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There is growing interest within the agricultural industry on how cover crop systems
affect soil health and economic productivity in integrated crop-livestock systems. This study
investigated the combined effects of cover crop species; no-till and conventional till; and grazed
(G) and un-grazed (UG) in a continuous corn (Zea mays) production system in east-central
Mississippi. Cover crops were established in the fall of 2019 and 2020 in two separate field
studies. Corn yield was not affected by grazing or tillage but was affected by cover crop species.
We then compared the difference in cover crop species treatments with their respective corn
yield and observed the greatest net return with the control ($252.09 ac-1). Organic matter was
greater with the G area (1.03%) as compared to the UG (0.88%). Grazing resulted in bulk
densities of 1.45 and 1.47 g cm3-1 for UG and G, respectively.
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CHAPTER I
INTRODUCTION
Before World War II, agriculture in the United States relied on intensive labor to sustain
diverse crop and livestock production on small farms (Ganzel and Reinhardt, 2003).
Commodities during this time were generally sold locally if excess was produced. Crop
fertilization depended heavily on nutrients cycled within the farm such as composted crop waste
and animal manure (Sulc and Tracy, 2007). During the war, nitrogen (N) was the main
ingredient used in the production of explosives, resulting in artillery factories producing N
fertilizer after the war ended. Farms have now become more specialized due to increased
synthetic fertilizer supply. The number of commodities produced on farms has decreased from
an average of five per farm in 1990 to less than two in 2002 (Dimitri et al., 2005).
As the number of commodities on each farm has decreased, the size of farms increased,
contributing to the loss of small farm agriculture (Ganzel, 2007; USDA-ERS, 2021). As a result,
specialization has increased total farm productivity, with crop yields being the main economic
driver within each agricultural system. The agricultural industry has the task of producing
products for world consumption while minimizing the environmental effects of their production.
Agricultural producers have become increasingly aware of practices that lead to negative effects
on the environment. This has led to the diverse implementation of conservation practices such as
cover crops, conservation tillage, and livestock integration.
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Cover crops are defined as “close-growing crops that provide soil protection, and soil
improvements between periods of normal crop production” (SSSA, 1997). Although there are
still questions that arise regarding the true contribution to the cash crop, cover crops could supply
and scavenge N for grain crops, reduce soil erosion, suppress weed pressure, and increase soil
organic matter content (Hartwig and Hoffman, 1975).
Along with the growing social awareness of the negative effects of ag production
(Michel-Guillou and Moser, 2006), farmers are conscious of factors that are out of their control,
such as weather. Farmers that produce in rainfed or irrigated farming systems must be mindful of
water availability and use efficiency. During any growing season, crops are subject to periods of
stress of varying length and frequency. Mulch that is formed by a cover crop can minimize some
of these short periods of drought stress and lessen the effects of long dry periods (Fry et al.,
1988). Alternatively, periods of high rainfall increase the likelihood of leaching of
macronutrients, especially N. The presence of a cover crop can significantly reduce overall N
leaching compared to a fallow system (Beckwith et al., 2006), thus reducing input costs and
maximizing nutrient uptake and efficiency. Winter cover crops of either grasses or legumes that
can be combined with conservation tillage methods and intermittent grazing offer several
important benefits that protect and improve the soil and can increase profitability (Frye et al.,
1988). Ever-increasing volatility in fertilizer costs along with rising awareness of the need to
control soil erosion, restore the productivity of eroded soils, and improve crop production
efficiency to feed a growing world population, justifies the need to pursue integrated approaches
to crop and livestock production.
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Selection of cover crop species is paramount in delivering downstream benefits, such as
greater crop yield or reduced input costs. Combinations of grasses and legumes have been
shown to suppress weeds more effectively (Akemo et al., 2000) than single species alone.
Incorporating legumes into a mix that is well adapted to the climate and management conditions
of the area can result in significant increases in crop yield response and reduction in applied N
(Frye et al., 1988). Sweeney and Moyer (2004) showed leguminous cover crops can provide a
substantial amount of biologically fixed N to the primary crop ( > 100 lb N ac-1), as well as ease
of decomposition due to their low carbon : nitrogen (C:N) ratio. Legume species also can absorb
available nutrients in the soil profile and can help increase nutrient concentration at the soil
surface (Fageria et al., 2005). Non-leguminous cover crops, on the other hand, have high N
scavenger capacities compared to leguminous crops. These species tend to have high C:N ratios,
but when combined with legumes, tend to result in maximum benefits to the subsequent crop
(Fageria et al., 2005). Also, soil structure, soil moisture, nutrient retention, and biological activity
increase as plant diversity increases (Dapaah and Vyn, 1998; Kaspar and Singer, 2011).
Incorporating multiple species may help producers fulfill many soil management functions,
however, depending on seeding rate and costs, some mixtures may be more expensive than
single species.
Economic considerations are often the most widely used justification for not adopting
cover crops (Bollero and Bullock, 1994). This is due, in most part, to seed and establishment
costs. Producers are often well-versed in the advantages of cover cropping but must realize
returns on investment quickly to reap long-term benefits. One method that has been proven to
capitalize short-term investments has been through the use of livestock. Integrated crop-livestock
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systems (ICLS) are farms where animals and crops are raised with the goal of using the products
of one for the growth of the other (Hilimire, 2011).
Due to cost and management implications, producers are concerned with the benefit of
cover crops. From an integrated livestock/cropping perspective, the addition and use of livestock
in intensively managed cropping systems may generate additional revenue while simultaneously
enhancing soil structure and increasing soil organic matter through the consumption of highly
palatable cover crops (Franzluebbers, 2007). The combination of high-quality fiber (grasses) and
protein (legumes) feedstuffs can result in high daily rates of gain on growing classes of livestock
(i.e., weaned calves or replacement heifers). The increased use of cover crops as a forage has
shown to be an additional benefit to producers.
Cover crops have traditionally been used as a “soil conservation tool,” but farmers are
also interested in their ability to increase crop performance (Pimentel, et al., 1995). Crop
performance varies among regions, soils, and under different management practices. Currently,
there is very limited information available about the effects of cover crops in an integrated
livestock and continuous non-irrigated corn cropping system in the Deep South. Quantitative
data on the effects of cover crops and cattle traffic on continuous corn crop production is needed.
In this study, various crop, forage, and soil characteristics will be evaluated as a way of
understanding the specific effects of cover crops in an integrated crop and livestock system. The
objectives of this research are to determine the effects cover crops have on corn production while
evaluating the change in soil physical and chemical properties, weed pressures, and forage
production in east-central Mississippi.
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CHAPTER II
CORN AND COVER CROP PERFORMANCE
Cover-Cropping in Corn
Cover crops are effective in preventing soil erosion (Kaspar, et al., 2001), reducing
nutrient concentration in drainage water (Kladivko, et al., 2001), preventing nutrient leaching
(Dabney, et al., 2001), and increasing soil carbon content (Moore, et al., 2014). Cover crops have
a positive influence on corn crop yields due to reduction in soil water loss from both evaporation
and run-off (Clark, et al., 1997; Truman, et al., 2003). Villamil, et al., (2006) also reported
improvements in soil aggregation, pore-size distribution, and plant-available water following a
study of cover crop root biomass within a no-till corn (Zea mays)/soybean (Glycine max)
rotation. Multiple studies have been conducted to determine the effects cover crops have on corn
production (Mitchell and Teel, 1977; Raimbult et al., 1991; Ewing et al., 1991; Decker et al.,
1994).
Decker et al. (1994) conducted an experiment to identify optimum corn N fertilizer rates
following cover crops. This study evaluated hairy vetch (Vicia villosa Roth), Austrian winter pea
(Pisum sativum L.), crimson clover (Trifolium incarnatum L.), and wheat (Triticum aestivum L.)
cover crops in Coastal Plain and Piedmont regions of Maryland for no-till corn. In the Coastal
Plain location, with no N fertilizer applied, corn following hairy vetch, Austrian winter pea, or
crimson clover took up an average 54.3 lb N ac-1 more than after wheat and 110 lb N ac-1 more
than no cover crop. Also, they reported at the zero N fertilizer application, the 2-yr average grain
7

yields were significantly higher following legumes when compared to wheat or no cover crop.
These yield averages were non-significant among all evaluated legumes. Ewing et al. (1991)
assessed the effects of cover-crop management on soil water availability and corn grain yield on
Coastal Plain soils. This experiment evaluated subsoiling, cover crop (fallow or crimson clover),
chisel plow or no-tillage within fallow, and top-growth removal of crimson clover. This two-year
study reported a reduction in corn grain yield in the presence of crimson clover by 8 bu ac-1 in
1985 and 14 bu ac-1 in 1986. They concluded that this yield response was due to crimson clover
depleting the soil water availability before corn planting. Mitchell and Teel (1977) reviewed the
benefits of growing hairy vetch and crimson clover in combination with non-leguminous species
to define their value as no-till covers and sources of N. Their study reported hairy vetch and
crimson clover cover crop mixtures produced grain yields comparable to those obtained by N
fertilizer applied at 100 lb N ac-1. Raimbult et al. (1991) reviewed the effects of spring tillage and
timing of cereal rye (Secale cereale L.) termination on the following corn crop. Cereal rye
termination treatments consisted of early (2 weeks before planting) and late (just before corn
planting). They reported the early termination date of the cereal rye decreased the adverse effects
of the cereal rye on corn growth and yield.
Cover crops may also adversely affect corn production by reducing the availability of
resources. Cover crops have been shown to reduce inorganic N availability (Wagger and
Mengel,1993; Kaspar and Bakker, 2015). These studies revealed direct uptake of N during
active growth of the cover crop, as well as the immobilization of N during cover crop residue
decomposition. Other research has demonstrated a decrease in crop yields due to incomplete
release of N to the next crop (Reeves, 1994; Dabney, et al., 2001; Blanco-Canqui, et al., 2015).
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Munawar, et al., (1990) and Reeves (1994) also reported the likelihood of cover crops negatively
affecting crop yields by reducing soil water storage and depleting water reserves.
Crop performance with Cover Crops - Stand Counts
Research has validated that cover crops may cause yield reductions by reducing corn
populations, immobilizing soil nitrogen, and depleting soil water (Marcillo and Miguez, 2017).
Two studies by Eckert (1988) and Kaspar and Bakker (2015) concluded a reduction in the crop
population was related to hindrance between cover crop residue and farm equipment. Inadequate
seed-to-soil contact was a result of incomplete seed furrows created by cover crop residue.
Balkcom et al., (2007) determined an association of lower seed populations, slow emergence and
seedling inhibition of the cash crop to lower soil temperatures, and the presence of
allelochemicals released by the cover crop residues.
Some research has shown that a thick cover crop layer can impede crop growth by having
a cooler soil temperature (Dabney et al. 2001; Soane et al. 2012; Mirsky et al. 2012). Eckert
(1988) showed reduced plant stands in no-till corn because of an altered physical environment in
the presence of cereal rye residue. The reason for the reduced stands in this study was mainly
attributed to poor seed-soil contact. Kessavalou and Walters (1997) reported reduced corn plant
population and grain yield in 1 of 3 years of their study that included cereal rye as a cover crop
under conservation tillage. They concluded that this response was due to allelopathic effects
related to the age of the rye. Raimbault et al. (1990) observed reduced corn grain yield following
a cereal rye cover crop because of apparent allelopathic effects. Their study showed that the use
of cereal rye delayed corn development and reduced biomass yield by 11 and 17% at two
separate locations (Raimbault et al., 1990). Mitchell and Teel (1977) compared no-till corn with
and without cereal rye as a cover crop. They observed no effect on grain yield when the corn
9

seedling had adequate contact with the soil. However, irregular corn emergence was experienced
due to the planter’s fluted coulter pressing the rye cover into the seed furrow rather than shearing
it clean (Mitchell and Teel, 1977).
Crop Performance with Cover Crops - Weed Ratings
Standard practices for controlling weed pressure in most cropping systems include some
form of herbicide application, be it pre-plant, pre-emergence, post-emergence, or a combination
of these methods. Producers’ reliance of herbicides for decades has led to the development of
resistant weed biotypes (Beckie et al., 2019). An alternative or supplemental practice that has
been shown to control weed pressure is cover cropping. Cover crops are beneficial to producers
in improving soil qualities while also reducing weed pressure. Weeds thrive in environments
where there is direct sunlight and minimal plant competition. The use of cover crops can
suppress weeds by out-competing weeds for water and nutrients, smothering potential weed
emergence by blocking light to the soil surface, and by releasing allelopathic chemicals to inhibit
germination and early growth to weed seed (Balkcom et al., 2007). The degree of weed
suppression by cover crops is affected by species, planting date, seeding rate, desiccation
method, and the time of desiccation relative to subsequent crop planting (Creamer et al., 1996;
Liebman and Davis, 2000). An Arkansas study showed that cover crops assisted in weed
suppression by reducing Palmer amaranth (Amaranthus palmeri L.), pitted morning glory
(Ipomoea Hacunosa L.), and goosegrass (Eleusine indica L.) populations in cotton (Gossypium
sp.) with no difference in yield compared to the fallow treatment (Norsworthy et al., 2011).
Brassica plants contain glucosinolates (Brown and Morra 1997; Mithen 2001; Rosa et al.
1997) that enzymatically hydrolyze to release isothiocyanates, which are toxic to certain plants
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(Bell and Muller 1973). Studies have shown that brassica residues containing isothiocyanates
reduced weed germination rates and the size of emerged weed seedlings (Krishnan et al., 1998;
Vaughn and Boydston 1997). In the Mid-Atlantic region, forage radish (Raphanus sativus L. var.
longipinnatus) showed complete weed suppression of winter annual weeds in the fall and early
spring in a corn-soybean rotation (Lawley et al., 2011). Gieske et al. (2017) showed that fallseeded radish reduced summer annual weed cover during the fall cover-crop growing season
from 4 to 0 percent, keeping these weeds from setting seed.
Small grains, such as cereal rye and oats (Avena sativa), are commonly used as cover
crops to reduce soil erosion and increase organic matter due to their biomass production. These
species also play an integral part in weed suppression by out-competing weeds. Teasdale and
Mohler (1993) confirmed that cereal rye as a cover crop can reduce light transmittance and daily
soil temperature amplitude with its residue leading to less weed competition. Teasdale and
Mohler (2000) showed that crop residues can inhibit weed growth by smothering the soil surface
to potential emerging weeds. Other studies have also shown that the use of cereal rye can reduce
winter annual weed density and biomass by at least 90% (Hayden et al., 2012; Werle et al.,
2017).
One of the most beneficial cover crops is crimson clover. Although known for its N
fixation potential (50-150 lb N ac-1), crimson clover can provide quick growth (Jennings, 2016).
This allows it to be a green manure weed suppressant option for winter or summer annual use
depending on the climate. In a double-cropping system study, crimson clover green manure was
followed by sweet corn to determine the effect on weed emergence in comparison to a synthetic
N source (Dyck et al., 1995). Following the two-year experiment, the emergence of weeds was
11

strongly suppressed by crimson clover. Also, crimson clover water extract was shown to
negatively affect germination and radicle elongation of pitted morning glory and wild mustard
(Brassica kaber [D.C] L.C. Wheeler) (White et al., 1989).
Cover Crop Performance and Nutritive Value
Cover Crop Dry Matter Yield
Cover crops play important roles in soil and water conservation with certain species
producing large amounts of biomass. This biomass can be used as a feed source and provide
excellent nutritional opportunities for grazing livestock (Chatterjee, 2021). Allowing livestock to
graze cover crops in cropland has several known advantages, such as an extended grazing season
and increased nutrient cycling (Dubeux et al., 2016). Producers are hesitant to this practice due to
possible negative effects on subsequent crop yield caused by hoof traffic (Bell et al., 2011),
increased management (Gardner and Faulkner, 1991), cost of planting, and reduced inorganic N
availability to subsequent crops due to a high C:N ratio (Quemada and Cabrera, 1995). These
disadvantages can be offset if the ICLS is managed properly (Coffey and Mumma, 2014).
The selection of cover crop species that produce adequate biomass for forage production
while promoting soil conservation measures is ideal. Management practices such as the use of a
drill-planter, early planting, and late termination can result in maximizing cover crop biomass
production (Ruis et al., 2019). In the midwestern U.S., the cover crop production window is long
enough to produce 2,225 to 4,000 lb dry matter (DM) ac-1 of high-nutritive value forage
(Drewnoski et al., 2018). In northeastern Colorado, the yield of turnips (Brassica rapa subsp.
Rapa), rapeseed (Brassica napus sp.), and radish when planted in mid-August ranged from 2300
to 3285 lb DM ac-1 (Villalobos and Brummer, 2015). Ulmer et al. (2016) showed that a brassicabased cover crop mixture planted in late October in Nebraska produced yields of 3,560 ± 240 lb
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DM ac-1. In the upper Coastal Plain region of Georgia, crimson clover produced on average
3,780 lb DM ac-1 during a three-year study when planted in mid-October (McVay et al., 1989).
In Mississippi State University’s 2020 cover crop variety trial, dry matter yield was greatly
influenced by the termination date (White, 2021). When terminated on March 15, dry matter
yield for crimson clover, radish, and cereal rye were 440, 1147, and 2354 lb ac-1, respectively.
Whereas an April 1 termination, dry matter yield for crimson clover, radish, and cereal rye were
2360, 2337, and 4856 lb ac-1, respectively.
Cover Crop Nutritive Value
While having an ICLS that produces large amounts of DM is necessary, the quality of the
cover crop as forage is as equally as important to the livestock. As plants mature (increase in
biomass), the nutritive value of the forage decreases which leads to an increased level of
management for grazing practices. The forage nutritive value declines as the plant matures, as
indicated by decreased total digestible nutrients (TDN) and crude protein (CP) levels (Farney et
al., 2018b). Farney et al. (2018a) used a three-way cover crop mixture (small grain, brassica, and
legume) for fall cattle feed that included winter barley (Hordeum vulgare), winter oat, cereal rye,
winter wheat, tillage radish, purple-top turnip, berseem clover (Trifolium alexandrinum), and
winter pea (Pisum sativum subsp. Arvense). In each of the two years, forages were harvested at
approximately 45, 74, and 92 days after planting (DAP) and analyzed for nutritive values. The
CP levels were highest on 45 DAP and similar statistically for 74 and 92 DAP. Total digestible
nutrients at 45 DAP had the highest level followed by 74 and 92 for the two years. During the
two years, CP concentrations ranged from 18.6 to 24.7%.
This decline in forage quality was also investigated by Edmisten et al., 1998 with small
grain species of barley, oat, cereal rye, and wheat. It was shown in this study that the acid
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detergent fiber (ADF) of cereal rye was generally higher than the other species at the milk and
soft dough stages of growth (Edmisten et al., 1998). Also, the CP level of oats was lower than
other species at the vegetative growth stage. Their data showed similar results for decreases in
forage quality as the plant matured (Okamoto and Hirose, 1972; Gebrehiwot et al., 1996;
Cervantes-Ramirez et al., 2000; Karayilanli and Ayhan, 2016).
Cover Crop Species Composition
Farney et al. (2018a) compared species composition in 16 specific cover crop mixtures of
grass/brassica/legume combinations based on four grass species, two brassica species, and two
legume species. Their results indicated that environmental factors played a huge role in percent
composition. Brassicas had the greatest percent plant composition in year one while grasses and
legumes made up the highest composition in year two (Farney et al., 2018a). Murrell et al.
(2017) conducted a study to develop management strategies for establishing diverse cover crop
mixtures in which monocultures and mixtures of six cover crops were planted in a wheat-cornsoybean rotation after wheat and after corn. They showed that all cover crop mixtures changed in
species composition over time, with the presence of cereal rye increasing.
While there are several pros and cons of introducing cover crops as a forage into an
ICLS. It is up to the producer to manage his or her system towards the goals they set forth. The
primary objective of this experiment was to determine the optimal cover crop combination for
producers that integrate livestock in corn production, with emphasis on corn yield, weed
suppression, and forage nutritive value. Our goal is to integrate the outcome of this study in the
decision-making process for producers and lead to further research in ICLS in the Deep South.
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Materials and Methods
Experimental Design
This experiment was conducted at the Coastal Plain Branch Experiment Station (CPBES)
in Newton, MS, USA (32°20’02.79” N; 89°05’06.56” W). All animals used in this research were
cared for under the guidance of Mississippi State University, Institutional Animal Care and Use
Protocol IACUC-20-179. The study site consisted of two experimental areas, grazed (G) and ungrazed (UG), and were separated by 0.29 mi.
The experiment was conducted from the spring of 2019 through the fall of 2021. The G
site was primarily a Stough very fine sandy loam (coarse-loamy, siliceous, semiactive, thermic
Fragiaquic Paleudults) while the UG site was a Prentiss very fine sandy loam (coarse-loamy,
siliceous, semiactive, thermic Glossic Fragiudult). Before this experiment, UG was in
conventional tillage small grain production for approximately 10-yr, while the G area was in
conventional tillage soybeans (Glycine max L.) for 5-yrs. Within each experimental area, a
randomized complete block with a strip-split arrangement of treatments with three replications
was administered. The main plots were the experimental area (G and UG), sub-plots were the
tillage treatment, and sub-sub plots were the cover crop treatment. Twelve cover crop treatments
(four species plus controls) were combined with two tillage treatments (NT – no-till; CT –
conventional till). Tillage treatments were replicated three times within each area, with all cover
crop treatments randomly applied within each randomly tilled strip, resulting in 72 individual
plots within each experimental area. All plots within both areas were six rows (30-in row
spacings) x 30-ft in length.

15

Cover Crop Management
In the fall of each year (2020 and 2021), 12 cover crop treatments combined with two
tillage treatments were applied. Cover crop species included mono- and polycultures of oats,
cereal rye, crimson clover, and radish. Cover crop mixes, cultivars, and seeding rates can be
found in Table 1. Prior to planting, tillage treatments were imposed within each study area.
Conventional tillage consisted of multiple passes with a breaking disk, followed by two passes
with a seed-bed conditioner. In NT strips, no-tillage was applied throughout the trial. Following
tillage, cover crop treatments were planted using a no-till drill (Truax FLX-11-88, Truax Co.,
New Hope, MN) with 7.5-in row spacing. Following emergence, all plots were fertilized with 50
lb N ac-1 using urea ammonia sulfate (33-0-0-12S). Once the cover crop growing season was
complete, all plots were chemically terminated using glyphosate (Envy Intense®, Innvictus Crop
Care LLC, Loveland, CO) at 1 qt ac-1. Following desiccation, plots were tilled or left standing in
preparation for corn planting.
Table 1

Cover crop species, cultivars, and seeding rates for grazed and un-grazed trial areas
at the Coastal Plain Branch Experiment Station in Newton, Mississippi.

Species
Oat (O)
Cereal rye (CR)
Crimson clover (CC)
Radish (R)
OCC
CRCC
CCR
OR
CRR
OCCR
CRCCR
Control

Cultivar
Coker
Wintergrazer 70
AU Sunrise
Daikon
---------
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Seeding Rate (lb ac-1)
90
90
15
5
80 + 10
80 + 10
10 + 5
80 + 5
80 + 5
70 + 10 + 5
70 + 10 + 5
0

Within the G area, crossbred commercial beef (Bos taurus) heifers were used to graze
cover crop biomass. Heifers weighing (avg. of 1225 lb – 2019) and (avg. of 800 lb – 2020) were
stocked at a density of approximately 3,000 lb ac-1. Grazing commenced once cover crop heights
reached approximately 10-12in, and were grazed until plant heights approached 4-in. Heifers
were then removed from the G area, placed on dormant bermudagrass (Cynodon dactylon L.)
pasture, and were fed ad libitum bermudagrass hay until cover crop plant heights recovered from
grazing. While in the grazing area, heifers had access to fresh water and shade. This process was
repeated as long as the growing season allowed until the decision was made to terminate cover
crops in preparation for corn planting.
Corn Management
In the spring of each year (2020 and 2021), corn was planted in each experimental area
using a no-till vacuum planter on 30-in row spacings (1750 MaxEmerge Plus VacuMeter; John
Deere, Moline, IL). Each row-unit was equipped with spike-toothed row cleaners (Martin-Till,
Elkton, KY) and wave coulters, along with 20-pt dimple closing wheels (Martin-Till, Elkton,
KY) for residue management. Target corn populations for each trial area was 28,000 seed ac-1.
For each year, the same corn hybrid (Mission Seed Solutions A1548DGVT2P 115-d maturity)
was used. Similarly, tillage treatments were applied just before corn planting using the same
methods described above. Following planting, all plots received potash (0-0-60) at a rate of 70
lbs K2O ac-1. A pre-emergent herbicide application of S-metolachlor plus atrazine plus
mesotrione (LexarEZ®, Syngenta Crop Protection, Greensboro, NC) at a rate of 3 qt ac-1. At VE,
a top-dress application of urea (46-0-0) at 50 lb N ac-1 was made, followed by a final side-dress
application of liquid urea ammonium nitrate (UAN; 28-0-0) at 150 lb N ac-1 at the V7 growth
stage. Total N for each year was 200 lb N ac-1. For improved harvest and desiccation of
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morningglories (Ipomoea sp.) in 2021, an application of glyphosate (Envy Intense®, Innvictus
Crop Care LLC, Loveland, CO) at 1 qt ac-1 plus carfentrazone-ethyl (Aim®, FMC Corporation,
Philadelphia, PA) at a rate of 1 oz ac-1, plus a non-ionic surfactant (Verifact®, Innvictus Crop
Care LLC, Loveland, CO) at 0.25% v/v applied 2 weeks prior to harvest. Corn was harvested at
approximately 13% moisture using a 6-row John Deere 6600 combine. Following harvest, stalks
were mowed with a rotary cutter to allow even distribution of crop residue over the entire
treatment area. All treatments and plot management practices throughout the field trial can be
found in Table 2.
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Table 2

Dates of field operations and related practices for corn and cover crop in Newton,
MS during 2019-2020 and 2020-2021 growing seasons.
Operation

Year

Information
-1

Plant Grazed corn
Plant Un-Grazed corn
Stand counts
Potash Fertilizer (0-0-60)

28,000 seed ac
28,000 seed ac-1

urea fertilizer (46-0-0)
ammonium sulfate (33-0-0-12S)
UAN fertilizer (28-0-0)

50 lb N ac-1
50 lb N ac-1
100 lb N ac-1
150 lb N ac -1
Weed control
21 DAP
42 DAP
63 DAP
84 DAP
Weed control

atrazine, S-metolachlor, mesotrione
Weed rating collection

Carfentrazone-ethyl
Harvest Grazed corn
Harvest Un-Grazed corn
Plant Grazed cover crop
Plant Un-Grazed cover crop
Grazing event

70 lb K2O ac-1

see Table 1.
see Table 1.
Start
End

N fertilizer on cover crop (33-0-0)
Cover crop data collection

50 lb N ac-1
Start
End

Residue collection
Burndown cover crop

glyphosate
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2020
2-Apr-20
2-Apr-20
28-Apr-20
3-Apr-20

2021
6-Apr-21
6-Apr-21
21-Apr-21

9-Apr-20
7-May-20
30-Apr-20

21-Apr-21

7-Apr-20
23-Apr-20
14-May-20
4-Jun-20
23-Jun-20
15-Sep-20
15-Sep-20
23-Oct-2019
18-Oct-19
17-Feb-2020 and
17-Mar-2020
26-Feb-2020 and
23-Mar-2020
4-Dec-19
2/17/2020 and
17- Mar-2020
2/26/2020 and
23-Mar-2020
2-Apr-20
24-Mar-20

21-May-21
21-Apr-21
27-Apr-21
18-May-21
8-Jun-21
29-Jun-21
16-Aug-21
13-Sep-21
10-Sep-21
30-Sep-20
1-Oct-20
11-Dec-20
21-Dec-20
9-Nov-20
10-Dec-20
21-Dec-20
6-Apr-21
8-Mar-21

Economic Analysis
Expected profitability for each of the four ICLS systems was determined by calculating
the expected revenues and costs associated with each production practice for each system. Only
the costs that varied between each system were considered for analysis. These costs included
fertilizer, seed, establishment, herbicide, custom application rates, and opportunity costs for
capital. Two-year average costs for each system were summed and then subtracted from the
expected revenue generated from marketing the total bu ac-1 of corn. Statewide (Mississippi)
average prices for the 2021 production year were used for all inputs, including fertilizer,
herbicide, and seed, with an annual percentage rate of 7.5% was used to calculate opportunity
cost for capital. Custom rates for fertilizer and herbicide application were used from the
Mississippi Forage Planning Budget 2021 and the Mississippi Corn Planning Budget 2021
(Maples et al., 2020; Maples et al., 2020b).
Data Collection and Analysis
Cover crop biomass and nutritive value were assessed before and after each grazing event
(in both experimental areas). This was accomplished by taking one sub-sample within each plot
by clipping all biomass to a 4-in stubble height within a randomly placed (2ft)2 square in each
plot. Sub-samples were then weighed, dried in a forced-air oven at 120°F for 72-hr, and
reweighed to determine percentage moisture and to calculate forage mass (FM). Dried samples
were then ground to pass through a 1-mm sieve, and then analyzed for nutritive value using nearinfrared reflectance spectroscopy (NIRS; SpectraStar 2600 XTR; UCal Calibration Software
v3.0; Millford, MA). Crude protein (CP), acid detergent fiber (ADF), neutral detergent (NDF),
fat, lignin, ash, and mineral (Ca, K, Mg, and P) concentrations were then determined using the
2018 grass hay equation (NIRS Forage and Feed Testing Consortium; Berea, KY). Total
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digestible nutrients (TDN) were calculated from the sum of digestible fiber, CP, fat, and
carbohydrate components (Saha et al., 2014; National Research Council, 2016). Following cover
crop termination, a final residue sub-sample was taken before corn planting and was analyzed the
same as fresh forage sub-samples.
Data collected from the corn crop includes stand counts, weed ratings, and grain yield.
Stand counts were recorded from a random row within each plot by counting the number of
developed seedlings in a 17’5” (1/1000th of an acre on a 30-in row). Visual estimations of weed
coverage in each plot during the corn growing season were taken. Ratings were recorded 21, 42,
63, and 84 days after planting (DAP) by randomly selecting three (2ft)2 areas in each plot.
Ratings were given a numerical value of percentage weed coverage and were separated into
broadleaf and grassy weed categories. At corn harvest, whole plots were harvested (6-rows x 30ft). Sub-samples were taken from each plot and were assessed for grain moisture and test weight
(Aquamatic 5200 (-A); Perten Instruments AB; Hagersten, Sweden) and values were used to
calculate total bu ac-1.
Statistical Analysis
Statistical analysis was conducted using ANOVA in SAS (SAS Institute, 2013). PROC
GLIMMIX was used to determine between fixed effects of cover crop species, tillage, and
grazing practice. Replication and year were considered random effects. Cover crop
characteristics (FM, CP, and TDN), stand counts, weed ratings, and corn grain yield were
compared across experimental areas. Mean separations were based on Tukey’s protected least
significant difference (LSD) and differences were considered significant at α = 0.05.
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Results and Discussion
Environmental Conditions
Average rainfall (in) and monthly high and low temperatures (°F) were recorded daily
throughout the experiment (Fig 1 and 2). To start the experiment, we had extreme swings in
rainfall amounts with 0.00 inches in September and 10.84 inches in October of 2019. These
extremes did play a role in the establishment of the 1st cover crop, where the G area struggled to
establish following days of rain. The 2020 corn had above or slightly below 71 yr average
rainfall during the growing season. This then followed a relatively dry spell for corn dry down
and 2020 cover crop establishment. The 2021 corn growing season had above-average rainfall
during the whole season. Temperatures throughout the experiment were similar to the 71 yr
average except where in September 2019 they were above average.
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Figure 1

Mean monthly temperature (°F) with 71-yr historical means for Newton, MS,
during the 2019-2020 and 2020-2021 growing seasons. Weather data was obtained
from daily manual recordings at the Coastal Plain Branch Experiment Station.
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Figure 2

Total monthly precipitation (in) and 71-yr historical means for Newton, MS, during
the 2019-2020 and 2020-2021 growing seasons. Weather data was obtained from
daily manual recordings at the Coastal Plain Branch Experiment Station.

Statistical Analysis
The main effects evaluated were cover crop species treatment, grazing practice, and
tillage treatment. The date was considered a main effect for broadleaf and grass weed ratings.
Replication and year were considered random effects. Interactions between main effects were
small in magnitude compared to the larger influences of the main effects. Therefore, the
discussion will focus on the main effects.
Corn Yield
The main effects of cover crop species, grazing practice, and tillage for 2019-2020 and
2020-2021 growing seasons are shown in Table 3. The main effect of grazing practice was not
significant on corn yield (Table 3). Similar findings have been reported by Tracy and Zhang
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(2008). Tillage treatments did not affect corn yields (Table 3). This was inconsistent with many
studies that indicate that tillage contributes to higher yield production (Lowdermilk, 1953;
Gebregziabher et al., 2006; Lal et al., 2007). Cover crop species were found to be significant
(P=0.0067). Cover crop species of CRR (179.61 bu ac-1) and CR (178.29 bu ac-1) had
significantly greater yield compared to OCC (163.93 bu ac-1), CON (163.54 bu ac-1), OR (162.66
bu ac-1), OCCR (160.87 bu ac-1), and CRCCR (153.40 bu ac-1 ). These results are similar to those
observed by Ewing et al. (1991) where there was a negative interaction with corn grain yield
when present with CC. They concluded that CC was depleting the soil water availability prior to
corn planting. Their conclusion was similar to what we observed where four of the bottom six
volumetric water content species treatments included CC (Figure 20).
Table 3

Analysis of variance (ANOVA) for corn yield and stand counts as influenced by
cover crop species treatment, grazing practice, and tillage treatment for Newton,
MS, during 2019-2020 and 2020-2021 growing seasons.
Variable

Species (SPE)
Grazing (GRA)
Tillage (TILL)
SPE × GRA
SPE × TILL
GRA × TILL
SPE × GRA × TILL
NS = not significant, P > 0.05.

Corn Yield
F Value
Pr > F
2.44
0.0067
1.7
NS
2.2
NS
0.52
NS
0.87
NS
0.89
NS
0.66
NS
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Stand Counts
F Value
Pr > F
0.68
NS
6.23
0.0132
0.13
NS
0.82
NS
0.92
NS
0.61
NS
0.99
NS

Figure 3

Mean corn yield (bu ac-1) in relation to cover crop species for Newton, MS.

*

Different letters indicate significance at α = 0.05.
†CRR – cereal rye, radish; CR – cereal rye; CC – crimson clover; R – radish; CRCC – cereal rye,
crimson clover; O – oats; CCR – crimson clover, radish; OCC – oats, crimson clover; CON –
control; OR – oats, radish; OCCR – oats, crimson clover, radish; CRCCR – cereal rye, crimson
clover, radish.
Corn Stand Counts
The main effects of cover crop species, grazing practice, and tillage on stand counts for
2019-2020 and 2020-2021 growing seasons are shown in Table 3. Tillage treatment was not
significant (Table 3). This was contradictory to a similar study by Kessavalou and Walter (1997)
where conservation tillage or minimal soil disturbance reported reduced stand counts. Regarding
species interaction with stand counts, there were no significant differences observed. This is
unlike what Eckert (1988) and Kaspar and Bakker (2015) observed where there were reduced
plant populations due to cover crop hindrance. The main effect of grazing was significant
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(P=0.0132). This difference in stand counts does not reflect the non-significance we observed in
corn yield due to grazing practice. Stand count differences between G and UG were 29,471
plants ac-1 and 28,743 plants ac-1, respectively (Figure 4). This can be attributed to less residue
interference on the corn seedlings due to cattle grazing the cover crops.

Figure 4

Mean stand counts in relation to grazing practice for Newton, MS.

*Different letters indicate significance at α = 0.05.
†G – grazed; UG – ungrazed
Broadleaf Weed Ratings
The main effects of cover crop species, grazing, and tillage on broadleaf weeds can be
found in Table 4. Broadleaf weeds were evaluated by visual ratings (%) at 21, 42, 63, and 84
days after planting (DAP) of corn for the 2020 and 2021 growing seasons. Cover crop species
(P<0.0001), grazing (P<0.0001), date (P<0.0001), and tillage (P=0.0011) significantly affected
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broadleaf weed ratings. Cover crop CR (0.7%) had the lowest broadleaf weed rating among all
treatments (Figure 5). This is a direct result of CR’s ability to produce large quantities of
biomass and smother the soil surface of competing weeds, as shown by (Teasdale and Mohler,
2000). The effect of grazing (2.50%) resulted in plots having significantly greater mean
broadleaf weed ratings than UG (0.55%) plots (P<0.0001) (Table 5). This difference was due in
most part to cattle stimulating the soil seed bank and triggering weed seed to germinate. The
effects of date on broadleaf weed ratings resulted in the 21 and 42 DAP having significantly
lower ratings than the 63 and 84 DAP ratings (Figure 6). This can be attributed to the short time
between 21 and 42 DAP and the LexarEZ® herbicide application. LexarEZ® herbicide contains
S-metolachlor, atrazine, and mesotrione active ingredients. This allows it to have residual control
of certain annual grasses and broadleaf weeds but partial control on annual morning-glories
(Ipomoea sp.) (Loux et al., 2017). This is likely a factor why we struggled to control morning glories late in the season and at harvest. As shown in Table 5 the NT treatment had a
significantly greater broadleaf weed rating (1.75%) in comparison to the CT (1.31%) across both
experimental areas (P=0.0011). This significant difference is directly related to CT covering
weed seed whereas the NT treatment allowed weed seed to emerge when adequate
environmental conditions were met.
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Table 4

Analysis of variance (ANOVA) for visual ratings (%) of broadleaf and grass weeds
at 21, 42, 63, 84 days after planting (DAP) of corn influenced by cover crop species
treatment, grazing practice, date, and tillage treatment for Newton, MS, during 2020
and 2021 growing seasons.
Variable

Species (SPE)
Grazed (GRA)
DATE
Tillage (TILL)
SPE × GRA
SPE × DATE
GRA × DATE
SPE × TILL
GRA × TILL
TILL × DATE
SPE × GRA × DATE
SPE × GRA × TILL
SPE × TILL × DATE
GRA × TILL × DATE
SPE × GRA × TILL × DATE
NS = not significant, P > 0.05.
Table 5

Broadleaf Weed Ratings
F Value
Pr > F
4.55
213.07
80.87
10.75
4.44
1.75
40.88
2.13
0.84
2.7
1.56
0.54
0.74
2.12
0.85

<0.0001
<0.0001
<0.0001
0.0011
<0.0001
<0.0001
<0.0001
0.0155
NS
0.0087
0.0014
NS
NS
0.0385
NS

Grass Weed Ratings
F
Pr > F
Value
6.13
<0.0001
169.74
<0.0001
133.04
<0.0001
317.55
<0.0001
11.39
<0.0001
1.61
0.0007
39.03
<0.0001
3.1
0.0004
68.26
<0.0001
46.22
<0.0001
2.93
<0.0001
9.05
<0.0001
1.41
0.0112
13.46
<0.0001
2.47
<0.0001

Mean broadleaf and grass weed ratings in relation to grazing practice and tillage
treatment for Newton, MS during 2020 and 2021 growing seasons.
Variable

Broadleaf Weed Ratings
(%)

Grazed
G†
2.50 a*
UG
0.55 b
Tillage
NT‡
1.75 a
CT
1.31 b
*Different letters indicate significance at α = 0.05.
†G – grazed; UG – ungrazed
‡NT – no-till; CT – conventional till
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Grass Weed Ratings
(%)
1.23 b
3.66 a
4.11 a
0.78 b

Figure 5

Mean broadleaf weed ratings in relation to cover crop species for Newton, MS.

*Different letters indicate significance at α = 0.05.
†CRCCR – cereal rye, crimson clover, radish; OCCR – oats, crimson clover, radish; R – radish;
OR – oats, radish; CC – crimson clover; CON – control; OCC – oats + crimson clover; CCR –
crimson clover + radish; O – oats; CRR – cereal rye, radish; CRR – cereal rye, radish; CRCC –
cereal rye, crimson clover; CR – cereal rye.
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Figure 6

Mean visual ratings (%) of broadleaf weeds at 21, 42, 63, and 84 days after planting
(DAP) for Newton, MS.

*Different letters indicate significance at α = 0.05.
Grass Weed Ratings
The main effects of cover crop species, grazing, date, and tillage on grass weed ratings
for 2020 and 2021 growing seasons are shown in Table 4. Grass weeds were evaluated by visual
ratings (%) at 21, 42, 63, and 84 days after planting (DAP) of corn for the 2020 and 2021
growing seasons. Cover crop species (P<0.0001), date (P<0.0001), tillage (P<0.0001), and
grazing (P<0.0001) significantly affected grass weed ratings. Cover crop species treatment of CR
(1.20%) had the lowest grass weed rating among all treatments (Figure 7). This is likely a direct
result of CR’s ability to restrict light transmittance to the soil surface as reported by Teasdale and
Mohler 1993. The UG treatment had a significantly greater grass weed rating (3.66%) in
comparison to the G (1.23%) across both experimental areas (P<0.0001) (Table 5). This is likely
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the result of before the experiment the UG having small grain production for approximately 10yr, while the G area was in conventional tillage soybeans (Glycine max L.) for 5-yrs. Following
this time, it is to be expected for the UG area to have a larger grassy weed seed bank compared
to the G area. During the growing seasons, 21 DAP had significantly lower grass weed rating
with 0.000 (21 DAP, 2020) and 0.009 (21 DAP, 2021), respectively (Figure 8). This can be
contributed to the short time between 21 DAP and the LexarEZ® herbicide application.
LexarEZ® herbicide contains S-metolachlor, atrazine, and mesotrione active ingredients. This
allows it to have residual control of certain annual grasses and broadleaf weeds (Loux et al.,
2017). No-till treatment had a significantly greater grass weed rating (4.11%) in comparison to
the CT (0.78%) across both experimental areas (P<0.0001) (Table 5). This difference is directly
related to CT covering weed seed whereas the NT treatment allowed weed seed to emerge when
adequate environmental conditions were met.
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Figure 7

Mean grass weed ratings (%) in relation to cover crop species for Newton, MS.

*Different letters indicate significance at α = 0.05.
†OCCR – oats, crimson clover, radish; CON – control; OCC – oats, crimson clover; CRCCR –
cereal rye, crimson clover, radish; OR – oats, radish; CRR – cereal rye, radish; CRCC – cereal
rye, crimson clover; CCR – crimson clover, radish; CC – crimson clover; R – radish; O – oats;
CR – cereal rye.
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Figure 8

Mean visual ratings (%) of grass weeds at 21, 42, 63, and 84 days after planting
(DAP) for Newton, MS.

*Different letters indicate significance at α = 0.05.
Forage Mass
Forage mass (FM) was collected to determine cover crop productivity. The main effects
of species, grazing, and tillage on cover crop FM for 2019-2020 and 2020-2021 growing seasons
are shown in Table 6. Cover crop species were not significant (Table 6). The main effects of
grazing practice (P<0.0001) and tillage treatment (P=0.0111) were significant. Forage mass was
greater in UG as compared to the G area, 3,795 and 1,371 lb dry matter (DM) ac-1, respectively
(Table 7). This difference can be contributed to a poor stand in the G trial area for the 2019-2020
growing season due to substantial rain events between the planting of G and UG (Figure 2). This
caused the planted seed to be buried deeper than recommended planting depths, resulting in thin
stands in the G area. The NT treatment had significantly greater mean FM (2,730 lb of DM ac-1)
in comparison to the CT (2,435 lb of DM ac-1) across both experimental areas (P = 0.0111)
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(Table 7). This is a result of the planter depth setting being the same in CT and NT, leading to
poorer stands due to deeper planting depths in the CT than the NT. Also, the NT had less
observed ponding of water after rain events than the CT which led to less stress on the growing
cover crops.
Table 6

Analysis of variance (ANOVA) for cover crop forage mass (lb DM ac-1), crude
protein (%), and total digestible nutrients (%) as influenced by cover crop species
treatment, grazing practice, and tillage treatment for Newton, MS, during 20192020 and 2020-2021 growing seasons.
Forage Mass

Crude Protein

Variable

F
Value
Species (SPE)
1.76
Grazed (GRA)
438.31
Tillage (TILL)
6.47
SPE × GRA
2.72
SPE × TILL
0.74
GRA × TILL
1.65
SPE × GRA × TILL
0.44
NS = not significant, P > 0.05.
Table 7

F
Value
4.5
16.19
12.24
1.6
1.6
7.37
0.63

Pr > F
NS
<0.0001
0.0111
0.0019
NS
NS
NS

Pr > F
<0.0001
<0.0001
0.0005
NS
NS
0.0068
NS

Total Digestible
Nutrients
F
Pr > F
Value
1.71
NS
18.73
<0.0001
5.13
0.0238
2
0.0253
1.27
NS
10.18
0.0015
1.06
NS

Mean cover crop forage mass (FM; lb DM ac-1), crude protein (CP; %), and total
digestible nutrients (TDN; %) across all sampling dates in relation to grazing
practice and tillage treatment for Newton, MS during 2019-2020 and 2020-2021
growing seasons.
Variable

FM
(lb DM ac-1)

CP
(%)

Grazed
G†
1371.12 b*
13.52 b
UG
3795.08 a
14.82 a
Tillage
NT‡
2730.36 a
14.74 a
CT
2435.84 b
13.61 b
*Different letters indicate significance at α = 0.05.
†G – grazed; UG – ungrazed
‡NT – no-till; CT – conventional till
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TDN
(%)
51.52 b
55.66 a
54.67 a
52.51 b

Crude Protein
Crude protein (CP) is a measurement of total plant nitrogen content and can be a limiting
factor in cattle development. CP is calculated by multiplying the nitrogen fraction of a plant by
6.25. During the growing seasons, NT had less observed ponding of water after rain events than
the CT which had a direct influence on the results. This ponding occurred due to drainage issues
on the east and west sides of the G area. This was compounded by cattle grazing behavior, thus
cover crop establishment was poor. This explains the significant difference in the nutritious
growth of cover crops. The main effects of species, grazing, and tillage on cover crop CP for
2019-2020 and 2020-2021 growing seasons are shown in Table 6. The main effects of cover
crop species (P=<0.0001), grazing (P=<0.0001), and tillage (P=0.0005) were significant. Mean
CP during the two growing seasons ranged from 11.72-16.15%. Among the cover crop species
evaluated, there were no defined trends for CP concentration (Figure 9). Cover crop treatment R
(16.15% ) had the greatest mean CP concentration. Although known for their ability to create
deep channels in the soil, R cover crops have been shown to have CP levels of 26-30% (Lemus,
2019). Mean CP for UG and G was 14.82% and 13.52%, respectively (Table 7). This is
inconsistent with what one might think, where cattle grazing would keep the maturation of the
plant at a minimum and allow for the plant to sustain a relatively high nutritive value (Farney et
al., 2018b). Mean CP for NT and CT was 14.74% and 13.61%, respectively (Table 7). These
differences in CP for grazing and tillage are another result of water saturation and ponding
negatively affecting stand and resulting in less growth in the G and CT areas.
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Figure 9

Mean crude protein (%) across all sampling dates in relation to cover crop species
for Newton, MS.

*Different letters indicate significance at α = 0.05.
†R – radish; CRR – cereal rye, radish; CCR – crimson clover, radish; CRCC – cereal rye,
crimson clover; CON – control; CC – crimson clover; CR – cereal rye; CRCCR – cereal rye,
crimson clover, radish; OCC – oats, crimson clover; OCCR – oats, crimson clover, radish; OR –
oats, radish; O- oats.
Total Digestible Nutrients
Total digestible nutrients (TDN) are the sum of digestible fiber, protein, lipid, and
carbohydrate values and are used for determining energy supplementation needs on forage-based
diets. The main effects of species, grazing, and tillage on cover crop TDN for 2019-2020 and
2020-2021 growing seasons are shown in Table 6. Cover crop species did not affect TDN
concentration (Table 6). The main effects of grazing practice (P<0.0001) and tillage treatment
(P=0.0238) were significant. Mean TDN values were affected by grazing practice with UG and
G values of 55.66% and 51.52%, respectively (Table 7). This difference can be contributed to a
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poor stand in the G trial area for the 2019-2020 growing season due to large rain events between
the planting of G and UG (>2.5 in of rain). This led to less desired plant species being
established. The NT treatment had a significantly greater mean TDN (54.67%) in comparison to
the CT (52.51%) across both experimental areas (P=0.0238) (Table 7). This is due to better
observed water infiltration in the NT than in the CT treatments, where standing water was
common when significant rain events occurred. This resulted in abbreviated recovery times and
additional stress on the cover crop species in the CT following grazing and resulted in additional
competition from less desired plant species. Total digestible nutrients among species treatments
ranged from 46.45% to 59.73%. During this study, we used crossbred beef heifers weighing on
avg 1225 lb (2019-2020) and 800 lb (2020-2021). These classes of cattle each require a TDN
concentration of 55% and greater for maintenance and additional growth (Gadberry, 2018). This
shows that additional supplementation would be needed for some species treatments.
Crop Residue
The main effects of crop residue (lb DM ac-1) as influenced by cover crop species,
grazing practice, and tillage for 2019-2020 and 2020-2021 growing seasons are shown in Table
8. Cover crop species were found to be non-significant (Table 8). The main effect of grazing had
significantly greater mean crop residue for G (7,308 lb DM ac-1) in comparison to the UG (5,956
lb DM ac-1) across both experimental areas (P=0.0379) (Figure 10). Before the data collection of
the years 2020 and 2021 there was a corn crop grown solely on the G area which contained NT
and CT treatments. This is the reason behind the difference in grazing practice because there was
an additional years’ worth of crop residue on the G area compared to the UG.
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Table 8

Analysis of variance (ANOVA) for crop residue as influenced by cover crop
species, grazing practice, and tillage for Newton, MS, during 2020 and 2021
growing seasons.
Residue

Variable
Species (SPE)
Grazed (GRA)
SPE × GRA
NS = not significant, P > 0.05.

Figure 10

F Value
0.28
4.41
0.31

Pr > F
NS
0.0379
NS

Mean crop residue (lb DM ac-1) in relation to grazing practice for Newton, MS.

*Different letters indicate significance at α = 0.05.
†G – grazed; UG - ungrazed
Economics
Corn producers rely heavily on yield revenue being the main economic driver within a
continuous corn system. That is why when applying practices such as integrating cattle and
grazing cover crops, they must be able to sustain those desired yields. One of the main focuses of
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this experiment was to calculate an optimal return on investment for corn growers to further
assist in the implementation of cover crop species to reduce costs and improve economic returns.
With this study we analyzed the different interactions of cover crop species, grazing practice, and
tillage treatments on corn yield. Following two years of this experiment, grazing practice and
tillage treatment were not significant, but cover crop species had a significant effect on corn
yield (P=0.0067). This led us to compare the difference in all 12 cover crop species treatments
with their respective corn yield value to find the most profitable cover crop species or mixture on
a per-acre basis. As a result, the control (CON) was the most profitable of all treatments with a
net return of $252.09 ac-1. The CRR treatment resulted in the greatest corn yield (179.61 bu ac-1)
but was not the most profitable due to the additional expenses of the cover crop. The least
profitable treatment was the mixture of CRCCR at a net return of $51.71 ac-1. This can be
attributed to a low corn yield average (153.40 bu ac-1) and considerable cover crop expenses
($162.56 ac-1). While the most profitable planted treatment was CC at a net return of $189.27 ac1

. This was a result of a competitive corn yield average (173.55 bu ac-1) along with

inconsiderable cover crop expenses ($100.16). These results show that additional input costs do
not always lead to greater returns on investment.
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Table 9

Cover crop species profitability ($ ac-1) for Newton, MS during 2020 and 2021.†

Input
Corn yield (bu a-1)
Price ($ bu-1)
Total Income ($)
Corn Expenses
($ ac-1)
Corn Seed*
Potash*
Urea*
Ammonium sulfate*
UAN*
Lexar®EZ*
Aim + glyphosate*
Corn costs ($ ac-1)
Cover crop
Expenses ($ ac-1)
SEED/PLANTS*
FERTILIZERS*
Ammonium sulfate*
Glyphosate*
Cover crop costs
($ ac-1)
Total costs ($ ac-1)
Returns above total
cost ($ ac-1)

Control
163.54
3.73
610.00

CRR
179.61
3.73
669.94

CR
178.29
3.73
665.02

CC
173.55
3.73
647.34

R
169.69
3.73
632.94

CRCC
168.37
3.73
631.75

O
167.30
3.73
624.02

CCR
166.51
3.73
621.08

OCC
163.93
3.73
611.45

OR
162.66
3.73
606.72

OCCR
160.87
3.73
600.04

CRCCR
153.40
3.73
572.18

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

119.72
26.45
25.66
49.20
67.69
52.30
16.89
-357.91

0

84.22

75.17

39.02

37.02

80.57

75.17

48.32

80.57

84.22

101.42

101.42

0
0
0

49.92
11.22
-145.36

49.92
11.22
-136.31

49.92
11.22
-100.16

49.92
11.22
-98.16

49.92
11.22
-141.71

49.92
11.22
-136.31

49.92
11.22
-109.46

49.92
11.22
-141.71

49.92
11.22
-145.36

49.92
11.22
-162.56

49.92
11.22
-162.56

-357.91
252.09

-503.27
166.67

-494.22
170.80

-458.07
189.27

-456.07
176.87

-499.62
132.13

-494.22
129.80

-467.37
153.71

-499.62
111.83

-503.27
103.45

-520.47
79.57

-520.47
51.71

*Includes custom application of $7.50 ac-1 for corn planting and spreading of dry fertilizer, $12.18 ac-1 for liquid fertilizer application,
$7.00 ac-1 for herbicide , and $22.07 ac-1 for using a no-till planter on the cover crops.
† Prices are estimates from the Mississippi Forage Planning Budget 2021 and the Mississippi Corn Planning Budget 2021 (Maples et
al., 2020; Maples et al., 2020b)
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Summary
This multifaceted study resulted in several applications that have direct effects on
Mississippi corn producers. As shown in this study, cover crop species have a significant effect
on the subsequent corn yield. Treatments such as CRR (179.61 bu ac-1) and CR (178.29 bu ac-1)
resulted in superior yields compared to CON (163.54 bu ac-1). Corn stand counts were
significantly greater in the G compared to the UG (P=0.0132). From this project we were able to
showcase the fact that there is potential for weed suppression with cover crops. Our mean visual
weed ratings showed less than 1% presence in broadleaf or grass weeds at both 21 and 42 DAP
for both growing seasons. Also, these cover crops can provide nutritional grazing for cattle.
During the two growing seasons, CP ranged from 11.72 to 16.15% and TDN from 46.45 to
59.73%, respectively. Even though these results are promising for cover crops in an ICLS, none
of the cover crop treatments were more profitable than the CON ($252.09) treatment, but there
were differences between species.
Conclusions
An ICLS may offer producers an opportunity to provide a feedstuff for cattle with a cover
crop while not significantly affecting the yield of the corn. Although these results show that the
unplanted CON was the most profitable of the cover crop treatments, yields were still maintained
with the introduction of cover crops. Additionally, the introduction of cover crops led to
promising results in weed suppression. These results show that cover crops in an ICLS have
great potential in the Deep South, but further research needs to look at these findings with the
partnership of cattle performance. Also, a long-term study needs to be conducted to validate
these short-term results
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CHAPTER III
THE EFFECTS OF INTEGRATED CROP-LIVESTOCK SYSTEMS ON SOIL
CHARACTERISTICS
Soil Relationships
Animal and plant life are recipients of the nutrients provided by the soil. This makes the
management of the soil essential for life itself. Soil management practices, such as tillage, cover
crops, and cattle grazing all have direct relationships that affect the overall supply and ability of
soil to provide these nutrients to growing plants.
Tillage practices can vary from a wide range of procedures but with each disruption of
the soil, drastic changes to the physical and biological characteristics can occur (Adeoye, 1982).
Tillage releases nutrients from the soil through accelerated mineralization of organic matter and
assists with incorporating nutrients found in manure and plant/crop residues (Reicosky et al.,
2011). No-tillage and conservation tillage will increase surface residue that will lead to an
influence on soil temperature and water relationships and reduced soil erosion. This will have
direct effects on soil nutrient supply and plant growth (Havlin et al., 2016).
Cover crops have been shown to increase soil quality by improving biological, chemical
and physical properties including organic carbon content, cation exchange capacity, aggregate
stability, and water infiltrability (Dabney et al., 2001). Cover crops can reduce soil erosion that
leads to reductions in soil quality and productivity (Pierce and Lal, 1994). Similarly, cover crops
can increase the nutrient use efficiency of farming systems (Delgado, 1998).
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The effects of cattle grazing on soil quality is dependent on the grazing intensity (PazKagan et al., 2016), plant productivity (Proulx and Mazumder, 1998), and environmental
conditions during grazing (Drewry et al., 2008). The grazing intensity affects soil structure,
function, and soil organic carbon’s storage capacity in a livestock-plant-soil system (Cui et al.,
2005). Cui et al. (2005) showed that under a Kastanozems soil type in Inner Mongolia, soil
organic carbon was sensitive to heavy grazing and showed a decline in its ability to recover
following heavy grazing. Silveira et al. (2012) reported that cattle can effectively recycle
ingested nutrients from plants back to the soil. Wang et al. (2016) reviewed multiple studies in
the Northern Great Plains and quantified that grazing enhanced soil C and N pools, stimulated
litter decomposition and soil N mineralization, and enhanced soil ammonium (NH4+) and nitrate
(NO3- ).
Physical and Chemical Properties of Soil
Some of the major physical and chemical properties that are affected by grazing and
tillage are bulk density (BD), penetration resistance, total soil carbon (C), nitrogen (N), and
organic matter. Soil BD is used to examine the soil compaction by measuring the mass of a unit
volume of dry soil (Brady and Weil, 2004a). Penetration resistance is an estimator of the soil
strength and resistance to water, air, heat flow, root growth, and other dynamic processes
(Blanco-Canqui and Ruis, 2020). Total soil C and N have a major role in the quality and quantity
of soil organic matter. They are also monitored to determine carbon sequestration and
greenhouse gas (CO2, CH4, and N2O) emissions from the soil (Gembal and Galazka, 2013). Soil
organic matter is a desirable trait in agroecosystems that consists of organic substances that
include living organisms and the remains of plants, animals, and microorganisms that are
constantly being broken down (Brady and Weil, 2004a; Bossuyt and Hendrix, 2002). Soil
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organic matter has been shown to improve soil structural stability, reduce surface crusting and
compaction, and increase infiltration, percolation, and water holding capacity of the soil (Tisdale
et al., 1993; Stevenson, 1994).
Soil BD values can be influenced by management practices, such as tillage and cattle
grazing. Greenwood and McKenzie (2001) stated that the treading of cattle can be detrimental to
soil structure by causing compaction, which adversely influences air, water and nutrient
movement and chemical and biological processes in soils. Franzluebbers and Stuedemann (2008)
reported after a multiple-year study on sandy loam and sandy clay loam soils that BD was
reduced (P=0.02) with conventional till compared to no-till to a depth of 12 inches at the end of
0.5 year, but only to a depth of 4 ½ inches at the end of 2, 2.5, and 4.5 years. They reported that
grazing of cover crops had little effect on BD, except at the end of 4.5 years of management.
Quiroga et al. (2009) showed no difference between no-till and conventional till BD at the soil
surface and even lower value for no-till at 4-8 inches, while reporting negative effects on BD
with grazing on Entic Haptulstolls soils in the sandy plains of Argentina.
The use of cover crops could be a potential answer to some of these variable results on
BD. Ruis et al. (2020) conducted a 4-year study on multiple sites in south-central and eastern
Nebraska on soil textures that ranged from silt loam to silty clay loam. They reported a reduced
bulk density by 7% with a cover crop mix compared to no cover crop in no-till continuous corn
(Zea mays) and corn-soybean (Glycine max) locations. Steele et al. (2012) evaluated long-term
effects after 13 years of cereal rye (Secale cereale) on continuous corn in three locations in
Maryland. Two locations were considered Coastal Plain regions that consisted predominately of
Matapeake silt loams and a Piedmont location that was a Manor/Chester loam. They reported
similar decreases in BD where winter annual cover crops were planted following continuous
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corn compared to winter fallow. Adeli et al. (2019) also conducted a 4-year study on an upland
Atwood silt loam soil near Pontotoc, Mississippi. They recorded a 3.5% reduction in BD values
where poultry litter was applied with a presence of cover crop residue in a no-till cotton
production system as opposed to a no cover crop treatment.
Penetration resistance of soil is widely measured as it provides a measurement of soil
strength, which can affect plant growth if it is too high (Dexter et al., 2007; Otto et al., 2011).
Franzluebbers and Stuedemann (2008) performed a multiple-year study on sandy loam and sandy
clay loam soils near Watkinsville, Georgia. They showed soil penetration resistance when
averaged across 10 sampling dates to be significantly greater under no-till than under
conventional till at 0-4 in. depth and tended to be greater (P=0.10) under no-till than under
conventional till at 4-8 in. depth. Also, they reported that penetration resistance was greater
under grazed than un-grazed treatments at the end of the 2nd,3rd, and 4th summer cover crops, as
well as at the end of the 1st winter cover crop at a depth of 0-4 in. Furthermore, a 37-year study
in western Tennessee evaluated the long-term tillage effects on soil properties and soybean yield
on a Lexington silt loam soil (Nouri et al.,2018). They showed that a no-till system increased
penetration resistance by 12% compared with reduced tillage systems (disk plow and chisel
plow), and 47% relative to moldboard plowing. Additionally, they reported a significantly lower
penetration resistance with no-till soybean followed by a winter wheat (Triticum aestivum L.)
cover crop (1.77 MPa) in comparison to a no-till soybean treatment without a cover crop (2.17
MPa).
A study conducted on a Flanagan silt loam in Urbana, IL showed that the use of cover
crops reduced penetration resistance in all crop sequences at 0 to 2 inches of the soil profile in a
corn-soybean system compared to a corn-fallow-soybean-fallow system (Villamil et al.,2006).
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Adeli et al. (2019) recorded a decrease in soil penetration by 9% when cover crop, winter wheat,
was present in a no-till cotton (Gossypium sp.) system as compared to no cover crop. Astier et al.
(2006) reviewed the effects of green manure practices on corn yield and soil quality on Humic
and Orcic Andisol soils in central Mexico. They reported a lower penetration resistance in their
cut and left on the surface as a mulch treatment compared to the tilled into the soil green manure
treatment.
Soil and crop management practices that influence C accumulation and loss directly
affect the soil organic matter (OM) (Havlin et al., 2016). Organic matter is an important soil
property because it directly influences the productivity of the soil with its water retention, gas
exchange, infiltration, pH and nutrient buffering ability. Increased soil aeration by tillage
stimulates microbial oxidation of soil organic C and increases the loss of organic matter by
erosion (Havlin et al., 2016). Russell (1929) reported that in Nebraska cultivation under dry
farming conditions resulted in 25 fields under cultivation for 32 to 41 years having lost 26.2%
OM as compared to soil adjacent and comparable in virgin land. Cover crops, as well as
livestock manure or crop residues, add organic matter to the soil, which increases soil physical
condition and productivity (Hartwig and Ammon, 2002).
The use of cover crops in crop rotations may provide a range of benefits, such as positive
effects on soil structure (Chen and Weil, 2010), improve soil quality, and C sequestration (Motta
et al., 2007). The increase in C can have a direct effect on the fertility of the soil. It has been
shown that increases in C can contribute to increased cation exchange capacity, microbial
activity, and water-holding capacity (Mullen et al., 1998). Franzluebbers et al. (2001) conducted
a study in Farmington, Georgia on predominately sandy loam soil. In the study, the effects of N
fertilization and harvest strategy (unharvested, low and high grazing pressure, and hayed
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monthly) were assessed on soil properties on ‘Coastal’ bermudagrass [Cynodon dactylon (L.)
Pers.] pasture. They reported that grazing of perennial warm-season grasses in the summer can
have positive effects on soil organic C and N accumulation. Siri-Prieto et al. (2007) reviewed the
influence of tillage (chisel + disk, non-inversion deep tillage with and without disking, and notill) before cotton-planting on soil properties following winter-annual grazing on a Dothan loamy
sand in southeastern Alabama. They reported after 3 years, non-inversion deep tillage increased
soil organic carbon 38% and N 56% near the soil surface (0-2 in).
Grazing Effects
Although farming systems that integrated crop and livestock production have existed
historically (Smith, 1995; Halstead, 1996), the integrated crop-livestock system (ICLS) has seen
renewed worldwide interest since 2007 and was documented through a series of international
conferences and publications (Franzluebbers et al., 2014). Systems that integrate crops and
livestock can provide an opportunity to capture interactions that make ecosystems more efficient
at cycling nutrients, using renewable natural resources, and improving the complete functions of
soils. This practice could provide a possible increased economic return for the producer
(Russelle and Franzluebbers, 2007).
Integration of livestock into a cropping system can occur in two ways: (1) by spatially
separating crop and livestock farms that are integrated through contracts and partnerships
between producers and (2) by the spatial and temporal integration of crops and ruminant
livestock on the same land within the farm (Sulc and Tracy, 2007). Approximately one-half of
the annual production expense in a typical beef cow operation is feed cost during non-grazing
periods or the winter months (Schoonmaker et al., 2003). This non-grazing period in producers’
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perennial pastures can be an opportunity to use cover crops in row crop ground as feed for cattle.
Cost reductions usually occur when grain crop residues or cool-season annual crops are grazed
after harvest (Ward, 1978; Klopfenstein et al., 1987).
According to Randall (2003), there are four specific benefits of livestock being integrated
into cropping systems. First, the crops produced on that specific farm can be used in feeding the
livestock minimizing the cost of feedstuffs purchased outside of the farm. Secondly, livestock
manure can serve as the primary source of nutrients for crop production. Livestock manure is a
way of cycling nutrients through the animals and back to the land of grazing. Thirdly, livestock
can serve as the sink for agricultural byproducts. Lastly, ruminant livestock encourages the
establishment of perennial grass and legume forages as a primary feedstuff.
Managed properly, grazing can be of no damage to the environment if the stocking
density matches the forage availability, and if the cattle are not given access to vulnerable parts
of the landscape (Franzluebbers and Stuedemann, 2008). Franzluebbers et al. (2001) showed that
grazing of perennial warm-season grasses during the summer months in the southern Piedmont
had no apparent harm to surface soil density. Cover crops such as annual grasses, forage
legumes, and small grains following grain or fiber crops can be an outstanding source of quality
forage in an integrated crop and livestock system. This practice is especially helpful when a
supplement shortage occurs with perennial pastures (Franzluebbers and Stuedemann, 2007).
A possible downside to grazing cattle on cover crops during the non-grazing period of the
permanent pastures is that compaction of the soil may occur if the soil is wet. Some studies
suggest that the presence of cattle on cropland during the winter can compact soils and reduce
crop yield (Krenzer et al., 1989; Worrell et al., 1992; Mullins and Burmester, 1997). However,
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Tracy and Zhang’s study (2008) showed that trampling by cattle had no negative effect on the
cropland or subsequent corn grain yield in Pana, Illinois on a silty clay loam Vertic Argiaquolls.
The integration of livestock and row crops relies on the grazing of crop residues or cover
crops. Although cover cropping has many agronomic benefits, its implementation seems to be
limited, because of cost without the instant economic benefit (Franzluebbers, 2007). The grazing
of cover crops could prove to be of immediate economic benefit to producers. Net returns of
$103 ac-1 were achieved for cattle grazing corn and sorghum [Sorghum bicolor (L.) Moench]
residues in the fall and cereal rye in spring on a Cecil sandy loam in Watkinsville, GA
(Franzluebbers and Stuedemann, 2007).
Tillage Effects on Soil Health
Crop performance can be influenced by many factors but altering the soil’s physical
environment has been shown to greatly influence crop response. Tillage, or disturbing the soil,
can have a major effect on soil functions and soil quality (Karlen et al., 1994; Reicosky, 1997).
Mechanical or conventional tillage has been defined by Adeoye (1982) as a dynamic soil
process that causes pronounced changes in the physical characteristics, which persist for a
variable amount of time depending on soil and climate. Tillage prepares seedbeds, controls
weeds, incorporates plant residue and loosens soil (Mielke, et al., 1986). Tillage practices, such
as plowing, have been in use for centuries; many believing the practice contributed to higher
yield production (Lowdermilk, 1953; Gebregziabher, et al., 2006; Lal, et al., 2007). Tillage
releases nutrients from the soil through accelerated mineralization of organic matter and assists
with incorporating nutrients found in manure and plant/crop residues (Reicosky et al., 2011). The
preparation of a seedbed by temporarily improving water and oxygen conditions and by
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destroying competing plant species is the most recognized function of tillage. Historically,
cultivation has been used as a management strategy to control weeds and insects; but with the
recent availability of herbicides and pesticides, tillage practices have been greatly reduced.
Conversely, tillage practices when combined with severe weather conditions, are often
responsible for soil erosion (Unger and McCalla, 1980). Karlen, et al. (1994) showed that tillage
can negatively affect soil function and soil quality by comparing plots that were managed using
no-till practices for 12 years to chisel or plow treatments. They observed that the no-till plots had
higher total carbon, microbial activity, and were more stable under sprinkler infiltration. Tillage
decreases porosity and habitat diversity (Hatfield and Sauer, 2011). It has been shown that the
bulk density of tilled soil decreases while the tillage equipment compacts the soil underneath,
which results in restricted water flow and root penetration after repeated tillage operations
(Carter and Colwick, 1971).
However, in the 1940’s, with the introduction of plant growth regulators used as
herbicides, farmers began considering reduced- or conservation tillage systems (Unger and
McCalla, 1980). Russel (1976) identified three major purposes of reduced tillage systems: reduce
power, machinery, and labor costs; decrease soil compaction; and help reduce soil erosion.
Russel (1976) also stressed the need for accurate seed placement and weed control in a reducedtillage system. Except for the application of nutrients and seed placement, Reicosky and
Allmaras (2003) considered no-till as the practice of leaving the soil undisturbed from harvest to
planting. Montgomery (2007) suggests no-till management systems, with a reduction in soil
erosion, is a more sustainable practice. Studies have also shown no-till practices lead to an
accumulation of soil organic carbon at or near the soil surface (West and Post, 2002; Deen and
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Kataki, 2003). Deen and Kataki (2003) showed that reduced tillage increases carbon
sequestration, compared with conventional plowing. Conservation tillage (including no-till) not
only has the ability to reduce soil erosion and sequester soil carbon by removing carbon dioxide
(CO2) from the atmosphere, but also reduces fossil fuel use and improves soil fertility and water
holding capacity (Reicosky et al., 2011).
Despite the known benefits of no-till management systems, Derpsch (2001) reports
worldwide usage is less than 7%. Farmers are reluctant to adopt no-till practices due to
equipment expense, pest management concerns, crop rotation, and fertility management issues
(Derpsch, 2001). Huggins and Reganold (2008) stated, “No-till is not a cure-all; rather, no-till is
a component of a larger vision of sustainable agriculture that is continually evolving”.
Many research studies and field trials comparing till versus no-till practices have been
conducted using a variety of factors such as geographical areas, soil characteristics, and plant
species. According to Reicosky (2008), tillage practices have the greatest effect on the
environment by releasing CO2 and decomposing soil organic matter (Reicosky and Lindstrom,
1995; Ellert and Janzen, 1999). Intensive tillage practices also influence soil organic carbon
dynamics and storage; whereas no-till practices lead to an accumulation of soil organic carbon at
the soil surface (West and Post, 2002; Deen and Kataki 2003). However, the benefit of long-term
conservation tillage on soil organic carbon content is greatly reduced if soil is ever plowed
(Pierce, et al., 1994; Gilley and Doran, 1997; Stockfisch, et al., 1999; Garcia, et al., 2007;
Quincke, et al., 2007). These studies support the farming practice of leaving crop residues after
grain harvest to increase the carbon content of the soil and to help control erosion (Reicosky, et
al., 1995). Plowing under biomass speeds up the carbon degradation from microorganisms in the
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soil, leading to accelerated CO2 emissions (Reicosky and Lindstrom, 1995; Ellert and Janzen,
1999) and N mineralization rates. One study by Bauer and Black (1994) showed maintaining soil
carbon improved agronomic productivity. Also, Kanchikerimath and Singh’s study (2001)
identified that soil organic carbon levels cannot be fully replaced by increasing the levels of
applied fertilizer.
Another study by Blevins et al., (1983) describes soil moisture conservation as one of the
major advantages of a no-till crop production system. This 10-year tillage study, conducted in
Kentucky, compared conventional and no-till practices. They observed higher soil moisture
levels under no-till corn production. Less evaporation occurred in the no-till areas; thus, giving
the no-till crop protection from moisture stresses during short drought periods. However,
excessive soil water contributed to denitrification losses, but when saturated hydraulic
conductivity measurements were obtained, better water movement was recorded in the no-till
areas. Additionally, after this long-term study of continuous no-till corn production, the soil
physical properties showed no deterioration.
Soil tillage practices also have a significant contribution to erosion, depending on the soil
type and landscape. Historical data have demonstrated that degradation of soil in agricultural
societies from severe soil erosion were associated with the decline in many civilizations
(Lowdermilk, 1953; Gebregziabher, et al., 2006; Lal et al., 2007). Montgomery (2007)
concluded that losing soil faster than soil can be generated is an unsustainable system and will
eventually result in decreased agriculture production. Montgomery’s research (2007) supports
the idea that no-till agriculture produces erosion rates much closer to soil production rates and
provides a foundation for sustainable agriculture.
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However, a recent meta-analysis of research of tillage practices on corn and soybean
crops revealed negligible differences in yields between the no-tillage and conventional tillage
practices (DeFelice et al., 2006). These comparisons showed greater yields with no-till practices
in the southern and western regions of the U.S., but lower yields in the northern U.S. and
Canada. Additionally, moderate- to well-drained soils benefited from no-tillage with greater corn
and soybean yields than in the conventional tillage comparison.
Vetsch et al. (2007) conducted a 4-year comparison study of tillage systems on corn and
soybean production. They compared long-term no-till cropping systems with zone tillage, with
and without in-season row cultivation on both corn and soybean crops. The four-year average
corn yields were greater for zone tillage compared with no-tillage. Soybean yields were
maximized by rotational tillage but did not result in any significant economic return (Vetsch, et
al., 2007).
No-till offers some lower production and operating costs to farmers with fewer passes
over a field to establish and harvest a crop, less fuel usage, and less labor than tillage-based
agriculture (Phillips and Phillips, 1984). The availability of commercial pesticides and costeffective weed control has contributed to farmers adopting no-till practices. However, with
increasing concerns for our environment, limiting or eliminating pesticide use in crop production
may result in farmers returning to more intensive conventional tillage systems.
Moisture Retention
Healthy soils should be able to drain surplus water during wet periods, absorb and
preserve water during dry periods, and buffer the unexpected changes in soil temperatures
(Blanco-Canqui and Ruis, 2020). A consideration while using cover crops prior to a cash crop is
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the water use of the cover crop. Cover crops are effective tools for water conservation if they are
managed to improve water infiltration, decrease evaporation, or remove excess water from wet
soils (Unger and Vigil, 1998). Negative effects can result if the cover crops limit water for the
cash crop or aggravate a wet soil condition (Unger and Vigil, 1998). The negative effects are all
dependent on precipitation timing and amount, water infiltration and evaporation, and
transpiration by the cover crop (Frye et al., 1998).
One of the most effective ways to increase plant-available soil water under field
conditions is with the maintenance of cover crop residues on the soil surface (Frye et al., 1988).
Allowing for the soil surface to be covered by cover crop residues improves soil water conditions
by decreasing runoff, increasing soil organic matter and improving soil structure, and decreasing
soil water evaporation (Unger and Vigil, 1998). A central Iowa study highlighted that with a
winter cereal rye cover crop, the field capacity water content and plant available water increased
by 10-11% and 21-22%, respectively (Basche et al., 2016). Furthermore, a study conducted by
Villamil et al. (2006) showed that there was a direct change in soil macro- and mesoporosity that
resulted in an increase in water retention properties for all winter cover crops species evaluated.
Conversely, no significant differences (P>0.05) were found in soil water holding
capacities for a center-pivot irrigated corn-cover crop rotation with no-tillage in Nebraska (Irmak
et al., 2018). Blanco-Canqui and Jasa (2019) reported that after 12 years of grass cover crops on
an Aksarben silty, clay loam outside of Lincoln, Nebraska there was not an improvement of
water infiltration, water retention, and plant available water (Blanco-Canqui and Jasa, 2019).
Winter rye as a cover crop showed inconsistent effects on soil physical properties, such as water
infiltration rate and air permeability in rainfed locations in Maryland after 13 years (Steele et al.,
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2012). Sindelar et al. (2019) also observed that under an irrigated no-till continuous corn study in
south-central Nebraska, cover crops did not affect soil hydraulic properties.
Major physical and chemical soil properties are affected by grazing and tillage, especially
if it occurs during vulnerable environmental conditions. Although if managed properly, grazing
can be of no harm to the environment if the stocking density matches the forage availability
during opportune times (Franzluebbers and Stuedemann, 2008). Whereas tillage can lead to soil
erosion if applied during severe weather conditions (Unger and McCalla, 1980). Due to these
concerns, producers must be conscious of their decisions when dealing with tillage and grazing,
especially towards soil health. In this experiment, we strived to highlight the change in soil
physical and chemical properties as a result of conventional versus no-till and grazed versus ungrazed treatments.
Materials and Methods
Experimental Design
This experiment was conducted at the Coastal Plain Branch Experiment Station (CPBES)
in Newton, MS, USA (32°20’02.79” N; 89°05’06.56” W). All animals used in this research were
cared for under the guidance of Mississippi State University, Institutional Animal Care and Use
Protocol IACUC-20-179. The study site consisted of two experimental areas, grazed (G) and ungrazed (UG), and were separated by 0.29 mi.
The experiment was conducted from the spring of 2019 through the fall of 2021. The G
site was primarily a Stough very fine sandy loam (coarse-loamy, siliceous, semiactive, thermic
Fragiaquic Paleudults) while the UG site was a Prentiss very fine sandy loam (coarse-loamy,
siliceous, semiactive, thermic Glossic Fragiudult). Prior to this experiment, UG was in
conventional tillage small grain production for approximately 10-yr, while the G area was in
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conventional tillage soybeans (Glycine max L.) for 5-yrs. Within each experimental area, a
randomized complete block design with a strip-split arrangement of treatments with three
replications was administered. The main plots were the experimental area (G and UG), sub-plots
were the tillage treatments, and sub-sub plots were the cover crop treatment. Twelve cover crop
treatments (four species plus controls) were combined with two tillage treatments (NT – no-till;
CT – conventional till). Tillage treatments were replicated three times within each area, with all
cover crop treatments randomly applied within each randomly tilled strip, resulting in 72
individual plots within each experimental area. All plots within both areas were six rows (30-in
row spacings) x 30-ft in length.
Soil Analysis
All soil parameters collection dates can be found in Table 3. At the beginning and end of
each cropping sequence (following planting and harvest of corn crop) soil samples were
collected with a 2-1/2-inch open-face auger (AMS, American Falls, ID) at a 0-6 and 6-12-inch
soil depth. These samples were used to analyze for total Carbon (C) and Nitrogen (N), organic
matter, and macronutrients. Soil samples were sent to Mississippi State Soil Testing Lab where
they were processed, ground, and analyzed. C/N analysis was conducted by taking, one gram of
dried, sieved (20-mesh) soil and examined by dry combustion. Total C/N determination was
completed with an elemental analyzer (Elementar Vario Max Cube, Ronkonkoma, NY). Organic
matter was then determined by multiplying total C by 1.72 (Pribyl, 2010). The determination of
macronutrients (P, K, Ca, Mg, Na, B, and S) follows the Mississippi Soil Test Method
(Lancaster, 1970). This soil test method extracts the calcium phosphate fraction in the first stage
of the procedure, and iron and aluminum phosphate fractions in the second stage. To obtain the
desired gradation in intensity of extraction of calcium phosphate, a weak solution of hydrochloric
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acid is added to the soil in a 1:1 ratio (weight/volume basis) and allowed to set for 10 minutes. In
the second stage, a buffered solution of acetic, malic, and malonic acids (pH 4.0) containing
aluminum fluoride is added, followed by 10 minutes of mechanical shaking. Further extraction
of calcium phosphate is inhibited in the second stage by inclusion of the fluoride in the system.
Along with soil analysis, penetration resistance and bulk density were collected at the
beginning and end of each cropping sequence (following planting and harvest of corn crop). Soil
penetration resistance was measured with a dynamic cone penetrometer (S-200 Dynamic Cone
Penetrometer, Durham Geo Slope Indicator, Sand Mountain, GA). Herrick and Jones (2002)
calculations were used to determine the penetration resistance. A 15 lb hammer fell 20 inches
onto a 1.5 inch-diameter cone with a 45° tip. The work done by each strike contained the
equivalent kinetic energy of 2.53 Joules (J). One reading was taken from randomly selected
locations within each plot at depths of 4, 8, and 12 inches.
Penetration Resistance (J) = number of strikes to specific depths x 2.53 (Kinetic
energy/strike)
Bulk density was measured with a coring device (AMS, American Falls, ID). Soil core
samples were collected in a 2-inch diameter aluminum core, where they were then pressed out of
the aluminum cores to dry. The wet core samples were weighed and then dried at 120°F in a
forced-air oven for 72 hours and reweighed to determine dry soil weight.
Bulk Density = Weight of dry soil (grams) / Volume of dry soil (centimeters3)
Volumetric water content at an 8-inch depth was recorded every two weeks using a soil
moisture meter following the cover crop planting in 2019 through the conclusion of the
experiment (FieldScout TDR Soil Moisture Meter, Spectrum Technologies Inc., Aurora, IL).
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This was done by randomly selecting 2 locations in each plot for G and UG experimental areas
for each sampling date.
Table 10

Dates of soil collection for Newton, MS, during 2019-2020 and 2020-2021 growing
seasons.
Operation
G Soil analysis

Information
After Planting of Corn

G Penetration Resistance

After Planting of Corn
After Harvest of Corn

UG Penetration Resistance

After Planting of Corn
After Harvest of Corn

G Bulk Density

After Planting of Corn
After Harvest of Corn

UG Bulk Density

After Planting of Corn
After Harvest of Corn

G Volumetric Water
Content

After Planting of Corn

2019-2020
4-May-20
11-Nov-19 &
17-Nov-20
1-May-20
9-Nov-19 &
17-Nov-20
4-May-20
11-Nov-19 &
20-Oct-20
1-May-20
9-Nov-19 &
26-Oct-20
6-May-20
11-Nov-19 &
20-Oct-20
6-May-20
9-Nov-19 &
27-Oct-20
7-May-20

After Harvest of Corn
After Planting of Corn

8-Nov-19
7-May-20

7-Oct-20
18-May-21

After Harvest of Corn

8-Nov-19

7-Oct-20

After Harvest of Corn
UG Soil analysis

After Planting of Corn
After Harvest of Corn

UG Volumetric Water
Content

2020-2021
18-May-21

19-May-21

18-May-21

19-May-21

20-May-21

20-May-21

18-May-21

Results and Discussion
Environmental Conditions
Average rainfall (in) and monthly high and low temperatures (°F) were recorded daily
throughout the experiment (Fig 11 and 12). To start the experiment, we had extreme swings in
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rainfall amounts with 0.00 inches in September and 10.84 inches in October of 2019. These
extremes did play a role in the establishment of the 1st cover crop, where the G area struggled to
establish following days of rain. The 2020 corn had above or slightly below 71 yr average
rainfall during the growing season. This then followed a relatively dry spell for corn dry down
and 2020 cover crop establishment. The 2021 corn growing season had above-average rainfall
during the whole season. Temperatures throughout the experiment were similar to the 71 yr
average except where in September 2019 they were above average.

Figure 11

Mean monthly temperature (°F) with 71-yr historical means for Newton, MS,
during the 2019-2020 and 2020-2021 growing seasons. Weather data was obtained
from daily manual recordings at the Coastal Plain Branch Experiment Station.
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Figure 12

Total monthly precipitation (in) and 71-yr historical means for Newton, MS, during
the 2019-2020 and 2020-2021 growing seasons. Weather data was obtained from
daily manual recordings at the Coastal Plain Branch Experiment Station.

Statistical Analysis
The main effects evaluated were cover crop species treatment, grazing practice, tillage
treatment, and soil depth. Soil depth was a main effect for bulk density and penetration
resistance. Replication and year were considered random effects. Interactions between main
effects were small in magnitude compared to the larger influences of the main effects. Therefore,
the discussion will focus on the main effects.
Bulk Density
Bulk density (BD) is a soil physical measurement that indicates compaction. The main
effects of cover crop species, grazing practice, and tillage on BD for 2019-2020 and 2020-2021
growing seasons are shown in Table 11. The main effects of cover crop species (P=0.0023),
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grazing practice (P=0.0092), and tillage (P=0.0451) were significant. Among the cover crop
treatments, the CON treatment had one of the greatest BD values (1.48 g cm3-1) where a three
mixture of OCCR (1.43 g cm3-1) had the lowest value recorded (Figure 13). Ruis et al. (2020)
observed similar results where a cover crop mix reduced bulk density by 7% compared to no
cover crop in continuous corn. For BD as influenced by grazing practice, UG and G values were
1.45 g cm3-1 and 1.47 g cm3-1, respectively (Figure 12). This difference is a result of cattle traffic
in the G area, similar to the results of Greenwood and Mckenzie (2001). The NT treatment had
significantly greater mean BD (1.47 g cm3-1) in comparison to the CT (1.45 g in3-1) across both
experimental areas (P = 0.0451) (Figure 12). The significant difference is a result of short-term
discing and bed conditioning loosening soil particles and structure in the CT. Similar to the
results observed by Franzluebbers and Stuedemann (2008) where conventional till reduced bulk
density compared to no-till at a depth of 4 ½ inches at the end of 2, 2.5, and 4.5 years.
Table 11

Analysis of variance (ANOVA) for bulk density (g in3-1) and volumetric water
content (%) as influenced by cover crop species treatment, grazing practice, and
tillage treatment for Newton, MS, during 2019-2020 and 2020-2021 growing
seasons.

Bulk Density
F Value
Pr > F
Species (SPE)
2.66
0.0023
Grazed (GRA)
6.8
0.0092
Tillage (TILL)
4.02
0.0451
SPE × GRA
1.83
0.0454
SPE × TILL
0.50
NS
GRA × TILL
0.74
NS
SPE × GRA × TILL
1.35
NS
NS = not significant, P > 0.05.
Variable
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Volumetric Water Content
F Value
Pr > F
2.99
0.0006
11.8
0.0006
53.45
<.0001
3.15
0.0003
0.35
NS
1.95
NS
1.52
NS

Table 12

Mean bulk density (BD; g cm3-1), penetration resistance (PR; Joules (J)), and
volumetric water content (VWC; %) across all sampling dates in relation to grazing
practice and tillage treatment for Newton, MS.

Variable

BD
(g cm3-1)

Grazed
G†
1.47 a*
UG
1.45 b
Tillage
NT‡
1.47 a
CT
1.45 b
*Different letters indicate significance at α = 0.05.
†G – grazed; UG – ungrazed
‡NT – no-till; CT – conventional till

69

PR
(J)

VWC
(%)

65.90 a
51.75 b

21.94 a
21.29 b

61.80 a
55.86 b

22.31 a
20.91 b

Figure 13

Mean bulk density (g cm3-1) across all sampling dates in relation to cover crop
species for Newton, MS.

*Different letters indicate significance at α = 0.05.
†CRR – cereal rye, radish; CON – control; OR – oats, radish; CRCCR – cereal rye, crimson
clover, radish; OCC – oats, crimson clover; CCR – crimson clover, radish; R – radish; O – oats;
CR – cereal rye; CRCC – cereal rye, crimson clover; CC – crimson clover; OCCR – oats,
crimson clover, radish.
Penetration Resistance
Soil penetration resistance (PR) is a measurement of soil strength in Joules (J). The main
effects of cover crop species, grazing practice, tillage, and soil depth on PR for 2019-2020 and
2020-2021 growing seasons are shown in Table 13. The main effects of cover crop species
(P<0.0001), grazing practice (P<0.0001), tillage (P<0.0001), and soil depth (P<0.0001) were
significant. There was not a common trend among cover crop species treatments regarding PR
(Figure 14). Cover crop treatments ranged from 58.82 J to 73.08 J in the G area and 47.19 J to
54.71 J in the UG. This shows a build-up of soil strength because of cattle traffic in the G area.
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For PR as influenced by grazing practice, UG and G values were 51.75 J and 65.90 J,
respectively (Table 12). This PR difference is a result of cattle traffic on the G area similar to
that observed by Schomberg et al. (2021). The NT had a significantly greater mean PR (61.80 J)
in comparison to the CT (55.86 J) across both experimental areas (P<0.0001) (Table 12). The
significant difference is a result of NT aggregating and building up soil strength as compared to
CT where the soil structure is continually being disturbed. This result is similar to a study by
Franzluebbers and Stuedemann (2008) where PR was greater under no-till than conventional till.
Significant differences were observed at all sampling depths 4 in (25.45 J), 8 in (58.29 J), and 12
in (92.74 J) (Figure 15). This increase in soil PR as the soil depth increases is similar to that
found by Franzluebbers and Stuedemann (2008). The highest PR values were observed at the 12in depth with G and UG measuring 103.65 J and 81.83 J, respectively.
Table 13

Analysis of variance (ANOVA) for soil penetration resistance (Joules) as influenced
by cover crop species, grazing practice, tillage, and soil depth for Newton, MS,
during 2019-2020 and 2020-2021 growing seasons.
Variable

Species (SPE)
Grazed (GRA)
Tillage (TILL)
Depth (DEP)
SPE × TILL
GRA × TILL
SPE × DEP
GRA × DEP
TILL × DEP
SPE × GRA
SPE × GRA × DEP
SPE × GRA × TILL
SPE × TILL × DEP
GRA × TILL × DEP
SPE × GRA × TILL × DEP
NS = not significant, P > 0.05.

Penetration Resistance
F Value
Pr > F
4.2
<0.0001
374.57
<0.0001
66.04
<0.0001
2825.7
<0.0001
0.46
NS
36.16
<0.0001
0.87
NS
36.64
<0.0001
2.17
NS
3.97
<0.0001
0.93
NS
1.13
NS
0.28
NS
1.89
NS
0.22
NS
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Figure 14

Mean penetration resistance (J) across all sampling dates in relation to cover crop
species for Newton, MS.

*Different letters indicate significance at α = 0.05.
†OCCR – oats, crimson clover, radish; CCR – crimson clover, radish; CRCCR – cereal rye,
crimson clover, radish; CC – crimson clover; OCC – oats, crimson clover; R – radish; OR – oats,
radish; CON – control; CR – cereal rye; O – oats; CRCC – cereal rye, crimson clover; CRR –
cereal rye, radish.
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Figure 15

Mean penetration resistance (J) across all sampling dates in relation to soil depth for
Newton, MS.

*Different letters indicate significance at α = 0.05.
Organic Matter
Soil organic matter (OM) consists of organic substances that have been shown to improve
soil structural stability, reduce surface crusting and compaction, and improve soil and water
relationships (Tisdale et al., 1993; Stevenson, 1994). The main effects of cover crop species,
grazing practice, tillage, and soil depth for OM during 2019-2020 and 2020-2021 growing
seasons are shown in Table 14. Tillage was not significant (Table 14). The main effects of cover
crop species (P=0.0003), grazing practice (P=<0.0001), and soil depth (P<0.0001) were
significant. Cover crop species CRR (1.00%), CRCCR (1.00%), and CR (0.98%) treatments
resulted in the greatest OM whereas the CON (0.89%) had the lowest OM concentration (Figure
16). Hartwig and (2002) observed similar increases in OM when using cover crops. For OM as
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influenced by grazing practice, UG and G values were 0.88% and 1.03%, respectively (Table
15). This OM difference is a result of cattle recycling nutrients back to the G area. Significant
differences were observed at soil depths 0-6 in (1.20%) and 6-12 in (0.70%) (Table 15). This is a
result of the 0-6 in depth being closer to the soil surface where nutrients are being introduced and
decomposing.
Table 14

Analysis of variance (ANOVA) for percent organic matter (OM; %), nitrogen (N;
%), phosphorus (lb ac-1), and potassium (lb ac-1) as influenced by cover crop species
treatment, grazing practice, tillage treatment, and soil depth for Newton, MS during
2019-2020 and 2020-2021 growing seasons.

Variable
Species (SPE)
Grazed (GRA)
Tillage (TILL)
Depth (DEP)
SPE × GRA
SPE × TILL
GRA × TILL
SPE × DEP
GRA × DEP
TILL × DEP
SPE × GRA × DEP
SPE × GRA × TILL
SPE × TILL × DEP
GRA × TILL × DEP
SPE × GRA × TILL × DEP
NS = not significant, P > 0.05.

Organic
Matter
F
Value
3.14
191.53
0.3
2009.2
1
3.76
0.64
0.11
0.99
18.85
0.37
1.1
0.98
0.45
0.35
0.46

Pr>F
0.0003
<.0001
NS
<.0001
<.0001
NS
NS
NS
<.0001
NS
NS
NS
NS
NS
NS

Nitrogen
F
Value
5.27
0.53
0.12
2036.1
9
1.25
1.1
3.72
0.59
26.37
0.6
1.24
0.62
0.29
0.01
1.11
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Phosphorus

Potassium

Pr>F

F
Value

Pr>F

F
Value

Pr> F

<.0001
NS
NS

5.32
6.49
0.12

<.0001
0.011
NS

9.16
351.41
0.43

<.0001
<.0001
NS

<.0001

524.88

<.0001

16.07

<.0001

NS
NS
NS
NS
<.0001
NS
NS
NS
NS
NS
NS

0.76
1.49
2.43
0.53
2.34
0.36
0.54
0.71
0.43
0.71
0.47

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

0.78
2.27
0.03
2.91
2.12
8.28
0.43
1.98
1.11
1.96
0.33

NS
0.0097
NS
0.0009
NS
0.0041
NS
0.0272
NS
NS
NS

Table 15

Mean organic matter (OM; %), nitrogen (N; %), phosphorus (P; lb ac-1), and
potassium (K; lb ac-1) across all sampling dates in relation to grazing practice and
soil depth for Newton, MS.

Variable

OM
(%)

N
(%)

Grazed
G†
1.03 a*
NS
UG
0.88 b
NS
Depth
0-6 in
1.20 a
0.07 a
6-12 in
0.70 b
0.04 b
*Different letters indicate significance at α = 0.05.
†G – grazed; UG – ungrazed
NS = not significant, P > 0.05.
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P
(lb ac-1)

K
(lb ac-1)

62.33 a
57.12 b

163.27 a
146.52 b

83.14 a
36.31 b

194.05 a
115.73 b

Figure 16

Mean organic matter (%) across all sampling dates in relation to cover crop species
for Newton, MS.

*Different letters indicate significance at α = 0.05.
†CRR – cereal rye, radish; CRCCR – cereal rye, crimson clover, radish; CR – cereal rye; CRCC
– cereal rye, crimson clover; O – oats; OCCR – oats, crimson clover, radish; OCC – oats,
crimson clover; CC – crimson clover; R – radish; OR – oats, radish; CCR – cereal rye, radish;
CON – control.
Nitrogen
Nitrogen (N) is essential for plant growth due to its role in the growth of tissues and cells
within the plant, including the formation of chlorophyll. The main effects of cover crop species,
grazing practice, and tillage on N for 2019-2020 and 2020-2021 growing seasons are shown in
Table 14. Grazing and tillage were not significant (Table 14). The main effects of cover crop
species (P<0.0001) and soil depth (P<0.0001) were significant. Cover crop treatments CRCC
(0.065%) and CRR (0.065%) resulted in the greatest N concentrations whereas the CON
(0.056%) was the least of all treatments (Figure 17). Cover crops’ ability to scavenge and retain
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N in the soil as opposed to leaching with no cover is likely why this difference occurred (Di and
Cameron, 2002). Significant differences were observed at soil depths 0-6 in (0.076%) and 6-12
in (0.047%) (Table 15). Due to soil N distribution paralleling that of OM content (Brady and
Weil, 2004b) one can expect to see higher N concentrations in the upper soil depths.

Figure 17

Mean soil nitrogen (%) across all sampling dates in relation to cover crop species
for Newton, MS.

*Different letters indicate significance at α = 0.05.
†CRCC – cereal rye, crimson clover; CRR – cereal rye, radish; OCCR – oats, crimson clover,
radish; CR – cereal rye; OCC – oats, crimson clover; CRCCR – cereal rye, crimson clover,
radish; O – oats; CC – crimson clover; OR – oats, radish; R – radish; CCR – crimson clover,
radish; CON – control.
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Phosphorus
Soil phosphorus (P) is essential for plant growth due to it stimulating root and shoot
growth, promoting seedling growth, and advancing maturity (Oldham and Jones, 2020a). In this
experiment, soil P is expressed in pounds per acre (lb ac-1). The main effects of cover crop
species, grazing practice, tillage, and soil depth on P for 2019-2020 and 2020-2021 growing
seasons are shown in Table 14. Tillage treatment was not significant (Table 14). The main
effects of cover crop species (P<0.0001), grazing practice (P=0.011), and depth (P<0.0001) were
significant. There was not a trend among species, but CRCCR (76.26 lb ac-1) and CC (75.09 lb
ac-1) treatments resulted in the greatest amount of soil P (Figure 18) despite of clovers being
considered greater P removers from the soil (Timmermans and van Eekeren, 2016). The G
treatment had significantly greater mean soil P (62.33 lb ac-1) in comparison to the UG (57.12 lb
ac-1) across both experimental areas (P<0.0001) (Table 15). This significant difference is a result
of cattle recycling P back to the soil by excreting their dung and urine. Significant differences
were observed at soil depths 0-6 in (83.14 lb ac-1) and 6-12 in (36.31 lb ac-1) (Table 15).
Although the harvest of grain results in a large portion of P being removed, introducing cattle to
recycle the nutrients from cover crops and corn stalks would allow for some P to stay. The higher
P in the 0-6 in depth would showcase that.
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Figure 18

Mean soil phosphorus (lb ac-1) across all sampling dates in relation to cover crop
species for Newton, MS.

*Different letters indicate significance at α = 0.05.
†CRCCR – cereal rye, crimson clover, radish; CC – crimson clover; OCC – oats, crimson clover;
CRR – cereal rye, radish; CR – cereal rye; CON – control; R – radish; OCCR – oats, crimson
clover, radish; CCR – crimson clover, radish; OR – oats, radish; O – oats; CRCC – cereal rye,
crimson clover.
Potassium
Soil potassium (K) is essential for plant growth due to its importance in photosynthesis,
water and nutrient movement, protein synthesis, sugar transport, and starch formation (Oldham
and Jones, 2020b). In this experiment, soil K level is expressed in pounds per acre (lb ac-1). The
main effects of cover crop species, grazing practice, tillage, and soil depth on soil K for 20192020 and 2020-2021 growing seasons are shown in Table 14. Tillage was not significant (Table
14). The main effects of cover crop species (P<0.0001), grazing (P<0.0001), and soil depth
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(P<0.0001) were significant. Cover crop treatment of CON (129.13 lb ac-1) resulted in one of the
lowest soil K levels, but there was not a definite trend among other treatments (Figure 19). If
this study was continued long-term it is likely to see a direct effect on species treatments for soil
K as shown by Sharma et al. (2018). The G treatment had a significantly greater mean K (163.27
lb ac-1) in comparison to the UG (146.52 lb ac-1) across both experimental areas (P<0.0001)
(Table 15). This significant difference is a result of cattle recycling K through excreting their
urine and dung back to the soil. A significant difference was observed at soil depths 0-6 in
(194.05 lb ac-1) and 6-12 in (115.73 lb ac-1) (Table 15). This is largely due to K being recycled
back to the soil surface by cattle and remaining plant foliage leaching K back to the soil
following rain events.
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Figure 19

Mean soil potassium level (lb bu-1) across all sampling dates in relation to cover
crop species for Newton, MS.

*Different letters indicate significance at α = 0.05.
†CRR – cereal rye, radish; CR – cereal rye; CC – crimson clover; CRCC – cereal rye, crimson
clover, OCC – oats, crimson clover, O – oats, OR – oats, radish; OCCR – oats, crimson clover,
radish; R – radish; CON – control; CCR – crimson clover, radish; CRCCR – cereal rye, crimson
clover, radish.
Soil Moisture
Plants need adequate moisture in the soil to complete photosynthesis and also to move
nutrients from the soil to the plant. In this study, we reviewed soil moisture by collecting
volumetric water content (VWC; %). Volumetric water content is the ratio of the volume of
water to the unit volume of soil. The main effects of cover crop species, grazing practice, and
tillage on VWC for 2019-2020 and 2020-2021 growing seasons are shown in Table 11. The
main effects of cover crop species treatment (P=0.0006), grazing practice (P=0.0006), and tillage
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(P<0.0001) were significant. The cover crop species that had the highest VWC was O (22.52%)
as opposed to CON (20.85%) which was the lowest value among treatments (Figure 20). The
ability of cover crops and soil covers to maintain or increase plant available water was also
shown in other studies (Unger and Vigil, 1988; Frye et al., 1998; Basche et al., 2016). The G
treatment had a significantly greater mean of VWC (21.94%) in comparison to the UG (21.29%)
across both experimental areas (P<0.0001) (Table 12). This difference is likely a result of the G
area (1.03%) having a significantly greater OM as compared to the UG area (0.88%). This
quality alone would allow the G area to retain more moisture. The NT treatment had a
significantly greater mean of VWC (22.31%) in comparison to the CT (20.91%) across both
experimental areas (P<0.0001) (Table 12). The increase in soil moisture in the NT as compared
to the CT was likely due to less evaporation as reported by another study (Blevins et al., 1983).
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Figure 20

Mean soil volumetric water content (%) across all sampling dates in relation to
cover crop species for Newton, MS.

*Different letters indicate significance at α = 0.05.
†O – oats; CR – cereal rye; OCCR – oats, crimson clover, radish; CRCC – cereal rye, crimson
clover; CRR – cereal rye, radish; OR – oats, radish; CC – crimson clover; CRCCR – cereal rye,
crimson clover, radish; OCC – oats, crimson clover; CCR – crimson clover, radish; R – radish;
CON – control.
Summary
Any disturbance to the soil will have consequences whether it is from a plow preparing a
field or cattle grazing. In this study, we set out to find the direct result of tillage and cattle
grazing on an ICLS to some major soil characteristics. Cattle grazing had significant effects on
soil BD and PR. Grazing resulted in BDs of (1.45 g cm3-1) in the UG and (1.47g cm3-1) in the G.
While for PR, UG and G values were 51.75 (J) and 65.90 (J), respectively. As for tillage, we saw
significant interactions with BD and PR as well. From our 2+ year study, we observed that NT
had a significantly greater BD (1.47 g cm3-1) in comparison to the CT (1.45 g cm3-1) across both
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experimental areas (P=0.0451). This is likely the result of the NT aggregating and building up
soil strength as compared to the CT where the soil structure is continually being disturbed.
Similar results were observed for PR where NT had a significantly greater mean (61.80 J) in
comparison to the CT (55.86 J) across both experimental areas (P<0.0001). Although cattle tend
to lead to more advanced soil management considerations they can also lead to a healthier soil as
shown in an increase of OM, P, and K levels with the application of grazing. Soil organic matter
was significantly greater with the G area (1.03%) as compared to the UG (0.88%). This result
alone would lead one to believe that is why this study showed a significantly greater VWC in the
G area (21.94%) in comparison to the UG (21.29%) across both experimental areas (P<0.0001).
Conclusions
The implementation of cattle, cover crops, and NT all have direct effects on a producer’s
continuous corn system. From this study, cattle grazing cover crops increased PR and BD as
compared to the UG, but not to a point that could potentially restrict crop yield. Although BD
and PR were increased with the application of NT practices, it did not affect crop yield. The
practice of cattle grazing led to increases in soil OM, P, and K levels. This information shows
that producers in this region have an opportunity to implement these practices to significantly
affect soil nutrient levels while not affecting corn yield. These observations show that practices
such as tillage and grazing may have minor effects now, but further research is needed to follow
the long-term effects on soil characteristics.
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