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ABSTRACT

Soil sustainability will play a key role in maintaining crop production in the face of
decreased precipitation due to global climate change. A field study that compared fields with
similar soil types farmed with varying soil conserving practices was conducted in central Ohio to
determine if practices such as no-till and cover crops can influence soil moisture through the
build-up of soil organic matter. Soil moisture samples were taken 23 times throughout the season
at depths of 0-20, 20-40, and 40-60 cm. Soil samples for organic matter determination were
collected once at the end of the growing season. This study found that soil water content was not
increased by use of reduced tillage or cover crops when compared to fields that had not used
conservation practices. However, study design and the wet season, central Ohio received above
average rainfall in 2015, limited the study’s ability to explore relationships between SOC and
moisture retention and thus prevents drawing conclusions about prospects for management to

improve soil water holding capacity.
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INTRODUCTION

Maintenance and improvement of soil quality are critical for sustaining agricultural
productivity (Fourie et al., 2007). Soil is a valuable resource, which must be managed in a way
that can maintain its resilience in the face of climate change. “It is an elementary fact that
economic activity is absolutely dependent on the goods and services supplied by the natural
environment” (Ekins, 2011). To ensure continued economic prosperity and production,
agriculture must contend with the fact that our natural environment is changing.

According to model predictions for the Great Lakes region of the United States, increases
in precipitation of 5-30% during the spring and decreased precipitation of 5-10% in the summer
will greatly affect the growing season and water availability for rain fed crops (Hayhoe et al.,
2009; Particola and Cook, 2013; Fan et al., 2014). If these predictions are correct, soils in the
Midwest will need to build resilience to drier summer conditions. To do so soils will need to
retain greater amounts of moisture from wetter springs to support growth through drier summers.
Farmers may need to adapt their management practices in order to build resilience into their
soils, so as to maintain current levels of crop production. One approach for enhancing soil
resilience is through the use of conservation practices.

Conservation practices, such as no-till and cover cropping, have been evaluated for their
effectiveness in improving soil structure through building SOM. “Organic matter promotes
aggregation of soil separates into peds, which allow for increased percolation, drainage, and
water retention” (Bowles, 1990). If climate change leads to higher temperatures, SOM will be
subject to greater microbial decomposition. Soil with less organic matter has lower average crop
yields as it holds fewer nutrients and is more susceptible to drought (Smith and Almaraz, 2004).

With less rainfall expected in the latter part of the growing season, land management practices



that increase SOM may be a means of retaining more moisture and maintaining agricultural
productivity. Which conservation practice builds the greatest amount of SOM? Will a
combination of conservation practices have a greater impact on SOM formation? What is the
relationship between SOM and soil moisture content? This study aims to address all of these

questions.



LITERATURE REVIEW

The relationship between soil moisture content and soil organic matter will become
increasingly important as precipitation patterns change. Conservation practices, such as no-till
and cover cropping could be a way to build soil organic matter (SOM), thus increasing the soil’s
capacity to retain moisture (Ugarte et al., 2014). The term SOM is used to describe the organic
content in soil including dead and decaying plants and animals. Soil organic carbon (SOC) is the
carbon occurring in SOM. Soil organic matter contains approximately 58% carbon; therefore,
SOC can be used to estimate SOM (Bianchi et al., 2008; USDA-NRCS, 2009).

Soil organic carbon (SOC) varies with depth in response to specific tillage practices.
Long-term studies, in which the initial SOC pool was determined using adjacent forest soils to
substitute for initial soil state, have shown that no-till often increases carbon stocks for the
surface soil (0-15cm) but with no profile increase as compared to conventional tillage (Ussiri and
Lal, 2008; Mishra et al., 2010). In no-till systems, SOC decreases sharply with depth, signifying
that no-till systems may not sequester carbon beyond surface soil (Olson et al., 2014a; Olson et
al., 2014b; Blanco-Canqui et al., 2009). Olson et al. (2014b) report that no-till is slowly losing
carbon over time in relation to baseline data, therefore no-till does not fully replace SOC with
residue carbon. Additionally, SOC response to tillage practices depends on baseline SOC. Clay
soils low in SOC may retain carbon when under no-till management compared to conventional
tillage. Conversely, soils that have high baseline levels of SOC may not retain additional carbon
when using a no-till system, but conservation practices could help to mitigate carbon release
from soils over conventional tillage on the same fields (VandenBygaart et al., 2003; Tan et al.,
2007). Therefore, the potential to store SOC, when no-till was adopted, decreased with

increasing background levels of SOC.



Cover crops such as cereal rye and rye grass when combined with no-till, add the
additional biomass needed to sequester carbon in the surface and subsurface layers of soil (0-
30cm) (Kuo et al., 1997; Sainju et al., 2002). No-till and cover cropping systems can increase
SOM in surface and subsurface layers of soil (0-30cm) relative to soils maintained under
conventional tillage and monoculture (Ugarte et al., 2014). The combined use of no-till and
cover crops could decrease soil erosion and generate the increased SOM needed to support
moisture retention as compared to conventional tillage or no-tillage alone.

The use of no-till and residue incorporation has long been used in arid regions to increase
soil moisture retention (Jemai et al., 2010; Verhulst et al., 2011; Zhang et al., 2014). Compared
to conventional tillage, Gruber et al. (2011) found slightly higher moisture content under no-till,
specifically at 60-90 cm soil depth, suggesting that the no-tillage system had greater water
storage capacity due to low soil disturbance. Greater gravimetric moisture contents found in no-
till systems are also attributed to the presence of crop residue mulch on the soil surface, which
minimizes losses to evaporation and surface run-off compared to rates occurring in
conventionally tilled systems (Ussiri and Lal, 2008).

The effects of no-tillage on moisture are, however, inconsistent. In a 30-year study of
loamy soils in a cool temperate region, Hugh (2014) found that no-till was ineffective for
increasing soil moisture retention or SOM storage within the topsoil. In a study conducted on
bare silty soils in a subtropical climate that compared tillage treatments, Liu et al. (2013) found
no-till treatments had adverse effects on soil structure and reduced water-holding capacity.
Similar to tillage practices, studies of soil moisture and cover cropping have shown conflicting

results.



Systems that include cover crops have shown numerous soil benefits that include:
reduced erosion, nitrogen retention and availability, increased microbial activity, and weed
control (Liebl et al., 1992; Bodner et al., 2009; Ugarte et al., 2012; Dagel et al., 2014).
Additionally, the use of cover crops as a conservation practice has been shown to increase SOM
and improve soil structure (Fourie et al., 2007). Hudson (1994), found that as SOM increased
from 0.5 to 3%, in soils with the sandy, silt loam, and silty clay loam textures, the volume of
water held at field capacity more than doubled. However, in a two-year study using oats as cover
crops for cabbage, no significant difference was found in soil moisture levels between cover
crops and conventional tillage in Michigan (Haramoto and Brainard, 2012). Working in
Minnesota, Krueger et al. (2011) used a rye cover crop to influence soil moisture in corn, but
observed no positive impact on soil moisture conservation. Moreover, timing of kill-date for
cover crops influences soil moisture retention. A late rye cover crop kill date was found to have
reduced available moisture for soybeans in Urbana, Illinois (Liebl et al., 1992). Cover crops and
forage crops extract water from the upper layers of soil in early spring, reducing soil water
content as compared to fallow fields or fields left bare during winter (Campbell et al., 1984;
Ewing et al., 1991; Alonso-Ayuso et al., 2014). The effects of cover crops on soil moisture
retention are, however, complex. Soil moisture was found to be slightly higher under cover crops
with higher biomass production (Ward et al., 2011). Soil moisture was higher under late killed
cover crops because they produced a mat that restricted evaporation (Munawar et al., 1990;
Alcantara et al., 2011). During wet/dry cycles in spring and early summer, soil water evaporative
loss was lower in fields with cover crop residue (Alonso-Ayuso et al., 2014). In a recent study of
loamy soils conducted in lowa, a rye cover crop was found to either significantly increase or

have no impact on soil water conservation (Daigh et al. 2014). Collectively, these results show



that the influence of covers on moisture is complex and weather and time dependent. The
contradictory results of these studies indicate the need for further research to determine how
cover crops and no-till practices interact with soil moisture throughout the growing season.

The purpose of this study was to evaluate the effects of cover crops and no-till
conservation practices on SOM content and the available moisture in central Ohio soils exposed
to the same environmental conditions. Both SOC and soil moisture measurements, were taken
from fields with various management practices, to test the hypothesis that fields under no-till or
cover crop management will have higher SOM measurements and therefore hold more moisture
than fields under conventional tillage.

Objectives

e Quantify total organic matter content of soils under no-tillage, conventional tillage, and
cover crop practices.

e Quantify moisture content retained throughout the growing season in soils under no-
tillage, conventional tillage, and cover crop practices.

e Compare conservation practices to determine soil moisture benefits of cover crops and
no-till fields under the same environmental conditions.



MATERIALS AND METHODS

Site Description and Selection

Four fields in central Ohio (Madison and Pickaway counties) were chosen based on
management practices and similar slope to be representative of the Midwest in soil type and
texture. The assumption was made that the soil type would be similar enough to allow
evaluation of soil change in dynamic soil properties that were associated with recent
management practices. Fields were derived from Glacial till, which is a major parent material of
the Great Lakes Region, and silt loam is a common soil texture (Daigh et al. 2014). In addition,
these fields have been in agricultural production over the past thirty years, mostly in corn-
soybean rotations. Ohio’s agriculture is typical of the Midwest grain producing region, which
relies on rain fed crop production. Mean annual precipitation is 97.92 cm; with little rainfall
occurring in late summer (NOAA, 2015a).

Fields 1 and 2 were chosen for their use of cover crops and no tillage. Cover crops have
been grown on field 1 for the last 5 years, and on field 2 for the past 15 years. Field 3 does not
have a cover crop and was converted to a no-till operation 4 years ago. Field 4 is a
conventionally tilled field; the seed bed is prepared by chisel plowing before planting corn and
no-tillage before planting beans. However, in 2015 Sorghum Sudan grass was no-till planted into
the previous year’s soybean stubble. Field 4 was chosen because it is representative of typical

management practice in this region and serves as a control for this study, see Table 1.



Table 1. Field Description and Soil Information

Field Tillage Cropping History Slope  Texture/ Soil Drainage
# Type Class/Hydrologic
Soil Group (HSG)
1 No-till- 11 2015- Winter Wheat 2% Silt Loam
years double crop
F-1 Sorghum Sudan Kendallville  Well Drained
Grass (KeB) HSG-C
2014- Soybeans
2013- Corn
2005- Alfalfa
5 years- Cover Crops
2015-Winter Wheat
2010-2014-Red
Clover
2 No-till- 15 2015-Soybeans 1% Silt Loam
years 2014-Corn
F-2 2013- Winter Wheat Ross (Rs) Well Drained
2012-Pumpkins permeable along
15 years- Cover flood plains
Crops HSG-B
2015- Red Clover
2014-Rye Medway Moderately Well
2013-Winter Wheat (MK) Drained
2012-Rye permeable along
2011-Red Clover flood plains
HSG-B/ D
3 No-Till - 4 Continuous 2 year 1% Silt Loam
years corn/soybean
F-3 rotation Ross (Rs) Well Drained
2015-Soybeans permeable along
2014- Corn flood plains
HSG-B
4 Conventional 2015-Sorghum 1% Silt Loam
Tillage Sudan Grass
F-4 2014- Soybeans Kokomo Poorly Drained
2013- Corn (Ko) HSG-C/D
Miami and Well Drained
Lewisburg upland adjacent
(MIA) streams

HSG-C/D

(Based on data from USDA, 1981)



Experimental Design and Field Management

Samples were taken in a random fashion from within a one-acre grid, which was
created and overlaid on an aerial image of the farm field, as illustrated in Appendix A, Figures 4-
7. The Farm Works® program was used to create points within each grid square and link each
point to latitude and longitude coordinates. The geo-referenced points were located in the field
using a handheld GPS, see Appendix A, Figures 8-11. The sample sites were chosen using
Excel® to generate random numbers. Grids were then sampled based on the numbers assigned to
each of the geo-referenced points.

Sample size was determined using a two tail test with a 95% confidence level.

(t*SD)?

Sample Size = —

Where tl-%, n-1=1.980 (McClave et al., 2014) for 0=.975 and n = number of samples taken (114

samples), SD = standard deviation (3.49% moisture), and d = absolute error (1.5% moisture
content).

Twenty-one samples a week were required per field, for a total of 84 samples to be pulled
per week. This resulted in seven sites in each field being sampled at three different depths, once
a week, from late April to the first week in October of 2015.

Field 1 was planted in winter wheat on October 13, 2014. Nitrogen and herbicide were
applied on April 12, 2015. Liquid nitrogen (28%) and Instinct® were applied at a rate of
72lbs/acre and 280z/acre respectively. The herbicide Sterling Blue® and MCPA were applied at
4oz/acre and 160z/acre respectively. Fungicide was applied on May 21, 2015. The winter wheat
was harvested on July 6, 2015, and straw was baled on July 9, 2015. Sorghum Sudan grass was

planted on July 10, 2015 and received dry urea at a rate of 137Ibs/acre on July 21, 2015. August



26, 2015 Sorghum Sudan grass was mowed and baled; cows were released onto the field one
week later.

Field 2 was planted to red clover on November 3, 2014. The red clover was mowed and
bailed on May 5, 2015. Soybeans were planted on May 13, 2015, using a John Deere® 750 drill,
176,500 beans per acre. The red clover was allowed to continue to grow until May 14, 2015
when Roundup® was used to burn down the cover crop. Roundup® was used again on July 11,
2015 for further weed control. The soybeans were harvested September 12, 2015.

Weeds were controlled on field 3 using Roundup-2, 4-D® on April 28, 2015. The field
was planted to soybeans on May 9, 2015 using a John Deere® 750 drill, 176,500 beans per acre.
Roundup® was used for additional weed control on July 3, 2015. The soybeans were harvested
on September 19, 2015.

Weeds were burned down on field 4, using Roundup-2, 4-D®, on May 14, 2015. Sorghum
Sudan grass was no-till planted on May 23, 2015. The grass was fertilized using urea at a rate of
1lb/acre/day of nitrogen. Grass was mowed and baled on July 29, 2015, and urea was reapplied
on August 1, 2015 at the rate of 1lb/acre/day. The Sorghum Sudan grass was mowed and bailed a
final time on September 16, 2015.

Soil Moisture and Organic Matter Measurements

In early October, Excel® was used to randomly select two of the seven sites in each field
to draw samples for soil organic carbon. The samples were taken at three different depths (0-20,
20-40, and 40-60 cm) using a regular auger (6.98 cm in diameter). Soil organic carbon was
quantified using a Blue M ™ combustion analyzer oven without an acid pretreatment to
decompose carbonate. Soil organic matter was determined by multiplying the SOC percentages

by a factor of 1.72, which estimates 58% of SOC of the total SOM (USDA-NRCS, 2009).
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SOM = %S0C = 1.72

Bulk density (BD) was determined using an undisturbed soil core sampler (1.8 cm in
diameter) from 0-20cm. Soil was weighed in the field and dried at 105°C for 24 hours (Jemai et
al., 2012).

Dry Weight
 * (0.9cm)? * 20cm

Soil moisture content was determined using the gravimetric method (Verhulst et. al,
2011; Abdullah, 2014). Soil cores were taken at depths of (0-20, 20-40, 40-60 cm) with an
undisturbed soil core sampler (1.8 cm in diameter) and an auger sampler (6.98 cm). Once
collected, the samples were placed in a plastic bag and then into a cooler for transportation.
Samples were weighed in the lab using a digital gram scale accurate to 0.01grams. To prepare
the samples for drying, the soil was mixed while in the bag to ensure uniform distribution.
Samples were oven dried at 105°C for 24 hours. Once dried, samples were weighed again to

determine water content. Soil moisture percentage was calculated using:

Wet-Dry
Dry

x 100.

Statistical Analysis

Soil moisture response to management practices was assessed for statistical significance
using a t-test. The differences between the means of soil moisture, depth, field, and month were
assessed by analysis of variance (ANOVA), to determine which management practice could
retain more moisture throughout the growing season. All statistics were performed in JIMP®

(version 11) and means were separated at the p<0.05 level.
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RESULTS AND DISCUSSION

Soil Carbon Response to Depth

Soils sampled in this study generally reflect the characteristic depth-based decline in
SOC. Many studies suggest SOC stratification is more strongly expressed in soils under no-
tillage management (Blanco-Canqui and Lal, 2007; Mitchell et al., 2015). In fields 2 and 3,
which are both mapped as the Ross soil series, carbon decreased with depth (Table 2). Relatively
high SOC levels in the 20-40 cm depth are consistent with the fact that this series is a lowland
soil with an A horizon reported to 74 cm. One might have expected SOC to be less stratified in
field 2 than 3 due to the root-contributions made by the cover crops but this is not suggested by
the data.

In field 1, which is a no-till field, like field 2 which also includes cover crops, SOC
increased at the depth of 40-60cm. The SOC response is contrary to the expected outcomes for
no-till fields but this is likely explained by the soil type as the mapped series, Kendallville, has a
silty clay (1Bt) over a clay loam (2Bt horizon), so differences in clay may account for observed
trends in SOC. Kahle et al. (2003) and Sausen et al. (2014) report that more carbon is found in
soils with smaller particles such as clay due to the binding of carbon to the clay particle
protecting it from decomposition. Additionally, field 1 was cropped in alfalfa from 2005-2012.
“Perennial forages, such as alfalfa, can increase soil C sequestration compared with annual
cropping systems due to greater below-ground biomass C input and continuous root growth”
(Sainju and Lenssen, 2011). However, the SOC retention in below ground biomass should also
accumulate from 0-40cm. The data are not consistent with the findings of Zendonadi dos Santos

et al. (2011) who found that deposition of cover crop roots increased with depth.
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Field 4 had an increased amount of SOC at the depth of 20-40cm over the 0-20cm depth.
This response may also be attributed to the Miami/Lewisburg soil profile which consists of a silt
loam (Ap) over a clay loam (2Bt horizon) so the differences in the SOC are possibly accounted
for in the clay content of the soil. Additionally, the differences between 0-20cm and 20-40cm
may not be significant due to the small sample size and standard deviation of +3.67 and +4.5 g
C/kg soil respectively for each depth.

Furthermore, the soils are derived from glacial till which is calcareous in nature. An acid
pretreatment to decompose the calcium carbonate was not performed on these soils before SOC
was quantified by loss on ignition. Therefore, the amount of reported SOC may be
overestimated.

Soil Organic Matter Response to Management Practice

At a depth of 0-20cm: field 2 had the highest percentage of SOM at 3.5%, followed by
field 3 with 3.05%, field 4 with 2.95%, and field 1 with 1.25%, see Table 2. Field 2 is mapped as
having Ross and Medway soil types and one would expect to find around 4% SOM in fields with
those soil types (USDA, 2016). Therefore, the buildup of biomass on the surface and subsurface
soil layers that results in accumulation of organic matter as Kuo et al. (1997) and Sainju et al.
(2002) have described in a combined no-till cover crop system, such as field 1, is not expressed
by the data. The SOM that was measured reflects underlying soil properties. Additionally, fields
2 and 3 are located in the flood plain of Deer Creek. Fresh deposits of alluvium each year have
provided additional organic matter besides the residue left by the practice of no-till (USDA,
1981). Therefore, baseline measurements would need to be established in conjunction with long

term studies to determine SOM response to cover crops.
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Field 4 is mapped as having Kokomo and Miami-Lewisburg soils which from 0-20cm
would have about 4.5% and 2% SOM respectively (USDA, 2016). The average of two samples
taken for field 4 was 2.95%, indicating that one sample is representative of each soil type and the
results lie within the expected SOM content for those soils. Field 1 SOM data are unexpectedly
low given the soil type and the use of cover crops on this field. Field1 had 1.25% SOM and is
mapped as Kendallville soils, the expected SOM content for the soils series is about 2.5%
(USDA, 2016). This field sits on the largest slope of any other field, which may impact SOM
results due to losses from past erosion.

Bulk Density

The bulk density for 0-20 cm was 1.49 g/cm?3, 1.11 g/cm3, 1.49 g/cm?, and 1.61 g/cm? for
fields 1, 2, 3, and 4 respectively, see Table 2. The conventionally tilled field, field 4, had the
greatest bulk density at the depth of 0-20 cm. The effects of tillage on bulk density are variable
due to the amount of compaction incurred by a particular management practice (Crittenden, et
al., 2015; Yang et al., 2013). It should be noted, that soils in tillage systems typically have lower
bulk density than soils in no-till systems due to breaking up soil into smaller particles. The 1.61
g/cms reported for field 4 in the study would have impacted root growth. This value could have
been inflated due to compaction induced by the use of a 1.8 cm diameter undisturbed soil corer.
One would expect lower bulk density values for fields with no-till and cover crops combined
(Blanco-Canqui et al., 2011). However, the bulk density value for field 1 is greater than the ideal
bulk density of less than 1.4 g/cm3 for silty soil. This may be due to the periodic presence of
cattle on the field.

It should be noted that bulk density values reported here do not reflect typical patterns.

Generally, bulk density increases with depth (NRCS, 2008). Bulk density data in this study
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decreases with depth in all fields, indicating a potential sampling error may have occurred.

Samples were difficult to pull at the depth of 40-60 cm and the full 20 cm for each depth

increment may not have been collected for each sample, affecting the volume of soil. Incorrect

volume measurements could explain the low measurements of bulk density. Additionally, field 2

at the depth of 20-40cm is comprised of small pebbles mixed with sand, which may have fallen

out of the soil corer as samples were taken making the volume of the sample incorrect.

Table 2: SOM, SOC, and Bulk Density results for fields 1-4 at all depths.

Field Depth (cm) SOM% SOC (g Cl/kg soil) Bulk Density (g/cm?d)
1 0-20 1.25+0.07 73%0.28 1.49
1 20-40 1.25+0.21 7.241.2 1.34
1 40-60 1.45+0.21 8.4+1.27 1.75
2 0-20 3.5+0.98 20.3+5.79 1.11
2 20-40 2.45+0.63 14.243.67 0.83
2 40-60 1.25+0.91 7.245.23 13
3 0-20 3.05+0.63 17.743.67 1.49
3 20-40 2.90+0.98 16.845.72 1.28
3 40-60 2.70+0.42 15.642.47 1.16
4 0-20 2.95+.063 17.143.67 1.61
4 20-40 3.35+0.77 19.4+45 1.39
4 40-60 2.20+1.13 12.7+6.5 1.34

Sample Size for SOM and SOC n=2, Sample Size for Db n=7.
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Precipitation throughout the Growing Season

During the 2015 growing season, the observed average monthly precipitation was above
the 30-year monthly average for 6 of the 7 months; see Figure 1 (NOAA, 2015b). June and July
were the wettest months of the growing season, with June getting approximately 7 cm of
additional precipitation over the 30-year average. Due to the increased precipitation, Deer Creek
rose out of its banks and flooded the lower portions of field 3. Four of the 7 sampling sites on
field 3 were under water during 3 separate sampling dates. The water on the field made the
samples saturated or too difficult to pull. On July 15, 2015, 2 of the 7 sample sites were unable to
be sampled due to the 76.2 cm of water standing in the field. Thus, any conclusions made from

this study are representative of wet years.
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Figure 1: Observed and 30-year monthly averages of precipitation for central Ohio. Based on
data from NOAA, 2015.
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Moisture Retention by Field

With an alpha of 0.05, the resulting p value 0.0001 from the ANOVA indicates statistical
differences in soil moisture content between the 4 fields, see Table 4 in Appendix B. Normality
was assessed using a Shapiro-Wilk test in order to determine the validity of the ANOVA for
average moisture content including all depths. The Shapiro-Wilk Test resulted in a p-value of
0.0001 rejecting the assumption of normal distribution, see Table 5 in Appendix B. However,
based on visual inspection of the distribution it appears to be a robust deviation from normality,
and therefore this underlying condition necessary for the ANOVA is met. Mean moisture content
for the entire growing season, and for all depths in fields 1, 2, 3, and 4, was 14.21%, 15.97%,
18.38%, and 18.42% respectively, see Figure 2. With a correlation of determination equaling
46%, nearly half of the moisture variance can be explained by field differences. However, due to
underlying differences in soil type, the moisture contents of individual fields cannot be attributed
to management practices.

Soil classification influences the drainage capabilities of the soils in each field. Fields 1
and 4 are in hydrologic soil group (HSG) C, which is defined as soils with slow infiltration rates
when thoroughly wet, and have a slow rate of water transmission (NRCS, 2016). Field 4 contains
about 50% Kokomo soils with a drainage class of very poorly drained, which in combination
with the wet year in 2015 may explain why this field retained the greatest amount of mean
moisture at all depths. Additionally, field 4 is the only field in this study that contains tile. The
tile line is an old clay tile and likely broken rendering it inadequate; the farmer indicated that he
will be re-tiling the field this winter. Despite being in HSG C, field 1 retained the least amount of
mean moisture for all depths; this may be due to the Kendallville soil found in field 1 which is

considered well-drained soils. Field 2 is in HSG B which is defined as soils with moderate
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infiltration when thoroughly wet and has a moderate rate of water transmission (NRCS, 2016).
The field is composed of Ross and Medway soils which have a drainage classification of well-
drained. In addition, this field has gravel at 20-60cm, increasing the infiltration rate of water
through this field.

Field 1 and 2 were planted in winter wheat and red clover cover crops respectively.
Campbell et al. (1984) and Ewing et al. (1991) found that cover crops can deplete the moisture in
the upper layer of soil as compared to fields left fallow during the winter. In 2015, the month of
May was drier than the 30-year average, which may have influenced overall soil moisture
retention percentages for cover cropped fields, fields 1 and 2, during the spring, see Figure 1.

There was no statistical difference in moisture content between fields 3 and 4. T-tests
revealed the remaining pairs to be statistically different, see Table 6 in Appendix B. Although
these fields were statistically different moisture content is not likely due to the differences in
management practices. There are many confounding factors such as soil types, drainage class,
HSG, management practices, and the above average rainfall. The opportunistic nature of this
field study could not address all the variation in the fields. Therefore, future studies should focus
on management practices that are applied to fields with greater similarity in order to control

variance.
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Figure 2: One-way Analysis of Mean Moisture Content (%) by Field for all depths
combined for the entire growing season.

Moisture at Depth

An ANOVA was conducted on moisture content for 0-20cm, 20-40cm, and 40-60cm
depths for all fields. The ANOVA resulted in a p-value of 0.6160 which is greater than 0.05,
therefore the analysis of moisture changes by depth revealed no overall depth-based differences
in moisture when averaged over the season, see Table 7 in Appendix B. This finding may be due
to the wet year central Ohio experienced in 2015.

Depth alone is not predictive of moisture. However, when a two-way ANOVA is
conducted on field and depth, the resulting p value for field by depth is 0.001, indicating that
moisture at depth varies among fields, see Table 8 in Appendix B. The change in moisture by

depth per field may be due to the presence of clay loam in the 20-40 cm depth of Miami-
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Lewisburg and Kendallville soil types. Additionally, the depth to the water table in field 4
reported by USDA web soil survey is 15 cm (USDA, 2016). Therefore, soil at 20-60 cm depths
will naturally retain greater amounts of moisture than the 0-20 cm depth for that field.

Moisture changed by depth in the months of August and October. With a p value of
0.0074 and 0.001 in August and October respectively, there is a statistical difference in soil
moisture content by depth, see Tables 9 and 10 in Appendix B. Precipitation during the months
of August and October were similar to the 30-year average for those months, indicating that they
may be representative of average field conditions and moisture retention by depth during dry
years could be more pronounced.

SOC and Moisture

A linear regression of moisture and SOC resulted in a p-value of less than 0.0001, see
Table 3. This regression analysis suggests that there is a statistical relationship between moisture
content and the amount of SOC present in fields. However, the accompanying coefficient of
determination is very low, 0.192, indicating a large amount of variance that cannot be explained
by the model. Additionally, there are many overlapping data points and very small differences
between fields for mean moisture content at all depths, see Figure 3. Therefore, no practical
relationship between SOC and moisture retention can be determined from the data.

Table 3: Linear regression of mean moisture content (%) by SOC.

RSquare 0.192311
RSquare Adj 0.191897
Root Mean Square Error 3.530942
Mean of Response 16.73724

Observations (orSumWgts) 1956

Parameter Estimates

Term Estimate Std Error t Ratio Prob>|t|
Intercept 11.639296 0.249469 46.66 <.0001*
SOC g C/kq soil 0.3792195 0.017581 21.57 <.0001*
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Figure 3: Linear Regression of Mean Moisture Content for all fields and depths over the entire
growing season as compared with SOC.
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CONCLUSION

This study is representative of the variability farmers experience as they seek to mitigate
their risk by purchasing land in geographically separate locations to account for weather
variability and soil differences. Fields 1, 2, 3, and 4 are within a 10 mile radius and have slightly
different soil types. This field study presents conflicting results about the influence of
management practice on organic content in soils and therefore is not conclusive. The research
hypothesis that soil organic carbon influences moisture retention is supported in this research.
However, management practices do not statistically correspond directly with SOC or moisture
findings. Therefore, moisture retention cannot be attributed to any particular farm practice due to
the number of variables unaccounted for such as HSG, soil type, and soil drainage classification.
Future studies could address these constraints by placing all treatments into a split block design
or more carefully controlling soil type of farms compared, to reduce the possible soil variations.
Additionally, there is a need for greater accuracy in soil moisture, precipitation, and bulk density
measurements that could be achieved through the use of continuous data recording devices such
as a soil probe that can record information hourly throughout the growing season.

Future climate change will impact the precipitation pattern in the Midwest, making
studies such as this crucial to maintaining crop production at current levels. Future studies should
seek to include long term monitoring of fields under varying management practices for SOM and
SOC concentrations, being sure to include field variability into the study. Additionally, long term
soil moisture studies should accompany the SOC and SOM studies. Future SOC studies have
implications beyond moisture retention, as they may influence policy decisions about the

effectiveness of cover crops for carbon sequestration and carbon credits, as well as other
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ecosystem services. Long term studies completed on moisture, SOC, and SOM will aid farmers

in determining best practices for their farming operations to maintain crop production.
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Home 1 F-1

Grid Number

GP5

9

39°42'41.339"N and 83°15'17.056"W

13

39°42'47.170"N and 83°15'17.279"W

10

39°42'42.818"N and 83715'17.112"W

&

39°42'39.110"N and 83°15'18.867"W

4

39°42'42.025"N and 83°15'18.951"W

15

39°42'45.048"N and 83°15'15.273"W

18

39°42'40.632"N and 83°15'15.134"W

Figure 8: Geo-referenced points for field 1

Home 2 F-2

Grid Number

GPS

10

39°42'38.544"N and 83°15'34.176"W

12

39°42'34.436"N and 83°15'34.176"W

7

39°42'37.548"N and 83°15'31.505"W

2

39°42'40.639"N and 83°15'28.361"W

8

39°42'39.602"N and 83°15'31.479"W

11

39°42'36.469"N and 83°15'34.176"W

6

39°42'35.493"N and 83°15'31.473"W

Figure 9: Geo-referenced points for field 2
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Sciota Darby F-3

Grid Number

GP5

39°43'27.566"N and 83°14'45.722"W

39°43'25.560"N and 83°14'45.222"W

14

39°43'24.570"N and 83°14'58.585"W

4

39°43'23.911"N and 83°14'55.691"W

3

39°43'22.510"N and 83°14'58.085"W

22

39°43'31.029"N and 83°14'43.936"W

17

39°43'27.346"N and 83°14'53.904"W

Figure 10: Geo-referenced points for field 3

Meff Rd F-4

Grid Number

GRS

10

39°44'24.355"N and 83"11'17.105"W

21

39°44'20.992"N and 83°11'8.779"W

23

39°44'24.573"N and 83°11'11.339"W

14

39°44'28.082"N and 83°11'16.843" W

32

39°44'20.800"N and 83°11'7.079"W

&

39°44'17.179"N and 83%11'12.120"W

28

39°44'30.033"N and 83°11'12.107"W

=RANDBETWEEN(1,34)

Figure 11: Geo-referenced points for field 4
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Appendix B: Tables

Table 4: One-way Analysis of Moisture Content (%) By Field

Source DF Sumof  Mean Square FRatio Prob>F
Squares
Field 3 6116.662 2038.89 165.5162 <.0001*
Error 1952 24045.435 12.32
C. Total 1955 30162.097
Rsquare 0.462385
Adj Rsquare 0.461561
Root Mean Square Error 1.910452
Mean of Response 16.74564
Observations (or Sum Wgts) 1962

Table 5: Residual Distribution for Shapiro-Wilk Test of Normality
Goodness-of-Fit Test
Shapiro-Wilk W Test Shapiro-Wilk W Test
W Prob<W
0.979861 <.0001*

Table 6: T-test Analysis of Mean Moisture Content (%) Throughout the Growing Season for

Field Pairings
Field Pairing p value
land?2 8.4E-13
land3 1.21E-67
land 4 4.22E-94
2and3 1.44E-19
2and4 3.29E-25
3and 4 0.851063

Table 7: One-way ANOVA of Moisture and Depth.

Source DF Sumof  Mean Square F Ratio Prob>F
Squares

Depth 2 14.961 7.4807 0.4846 0.6160

Error 1953 30147.136 15.4363

C. Total 1955 30162.097
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Table 8:Two-way ANOVA Field by Depth in Response to Moisture Content (%)

RSquare 0.271372
RSquare Adj 0.26725
Root Mean Square Error 3.362292
Mean of Response 16.73724
Observations (or Sum Wagts) 1956
Analysis of Variance
Source DF Sumof  Mean Square F Ratio
Squares
Model 11 8185.163 744.106 65.8209
Error 1944 21976.935 11.305 Prob>F
C. Total 1955 30162.097 <.0001*
Effect Tests
Source Nparm  DF Sum of FRatio Prob>F
Squares
Field 3 3 6116.6624  180.3526 <.0001*
Depth 2 2 14.3829 0.6361 0.5294
Field*Depth 6 6 2053.5393  30.2748 <.0001*
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Table 9: Two-way ANOVA Moisture Content (%) Response to Field and Depth for the Month of

August
RSquare 0.440656
RSquare Adj 0.421665
Root Mean Square Error 2.679907
Mean of Response 15.25548
Observations (or SumWgts) 336
Source DF Sumof  Mean Square F Ratio
Squares
Model 11 1833.1766 166.652 23.2045
Error 324 2326.9359 7.182 Prob>F
C. Total 335 4160.1125 <.0001*
Effect Tests
Source Nparm  DF Sum of FRatio Prob>F
Squares
Field 3 3 1199.9655 55.6940 <.0001*
Depth 2 2 71.5502 4.9813 0.0074*
Field*Depth 6 6 561.6610 13.0342 <.0001*

Table 10: Two-way ANOVA Moisture Content Response to Field and Depth for the Month of

October
RSquare 0.60992
RSquare Adj 0.550324
Root Mean Square Error 2.679856
Mean of Response 16.79286
Observations (or SumWgts) 84
Source DF Sumof  Mean Square F Ratio
Squares
Model 11 808.4895 73.4990 10.2343
Error 72 517.0772 7.1816 Prob>F
C._Taotal 83 1325 5667 <.0001*
Effect Tests
Source Nparm  DF Sum of FRatio Prob>F
Squares
Field 3 3 460.45212 21.3718 <.0001*
Depth 2 2 109.43403 7.6190 0.0010*
Field*Depth 6 6 238 60339 5.5374 <.0001*
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