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Executive Summary 
Biochar is an increasingly popular topic in environmental management due to its potential effects on 

several ecosystem functions. Specifically, biochar has been linked to significant reductions in 

greenhouse gas emissions, including nitrous oxide, carbon dioxide and methane when used as a soil 

amendment. It has also been suggested as a long term mechanism to sequester carbon in soil. The 

magnitude of such an effect is highly dependent on a variety of environmental factors, as well as the 

feedstock and temperature at which the char was produced, so it is essential to put biochar studies in 

specific land use contexts to fully understand its potential impacts.  

Additionally, naturally occurring char material is a byproduct of prescribed burns and wildfires in fire-

adapted ecosystems such as North Carolina peatlands. It is unclear to what extent this naturally 

occurring char aids in greenhouse gas suppression in these carbon sinks. In order to fully understand the 

existing and potential role of biochar for land use management in North Carolina, an experiment was 

designed to quantify the effect of biochar on soil greenhouse gas emission. This experiment looked at 

agricultural soils, organic peat soils, and heated peat soils. Treatment groups received a 10% by weight 

char amendment and incubated in the lab for seven months. Gas samples were collected from the 

headspace to determine gas emissions over time. 

This study finds modest effects of biochar on greenhouse gas emissions. Char-amended agricultural soils 

saw reduced nitrous oxide emissions, but increased carbon dioxide emissions. Peat soils saw non-

significant reductions in emission rates for all three gases, including a 12% reduction in net methane 

emission and a 9% reduction in average carbon dioxide emission. Heated peat, which was produced to 

simulate the effect of a prescribed burn, released large amounts of carbon dioxide and methane in the 

first sampling date but stabilized to low levels after 17 days. This resulted in heated peat having net 

positive methane emissions, but lower net carbon dioxide outputs as compared to unheated peat. This 

study therefore finds evidence that fire regimes in natural peatlands disrupt normal carbon cycling even 

without igniting the peat, but that the presence of char in the soil contributes to stable carbon storage 

and greenhouse gas suppression. Effects on nitrogen flux from soils are less clear because changes in 

averages are driven by difference on individual sampling dates and not any apparent trend over time. 

This study has shed light on the role of biochar as a tool for GHG management in two major land use 

types in North Carolina. Primarily, this study finds that biochar plays a large role in carbon and nutrient 

cycling in peatlands by adding recalcitrant carbon storage without increasing gas flux. Fire regimes may 

have long-term positive effects on carbon dioxide reduction, but this study finds that exposure to 

intense heat leads to initial spikes in gas emissions and sustained methane production from peat soils. 

Biochar addition to wetland peat soils may be a potential avenue for decreasing greenhouse gas 

emissions in order to maximize ecosystem services like carbon sequestration from these crucial habitats. 

However, more research is needed to understand impacts of biochar for agricultural management since 

results in this study were inconclusive. Additionally, the interaction of soil moisture and biochar on gas 

flux and a more holistic microcosm study design are recommended as future avenues for research. 



Introduction 
Biochar, a soil amendment created through the burning of vegetative biomass, has gained attention in 

recent years as a potential solution for wide-ranging environmental management problems. While 

charred biotic material exists naturally in many environments from fires, “biochar” typically refers to 

char specifically manufactured for the purpose of soil amendment. Biochar has been shown to have 

positive outcomes on soil function to sequester carbon to slow the effects of global climate change 

(Zheng et. al., 2012), retain soil nitrogen to reduce eutrophic nutrient loading in aquatic ecosystems 

(Zheng et. al., 2013) and immobilize contaminants to protect biotic integrity (Wang et. al., 2012). 

However, there are trade-offs associated with biochar application to soil, as it may limit microbial and 

decomposer communities important for soil ecology (Verheijen 2010), introduce harmful metals to plant 

tissue, and even decrease agricultural productivity (USDA). The effects of biochar on carbon and nutrient 

cycling are highly variable and depend on the parent material (feedstock), production temperature, rate 

of application, the nature of the soil to which it is applied, and other environmental conditions 

(Verheijen 2010).  

Additionally, the literature seems to reveal a lack of systematic practices for studying biochar or 

prioritizing ecological functions it may disrupt. Biochar also was found to decrease hydraulic conductivity 

in sandy soils, but the magnitude of influence on conductivity was determined by the biochar’s 

coarseness relative to the soil particles around it (Liu et. al., 2016). Because biochar is hydrophobic, 

intense pressure is needed to sustain normal water infiltration and movement. This could have far-

reaching impacts for wetland areas, where 

the ecological function is driven by water 

retention and flow. The variability inherent 

in the literature and wide array of potential 

management applications necessitates more 

research to predict effects for specific land 

use management scenarios. 

This project is taking place in conjunction 

with a study currently being undertaken by 

Drs. Flanagan and Richardson in the Duke 

University Wetlands Center concerning the 

role of naturally occurring charred organic 

material in the historical lifecycles of tropical 

peatlands. North Carolina peatlands are fire-

adapted, meaning their natural ecological 

functions are dependent on prescribed 

burns on a decadal cycle. At Pocosin Lakes 

National Wildlife Refuge (PLNWR) in eastern 

North Carolina, prescribed fires occur every 

10-30 years. This fire ignites the vegetation, 

creating natural char, which is left on the top 

Site map of Pocosin Lakes Refuge in eastern North Carolina, 
where samples were collected. Map taken from official 
website at https://www.fws.gov/refuge/Pocosin_Lakes 



soil and helps regulate biogeochemical processes. The underlying carbon-rich peat soil is not usually 

ignited due to soil moisture, but it does get heated to extremely high temperatures. 

It is hypothesized that this charred material resulting from seasonal fires slows decomposition rates in 

wetlands in the southeastern United States because microbial communities are not able to break down 

the accumulated char and phenolic material as easily (Richardson et. al., 2014). This study will 

specifically examine the effects of biochar treatment on mineral agricultural soils and organic wetland 

soils as a proxy for land use management. 

The outcomes of this study will serve two purposes. The first is to contribute information to how fires 

play a role in subtropical and tropical wetland ecosystems. The second is to shed light on how biochar 

can be most effective for management goals in wetlands and agricultural fields, specifically within the 

southeastern US. As a broadening field of scientific literature explores the environmental benefits and 

drawbacks of biochar, this project will provide context for North Carolina’s natural resources. 

Materials and Methods 
Approach In order to better understand effects of biochar on North Carolina soils and its potential use 

for natural resource management, three incubation experiments were devised which mimic real-world 

land use scenarios. The first scenario of interest is biochar as an amendment for agricultural soils. We 

set up incubations of agricultural soil with and without char amendment, similar to existing biochar 

literature (Experiment 1). The second scenario of interest was understand the role additional char, 

whether through planned amendment or as a soil legacy, plays in gas flux in southern peatlands 

(Experiment 2). Therefore a second pair of incubations were set up with peat soil with and without char 

amendment. The final scenario was understanding the role of prescribed burns in regulating peatland 

gas cycles. A third set of incubations were set up in which the peat soil was heated (heated peat), again 

with and without char amendment (Experiment 3). This empirical approach with direct land-use 

scenarios allows conclusions to be drawn about the potential for biochar as an agent for carbon 

sequestration in intensive land uses such as agriculture as well as managed natural places such as 

wetlands. All materials were collected from the field then processed at the Duke University Wetlands 

Center. 

Sample Collection and Preparation Peat was collected from Pocosin Lakes National Wildlife refuge. 

After clearing recently dropped plant litter, we collected peat from top 10 cm in an area dominated by 

Lyonia lucida. Soil was collected in May and June of 2015. The peat was sifted to remove major root 

systems, twigs and intact leaves and then passed through a 2mm sieve and homogenized. It is important 

to note that most of the peat had some level of char already naturally occurring in the soil from recent 

controlled burns. Large groups of char were removed during sifting, but there is an estimated 5% char in 

each of the peat samples before treatment. Moisture content of the peat was approximately 250% by 

mass. A portion of the peat was flash heated to 400°C for 5 minutes in order to mimic heat effect of fires 

based on observed prescribed burn conditions.  

Agricultural soil was collected from plots near PLNWR. This sample, too, was collected from the top 10 

cm. The primary crops grown in this soil are soybeans and wheat. The agricultural samples were 



collected in July, then sifted to remove rocks and homogenize. This agricultural soil was revealed to be 

9% organic matter. It was then rehydrated to an estimated field capacity of 20% water by weight. 

Biochar was made in-lab from L. lucida stems, collected from the same peatland site in May and July. 

Stems were stripped of leave and cut into small segments. They were then exposed to pyrolysis in the 

muffle furnace, burning for 3 minutes in 450°C temperatures. The charred material was then ground and 

passed through a 2mm sieve and homogenized.  

Study Design and Data Collection The incubation experiment for gas collection took place in sealed 16-

ounce Bell jars, fitted with rubber septa and sealed with silicon. Replicates were set up for each of our 

six treatments: agricultural soil, peat soil, and heated peat soil, then each with biochar additions. Soils 

were mixed with 10% biochar by weight for each biochar addition treatment, which is consistent with 

application rates from the literature. Using local vegetation for the biochar additive, as opposed to 

feeder such as pine chips, which are commonly used in the literature, has the benefit of making the 

findings of this study even more relevant for managers in eastern North Carolina. 

Gas samples were then collected on a logarithmic sampling schedule, from August to November. 

Incubation jars were capped outside in order to capture well-mixed air. Initial headspace samples were 

taken after capping, and then a second sample was taken approximately three hours later. Gas samples 

were run through a gas chromatograph (Varian-450 GC) for carbon dioxide, methane and nitrous oxide 

composition. From these outputs, net concentration and emission rates were calculated. Each 

treatment jar was weighed and rehydrated every 4-6 weeks to maintain field capacity. Septa were 

replaced to maintain integrity of the seal. 

Data Analysis Raw data outputs consisted of gas concentrations for each treatment group at two time 

periods three hours apart. Emission rates were calculated as changes in concentration over time, 

correcting for soil mass and headspace volume. Rates reported here are the average rates for five 

replicate jars, with variability between samples expressed as standard deviation. Time-series graphs 

were integrated over the entire seven-month incubation period with a simple midpoint equation to give 

an estimate of net gas outputs per treatment type. ANOVA and pairwise tests for statistical significance 

were performed on average emission rates for each treatment group in order to capture overall 

treatment effects of biochar.  

Results 
Emission rates for nitrous oxide, carbon dioxide and methane were calculated for each treatment over 

seven months, from late August to mid-March. Emission rates and net impact per gram of soil are 

reported in Tables 2-4 in the Appendix. For many treatments, unstable or erratic swings in emissions 

rates were seen in the first few months, with a stabilizing effect taking place a few months into the 

incubation, around early October, and longer trends becoming apparent with time. All nitrous oxide 

emissions units are reported as ng N2O/g soil/hour; methane as ug CH4/g soil/hour; carbon dioxide as 

mgCO2/g soil/hour.  

The results of this study are characterized by differences in emissions between treatments on individual 

sampling dates, long-term trends between individual sampling dates, and total average emission over 



the seven-month incubation period. For many of the time series presented below, the greatest amount 

of variability between samples occurred on the first sampling date and reduced throughout the course 

of the incubation, leading to a stabilizing effect. The magnitude of this effect and uncertainty in early 

sampling dates casts some uncertainty onto the observed trends in the data and reduces significance of 

the results. Peat and char-treated peat exhibited the least fluctuation in emission rates between 

sampling dates, indicating a level of stability through time not evident in the other types of soils used for 

this experiment. In contrast, the heated peat and char-treated heated peat experienced very high initial 

emissions of nitrous oxide and carbon dioxide on the first sampling date, which had a sharp drop off 

within the first few weeks of the incubation. 

Experiment 1: Agricultural Emissions In both the untreated and char-treated agricultural soils, we saw 

negative N2O emissions with an integrated net impact over the sampling period of -737.2 and -800.2 

ng/g soil respectively (Figure 1A). These negative numbers indicate that both treatment and control 

groups were removing nitrogen oxide from the headspace rather than emitting any of the gas. While the 

biochar additions did result in a lower total concentration, these reductions are only significant for 

specific sampling dates and there is little evidence from our data to support a longer-term effect of 

biochar. Additionally, the negative values are extremely unexpected, due to the fact that untreated 

agricultural soils typically have very high nitrogen outputs. 

The methane impact for untreated agricultural soil was -563.0 ugCH4/g soil, and for char-treated 

agricultural soils was -281.5 (Figure 1B). There was no significance for individual sampling dates or over 

the time period due to high variability between samples. The net impact for carbon dioxide emissions 

for untreated agricultural soil was 677.3 mgCO2/g soil, and for char-treated agricultural soils was 1189.9. 

Over the sampling period, char-treated agricultural soils thus emitted about 75% more carbon dioxide, 

with significant but not large differences between the treatment and control outputs for individual 

sampling dates (Figure 1C). The largest difference between the treated and untreated carbon dioxide 

emissions occurred on the first sampling date in late August, followed by a sharp drop-off in the control 

and a subdued drop-off in the treatment.  

 

 

 



 

 

Experiment 2: Peat Emissions Char treatment resulted in lower emission rates for all three GHG in the 

peat incubation. The largest treatment effect was seen in peat N2O emissions, where untreated peat 

had an integrated emission of 394.6 ng/g and the char-treated peat had an emission impact of 113.7 

ng/g soil, constituting a 71% reduction. As can be seen in the time series (Figure 2A), this treatment 

effect is largely driven by significant differences on individual sampling dates and not an obvious long-

term trend. 

The next notable difference in terms of overall treatment effect pertains to methane emissions. 

Methane rates for both treatment and control groups oscillated around zero until October, when 

average methane flux turned negative and the soil began to not release CH4 (Figure 2B). The untreated 

peat emitted methane with a net impact of -7311.3 ug/g soil, while char-treated peat was reduced to an 

average emission rate of -8162.8 ug/g. This translates to approximately 12% reduction in methane flux 

(net oxidation) over seven months, though these reductions are not statistically significant due to 

considerable variability for each sampling date. 

Finally, biochar had a small treatment effect on carbon dioxide emissions, with untreated peat emitting 

at an average rate of 5.5 mg/g/hour throughout the study and char-treated peat at an average rate of 
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Figure 1: Agricultural soil incubation time series 
graphs for A) nitrous oxide B) methane and C) 
carbon dioxide. Data points for each date represent 
the mean and standard deviation of five replicates. 
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5.1 mg/g/hour (Figure 2C). Averages are appropriate in describing the CO2 impact for peat because 

emissions rates remain stable and positive through time, especially as compared to other gas outputs, 

which fluctuate between positive and negative values (see Figure 2). While this only represents a 9% 

decrease in net emissions impact, the low variability between samples allows for greater certainty in this 

number. 

 

 

 

Experiment 3: Heated Peat Emissions The heated peat (HP) samples had slightly reduced nitrous oxide 

flux and higher carbon emission impacts as compared to control peat samples (P) (Figure 3AC). Char-

treated heated peat (HPC) saw modest reductions in average nitrous oxide and carbon dioxide emissions 

as compared to HP samples. There is virtually no treatment effect of biochar addition on methane 

emission rates when looking between heated peat samples (Figure 3B). Any char-induced treatment 

effects are driven by differences between groups on individual sampling dates early in the incubation 

(August and September), a period also characterized by extremely variable outputs. As can be seen in 

the time series, any distinction between the heated peat and char-treated heated peat disappear 

towards the end of the sampling period. In the heated peat (HP) and heated peat plus char (HPC) time 

series, a very clear and relatively quick stabilizing effect takes place, more evident than in any other 
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Figure 2: Peat soil incubation time series graphs for 
A) nitrous oxide B) methane and C) carbon dioxide. 
Data points for each date represent the mean and 
standard deviation of five replicates. 
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incubation results, with no sudden spikes in average emission rate or error in the later months of the 

experiment. 

 

 

Peat Treatment Comparison The final set of results to consider is differences between two treatment 

effects of particular interest. As mentioned in the approach, char-treated peat (PC) and char-treated 

heated peat (HPC) are the closest experimental proxies to real wetland management scenarios. To 

provide insight for practical takeaways for land-use planners at PLNWR, these two treatments were 

compared in a time series seen in Figure 4AB. HPC samples had a net methane impact of 4203.6 ugCH4/g 

soil as compared to a PC net impact of -8162.8. This indicates that heat treatment resulted in net 

methane release, while non-heated samples saw net oxidation. Despite high initial carbon dioxide 

outputs, HPC showed consistently lower CO2 emissions as compared to PC after 17 days of incubation. 

This translates to an integrated net emission of PC samples of 22061.8 mg/g soil and 12772.2 for HPC, a 

42% reduction in total carbon dioxide impact over the sampling period. 
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Figure 3: Heated peat soil incubation time series 
graphs for A) nitrous oxide B) methane and C) 
carbon dioxide. Data points for each date represent 
the mean and standard deviation of five replicates. 
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Figure 4: Time series graphs comparing carbon output of management-relevant peat treatments. PC represent the 

char-treated peat soils from Experiment 2 and HPC represents the heated-peat plus char samples, our fire proxy 

scenario, from Experiment 3. 

Discussion 
Clear trends have emerged from the results of this study to begin contextualizing the role of biochar in 

both natural and management settings for North Carolina’s natural resources. In our first set of 

incubations (Experiment 1), there was little evidence of biochar’s effectiveness for agricultural soils, 

-8.0

-6.0

-4.0

-2.0

0.0

2.0

4.0

6.0

8/31 9/2 9/8 9/11 9/16 9/23 10/8 11/23 1/28 3/15

u
g 

C
H

4
/g

 s
o

il/
h

o
u

r
CH4 Emissions

HPC PC

0.000

2.000

4.000

6.000

8.000

10.000

12.000

14.000

16.000

18.000

8/31 9/2 9/8 9/11 9/16 9/23 10/8 11/23 1/28 3/15

m
g 

C
O

2
/g

 s
o

il/
h

o
u

r

CO2 Emissions

HPC PC



because char-amended soil had only slightly higher outputs of CO2. While the char amendment seems to 

have some positive effect on reducing agricultural nitrous oxide emissions, as was predicted from the 

literature, the untreated soil should not have seen no N2O outputs, which casts doubt onto the validity 

of those results. In regards to organic wetland soils, Experiments 2 and 3 revealed that peat is much 

more stable than heated peat in terms of GHG emissions over the entire sampling period. Heated peat 

experiences a large carbon release in the early sampling dates, corresponding directly to what was 

found in the field after a fire event. However, biochar has a positive effect on tempering peat emissions. 

Biochar was found to be effective at suppressing all three types of GHG in peat soils in Experiment 2 and 

to dampen the initial priming effect of fires in Experiment 3. What does this mean for environmental 

managers? 

Agricultural Management A vast majority of the existing biochar literature is concerned with effects of 

char on agricultural soil. Very little of this literature directly applies to North Carolina managers or even 

the Southeastern US. It is worthwhile to compare results of this study with what little applicable 

literature exists to examine potential reasons for regional differences. Therefore the results are 

compared to the results of Spokas et. al., 2009, one of the closest studies in terms of experimental 

design and location. There are important differences between the soils used in each study; specifically, 

our agricultural soils have much higher organic content which may influence outcomes. In Table 1 there 

is a shocking lack of consensus between the results of the two studies analyzed. Our results are 

magnitudes of order different from literature results, and even have opposing signs for N20 and CH4. The 

magnitude of these discrepancies between the findings of this study and existing literature may 

necessitate further review in order to determine if results are due to regional soil differences or the 

study design. Repeating this incubation or continuing long-term monitoring of the ongoing incubation is 

advisable to confirm results. Spokas 2009 and Rogovska et. al., 2011 have both seen significant results of 

biochar with nitrogen amendments. That was not considered for this study due to the assumption that 

the agricultural fields were already very high in soil nitrogen, but this may be an area for future 

research. 

Table 1: Comparison of GHG flux results for agricultural soils 

 Spokas et al 2009 Keenan 2016 

Char feedstock Sawdust Lyconia 
Pyrolysis Fast; 500C Fast; 450C 

Soils Minnesota; ag; 2.6% organic NC; ag; 9% organic 
Inoculation prd 100 days 7 months 

N2O 0.042 ng/g/hr -0.279 ng/g/hr 
CO2 0.003 mg/g/hr 0.411 mg/g/hr 

Methane -0.083 ng/g/hr 0.012 ug/g/hr 
 

Even if biochar is not an applicable management tool for carbon sequestration in North Carolina 

agricultural fields, it may still aid in other important ecosystem conservation goals. North Carolina 

waterways are plagued by nutrient loading from fertilizer use and livestock operations. This water 

eventually feeds into critical freshwater and coastal wetland habitats. Biochar is still worth investigating 



as a nutrient control measure at the source, which could aid in downstream water quality management 

objectives. 

Wetland GHG Management It is becoming increasingly apparent that char, whether from natural fires 

or from  added  amendments, may play a large role in future GHG sequestration techniques. The results 

of Experiment 2 reveal that the addition of biochar to peatland soils aids in reducing GHG soil emissions 

because all three gases tested here had lower emissions after char amendment. Higher net methane 

emission for the heated peat soils seems to indicate a tradeoff for carbon storage and fixation potential 

after a fire. Though vegetative charring is likely a necessary process for the continuation of southern 

peatlands and prescribed fires appear to be beneficial for carbon dioxide reduction, the impacts on 

methane output are troubling. While it is not clear how these trends continue or change over longer, 

more environmentally relevant time periods, this does provide evidence that even prescribed burns 

cause large disruptions in carbon cycling processes. In contrast, char-amended peat has increased 

storage of recalcitrant carbon without increasing GHG emissions. As the heated peat samples serve as 

the best proxy for a fire management scenario, this study indicates the potential for using biochar to 

increase carbon storage of southern peatlands between controlled burns.  

This finding is especially important because wetlands play a large role in global carbon cycling and 

storage. They are some of the most efficient ecosystems for naturally mitigating atmospheric carbon. 

However, when a wild fire, rather than a prescribed burn ignites that dense, carbon-rich peat, there is a 

huge potential for carbon release to the atmosphere (Poulter et. al., 2006). Such wild fires are more 

likely during drought years. Wetlands, including peatlands, have also been reduced on the landscape, 

limiting their power as carbon sinks (Hopkinson, Cai, Hu, 2012). Making these protected areas as 

productive as possible for desired ecosystem services increases their value and safeguards against 

future instances of peat combustion, but there may be tradeoffs in terms of which GHG and ecosystem 

functions to prioritize. 

Nutrient Cycling This experiment does not incorporate the role of vegetation in nutrient cycling, but 

focuses on soil processes that influence emissions. It is therefore important to note that determining net 

carbon storage capacity is outside the scope of this project. Higher average nitrous oxide soil emissions 

in the four peat-related treatments as compared to agricultural soils are due to denitrification. The 

results of reduced N2O soil emission in all char-treated samples is consistent with the findings of Luz 

Cayuela 2013, who postulated char acts as an electron conveyor for denitrifying bacteria, allowing for 

increased reduction of N20 to N2.  

Although not significant, biochar-treated peat samples consistently omitted smaller concentrations of 

GHG than their un-amended counterparts. It is this likely that, after undergoing pyrolysis, the biomass is 

more difficult for carbon-poised bacteria to break down, and this impediment to respiration allows peat 

to continue building even under unsaturated conditions. In aerobic conditions, such as this incubation, 

where soil moisture is kept at field capacity and not complete saturation, soil carbon can be oxidized to 

form CO2. Thus, there may be a biogeochemical connection between negative CH4 emissions, 

representing a net consumption (oxidation) of methane in the peat samples, and positive CO2 

concentrations, a byproduct of oxidized methane. Segarra et. al., 2013 found a link between methane 

oxidation by microbial communities and changes in soil nitrogen availability. For example, soil nitrogen 



cycling has been shown to be impeded by char addition by creating a barrier to denitrification (Clough 

et. al., 2010). In biochar-treated samples, reduced emissions for methane and carbon dioxide indicate 

that both natural and purposefully amended char can play an important role in regulating carbon-

related soil respiration processes. Analyzing the samples at the end of the incubation for different 

species of nitrogen and carbon may lend better insight into how these two complex chemical cycles are 

interacting to influence emission rates. 

Limitations and Further Research Treatment effects may not have been as large or significant as 

expected for several reasons. The first is an issue of time. One of the biggest takeaways for any biochar 

study is that char is a very stable, recalcitrant material that breaks down slowly. Studies should try to 

incorporate long-term data collection to fully understand time trends. In cases of time restraint, it may 

be advisable to acid wash the biochar, or buy char from a manufacturer pre-treated, which aids in the 

decomposition and leads to quicker treatment effects. The second reason is the rate of application. For 

this study, an application rate was chosen that seemed appropriate based on literature and field data, 

but it’s possible a higher rate would have led to more conclusive results. This is especially true for peat 

soils, in which background levels of legacy char from past fires may be very high. The third issue, 

discussed above, is the potential that more labile nitrogen is needed to highlight char effects.   

This study did  not address soil moisture. All soils were maintained at field capacity. However, gas 

emissions seem to be influenced by water content in the samples; net emissions increase after soils are 

rewetted and soil nitrogen flux in response to moisture changes is very sensitive (Yanai et. al., 2007). 

Further research should address how these systems respond to changes in soil moisture, which could 

have practical applications for drought and flood management. This line of inquiry is especially 

important in the context of changing precipitation patterns due to climate change. Additionally, the 

topic of soil moisture could yield very specific recommendations for managed wetlands such as PLNWR, 

where plots of land are fitted with flow control structures. 

Another interesting line of research would be to observe biochar effects in a microcosm study rather 

than in incubations. This would allow for greater understanding of net GHG flux due to vegetative 

respiration and biogeochemical cycling in a more “real-world” simulation. 

This study has shed light on the role of biochar as a tool for GHG management in two major land use 

types in North Carolina. First, there was limited evidence of biochar as an appropriate tool in North 

Carolina agricultural soils. Though char addition reduced total nitrous oxide in these soils, it had little 

effect on carbon emission rates. Second, biochar plays a large role in carbon and nutrient cycling in 

peatlands by adding recalcitrant carbon storage without increasing gas flux. Finally, our heated peat 

samples illustrate that fire regimes may have long-term positive effects on carbon dioxide reduction. 

However, exposure to intense heat leads to initial spikes in gas emissions and sustained methane 

production from peat soils. Biochar addition to wetland peat soils may be a potential avenue for 

decreasing greenhouse gas emissions in order to maximize ecosystem services like carbon sequestration 

from these crucial habitats. 
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Appendix 
 

Table 2: Nitrous oxide emission rates in ugN2O/g/hour.1,2,3 

Date AG AGC P PC HP HPC 

8/31/2015 -0.26 -0.24 0.77 1.08 0.16 0.26 

9/2/2015 0.09 0.09 0.10 0.08 0.33 0.29 

9/8/2015 -0.37 -0.53 -0.06 -0.22 -0.07 -0.37 

9/11/2015 -0.49 -0.66 0.01 -0.23 -0.12 -0.44 

9/16/2015 -0.24 -0.35 0.25 0.23 0.34 0.30 

9/23/2015 -0.49 -0.73 0.04 0.01 -0.04 -0.34 

10/8/2015 -0.17 -0.08 0.11 0.05 0.22 0.26 

11/23/2015 -0.28 -0.34 0.10 0.19 0.11 0.12 

1/28/2016 0.04 0.06 0.01 -0.03 0.13 -0.02 

3/15/2016 -0.07 -0.01 0.13 0.16 -0.26 -0.21 

Integrated Emission4 -734.2 -800.2 394.6 113.7 371.0 358.4 

 
Table 3: Methane emission rates in ugCH4/g/hour. 1,2,3 

Date AG AGC P PC HP HPC 

8/31/2015 -0.36 -0.49 1.12 3.41 0.99 0.60 
9/2/2015 -0.09 -0.43 -1.09 -1.77 0.11 -0.10 
9/8/2015 -0.12 0.42 -1.88 -0.97 0.09 -0.13 

9/11/2015 0.88 0.73 -1.15 -1.59 -1.43 -1.08 

9/16/2015 -0.35 0.11 0.68 -0.17 0.45 -0.28 
9/23/2015 0.61 0.39 0.22 -1.36 1.41 0.48 
10/8/2015 -0.45 -0.14 -1.07 0.21 -1.29 -1.80 

11/23/2015 0.03 0.30 -0.05 -0.21 -1.37 -1.04 
1/28/2016 -0.15 -0.41 3.12 3.78 -1.74 -1.85 
3/15/2016 -0.41 -0.35 0.44 -0.12 -4.46 -5.17 

Integrated Value5 -563.0 -281.5 -7311.3 -8162.8 3405.4 4203.6 

 

 

 

                                                           
1 Labels represent six treatment groups of incubation experiment: Agricultural soil control (AG), 
Agricultural soil + char amendment (AGC), peat soil control (P), peat soil + char amendment (PC), heated 
peat soil (HPC), heated peat + char amendment (HPC) 
2 Reported emissions rates are average of five replicates for given date. 
3 Negative emissions result when lower gas concentrations are present in the incubation jar headspace 
at the second sampling time for each date, indicating initial concentrations were used or transformed 
through soil processes. 
4 Integrated values represent net nitrous oxide concentrations (ngN2O/g soil) over seven-month 
incubation period, calculated from time series data for each treatment.  
5 Integrated values represent net methane concentrations (ugCH4/g soil) over seven-month incubation 
period, calculated from time series data for each treatment. 



Table 4: Carbon Dioxide emission rates in mgCO2/g/hour.  

Date AG AGC P PC HP HPC 

8/31/2015 1.68 1.19 22.77 14.33 7.45 7.15 
9/2/2015 0.24 0.57 8.15 8.76 6.63 6.40 
9/8/2015 0.19 0.37 5.99 5.65 4.89 4.68 

9/11/2015 0.22 0.31 6.74 6.01 4.85 4.33 
9/16/2015 0.19 0.43 5.45 4.96 5.32 4.48 
9/23/2015 0.23 0.38 4.54 4.21 5.15 4.89 
10/8/2015 0.11 0.25 3.15 2.26 4.79 4.16 

11/23/2015 0.05 0.06 1.76 1.59 4.23 3.59 
1/28/2016 0.21 0.38 2.65 2.53 5.67 5.52 
3/15/2016 0.09 0.17 2.43 2.40 6.02 5.43 

Integrated Value6 677.3 1189.9 24218.8 22061.8 14243.9 12772.2 
 

                                                           
6 Integrated values represent net carbon dioxide concentrations (mgCO2/g soil) over seven-month 
incubation period, calculated from time series data for each treatment. 


