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Motivation 

This project is a foundational step in the creation of the Soil Value Exchange, a carbon 

trading market on the Gulf Coast. Throughout the 2017-2018 academic year, I worked with a 

Rice team to collect samples from the Katy Prairie Conservancy (KPC) from two field sites, the 

Warren Prairie and Warren Pasture. Through collaboration with both the Soil Value Exchange 

and the KPC, this project aims to understand the impact of land use on soil carbon stocks and 

soil chemistry. We will accomplish this by integrating bulk density measurements, carbon and 

nitrogen measurements, and finally, through the use of solid state NMR to understand the bulk 

chemical composition of soils from both prairie and pasture, because changes in soil organic 

chemical content can provide information about future changes in soil carbon residence time. 

The goal of this project is to determine the environmental factors that impact soil carbon storage 

at our two field sites at the Katy Prairie Conservancy, as well as calculate carbon stocks of 

Warren Prairie and Warren Pasture.  

 To determine the carbon stocks of Warren Pasture and Warren Prairie, I have measured 

carbon concentrations of samples from both land uses at the KPC. To calculate the amount of 

carbon stored in these soils per hectare I used both bulk density values and a depth assumption of 

1 m to calculate the amount of carbon stored in these soils per hectare. Finally, to understand the 

bulk chemical composition of surface soils from both sites, I used 13C solid state nuclear 

magnetic resonance (NMR) measurements.   

Hypothesis 

For the KPC, I hypothesized that land use would impact the soil carbon stocks, and that 

the prairie stocks would be greater than that of the pasture. To develop my hypotheses, I used the 

USDA NRCS Web Soil Survey to determine preliminary characteristics of the soils at the field 
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site. The Soil Survey categorized the areas we were studying as Hockley fine sandy loam, with a 

typical profile consisting of a fine sandy loam to 23 cm and a sandy clay loam to 80 cm. High 

carbon concentrations were expected for surface samples from the prairie, due to the well studied 

productivity of prairies as well as their propensity to store large amount of carbon (Potter et al., 

1999). Furthermore, we hoped to determine the spatial variation in bulk density values, with high 

amounts of variation expected.   

These hypotheses are supported by previous studies, specifically a study done in Illinois 

on an agricultural land use, a remnant prairie, and various restored prairies at different stages of 

restoration. This study performed by Matamala et al. indicated lower bulk densities for the 

remnant prairie, as well as a high degree of variability in this value for the rest of their study 

areas. They also found a high degree of soil carbon accumulation after abandoning pasture, with 

the remnant prairie having much higher soil carbon at the surface compared to the agricultural 

field as well as the restored prairies (Matamala et al., 2008). The authors of this study also 

observed a consistent relationship between soil carbon and depth, with soil carbon consistently 

decreasing with depth (Matamala et al., 2008).  

Background on Warren Pasture and Warren Prairie  

Land Use History  

Land use history information was gathered by interviewing the land managers of the Katy 

Prairie Conservancy, Sam Reese and Wesley Newman. Warren Pasture has been an agricultural 

area since at least 1916-1918, with agricultural activity continuing through 1995 (Reese, pers. 

comm., 2017). Starting in the early 2000s, this site was no longer actively farmed, and has been 

used as a pasture since approximately 2003 (Reese, pers. comm., 2017). From 2012-2018, 
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Warren Pasture has been continuously and heavily grazed by 80-130 cows (Reese, pers. comm., 

2017).  

Warren Prairie is proximal to a salt mine, and has not been grazed frequently. Land 

managers have described “flash grazing” at Warren Prairie, which includes allowing 200 cattle to 

graze for 48 hours on this plot once or twice a year between 2012 and 2013 (Reese, pers. comm., 

2017). Other than flash grazing, the prairie is burned infrequently, with the last recorded burn 

occurring in 2011 (Reese, pers. comm., 2017).  

The National Resource Conservation Service (NRCS) soil survey classifies these soils 

broadly as part of the Hockley fine sand loam series (HoA), with a typical profile consisting of 

fine sand loam from 0 to 23 inches, and a sandy clay loam from 23-80 inches. There are also 

scattered sections of Hockley loamy fine sand (HoB), which consists of a loamy fine sand from 

0-8 inches, a fine sandy loam from 8-22 inches, and a sandy clay loam from 22-80 inches 

(USDA, 2017). There are also small patches of Gessner fine sandy loam, which is very similar in 

profile appearance to HoB (USDA, 2017).  

Potential of Alternative Multi-Paddock (AMP) Grazing  

Katy Prairie Conservancy could potentially be testing a new grazing strategy, AMP 

grazing, which in preliminary studies has the potential to be an adaptive and restorative 

management practice (W. R. Teague et al., 2011). As opposed to continuously grazing a plot of 

land, which can lead to overgrazing and deplete soil resources due to high grazing pressures on 

biota, AMP grazing includes frequently moving cattle to different paddocks to graze smaller 

patches of land (W. R. Teague et al., 2011). AMP is thought to allow rangeland a longer period to 

recover after a high intensity grazing event, and is also thought to be more efficient than year-

round continuous stocking, which is a common practice in Texas rangelands (W. R. Teague et al., 
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2011). The greatest concentration of soil organic matter (SOM) as well as cation exchange 

capacity was seen in multi paddock grazing compared to conventional grazing practice (W. R. 

Teague et al., 2011). Another study by Teague et al. examined grazing patch dynamics in North 

Texas, where precipitation varies from 490 to 1000 mm (Teague et al., 2004). They found that in 

periods of extended drought, rotational grazing decreased the rate of soil deterioration (W. R. 

Teague et al., 2004). A more recent modeling study from Teague et al. found that increasing 

amounts of AMP grazing could neutralize agricultural emissions as well as make agriculture a 

carbon neutral practice (W. R. Teague et al., 2016).  

However, this technique has not been well-studied, and its potential impacts on land 

management are not completely understood. To apply this technique to KPC land, foundational 

characterization of the soils at possible implementation locations is necessary in order to fully 

understand the impact of AMP grazing at this location and as a potential management practice.  
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Factors that Affect Soil Carbon Storage  

It is important to consider the major controls on soil carbon storage in interpreting the 

trends in KPC soil carbon values. I will broadly outline five categories (see Fig. 1) for discussing 

this topic: soil properties, biology, land management, land use, and climate. 

  

 

The physical and chemical properties of soil are significant in SOM stabilization and 

destabilization, and relevant to this project. For instance, soil texture, mineralogy, and structure 

all play a role in C storage (Sollins et al., 1996). Furthermore, a study done by Burke et al. 

showed the importance of soil texture in overall soil organic carbon content as well as soil 

carbon loss. In figure 2, the authors show data for prairies and cultivated land across the 

continental U.S., and the greatest soil organic carbon content was found in ranges with high clay 

content soils, and the lowest was found in agricultural areas with sandy loam soils (Burke et al., 
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Figure 1: Overview of the mechanisms of soil carbon storage.  
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1989). The greatest amount of carbon loss was also observed for sandy loam soils that underwent 

land use change from rangeland to agricultural land use. The authors stated that the reasons for 

this was that carbon in sandy loam systems was more vulnerable to decomposers, but the reasons 

for this vulnerability could be due to soil mineralogy. There is growing body of literature that 

describes the importance of mineralogy in soil carbon protection, and the uncharged surfaces of a 

sandy loam soil lack the reactions with minerals that would cause these protective reactions 

(Kleber et al., 2007). Whereas in a clay soil, there are a plethora of charged surfaces that can 

interact with minerals and cause reactions that would be beneficial to protecting microbes from 

decomposers and other processes that would release it from soils (Kleber et al., 2007).  

Furthermore, properties of soil chemistry such as pH can have impacts on microbial 

communities, with peak diversity conducive to neutral pH (Lauber et al., 2009). Understanding 

soil microbiology is key to understanding the cycling of carbon and nitrogen in the environment, 

and the composition of these communities as well as their diversity affect important ecosystem 

processes, like decomposition rates and soil emissions (Castro et al., 2010). Additionally, the 

plant species that exist, either naturally or due to land management decisions, are also an 

important factor in available soil nutrients as well as carbon cycling.  

In Guo and Gifford’s review (2002), an important factor in determining whether land use 

change would sequester or emit carbon was precipitation, highlighting the important of climate 

controls on soil carbon. This indicates that management decisions that aim to improve soil 

carbon also need to take into account climatic effects. This can be difficult to manage in places 

like the Gulf Coast, which is subject to highly variable amounts of precipitation. According to 

the National Weather Service, from 2000 to 2016, the yearly total precipitation has varied from 

635 mm to 2057 mm in the Houston area alone (NOAA, 2017). In terms of the impact of 
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precipitation on soil carbon stocks, in Guo and Gifford’s  review they noted that land use change 

from forest to pasture saw sequestration of carbon in areas with 2000-3000 mm of precipitation, 

in contrast with areas with less than 1000 mm or greater than 4000 mm, which saw decreases in 

soil carbon stocks (Guo & Gifford, 2002). Further, areas that were converted from pasture to 

cropland saw the highest carbon loss in areas with 400-500 mm of precipitation (Guo & Gifford, 

2002). Another study revealed at a field site in Oklahoma along a precipitation gradient, no-till 

accumulated more soil organic carbon than conventional till in wetter field locations than the 

drier ones (Abreu et al., 2011). Conventional till accumulated more soil organic carbon overall at 

their driest location (Abreu et al., 2011). Rewetting after a drought can cause sudden effluxes of 

CO2 from soils; this is known as the Birch effect, and it could also be playing a role in humid 

subtropical systems like the gulf coast, which can greatly affect rates of soil CO2 efflux in a burst 

of increased microbial respiration (Unger et al., 2010).  

  Land use is an important driver for soil carbon levels. Guo and Gifford (2002), in their 

meta-analysis of the impact of land use change on soil carbon stocks, reviewed 74 publications 

about this topic. They found that soil carbon stocks decreased when land was converted from 

pasture to plantation, native forest to plantation, native forest to crop land, and pasture to crop 

land (Guo & Gifford, 2002). Soil carbon increased when land was converted from native forest 

to pasture, crop to pasture, crop to plantation, and crop to secondary forest (Guo & Gifford, 

2002). These findings are consistent with previous studies in Texas done by the USDA. K.N. 

Potter et al. (1999), examined soil carbon storage in grasslands established on degraded soils. In 

a long term study, they found that soil organic carbon (SOC) was decreased by 30-43% by 

agricultural practices in surface soils of central Texas (Potter et al., 1999).  
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Land management decisions are of critical importance to understanding the KPC field 

sites, and can be impactful on century long timescales. Management practices such as crop type, 

amendment usage, and fallow frequency can affect carbon inputs to the soil (Paustian et al., 

1997). Crop type, tillage, and grazing practice are also fundamental to decomposition and 

mineralization processes (Paustian et al., 1997). Tillage practice is a well researched area, with 

cessation of tillage causing large increases in surface soil carbon storage by as much as 41-62% 

(Wright & Hons, 2005). Another important aspect of land management is burning, which is an 

important factor at Warren Prairie. In a field site in native tall grass prairie in central Arkansas, a 

study took place in order to understand changes to soil chemistry after 12 years of annual 

burning (Brye, 2006). Overall, an increase of 0.71 kg per hectare of total C was seen after 12 

years; an increase in soil organic matter was also seen, though there were decrease in some 

extractable soil nutrients, such as phosphorus, iron, and manganese (Brye, 2006).  

The most important land management strategy to the KPC is grazing management. 

Determining the most effective grazing intensity as well as a full understanding of the potential 

of AMP grazing are both critical to this field site. In a study that examined 12 years of pasture 

management under 4 treatments, haying, low grazing pressure, high grazing pressure, and 

unharvested, the greatest carbon accrual was seen at the low grazing pressure site whereas the 

high grazing pressure and unharvested sites had intermediate amounts of carbon accrual 

(Franzluebbers et al., 2000). Furthermore, a study done by Teague et al. (2014) indicated that 

multi-paddock grazing with a greater number of paddocks can be beneficial to ecological 

condition. Ecological condition refers to the productivity and functionality of the herbaceous 

material available to grazers, and a higher ecological condition is important for maintaining 
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ecosystem function. This study found that a greater number of paddocks could maintain a higher 

ecological condition under greater numbers of initial animals (R. Teague et al., 2014).  

To conclude this discussion about mechanisms of soil carbon accumulation, I would like 

to outline the conditions that are ideal for this process. Soils with higher clay content hold more 

carbon partially due to their mineralogy, and have a lower potential to lose carbon. Intermediate 

amounts of precipitation are also ideal, as well as a low variation in precipitation to avoid large 

CO2 effluxes due to the Birch effect. Forest or native prairie land use hold the greatest carbon 

stocks, but if there are grazers, rotational or low grazing practice has been shown to accrue the 

most soil carbon as well as maintain ecosystem function.  
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Methodology  

My goal is to measure soil percent carbon and nitrogen and soil bulk density, and use 

these values to calculate carbon inventories. Finally, I will qualitatively measure the bulk 

chemical composition of soil samples via NMR. 

Sampling Strategy  

We sampled the two areas of contrasting land use on three separate sampling events, and 

their locations are shown in Fig. 2. At both Warren Pasture and Warren Prairie, we chose three 

locations for sampling.  We used an AMS Bulk Density Soil Core sampler, and soil cores were 

collected with the auger attachment. Core samples were collected to a depth of approximately 1 

meter.   

On October 13th 2017, we sampled Warren Pasture, and on October 20th of the same 

month we sampled Warren Prairie. We made one final sampling trip on February 16th, 2018 to 

Warren Pasture. 

 

Figure 2: Aerial images from Google Earth of study sites with coordinates 

included.   
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Sample preparation for Bulk Density and Carbon Measurements 

 

Bulk Density 

We collected bulk density measurements from each location with an AMS Bulk Density 

Soil Core Sampler. Within each location, bulk density samples were taken at three depths to a 

total depth of 60 cm. Samples were weighed when we returned to lab to measure water content, 

and then dried at 60 C for 48 hours and then weighed again. The dry weight was used to 

calculate the bulk density of these samples.  

Carbon Content Data 

Carbon weight percent was analyzed with a Costech ECS 4010 CHNSO Analyzer (EA). 

In this instrument, samples are completely and then the gases flow through a gas 

chromatographic separation column, and then all combusted products are measured with a 

thermal conductivity detector. I created the calibration curve with the compound Acetanilide, and 

with 6 standards of increasing weight. Furthermore, internal standards of Phenylalanine were run 

every 10 samples in order to monitor the accuracy of the EA.   

Core Samples Samples stored in 
freezer until analysis

Aliquot of stored 
sample was sieved to 
2 mm and dried for 

EA analysis 

Remaining sample 
was stored in freezer

Bulk Density 
Samples 

Dried for 48 hours 
and weighed

Figure 3: Flowchart that describes sample preparation for bulk density and carbon 
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Before analysis, an aliquot of each core sample was removed from the sample and then 

sieved to 2 mm and dried for 48 hours. An aliquot of each prepared sample was measured in 

triplicate.  

Root Extraction 

Samples collected from the Warren Prairie on 10/20/17 were dried and sieved to 2mm. 

Roots greater than 2mm were picked out of all the samples and weighed. The same process was 

applied to samples from the Warren Pasture on 10/13/17.  

Generating Soil Carbon and Root carbon inventories  

I calculated soil inventories using equations from the Verified Carbon Standard (module 

VMD0021) and also adapted this equation to calculate root carbon inventories as well (see 

results). The VCS has a similar goal to the soil value exchange, and aims to create statistically 

rigorous estimation of soil carbon to create a soil carbon market.  

I would like to state the assumptions I made in applying these equations to this field site. 

I extrapolated bulk density measurements from 50-60 cm depth to a meter depth, and 

furthermore used average bulk densities for all of the carbon inventory calculations.  

13C-solid-state NMR  

NMR analyses on samples with low carbon concentrations required density separations 

(Trumbore & Zheng, 1996). Density separations separate the sample into two fractions, the free 

light fraction, and the heavy fraction. Materials are separated through flotation in a dense liquid, 

in this case, NaI, and the free light fraction floats to the top of this solution while the heavy 

fraction settles to the bottom. In this experiment, I measured 20 g of soil, placed it in a centrifuge 

tube, and filled the remaining volume of ~30 mL with NaI. The soil/NaI solution was mixed 

thoroughly and then centrifuged for 30 minutes. I created an NaI solution with a density of 1.57 
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g/cm3. The free light fraction was poured into a vacuum filter system, and was then dried for 48 

hours.  

NMR measurements were performed on both the light fraction collected through this 

methodology, as well as on root biomass extracted from both prairie and pasture samples.  
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Results 

Both bulk density measurements as well as carbon measurements have been performed 

for all samples collected from our first two sampling trips. Both bulk density and carbon profiles 

have been provided in the following sections. I have also included NMR measurements of root 

biomass from both pasture and prairie.   

Bulk Density Profiles 

Understanding the spatial variation in bulk density values was an important component of 

this project, because it is a necessary parameter for determining soil carbon stocks. Bulk density 

was taken at each location we sampled, and at 3 depths up to 60 cm. Profiles have been provided 

below.  

Bulk density was very similar between the locations and consistent at depth. At Warren 

Pasture, the average bulk density at a depth of 10 cm was 1.64 ± 0.1 g/cm3, at a depth of 43 cm 
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Figure 4: Bulk density profiles for both Warren Prairie and Warren Pasture  



 18 

was 1.82 ± 0.1 g/cm3, and a depth of 63.5 cm was 1.79 ± 0.04 g/cm3. At Warren Prairie, the 

average bulk density at a depth of 10 cm was 1.53 ± 0.11 g/cm3, at a depth of 25.4 cm was 1.67 ± 

0.08 g/cm3, and at a depth of 50.8 cm was 1.73 ± 0.09 g/cm3. Each point in Figure 4 are average 

values for the three locatios sampled within Warren Pasture and Warren Prairie. There was a 

large amount of variation found in the bulk density values, but bulk density values did not seem 

to differ between locations and stayed consinstent with depth.  More bulk density samples at both 

locations would help us understand these variations. 

 

Carbon Concentration Profiles  

I generated carbon profiles for two sampling trips to both Warren Pasture and Warren 

Prairie (Fig. 5), and I generated another carbon profile for a sampling trip in February to Warren 

Pasture (Fig. 6). It is important to note that each data point in the figures below are averages of 

carbon values from three randomly sampled locations at each depth. 

Carbon concentrations were very low at both locations, with most of the locations we 

sampled containing 0.5% carbon concentration, even at the surface (see Fig. 5). This was 

surprising because far greater values (1.5-3%) were expected (Matamala et al., 2008). All three 

locations for Warren Prairie showed decreasing carbon concentration with depth, while that 

relationship was not observed for for Warren Pasture.  

I made another sampling trip to Warren Pasture in February 2018 in order to confirm this 

trend in the carbon data. Both Figures 5 and 6 show a high degree of spatial variability in soil 

carbon values, while the prairie appears more homogeneous. Root carbon values as well as root 

carbon inventories will supplement this data, and are necessary because of the low carbon 

content of these soils, which is an indicator that most of the carbon will be stored in the roots. 
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This will be an important factor in the prairie due to the prevalence of roots from grasses. I 

hypothesize  

that root carbon will play a greater role in the prairie than the pasture, and will affect the 

propensity of each to store carbon due to the relatively short residence time of roots. The 

variation in all of these carbon profiles is likely due to the spatial variability of these 

measurements rather than laboratory error. We insured this by making a 6-point calibration 

curve, running internal standards, as well as running samples in triplicate.  
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Lab Error versus Natural Variation 

After presenting the carbon profiles, I would like to discuss the difference between lab 

error and natural variation, because this is an important factor in interpreting these results (see 

Fig. 7).  

 

 The profile on the left of Fig. 7 is the average carbon profile for the most recent pasture 

sampling trip, and the profile on the right are the three locations plotted individually. The error 

for the plot on the right is low because a lot of attention is paid to the accuracy and precision of 

the carbon measurements I made, specifically running a 6-point calibration curve, running 
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internal standards, and running the samples in triplicate. The error in the plot of the average 

values is because the differences between the locations is high, indicating a high degree of spatial 

variability. This feature is common to all of the average carbon profiles, but I observed it to be 

the greatest in both of the profiles for Warren Pasture.  

 

Soil Carbon Inventories  

Soil inventories were calculated using the following equation from the Verified Carbon 

Standard (module VMD0021):  

Where %C is the carbon concentration, BD is the bulk density, and h is the layer 

thickness. Additionally, the equation includes taking into account large coarse fragments (LCF), 

inorganic carbon (IC), and root carbon (RC). Both LCF and IC did not factor in to our own study 

areas, due to the lack of evidence of inorganic carbon from field observations. This equation 

takes into account the depth dependence of soil carbon, and was performed at each data point in 

the soil profiles in order to take into account this relationship.  

The average carbon inventory for Warren Prairie was 4.43 ± 0.89 kg/m2 (Table 1), while 

the average carbon inventory for Warren Pasture was 6.81 ± 1.88 kg/m2 for the first sampling trip 

and 6.21 ± 2.19 kg/m2. The heterogeneity that is seen in the carbon profiles of the pasture are 

reflected by the inventories, and there is greater natural variation with these inventory 

measurements versus the prairie inventory. The overall inventories for both pasture and prairie 

are low, which is to be expected from the carbon measurements from both of these sites. One 

hypothesis for these low inventories includes the plant species that exist at each location; the 

pasture had an overall greater root carbon inventory, while there was a scarcity of roots in the 

𝐶𝑎𝑟𝑏𝑜𝑛	  𝑆𝑡𝑜𝑟𝑒𝑑	   ,
𝑘𝑔
𝑚01 = 	  3%𝐶	   ∗ 𝐵𝐷	   ∗ ℎ	   ∗ 10	   − 𝐿𝐶𝐹	   − 𝐼𝐶 + 𝑅𝐶 	   
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prairie. Smaller overall inputs from root carbon could cause this difference in the overall soil 

carbon inventories that I have calculated here.  

 

Land Use  Location 
1(𝑘𝑔/𝑚0) 
  

Location 
2(𝑘𝑔/𝑚0) 

Location 
3(𝑘𝑔/𝑚0)  

Average 
(𝑘𝑔/𝑚0) 

Standard 
Deviation 

Prairie 
(10/20/17)  

4.57 5.25 3.48 4.43 0.89 

Pasture 
(10/13/17)  

8.59 7.00 6.65 7.41 1.03 

Pasture 
(2/16/18) 

6.82 8.04 3.78 6.21 2.19 

 

 

Root Carbon Inventories 

Root carbon inventories were calculated using the following equation, adapted from the 

Verified Carbon Standard (module VMD0021).  

 

Where %C is the carbon concentration, BD is the bulk density, h is the layer thickness, and R is 

the percentage of the total sample mass that is root mass. The calculated inventories can be found 

in Table 2, and data points are missing from the Prairie root inventory due to lack of roots for 

analysis.  

 

 

 

 

𝑅𝑜𝑜𝑡	  𝐶𝑎𝑟𝑏𝑜𝑛	  𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦	   ,
𝑘𝑔
𝑚01 = 	  3%𝐶	   ∗ 𝐵𝐷	   ∗ ℎ	   ∗ 10 ∗ 𝑅 	   

Table 1: Calculated carbon inventories for both Warren Prairie and Warren Pasture  
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Land Use  Location 
1(𝑔/𝑚0) 
  

Location 
2(𝑔/𝑚0) 

Location 
3(𝑔/𝑚0)  

Average 
(𝑔/𝑚0) 

Standard 
Deviation 

Prairie 
(10/20/17)  

 185.2    

Pasture 
(10/13/17)  

372.9 310.5 124.1 269.1 129.4 

 

Root inventories were small relative to the soil carbon inventories, and it was surprising 

to see such low root concentrations in the prairie samples. I hypothesize that the plant species 

that exist at both locations may explain the lack of roots in the Prairie, as well as the low root 

carbon inventories overall.  

Solid state 13C NMR  

To characterize the bulk chemical composition of the soils from both Warren Prairie and 

Pasture, I used solid state NMR. Parameters such as the alkyl/o-alkyl ratio will be informative 

about the lability of organic matter as well as its quality (Baldock et al.,1997). NMR used in 

conjunction with the molecular mixing model can be used to determine the molecular 

composition of organic matter (Baldock et al., 2004). This will be an important parameter to 

consider, because the KPC is being considered for a project that aims to sequester carbon 

through soil carbon accumulation. Information about the dominant chemical structures of 

compounds that contain carbon will be important in addressing the lability of carbon at the 

Warren Pasture and Prairie as well as their propensity to store carbon. Furthermore, 

understanding the quality and degradation will be important foundational information for further 

testing at this site.  

Table 2: Calculated root carbon inventories for both Warren Prairie and Warren Pasture 
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NMR measurements from soil samples were largely inconclusive. There was a very small 

amount of light fraction from the density separations, which made getting sufficient signal from 

the samples for NMR measurements very difficult. For this reason, I lack NMR profiles from 

soil carbon for both sites. However, I was able to produce NMR spectra for biomass from both 

sites and ran the molecular mixing model for both of these samples (see Fig. 8). Both of the root 

samples had high proportions of carbohydrates and lignin, indicating that the small amount of 

root carbon in these systems was fast cycling. NMR spectra from soil samples from both Warren 

Pasture and Warren Prairie had too low of a signal to noise ratio to provide sufficient information 

to run the molecular mixing model.   
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Figure 8: NMR spectra 
from Warren Pasture in 
top panel and spectra from 
Warren Prairie in bottom 
panel. 



 27 

Discussion  

While the KPC has the potential to be a location for testing the potential impact of AMP 

grazing as well as being part of the soil value exchange, the soil type and conditions must be 

taken into account in both of these endeavors. The sandy loams that were characteristic of both 

Warren Prairie and Warren Pasture had very low carbon concentrations and low carbon 

inventories (Figs 5, 6 and Table 1). This is most likely due to the sandy texture of these soils, as 

well a lack of reactive minerals. Furthermore, the plant biology and species could be causing the 

observed low root concentrations and overall low root inventories. The lack of roots in the prairie 

could be a major driver for the low soil carbon values as well as the low potential for soil carbon 

accumulation.  

Earlier in my thesis, I included a discussion of the major drivers of soil carbon storage in 

soils, and broadly outlined 5 categories, soil properties, biology, land use, and climate. It is 

important to take all of these properties into account when discussing the inclusion of the KPC in 

a carbon market. The soil texture and mineralogy is not ideal for soil carbon accumulation. The 

plant biology in the prairie is not conducive to the preservation and integration of roots at depth. 

The humid sub-tropical climate of Houston and the surrounding coastal environment introduces 

high amounts of precipitation as well as large amounts of variation in precipitation (NOAA, 

2017).  The grazing practice of high grazing intensity in Warren Pasture is also not conducive to 

high amounts of soil carbon accumulation.  

There are alternative techniques that could be applied to the KPC in order to aid soil 

carbon accumulation. Amendment usage presents on option, such as manure, compost, or 

biochar. Warren Prairie may be an ideal site for biochar application in order to aid carbon 

accumulation. There are now many studies that have examined the potential of biochar 
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application for decreasing greenhouse gas emissions, increasing fertility, and changing certain 

physical properties of the soil, like water holding capacity. However, whether amendment usage 

is conducive to the restorative goals of the KPC is a point of further discussion for the KPC land 

managers. Changes in plant species could also be an important management strategy for both 

Warren Prairie and Warren Pasture. The introduction of deep-rooted plant species, perennial 

grains, or improved forage species could provide a better foundation for further soil carbon 

accumulation and provide a higher baseline for soil carbon.  

There are also a host of other locations that could be tested in the same way that we have 

tested Warren Prairie and Warren Pasture at the KPC. For example, Lake Peter Donnell is a 

potential study location with clay-rich soils that could be used to better understand the influence 

of soil texture on soil carbon. There is also another location that is currently a cornfield. Testing 

this agricultural site could provide a lower bound for carbon values at the KPC, since the 

cornfields have been cultivated for long periods.  

 

 

 

 

 

 



 29 

References 

Abreu, S. L., Godsey, C. B., Edwards, J. T., & Warren, J. G. (2011). Research Assessing carbon 

and nitrogen stocks of no-till systems in Oklahoma. Soil & Tillage Research, 117, 28–33. 

http://doi.org/10.1016/j.still.2011.08.004 

Baldock, J. A., Masiello, C. A., Gélinas, Y., & Hedges, J. I. (2004). Cycling and composition of 

organic matter in terrestrial and marine ecosystems. Marine Chemistry, 92(1–4 SPEC. ISS.), 

39–64. http://doi.org/10.1016/j.marchem.2004.06.016 

Brye, K. R. (2006). Soil physiochemical changes following 12 years of annual burning in a 

humid – subtropical tallgrass prairie  : a hypothesis, 30, 407–413. 

http://doi.org/10.1016/j.actao.2006.06.001 

Burke, I. C., Yonker, C. M., Parton, W. J., Cole, C. V, Flach, K., & Schimel, D. S. (1989). 

Texture, Climate, and Cultivation Effects on Soil Organic Matter Content in U.S. Grassland 

Soils. Soil Science, 54, 800–804. 

Castro, H. F., Classen, T., Austin, E. E., Norby, R. J., Schadt, C. W., & Icrobiol, A. P. P. L. E. N. 

M. (2010). Soil Microbial Community Responses to Multiple Experimental Climate Change 

Drivers. Applied and Environmental Microbiology, 76(4), 999–1007. 

http://doi.org/10.1128/AEM.02874-09 

Franzluebbers, A. J., Stuedemann, J. A., Schomberg, H. H., & Wilkinson, S. R. (2000). Soil 

organic C and N pools under long-term pasture management in the Southern Piedmont 

USA. Soil Biology and Biochemistry, 32, 469–478. 

Guo, L. B., & Gifford, R. M. (2002). Soil carbon stocks and land use change  : a meta analysis. 

Global Change Biology, 345–360. 

Kleber, M., Sollins, P., & Sutton, R. (2007). A conceptual model of organo-mineral interactions 



 30 

in soils  : self-assembly of organic molecular fragments into zonal structures on mineral 

surfaces. Biogeochemistry, 85, 9–24. http://doi.org/10.1007/s10533-007-9103-5 

Lauber, C. L., Hamady, M., Knight, R., & Fierer, N. (2009). Pyrosequencing-Based Assessment 

of Soil pH as a Predictor of Soil Bacterial Community Structure at the Continental Scale � 

†. Applied and Environmental Microbiology, 75(15), 5111–5120. 

http://doi.org/10.1128/AEM.00335-09 

Matamala, R., Jastrow, J. D., Miller, R. M., & Garten, C. T. (2008). Temporal Changes in C and 

N stocks of Restored Prairie: Implications for C Sequestration Strategies. Ecological 

Applications, 18(6), 1470–1488. 

NOAA. (2017). Houston Hobby Extremes, Normals, and Annual Summaries. Retrieved May 5, 

2017, from http://www.weather.gov/hgx/climate_hou_normals_summary 

Paustian, K., Collins, H. P., & Paul, E. A. (1997). Chapter 2: Management Controls on Soil 

Carbon. In Soil Organic Matter in Temperate Agroecosystems (pp. 15–42). 

Potter, K. N., Torbert, H. A., Johnson, H. B., & Tischler, C. R. (1999). Carbon Storage after long-

term grass establishment on degraded soils. Soil Science, 164(10), 718–725. 

Sollins, P., Homann, P., & Caldwell, B. A. (1996). Stabilization and destabilization of soil 

organic matter: mechanisms and controls, 74, 65–105. 

Teague, R., Grant, B., & Wang, H. (2014). Assessing optimal configurations of multi-paddock 

grazing strategies in tallgrass prairie using a simulation model. Journal of Environmental 

Management, 150, 262–273. http://doi.org/10.1016/j.jenvman.2014.09.027 

Teague, W. R., Apfelbaum, S., Lal, R., Kreuter, U. P., Rowntree, J., Davies, C. A., & Conser, R. 

(2016). The role of ruminants in reducing agriculture’s carbon footprint in North America. 

Journal of Soil and Water Conservation, 71(2), 156–164. 



 31 

http://doi.org/10.2489/jswc.71.2.156 

Teague, W. R., Dowhower, S. L., Baker, S. A., Haile, N., Delaune, P. B., & Conover, D. M. 

(2011). Grazing management impacts on vegetation, soil biota and soil chemical, physical 

and hydrological properties in tall grass prairie. Agriculture, Ecosystems, & Environment, 

141, 310–322. http://doi.org/10.1016/j.agee.2011.03.009 

Teague, W. R., Dowhower, S. L., & Waggoner, J. A. (2004). Drought and grazing patch dynamics 

under different grazing management, 58, 97–117. http://doi.org/10.1016/S0140-

1963(03)00122-8 

Trumbore, S. E., & Zheng, S. (1996). Comparison of Fractionation Methods for Soil Organic 

Matter 14C Analysis, 38(2), 219–229. 

Unger, S., Máguas, C., Pereira, J. S., David, T. S., & Werner, C. (2010). The influence of 

precipitation pulses on soil respiration - Assessing the “ Birch effect ” by stable carbon 

isotopes. Soil Biology and Biochemistry, 42(10), 1800–1810. 

http://doi.org/10.1016/j.soilbio.2010.06.019 

USDA. (2017). United States Department of Agriculture National Resource Conservation 

Service Web Soil Survey. Retrieved from 

https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm 

Wright, A. L., & Hons, F. M. (2005). Tillage impacts on soil aggregation and carbon and nitrogen 

sequestration under wheat cropping sequences. Soil and Tillage Research, 84, 67–75. 

http://doi.org/10.1016/j.still.2004.09.017 

 

 

 


