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                   ABSTRACT 

 

At a study site in Nerstrand, MN on a silt loam soil type, the effects of agricultural 

management and topography on soil quality were investigated using soil organic carbon 

concentration as a proxy for soil quality.  The study measured soil organic carbon 

concentrations at a 0 -5 cm depth interval and at a 10 – 20 cm depth interval on three 

adjacent plots.  Management practice had been varied such that one plot had been in 

Conservation Reserve Program (CRP) management for 20 years, another had been 

enrolled in CRP for 10 years and in conventional corn, Z. mays,  – soy, G. max, rotation 

for  a subsequent 10 years.  The final plot, which served as a baseline, has been in 

continuous corn, Z. mays,  – soy, G. max, rotation. Found indicate that perennial grass did 

have a positive impact on soil quality, but that previous erosion may severely limit soil 

organic carbon concentration gains.  

 

 



  

 

 

INTRODUCTION 

 Soils provide a substrate for all terrestrial productivity, an environment for much 

of the earth’s microbial biomass and diversity, and the ability to enhance water and air 

quality.  Soil quality has been defined as the ability of a specific soil to fulfill these 

ecosystem services (Karlen et al., 1997).  A scientific understanding of the processes that 

facilitate degradation and remediation of soil quality is of the utmost importance in 

fulfilling the present and projected future needs of humanity. 

Soil quality determines the prolonged success of any farm, and in turn soil 

conservation is a necessary element of a sustainable food system (Karlen et al., 2003).  

For much of the Midwestern United States, agriculture and pasturelands constitutes over 

70% of the land area. Continual agricultural management practice since the land’s 

conversion from native ecosystems has been a primary cause of soil degradation on these 

lands (Burkart et al., 1994).  Tillage, crop rotation, fertilization, and other management 

practices determine the extent that erosion, nutrient loss, and compaction processes 

reduce soil quality. The federal government established the Conservation Reserve 

Program to allow farmers to set aside highly erodable land from cultivation.  

This study examines the variable effects of continuous cultivation, enrollment in 

CRP, and topography on soil quality. Using soil organic carbon (SOC) concentration as 

an indicator of soil quality evaluations about site-specific land management practice are 

made.   
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Soil Organic Carbon and Soil Quality in Co 

In the Midwest, agricultural activity beginning in the latter half of the 19
th
 century 

has led to regionally degraded soils and a net loss of over 60% of the native soil organic 

matter(Flatch et al., 1996).  Current national soil conservation efforts beginning in the 

1980s were designed to protect land against further erosion.  Best management practices 

such no till, strip till, and cover cropping are designed build soil quality in part by 

increasing soil organic matter.  Thus long-term studies that measure SOC concentrations 

are useful in assessing conservation efforts.   

Additionally, due to global warming, there is an interest in agricultural soils as a 

site to sequester carbon. When agricultural land management on degraded soil shifts from 

SOC depletive to accumulative practices, these soils may function on a limited basis as 

carbon sink (Buyanovsky and Wagner, 1998; Post and Kwon, 2000). Currently, a more 

precise understanding of SOM dynamics is necessary for accurate models and to 

implement effective governmental policy. 

Prior to agricultural conversion, soils like the Racine silt – loam examined in this 

study, contained higher levels of soil organic matter (Carlson, 2006).  Currently, the 

levels of SOM on this soil type are listed as between 2 – 4 %  (National Resources 

Conservation Service). Much of the lost SOC is the result of continued agricultural 

production.  While such depletion of SOC is commonplace in agricultural systems, it 

reflects a harder to quantify loss of soil quality.   
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To untangle the relationship between SOC concentration and soil quality, this 

paper will examine the role of SOM in the soil ecosystem along with the factors that 

control SOC levels with an emphasis on agricultural management practice. 

On geologic time scales, vegetation and soil type function as the primary controls 

on soil organic carbon concentrations(Carter, 1995).  Soil texture determines the SOC 

pool size limit. Texture directly impacts pool size in determining the surface area of 

inorganic material that SOC can bind to.  Also, texture influences soil aggregate 

formation, and in this way indirectly influences SOC sequestration (Franzluebbers and 

Arshad, 1997). Studies on textural gradients show that clay and silt content is positively 

associated with greater total SOC concentrations (Plante et al., 2006). 

In order to persist through drought, fire, and grazing, prairie ecosystems have 

evolved to store the majority of plant biomass belowground. The belowground SOC input 

of both prairie and forest ecosystems is large (relative to the present day corn (Z. mays) – 

soy (G. max) SOC input.)  In summary, in summary large SOC inputs and the fine 

texture of glacial outwash parent material allowed for the accumulation and cycling of 

large resistant pools of SOC.    

 

Chemical and Physical Properties of SOC  

 Soil organic matter is a broad class of material. It may include recently alive 

plant material, tissues of soil organisms, substances exuded by soil biota, and humified 

matter, which can be thousands of years old (Trumbore, 2000). To conceptualize the 

cycling of SOC, it is useful to separate SOC into pools of varying turnover time.  

Difference in chemical structure can result in differing amounts of resistance to microbial 
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digestion.  Microbial decomposition of SOC, which is an exothermic process, transforms 

SOC into mineralized carbon dioxide, microbial tissue, and into increasingly more 

chemical resistant forms of SOC.  Additionally, physical properties such as particle size 

and relation to other soil particles further determine the accessibility of SOC to microbial 

breakdown.  

 

               TABLE 1. TURNOVER TIMES OF VARIOUS SOC POOLS  

Note that these pools are not chemically exclusive. Adapted from (Carter, 1995)  

 

SOC Cycling and Nitrogen Mineralization  

The majority of soil nitrogen is stored in SOM.  Nitrogen, which is often the 

limiting nutrient for plant growth in prairies and in cornfields alike, is not available to 

plants in the form of SOM.    

 Interactions in the soil food web mineralize nitrogen into inorganic-plant 

available forms. See FIGURE 1.  Decomposition of SOM beginning with plant material 

is the basis for the entire soil food web.  Microbes, primarily bacteria and fungi, excrete 

enzymes that decompose plant material. In aerobic conditions, decomposition releases 

Type of organic matter 
Proportion of total 

organic matter (%) 
Turnover Time (year) 

Litter - 1-3 

Microbial biomass 2-5 .1-0.4 

Particulate 18-40 5-20 

Light Fraction 10-30 1-16 

Inter-microaggregate 20-35 5-50 

Intra – microaggregate 

     Physically sequestered 

     Chemically sequestered 

 

20-40 

20-40 

 

50-1000 

1000-3000 
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energy and CO2.  In addition to the mineralization of CO2, some SOM is used to build 

tissue, and some may be excreted now in a more resistant form as a waste product.   

Bacterial and fungal tissues may in turn be used by other soil biota.  At 

interactions higher up in the soil food web, nitrogen concentrations are in excess of what 

is needed to build tissue.  Now constituting a waste product, nitrogen is mineralized in 

plant available forms.   

Management practices that affect either the input of SOC or rate of decomposition 

in turn affect SOC concentrations. One function of tilling in conventional agricultural 

systems is to increase the rate of SOM decomposition resulting in a greater release of 

nitrogen. By mixing agricultural residue into the soil where moisture conditions are more 

constant, tillage accelerates the decomposition of this residue.  Furthermore, tillage 

breaks apart soil aggregates and larger organic particles, thereby increasing the surface 

area of SOM available to bacteria (Balesdent et al., 2000). Additionally, in Minnesota’s 

climate, soil tilled in the spring warms earlier promoting bacterial growth and the earlier 

mineralization of nitrogen.   

 

Soil Organic Carbon in Relation to Soil Functioning   

Soil organic matter influences soil quality not solely as a pool of potentially 

mineralizable nitrogen.  SOM is related to soil structure, which is an important mediator 

of soil quality (Karlen et al., 1998).  On silt loams and clayey soils, the fast cycling - 

labile fraction, of SOC is associated with the creation and stability of macroaggregates 

(Tisdall and Oades, 1982).  Macroaggregate structures results in greater soil porosity.  

Functionally, porosity is important to water absorbance, diffusion of oxygen, and root 
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growth.  Additionally, the humified fraction of SOC has important water retention and 

chemical buffering properties.  Finally, SOC provides food and favorable environments 

for soil biota.  Biologically active soil may suppress soil pathogens and create mutualistic 

relationships with plants. 

When soils are wetted, good aggregate stability prevents crusting (Lebissonnais et 

al., 1989).  In an agricultural setting, crusting increases water runoff and decreases crop 

germination.  Because organic matter and nutrients are stored in or bound to aggregates, 

aggregation also directly impacts SOM levels. 

 

Erosion 

Agricultural fields do not lose soil organic matter at a constant rate either in 

respect to space or time. Following the conversion of land to agriculture, increased 

mineralization causes a dramatic loss of SOC, the rate of which decreases with time as 

the system approaches equilibrium.  Agricultural practice over an extended period of time 

(t > 10 yrs) may result in an even greater loss of SOC due to erosional processes 

(Gregorich et al., 1998).     

Erosional loss of SOC is distinctly different from mineralized losses. First, the 

rate of SOM lost to erosion is not a function of time but rather a function of topography. 

When management practice is constant, the rate of erosion also remains constant.  As soil 

degrades, the rate of erosion may actually accelerate.  

 Second, topsoil lost to erosion is irrecoverable. Erosion permanently alters the 

biological functioning of soil (Gregorich et al., 1998), and imposes a limit on future soil 

quality. The selective loss of silt sized particles, labile carbon, and the topmost material 
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may change soil texture, reduce cation exchange capacity, and expose lower genetically 

distinct subsurface horizons.   Thus, the severity of erosion determines the extent to 

which SOC carbon dynamics are altered. 

In the annual sequence of tilling, planting, and harvesting, fields remain without 

cover for much of spring and again starting in November.  Without the physical buffering 

of plant cover and the stabilizing effect of plant roots, a field is susceptible to water 

erosion.  Under conventional management, tilled fields in Southeastern MN, spring rains 

coincide with the time of minimal plant cover.  Where rain falls directly on soil, the 

impact of individual raindrops can mobilize soil particles and redistribute the soil on the 

cm scale.  This process, called splash erosion, does not result in net soil transport alone, 

but in combination with other forms of water erosion can results in the loss of SOM.   

The movement of water on the soil surface does result in transport where soils are 

exposed on sloping topography.   Surface water movement occurs either when the rate of 

accumulation is greater than absorption or when soils are saturated.  Water erosion may 

be further sub-classified into sheet erosion, gully erosion, and rill erosion. Transport of 

soil material may occur on the meter to kilometer scale. 

Tillage erosion is the displacement of soil from upper convex slopes to down 

slope concave areas.  Cultivation of any sort disturbs soil structure.  Tillage loosens the 

soil such that once mobilized it will resettle in concave - downslope positions.   

While this type of mass movement is especially an issue when fields are plowed 

against topographic contour lines, similar mass movement can occur via natural creep 

processes. In assessing prior erosion from one point in time, it is difficult separate natural 

from anthropogenic causes.    
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The findings of agricultural field experiments, however, indicate that water 

erosion selectively depletes labile SOC stocks with increasing slope (ZHANG J, 2006). 

Tillage erosion by redistributing soil leads to more local degradation as a function of 

slope convexity.  

There is an inverse relationship between soil quality and erosion. Soil erosion 

alters the biological, chemical, and physical properties of the soil.  Healthy, biologically 

functioning soil with intact structure is resistant to erosion (Gilley et al., 1997).  

Structurally degraded soils have smaller less stable soil aggregates; they are prone to 

compaction and in general have a lower porosity.  Degraded soils absorb water less 

quickly and become saturated faster than healthy soils. This leads to increased surface 

water flow, which is a primary cause of erosion.   

Reduced concentrations of SOC are associated with increased erosion.  

Regardless of the process responsible for soil quality degradation, once degraded the 

potential for erosion increases.  In the worst of circumstances, when depletive agricultural 

management practice is constant, a positive feedback may begin between declining 

agricultural productivity and increasing erosion.   

 

Conservation Reserve Program  

Recognizing that soil is a non-renewable resource, the federal government initiated the 

conservation reserve program in 1985, as a part of the Food Security Act, to prevent 

further soil erosion on the most susceptible agricultural lands. CRP contracts typically 

last 10 yrs. Contracts require the farmer to plant the contracted land with perennial cover 

and in turn the farmer receives a yearly payment from the federal government.  
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 With long-term enrollment in CRP, positive changes in soil carbon and soil 

structure are expected. Perennial grasses allocate more carbon to root systems than either 

corn, Z. mays, or soybeans, G. max.  From an ecosystem perspective, this increases 

annual carbon input.  Additionally, without annual tillage, conditions are less favorable 

for the mineralization of soil carbon. This represents a decrease in the rate of carbon 

losses. Thus, converting agricultural lands to perennial grass positively shifts the soil 

carbon equilibrium balance. Even on decadal timescales, carbon primarily accumulates in 

the fast cycling pool.  Should tillage practices recommence, it is expected that the 

majority of carbon sequestered gets mineralized in 2- 3 years making agricultural soils 

ineffective sinks in a global warming context (Post and Kwon, 2000).   

 

Quantifying Changes in Soil Quality  

Ultimately, CRP management is expected to have a remediative effect on 

degraded soils.  To quantify the expected change, there are a number of indicators 

available to scientists.   

In comparing CRP to other agricultural management practices, measurements of 

bulk density, soil aggregate stability, and aggregate size distribution reveal the physical 

nature of quality (Karlen et al., 2006). Aggregation measurements are highly sensitive to 

land use change. Studies indicate that aggregate stability significantly increases within 

four years of grassland management. Increased microbial biomass and the production of 

binding carbohydrates is a proposed mechanism behind such change (Haynes et al., 

1991).  
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Biological measurements, such as fungal hyphae length, total microbial biomass, 

and even nematode concentrations are useful in assessing immediate effects of land 

management (Karlen et al., 1999). Biological activity in many instances is the mechanism 

that leads to positive chemical or physical changes in soil quality.   

Whereas measurements of the labile carbon fraction are sensitive to immediate 

changes in management practice, total organic carbon concentration measurements are 

not sensitive due to the extended timescales of the slower cycling SOC pools. In the case 

of 10 to 20 year time spans, total organic carbon measurements are sensitive to 

differential land management. Furthermore, SOC concentration is correlated with other 

soil quality indicators (Karlen et al., 1999), and on decadal time scales is a reasonable 

indicator of changes in soil  quality.  

 

Characterization of Site Soil 

The NRCS soil survey classifies the study site soil unit (1410C) within the Racine series, 

Taphonomically, this soil is a fine-loamy, mixed, mesic, mollic hapludalf.  The parent 

material is glacial till. Surface soil texture is silt loam.  Native ecosystem type was either 

mixed grass prairie or hardwood forest (Natural Resources Conservation Service) . For a 

complete series description, see appendix 1. 

 Native ecosystem type was either mixed grass prairie or hardwood forest. (NRCS 

Soil survey of rice county.)  As a control on ecosystem processes and a secondary control 

on SOM levels, it is worth mentioning that this soil formed under a temperate climate.    
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Study Question 

This study uses SOC concentrations to compare Conservation Reserve Program 

management to conventional corn, Z. mays, - soy, G. max, management.  Additionally, 

SOC concentrations are used to quantify the effect of topography on soil quality.  Keith 

Schrader owns and farms this land.  This study was performed with his permission and 

assistance.    

All plots are approximately 80 by 120 meters (see FIGURE 2), and are on the 

same soil type (1410C) – a Racine silt loam.  Total soil organic carbon measurements are 

used as a proxy to determine relative changes in soil quality and to characterize the effect 

of topography.  The central hypothesis of this study is that perennial grass cover will 

improve soil quality, but that past erosion may limit present gains in soil quality.  

The hilltop topography produces a confounding effect on a CRP agriculture 

paired comparison. Field observations indicate that on some portions of the hilltop the 

entire A-horizon has eroded away. See FIGURE 3. While tillage erosion is the likely 

culprit behind such exposures, other erosive processes may have been at work. At 

present, it is not possible to fully differentiate between anthropogenic and natural erosive 

processes processes. 

Due, however, to textural and other genetic differences between Ap and Bt 

horizons, there is no basis for a comparison of management practices between A-horizons 

and the now exposed lower Bt-horizon on the hilltop area. Here a separate question 

emerges: to what degree does a legacy of erosion continue to impact soil quality after 25 

years of remediative perennial grass cover.   
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Plot Descriptions    

Crp20  

This plot was enrolled in the Conservation Reserve Program in 1986.  Topographically, 

the central portion of this plot is a hilltop. See FIGURE 2C. As previously discussed, 

continued tillage left the convex portions of the hillslope entirely stripped of  A-horizon 

soil.  See FIGURE 3.  In respect to texture, these exposures have a larger percent clay 

component, and the soil contains a higher percent gravel fraction. Keith Schrader reports 

that in 1986 this particular plot was no longer agriculturally productive. 20 years of 

continuous grass cover is expected to increase SOC concentration relative to levels in 

1986, but gains on the severely eroded portions may be highly limited. 

 

Crp10 

Crp10 was enrolled in the Conservation Reserve Program in 1986 simultaneously with 

crp20.  After 10 years, Keith returned crp10 conventional  corn – soy management.   

Within this ten year time span carbon is expected to accumulates mostly in the fast 

cycling pool.  My hypothesis is that whatever carbon gains accrued during CRP 

enrollment would likely be lost shortly after a return to conventional agriculture.  

 

Crp0  

This plot has been farmed in continuous corn soy rotation for a time greater than 50 

years. Aerial photographs reveal channelized gullies to the east of the crp0 plots. See 
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FIGURE 2B. Gully erosion in the larger field setting may be indicative that smaller scale, 

sheet or rill, erosive processes are at play in within this plot.  

 

METHODS 

In this study, soil type constrained the area of study to only land designated by the NRCS 

survey as Racine silt loam.  Management practice, either CRP or corn-soy, further 

delineates inter-plot boundaries.   To facilitate study design, the outer limits of the study 

area were fixed so that each plot would be approximately  of an acre. (REFERENCE 

FIGURE) 

All samples were taken within a two week period in late October 2006. Sampling 

occurred at 20 points within each plot. Points were generated using a random number 

function that was constrained to the range of UTM coordinates defining each plot.  

Samples were taken at twenty random points.  Points were located using a 

handheld Garmin GPS unit.  At each point, the soil from two auger holes was combined 

to form composite samples from the 0 – 5 cm depth interval and again at the 10 – 20 cm 

depth interval.  To collect a sample in the 0 – 5 cm interval, holes were augured initially 

only to 5 cm.  Then to get the 10 – 20 cm sample, the initial auger holes were cleared of 

remaining soil and re-augured to the 20 cm mark.     

Within 72 hrs of field sampling, after hand removal of roots and plant stems 

samples were passed through a 2 mm sieve and dried for at least 24 hrs in the geology 

department oven at approximately 35
o 
C. Samples were prepared for total carbon/nitrogen 

combustion analysis according to standard procedure (Yeomans and Bremner, 1991).  
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Due to machine reliability issues, C/N analysis was done on two separate Costech 

analyzers.  All samples from the crp20 plot and 16 samples from crp0 plot were run on 

the Saint Olaf Costech on February 23, 2007.  All crp10 samples and the remaining 4 

crp0 zero samples were run on the Costech analyzer at Carleton College on February 25.  

Concentration data from the Carleton College Costech analyzer is denoted in the results 

section and appendix with an asterisk.  

 Unpaired T-tests were used to determine statistical significance of the percent 

carbon concentrations. 

 

RESULTS 

For individual sample information, see Appendix 2. 

TABLE 2. Combined Results of Data from All Plots 

Sampling Depth 0-5 cm 10-20 cm 

Percentile % Carbon % Nitrogen % Carbon % Nitrogen 

100 3.48 0.280 2.80 0.242 
75 2.57 0.217 2.30 0.197 
50 2.22 0.181 2.03 0.164 
25 2.01 0.156 1.81 0.138 
0 1.21 0.103 0.44 0.042 

Mean 2.29 0.187 2.04 0.166 

Standard deviation 0.4129 0.0405 0.4109 0.0397 

Table 2. Concentration data from all three plots is displayed in the given depth 

interval 
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Figure 1. Mean Plot Soil Organic Carbon Concentrations.   Error bars indicate 

standard deviation. SOC concentrations in Crp20 at both depth intervals have the 

greatest standard deviations.  This is attributed to topographic and tillage effects 

resulting in spatially varied erosion.  

 

 

 

Table 3. Numerical Data associated with Figure 1  

 

 

 

 

 

  

 

  Depth cm 

% Soil 

Carbon % Nitrogen 

0-5 cm 2.22 0.178 crp20 

  5-15 cm 1.71 0.046 

0-5 cm 2.52 0.217 crp10 

  5-15 cm 2.39 0.202 

0-5 cm 2.12 0.164 crp0 

  5-15 cm 1.94 0.145 
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Table 4. Interplot Mean SOC Comparisons  

Plot to Plot  

Comparison 

Depth Interval (cm) 

Percent SOC 

 Difference 

Significance p-value 

0-5 0.3 yes 0.05 

crp10-crp20 

10-20 0.68 yes 0.005 

0-5 0.4 yes 0.005 

crp10-crp0* 

10-20 0.44 yes 0.005 

0-5 0.1 no - 

crp0*-crp20 

10-20 0.24 no - 

TABLE 4. Asterisk* indicate that samples were analyzed at Carleton 

College.  All other samples were analyzed at Saint Olaf.  The crp10 –

crp20 comparison, while significant, was confounded by topography.  

 

Acetanilide check calibrations run on both Carleton and Saint Olaf Costech analyzers 

indicate a consistent systematic overestimation of SOC.  This increased from less than 

%5 to 18% as the run progressed. Because all data contained the same systematic error, 

results from the two machines are considered comparable. Comparisons are based on the 

actual data.  Normalizing data in relation to the acetanilide calibration standards did not 

affect significance of the interplot comparisons.  

On the Carleton machine, 4 crp10 samples were run alongside the crp0 samples.  

This provides an additional check and means of correlating data between machines. 

Among data gathered exclusively at Carleton College, there was a significant difference 

between crp10 and crp0 SOC concentrations.  This supports the general validity of the 

intercollegiate and interplot crp10 – crp0* comparison.  
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DISCUSSION 

 

The results indicate that 10 years of perennial grass management followed by 10 years of 

conventional corn-soy management is sufficient to increase SOC concentrations by 

approximately (20 +/- 10 %) relative to continual corn soy management. Where natural or 

anthropogenic processes related to topography have resulted in erosion, even after 20 

years of grass management topography continues to the present concentrations of SOC  

  

Crp10 versus Crp0 

There is a significant difference in mean SOC concentration between crp10 and 

crp0 (p= 0.005).  In the upper 5 cm and lower 15 cm, the mean percent SOC is 0.40% and 

0.44% greater respectively than the mean values in crp0.  In this instance, a direct 

comparison of management practices is valid.   

The interpretation is that soil organic carbon accumulated from 1985 to 1995 

when crp10 was planted with native grass.  In 1995 the management of crp10 reverted to 

a corn (Z. maize) –soybean (Glycine max) rotation.  Relative to perennial grass 

management regimes, conventional tillage and annual cropping practice increases the 

ratio of SOC decomposition to SOC input.  Immediately following the switch, chemically 

labile and physically unprotected SOC would be lost and concentrations would approach 

pre-Conservation Reserve levels.   
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 The elevated crp10 SOC concentration (relative to crp0) is thus the result of a 

small but chemically resistant fraction of soil organic carbon.  Particularly in the upper 

sampling interval, this study proposes a chemical rather than physical explanation for the 

resistant nature of elevated SOC concentrations.   

Conventional tillage degrades soil structure thoroughly and rapidly. Studies find 

that after three years of conventional tillage, virtually all physically sequestered SOC and 

up to 80% of the labile SOC is lost (Yang and Wander, 1999).   Thus the additional SOC 

would have to chemically resistant.   

 In answering the original question of this study –the SOC proxy suggests that 

perennial grass cover has improved soil quality.  While the absolute gain in total soil 

organic carbon concentrations was less 1 %.  Mean concentrations increased by 

approximately 20%, which due to the functional relationship between SOC and soil 

quality would have a positive impact on soil quality. 

 

 

Enhanced SOC Retention at Depth 

The results of the crp10 – crp0 comparison also provide some insight into the 

vertical dimension of soil organic carbon accumulation.  Namely, the results suggest that 

the absolute difference in SOC concentration between plots increases as a function of 

depth due to temporary (10 year) perennial grass cover. Interplot difference in SOC 

concentration is 10%  greater in the lower sampling horizon. Other studies that look at 

both natural and agro-ecosystems have detected similar depth effects (Post and Kwon, 

2000). 
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 Before going into a discussion of the possible mechanisms, let it be noted that 

this is not a statistically significant result.  Rather, it is an observation based only on 

sampling at two depth intervals from one paired plot comparison. 

In the terms of the vertical increments that this study samples, soil carbon input is 

greatest in the top 5 centimeters of the soil profile.  At this depth, there are inputs from 

above and belowground plant biomass pools. Due to temperature and moisture conditions 

that are favorable for aerobic decomposition, SOC cycling within this interval is very 

rapid(Balesdent et al., 2000). Maximal turnover times are 1 – 2 years for the majority of 

SOC contained in the 0 – 5 cm depth interval. Thus, SOC concentrations in this interval 

reflect large inputs and rapid mineralization of SOC.   

At lower depths, conditions are less favorable for decomposition, and turnover 

time is less rapid. Additionally, at lower depths plant roots provide the primary input of 

SOC. While other management practices besides perennial grass cover will increase soil 

organic carbon levels (Buyanovsky and Wagner, 1998), these methods are spatially 

limited to upper depths.   

 An important aspect of CRP management is that the SOC concentrations are 

elevated at depths below the tillage zone.  The extensive root systems of perennial 

grasses can reach several meters depth (Canadell et al., 1996). Meaningful carbon 

sequestration can thus occur at depths not subject to physical disturbance (Craine et al., 

2003)  

When management practice reverts to a conventional tillage regime, physically 

sequestered SOC in the tillage zone is readily mineralized. Below the tillage zone, 
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however, soil structure remains intact, and the SOC gains persist for a longer period of 

time.  

 Multiple paired comparison studies with sampling intervals at depths  below the 

tillage zone would be necessary to test this mechanism.  Because the 10-20 cm sampling 

interval utilized in this study is not exclusively below the tillage zone, no definitive 

conclusions can be drawn at this time. 

 

Crp10 –Crp20 

  Mean SOC concentration of crp10 is 0.4% greater than that of crp20. 

Topography and the resultant erosion are most certainly responsible for the fact that land 

managed with 20 years of grass cover continues to have lower mean SOC concentrations 

than land farmed continuously in a conventional corn-soy regime. Due to the previously 

discussed confounding topographic variable, the relative effect on soil of land 

management cannot be determined.  

 

Topographic Effects in Crp20 

 Within the crp20, the dominant effect of topography on SOC concentration is evident in 

the more variable concentration.  There is a weak negative association between degree of 

slope and SOC concentration. See figure 5.  A more complete and accurate model might 

incorporate both the effects of slope and surface convexity or concavity.  Field 

observations confirm that exposures of Bt horizon indicating severe erosion were on 

convex surfaces. Thus, while land management may have improved soil quality on crp20.  

Topography and prior erosion have a continual limiting effect on soil quality.  
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CONCLUSION 

Perennial grass management does have a positive effect on soil quality.   Results also 

indicate that prior erosion, may severely limit gains in SOC relative to non-eroded 

surfaces.  This study design is effective in providing a general characterization of both 

land management and topographic effects on quality.  Future studies could provide 

further insight with consistent sampling over time 

 

AKNOWLEDGEMENTS 

I would like to thank my advisor, Mary Savina, and many others who helped me along 

the way: Alex Barron, Charles Umbanhower, Andy Lorenz, Ellen Root, Roxy Wilcox, 

Selena Pang, Keith Schrader, Brad Carlson, and Tim Vick.  This project was made 

possible with geology department funds and assistance from the NRCS.   

 

 

 

 

 

 

REFERENCES 

 

Soil Survey of Rice County: United States Department of Agriculture 

Natural Resources Conservation Service. 

Balesdent, J., Chenu, C., and Balabane, M., 2000, Relationship of soil organic 

matter dynamics to physical protection and tillage: Soil & Tillage Research, 

v. 53, no. 3-4, p. 215-230. 

21



  

Burkart, M. R., Oberle, S. L., Hewitt, M. J., and Pickus, J., 1994, A Framework for 

Regional Agroecosystems Characterization Using the National Resources 

Inventory: Journal of Environmental Quality, v. 23, no. 5, p. 866-874. 

Buyanovsky, G. A., and Wagner, G. H., 1998, Carbon cycling in cultivated land and 

its global significance: Global Change Biology, v. 4, no. 2, p. 131-141. 

Canadell, J., Jackson, R. B., Ehleringer, J. R., Mooney, H. A., Sala, O. E., and 

Schulze, E. D., 1996, Maximum rooting depth of vegetation types at the 

global scale: Oecologia, v. 108, no. 4, p. 583-595. 

Carlson, B., 2006. 

Carter, M. R., 1995, Structure and Organic Matter in Agricultural Soils, Advances 

in Soil Science: Boca Raton CRC Press. 

Craine, J. M., Wedin, D. A., Chapin, F. S., and Reich, P. B., 2003, Relationship 

between the structure of root systems and resource use for 11 North 

American grassland plants: Plant Ecology, v. 165, no. 1, p. 85-100. 

Flatch, K. W., Barnwell, T. O., and Crosson, P., 1996, Organic Matter in Temperate 

Agroecosystems: Boca Raton, CRC. 

Franzluebbers, A. J., and Arshad, M. A., 1997, Particulate organic carbon content 

and potential mineralization as affected by tillage and texture: Soil Science 

Society of America Journal, v. 61, no. 5, p. 1382-1386. 

Gilley, J. E., Doran, J. W., Karlen, D. L., and Kaspar, T. C., 1997, Runoff, erosion, 

and soil quality characteristics of a former Conservation Reserve Program 

site: Journal of Soil and Water Conservation, v. 52, no. 3, p. 189-193. 

Gregorich, E. G., Greer, K. J., Anderson, D. W., and Liang, B. C., 1998, Carbon 

distribution and losses: erosion and deposition effects: Soil & Tillage 

Research, v. 47, no. 3-4, p. 291-302. 

Haynes, R. J., Swift, R. S., and Stephen, R. C., 1991, Influence of Mixed Cropping 

Rotations (Pasture Arable) on Organic-Matter Content, Water Stable 

Aggregation and Clod Porosity in a Group of Soils: Soil & Tillage Research, 

v. 19, no. 1, p. 77-87. 

Karlen, D. L., Andrews, S. S., Weinhold, B. J., and Doran, W., 2003, Soil quality: 

Humankind's foundation for survival: Journal of Soil and Water 

Conservation, v. 58, no. 4, p. 171-179. 

Karlen, D. L., Gardner, J. C., and Rosek, M. J., 1998, A soil quality framework for 

evaluating the impact of CRP: Journal of Production Agriculture, v. 11, no. 

1, p. 56-60. 

Karlen, D. L., Hurley, E. G., Andrews, S. S., Cambardella, C. A., Meek, D. W., 

Duffy, M. D., and Mallarino, A. P., 2006, Crop rotation effects on soil quality 

at three northern corn/soybean belt locations: Agronomy Journal, v. 98, no. 

3, p. 484-495. 

Karlen, D. L., Mausbach, M. J., Doran, J. W., Cline, R. G., Harris, R. F., and 

Schuman, G. E., 1997, Soil quality: A concept, definition, and framework for 

evaluation: Soil Science Society of America Journal, v. 61, no. 1, p. 4-10. 

Karlen, D. L., Rosek, M. J., Gardner, J. C., Allan, D. L., Alms, M. J., Bezdicek, D. 

F., Flock, M., Huggins, D. R., Miller, B. S., and Staben, M. L., 1999, 

Conservation Reserve Program effects on soil quality indicators: Journal of 

Soil and Water Conservation, v. 54, no. 1, p. 439-444. 

22



  

Lebissonnais, Y., Bruand, A., and Jamagne, M., 1989, Laboratory Experimental-

Study of Soil Crusting - Relation between Aggregate Breakdown 

Mechanisms and Crust Structure: Catena, v. 16, no. 4-5, p. 377-392. 

Plante, A. F., Conant, R. T., Stewart, C. E., Paustian, K., and Six, J., 2006, Impact of 

soil texture on the distribution of soil organic matter in physical and 

chemical fractions: Soil Science Society of America Journal, v. 70, no. 1, p. 

287-296. 

Post, W. M., and Kwon, K. C., 2000, Soil carbon sequestration and land-use change: 

processes and potential: Global Change Biology, v. 6, no. 3, p. 317-327. 

Tisdall, J. M., and Oades, J. M., 1982, Organic-Matter and Water-Stable 

Aggregates in Soils: Journal of Soil Science, v. 33, no. 2, p. 141-163. 

Trumbore, S., 2000, Age of soil organic matter and soil respiration: Radiocarbon 

constraints on belowground C dynamics: Ecological Applications, v. 10, no. 

2, p. 399-411. 

Yang, X. M., and Wander, M. M., 1999, Tillage effects on soil organic carbon 

distribution and storage in a silt loam soil in Illinois: Soil & Tillage Research, 

v. 52, no. 1-2, p. 1-9. 

Yeomans, J. C., and Bremner, J. M., 1991, Carbon and Nitrogen Analysis of Soils by 

Automated Combustion Techniques: Communications in Soil Science and 

Plant Analysis, v. 22, no. 9-10, p. 843-850. 

 

 

23



 

 

 

 

 

Soil organic carbon 

Plants material 
 Soil biota  

Atmosphere 

decomposition 

Nitrogen mineralization 

decomposition  

photosynthesis  

Figure 1. Boxes represent SOC pools.  Solid arrows represent SOC 
fluxes 
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Figure 2.  Aerial photo of Nerstrand, MN.  2A shows the greater Nerstrand area. The 
rectangle denotes the study area of interest. Land usage is divided between State 
Park and agriculture.  The town of Nerstrand is in the southeast corner.  2B shows 
the study area and plot designations.  Red arrows note erosional gullies. 2C shows 
the hilltop topography of the larger field. 
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Figure 4.  Circle size indicates soil organic carbon concentrations 
at sample points.  Background color indicates percent slope.   
Note comparable 4.99 -7.17 percect slopes on crp0 and crp10.  
SOC concentrations are elevated in crp10 relative to crp0 indi-
cating the effect of temporary perennial grass cover.  In crp20 
lower SOC concentrations are associated with both steeper 
slopes and with convex surfaces.   
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Appendix 1. Official Soil Survey 
of Rice County, Minnesota. Pub-
lished by the Natural Resources 
Conservation Service
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