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The Southern Great Plains of the United States, once domi-
nated primarily by grasslands, is today a diverse region of productive 
cropland and grazingland activity (USGS, 2011). Wheat, corn, cotton, 

hay, sorghum, and soybean are the most common crops (USDA National 
Agricultural Statistics Service, 2014); together with a small number of specialty 
crops, these contribute more than $16 billion toward the annual agricultural 
value of the Southern Great Plains (Steiner et al., 2017). The region’s climate is 
generally conducive to agricultural production and is characterized by spatial 
gradients of temperature and precipitation (Fig. 1). The climate presents chal-
lenges, however, especially to farms dependent on thresholds of precipitation 
and temperature for production (Steiner et al., 2017). Interannual variability is 
also pronounced; droughts are frequent, as are severe storms. Climate change 
is expected to increase production challenges in the Southern Great Plains via 
increases in annual temperature, drought frequency and intensity, and heavy 
rainfall events, making short-term decision-making on farms more difficult 
and uncertain (Steiner et al., 2015).

Adaptation to local weather and climate has led to variations in production 
timing, techniques, and methods across the Southern Great Plains. Traditional 
practices have generally incorporated tillage, crop rotations with at least one 
fallow period, and fertilization with nitrogen, potassium, or both. Practices such 
as no till or reduced till, incorporation of cover crops, and diverse rotations are 
less common but growing in popularity (Baumhardt and Salinas-Garcia, 2006). 
Dual-use cropping and grazing is common in both conventionally managed 
(CM) and soil health–managed (SHM) systems. In SHM systems, one or more 
soil health management practices (SHMPs) are used that preserve or build the 
organic matter stored in the soil and reduce the exposure of the soil to erosion. 
These practices usually focus on four “pillars” as defined by the USDA-NRCS:

Agricultural Management Impacts on Soil 
Health: Methods for Large Spatial Scales

Caitlin M. Rottler,* David P. Brown, and Jean L. Steiner

Copyright © American Society of Agronomy, Crop 
Science Society of America, and Soil Science Society of 
America. 5585 Guilford Rd., Madison, WI 53711 USA.
This is an open access article distributed under the 
terms of the CC BY-NC-ND license (http://creativecom-
mons.org/licenses/by-nc-nd/4.0/) 
Agric. Environ. Lett. 2:170034 (2017) 
doi:10.2134/ael2017.09.0034
 
Received 18 Sep. 2017. 
Accepted 19 Oct. 2017. 
*Corresponding author (Caitlin.Rottler@ars.usda.gov).

Agricultural &  
Environmental  
Letters

Research Letter

Abstract: Agriculture in the Southern Great Plains of the United States depends on 
precipitation and temperature thresholds for productivity. The region’s climate and 
weather are variable, presenting farming challenges that are predicted to increase. 
Building and conserving healthy, resilient soil is one way farmers manage for future 
uncertainty. Few studies have compared soil health–managed and conventionally 
managed farms at the regional scale. To better understand management effects on 
soil health across the Southern Great Plains, we studied farms at 12 locations. We 
piloted the study using three of the locations, collecting soils from 10 fields per 
location and analyzing them for indicators of soil health. Our objective was to test 
the suitability of our experimental framework and identify additional indicators and 
analyses of interest. Our framework was generally suitable to the purpose of this 
study. We also noted that soil health–managed soils had organic matter stratification 
similar to native soils, which we plan to explore further.
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Core Ideas

•	 Organic matter stratification in soil health–
managed soil resembles native soil.

•	 Methods are appropriate for the large spatial 
scale and our chosen indicators.

•	 Methods involving immediate sample 
preprocessing require field modifications.

Abbreviations: CM, conventionally managed; SHM, soil health managed; SHMP, soil health 
management practice.
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1. Disturb the soil as little as possible.
2. Keep living roots in the soil.
3. Keep soil covered.
4. Diversify the soil biota by diversifying cash and cover 

crops.
As climate change leads to increased pressure on agricultural 
production, it will be necessary for farmers to develop new 
or improved SHMPs.

Studies of SHM systems within the region and elsewhere 
have shown improvement in the amount of soil organic 
matter and other soil health indicators (Havlin et al., 1990; 
Liu et al., 2006; Turmel et al., 2015). However, few of these 
studies were conducted on regional scales that incorporate 
spatial temperature and precipitation gradients. The climate 
gradients of the Southern Great Plains provide the oppor-
tunity to assess soil health on SHM farms and CM farms in 
different climates, as well as to elucidate the effect of pre-
cipitation and temperature on these differences. In this pilot 
study, we identify a framework for examining SHMPs across 
a regional climate gradient based on on-farm landowner 
information. We evaluate the suitability of an experimen-
tal design for use at a regionwide scale and determine if the 
methodology is sufficient to detect differences between SHM 
and CM farm soils. This pilot study serves as the basis for a 
future, more comprehensive assessment of the connections 
between climatic conditions and soil health in the Southern 
Great Plains.

Methods
Site Selection and Field Sampling

We initially identified 12 locations in a 3-by-4 grid pat-
tern stretching from northern Kansas to northern Texas (Fig. 
1). The grid was approximately 700 km north-south and 

approximately 600 km east-west, 
and each location was approxi-
mately 150 km from its nearest 
neighbors. For this pilot analysis, 
we focused on the three south-
central locations: Hutchinson, 
KS; Loyal, OK; and Ardmore, OK. 
These three sites were the most 
central of the set of 12 locations 
and readily enabled follow-up 
data collection efforts as needed.

At each location, we identified 
five pairs of fields with similar 
soil types according to the USDA-
NRCS Web Soil Survey (USDA-
NRCS, 2017). Each pair consisted 
of a CM field and a SHM field 
separated by no more than a mile. 
For each field, we recorded the 
current tillage, cash and/or cover 
crop(s) grown, whether the field 
was dual use (i.e., grazed by cattle 
in addition to farmed for crops), 
and crop rotation. With the assis-
tance of landowners, we took 

three sets of samples on each field: eight 2.5-cm-diameter 
cores for microbial biomass analysis and two 5-cm-diameter 
cores for all other analyses. Each core was divided into three 
depth sections: 0 to 5, 5 to 10, and 10 to 15 cm. We then 
combined cores of the same diameter by depth, resulting in 
six samples per set (18 samples per field). The small diameter 
cores were kept in coolers with ice packs during transport for 
subsequent analysis.

Laboratory and Statistical Analyses
We analyzed the small diameter cores for microbial bio-

mass carbon (C) and nitrogen (N) using the chloroform 
fumigation extraction method (Jenkinson and Powlson, 
1976). Briefly, approximately 10 g of fresh collected soil was 
extracted from nonfumigated soils using 25 mL of K2SO4, 
while a further 10 g of fresh collected soil was placed in 
glass beakers and fumigated for 24 h in CHCl3 before being 
extracted in 25 mL of K2SO4. All extracted samples were 
filtered through No. 24 Whatman filters, and the result-
ing extractant was analyzed on a Shimadzu Total Organic 
Carbon analyzer to determine organic C and total N con-
tent. Addition of a small amount of HCL to selected samples 
from each location resulted in no effervescence, indicating a 
lack of carbonates in our soils. The samples were addition-
ally analyzed on a Timberline analyzer for NO3 and NH4

+. 
We determined total organic N by subtracting inorganic N 
(NO3–N and NH4

+–N) from total N.
We weighed, air dried, and weighed the large core sam-

ples again to calculate the hygroscopic soil water content and 
soil bulk density. We then combined the samples by field and 
depth and sent them to the Oklahoma State University Soil, 
Water, and Forage Analytical Laboratory to be analyzed for 
texture, percentage organic matter, percentage N, percent-
age organic C, pH, and electrical conductivity. Finally, we 

Fig. 1. Mean annual precipitation and temperature across the Southern Great Plains for the period 
1981 to 2010. Mean annual precipitation (left) and temperature (right) are the 30-yr climate nor-
mals from the PRISM dataset (PRISM Climate Group, 2016). The locations of farms in the pilot 
study are denoted in black; the additional nine locations to be included in the full study are denoted 
in white.
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ran paired, two-tailed t tests with a = 0.05 
for each indicator to test for significant differ-
ences between CM and SHM systems across 
all sites and depths (i.e., all SHM to all CM), 
within sites across all depths (e.g., CM to 
SHM in Ardmore), and within sites and indi-
vidual depths (e.g., CM to SHM in Ardmore 
for the 0- to 5-cm depth increment). All sta-
tistical analyses were performed using the 
base package in R (R Core Team, 2015).

Results
Electrical conductivity was significantly 

higher on CM fields than SHM fields across 
all locations (p < 0.001). There were no other 
statistically significant differences for any of 
our indicators between CM and SHM fields 
across locations, although some indicators 
were significantly different between the two 
management regimes at specific depth incre-
ments or for specific locations (Table 1). At all 
three locations, organic matter and the asso-
ciated total N were more stratified by depth in 
SHM fields than in CM fields. This resulted in 
more organic matter and total N in the sur-
face soils (5 cm) of SHM fields than CM fields 
at all locations. The reverse was true of the 5- 
to 10- and 10 to 15-cm depths, with greater 
organic matter and total N in CM than SHM 
fields. Overall, both organic matter and total 
N varied more from the top to the bottom of 
the sample profile in SHM fields than they did 
in CM fields.

Discussion
This pilot study was intended to identify 

a framework for examining SHMPs across 
a regional climate gradient based on on-
farm landowner information. The results 
revealed few statistically significant differ-
ences between SHM and CM farms across the 
climatic gradient, but they nevertheless indi-
cated that the chosen methodological frame-
work is suitable for a study of this scale and 
with our stated objectives.

The presence of trends in organic matter 
and total N is especially interesting and 
worthy of further attention in the full study. 
The distribution of organic matter in the 
SHM fields is similar to that of natural sys-
tems, where organic matter is concentrated 
in the uppermost part of the soil profile and 
decreases markedly within the first 20 cm of 
depth (Jobbágy and Jackson, 2000). This may 
indicate that these soils are gradually return-
ing to a condition more reminiscent of native 
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grassland soil than their CM counterparts (Franzluebbers, 
2002).

Previous studies have also noted that the loss of organic 
C during cultivation is highly dependent on climate and soil 
texture. In general, loss of organic C increases with precipita-
tion and soil coarseness (Burke et al., 1989). Incorporation 
of organic matter into the soil is likewise affected by precipi-
tation and soil structure, and we would predict buildup of 
organic matter in fields that have transitioned from conven-
tional to soil health management to vary between sites. We 
were not able to identify the presence or absence of this vari-
ation given the limited range of conditions among our three 
pilot sites, but we plan to address this prediction in detail in 
the full study.

We encountered challenges during collection and analy-
ses of our soils, which will be addressed in the full study 
and which can be considered as lessons learned for simi-
lar studies. First, human error during bulk density sam-
pling is a common source of error in these measurements. 
One way to reduce error is for one individual to collect 
all samples with specially designed sleeves to contain the 
soil. However, the spatial scope and number of samples 
involved in our study render the use of sleeves impractical. 
We instead chose to collect soil in 5-cm increments, empty-
ing the probe between each sample. This may have affected 
the accuracy of the depth measurements. In the future, we 
will collect the entire core in one sample and remove 5 cm 
at a time by measuring the cores as they are removed from 
the probe.

Second, the chloroform fumigation method is not well 
suited to samples collected far afield. The materials required 
to properly preprocess and store soil samples are difficult 
to transport safely to and from the field, and the sensitivity 
of samples to heat and time presents difficulties when not 
returning to the laboratory overnight, which affected the 
integrity of our microbial biomass C and N data. For the 
full-scale study, we will instead determine microbial bio-
mass, as well as basic microbial community structure, using 
phospholipid fatty acid analysis. This method is more lab-
intensive but requires only that samples be kept frozen prior 
to analysis.
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