	0.00

	6/21/10
	662.03
	233.46
	565.06
	170.82
	
	
	
	
	0.00

	6/22/10
	645.45
	218.70
	519.68
	173.33
	
	
	
	
	0.00

	6/23/10
	651.70
	218.26
	510.00
	123.01
	
	
	
	
	0.00

	6/24/10
	631.55
	198.82
	486.89
	101.71
	
	
	
	
	0.00

	6/25/10
	612.66
	229.22
	471.47
	144.81
	
	
	
	
	0.00

	6/26/10
	543.70
	225.55
	428.64
	69.53
	
	
	
	
	0.00

	6/27/10
	557.82
	232.28
	466.80
	109.09
	
	
	
	
	0.00

	6/28/10
	588.03
	218.85
	459.57
	105.52
	
	
	
	
	1.57

	6/29/10
	630.67
	220.93
	567.61
	101.27
	
	
	
	
	0.00

	6/30/10
	561.48
	177.64
	478.84
	69.49
	
	
	
	
	0.00

	7/1/10
	486.70
	127.62
	399.05
	94.50
	
	
	
	
	0.00

	7/2/10
	371.71
	129.92
	273.51
	53.31
	26.75
	1.30
	
	
	0.00

	7/3/10
	372.96
	136.14
	250.36
	44.07
	25.99
	1.87
	
	
	0.00

	7/4/10
	346.62
	115.91
	234.64
	41.68
	26.18
	2.04
	
	
	0.00

	7/5/10
	355.55
	120.38
	224.82
	54.89
	26.57
	2.19
	
	
	0.00

	7/6/10
	324.17
	106.04
	207.44
	44.73
	26.70
	2.31
	
	
	0.00

	7/7/10
	311.19
	109.99
	217.37
	49.21
	27.14
	2.35
	
	
	0.00

	7/8/10
	295.71
	106.64
	188.79
	48.56
	27.55
	2.31
	
	
	0.00

	7/9/10
	345.41
	164.33
	198.41
	54.41
	26.80
	1.41
	
	
	0.69

	7/10/10
	475.90
	141.47
	290.63
	52.54
	26.65
	1.59
	
	
	0.00

	7/11/10
	394.62
	118.70
	240.76
	55.74
	26.84
	2.08
	
	
	0.00

	7/12/10
	400.88
	130.59
	272.94
	72.04
	25.54
	0.54
	
	
	1.94

	7/13/10
	
	
	
	
	
	
	
	
	0.41

	7/14/10
	
	
	
	
	
	
	
	
	0.00

	7/15/10
	
	
	
	
	
	
	
	
	0.00

	7/16/10
	540.49
	175.54
	342.52
	59.06
	28.52
	1.56
	
	
	0.00

	7/17/10
	482.64
	132.74
	289.08
	50.30
	27.52
	1.19
	
	
	0.00

	7/18/10
	432.62
	169.28
	266.95
	39.77
	27.72
	1.49
	
	
	0.00

	7/19/10
	474.42
	141.77
	317.15
	62.56
	26.93
	0.91
	
	
	1.91

	7/20/10
	530.61
	177.44
	332.60
	35.04
	26.99
	1.64
	
	
	0.44

	7/21/10
	563.55
	143.45
	320.89
	45.32
	27.11
	1.46
	
	
	2.25

	7/22/10
	560.38
	146.22
	321.72
	76.32
	26.26
	0.99
	
	
	0.13

	7/23/10
	593.02
	169.92
	366.63
	56.96
	27.05
	2.16
	
	
	0.00

	7/24/10
	609.12
	122.23
	331.18
	37.56
	27.96
	1.80
	
	
	0.00

	7/25/10
	596.09
	145.82
	338.59
	57.75
	28.76
	1.69
	
	
	0.00

	7/26/10
	554.99
	179.46
	299.27
	32.58
	28.57
	1.50
	
	
	0.00

	7/27/10
	482.38
	116.72
	281.74
	49.02
	28.08
	1.42
	
	
	0.00

	7/28/10
	512.93
	158.40
	280.18
	50.47
	27.45
	1.08
	
	
	0.53

	7/29/10
	599.70
	117.23
	356.26
	40.81
	27.88
	1.64
	
	
	0.69

	7/30/10
	597.84
	183.92
	346.37
	40.70
	28.21
	1.73
	
	
	0.00

	7/31/10
	493.48
	150.49
	336.97
	50.89
	26.42
	0.83
	
	
	1.72

	8/1/10
	597.21
	155.19
	352.33
	33.41
	27.36
	1.67
	
	
	0.00

	8/2/10
	551.61
	107.18
	354.15
	40.87
	28.39
	1.95
	11.07
	0.95
	0.00

	8/3/10
	491.91
	115.91
	320.80
	41.20
	28.73
	1.55
	9.81
	0.77
	0.16

	8/4/10
	467.01
	86.45
	318.58
	44.98
	28.55
	1.56
	8.29
	0.61
	0.00

	8/5/10
	453.65
	90.03
	307.65
	57.67
	28.55
	0.96
	7.23
	0.40
	0.69

	8/6/10
	449.74
	87.45
	288.41
	47.97
	27.35
	0.86
	6.65
	0.40
	0.00

	8/7/10
	399.83
	105.60
	261.81
	44.16
	27.00
	1.24
	6.31
	0.52
	0.00

	8/8/10
	368.88
	94.13
	237.84
	50.05
	27.04
	1.51
	5.71
	0.52
	0.00

	8/9/10
	359.77
	114.86
	219.56
	32.11
	27.87
	1.61
	5.25
	0.51
	0.00

	8/10/10
	346.84
	101.20
	215.25
	41.87
	28.69
	1.75
	
	
	0.00

	8/11/10
	324.43
	97.15
	200.21
	46.85
	28.96
	1.88
	
	
	0.00

	8/12/10
	344.44
	116.34
	186.27
	28.18
	28.77
	1.06
	4.14
	0.35
	0.06

	8/13/10
	293.86
	92.54
	167.78
	24.12
	28.71
	2.12
	4.07
	1.06
	0.00

	8/14/10
	262.26
	80.17
	148.48
	19.74
	29.07
	1.38
	3.78
	0.29
	0.63

	8/15/10
	269.12
	97.38
	154.68
	29.93
	28.65
	1.69
	3.59
	0.15
	0.00

	8/16/10
	348.17
	169.75
	203.73
	88.25
	28.23
	1.03
	
	
	2.76

	8/17/10
	444.17
	91.81
	261.01
	35.77
	27.73
	0.96
	
	
	0.38

	8/18/10
	439.48
	111.55
	268.23
	39.42
	27.36
	1.15
	9.36
	0.48
	0.00

	8/19/10
	471.43
	107.45
	306.57
	53.24
	27.22
	0.96
	17.11
	4.46
	1.35

	8/20/10
	466.86
	96.24
	320.81
	58.82
	27.22
	1.53
	12.87
	1.46
	0.00

	8/21/10
	494.36
	136.30
	300.69
	37.05
	27.33
	0.94
	16.38
	6.72
	1.79

	8/22/10
	486.20
	126.13
	328.50
	56.39
	27.33
	1.78
	21.16
	4.00
	0.03

	8/23/10
	482.20
	137.09
	316.33
	46.15
	27.02
	1.47
	14.32
	1.81
	0.00

	8/24/10
	437.59
	90.51
	301.82
	55.60
	26.20
	1.43
	11.32
	1.09
	0.00

	8/25/10
	415.88
	105.84
	271.24
	41.93
	25.51
	1.17
	9.52
	0.94
	0.00

	8/26/10
	390.62
	96.24
	274.03
	70.05
	25.21
	1.25
	8.23
	0.76
	0.00

	8/27/10
	348.87
	15.33
	213.32
	
	25.22
	0.31
	7.17
	0.62
	0.00

	8/28/10
	369.86
	91.69
	238.83
	36.06
	26.28
	2.00
	6.46
	0.44
	0.00

	8/29/10
	351.34
	86.05
	212.41
	33.74
	25.92
	1.33
	6.00
	0.33
	0.00

	8/30/10
	341.78
	82.50
	196.35
	29.60
	26.37
	1.33
	5.71
	0.38
	0.00

	8/31/10
	316.42
	92.61
	190.09
	30.61
	25.87
	1.42
	5.43
	0.34
	0.00

	9/1/10
	279.87
	103.27
	171.20
	36.20
	25.64
	1.53
	4.90
	0.42
	0.00

	9/2/10
	260.75
	94.72
	151.67
	29.66
	25.46
	1.43
	4.56
	0.41
	0.00

	9/3/10
	203.43
	23.12
	114.45
	
	25.20
	0.45
	4.31
	0.31
	0.00

	9/4/10
	208.33
	80.03
	118.11
	28.23
	24.04
	1.60
	4.03
	0.42
	0.00

	9/5/10
	173.44
	69.85
	105.42
	18.31
	23.60
	2.03
	3.73
	0.45
	0.00

	9/6/10
	174.06
	71.24
	100.07
	17.00
	23.13
	2.31
	3.52
	0.45
	0.00

	9/7/10
	185.00
	70.33
	95.27
	16.79
	24.26
	1.96
	3.40
	0.41
	0.00

	9/8/10
	277.45
	94.42
	138.55
	39.81
	23.94
	0.74
	3.20
	0.16
	1.03

	9/9/10
	259.38
	55.76
	147.26
	32.48
	23.12
	0.94
	
	
	0.00

	9/10/10
	234.08
	47.30
	118.23
	19.52
	22.35
	0.36
	6.52
	0.47
	0.00

	9/11/10
	341.91
	259.81
	154.56
	65.30
	22.63
	0.74
	18.85
	10.42
	6.45

	9/12/10
	394.57
	126.69
	219.99
	49.66
	24.12
	2.21
	21.95
	2.52
	0.00

	9/13/10
	343.11
	102.83
	214.77
	39.57
	22.83
	1.31
	16.96
	1.88
	0.00

	9/14/10
	333.96
	110.55
	222.46
	61.61
	22.43
	1.39
	14.71
	0.53
	0.00

	9/15/10
	340.56
	106.33
	215.25
	30.64
	22.58
	1.39
	11.70
	1.17
	0.00

	9/16/10
	344.59
	79.31
	210.81
	38.80
	23.50
	1.39
	10.78
	1.04
	0.66

	9/17/10
	380.74
	117.07
	227.58
	48.08
	23.67
	0.82
	13.53
	2.12
	0.06

	9/18/10
	368.08
	125.88
	234.99
	37.85
	22.66
	1.16
	
	
	0.00

	9/19/10
	364.93
	96.94
	226.24
	38.03
	23.19
	1.66
	
	
	0.00

	9/20/10
	357.45
	100.77
	237.51
	62.50
	23.22
	1.20
	
	
	0.00

	9/21/10
	349.71
	88.49
	199.85
	30.24
	23.35
	1.45
	
	
	0.00

	9/22/10
	380.31
	110.80
	222.20
	46.68
	23.76
	1.10
	9.24
	0.76
	0.06

	9/23/10
	378.10
	90.81
	226.36
	46.08
	24.10
	1.46
	8.60
	0.92
	0.00

	9/24/10
	338.15
	92.17
	205.00
	23.51
	23.85
	1.23
	7.58
	0.74
	0.00

	9/25/10
	306.65
	69.64
	201.40
	28.49
	23.99
	1.48
	7.01
	0.39
	0.00

	9/26/10
	319.81
	126.57
	179.52
	24.09
	22.55
	0.77
	12.86
	5.41
	0.22

	9/27/10
	247.95
	96.33
	142.20
	23.39
	21.82
	1.09
	14.20
	1.25
	2.91

	9/28/10
	228.19
	87.31
	154.60
	24.79
	21.67
	1.87
	23.88
	2.22
	0.03

	9/29/10
	252.13
	93.59
	176.96
	43.14
	21.97
	2.54
	19.46
	1.70
	0.00

	9/30/10
	267.79
	109.33
	176.99
	31.54
	22.25
	2.07
	24.23
	2.88
	0.47

	10/1/10
	228.89
	83.92
	179.17
	28.69
	21.05
	1.28
	18.95
	3.86
	0.00

	10/2/10
	222.78
	91.42
	178.44
	33.22
	20.68
	1.77
	17.51
	1.26
	0.00

	10/3/10
	196.02
	78.74
	162.89
	30.13
	20.12
	2.16
	15.89
	0.24
	0.00

	10/4/10
	167.01
	63.41
	146.90
	28.26
	18.68
	2.10
	15.29
	0.42
	0.00

	10/5/10
	160.90
	57.75
	142.16
	33.74
	18.00
	2.63
	14.51
	0.62
	0.00

	10/6/10
	159.81
	62.67
	135.70
	31.00
	17.58
	2.24
	14.04
	4.06
	0.00

	10/7/10
	174.55
	62.20
	133.02
	20.27
	17.30
	1.64
	13.19
	4.09
	0.00

	10/8/10
	173.89
	55.29
	136.76
	23.15
	18.20
	1.35
	11.38
	0.65
	0.00

	10/9/10
	186.11
	72.48
	142.39
	28.80
	18.10
	1.27
	10.56
	0.63
	0.00

	10/10/10
	180.83
	63.72
	133.28
	21.09
	18.11
	1.18
	9.85
	0.58
	0.00

	10/11/10
	186.87
	72.11
	138.55
	17.94
	18.31
	1.14
	9.20
	0.51
	0.00

	10/12/10
	184.25
	50.05
	137.35
	20.70
	18.34
	0.85
	8.96
	0.31
	0.06

	10/13/10
	210.70
	60.63
	145.76
	21.44
	19.22
	1.27
	9.66
	0.41
	0.00

	10/14/10
	217.70
	80.78
	151.88
	35.63
	19.23
	1.04
	11.87
	1.21
	0.25

	10/15/10
	169.56
	72.47
	128.93
	18.77
	17.05
	0.89
	11.38
	3.27
	0.00

	10/16/10
	143.45
	47.90
	122.64
	27.36
	16.31
	0.98
	9.95
	3.45
	0.00

	10/17/10
	135.06
	43.76
	113.31
	21.89
	15.95
	1.01
	8.69
	0.79
	0.00

	10/18/10
	136.24
	44.52
	113.00
	20.34
	16.08
	0.97
	8.06
	0.75
	0.00

	10/19/10
	152.03
	51.11
	110.95
	20.04
	16.28
	1.07
	7.62
	0.74
	0.00

	10/20/10
	184.09
	72.91
	138.50
	27.59
	17.32
	0.79
	13.51
	4.61
	0.34

	10/21/10
	148.74
	55.22
	116.13
	23.30
	16.25
	1.07
	11.25
	3.36
	0.00

	10/22/10
	145.63
	73.57
	112.81
	23.41
	15.72
	1.17
	9.72
	3.49
	0.00

	10/23/10
	123.10
	37.63
	101.45
	19.60
	14.58
	1.23
	8.39
	0.92
	0.00

	10/24/10
	138.61
	42.16
	102.17
	18.15
	15.39
	1.24
	7.67
	0.84
	0.00

	10/25/10
	165.45
	57.21
	124.01
	27.44
	16.66
	0.79
	21.23
	8.18
	4.01

	10/26/10
	185.29
	67.71
	112.77
	21.94
	17.88
	1.11
	23.26
	3.39
	2.41

	10/27/10
	167.51
	73.29
	93.62
	31.55
	18.09
	0.75
	27.45
	2.80
	3.44

	10/28/10
	167.45
	55.01
	126.22
	30.76
	18.37
	1.80
	23.14
	1.01
	0.00

	10/29/10
	125.95
	47.56
	120.17
	20.33
	16.67
	1.12
	21.54
	1.53
	0.00

	10/30/10
	113.04
	51.76
	103.62
	17.52
	14.93
	1.36
	19.87
	2.01
	0.00

	10/31/10
	118.24
	42.98
	111.38
	21.42
	15.59
	1.47
	18.40
	1.21
	0.00

	11/1/10
	115.48
	40.80
	112.20
	27.23
	14.84
	0.86
	17.57
	2.52
	0.00

	11/2/10
	121.42
	39.43
	107.58
	21.00
	14.82
	0.88
	16.35
	1.44
	0.00

	11/3/10
	121.95
	37.38
	100.78
	15.67
	14.81
	0.57
	16.69
	3.44
	1.03

	11/4/10
	114.35
	53.08
	83.18
	15.93
	14.74
	0.64
	27.39
	2.56
	0.88

	11/5/10
	89.98
	38.12
	75.08
	13.01
	13.09
	0.83
	24.69
	3.46
	0.19

	11/6/10
	85.52
	41.02
	71.03
	14.66
	12.23
	0.81
	24.23
	2.60
	0.03

	11/7/10
	64.20
	33.04
	48.51
	36.97
	11.11
	0.98
	23.06
	3.75
	0.00

	11/8/10
	78.87
	32.37
	68.10
	11.04
	11.23
	1.44
	21.88
	3.08
	0.00

	11/9/10
	81.07
	41.93
	73.00
	22.20
	11.20
	1.32
	20.90
	2.01
	0.00

	11/10/10
	75.16
	26.52
	65.67
	10.76
	10.17
	0.58
	21.47
	3.69
	0.00

	11/11/10
	
	
	
	
	
	
	19.64
	3.05
	0.00

	11/12/10
	
	
	
	
	
	
	18.84
	2.63
	0.00

	11/13/10
	
	
	
	
	
	
	18.76
	4.10
	0.00

	11/14/10
	
	
	
	
	
	
	19.48
	3.14
	0.03

	11/15/10
	
	
	
	
	
	
	22.47
	4.40
	2.25

	11/16/10
	
	
	
	
	
	
	28.45
	2.09
	2.13

	11/17/10
	
	
	
	
	
	
	24.33
	2.64
	0.00

	11/18/10
	175.53
	53.92
	
	
	11.81
	0.69
	23.32
	2.39
	0.00

	11/19/10
	136.36
	33.54
	
	
	10.30
	1.05
	22.34
	1.99
	0.00

	11/20/10
	125.83
	34.28
	
	
	9.97
	1.12
	21.72
	1.71
	0.00

	11/21/10
	141.67
	45.19
	
	
	10.79
	1.37
	21.89
	2.63
	0.00

	11/22/10
	152.54
	47.85
	
	
	11.07
	1.35
	20.95
	1.86
	0.00

	11/23/10
	125.07
	42.52
	
	
	11.75
	0.80
	24.15
	4.30
	1.97

	11/24/10
	133.60
	32.33
	
	
	11.33
	0.91
	24.86
	3.10
	0.00

	11/25/10
	142.53
	32.15
	
	
	12.77
	1.24
	23.27
	2.00
	0.56

	11/26/10
	97.74
	39.81
	
	
	12.19
	1.22
	27.42
	4.27
	1.44

	11/27/10
	99.31
	26.78
	
	
	8.09
	1.06
	21.77
	6.29
	0.00

	11/28/10
	78.77
	24.53
	
	
	6.98
	1.14
	23.44
	4.50
	0.00

	11/29/10
	88.23
	36.44
	
	
	7.27
	1.27
	23.44
	5.52
	1.94

	11/30/10
	39.72
	18.11
	
	
	10.12
	0.99
	18.70
	9.66
	6.92

	12/1/10
	46.83
	17.88
	
	
	9.12
	1.04
	20.82
	12.08
	0.03

	12/2/10
	
	
	
	
	
	
	29.01
	2.51
	0.00

	12/3/10
	50.11
	33.25
	62.33
	30.34
	6.47
	0.86
	30.25
	4.34
	0.00

	12/4/10
	47.89
	34.33
	58.36
	25.05
	5.98
	0.44
	25.14
	5.83
	0.75

	12/5/10
	38.34
	20.10
	40.65
	26.12
	5.60
	0.79
	23.85
	6.95
	0.00

	12/6/10
	35.48
	22.58
	29.89
	21.29
	4.87
	0.54
	24.98
	4.88
	0.00

	12/7/10
	
	
	22.91
	14.96
	
	
	24.07
	7.89
	0.00

	12/8/10
	
	
	17.91
	16.35
	
	
	24.96
	9.77
	0.00

	12/9/10
	58.40
	38.75
	48.01
	44.37
	1.51
	0.19
	24.81
	9.20
	0.00

	12/10/10
	44.19
	21.17
	38.69
	26.75
	1.98
	0.84
	25.61
	8.28
	0.00

	12/11/10
	51.81
	28.60
	87.79
	63.27
	3.74
	1.26
	25.60
	10.67
	0.31

	12/12/10
	29.51
	20.12
	10.24
	27.59
	4.41
	0.76
	21.00
	10.09
	1.88

	12/13/10
	19.46
	13.62
	53.64
	252.59
	2.59
	0.64
	25.80
	8.96
	0.00

	12/14/10
	31.75
	22.67
	86.42
	159.67
	1.53
	0.65
	20.76
	9.01
	0.00

	12/15/10
	38.86
	17.39
	74.53
	107.22
	0.91
	0.20
	26.78
	10.67
	0.00

	12/16/10
	40.05
	101.15
	34.35
	90.38
	1.07
	0.45
	25.61
	10.56
	1.44

	12/17/10
	32.45
	15.44
	10.31
	7.82
	3.08
	1.06
	24.76
	8.34
	0.00

	12/18/10
	35.52
	18.22
	19.24
	11.97
	3.57
	0.85
	23.19
	8.27
	0.00

	12/19/10
	33.29
	15.06
	
	
	2.01
	0.56
	
	
	0.00

	12/20/10
	33.76
	19.32
	30.81
	18.58
	1.36
	0.76
	22.65
	8.73
	0.00

	12/21/10
	40.63
	18.49
	45.22
	58.84
	2.71
	0.58
	25.09
	9.91
	0.31

	12/22/10
	34.17
	17.48
	23.49
	9.41
	4.41
	0.80
	23.53
	8.66
	0.16

	12/23/10
	32.35
	18.24
	34.05
	16.12
	3.48
	0.54
	23.36
	8.32
	0.00

	12/24/10
	38.24
	19.46
	75.59
	54.63
	2.78
	1.24
	25.36
	8.08
	0.00

	12/25/10
	40.97
	19.38
	
	
	3.69
	1.16
	
	
	0.13

	12/26/10
	
	
	
	
	
	
	
	
	0.00

	12/27/10
	18.29
	9.49
	16.88
	13.57
	3.67
	2.13
	23.36
	7.67
	0.00

	12/28/10
	30.61
	13.88
	34.61
	51.74
	1.34
	0.87
	24.65
	9.64
	0.00

	12/29/10
	34.03
	20.44
	20.41
	25.08
	1.73
	0.92
	
	
	0.00

	12/30/10
	61.01
	19.20
	
	
	3.66
	0.98
	
	
	0.00

	12/31/10
	83.59
	25.75
	
	
	6.70
	1.13
	
	
	0.25

	1/1/11
	
	
	
	
	
	
	
	
	5.73

	1/2/11
	72.61
	18.52
	29.30
	16.13
	6.16
	0.68
	23.03
	16.13
	0.06

	1/3/11
	58.89
	24.05
	112.76
	164.45
	3.49
	1.34
	18.30
	13.85
	0.00

	1/4/11
	53.75
	16.27
	80.36
	93.71
	2.82
	0.91
	
	
	0.00

	1/5/11
	50.73
	11.52
	35.57
	18.02
	3.02
	1.26
	
	
	0.06

	1/6/11
	33.33
	15.89
	
	
	3.90
	0.63
	
	
	0.47

	1/7/11
	
	
	
	
	
	
	
	
	0.09

	1/8/11
	
	
	
	
	
	
	
	
	0.00

	1/9/11
	28.42
	13.02
	
	
	1.24
	0.64
	
	
	0.00

	1/10/11
	
	
	
	
	
	
	
	
	0.00

	1/11/11
	
	
	
	
	
	
	
	
	0.28

	1/12/11
	15.82
	10.33
	6.62
	3.31
	1.93
	0.80
	
	
	0.00

	1/13/11
	38.34
	13.91
	35.48
	49.85
	1.34
	0.49
	
	
	0.00

	1/14/11
	42.73
	14.63
	35.85
	43.15
	1.49
	1.39
	
	
	0.00

	1/15/11
	37.14
	16.13
	19.80
	25.17
	1.17
	0.55
	
	
	0.00

	1/16/11
	43.25
	21.72
	20.22
	17.73
	2.25
	1.39
	
	
	0.00

	1/17/11
	48.69
	13.56
	21.72
	16.48
	3.47
	1.70
	
	
	0.00

	1/18/11
	
	
	20.94
	12.49
	
	
	
	
	0.44

	1/19/11
	
	
	
	
	
	
	
	
	0.03

	1/20/11
	40.62
	25.93
	66.78
	69.78
	6.03
	1.43
	
	
	0.00

	1/21/11
	37.20
	7.18
	29.08
	32.76
	3.47
	0.83
	
	
	0.00

	1/22/11
	36.98
	12.47
	17.91
	12.79
	2.79
	1.01
	
	
	0.00

	1/23/11
	44.16
	15.79
	20.71
	14.55
	2.59
	1.16
	
	
	0.00

	1/24/11
	51.69
	21.67
	28.79
	15.53
	2.69
	1.16
	
	
	0.00

	1/25/11
	63.73
	19.46
	46.42
	41.37
	2.69
	1.16
	
	
	0.13

	1/26/11
	55.90
	23.53
	26.99
	43.57
	2.69
	1.16
	
	
	1.38

	1/27/11
	30.59
	24.39
	32.02
	17.71
	6.37
	8.33
	24.78
	12.90
	0.00

	1/28/11
	39.18
	21.77
	26.21
	18.69
	5.18
	3.33
	27.57
	10.90
	0.00

	1/29/11
	53.31
	39.86
	40.36
	37.76
	4.19
	21.28
	27.31
	10.73
	0.00

	1/30/11
	50.84
	30.26
	45.80
	40.12
	10.16
	40.77
	29.11
	8.39
	0.00

	1/31/11
	76.71
	28.75
	55.83
	36.61
	3.42
	17.14
	30.20
	6.26
	0.00

	2/1/11
	87.88
	29.38
	129.35
	179.97
	7.60
	0.91
	29.98
	7.35
	0.97

	2/2/11
	45.08
	17.46
	22.56
	12.52
	7.43
	2.43
	29.03
	10.08
	0.03

	2/3/11
	33.57
	18.72
	50.28
	72.00
	3.25
	1.24
	29.06
	8.93
	0.00

	2/4/11
	34.63
	26.97
	91.59
	145.32
	6.99
	16.52
	25.78
	12.60
	0.22

	2/5/11
	44.96
	30.36
	23.79
	22.29
	4.63
	1.39
	27.23
	11.32
	0.06

	2/6/11
	43.16
	22.10
	35.40
	29.31
	7.19
	14.16
	26.49
	10.75
	0.00

	2/7/11
	44.92
	29.79
	64.06
	108.12
	4.01
	1.31
	28.37
	9.70
	0.22

	2/8/11
	30.84
	16.72
	21.64
	12.64
	4.57
	1.65
	28.20
	10.59
	0.00

	2/9/11
	39.94
	18.73
	53.19
	88.61
	2.75
	1.14
	26.71
	11.00
	0.00

	2/10/11
	30.51
	20.19
	35.59
	35.78
	3.21
	2.19
	27.27
	10.29
	0.00

	2/11/11
	33.07
	21.25
	24.24
	20.65
	2.00
	1.18
	25.19
	11.96
	0.00

	2/12/11
	35.44
	19.83
	23.67
	20.84
	2.45
	1.72
	26.34
	10.75
	0.00

	2/13/11
	39.76
	21.81
	35.81
	19.84
	3.22
	1.82
	27.38
	9.33
	0.00

	2/14/11
	53.18
	16.64
	35.46
	13.63
	5.09
	1.68
	29.29
	5.66
	0.00

	2/15/11
	46.73
	23.26
	48.13
	45.07
	4.76
	1.30
	26.97
	9.19
	0.00

	2/16/11
	51.87
	30.25
	46.53
	15.89
	5.00
	1.66
	27.56
	8.56
	0.00

	2/17/11
	64.73
	35.51
	51.03
	21.14
	6.14
	2.05
	27.53
	7.66
	0.00

	2/18/11
	83.24
	21.24
	58.28
	15.36
	8.66
	1.20
	29.96
	2.88
	0.16

	2/19/11
	100.48
	38.05
	74.84
	42.50
	8.42
	1.09
	28.86
	5.77
	0.03

	2/20/11
	74.84
	31.49
	69.85
	33.95
	7.51
	1.45
	27.65
	7.59
	0.00

	2/21/11
	89.22
	28.51
	71.14
	21.67
	9.21
	1.33
	29.78
	2.84
	0.00

	2/22/11
	103.02
	29.82
	58.75
	18.65
	10.28
	0.84
	30.65
	2.55
	0.34

	2/23/11
	81.24
	38.23
	68.76
	51.01
	14.03
	19.64
	29.18
	5.81
	0.00

	2/24/11
	90.30
	97.30
	45.17
	37.41
	8.91
	0.66
	32.98
	2.79
	1.94

	2/25/11
	72.30
	32.74
	33.55
	18.37
	9.66
	0.78
	33.26
	2.65
	2.00

	2/26/11
	91.99
	47.22
	52.89
	35.47
	8.25
	1.99
	29.27
	8.01
	0.00

	2/27/11
	80.06
	39.19
	36.12
	24.42
	8.98
	1.68
	31.55
	7.44
	1.19

	2/28/11
	73.76
	35.56
	34.35
	22.69
	11.52
	0.85
	32.52
	3.44
	8.17

	3/1/11
	82.44
	48.90
	44.12
	29.22
	12.12
	13.06
	31.11
	6.29
	0.00

	3/2/11
	119.42
	52.49
	69.69
	35.35
	9.31
	2.10
	31.17
	4.45
	0.00

	3/3/11
	114.41
	54.61
	93.50
	35.47
	9.39
	2.24
	30.88
	4.32
	0.00

	3/4/11
	123.60
	75.96
	113.93
	41.61
	10.36
	2.26
	30.30
	5.81
	0.00

	3/5/11
	152.22
	72.65
	118.02
	47.70
	12.15
	2.41
	31.31
	2.75
	1.79

	3/6/11
	30.09
	17.23
	15.90
	9.22
	9.23
	2.67
	31.13
	8.52
	3.73

	3/7/11
	67.96
	27.07
	39.84
	27.80
	9.99
	14.54
	30.26
	7.86
	0.00

	3/8/11
	88.08
	41.46
	64.49
	44.25
	7.96
	1.84
	30.58
	6.88
	0.85

	3/9/11
	52.84
	24.34
	22.20
	15.26
	9.16
	0.88
	34.10
	1.93
	2.94

	3/10/11
	44.80
	26.09
	86.78
	398.75
	8.98
	0.94
	33.07
	5.00
	2.60

	3/11/11
	67.98
	41.57
	31.82
	21.90
	11.58
	16.06
	27.80
	10.78
	0.03

	3/12/11
	92.04
	39.50
	58.04
	30.29
	9.98
	14.17
	29.49
	7.81
	0.00

	3/13/11
	127.37
	55.55
	90.79
	28.22
	10.11
	2.26
	30.53
	5.69
	0.00

	3/14/11
	130.50
	40.56
	99.32
	35.48
	10.29
	1.10
	31.35
	2.56
	0.00

	3/15/11
	112.57
	48.36
	48.98
	33.54
	10.79
	1.27
	33.11
	1.93
	0.94

	3/16/11
	108.39
	47.24
	45.00
	18.74
	10.05
	0.91
	32.72
	2.46
	0.00

	3/17/11
	157.69
	99.62
	126.82
	83.41
	10.04
	2.76
	28.94
	8.61
	0.00

	3/18/11
	192.45
	90.09
	137.67
	49.09
	12.67
	2.63
	31.13
	2.61
	0.00

	3/19/11
	191.42
	62.17
	131.32
	37.67
	14.34
	2.04
	30.93
	2.67
	0.00

	3/20/11
	214.10
	73.72
	135.97
	34.18
	14.00
	1.96
	30.51
	2.35
	0.00

	3/21/11
	247.07
	81.39
	151.03
	48.34
	14.72
	1.79
	29.99
	2.35
	0.00

	3/22/11
	268.22
	84.83
	155.49
	42.31
	15.18
	1.99
	29.86
	3.25
	0.00

	3/23/11
	230.11
	68.55
	125.66
	49.58
	15.50
	1.38
	29.87
	3.05
	0.50

	3/24/11
	141.71
	62.42
	56.53
	22.75
	13.78
	2.82
	32.23
	2.09
	0.00

	3/25/11
	151.74
	69.71
	75.58
	28.52
	10.87
	1.52
	30.01
	5.65
	0.03

	3/26/11
	149.92
	56.71
	75.57
	36.49
	11.44
	1.64
	31.17
	4.40
	1.03

	3/27/11
	104.87
	43.27
	36.10
	16.03
	11.02
	2.02
	31.08
	7.22
	0.03

	3/28/11
	88.95
	39.31
	35.93
	23.27
	13.41
	13.55
	30.48
	8.68
	0.75

	3/29/11
	162.41
	91.21
	82.59
	52.76
	11.36
	3.21
	29.14
	8.54
	0.00

	3/30/11
	133.31
	61.66
	43.82
	28.75
	12.23
	1.69
	34.19
	1.90
	1.16

	3/31/11
	124.59
	48.75
	44.70
	15.24
	10.81
	2.58
	32.33
	3.66
	0.00

	4/1/11
	144.91
	65.87
	63.75
	27.61
	11.67
	4.29
	28.74
	9.01
	0.00

	4/2/11
	161.22
	82.35
	78.42
	39.19
	13.09
	10.95
	31.83
	3.98
	0.03

	4/3/11
	205.53
	130.93
	115.44
	51.67
	13.56
	9.02
	31.23
	4.06
	0.00

	4/4/11
	232.39
	94.64
	102.07
	44.94
	14.15
	1.81
	31.87
	2.28
	3.48

	4/5/11
	147.50
	81.08
	54.12
	37.05
	13.97
	2.85
	34.64
	2.36
	1.60

	4/6/11
	193.20
	122.57
	106.92
	55.14
	15.62
	13.89
	30.95
	5.96
	0.00

	4/7/11
	291.18
	152.44
	155.79
	57.62
	14.69
	4.54
	30.38
	4.76
	0.00

	4/8/11
	354.14
	131.62
	175.85
	46.49
	16.69
	3.55
	30.43
	2.31
	0.00

	4/9/11
	451.40
	170.16
	212.68
	62.29
	18.46
	3.37
	29.96
	1.88
	0.00

	4/10/11
	481.14
	169.39
	247.69
	64.42
	19.77
	3.37
	28.81
	1.86
	0.00

	4/11/11
	514.40
	160.23
	258.35
	60.02
	19.89
	3.35
	27.05
	1.82
	1.22

	4/12/11
	281.50
	91.36
	90.89
	49.32
	18.78
	4.95
	32.28
	1.78
	0.85

	4/13/11
	319.11
	163.25
	163.23
	101.74
	18.34
	6.44
	31.20
	1.48
	0.00

	4/14/11
	354.69
	160.50
	200.52
	68.78
	16.17
	5.30
	30.06
	1.11
	0.00

	4/15/11
	320.04
	119.87
	150.50
	74.61
	14.25
	1.41
	30.26
	3.44
	0.00

	4/16/11
	180.99
	62.91
	31.75
	27.53
	13.67
	1.37
	34.28
	3.35
	0.00

	4/17/11
	265.50
	155.71
	124.44
	78.87
	13.01
	2.69
	30.81
	5.26
	0.00

	4/18/11
	297.22
	167.91
	171.61
	66.25
	13.92
	2.23
	29.70
	5.35
	0.00

	4/19/11
	435.83
	225.52
	241.63
	69.46
	16.21
	2.49
	28.55
	5.08
	0.00

	4/20/11
	459.36
	205.12
	188.46
	76.93
	17.24
	2.04
	29.07
	5.20
	0.00

	4/21/11
	438.92
	166.70
	214.60
	83.59
	17.06
	1.67
	29.87
	4.77
	0.00

	4/22/11
	416.48
	240.95
	255.70
	94.08
	17.18
	2.18
	28.87
	3.19
	0.00

	4/23/11
	482.75
	267.71
	264.81
	75.01
	18.00
	2.34
	28.18
	2.89
	0.00

	4/24/11
	445.48
	277.36
	268.62
	73.54
	18.88
	2.29
	26.36
	2.57
	0.00

	4/25/11
	435.70
	266.79
	283.76
	73.37
	19.00
	2.17
	25.16
	3.05
	0.00

	4/26/11
	436.92
	246.15
	271.73
	52.12
	18.72
	1.73
	23.50
	4.20
	0.00

	4/27/11
	361.11
	257.87
	214.07
	126.39
	18.52
	1.85
	25.44
	6.43
	0.00

	4/28/11
	121.65
	101.97
	60.18
	58.45
	17.79
	1.61
	33.84
	4.80
	0.00

	4/29/11
	123.62
	120.64
	152.78
	92.76
	16.73
	2.28
	31.11
	3.73
	0.00

	4/30/11
	179.51
	243.36
	233.78
	120.87
	16.58
	2.57
	29.43
	3.93
	0.00

	5/1/11
	221.25
	135.76
	229.97
	81.65
	16.81
	1.90
	27.54
	5.91
	0.00

	5/2/11
	240.13
	142.73
	263.96
	89.80
	17.56
	2.49
	28.09
	2.30
	0.00

	5/3/11
	176.20
	132.42
	180.01
	124.81
	16.34
	1.81
	27.19
	8.19
	0.00

	5/4/11
	121.14
	85.63
	76.24
	45.91
	14.28
	1.84
	32.86
	5.70
	0.00

	5/5/11
	259.41
	143.41
	164.50
	98.26
	14.42
	2.49
	31.31
	5.35
	0.00

	5/6/11
	296.70
	128.15
	180.61
	61.94
	14.15
	2.35
	30.59
	3.50
	0.00

	5/7/11
	303.73
	104.06
	201.69
	63.44
	14.24
	2.35
	28.89
	5.93
	0.00

	5/8/11
	400.90
	172.81
	253.97
	102.41
	16.66
	2.89
	28.15
	5.64
	0.00

	5/9/11
	331.18
	135.43
	210.91
	48.24
	16.30
	2.01
	26.73
	5.34
	0.00

	5/10/11
	
	
	
	
	
	
	
	
	0.00

	5/11/11
	
	
	
	
	
	
	
	
	0.00

	5/12/11
	506.86
	160.81
	290.58
	222.90
	22.53
	1.92
	21.58
	3.76
	0.00

	5/13/11
	500.76
	137.09
	231.86
	178.77
	19.69
	2.47
	20.78
	4.75
	0.00

	5/14/11
	503.44
	139.47
	212.98
	157.64
	19.45
	2.51
	21.33
	4.72
	0.00

	5/15/11
	399.07
	82.12
	133.20
	126.81
	17.81
	2.32
	21.52
	4.66
	0.00

	5/16/11
	365.90
	105.90
	159.01
	185.93
	16.42
	2.08
	21.70
	4.74
	0.00

	5/17/11
	300.98
	63.10
	80.30
	87.89
	14.29
	2.38
	22.24
	4.15
	0.00

	5/18/11
	270.69
	67.69
	77.31
	77.70
	13.25
	2.43
	22.73
	5.05
	0.00

	5/19/11
	
	
	
	
	14.91
	3.01
	
	
	0.00

	5/20/11
	
	
	
	
	16.60
	2.08
	
	
	0.00

	5/21/11
	
	
	
	
	17.87
	2.69
	
	
	0.00

	5/22/11
	
	
	
	
	19.32
	2.58
	
	
	0.19

	5/23/11
	
	
	
	
	19.37
	2.50
	
	
	0.00

	5/24/11
	413.61
	117.07
	286.96
	74.66
	19.89
	2.54
	18.99
	3.20
	0.00

	5/25/11
	401.87
	143.79
	265.45
	82.31
	19.73
	3.07
	18.63
	3.12
	0.00

	5/26/11
	387.57
	126.47
	196.53
	76.50
	18.68
	2.78
	22.21
	5.78
	1.07

	5/27/11
	464.06
	134.07
	222.05
	122.12
	18.75
	3.16
	27.03
	2.15
	0.00

	5/28/11
	408.45
	122.04
	277.04
	98.09
	19.16
	3.33
	24.82
	2.55
	0.00

	5/29/11
	428.69
	130.78
	287.35
	91.66
	19.87
	3.43
	21.95
	3.09
	0.00

	5/30/11
	438.77
	175.19
	293.54
	99.32
	21.07
	3.21
	20.03
	3.55
	0.00

	5/31/11
	442.93
	109.80
	296.78
	85.22
	21.54
	3.20
	19.02
	3.66
	0.00

	6/1/11
	435.70
	85.45
	293.28
	87.47
	22.17
	3.28
	18.04
	3.47
	0.00

	6/2/11
	396.27
	96.16
	273.60
	85.02
	22.53
	2.99
	16.94
	3.31
	0.00

	6/3/11
	376.30
	73.05
	258.49
	78.92
	22.21
	3.08
	15.90
	3.05
	0.00

	6/4/11
	344.41
	65.51
	252.70
	76.05
	21.71
	3.15
	15.07
	2.99
	0.00

	6/5/11
	337.01
	72.07
	245.90
	75.59
	21.88
	2.87
	14.38
	2.87
	0.00

	6/6/11
	335.62
	78.12
	238.19
	69.63
	22.24
	3.10
	14.16
	3.04
	0.00

	6/7/11
	321.43
	74.11
	234.40
	78.06
	22.19
	3.28
	13.30
	2.68
	0.00

	6/8/11
	319.76
	93.71
	226.46
	69.07
	22.93
	2.72
	12.87
	2.62
	0.00

	6/9/11
	291.31
	100.41
	214.02
	101.05
	22.73
	2.73
	12.46
	2.75
	0.00

	6/10/11
	233.29
	106.02
	194.70
	89.62
	22.25
	2.97
	11.25
	1.21
	0.00

	6/11/11
	305.16
	140.33
	221.99
	112.02
	22.60
	2.88
	12.32
	2.45
	0.03

	6/12/11
	431.24
	179.42
	280.06
	128.41
	23.10
	2.46
	16.38
	3.95
	0.00

	6/13/11
	316.55
	146.06
	317.37
	425.95
	22.26
	2.88
	14.03
	2.50
	0.00

	6/14/11
	238.59
	115.19
	218.68
	83.36
	21.12
	2.06
	12.24
	1.74
	0.00

	6/15/11
	248.24
	89.57
	148.21
	74.54
	18.98
	2.25
	18.97
	10.50
	1.16

	6/16/11
	381.86
	160.92
	224.76
	163.12
	20.15
	2.83
	29.88
	1.87
	0.03

	6/17/11
	369.07
	147.56
	278.08
	93.89
	19.98
	2.44
	27.96
	1.58
	0.00

	6/18/11
	334.59
	249.35
	198.97
	129.23
	19.90
	2.37
	29.63
	3.43
	1.25

	6/19/11
	363.92
	765.08
	128.03
	231.74
	19.62
	2.33
	33.06
	2.00
	0.00

	6/20/11
	391.00
	167.48
	184.84
	109.35
	20.61
	2.96
	31.38
	2.44
	0.00

	6/21/11
	427.57
	177.41
	283.35
	175.74
	20.27
	10.65
	30.16
	1.24
	0.03

	6/22/11
	395.41
	175.92
	163.48
	102.49
	21.52
	2.45
	32.09
	2.24
	0.13

	6/23/11
	536.73
	1073.18
	177.72
	92.47
	21.47
	2.72
	32.25
	1.62
	0.00

	6/24/11
	291.89
	171.54
	119.12
	78.31
	21.63
	3.39
	33.65
	1.94
	0.53

	6/25/11
	382.40
	169.26
	264.86
	105.99
	20.65
	8.91
	31.31
	0.61
	0.00

	6/26/11
	381.99
	179.26
	221.70
	85.98
	20.60
	2.96
	31.37
	0.97
	0.00

	6/27/11
	505.80
	537.67
	284.23
	110.89
	20.21
	10.44
	30.99
	0.74
	0.00

	6/28/11
	424.79
	162.40
	307.38
	103.06
	22.29
	2.15
	30.45
	0.76
	0.00

	6/29/11
	408.03
	158.83
	349.35
	125.14
	22.24
	2.48
	29.83
	1.27
	0.00

	6/30/11
	416.84
	134.88
	345.43
	117.87
	21.34
	2.77
	28.71
	1.28
	0.00

	7/1/11
	377.39
	170.83
	343.46
	120.12
	21.57
	2.51
	27.92
	2.28
	0.00

	7/2/11
	425.53
	153.27
	344.50
	116.23
	21.85
	2.55
	26.28
	2.44
	0.00

	7/3/11
	412.27
	180.17
	364.13
	120.53
	22.41
	2.53
	24.40
	2.77
	0.00

	7/4/11
	509.07
	326.26
	343.11
	112.20
	22.51
	2.20
	24.01
	2.77
	0.78

	7/5/11
	496.28
	476.48
	346.68
	107.95
	22.54
	2.36
	25.14
	1.57
	0.00

	7/6/11
	411.38
	163.20
	326.64
	90.34
	22.52
	2.51
	25.49
	2.49
	0.09

	7/7/11
	418.35
	179.38
	250.76
	199.89
	21.38
	2.48
	29.11
	7.60
	0.00

	7/8/11
	241.52
	118.51
	100.83
	122.12
	22.29
	2.66
	32.73
	4.95
	0.00

	7/9/11
	332.35
	135.52
	185.63
	103.04
	22.15
	2.39
	32.00
	4.73
	0.00

	7/10/11
	408.57
	163.89
	351.58
	159.93
	22.81
	2.73
	29.12
	4.29
	0.00

	7/11/11
	464.83
	193.62
	400.91
	136.06
	23.54
	2.64
	29.49
	1.23
	0.00

	7/12/11
	493.05
	181.72
	307.47
	131.90
	23.79
	2.66
	30.22
	1.70
	0.00

	7/13/11
	405.09
	172.69
	372.06
	134.98
	23.21
	2.64
	29.46
	1.49
	0.00

	7/14/11
	521.07
	256.94
	395.10
	134.82
	22.92
	3.00
	28.95
	1.59
	0.00

	7/15/11
	437.37
	124.68
	315.09
	141.66
	23.35
	2.97
	29.56
	2.56
	0.81

	7/16/11
	337.76
	118.83
	229.78
	93.91
	22.68
	2.91
	31.59
	1.78
	0.00

	7/17/11
	422.12
	373.51
	310.69
	116.47
	21.27
	3.00
	30.46
	1.35
	0.00

	7/18/11
	445.83
	177.55
	395.04
	157.60
	21.37
	3.11
	29.60
	0.94
	0.00

	7/19/11
	484.47
	226.46
	379.91
	159.13
	21.80
	3.40
	29.56
	1.81
	0.00

	7/20/11
	1514.03
	6251.76
	396.37
	142.93
	22.24
	3.08
	29.28
	1.71
	0.00

	7/21/11
	481.27
	513.31
	321.62
	153.75
	22.97
	3.15
	30.97
	3.09
	0.00

	7/22/11
	419.69
	240.40
	335.31
	145.72
	22.30
	2.92
	31.06
	3.17
	0.00

	7/23/11
	384.58
	150.97
	374.59
	166.51
	22.80
	3.18
	29.45
	6.36
	0.00

	7/24/11
	284.43
	188.31
	190.92
	124.15
	23.25
	3.17
	30.39
	8.96
	0.00

	7/25/11
	904.66
	3743.06
	261.37
	92.29
	22.78
	3.64
	30.40
	6.87
	0.00

	7/26/11
	377.61
	134.13
	359.70
	180.41
	22.63
	3.48
	31.52
	1.37
	0.00

	7/27/11
	442.82
	144.73
	427.36
	176.17
	22.60
	3.58
	30.35
	1.58
	0.00

	7/28/11
	426.17
	168.40
	441.08
	184.98
	22.50
	3.74
	29.99
	2.17
	0.00

	7/29/11
	433.81
	171.54
	425.28
	156.32
	22.74
	3.41
	28.91
	2.11
	0.00

	7/30/11
	405.23
	277.91
	343.90
	187.37
	22.62
	3.63
	30.34
	3.81
	0.00

	7/31/11
	306.27
	112.16
	256.29
	159.00
	23.05
	3.20
	32.05
	3.99
	0.00

	8/1/11
	411.25
	129.64
	387.82
	174.66
	22.79
	3.48
	30.80
	1.62
	0.00

	8/2/11
	433.90
	173.79
	417.16
	169.83
	22.58
	3.72
	29.40
	2.15
	0.00

	8/3/11
	441.26
	280.10
	411.72
	165.13
	22.27
	3.46
	28.06
	2.13
	0.00

	8/4/11
	465.50
	142.77
	390.91
	126.95
	22.04
	3.38
	27.25
	2.34
	0.00

	8/5/11
	441.14
	205.92
	358.33
	120.88
	22.64
	3.25
	26.07
	2.39
	0.00

	8/6/11
	564.94
	1081.42
	362.25
	108.37
	22.34
	3.56
	24.95
	2.51
	0.00

	8/7/11
	481.89
	486.26
	348.18
	120.95
	22.36
	3.13
	23.71
	2.64
	0.00

	8/8/11
	429.26
	209.95
	328.07
	112.06
	21.97
	3.55
	23.29
	2.67
	0.41

	8/9/11
	438.58
	163.62
	324.40
	119.03
	22.20
	3.26
	23.58
	2.55
	0.00

	8/10/11
	391.66
	237.08
	307.70
	99.59
	22.08
	3.18
	22.12
	2.89
	0.00

	8/11/11
	340.06
	154.63
	319.20
	122.72
	21.80
	2.95
	20.29
	2.83
	0.00

	8/12/11
	314.90
	118.68
	288.91
	98.56
	22.11
	2.88
	18.41
	2.65
	0.00

	8/13/11
	612.45
	2324.78
	266.30
	95.06
	21.39
	3.12
	17.10
	2.42
	0.00

	8/14/11
	329.65
	135.37
	265.05
	83.66
	21.32
	2.92
	17.32
	3.05
	0.09

	8/15/11
	333.66
	481.64
	211.87
	71.62
	21.33
	3.07
	16.78
	2.74
	0.00

	8/16/11
	222.67
	92.96
	196.87
	59.72
	20.19
	2.93
	15.97
	2.58
	0.00

	8/17/11
	260.82
	244.75
	200.89
	66.42
	19.68
	2.91
	15.41
	2.64
	0.00

	8/18/11
	236.27
	49.11
	190.02
	61.24
	19.76
	3.21
	15.22
	2.75
	0.00
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	As biofuels continue to gain momentum as a gasoline alternative, feedstocks prices will begin to increase. Farmers will respond to the increase in higher prices by converting unused land (i.e. pastures and forests) into cropland (Searchinger et al., 2008). It is thought that this conversion will lead to an overall increase in GHG emissions negating the feedstock carbon uptake credit biofuels receive (Searchinger et al., 2008). This four year study sheds light on the initial effects of land conversion from any system be it natural pasture system or a well established cropland system to switchgrass managed for biofuel production. 
	The specific objectives of the experiment were 1) to measure annual CO2 respiration from soil under switchgrass; and 2) to use both the soil CO2 data and the below ground carbon storage data to better understand the soil carbon dynamics under bioenergy production. From the research for achieving our first objective, I was able to point out some factors that must be addressed when measuring changes in SOC. The assumption was that there would be evident changes in SOC storage over the four year experiment. This proved to be an inaccurate assumption. Four years may not be enough time to allow the system to equilibrate and begin to see the actual effects of the change in cropping system from conventional cropping to bioenergy production. The major differences between treatments turned out to initial SOC content and not necessarily the treatment themselves. This discovery is not novel and should be expected on such a short time scale.
	Scientists have found converting land from conventional agriculture to grasslands builds soil organic matter on a decadal time-scale rather than on annual time-scales (McLauchlan et al., 2006). Combining data found in this study with a study conducted on the same area in 10 to15 years would be more thorough and conclusive in determining true system carbon changes. However, I expect that the time and expense that would go into this endeavor would be better used in other areas of study due to the one-time benefit of increasing SOC. The fact that significant carbon gains occur after 10 to 15 years and switchgrass must be replanted after 15 to 20 years disrupting the system unlike native grasslands does not indicate that switchgrass should in fact be judged based on its ability to provide carbon to the soil. 
	The second objective of combining SOC measurements with CO2 measurements also proved to be more complicated than originally anticipated. Comparing the SOC data in ChapterI1 with the data regarding soil CO2 flux in Chapter II would require a great deal of assumptions including the microbial population on all sites was relatively similar, the original SOC content was similar, the soil moisture and temperature were similar, the productivity of the switchgrass was similar, and soil nutrient content was similar. There were also discrepancies regarding the calculation of bulk SOC measurements. Theoretically as soil organic carbon increases, bulk density should decrease due the aggragation effects of soil organic matter (SOM). The same analysis done above using SOC stock (kg ha-1) rather than percent SOC would result in different results. As mentioned one would expect that as SOC increases bulk density would decrease, but when calculated using SOC stocks the effect is opposite. Bulk density for this study was not taken at every sampling point and depth. Therefore the bulk density applied to determine SOC stock was an average bulk density over those samples taken at a given depth and year. The resulting assumption is that bulk density is fairly uniform across sampling sites. Even if that case could be made there still lies a problem in comparing changes in SOC on a stock basis. One such problem is if the percent SOC is decreasing and the bulk density is increasing calculation for SOC stock shows an increase. The results then just explain a change in bulk density and not an actual increase in SOC.  These are assumptions that cannot be made and therefore these systems cannot in good science be compared on any specific level. 
	To have more applicable results, a smaller CO2 field study should be used to look at specific treatments effects on CO2 flux. Specific treatments were not of scientific interest in this study because the objective was to obtain a thorough data set that would provide information on an hourly timescale to allow for more complete and accurate CO2 flux measurements in the soil system. In the future, I would recommend running side by side comparisons of CO2 flux treatments of interest. 
	Switchgrass has proven itself able to restore degraded land and prevent erosion. The main focus then should be on using it to rebuild soil structure and decrease erosion in degraded soils. Switchgrass research should also be focused on eliminating the use of fertilizers to further decrease the GHG emissions from biofuel production. Regional and national soil CO2 flux studies are still limited. Compiling regional annual soil CO2 flux research will allow a more accurate assessment of the carbon life cycle in soils used for bioenergy production. This combined research can also be used to strengthen soil CO2 flux modeling. Strengthening GHG models will result in more scientifically educated policy regarding land management and the development of biofuels in the United States.  
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Change SOC 08-11	0-5cm	5-10cm	10-15cm	15-30cm	30-60cm	60-90cm	90-120cm	-4.1877814556475528	-13.061340923099365	-8.8548621598965269	-7.168158336133061	6.167786968980792	27.472809362928245	35.581669253890198	Depth
Change (%)

SOC 2008	5.8749999999999997E-2	9.0289999999999995E-2	0.1094	0.1351	2.5229999999999999E-2	0.27679999999999999	0.16539999999999999	5.8749999999999997E-2	9.0289999999999995E-2	0.1094	0.1351	2.5229999999999999E-2	0.27679999999999999	0.16539999999999999	Corn 	Fallow 	Greenbeans 	Pasture 	Soybeans 	Switchgrass 	Wheat	1.5178	1.2647999999999999	1.0243	1.4136	1.3086	1.9674	1.3991	SOC 2009	6.0990000000000003E-2	9.0289999999999995E-2	0.1263	0.1351	2.5860000000000001E-2	0.61899999999999999	0.1547	6.0990000000000003E-2	9.0289999999999995E-2	0.1263	0.1351	2.5860000000000001E-2	0.61899999999999999	0.1547	Corn 	Fallow 	Greenbeans 	Pasture 	Soybeans 	Switchgrass 	Wheat	1.3502000000000001	1.1405000000000001	1.0925	1.5338000000000001	1.2212000000000001	1.0465	1.1336999999999999	SOC 2010	5.9290000000000002E-2	9.1259999999999994E-2	5.772E-2	8.9340000000000003E-2	2.486E-2	0.61899999999999999	0.1547	5.9290000000000002E-2	9.1259999999999994E-2	5.772E-2	8.9340000000000003E-2	2.486E-2	0.61899999999999999	0.1547	Corn 	Fallow 	Greenbeans 	Pasture 	Soybeans 	Switchgrass 	Wheat	1.3671	1.1685000000000001	1.1031	1.5381	1.2001999999999999	0.5	1.2269000000000001	SOC 2011	5.849E-2	8.9340000000000003E-2	0.11700000000000001	8.2710000000000006E-2	2.6509999999999999E-2	0.1384	0.1547	5.849E-2	8.9340000000000003E-2	0.11700000000000001	8.2710000000000006E-2	2.6509999999999999E-2	0.1384	0.1547	Corn 	Fallow 	Greenbeans 	Pasture 	Soybeans 	Switchgrass 	Wheat	1.4072	1.1247	1.1281000000000001	1.4533	1.1787000000000001	0.88700000000000001	1.0532999999999999	
Soil Organic Carbon (%)

SOC 2008	0.15440000000000001	0.155165	0.1074	6.1359999999999998E-2	0.1057	0.14949999999999999	4.0599999999999997E-2	0.12306500000000001	6.1359999999999998E-2	0.14949999999999999	0.1057	0.26750000000000002	0.15440000000000001	0.155165	0.1074	6.1359999999999998E-2	0.1057	0.14949999999999999	4.0599999999999997E-2	0.12306500000000001	6.1359999999999998E-2	0.14949999999999999	0.1057	0.26750000000000002	2 (Fallow)	4 (Soy/Switch)	5 (Soy)	6 (Soy)	7 (Fall)	8 (Corn/Past)	9 (Soy)	10 (Soy/ Wht)	11 (Corn)	12 (Soy)	13 (GB)	15 (Past)	1.4597	1.7675000000000001	0.82010000000000005	1.2513000000000001	1.1735	1.6266	1.2182999999999999	1.2857500000000002	1.4174	1.0701000000000001	1.0243	2.2907000000000002	SOC 2009	0.14949999999999999	0.32121499999999997	0.10920000000000001	6.2700000000000006E-2	0.1074	0.16355	4.1369999999999997E-2	0.11837	6.2700000000000006E-2	0.1598	0.1221	0.2442	0.14949999999999999	0.32121499999999997	0.10920000000000001	6.2700000000000006E-2	0.1074	0.16355	4.1369999999999997E-2	0.11837	6.2700000000000006E-2	0.1598	0.1221	0.2442	2 (Fallow)	4 (Soy/Switch)	5 (Soy)	6 (Soy)	7 (Fall)	8 (Corn/Past)	9 (Soy)	10 (Soy/ Wht)	11 (Corn)	12 (Soy)	13 (GB)	15 (Past)	1.399	1.1974499999999999	0.82950000000000002	1.2497	1.0071000000000001	1.24275	1.1848000000000001	1.1346499999999999	1.3308	1.0548	1.0925	2.8973	SOC 2010	0.14949999999999999	0.32330499999999995	6.1690000000000002E-2	6.1690000000000002E-2	0.10920000000000001	0.13370000000000001	4.0599999999999997E-2	0.11791499999999999	6.1690000000000002E-2	0.15440000000000001	5.577E-2	0.13370000000000001	0.14949999999999999	0.32330499999999995	6.1690000000000002E-2	6.1690000000000002E-2	0.10920000000000001	0.13370000000000001	4.0599999999999997E-2	0.11791499999999999	6.1690000000000002E-2	0.15440000000000001	5.577E-2	0.13370000000000001	2 (Fallow)	4 (Soy/Switch)	5 (Soy)	6 (Soy)	7 (Fall)	8 (Corn/Past)	9 (Soy)	10 (Soy/ Wht)	11 (Corn)	12 (Soy)	13 (GB)	15 (Past)	1.4087000000000001	0.96399999999999997	0.90649999999999997	1.1147	1.0403	1.5113500000000002	1.1852	1.26	1.3214999999999999	1.1893	1.1031	1.7735000000000001	SOC 2011	0.14949999999999999	8.7245000000000003E-2	0.1057	6.1039999999999997E-2	0.1057	0.12759999999999999	5.0909999999999997E-2	0.11791499999999999	6.1039999999999997E-2	0.14949999999999999	0.113	0.1221	0.14949999999999999	8.7245000000000003E-2	0.1057	6.1039999999999997E-2	0.1057	0.12759999999999999	5.0909999999999997E-2	0.11791499999999999	6.1039999999999997E-2	0.14949999999999999	0.113	0.1221	2 (Fallow)	4 (Soy/Switch)	5 (Soy)	6 (Soy)	7 (Fall)	8 (Corn/Past)	9 (Soy)	10 (Soy/ Wht)	11 (Corn)	12 (Soy)	13 (GB)	15 (Past)	1.319	1.0960999999999999	0.83840000000000003	1.077	1.0275000000000001	1.3771500000000001	1.1637	1.06965	1.3938999999999999	1.1773	1.1281000000000001	1.7012	Farm
Soil Organic Carbon (%)

SOC 2008	8.8270000000000001E-2	5.9220000000000002E-2	5.5879999999999999E-2	4.4990000000000002E-2	8.8270000000000001E-2	5.9220000000000002E-2	5.5879999999999999E-2	4.4990000000000002E-2	Clay Loam	Silty Clay Loam	Loam	Silt Loam	1.3836999999999999	1.2654000000000001	1.5158	1.1872	SOC 2009	8.8749999999999996E-2	6.2E-2	5.8790000000000002E-2	4.6870000000000002E-2	8.8749999999999996E-2	6.2E-2	5.8790000000000002E-2	4.6870000000000002E-2	Clay Loam	Silty Clay Loam	Loam	Silt Loam	1.2297	1.2687999999999999	1.3418000000000001	1.1687000000000001	SOC 2010	8.5769999999999999E-2	5.6770000000000001E-2	5.6279999999999997E-2	3.9910000000000001E-2	8.5769999999999999E-2	5.6770000000000001E-2	5.6279999999999997E-2	3.9910000000000001E-2	Clay Loam	Silty Clay Loam	Loam	Silt Loam	1.3299000000000001	1.2948	1.425	1.2161	SOC 2011	9.8400000000000001E-2	6.1420000000000002E-2	5.4640000000000001E-2	4.648E-2	9.8400000000000001E-2	6.1420000000000002E-2	5.4640000000000001E-2	4.648E-2	Clay Loam	Silty Clay Loam	Loam	Silt Loam	1.3689	1.3324	1.2612000000000001	1.1924999999999999	Soil Organic Carbon (%)

SOC 2008	0.11219999999999999	7.1080000000000004E-2	8.6370000000000002E-2	2.8709999999999999E-2	0.11219999999999999	7.1080000000000004E-2	8.6370000000000002E-2	2.8709999999999999E-2	Alfisol	Inceptisol	Mollisol	Ultisol	1.1597	1.3037000000000001	1.5114000000000001	1.3774	SOC 2009	0.11559999999999999	7.3380000000000001E-2	9.554E-2	2.9100000000000001E-2	0.11559999999999999	7.3380000000000001E-2	9.554E-2	2.9100000000000001E-2	Alfisol	Inceptisol	Mollisol	Ultisol	1.1259999999999999	1.2024999999999999	1.4231	1.2573000000000001	SOC 2010	7.2160000000000002E-2	6.6530000000000006E-2	0.1091	2.8129999999999999E-2	7.2160000000000002E-2	6.6530000000000006E-2	0.1091	2.8129999999999999E-2	Alfisol	Inceptisol	Mollisol	Ultisol	1.2022999999999999	1.2534000000000001	1.5477000000000001	1.2625	SOC 2011	0.11269999999999999	8.4570000000000006E-2	8.5470000000000004E-2	3.0439999999999998E-2	0.11269999999999999	8.4570000000000006E-2	8.5470000000000004E-2	3.0439999999999998E-2	Alfisol	Inceptisol	Mollisol	Ultisol	1.1922999999999999	1.1950000000000001	1.5294000000000001	1.2383	Taxonomy
Soil Organic Carbon (%)

2008	0.11	0.1	0.09	0.12	0.3	0.42	0.39	0.11	0.1	0.09	0.12	0.3	0.42	0.39	0-5cm	5-10cm	10-15cm	15-30cm	30-60cm	60-90cm	90-120cm	1.1299999999999999	1.18	1.22	1.19	1.57	1.41	1.39	2009	0.24803055870617971	0.19055056246241325	0.21666080626387849	0.14968730044037476	0.25473617520241099	0.11361343363138707	0.14480007738412434	0.24803055870617971	0.19055056246241325	0.21666080626387849	0.14968730044037476	0.25473617520241099	0.11361343363138707	0.14480007738412434	0-5cm	5-10cm	10-15cm	15-30cm	30-60cm	60-90cm	90-120cm	1.379931434907538	1.4736138054492582	1.5313441974959232	1.5338149975086746	1.767947040218742	1.6239051277976342	1.6585211817806726	2010	0.14609206953303069	0.12138597314244362	0.12250837620081285	0.18375028576493951	0.2437372620407986	0.42130376892518495	0.28840851410092422	0.14609206953303069	0.12138597314244362	0.12250837620081285	0.18375028576493951	0.2437372620407986	0.42130376892518495	0.28840851410092422	0-5cm	5-10cm	10-15cm	15-30cm	30-60cm	60-90cm	90-120cm	1.3026803180710136	1.4080220114406556	1.4188034110860972	1.4574497009632144	1.53483380016607	1.6422796962069812	1.5736816471462305	2011	0.2273458286974526	0.17038531847755736	0.13515165084735084	0.13506899981218495	0.11738617544903239	0.10561394819764544	0.1066851386963025	0.2273458286974526	0.17038531847755736	0.13515165084735084	0.13506899981218495	0.11738617544903239	0.10561394819764544	0.1066851386963025	1.3555186912900921	1.403203071120906	1.4205690714966164	1.4494908712603864	1.6244427444885752	1.6464695377745864	1.6055187688847434	Depth
Bulk Density (g/cm^3)

Bulk Density (g/cm^3)	
R² = 0.4669
0.23580711354309189	0.27539779681762555	0.29618863049095584	0.31971122076114017	0.3316106804478901	0.34405655729951284	0.35728542725829537	0.37755996830040411	0.43905372894947847	0.45118983234180643	0.47901826002635062	0.5606944071395058	0.69301471579426743	0.72032482485100413	0.75397796817625584	0.77594585213467449	0.92492780838035726	0.92876438806671513	0.93129172858832554	1.0147856817145466	1.2567594532229474	1.2893991264313547	1.302793340811593	1.4455703211517152	1.9444767441860467	1.9471772085641317	1.9620227803703141	2.0322848569285177	1.3891954256905803	1.6585211817806726	1.4124794561185718	1.6055187688847434	1.6239051277976342	1.5736816471462305	1.6422796962069812	1.6464695377745864	1.767947040218742	1.5686546984672303	1.6244427444885752	1.53483380016607	1.4574497009632144	1.4494908712603864	1.5338149975086746	1.1936661636559249	1.4205690714966164	1.5313441974959232	1.4188034110860972	1.2169837524141578	1.403203071120906	1.4736138054492582	1.4080220114406556	1.184696199126323	1.379931434907538	1.3555186912900921	1.3026803180710136	1.1299106461250596	SOC (%)
Bulk Density 

Cover	11685.850372113999	11517.002575563998	3968.4680265120001	2501.4304493582003	11685.850372113999	11517.002575563998	3968.4680265120001	2501.4304493582003	Spring	Summer	Fall 	Winter	26905.99812635699	38710.345157649994	10661.127298227002	5448.9947714850005	Bare	7254.4185947779997	4748.1765591859994	2143.3307214252	3254.5817081198998	7254.4185947779997	4748.1765591859994	2143.3307214252	3254.5817081198998	Spring	Summer	Fall 	Winter	15878.666902720999	25091.931490337993	7010.1654051409987	4030.7618567369996	Temperature	17.451272513164831	26.254526190197531	13.248982513796202	6.3489050191827152	
CO2 Flux (kg/ ha/season)
Soil Temperature (C )
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Carbon Dioxide Flux (CO2-Ckg/ha d)
Soil Temperature ( C )
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