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ABSTRACT 

 
The planet’s arable soils are rapidly degrading, primarily through 

mismanagement, erosion, and pollution. In contrast, some of the most fertile soils in 

the world lie under grasslands, such as in the Central Plains region of the United 

States. These soils were developed over thousands of years through wind depositions 

and through the deep roots of native grasses and forbs, each year depositing the 

organic matter and carbon of old roots under the surface. The eastern edge of US 

grasslands is occupied by Tallgrass Prairie, 98% of which has been converted to row 

crops and human use. There remains, among these soils, small remnants which have 

remained uncultivated or plowed, and which are likely the best remaining examples of 

grassland soils from before modern agriculture. To improve and preserve the 

agricultural soils throughout the Midwest, it is essential to thoroughly understand the 

soil properties of these remnant soils.  

Currently the most widely recognized and comprehensive suite of soil tests 

available for analyzing chemical, physical, and biological aspects of soil is the 

Comprehensive Assessment of Soil Health offered by the Cornell Soil Health 

Laboratory (CSHL). Multiple government and research groups use this testing service 

for the quantification of soil health properties.  

The goals of this study are to use Cornell University’s Comprehensive 

Assessment of Soil Health tools to: 1) evaluate the soil health of remnant tallgrass 

prairies in Nebraska, by quantifying a suite of relevant physical, chemical, and 

biological soil properties collected at multiple remnant sites; 2)  compare the data from 



 

these remnant grasslands with comparable data collected in nearby agricultural fields 

to determine the degree and type of soil degradation which may have occurred there; 

and 3) use the  profile characteristics of the remnant soils as a benchmark for 

evaluating soil health of samples derived from a region-wide data base for agricultural 

soils of collected from former prairies throughout the Great Plains.  

In the Nebraska Tallgrass Prairie region, nine research sites were identified. 

Five remnant sites were paired with one of four nearby agricultures sites that had a 

similar soil type, slope, and elevation. At each site, five subsamples were collected at 

0-15 cm and at 15-30 cm soil depths. The samples were analyzed for soil texture, 

available water capacity, organic matter percentage, soil protein, soil respiration, 

active carbon, pH, total carbon, total nitrogen macro and micronutrients. The data 

analyses were conducted using R Studio, and the results of the remnant sites and of the 

agricultural sites were compared: 1) with each other, and 2) with selected samples 

from the CSHL Prairie State Database (PSD).  

There were significant differences between the remnant soils and the 

agricultural soils at 0-15 cm. Differences were most pronounced in the biological soil 

properties, with remnant soils exhibiting higher values among soil health properties 

that measure soil functional capacity. This pattern was also evident in the physical soil 

properties, although the differences were not as pronounced. In the chemical analyses, 

higher nutrient concentrations were found in the remnant sites than in the agricultural 

sites, apart from phosphorous, which was significantly higher in the agricultural sites. 

Similar patterns were found in the samples from 15-30 cm depth, although less 

pronounced. Pearson’s Correlation revealed significant correlations among the 



 

biological indicators, particularly among carbon-related soil properties. In addition, a 

Principal Component Analysis identified associations among indicators strongly 

associated with microbial activity and organic matter quality.  Comparison of the 

Nebraska samples with the Prairie Soils from the broader CSHL data base was 

especially insightful as soils from the remnant sites had higher soil health indicators 

for every property measured, except phosphorous, iron and zinc. In general, this study 

indicated serious degradation in the agricultural soils as compared with the remnants, 

with total nitrogen showing the highest difference, followed by various forms of 

carbon. 

The comparison of remnant prairie sites with agricultural sites in eastern 

Nebraska quantified what is apparently a breakdown of healthy soil functions in active 

agricultural land, as a result of long-term agricultural practices. The remnant soil 

health profiles presented here can therefore serve as a reference for guiding 

management and restoration of agricultural systems throughout the Tallgrass Prairie 

Region. This study also highlights the powerful approach of using the CSHL 

comprehensive soil analyses in combination with remnant grasslands as a diagnostic 

tool for other types of grasslands across the Great Plains and globally.   
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INTRODUCTION 

While the need to conserve soils has never been more critical, recent dire headlines tend 

to oversimplify the problem. One example is the frequently repeated claim that the planet has but 

60 annual harvests remaining before all of the world’s soil resources are depleted (Ritchie, 

2021). This claim has recently been countered by projections that soil lifespans range over five 

orders of magnitude, from ten to ten million years (Evans et al., 2020). Importantly, the latter 

study compared lifespans of soils under a range of management conditions, including bare soil 

(plots kept free of vegetation for research purposes), non-bare conventional soil (conventional 

agriculture) and conservation soils (grasslands, forests and sustainably managed systems). 

Unsurprisingly the conservation soils had the longest predicted lifespan, with only 7% of these 

soils having a predicted lifespan of under 100 years and 39% having a lifespan greater than 

10,000 years. Although promising, the study also demonstrated that 16% of conventional soils 

and 34% of bare soils do have lifespans under 100 years and only 18% of conventionally 

managed soils were predicted to last over 10,000 years. A critical issue is then identifying what 

percentage of the world’s soils fall under these three sets of conditions. The study by Evan et al 

(2020) renews hope in the sustainability of the world’s soil resources. Their findings also 

highlight the importance of sustainable farming practices and the importance of the preservation 

and study of conservation soils. 

Some of the best remaining examples of resilient conservation soils serve as the 

foundations for the world’s grasslands. Grasslands formerly covered 33.7% of the total land 

surface of the earth, but the majority of these lands have been converted to row crops and grazing 

lands (Ghosh and Mahanta, 2014; O’Mara 2012; Samson and Knopf, 1994). Serving as the 

world’s agricultural areas, converted former grasslands are critical for current and future food 
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security (FAO, Web 2020; Sattari et al., 2016). However, from an ecosystem perspective, global 

grasslands make up extensive and unique biomes in every continent and, when intact, provide 

numerous other important ecosystem services. They are hotspots of diversity, including plants, 

insects, birds and mammals (Tilman et al., 1996; Binder et al., 2018; Upton et al., 2019; 

Bowman et al., 2016). Several of the ecosystem services derive from the grassland soils 

themselves. Under natural conditions, grassland soils in temperate zones accumulate deep layers 

of organic matter through the development and cumulative decomposition of leaf litter and 

extensive, deeply penetrating grass root systems. This process contributes to forming the dark 

and fertile soils underlying much of the world’s temperate grasslands — a unique composition 

that justifies its own soil order in the international system of soil classification, i.e. Mollisols 

(Blair et al., 2013). Such deep organic soil surface layers have played a key role in capturing and 

retaining scarce rainfall in semiarid regions. Recent attention has also focused on the tremendous 

potential of the world’s grasslands to sequester large amounts of carbon, estimated at 10–30% 

above current global soil carbon stocks (Ghosh and Mahanta, 2014; Yang et al., 2019). Despite 

these multiple benefits, grasslands are one of the most endangered habitats, both in the United 

States and globally, as they continue being rapidly converted to agriculture (David et al., 2009; 

Samson and Knopf, 1996; Shaw et al., 2016; Mackelprang et al. 2018).  

In the US, much of the American prairie was heavily impacted by the conversion to 

agriculture following the passing of the Homestead Act in 1862, which granted 160 acres of 

public land, including previously uncultivated prairies, to American citizens (Shanks, 2005). The 

advent of the steel plow in 1837, a key to breaking up the deep-rooted native grasses of the 

American prairie, accelerated this expansion.  The conversion to agriculture, including tillage 

and clearing of the native grasses, when combined with severe drought, famously laid the 
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foundation for the American Dust Bowl in the 1930’s (Hornbeck, 2012).  Estimates indicate that 

40 million ha were impacted in the American Midwest, with affected states having lost an 

average of 75% of their original topsoil (Hornbeck, 2012; Baumhardt, 2003).  

Despite lessons learned from the Dust Bowl, soil erosion continues to be a serious 

challenge in the U.S. and globally. The grasslands of the Midwest largely continue to degrade 

under conventional farming management (Thaler et al., 2021). Lal (2001) estimates current 

global soil degradation affects 1966 million hectares (Mha), with 910 Mha showing moderate 

degradation and 305 Mha showing extreme degradation. Globally, current yearly estimates of 

soil erosion rates vary, but conventional agriculture has been shown to have higher mean erosion 

rates (1.53 mm/yr) than that of conservation agriculture (0.082 mm/yr), or soil under native 

vegetation (0.013 mm/yr) (Montgomery, 2007). Moreover, mean global soil formation rates of 

0.017 mm/yr have been shown to be considerably lower than current erosion rates by one to two 

orders of magnitude (Montgomery 2007). Serious past and present global soil erosion issues 

highlight the importance of slowing current erosion rates and the need for rapid implementation 

of soil remediation efforts. Degradation of soil, through erosion and conventional agricultural 

practices, has many negative effects on cropping systems including decreased water infiltration, 

decreased drainage and water holding capacity, reduced nutrient availability, and ultimately, 

reduced crop yields (Issaka and Ashraf, 2017; Lal, 2001).   

Given the extent of the agricultural impacts across the Great Plains of the US, only a very 

few areas still retain their original grassland plant communities and soils, undisturbed by modern 

agricultural management. These scant patches are known as remnant soils (Mackelprang et al., 

2018; Samson et al. 2004; Wimberly et al., 2017).  Remnant prairie soils are defined as having 

had no tillage disturbances or cultivation (Larson, 2020) and in the Midwestern U.S., they are 
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largely located in areas that were hard to access with a plow, or considered marginal or less 

productive, as well as in some nature preserves, cemeteries, along railroad tracks and on steep 

slopes (David et al., 2009; Leach and Givnish, 1996; Bock and Bock, 1998). Most remnant 

prairies in preserves are managed through grazing or burning regimens generally accepted as 

essential to control woody encroachment and non-native species (Larson, 2020). 

Despite essential modern management, remnant grassland soils are most likely the best 

remaining proxy for understanding the nature and properties of soils in the great American 

prairie before the advent of modern agriculture. Additionally, remnant soils likely represent the 

highest quality examples of conservation soils. The Society of Ecological Restoration 

recommends that having a remnant ecosystem is an essential tool for understanding the natural 

processes and planning a successful restoration project (McDonald et al., 2016). It is also 

essential to understand the soil health properties of remnant soils so they can serve as a 

benchmark against which researchers can evaluate the condition of agricultural soils and of 

depleted grassland soils (Balaguer et al., 2014; Leach and Givnish, 1996; Bock and Bock 1998). 

All told, the comparison of conventionally managed agriculture soils against grassland or 

sustainably managed soils through soil analyses offers an opportunity to further understand what 

soil processes or properties drive differences in soil lifespans and can offer a template for future 

soil remediation and preservation efforts.  

Yet, other important issues are impeding the adoption of more sustainable soil practices. 

In particular, there is a lack of agreement concerning the most appropriate suite of soil analyses 

to use and there is variation among researchers and laboratories in the methodologies for 

conducting the analyses, along with a lack of consistency in reporting of the data. Multiple 

public and private entities have called for, and are actively researching, the most vigorous suites 
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of soil tests that can be used across the world to assess global soils and the most efficient and 

comparative strategies for communicating the findings.   

The concepts of soil health, formerly known as soil quality, are gaining global 

recognition as the scientific community is increasingly recognizing the need to quantify the 

physical and biological aspects of soil, in addition to traditional soil fertility testing (Karlen et al., 

2017). The Soil Science Society of America (SSSA) changed their definition of soil in 2017, 

reflecting current more holistic understandings of soil and soil health: “The layer(s) of generally 

loose mineral and/or organic materials that are affected by physical, chemical and/or biological 

processes at or near the planetary surface and which usually hold gases, and biota and support 

plants.”  (van Es, 2017). International organizations have similarly adopted a more 

comprehensive perspective on soil and soil health for research and outreach, both by established 

entities, including the United Nations’ Food and Agriculture Organization and the United States 

Department of Agriculture’s Natural Resources Conservation Service (USDA-NRCS), as well as 

the more recent development of institutions such as the Nobel Foundation, and the Soil Health 

Institute (Karlen et al. 2017; Norris et al. 2020). The USDA-NRCS has recognized the need for 

understanding national soil health status and has developed guidelines for standardizing soil 

health testing within the United States (Stott, 2019). Additionally, the Soil Health Institute 

analyzed soils in 2019 with the CSHL and other soil health testing facilities to publish 

benchmark data regarding the status of soil health in the United States, Canada and Mexico 

(Norris et al. 2020).  

Given the ongoing concerns about uncertainty in soil parameters, methodologies, and 

communicating findings, the Cornell Soil Health Laboratory (CSHL) was developed by Cornell 

University faculty and staff in 2007 as a facility dedicated to measuring comprehensive soil 
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health in agricultural systems (Moebius et al., 2007; Idowu, 2000; Karlen et al., 2008). Over the 

past 14 years, the CSHL has analyzed thousands of soil samples from across the U.S. and 

globally for their soil health properties. This large, powerful database has allowed the CSHL to 

assemble composite, average profiles of soil properties for different regions. The results are 

summarized using an easily interpreted, soil health scoring system (Fine et al., 2017). Results 

from the CSHL via the Comprehensive Assessment of Soil Health (CASH) packages, or from 

individual soil health analyses, have been published by a wide range of scientists investigating 

soil health properties from various areas of interest (Nunes et al, 2019; McGuire et al., 2017; 

Svoray et al, 2015; Van Eerd et al., 2014). 

We propose that the CASH system of testing is a comprehensive and effective approach 

for first quantifying soil properties of untilled, remnant prairies, in order to establish an ideal soil 

health profile. The reference soil profile then provides a standard for the full suite of soil 

properties which can be used for an informed evaluation of soils from nearby agricultural fields. 

Furthermore, through comparisons of data collected in this study with the extensive CSHL 

database for midwestern prairie soils, we will be able to evaluate the health of Great Plains 

agricultural soils more broadly.  We propose that linking the holistic soil health approach with 

the analyses of remnant grassland soils has the potential to provide a powerful diagnostic system 

for assessing and restoring degraded grasslands (Schneider et al. 2020; Menzies Pluer et al, 2020; 

Balaguer et al, 2014; Barber et al., 2017). 

RESEARCH OBJECTIVES 

The overall goal of this project is to develop a framework for the comprehensive 

understanding of soil health in remnant and degraded tallgrass prairies of Midwestern U.S., to 
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serve as a model approach for conducting soil health restoration across the North American 

Great Plains and globally. The specific objectives are to:   

1)  evaluate and quantify the soil health of remnant tallgrass prairies in Nebraska, by quantifying 

a suite of relevant physical, chemical, and biological soil properties collected at multiple remnant 

sites; 

2)  compare the data from remnant grasslands with comparable data collected in nearby 

agricultural fields to determine the degree and type of soil degradation which may have occurred 

there; and 

3) use the remnant soil profile characteristics as a benchmark for evaluating soil health of 

samples against a region-wide data base for agricultural soils of the northern Great Plains of 

North America.  

 

 

METHODS 

Study sites 

Grasslands in the American Midwest stretch from Canada to Texas, and longitudinally 

from Illinois to Colorado. Tallgrass prairies comprise the eastern third of this region, where 

annual precipitation is generally greater than 500 mm (Suttie et al, 2005; Bock& Bock, 1998). 

The tallgrass prairie region has been almost entirely converted to human use and is considered a 

globally endangered resource with approximately 2% of their soils remaining undisturbed by 

modern agricultural management. 
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We selected nine research sites distributed within a 200-km-long, north-south belt located 

within the Tallgrass Prairie region of Eastern Nebraska (Figure 1). Five remnant prairie sites, 

labeled RP, and four active agricultural sites, labeled Ag, were sampled. At three of the 

locations, sampling sites were paired, with one relict prairie site and one nearby active 

agricultural site. Two additional remnants were both proximal to, and compared with, the fourth 

agricultural site.  The paired sites are located an average 1.1 km (+/- 0.2) apart.  

Remnant sites are extremely rare and therefore it was not possible to select the study sites 

in any random format. Instead, some of the remnant prairie sites were identified by contacting 

researchers who previously investigated microbial soil properties of remnant prairie sites in the 

Tallgrass prairie region (Fierer et al, 2013). Additional RPs, as well as all the paired RPs 

adjacent to active Ag sites were identified with assistance from the Nebraska Game and Parks 

Commission and, in one case, by an owner of one of the sampled Ag sites. It is possible the 

Remnant Prairies remained uncultivated due to being not easily accessible or due to being less 

productive than surrounding areas. The paired sites were selected to have highly similar soil 

types, geographical location, and comparable slopes to address this possible concern (Table 1). 

The Ag sites were all under corn-soy rotation, and crop yield data were collected from the 

farmers when possible. The Prairie sites all had a diverse composition of known tallgrass prairie 

plant species (Boettcher et. al, 1993; Bock and Bock 1998). Plant species present were 

inventoried and identified where possible.  

All sites sampled were located on Mollisol soils. Mollisols are classified in soil taxonomy 

through having the presence of a mollic epipedon as well as an argillic, natric or calcic horizon 

although one or all these characteristics may not be present in all Mollisols. Many Mollisols were 

developed under grassland systems and are found in a range of climactic locations including 
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subhumid and semiarid areas. The soil types in our remnant prairie sites were primarily Croften, 

Nora and Moody while our agricultural sites were primarily Nora, Alcester and Moody. These 

soil types are all fine-silty, mixed and superactive (Soil Survey Staff, 1999) .  

Sampling methodology 

Sampling was conducted over a ten-day period in August 2017. All sites were sampled 

mid-day and under dry conditions, except for the Ag3 site, which was the last site sampled, and 

sampled immediately following a rainstorm. Before sampling, the Web Soil Survey created by 

the Natural Resources Conservation Service, United States Department of Agriculture (NRCS-

USDA), was utilized to determine soil taxonomic name, and to establish that all sampling sites 

were loess soils, with a similar soil type, texture, slope and climate (Soil Survey Staff, 2017). At 

each location five sampling locations were flagged in a “W” shape with approximately 25 m 

distance between any two points, as recommended by sampling methodology guidelines from the 

Cornell Soil Health Laboratory publication, Comprehensive Analysis of Soil Health-The Cornell 

Framework (Moebius-Clune et al, 2016). The GPS coordinates of the sub-sampling locations 

within each site were recorded. At each sub-location within the study site, a single 30-cm deep 

sample was collected using a spade, then divided into one 0–15 cm deep and one 15 –30-cm 

deep sample.  Penetrometer data were also recorded, but due to the very dry conditions they have 

not been included in this study (penetrometer data should only be measured at field capacity). 

Plant samples were taken at the RP locations and a common plant name species list was 

compiled when possible. Presence of native grass species considered indicative of remnant 

tallgrass prairies were identified in three of the five remnant locations (Table 1). The soil 

sampling resulted in 10 soil samples per site and 90 soil samples total for the 9 locations. All soil 

samples were immediately placed in a cooler with ice packs in the field. The samples were then 



10 
 

shipped to the Cornell Soil Health Laboratory with ice packs within 2 days of sampling. Upon 

arrival at the lab the samples were immediately stored at 40 °C in a walk-in cooler until 

processing. 
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Figure 1: Approximate Remnant Prairie Study Site Locations. Map courtesy of University 

of Lincoln Invasive Species Program 
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Table 1:  Summary of study site characteristics 

Soil analyses 

     

SITE-Remnant Prairie 
(RP) 

RP1 RP2 RP3 RP4 RP5 

Powder Creek Basswood Ridge Fryeburg Prairie Pokorny Hurling 
Prairie 

Soil type  81% Crofton 81% Crofton 55% Crofton  55% Nora  33% 
Moody  

(USDA web soil survey)  Silt loam  Silt loam  40% Nora  40% Crofton 20% 
Hobbs 

      
Silt loam Silty loam  

Silty clay 
loam/silt 
loam  

Known management Wildlife Management 
Area, burned, hayed 

Managed by Nebraska 
Game and Parks, burned 
annually 

 Managed by Nebraska Game 
and Parks, mowed previously, 
never plowed 

Managed by Prairie 
Plains Resource 
Institute, None, “virgin” 

Privately 
owned. 
Mowed 
and 
grazed in 
past 

Indicator plant species 
present Yes not recorded Yes Yes not 

recorded 

Avg. Height of vegetation 50cm-1m <1m not recorded <2m not 
recorded 

# of plant species recorded 30 not recorded 43 47 not 
recorded 

GPS coordinates 42.34595, -96.50267 42.34595, -96.50267 41.57320, -97.15865 41.608, -97.109 

not 
recorded 
due to 
lack of 
cell 
service 

Known cultivation No  No  No  No  No 

            

SITE-Active Agricultural 
land (Ag) 

Ag1 Ag2 Ag3  Ag 4 

  Ricket Baker Fryeburg Corn Hurling 

Soil type via soil survey app 85% Nora 90% Alcester 91% Moody not recorded due to lack 
of cell service  

Soil texture  
Silt loam Silt Loam Silty clay loam Silt loam 

  (USDA web soil survey) 

Known management Farmed since 1967  Irrigated, cover crops ~5 
years (oats) Unknown 

Irrigated, Injected pig 
slurry, alfalfa 7 years 
prior  

Crops grown Corn/Soy Corn/Soy Corn/Soy Corn/Soy  
Crop at sampling Corn  Soy Corn  Soy  

Reported yield 180-190 bu/A Corn 
16-Corn 232.2 bu/A              
'17-Soy 61.5 bu/A                 
'18-Corn 269.1 bu/A 

Unknown Unknown 

 

GPS coordinates 
42.34531, -96.49000 42.21904, -96.31106 

not recorded due to lack of 
cell service 41.35880, -97.07268 
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Soil samples from each study site, taken at 0–15 cm (surface) and 15–30 cm (subsurface) 

depths were analyzed for soil health including physical, biological, and chemical properties, 

using the suite of soil analyses in the Comprehensive Analyses of Soil Health (CASH), Standard 

package (Moebius-Clune et al, 2016). These samples were also assessed for total carbon and 

total nitrogen to calculate and compare ratios of these key elements.  All soil health analyses 

were performed according to the CASH standard operating procedures, hereafter referred to as 

CASH-SOP’s (Schindelbeck et al., 2016). Chemical properties as well as C:N Ratio were 

measured at the Cornell Nutrient Analysis Laboratory (CNAL) according to their internal SOP’s. 

Details of the different analyses are described below:  

Physical properties 

Soil Texture (TEX) was determined using the Rapid Texture Assessment (adapted from 

Kettler et al., 2001). Fourteen grams of air-dried soil were shaken on a reciprocating shaker, in a 

50-ml centrifuge tube with a 3% sodium hexametaphosphate solution for two hours. The 

contents of the tube were then rinsed with water through a 0.053-mm sieve positioned above a 1-

l beaker. The sand was captured within the sieve and rinsed into a tared can. The silt, clay and 

water passing the sieve were re-suspended after the completion of a set of 25 samples, left to 

settle for two hours, at which point the water and the still suspended clay were decanted and the 

retained silt was rinsed into another tared can. The sand and silt were dried overnight at 105 °C 

until reaching a constant weight, then the percentage of sand, silt and clay were recorded 

(Schindelbeck et al., 2016). 

Available Water Capacity (AWC) was established through measuring field capacity and 

permanent wilting point using ceramic plates with saturated soil inside rings placed on the plates. 

The samples in the pressure chambers were equilibrated to 10 kPa and 1500 kPa respectively 
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(Topp et al.; 1993; Reynolds and Topp; 2008). The AWC was determined by calculating the soil 

water content at each pressure and then presenting the water content difference between 10 and 

1500 kPa pressure (Schindelbeck et al., 2016). 

Wet Aggregate Stability (WAS) was measured using the CASH methodology (Ogden et 

al., 1997; Schindelbeck et al., 2016). A rainfall simulator was used to produce 4-mm diameter 

water drops deploying 2.5 cm of water in five minutes over a known weight of 0.25–2-mm soil 

sample aggregates placed on a 0.25 mesh sieve over a filter. The aggregates that failed were 

captured on a filter of known weight, dried overnight in a 105 °C oven to a constant weight. The 

stable aggregates that remained on the sieve after the rain simulation were washed through the 

sieve leaving behind stones above the sieve. These stones were then dried overnight at 105 °C, to 

a constant weight and these weights recorded. Stable soil aggregate percentage was determined 

from these weights using the calculation: “WAS=Wstable/Wtotal, where Wstable= Wtotal-

(Wslaked+Wstones) where W= weight (g) of stable aggregates (stable), total aggregates tested) 

total), aggregates slaked out of sieve (slaked) and stones retained in sieve after test (stones). 

Corrections were made for stones” (Moebius-Clune et al, 2016). 

Biological properties 

Organic Matter (OM) was measured using loss on ignition (LOI) according to CASH, 

SOP’s. The samples were dried at 105 °C, weighed, then dried in a muffle furnace at 500 °C for 

2 hours and weighed again. The LOI is from the weight loss at 500 °C. Organic Matter 

percentage is determined by: %OM = (%LOI * 0.7) -0.23 (Schindelbeck et al., 2016).  

Soil Protein Index, (PRO) also known as Autoclaved Citrate Extractable Protein Index 

(Hurisso et al., 2018) was measured according to CASH SOP’s (Schindelbeck et al., 2016). 
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Proteins are extracted from soil samples using a modified protocol (Wright and Upadhyaya, 

1996) where the protein was measured by first extracting the protein-like substances from the 

soil samples using a sodium citrate buffer and a series of autoclaving and centrifuging steps. The 

resulting extract was then quantified using a bicinchoninic acid assay which was then compared 

to a known bovine serum albumin standard curve. Soil Protein was calculated using the 

following equation: Protein concentration * Volume extractant /grams of soil, Protein content 

reported in mg/g dry weight. 

Soil Respiration (RESP) was measured using a four-day incubation and according to 

CASH SOP’s (Schindelbeck et al., 2016). Soil respiration was measured using 20 g air-dried soil 

placed in a sealed jar with a beaker containing 9 ml of 0.5 M potassium hydroxide (KOH). The 

soil was placed atop a filter paper and wetted with 7 ml of distilled deionized water.  After a 

four-day incubation in the sealed jar, the carbon dioxide (CO2) that was released by the 

microbial community is trapped in the KOH, which is then measured using a conductivity meter 

and reported in mg CO2 /g dry weight.  

Active Carbon (AC), (adapted from Weil et al., 2003) was measured with replicated, 2.5g 

air-dried soil samples placed in a 50 ml beaker with 20 ml of 0.02 potassium permanganate 

(KMnO4) and shaken for 2 minutes. The samples were then left to settle for 8 minutes, after 

which a subsample was diluted 100 times and then analyzed for absorbance using a handheld 

spectrophotometer. The absorbance was calibrated using a standard curve and then reported in 

parts per million (ppm). Methodology followed the CASH, SOP’s (Schindelbeck et al., 2016). 

Chemical Properties: 
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pH: pH was determined using a Lignin pH robot electrode probe, measuring a suspension 

of one part water to two parts soil.  

Carbon: Nitrogen Ratio (C:N); Total Carbon, Total Nitrogen (TotC, TotN): The Carbon 

and Nitrogen contents were determined using an Elementar Vario Max CNS and reported as a 

ratio and for totals. For Total Carbon, soil samples were oven dried to 105 °C, approximately 0.3 

g of dried soil was placed in a crucible, which is pulled into the apparatus and then which 

undergoes a complete oxidation of carbon to CO2 at 1100 °C. The CO2 is measured using Non-

Dispersive Infrared Detection. The Total Nitrogen was determined following the Dumas 

methodology with the soil sample is moved into a combustion furnace and the Nitrogen is 

reduced to N2 gas and measured by Thermal Conductivity Detection.  

Macro/Minor Nutrients: Nutrients were measured using Inductively Coupled Plasma 

Optical Emission Spectroscopy (ICP-OES). Ammonium Acetate buffered to pH 4.8 (Modified 

Morgan) was used for extraction of the available nutrients; Al, As, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, 

K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sr, Zn. 

Comparison of Nebraska results with regional data for Great Plains 

We present the mean results of 515 samples analyzed previously by the CSHL and held 

in a Cornell Soil database for specific prairie states (PS) (Table 2). The CSHL considers the PS 

region to include North Dakota, Kansas, Nebraska, South Dakota, Montana, Wyoming, and 

Colorado.  The PS region data from this study were compared with the results collected in 

Nebraska for a select subset of the properties measured by the CSHL: AgStab, AWC, OM, AC, 

Pro, Resp, pH, Phosphorus, Potassium, Magnesium, Iron and Zinc. Our samples were silt loam 

or silty clay loam, so we first compared our mean results to the mean for all (all textures) PS 
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samples, then again just for the subset of soils with similar textures, ie.  silt loam and fine 

textured soils (Table 2). 

Data Analyses  

All statistics were conducted using R Studio 3.6.2.  Summary statistics were calculated 

and average values compared for each soil property between the RP and Ag sites, and between 

the shallower and deeper soils.  

Pearson’s Correlation 

Pearsons Correlation (PC) coefficients were calculated, using R Studio version Rx64 

3.6.2., on the 0–15-cm samples collected from the Remnant sites and Agricultural sites (Table 3). 

The coefficient values provided by a PC analysis can range from +1, indicating a positive 

relationship, to -1 indicating a negative relationship. Coefficient values above +/- 0.50 indicate a 

strong correlation, values between +/- 0.30 and 0.49 indicate a medium correlation, and a small 

correlation if the value is below +/- 0.29. 

Principal Component Analyses  

A Principal Component Analysis (PCA), reduced biplot was conducted to evaluate 

complex relationships among soil properties of the RP and Ag samples in the top 0–15-cm depth, 

including creation of a PCA scree plot and a reduced biplot.   
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Table 2: CSHL Data Base, Summary statistics for Prairie State data set containing 515 soil 
samples with means for each variable (+/- standard deviation), separated by texture.  

Biological and Physical Results:                                      

Texture n OM AC ACE Resp AgStab AWC 

coarse 64 1.489 
(0.894) 

299.6 
(155.3) 

3.881 
(1.522) 

0.323 
(0.219) 

22.92 
(14.79) 

0.132 
(0.063) 

loam 103 2.8 
(1.101) 

426.2 
(184.3) 

4.446 
(2.144) 

0.506 
(0.288) 

17.77 
(17.4) 

0.233 
(0.029) 

silt loam 126 3.48 
(0.854) 

576.7 
(195.7) 

6.12 
(2.572) 

0.486 
(0.172) 

18.74 
(17.22) 

0.289 
(0.044) 

fine 222 4.603 
(4.603) 

535.9 
(92.61) 

4.845 
(0.951) 

0.448 
(0.177) 

49.7 
(16.52) 

0.284 
(0.036) 

all 515 3.58 
(1.365) 

494.6 
(175.4) 

4.957 
(1.931) 

0.453 
(0.214) 

32.41 
(22.48) 

0.256 
(0.066) 

OM = organic matter; AC = active carbon, ACE= Autoclaved Citrate Extractable protein index 
Resp  = soil respiration, AgStab = aggregate stability, AWC = available water capacity  

Chemical Results: 

texture n pH P K Mg Fe Mn Zn 

coarse 64 6.325 
(0.764) 

16.34 
(32.62) 

212.7 
(272.8) 

159.7 
(170) 

2.834 
(2.757) 

5.891 
(3.075) 

2.293 
(2.914) 

loam 103 7.147 
(0.742) 

15.46 
(22.68) 

350 
(223.3) 

444.8 
(146.3) 

1.468 
1.994) 

10.34 
(11.4) 

1.235 
(2.804) 

silt loam 126 6.414 
(0.722) 

35.72 
(57.95) 

392.4 
(153) 

403 
(200) 

3.692 
(4.149) 

12.35 
(13.97) 

2.159 
(2.781) 

fine 222 6.456 
(0.589) 

5.969 
(13.26) 

383.2 
(98.72) 

1166 
(627.1) 

1.633 
(2.007) 

10.19 
(6.833) 

0.599 
(0.716) 

all 515 6.567 
(0.737) 

16.43 
(35.54) 

357.6 
(179.2) 

710 
(592.6) 

2.253 
(2.253) 

10.21 
(9.895) 

1.318 
(2.285) 

P= phosphorous, K= potassium, Mg= magnesium Fe= iron, Mn= manganese, Zn= zinc 

 

RESULTS 

Soil Health Comparison between Remnant and Ag Sites 

Overall, there were clear and obvious differences in soil properties between the paired 

Remnant Prairie (RP) and the Agricultural (Ag) soils in the surface 0–15-cm soils (Table 3) and 

in the deeper (15–30-cm) soils (Table 4).  Visual observations of the RP soils showed healthy 

characteristics, including well-formed aggregates, roots stretching over 60-cm depths, no 
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observed compaction in the soil profile, and a general dark color indicating high amounts of OM.   

In contrast, Ag soils were generally lighter in color, with notably fewer aggregates. These visual 

observations were supported by laboratory analyses, with the strongest differences occurring in 

the surface 0–15 cm of the soil profile. Similar patterns were also present, but with weaker 

differences, from 15–30 cm deeper in the soil profile and are described below.  

Most striking were the differences in biological properties (Table 3; Table 4).  To assess 

the differences measured in the RP vs Ag samples, we report the percentage difference in our 

mean and paired results at both depths sampled. Reporting percentage difference in soil 

properties is generally used for long term studies to assess change but is useful here to highlight 

the observed differences between the RP and Ag samples (Smith et al., 2005).   

0–15 cm Biological Properties      

There were strikingly higher values for all biological metrics in the RP soils compared to 

the Ag soils (Table 3). Soil analyses for the mean results of all the RP sites indicated a relatively 

high organic matter content (5.54 % +/- 0.82), greater than the average organic matter content of 

the ag sites (3.74 % +/- 0.27).  Average soil respiration in RP sites (1.04 +/- 0.23 mg CO2/g soil) 

was double that of the Ag sites (0.45 +/-0.08 mg CO2/g soil) (Figure 2).  Soil protein was 18% 

higher in the RP sites (6.99 +/- 1.32 mg/g soil) than that of the Ag sites (5.74 +/-0.86 mg/g soil). 

Active Carbon was 30% higher (762.7 +/- 120.2 ppm) than the Ag sites (532.7 +/-72.5 ppm) 

(Figure 3). Total carbon was 41.5% higher (3.07 +/-0.26 %) than the Ag sites (1.80 +/-0.22 %). 

In contrast, the C:N ratio for the RP sites (11:50 +/-1.27) and the Ag sites (11:21+/-0.49) were 

essentially identical.    
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Table 3: Summary of physical, biological, and chemical properties in 0-15 depth samples 
from the RP (remnant) sites and Ag (agricultural sites)  

 

Physical Properties 

RP-
Prairie 
N=25  

Std 
Dev Min Max 

Ag 
Sites 
 N=20  

Std 
Dev Min Max 

Aggregate Stability (%) 59.60 15.54 21.57 80.37 26.70 17.53 4.68 59.17 
Available Water Capacity 
(g/g) 0.35 0.06 0.23 0.43 0.32 0.04 0.21 0.37 
Soil Texture (Sand %) 4.33 3.67 0.20 11.85 9.06 5.66 2.63 18.56 
Soil Texture (Silt %) 71.65 4.25 65.12 82.68 64.42 4.48 56.76 70.74 
Soil Texture (Clay%) 24.00 3.82 13.30 31.66 26.51 3.84 19.13 31.86 
                  
Biological Properties                 
Organic Matter (LOI %) 5.54 0.82 3.75 6.90 3.74 0.27 3.16 4.17 
Active Carbon (ppm) 762.71 120.21 578.55 1037.26 532.67 72.48 416.76 668.63 
Soil Protein (mg/g dry 
weight) 6.99 1.32 4.70 9.46 5.74 0.86 3.67 7.07 
Soil Respiration (mg CO2/g 
dry weight) 1.04 0.23 0.75 1.72 0.45 0.08 0.33 0.67 
                  
Chemical Properties                   
pH   6.83 0.77 6.02 8.17 6.01 0.70 4.78 7.99 

C:N Ratio  
     

11:50 1.27 
    

9:13 
    

14:95 
  

11:21 0.49 
  

10:12 
  

11:93 
Total Nitrogen (%) 0.27 0.03 0.16 0.40 0.16 0.01 0.13 0.19 
Phosphorus (ppm) 2.39 0.83 1.30 4.41 4.39 2.02 1.91 10.98 
Total Carbon (%) 3.07 0.26 2.07 3.88 1.80 0.22 1.42 2.25 
Potassium (ppm) 345.53 70.93 275.25 495.21 268.63 62.99 180.34 370.99 
Magnesium (ppm) 569.97 75.42 461.30 724.09 432.29 105.96 257.84 569.96 
Sodium (ppm)                 
Iron (ppm) 1.74 4.11 0.25 6.76 2.71 4.71 0.26 22.54 
Manganese (ppm) 19.79 29.54 4.86 97.25 10.57 9.77 4.07 50.57 
Zinc (ppm) 0.52 0.18 0.23 0.95 1.40 0.51 0.44 2.95 
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Table 4:  Summary of physical, biological, and chemical properties in 15-30 depth samples 
from the RP (remnant) sites and Ag (agricultural sites) 

 

  

15-30 cm RP sites    Ag sites     

Physical Mean Results N=25  
Std 
Dev Min Max   N=20  

Std 
Dev Min Max 

Aggregate Stability (%) 60.61 15.95 24.78 82.26 21.85 13.71 6.05 48.90 
Available Water Capacity (g/g) 0.31 0.03 0.26 0.40 0.31 0.02 0.25 0.35 
Soil Texture (Sand %) 4.64 3.09 1.02 12.27 8.31 5.42 1.38 17.86 
Soil Texture (Silt %) 69.71 3.77 61.59 75.30 65.79 4.93 57.90 74.13 
Soil Texture (Clay%) 25.64 2.58 21.18 30.12 25.89 3.95 19.63 33.28 
                  
Biological Mean Results                 
Organic Matter (LOI %) 4.15 1.08 2.52 6.13 3.14 0.31 2.29 3.82 
Active Carbon (ppm) 442.43 116.52 253.14 749.52 337.09 114.49 148.40 578.55 
Soil Protein (mg/g dry weight) 4.32 1.18 2.54 6.70 3.69 0.99 1.72 5.49 
Soil Respiration (mg CO2/g dry 
weight) 0.74 0.19 0.31 1.46 0.27 0.04 0.18 0.39 
                  
Chemical Mean Results                 
pH   6.95 0.81 5.92 8.14 6.60 0.51 5.81 7.96 
Phosphorus (ppm) 2.07 0.95 1.00 6.42 1.38 0.65 0.76 3.20 
Potassium (ppm) 257.09 44.16 193.05 406.28 211.85 30.74 163.28 304.26 
Magnesium (ppm) 526.10 74.09 421.40 656.63 427.54 105.35 251.87 576.81 
Sodium (ppm)                 
Iron (ppm) 1.42 0.52 0.56 2.68 1.36 0.89 0.38 3.59 
Manganese (ppm) 12.00 11.63 3.62 37.69 5.63 1.49 3.41 8.48 
Zinc (ppm) 0.22 0.08 0.13 0.43 0.48 0.31 0.08 1.36 
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Figure 2:  Box plot of Respiration rates from each of the paired RP and Ag sites, showing 

the significantly higher Respiration rates in each RP site (green) as compared with its 

paired Ag site (red).  

 

 

 

 

 

 

 

 

Figure 3: Box plot comparison of Active Carbon concentrations from each of the paired RP 

and Ag sites, indicating the higher Active Carbon levels in each RP site (green) as 

compared with its paired Ag site (red).  

 

 

 

 

 

 

 

 

 



23 
 

0–15 cm Physical Properties 

Based on the textural analyses, the general soil texture for all sites sampled was silt loam 

or silty clay loam (Table 3, Table 4), as was expected based on the Web Soil Survey data which 

guided the sampling design. However, more subtle textural differences were identified when 

assessing the relative proportions of sand, silt, and clay between the RP and Ag sites. The Ag 

sites had a mean sand content of 9.06 % (+/-5.6), which was more than double that of the RP 

sites (4.33% +/-3.7). The higher sand content of the Ag sites was associated with a corresponding 

10.1% lower silt content. There was no apparent difference in Available Water Capacity between 

the RP (0.35 +/- 0.06 g/g) and Ag sites (0.32 +/-0 .04 g/g).  The most strikingly different physical 

property was in mean aggregate stability, with the average in the RP sites (59.6 +/-11 %) being 

more than double that of the Ag site (26.7 +/-6.6 %) (Figure 4).  

Figure 4. Box plot comparison of the differences in aggregate stability between each pair of 

RP (green) and AG sites (red), indicating the consistently higher amount of aggregates in 

the RP site as compared with its Ag pair.  
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0–15 cm Chemical Properties 

Overall, there were higher nutrient concentrations in the RP than Ag sites (Table 3, Table 

4). Total Nitrogen concentrations and total Carbon concentrations were almost double that of the 

Ag sites.  In contrast, average Phosphorus concentrations in the Ag sites (4.13 +/-1.46 ppm) were 

twice as high as that in the RP sites (2.87 +/-0.56 ppm).  Although the absolute concentrations of 

total carbon and total nitrogen were significantly higher in the RP sites than in the Ag sites, the 

actual C:N ratio of the RP sites averaged 11.50 (+/- 1.27) and was almost identical to that of the 

Ag sites (11.21 +/- 0.49). The RP sites had significantly higher mean pH (6.83 +/-0.24) than that 

of the Ag sites (6.01 +/- .55). Calcium was more than twice as high in the RP than the AG sites. 

15–30 cm Soil Properties 

For the 15–30 cm depths, soil health in the remnant sites was also better overall, although 

the differences were less pronounced than that of the shallower soil samples (Table 3, Table 4). 

The largest differences at this depth were observed in Aggregate Stability, with the RP sites 

exhibiting a nearly three times higher aggregate stability (60.6 +/- 9.7 %) than that of the Ag 

sites (21.8 +/- 9.3 %). Respiration also showed significant differences, with the RP sites having a 

63% higher respiration rate (.73 +/- 0.1 mg CO2/g soil) than the Ag (.27 (+/-0.04 mg CO2/g soil). 

The percentage of sand was 80% higher in the Ag sites (8.53 +/- 5.2 %) when compared to the 

RP sites (4.64 +/-3.09 %). This same trend can be seen in rest of the soil analyses with the RP 

sites having higher levels of Organic matter, Active Carbon, and Protein (Table 3, Table 4). As 

was observed in the 0-15cm depth, here were no differences in AWC between the RP and Ag 

sites. 

Relationships among Soil Properties 
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An analysis of the Pearson’s Correlation (PC) Coefficients between different pairs of soil 

parameters for the entire combined RP and Ag, shallow soil data set provided useful insights 

(Table 5). Overall, the strongest correlations can be seen amongst the biological indicators, 

especially within soil properties associated with OM quantity as indicated by both OM% and 

Total C content. All the diverse indicators of microbial activities, including Respiration rate, 

Protein, Active Carbon, and Aggregate Stability were highly correlated with Carbon content. 

Interestingly, among the various chemical parameters, Total Nitrogen, and Potassium, but not 

Phosphorus, were also found to have a strong positive correlation with many of the biological 

processes. Available Water Capacity (AWC) showed no strong correlations but was weakly 

negatively correlated with Active Carbon (-0.43). Among the chemical properties, we found pH 

had a strong negative correlation with Al (-0.51) and a positive correlation with Ca (0.73). Strong 

correlations were also seen in Fe and Mn (0.59).   
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Table 5. Summary of the Pearson’s Correlation Analyses for the combined RP and AG 0-

15 cm data set 

  TotN TotC AWC AgStab OM Pro Resp AC pH P K Mg Fe Mn Ca Al 
TotN                                 
TotC 0.85                               

AWC 0.37 0.33                             
AgStab 0.33 0.58 -0.24                           

OM 0.88 0.85 0.30 0.51                         
Pro 0.85 0.65 0.38   0.78                       

Resp 0.70 0.84 0.35 0.58 0.72 0.55                     
AC 0.94 0.85 0.43 0.29 0.83 0.83 0.74                   
pH   0.22   0.24   -0.39 0.38                   

P 0.31         0.33   0.36                 
K 0.77 0.76 0.33 0.28 0.68 0.64 0.64 0.75   0.35             

Mg 0.28 0.34   0.52 0.45 0.23 0.53 0.24   -
0.25 0.23           

Fe                                 
Mn   0.23 0.35       0.41   0.33       0.59       
Ca   0.30   0.38   -0.33 0.31   0.73         0.48     

Al -0.29 -0.33         -0.26 -
0.39 

-
0.51   -

0.33       -
0.24   

 

A Principal Component Analyses was conducted to identify additional, and possibly 

more complex, relationships among soil properties for the 0–15-cm data set (Figure 5). Four 

principal components (PC) explained ~65% of the variance in the data in the 0–15-cm data set 

(Figure 6).  Within the 0–15-cm data set, PC1 accounted for 33.6% of the data variance and PC2 

accounted for 15% of the data. There was a strong separation between the Ag vs RP samples 

along the first axis, PC1, based primarily on the biological metrics, justifying labeling it as the 

Microbiological Activity Component (Figure 1). The second Component appears to be linked to 

the pH gradient, with high levels of pH associated with high concentrations of Ca and 

conversely, low pH values associated with aluminum. Trace metals did not play a significant role 

in the shallow soil analysis.   
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Figure 5. PCA Biplot Reduced for 0-15cm depth samples indicating the strong X-axis 

separating RP from Ag samples based on biological properties and a strong Y-axis which is 

separating samples along a pH gradient (P= Remnant Prairie sites, Ag= Active 

Agricultural Sites)   
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Figure 6 PCA Scree plot for the 0-15cm depth samples indicating that the first two 
Principal Components accounted for almost 50% of the variance.  

 

 

 

 

 

 

 

 

 

Mean Paired Results against CSHL Prairie Region Database 

We compared our results from the Nebraska study sites with mean results from the 

CSHL, prairie state (PS) database (Table 2). Also see Table in Appendix which compares mean 

values of Nebraska samples with CSHL data. The CSHL considers the PS region to include 

North Dakota, Kansas, Nebraska, South Dakota, Montana, Wyoming, and Colorado.  We were 

able to compare our results for the following soil analyses measured by the CSHL: AgStab, 

AWC, OM, AC, Pro, Resp, pH, Phosphorus, Potassium, Magnesium, Iron and Zinc. Our samples 

are silt loam or silty clay loam, so we compared our mean results to mean silt loam, fine textured 

and all (all textures) samples received from the PS region CSHL database (Table 2).  

When compared to the CSHL Silt Loam mean results (N=126), our RP had higher soil 

health indicators in for all biological properties and most of the chemical parameters, with the 

exception of phosphorous, iron and zinc. Notably AgStab was 69% higher, OM was 37% higher 
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and Resp was 53% higher in our study’s RP sites. Conversely the our Ag site parameters were 

only found to be higher for AgStab (30%), AWC (9.4%), Resp (9%), Potassium (46.1%) and 

Magnesium (6.7%) as compared with the CSHL data.   

When comparing our mean results against the Fine textured CSHL database PS soils 

(N=222), we also observed higher soil health indicators for most of our RP samples, with higher 

levels of Respiration, Protein, Active Carbon, Available Water Holding Capacity and Aggregate 

Stability. . In our Ag sites, only AWC (12.5%), Pro (15.7%) and Zinc (57.4%) exhibited higher 

soil health indicators than the CSHL samples. However, AgStab and OM were both substantially 

lower in our AG sites than in the CHSL samples. 

All CSHL samples received from the Prairie region (N=515) were also compared to our 

mean results and we saw higher levels in all our biological and physical parameters. Respiration 

was 56.7% higher in our RP sites, followed by 45.6% higher AgStab, a 35% higher OM and AC, 

a 29% higher Pro and a 25% higher AWC. The chemical results were all lower in the RP sites 

when compared to the ALL PS. When comparing these results against the Ag sites we saw 

higher soil health indicators for AWC (18%), AC (7%) and in Pro (13.5%). 

 

DISCUSSION 

Overall, this study identified clear and significant differences between the paired prairie 

remnant (RP) and agricultural (Ag) soils. Prairie soils, especially remnants, have been shown to 

be “hot spots” of microbial diversity and abundance (Upton et al., 2019; Samson and Knopf, 

1994). These metrics are associated with healthy, biologically active or “living” soil. 

Accordingly, the Remnant soils included in our study consistently had higher values for 
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parameters that are indicative of strong microbial activity, including respiration, active C, 

aggregate stability, and soil protein.  Values for these parameters sharply contrasted with soils in 

the active farm fields, which is somewhat surprising given their geographic proximity and the 

farmers’ reported perceptions of their soil as productive with high yields. The average Ag soil 

properties also were comparable or exhibited lower values than the same soil parameters for 

~1000 other farm samples collected from prairies states over the past decade. Analyses of the 

remnants indicated very high levels of organic matter and nutrients, comparable to other 

published data from native tallgrass prairie remnants (Teague et al., 2011). These findings 

suggests that agriculture throughout much of the Great Plains has been cumulatively degrading 

the health and quality of the soil over the past centuries.  The comprehensive soil health analyses 

of these remnant soils provided a valuable target for future restoration and helped to detect subtle 

but important indicators of what is happening in the nearby farm soils (Balaguer et al., 2014; 

Barber et al., 2017). These findings argue strongly for using remnant prairie sites as the basis for 

diagnostic analyses of agricultural soil health and restoration planning.  

We were able to establish a baseline of soil properties for remnant tallgrass prairies in 

eastern Nebraska. These data are immediately valuable by providing a comprehensive healthy 

soil profile as a reference and helping to identify appropriate remediation targets for active 

agricultural sites in the prairie region. The soil properties measured in the Tallgrass Prairie 

samples indicated significantly better soil health than that of the paired active agricultural sites 

both at the 0–15-cm and at the 15–30-cm depths.  Soil properties, especially the biological and 

physical properties measured, indicated that the average values for most of the soil properties of 

the Remnant Prairie sites were significantly higher than that of the proximal Ag sites, indicating 

marked changes have occurred in the farm fields over the past century or more of agriculture. 
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Our study successfully identified the soil properties that showed the greatest differences and 

likely the most degradation when comparing the mean results of the Remnant Prairie sites 

against the Ag sites. Total Nitrogen exhibited the highest level of degradation followed closely 

by Soil Respiration, Aggregate Stability, Total Carbon, Organic Matter and Active Carbon, 

respectively. These indicators are closely tied to OM levels, which provide available food 

sources for microbes, and to the healthy microbial community.  

Interestingly, the farmers of the Ag sites reported high yields despite this measured soil 

degradation. Two of the four participating farmers provided yield data. The yield data reported 

were, in both cases, higher than average yields for Nebraska. The first farmer reported a non-

irrigated annual average maize yield of 180-190bu/A. The second farmer uses irrigation and 

reported a soy yield of 61.5 bu/A for 2017, a maize yield of 232.2 bu/A for 2016 and a maize 

yield of 269.1 bu/A for 2018. The University of Nebraska-Lincoln crop watch website reported 

2017 average yields for irrigated and non-irrigated corn as 199.9 bu/A and 147.2 bu/A 

respectively (Web Access 2020). Despite their statements indicating satisfaction and high yields, 

there were significant differences between soil analysis results in the Ag soils when compared to 

the Remnant Prairie sites.  

There were also interesting differences in texture, such that the mean sand content of the 

Ag soils at 0–15 cm was double that of the RP sites, and at 15–30 cm the sand percentage was 

79% higher than that of the Prairie, despite similar soil types, slope and relief. The study sites are 

located in areas with loess soil and this finding may indicate the clay and silt erosion are 

happening more rapidly via wind or water erosion. The potential to assess sand content against 

paired samples, or even the official soil description as a proxy for measuring soil erosion, is 

worth future study. 
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The average Carbon to Nitrogen Ratio (C:N) in both locations was the same, despite the 

total N in the Prairie sites being much higher, which suggests that there is a higher cycling rate of 

Nitrogen in the Prairie sites. Recent research has reported a reduction of C and N in Mollisol 

soils under agricultural management by as much as 30-50% when compared to remnant prairie 

sites (David et. al, 2009), in keeping with our findings.  The average concentration of total N in 

the Remnant Prairie soils was 67.3% higher than the mean of the Ag soils.  In addition to the 

likely use of chemical N fertilizer in the Ag sites, modern agricultural management practices, 

especially soil disturbance, are known to increase N mineralization, particularly as OM 

associated with soil aggregates drop resulting in lower available Nitrogen. The Agricultural soils 

likely lost some Nitrogen through volatile means, specifically nitrous oxide and nitric oxide 

losses which are known to be increased through tillage, cultivation and irrigation (Burke et. al., 

2002).  

Total Carbon concentrations in the Ag sites were half that of the RP sites, which is in 

agreement with what was observed by David et. al (2009). It is worth noting that grazing and 

burning practices, which we know our Remnant Prairie sites have experienced historically, also 

increase N volatilization (Connell et al, 2020). Total carbon exhibited one of the greatest 

differences between the RP and Ag mean results. DeLuca and Zabinski (2011) reported an 

average drop of 47.5% in organic carbon concentrations when comparing remnant prairies 

against agricultural soils. David et. al (2009) observed long term changes in carbon and nitrogen 

content in Mollisol soils, when compared against active ag, with the agricultural fields having 

30-50% less C and N concentrations than that of remnant prairies (David et. al, 2009). Our Total 

Carbon results are comparable to these previously published studies.  These findings were 
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confirmed in the case of our mean Remnant Prairie soil results which had double the OM and 

Total Carbon that was found in the Ag sites. 

In addition to comparing our results to published research we were able to compare soil 

analyses taken at our sites against the average soil health results from ~1000 Prairie region 

samples analyzed using the same protocols by the Cornell Soil Health Laboratory. In all cases 

the physical and biological soil properties measured in the RP sites had higher (better) soil health 

results than those received in the CSHL in the same textural class, as well as with the aggregated 

results of the Prairie States (PS) in general. Interestingly we also found the Ag sites showed 

better soil health indicators when compared to the aggregated PS results. Specifically, we saw 

higher values for AgStab, AWC and Resp in the Ag than the average silt loam PS samples 

collected across the northern Great Plains states. Available Water Capacity and Protein were 

higher in the Ag sites than the PS fine textured data. When compared to all results from the PS 

we saw the AWC, Resp and Pro were higher in the Ag sites. These findings are important as we 

saw significant changes when comparing our paired RP sites and Ag sites, but these results as 

compared to the CSHL database, show our Ag sites are “healthier” on average than what has 

been submitted to the CSHL.  

Scoring functions have been developed in the CSHL based on the CASH database of 

5767 samples as well as of soil texture (Fine et al. 2017). The scoring functions first determine a 

cumulative normal distribution (CND). The CND function is then applied to a scoring function 

where a color rating is applied to represent the very low (red) to the very high (dark green) range. 

The very high, dark green, range represents the top 20% of soil analysis results reported from the 

CSHL. In the case of the average results of the Tallgrass prairie samples, all soil analyses were in 

the very high range (dark green) apart from Protein, which was light green, or in the top 40%. 
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When compared to the mean results of soils analyzed in the CSHL, it is reasonable to deduce that 

the results for the RP sites are among the healthiest soils analyzed in the CSHL.  

Based on the overall results of the RP vs Ag sites it is possible to make recommendations 

for improving management of the Ag soils. There are numerous published studies suggesting 

management strategies for improving specific soil health properties (Nunes et al., 2020; Bowman 

et al., 2016; van Es and Karlin, 2019). In the case of these results, it is apparent that the life of 

the soil, i.e. the biological activity and especially the various forms of carbon, have been affected 

in the Ag sites. Maintaining year-round cover on the Ag sites, crop rotation, leaving crop residue 

on the field, and reducing tillage are all proven options for improving the soil degradation seen in 

the Ag fields. Our study showed high levels of change in the active agricultural fields after less 

than 200 years of modern agriculture (DeLuca and Zabinski, 2011). It is worth mentioning again 

that the Tallgrass Prairie region holds some of the most productive soil on the planet of which 

less than 3% remains (Sampson and Knopf, 1994; Mackelprang et al., 2018). 

We also propose that using soil profiles from remnant prairies can provide a valuable tool 

as a set of targets or reference system for guiding restoration (McDonald et al., 2016). The use of 

remnants is a key feature which distinguishes the practice of restoration from reclamation and 

rehabilitation. In addition, using the CASH system for conducting a comprehensive soil analysis 

provides a powerful diagnostic system for both quantifying the soil properties of remnants and 

identifying degrading properties in ag soils. In this study, the combination of CASH and 

remnants was able to pinpoint the earliest biological symptoms of soil health degradation in the 

agricultural fields, even when crop yields were not showing signs of decline. 
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