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Abstract

Current production agriculture systems typically focus on yield outcomes at
all costs. By shifting to best management practices based on regenerative
farming principles, however, agricultural systems worldwide could maintain
or even improve yields while sequestering atmospheric carbon (C) into soil
organic matter (SOM). To demonstrate the effectiveness of regenerative
principles at simultaneously benefiting agriculture and reducing greenhouse
gasses, their C sequestration potential was examined through SOM data from
486 soil sampling locations from multiple farms throughout the coastal plains
of South Carolina. These data were compared over varying multiple-year pe-
riods between 2013 and 2017 as their land management practices shifted from
conventional methods to those based on the regenerative-based practice of
cover cropping. The implementation of cover crops in crop rotations resulted
in statistically significant mean SOM percentage increases of 0.11 (p < 0.001),
0.11 (p < 0.001), and 0.55 (p < 0.001) for sampling sites converted into rota-
tions utilizing cover crops for two, three, and four years, respectively. When
averaged out per year for each sampling group, this results in an average of
622, 425, and 1584 Ibs./acre/year of C fixed from the atmosphere and retained
in the soil as organic matter. Increases were observed across all soil types
sampled in the study with soil texture not significantly influencing a soils’
ability to increase soil OM or sequester atmospheric C through cover crop
implementation. The calculations based on the coastal plains’ soils studied
here demonstrate the promising potential of the application of regenerative
farming principles to not only restore degraded biodiversity, recycle nu-
trients, improve farm profitability, and reduce chemical inputs, but also to
sequester atmospheric C and simultaneously help reduce the effect of global
climate change while creating healthy soils.
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1. Introduction

Terrestrial ecosystems contributed to increasing atmospheric carbon dioxide
(CO,) prior to the industrial era, but the rates of atmospheric CO, input have
since increased ~20x due not only to industrialization and fossil fuel
combustion, but also from land-use conversion to agriculture and the introduc-
tion of industrial farming’s use of synthetic chemicals and high disturbance land
management [1] [2] [3] [4]. Soils themselves contribute to atmospheric C levels,
but these inputs vary widely across the planet and depend on natural variations
in soil properties and climate in addition to anthropogenic influences from
land-use conversion and land management practices [4]. With an estimated total
C pool of ~2200 Pg, soils store as much as 4-times the C of plant and atmos-
pheric pools [5] [6] [7]. Land management practices associated with industrial
and production agriculture remove this carbon stock from the Earth not only via
the burning of fossil fuels to run a wide range of heavy equipment, but also
through extractive practices of monocropping and fallow periods, and extensive
tilling that exposes existing soil organic matter (SOM) to increased microbial
oxidation and decomposition [8]. These agricultural practices negatively affect
SOM pools in a bidirectional manner; first, tillage increases the speed of crop re-
sidue decomposition by soil microbes and their subsequent CO, release from
respiration; and second, leaving fields fallow between cash crops eliminates the
opportunity to fix new C into the terrestrial system to generate organic matter.
The loss of SOM from the conversion of natural to agricultural ecosystems has
been well observed and intensively studied throughout history and has been
shown to cause the most rapid losses, near 50% of the SOM in temperate zones,
within the first 25 years of the land use transition [2] [9] [10] [11]. Changes in
these destructive agricultural land management practices offer the potential to
shift away from this lopsided movement of soil C into the atmosphere and sub-
sequently reduce the need for additional land-use conversion by slowing, or over
time eliminating, the loss of current farm/grazing land.

The evolution of regenerative agriculture principles in recent years offers so-
lutions to many of the unintended, self-inflicted consequences that stem from
conventional land management, such as soil degradation and runoff, and the in-
creased dependency of synthetic chemicals and intense tillage due to loss of soil
biological function and natural nutrient cycling abilities [12] [13] [14] [15]. Re-
generative principles focus on building soil organic matter and promoting bio-
diversity through management practices that include reduced tillage and syn-

thetic inputs, eliminating bare soil and fallow events, the implementation of
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multispecies cover crops in rotations to foster plant diversity, and the use of ro-
tational grazing or animal manures [1] [9] [16]. By managing farmland to foster
healthy, living soils, the resulting regenerative systems are able to combat the
problems created by conventional land management while also creating oppor-
tunities to reduce the amount of CO, respired into the atmosphere through soil
microbial metabolism, and to move C from the atmosphere back into the soil [9]
[11] [17] [18]. Additionally, these management practices also often require less
frequent use of farm equipment, therefore, reducing soil compaction and agri-
cultural emissions from fossil fuel consumption.

The act of harvesting sunlight through cover crop use when conventional
fields are fallow results in more growing days in which CO, is photosynthetically
removed from the atmosphere. Additional benefits of cover cropping, especially
when using multi-species cover crop mixes, include nitrogen (N) scavenging,
reduction in erosion, weed suppression, increased nutrient recycling, protection
of water quality, enhanced wildlife habitat, and increased soil health through
adding C to the soil not only as cover crop residues left to cover the soil, but also
as root exudates from living plants, which attract soil microbes to the rhizos-
phere [9] [19] [20]. These root exudates are then microbially metabolized into
different organic forms of carbon and other nutrients that mutualistically feed
the plants and microbes alike. Reduction of tillage allows these terrestrial depo-
sits of C to decompose at a slower rate, increasing soil fertility and structure
while reducing erosion and the release of CO, into the atmosphere from surface
microbial metabolism [8] [20].

In the loamy sand and sandy loam soils of the coastal plains of South Caroli-
na, a warm climate provides the opportunity for almost year-round growing
seasons for various crops. While warm and cool growing seasons offer more
frequent opportunity for conventional management practices to degrade soil
quality, it also creates additional opportunities for regenerative management
practices to increase crop- and bio-diversity through multispecies cover crop ro-
tations in both the warm and cool seasons. Using data from three different soil
sample datasets from throughout the SC coastal plains region, the effect of rege-
nerative-based management practices on SOM was observed for 2-, 3-, and
4-year durations from the implementation of diverse cover cropping systems.
SOM values were then used to quantify changes in soil carbon over time to esti-
mate the atmospheric C-sequestration potential of regenerative farming practic-
es in SC.

2. Sample Collection & Analysis

2.1. Sample Locations and Collection

Composite standard 6.2-inch deep soil samples were collected from a total of 502
sampling locations throughout Dillon and Marlboro Counties in the coastal
plains of South Carolina, USA. All sampling locations have been under

long-term conservation tillage regimes only utilizing subsoil and/or strip tillage
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once or twice each year. The farms sampled in this study all began implementing
multispecies cover crops at the start of their respective project (described below).
By implementing these regenerative-based practices, the involved farmers have
substantially limited or completely eliminated traditional fertilizer and other
chemical applications, typically only applying N fertilizer as needed.

Data were collected from these sampling locations for three separate projects
that have ranged in duration from two to four years, one of which concluded at
the end of 2017 and two of which are ongoing. Sample set locations are shown in
Figure 1 and individual project descriptions can be found in Table 1. Thirteen
of the 502 sampling locations were from a 2013 SC NRCS Conservation Innova-
tion Grant (CIG) titled “Using CO,-Burst Tests to Measure On-Farm Plant

Available Nitrogen from Cover Cropped Soils in South Carolina” and were
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Figure 1. Map of sampling point locations and farms. locations of farms containing the thirteen 2013 CIG farms are shown as
triangles on the map with the number of sampling zones (zoned by soil type) in parentheses. The 433 Humic Hope GPS located
sampling sites are marked as circles on the map mostly in Dillon and Marlboro Counties near the NC border. The 40 Experi-
ment.com plots (CC01-CC40) adjacent to Highway 57 northwest of Little Rock, SC are displayed on the map insert. Map Sources:
Esri, HERE, DeLorme, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, M ETI, Esri China (Hong Kong), Esri Korea, Esri
(Thailand), MapmyIndia, NGCC, © OpenStreetMap contributors, and the GIS User Community.
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Table 1. Description of individual projects and sampling methods used. The project
names, duration, number and type of samples used in the observational study of soil
OM. Outliers removed from each sample set by Anderson-Darling Normality Tests are
shown in the far-right column.

. Duration # of Samples Description of Outliers
Project Name .
(years) (n) sampling method. Removed
Humic Hope 2 449 15’ radius around GPS points 16
Experiment.com 3 40 60> x 100’ plot composites 0
2013 CIG 4 13 Zone composites by soil series 0

sampled biannually a total of 9 times between Nov. 2013 and Nov. 2017. 40
sampling locations were from two experiment.com crowd funded research
projects titled “How much Fertilizer do We Really Need?”, and “No But Se-
riously, How Much Fertilizer Do We Really Need?” through the University of
South Carolina and were sampled a total of 7 times biannually between Dec.
2014 and Nov. 2017. The remaining 449 locations were private crop consulting
sample points monitored between Oct. 2015 and Nov. 2017 as needed by Humic
Hope, LLC throughout cash and cover crop rotations. These three sampling
groups result in 4-, 3-, and 2-year long sampling groups, respectively, allowing
for a staggered temporal observation of OM change.

The 2013 CIG samples were collected as composite zone samples based on soil
series, the experiment.com samples were all from 60’ x 100’ plot composites, and
the Humic Hope samples were all from within a 15’ radius of specific GPS
points. All points and/or field plots were flagged and GPS logged for consistent
sampling throughout each project’s duration. Initial and final samples for each
site used in this study were taken at the same time of year to eliminate bias from
seasonal fluctuations. All composite soil samples were sent to Clemson Univer-
sity’s Agricultural Services Laboratory (Clemson, SC, USA) for standard soil
tests and % organic matter (OM). SOM is nonhomogenous, not chemically
well-defined, and cannot be directly measured [11]; so here data from loss on ig-
nition (LOI) protocols was used as a proxy indicator of total SOM. Percentage
SOM data was compiled for each of the three individual sampling groups initial
and final/most recent sampling date to represent 2-, 3-, and 4-year changes in
SOM after switching from conventional fallow periods to regenerative multispe-

cies cover cropping practices.

2.2. Statistical Analysis

%OM data for each of the three groups were compiled for their respective initial
sampling and final sampling events and the total OM change between those
sampling events for each sampling point was calculated. Based on an Anderson
Darling Normality Test, a total of 160M change values were determined to be
outliers and were excluded from the data analysis (Minitab© 18 Statistical Soft-
ware, State College, PA, USA). All 16 outliers were from the large two-year, 449

sample-set, reducing that sample set size to 433 and the total combined size of all
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three experiments to 486. By testing the change in OM for normality rather than
individual initial and final sampling point data, sampling points where only one
sampling event was outside of the acceptable range were detected and removed,
eliminating the removal and biasing of sampling points in higher or lower %OM
soils that have consistently higher or lower OM values throughout the sampling
time frame. Some of the statistically removed data points were visually obvious
as data entry errors in soil test reports, such as missing decimal points within
values. These points were left removed from the analysis as to not create addi-
tional bias.

Paired t-tests were performed on the initial and final OM percentages for the
entire dataset as a whole, and on each sampling group independently. Addition-
ally, the OM change per year was calculated based on the initial and final OM
measures for all individual samples from each of the three experiments and used
to perform a one-way ANOVA based on soil texture. The resulting t-test and
ANOVA means were then used to calculate OM and soil organic carbon (SOC)
quantities per unit area using standard estimates of 2,000,000 Ibs. of soil per acre,
and 58% soil C content [8] [17].

3. Results

Paired t-tests on the initial and final sampling values for the entire dataset re-
sulted in a mean %OM increase of 0.1191 (p < 0.001). Without accounting for
differences in time since implementation of cover cropping between groups, this
change in %OM translates to a total OM increase of 2382 Ibs./ac (2670 kg/ha) for
a sampling area that totals roughly 5000 acres (Figure 2). When split into their
respective sampling groups, the 4-year 2013 CIG sample set did not have any
outlying data points removed, leaving the total sample number at 13. Paired
t-tests on this sample set resulted in a mean %OM increase of 0.5462 (p < 0.001),
translating to an average increase of roughly 2731 lbs. OM/ac/year for the 4-year
sampling duration. The 3-year experiment.com sample set had a larger sample
size of 40 with no outlying data points removed and had a mean %OM increase
of 0.11 (p < 0.001), translating to roughly 733 Ibs. OM/ac/year. The final 2-year
Humic Hope sample set had a substantially larger sample number of 433 sam-
pling points after 16 outliers were removed. This group had a mean %OM
change of 0.1072 (p < 0.001), translating to roughly 1072 lbs. OM/ac/year.
Changes in each individual group are shown in Figure 3.

The mean increase in soil OM for each individual groups t-test above was
then used to calculate OM and soil organic carbon (SOC) quantities per unit
area per year assuming the estimated average values of 2,000,000 Ibs. of soil per
acre and a soil C content of 58% [8] [17]. Table 2 shows the soil OM and SOC
quantities for each sampling group per year as well as the entire dataset. Average
increases of 1072; 733; and 2731 Ibs. OM/acre/year correspond to 622; 425; and
1584 lbs. C/acre/year sequestered from the atmosphere and deposited into the

soil from the 2-, 3-, and 4-year sampling groups, respectively.
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Figure 2. Total change in soil %OM for all samples. The mean soil %OM for
all sampling locations from all sampling groups at the initial sampling event
and at the final/most recent sampling event. Without accounting for time dif-
ferences since cover crop implementation between groups, we observed a total
mean %OM increase of 0.1191, which is equivalent to a mean increase in soil
OM of 2384 Ibs./acre (2670 kg/ha).
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Figure 3. %OM change by sampling group. Bars represent the initial and fi-
nal/most recent mean % soil OM values by sampling group. The 2-, 3-, and
4-year sampling groups all had statistically significant increases in %OM (p <
0.001 for all 3 groups). The large error bars (SEM) in the 4-year group are
likely due to the small sample size of that group, which is inconsistent between
sampling groups and likely a confounder to any observed temporal relation-
ship between the time since regenerative management initiation and
soil %OM.
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Table 2. Mean increases in soil OM and C by sampling group. The mean OM changes by
sampling group are shown here and include calculations into representative OM and C
changes in Ibs/ac/year and the equivalent kg/ha/year. These calculations are based on as-
sumptions of an average of 2,000,000 Ibs. of soil/ac and a soil C content of 58% [8] [17].

Mean OM Change Mean C Change
Project Name (Description)
%/year  lbs/ac/year kg/ha/year  Ibs/ac/year kg/ha/year

Humic Hope

0.054 1072 1201 622 696

(n = 433; 2-years)

Experiment.com
0.037 733 821 425 476

(n = 40; 3-years)
2013 CIG (n = 13; 4-years)  0.137 2731 3059 1584 1774

One-way ANOVA analysis of soil texture characteristics on the mean OM
changes showed no significant differences between the OM increases observed in
the 7 soil textures sampled. One single sample in the large Humic Hope data set
was from a sandy clay loam and had a mean increase of 7000 Ibs. OM/ac/year
but was excluded from additional analysis and interpretation due to that soil
texture only having a single sample (n = 1). This resulted in 6 soil textures (sand,
loamy find sand, loamy sand, sandy loam, fine sandy loam, and loam) for analy-
sis with annual mean rates of change for ranging from 600 lbs. OM/ac/year in
fine sandy loams to 1800 Ibs. OM/ac/year in sands. Table 3 shows the mean

percentage and OM/ac rates of change per year for each soil texture.

4. Discussion

4.1. Agricultural Implications

Conventional agricultural practices generally deplete soil OM content through
aggressive monocropping, tillage, fallow periods, and synthetic chemical use [9]
[20] [21]. Tilling exposes additional soil surface area to microbial oxidation, in-
creasing the rate of SOM decomposition [8] [20] and increasing microbial res-
piration and release of CO, into the atmosphere, which is why conventional
agricultural land management generates a temporal decline in SOM, especially if
residues and cover crops are not utilized to resupply organic material to
SOM-generating microbes. Understanding the ways in which these soil microbes
regulate soil C and the relationships they have with plant root systems are im-
portant to increasing agricultural efficiency and reducing atmospheric CO, in-
puts [22]. The use of mixtures of multiple species within a cover crop is known
to increase SOC more than a single-species cover crops would due to increased
belowground biomass and diversity [20] [23]. Additionally, a recent study from
Sokol and Bradford [24] has shown that microbial formation of stable soil C is
much more efficient through the rhizosphere than in bulk soil, providing expe-
rimental support for the use of multispecies cover crops that can generate a di-
verse rhizosphere during traditionally fallow periods comprised of much less ef-

ficient bulk soil between cash crops. All field sites observed in this study have

DOI: 10.4236/ajcc.2019.82009

164 American Journal of Climate Change


https://doi.org/10.4236/ajcc.2019.82009

G.J. Kenne, R. W. Kloot

Table 3. Mean annual rates of change in soil OM by soil texture. The mean rates of
change in soil OM/year by soil texture. No statistically significant differences were found
between the textures, even when the single sandy clay loam sample was excluded from
analysis due to its small sample size (n). Values are shown as %OM change and as lbs.
OM/ac based on 2,000,000 Ibs. of soil/ac [8].

Soil Texture n Mean %OM Change/Year Ibs. OM/ac/yr
Sandy Clay Loam 1 0.35 7000
Sand 15 0.09 1800
Loamy Fine Sand 129 0.06 1200
Loamy Sand 108 0.06 1276
Sandy Loam 68 0.03 648
Fine Sandy Loam 136 0.03 600
Loam 29 0.07 1328

shifted from conventional fallow periods into the regenerative-based practice of
using multispecies cover crops at the time of initial sampling, allowing the
change in soil OM due to cover crop use over time to be observed.

The initial intent of the projects included in this study was not to examine
terrestrial and atmospheric C exchanges but was for purposes strictly pertaining
to soil fertility and agricultural productivity. Because of these initial scopes, ad-
ditional information useful for C sequestration analysis, such as atmospheric
CO, levels at sampling sites, cash and cover crop biomass, or number of growing
days, was not recorded during any of the three projects analyzed here. Data pre-
sented here is limited to standard agricultural soil sampling methods pertaining
to physical and chemical analysis of composite 6.2” deep soil samples to be rep-
resentative of broad field locations. Despite the absence of additional atmos-
pheric data, the %OM data provided by these standard agricultural samples has
generated a range of potential C sequestration rate increases based on the im-
plementation of cover crops during traditionally fallow periods.

Data used in this study came from a total of nine different farms throughout
the coastal plains region of SC (Humic Hope = 3 farms; experiment.com = 1
farm; 2013 CIG = 5 farms), each of which have slightly different soil profiles and
intensities of regenerative-based land management. Through reduced tillage and
chemical inputs, along with the introduction of multi-species cover crops be-
tween cash crops, the fields in this current study were able to generate an aver-
age collective soil C input of 1382 Ibs./ac in no less than two years of regenera-
tive-based management. When divided up into sampling groups based on time
since implementing cover crops (2-, 3-, and 4-years), increases in soil %OM
ranged from 733 - 2731 Ibs. OM/ac/year (Figure 3), pertaining to average soil C
increases of 425 - 1584 lbs./ac/year. While we hypothesize that longer durations
of regenerative farming practices will increase soil OM percentages and there-
fore, soil C, this observational dataset lacks any conventionally managed control
plot(s) and is not complete enough to test that hypothesis. Also, while a majority

of the Humic Hope acreage saw cover crops or cool-season crops in this
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two-year sample period, some land was fallow over the cool season. Additional
monitoring of larger sample sets, such as the current 2-year Humic Hope data
set, and incorporation of additional conventionally managed controls on these
soil types through upcoming years will provide a much more accurate, experi-
mental indication of rates of soil OM change from regenerative-based farming
practices.

A traditional 6.2-inch furrow-slice of loamy sand soil, typical in the coastal
plains of South Carolina, with 1% organic matter and an average bulk density of
1.55 g/cm’ will have roughly 21,000 Ibs. of organic matter [25]. This means that a
SOM increase of only 0.1% would be an addition of 2100 Ibs. of new organic
matter per acre. The 2012 USDA Census of Agriculture reports the total crop-
land in SC to be 1,967,288 acres with an average farm size of 197 acres [26].
Based on our observed top 6.2” average SOC change values, this creates potential
atmospheric C sequestration of 50 - 156 tons per year for a single average farm
in SC, and 500,647 - 1,558,092 tons statewide if regenerative practices were im-
plemented. These estimates are based solely on coastal plans soils, however, and
actual values will differ due to varying soil types throughout the state.

Fine silts and clays, or “heavy” soils are more likely to have higher organic
matter content than “lighter”, sandy soils like those in the coastal plains of SC
[27]. This phenomenon has been shown true for soils throughout SC, from
“heavy” piedmont soils to “light”, sandy coastal soils, through compiled data
provided by Humic Hope, LLC from over 2100 soil samples from across the state
and can be seen in Supplementary Table S1. Categorizing OM samples in this
study by their soil texture resulted in a range of seven differing soil textures; a
sandy clay loam, sands, loamy fine sands, loamy sands, sandy loams, fine sandy
loams, and loams as defined by the Soil Web Survey [28]. Only one sample in
the study was from a sandy clay loam, so that texture was excluded from com-
parison against other textures mean values due to its limiting sample size (n =
1). The means of the final recorded OM values for these soil textures were com-
pared and coincides with the above phenomenon of “light” and “heavy” soils,
but when the rates of OM change per year for these textures was calculated and
analyzed using a one-way ANOVA, the changes were variable, ranging from 600
Ibs. OM/ac/year to 1800 lbs./ac/year, but no significant differences were found
between the six soil textures (Table 3). Additionally, while the differences were
not significant, the variability in the rates of change did not follow the same
trend of increasing OM from “light” to “heavy” soils observed from total OM
sample measures above. This variability of OM rates of change demonstrates
that soil texture did not necessarily amplify, limit, or restrict its ability to im-
prove OM content and sequester C. This variability in annual OM rates of
change for the different soil types suggests that geographical and environmental
factors that can be highly variable between sampling points, such as relief and
rainfall, may be more influential on the atmospheric C sequestration potential of
soils than a soils physical texture, even when they are managed using regenera-
tive-based practices. Figure 4 shows the differences in C sequestration rates
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Mean Final Soil C Values and Annual Increases Based on Soil Texture
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Figure 4. Mean final soil C values and annual rates of soil C increase by soil texture. Final
calculated soil C means based on 2,000,000 Ibs. of soil/ac and a soil C content of 58% [8]
[17] are shown adjacent to each soil’s calculated Annual Rate of Change in soil C (actual
values shown above bar). Increasing soil C content along the spectrum from lighter sands
to heavier loams was expected, but the observed variability in the Mean Annual Soil C
Increases supports the concept that management practices are capable of increasing soil C
content regardless of texture, and that geographical and environmental factors may play
more important roles in C sequestration potential than a soils physical texture. The total
sample size of each soil texture is shown in parentheses on the X-axis.

between six of the seven soil textures from this study and the final calculated soil
C levels for the respective soil textures.

This data supports the concept that, regardless of soil texture, the transition
from conventional agricultural land management to regenerative-based practices
has the potential to sequester a substantial amount of atmospheric C in addition
to creating soil hydrological and biological health benefits that influence crop
health and yield. These benefits have been seen and demonstrated first-hand by
the farmers involved in this project, who since the implementation of cover crop
use have had some of their best recorded wheat and soybean yields. These im-
proved yields also show that increasing C sequestration through agricultural
management practices doesn’t have to be at the expense of farmers, but rather

creates additional benefit.

4.2. Relation to Cultural Barriers

The purpose of the soil sampling that acquired the data used in this analysis was
not to generate new or practical knowledge of the impacts of land management
and cover crop use on C sequestration, but was rather to acquire data on the
impacts of these practices on soil fertility and how changing management prac-
tices could provide financial and environmental benefits to farmers and produc-
ers in SC. Current paradigms of production agriculture displace monetary and
environmental burdens onto farmers and producers who are pressured to gen-

erate the highest possible yields at all cost. Through approaching these farmers
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and producers with a potential ease some of these burdens by contributing to
sustainable fertility on their land though cover crop implementation, subsequent
analysis of soil fertility data only later revealed the additional benefit of these
practices to increased carbon sequestration via increasing SOM percentages.
Despite the fact that agriculture could substantially benefit from an increased
knowledge-base regarding climate due to the obvious link between climate and
on-farm decision-making and yield outcomes [29] [30] [31], farmers tend to be
conservative individuals who are often suspicious or apprehensive of environ-
mentally motivated interventions or research intentions [18]. Keeping these
cultural perspectives in mind, the necessary future research concerning the im-
pacts of agricultural practices on climate change should be pursued in a manner
that is respective to farmers perspective and is aimed at benefitting their in-
volvement and bottom line to alleviate not only global climate burdens, but to
acknowledge their direct needs by improving the quality and fertility of their
soil. Farmers are particularly vulnerable to climate variability since their livelih-
ood is dependent on it [29] [32], so a land management strategy targeted at re-
lieving the burdens of industrial agriculture, while simultaneously alleviating the
global burdens of climate change will directly benefit the farmers/producers
while increasing their understanding of the significance of climate change on
their operation. Creation of educational and mutually beneficial relationships

will also increase the likelihood of farmer involvement in future research.

5. Limitations

The observed changes in soil OM percent shown here and their respective pro-
jected sequestered atmospheric C are calculated based on average values of soil
bulk density rather than specific measurements that were unavailable for the
sample sites used in this analysis, limiting the specificity of C sequestration po-
tential to a generalized value for coastal plains soils. Additionally, data presented
here do not include two additional factors that would likely further increase the
quantity of total atmospheric C sequestered from multispecies cover crop use.
Firstly, while the above values account for the transition of atmospheric C to
terrestrial C as SOM, they do not consider the additional terrestrial C in the
form of soil inorganic carbon (SIC) and the changes in these concentrations over
time under regenerative land management practices. SIC is a mineral form of C
in the soil, made up of various forms of carbonate [CaCO,, CaMg(CO,),,
Na,CO;, FeCO,]. Lorenz and Lal [33] estimate SIC stocks in arid regions to be
700 - 1700 Pg in the top meter of soil, but these stocks are not well studied or de-
fined in temperate regions or at depth. While SIC is known to be a large terre-
strial C pool and plays an important role in the global C cycle, especially in arid
and semi-arid environments, there is debate on the movement of C through this
system and the potential effects it could have on atmospheric CO, [34] [35].

The second limitation of this study is that the data were collected using stan-

dard soil sampling methods that only use and test the traditional top 6.2-inch
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furrow-slice of soil at any given sampling point. The roots of many cash and
cover crops go well beyond this 6.2” depth, creating a much larger potential area
for atmospheric C deposition into the terrestrial environment that is not ac-
counted for in this observational study. Depth samples were taken on a random
selection of 12 of the 40 plots from the 3-year sampling group during this study
and average %OM values for different depths up to 24” show that while there is a
decline in %OM below the top 6” (Table 4), a surprising amount of OM is
present in the subsoil. The observed decline in %OM with depth is expected and
has been shown to be more dramatic in no-till systems due to the increased le-
vels of SOM near the surface [21].

6. Conclusions

The mean SOM and soil C values across all sampling points as a whole and
within each duration group have all increased significantly in as few as 2 years
under regenerative agricultural management practices across seven different soil
textures, removing an average of 425 - 1584 lbs. atmospheric C/acre/year in the
coastal plains of SC. While the intent of the soil sampling used in this study was
not to understand terrestrial and atmospheric C exchanges but was rather to
better understand soil fertility while transitioning from conventional fallow pe-
riods to regenerative cover cropping practices, it is quite clear that in addition to
the agricultural benefits to soil health and structure, the implementation of these
practices fosters an additional benefit of atmospheric C sequestration. To fully
understand the carbon sequestration potential of regenerative agriculture,
long-term prospective studies focused on atmospheric and terrestrial C need to
be conducted with conventionally managed controls and include depth profiles
and SIC pools. Farmers’ concerns, however, must be integrated into the devel-
opment of this future climate-related research, such as the inclusion and transla-
tion of research goals into short- and long-term crop impacts, as well as on-farm
education and interpretation of data. This will acknowledge the perspective of
farmers and foster future participation in climate- and environment-driven re-
search.

The key element in this study is the use of regenerative farming practices to
reverse the direction of C flow in atmospheric and terrestrial ecosystems. Fos-
tering soil biology is key to this shift and is an effective way to increase SOM, but

Table 4. %OM at depth in a random sampling from the 3-year (Experiment.com) plots.
12 of the 40 plots in this sampling set had depth profiles taken in 2017 that were split into
three depth ranges (0 - 67, 6 - 12”7, and 12 - 24”) that were tested for standard soil nu-
trients and %OM, revealing the presence of soil OM well below the standard 6.2” depth
used in traditional soil testing and additional potential for atmospheric C sequestration.

Soil Profile Depth %OM
0-6” 1.9
6-12” 1.3
12-24” 1.6
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this process itself is actually dependent on plant communities sequestering at-
mospheric CO, and generating root exudates for microbes [6] [16]. Implementa-
tion of cover cropping allows this exchange to occur, undisturbed by tillage and
chemical use, for more photosynthetically active days than conventional farm-
ing, resulting in a significant increase in the amount of CO, sequestered from the
atmosphere and deposited into soil organic matter that will further foster
healthy agriculture. Shifting to such regenerative practices creates a relevant
benefit to farmers while simultaneously creating a global benefit from their C

sequestration potential.
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Supplementary

Table S1. Compiled soil test organic matter values from single-event samples throughout
SC by soil texture, as defined by the Soil Web Survey [28]. As soil texture becomes heavi-
er, a protective effect on organic matter occurs, reflected by consistent increases in OM
with texture from light to heavy. Sample data shown here is not indicative of OM levels
achieved through regenerative management practices. The samples included in this large
dataset include a range of management strategies from conventional to regenerative and
are only indicative of general trends in soil texture properties related to OM.

Soil Texture No. of Samples oM

Sand 92 1.2

Loamy Fine Sand 664 1.7
Loamy Sand 358 1.8

Light...Heavy

Sandy Loam 313 2.2

Fine Sandy Loam 619 2.6
Loam 109 3.6
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