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Academic Abstract

The response of upland cotton (Gossypium hirsutum L.) to legume and small grain cover
crop establishment, in-season nitrogen (N) rate, and fertilizer N placement was investigated in
two experiments located in coastal plain Virginia and North Carolina. The first experiment
examined 1) soil compaction and cotton yield response to strip-tillage compared to no-tillage
with a precision planted tillage radish and 2) the influence of legume mix, rye, and legume
mix/rye combination cover crops with four in-season nitrogen (N) rates applied to cotton on
cover crop biomass, cover crop nutrient uptake, soil compaction, soil N cycling, petiole nitrate-N
(NO3-N) during the first week of bloom, cotton lint yield, and fiber quality parameters over two
years. Legume mix cover crops resulted in greater N uptake, soil NOs-N during the growing
season, and lint yields compared to LMR, rye, and fallow treatments over both study years. Soil
compaction and lint yields were not significantly different between strip-tilled and no-till with
tillage radish treatments in either year. Relative lint yields after LM were maximized at 93%
relative yield with 110 kg N ha'! applied in-season while relative lint yields for cotton following
LM with 0 kg N ha'! applied reached 75%, measuring at least 9% higher than cotton following
other cover crop treatments. The second experiment investigated the effect of five N rates (0, 45,
90, 135, and 180 kg N ha'!) and three placement methods (broadcast, surface banded, and
injected) on lint yield, petiole nitrate-N (NOs-N), lint percent turnout, and fiber quality
parameters. Nitrogen rate and placement had a significant effect on lint yield but only N rate
affected petiole NOs-N concentration. It was estimated that injecting fertilizer N requires an N

rate of 133 kg N ha'! to achieve 95% relative yield while surface banded fertilizer N required a



rate of 128 kg N ha™! to produce 90% relative yield. A critical petiole NO3-N concentration
threshold of 5,600 mg NO3-N kg! was calculated to reach 92% relative yield. Other agronomic
management practices such as cover crop termination timing, cover crop species blends, and
number of fertilizer N applications are of interest in order to develop better recommendations

and promote conservation agricultural practices in coastal plain Virginia and North Carolina.
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General Audience Abstract
Upland cotton (Gossypium hirsutum L.) response to diverse species cover crop mixes,
conservation tillage method, fertilizer N rate, and fertilizer N placement at side-dress was
measured in two field studies conducted on the coastal plain soil in Virginia and North Carolina
from 2016-2018. The objectives of the following research were to 1) examine the influence of
two conservation tillage practices and four cover crop mixes on cover crop biomass production,
soil compaction, cover crop nutrient uptake, soil N cycling, petiole nitrate (NO3-N) and cotton
lint yield and 2) measure cotton performance in response to five N rate and three placement
application methods. Legume mix (LM) cover crops contained more N in biomass, resulting in
higher soil NOs-N during the growing season and higher lint yields at harvest compared to a
legume mix and rye combination (LMR), rye, and fallow treatments. Soil compaction and lint
yield were not significantly different between strip-tilled and no-till/tillage radish treatments in
either year. Nitrogen rate and placement had a significant effect on lint yield but only N rate
affected petiole NOs-N concentration. Injection of fertilizer N required an N rate of 133 kg N ha
!'to achieve 95% relative yield while surface banded fertilizer N required a rate of 128 kg N ha'!
to produce 90% relative yield. A critical petiole NO3-N concentration threshold of 5,600 mg
NO;-N kgt was also calculated to reach 92% relative yield. Future application of these results
can include investigation of optimal N source for Virginia cotton production, best N placement
method for cotton grown in high residue systems, and an economic analysis to determine

optimum agronomic management for Virginia coastal plain cotton production.
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1 Literature Review

Upland cotton (Gossypium hirsutum L.) is a perennial, tropical plant originating from
Mexico, Guatemala, and northern South America. This textile fiber plant is now managed for
annual crop production in temperate climates and comprises over 90% of international cotton
production (Wendel and Cronn, 2003). In the United States, cotton is produced in seventeen
states and accounts for more than $25 billion annually in services and products (USDA ERS,
2016). Virginia is the northernmost cotton-producing state on the East Coast and hectares in
cotton production have increased from 2015 to 2018 (Virginia Department of Agricultural and
Consumer Services, 2018). The wide geographic range of cotton production in the United States
results in the need for a variety of management strategies that can be tailored depending on the
region, soil type, and resources available. As more land in Virginia is utilized for cotton
production, it is imperative to investigate and implement different tillage, cover cropping, and
nutrient management systems that can maximize economic and environmental sustainability.

1.1 Conservation Tillage Systems

Choosing a tillage system is a cost-benefit decision based on cost, resources, and
familiarity with a certain tillage system. The traditional method of soil cultivation for farming is
referred to as conventional tillage. This process involves using machinery to disturb the soil
surface prior to planting in order to create a uniform, fine seed bed (Siemens, 1980). Historically,
conventional tillage has been the primary method used in Virginia to prepare land before cotton
planting to disrupt the compacted, high strength layers that are present in Virginia’s coastal plain
soils (Radford et al., 2001). These hardpan layers are ubiquitous in mid-Atlantic coastal plain
soils and have the capacity to restrict cotton root growth (Radford et al., 2001). Though
conventional and deep tillage practices may provide decreased soil compaction beneficial for

cotton establishment, there are distinct disadvantages of using this tillage system. Conventional



tillage contributes to higher rates of soil erosion, soil moisture loss, and soil organic carbon loss
(Busari et al., 2015). The last half century has seen a significant push from agronomists,
government agencies, and conservationists to transition from conventional tillage to other forms
of land preparation.

Alternative methods of tillage that aim to reduce soil disturbance are known as
conservation tillage practices. The Conservation Technology Information Center (2002) defines
conservation tillage as any type of soil cultivation that leaves at least 30% of the soil surface
covered with crop residue after a previous harvest. Methods of conservation tilling such as no-
till, strip-till, and mulch till have been recommended by government agencies and have been
adopted by rate of 63% by cotton producers in Virginia (Reiter and Frame, 2016). Benefits of
implementing a conservation tillage program include increasing soil organic matter, soil
aggregation, and water holding capacity while decreasing nutrient runoff and soil erosion in
comparison to conventional tillage (Holland 2004; Busari et al., 2015).

The transition to conservation tillage in cotton production can also provide economic
benefits. Buman et al. (2005) also conducted a survey of field studies to determine how the
adoption of no-till cotton production affected cotton yield. The authors found no decrease in
yield and lower production costs associated with both no-till and strip till compared to
conventional tillage (Buman et al., 2005). The authors also claim that lower production costs can
offset the economic effect of lower yields in no-till systems that result from varied rainfall or
climate conditions (Buman et al., 2005). Recent studies by Toliver et al. (2012) and Ogle et al.
(2012) have supported these results and found little difference in yield between no-till and
conventional tillage practices. More experimentation with different conservation tillage systems
in cotton production are needed to evaluate their effects on yield among other parameters (Bauer

and Busscher, 1996).



1.2 Cover Crops

Cover crops are frequently recommended to be used along with conservation tillage
practices in order to promote greater sustainability and economic gain for cotton producers
(Tyler et al., 2000). Cover crops are planted alongside or in rotation with cash crops to help
reduce soil erosion, increase soil organic matter, and suppress weeds (Larson et al., 2001). Using
cover crops in a conservation tillage system is especially recommended when planting cotton, a
crop considered to be a greater erosion hazard than corn or soybean (Nyakatawa et al., 2001).
The little surface residue left by cotton after harvesting is ineffective in controlling soil erosion
by wind and water. Economic outcomes in cotton production are also tied to soil conservation
efforts. McDaniel and Hajek (1984) found a 4% decline in cotton lint yield for every centimeter
of topsoil loss, making the adoption of cover cropping and other soil conservation efforts an
important part of maintaining revenue for years to come.

A wide variety of cover crop species can be implemented depending on the desired
benefits, climate of the region, and cash crop that is being planted. The most common cover
crops used in Virginia cotton production are winter wheat (7riticum aestivum) and rye (Secale
cereale), two small grains crops with fibrous roots systems that are effective in controlling
erosion and capturing nutrients in the soil profile (Schomberg et al., 2006). Wendt and Burwell
(1985) conducted a study on no-till corn that showed the inclusion of a rye or wheat cover crop
could decrease annual soil loss by 95% compared to a fallow system. Positive effects on yields
have also been measured when using a rye cover crop. A study by Bauer and Busscher (1996)
found that rye produced a positive effect on cotton yields in a conservation tillage system but not
when planted with conventional tillage. Despite these benefits, the high biomass content and C:N
ratio of these small grain covers also have an immobilizing effect on nitrogen (N) in the soil

environment, making less N available to cotton and increasing fertilizer demands for maximum



cotton yields (Dabney et al., 2001, Reiter et al., 2008). Varco et al., (1999) described an
increased rate of 120 kg N ha™! required to produce maximum cotton lint yields following a rye
cover crop and a rate of 96 kg N ha'! required after winter fallow. This higher required N rate
that is needed raises costs for cotton producers and needs to be considered when choosing a
COVer crop.

The higher fertilizer demands present with rye could be lowered if a legume is introduced
into the mix. Leguminous cover crops such as crimson clover (7rifolium incarnatum), hairy
vetch (Vicia villosa L.), and Austrian winter pea (Pisum sativum) form a symbiotic relationship
with Rhizobium bacteria that can fix atmospheric N and contribute 32 - 45 kg N ha! to the soil N
pool, which can reduce the need for fertilizer N in cotton production when cotton follows a pure
legume cover crop stand (Brown et al., 1985; Tyler et al., 2000, Rochester et al., 2001; Sainju
and Singh, 2008). A combination of both legume species and a small grain has the potential to
offer the soil fertility benefits of both cover crops such as increased soil N, reduced N leaching,
reduced soil erosion, and increased nutrient capture (Sainju et al., 2006). Bauer et al. (1993)
showed that crimson clover and Austrian winter pea can supply adequate N and that
incorporation of rye into the green manure system did not increase N fertilization requirements
for a greater cotton yield or improved lint quality. Further research on the optimal cover crop
mix that maximizes cotton N uptake, yield, and lint quality while minimizing additional fertilizer
costs is still needed.

1.3 Nitrogen Management

An important aspect of cotton agronomy that affects yield, fiber quality, and
environmental health is nutrient management. An essential element in nutrient management is N,
a major component of chlorophyll, amino acids, and proteins in plants (Gerik et al., 1994).

Nitrogen is also vital for the proper synthesis of the seed wall and subsequent lint development in



cotton, making N management a very economically important part of cotton growth (Arnall and
Boman, 2012). Cotton is negatively affected by both under-fertilization and over-fertilization, as
N deficiency limits leaf size, carbon dioxide assimilation, fruit development, yield, and water
uptake, while N overabundance causes excessive vegetative growth, delayed maturity, and
reduced lint yield and fiber quality (Hons et al., 2004).

Nitrogen application rates must be highly customized based on soil type, location,
climate, tillage system, and potential yield in order to meet plant nutrient demands
and limit negative impacts on environmental quality. While some have observed a linear
relationship between N fertilization rates and lint yield, others have shown that yields can
stagnate or even decrease after a certain rate (Fritschi et al., 2003; Boquet et al., 2005).
The current recommended N application rates for cotton producers in Virginia range from 67-
135 kg N ha!, where 23-27 kg N ha'! is needed to produce a 218 kg bale of lint (Frame et al.,
2016). The fertilization rate in Virginia depends on soil texture, with sandier soils requiring a
Higher N rate (Frame et al., 2016). This may be due to the predisposition of sandy, well drained
soils with shallow water tables, especially coastal plain soils, to leach N into groundwater and
volatize N as gases in the atmosphere (Sallade and Sims, 1993). The balance of providing
enough N for plant use and limiting N losses is a long-standing challenge facing agroecosystems.

The placement method of N can also influence rate and the efficiency of nutrient uptake
in cotton (Mabhler, 2001). The most common forms of N application are broadcast, surface
banding, and injection (Gerik et al., 1998). Broadcasting is a method by which fertilizer is
applied uniformly across an entire field, making it a fast and economical choice for producers but
leaving the system vulnerable to denitrification, volatilization, and leaching, especially in no-till
systems (Doran, 1980). The placement and dribbling of fluid N on the soil surface is called

surface banding. This method requires less fertilizer and can improve nutrient use efficiency but



requires specific equipment for application (Mahler, 2001). Fertilizer injection can promote N
uptake by roots through precise placement of fluid N below the soil surface and into the root
zone (Thompson and Varco, 1996; Howard et al., 2001). Several studies on cotton response to N
placement have shown the inefficiency of broadcasting N in cotton production (Thompson and
Varco, 1996; Howard et al., 2001; Nkebiwe et al., 2016; Adviento-Borbe et al., 2018), but little
research comparing multiple placement methods across fertilization rates has been done on the

coastal plain soils of the southeastern United States.
1.4 Overall Objectives

The objectives of this research are to 1) examine the influence of two conservation tillage
practices and four cover crop mixes on cover crop biomass production, soil compaction, cover
crop nutrient uptake, soil N cycling, petiole nitrate (NO3-N) and cotton lint yield and 2) measure

cotton performance in response to five N rate and three placement methods of fertilizer N.
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2 Agronomic Efficiency of Cover Crop Mixes and Conservation Tillage
in Cotton Production in Southeastern Virginia

2.1 Abstract

The impact of cover crop mixes and conservation tillage on nutrient cycling and uptake of
cotton (Gossypium hirsutum L.) grown on the coastal plain soils of southeastern Virginia is not
well described. The objective of this study was to examine 1) soil compaction and cotton yield
response to strip-tillage compared to no-tillage with a precision planted tillage radish and 2) the
influence of legume mix, rye, and legume mix/rye combination cover crops with four in-season
nitrogen (N) rates applied to cotton on cover crop biomass, cover crop nutrient uptake, soil
compaction, soil N cycling, petiole nitrate-N (NOs3-N) during the first week of bloom, cotton lint
yield, and fiber quality parameters. Legume mix cover crops resulted in greater N uptake, soil
NO;-N during the growing season, and lint yields compared to LMR, rye, and fallow treatments
over both study years. Soil compaction and lint yields were not significantly different between
strip-tilled and tillage radish treatments in either year. Cover crop mix and N rate had a
significant (P<0.0001) impact on lint yield, where relative lint yields after LM were maximized
at 93% relative yield with 110 kg N ha'! applied in-season. Relative lint yields for cotton
following LM with 0 kg N ha'! applied reached 75%, measuring at least 9% higher than cotton
following other cover crop treatments. Legume cover crops preceding cotton may allow for the
reduction in fertilizer N recommendations for cotton production in southeastern Virginia.

Keywords - upland cotton, cover crops, conservation tillage, tillage radish, nitrogen cycling
2.2 Introduction

Conservation agriculture addresses the need for high production output and decreased

environmental footprint through implementing practices such as conservation tillage, cover

cropping, crop rotation, and nutrient management (Franzluebbers, 2008). A recent
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comprehensive report published by the United States Department of Agriculture (USDA)
Economic Research Service (ERS) identified the southern seaboard region of the country to have
the highest rates of both conservation tillage and cover crop adoption (Wade et al., 2015). The
authors also noted that cotton producers in this region planted a lower share of cotton in no-till
and strip-till systems than the average share for crops in conservation tillage systems (Wade et
al., 2015). To encourage higher rates of adoption by cotton producers in the southeastern U.S.
coastal plain and Virginia, a greater depth of research is needed to see the interactions between
different conservation management strategies and cotton production.

The transition from conventional agricultural practices to conservation agriculture
provides producers with a variety of tillage choices. Baker et al. (2002) describes the varied and
sometimes interchangeable terms that refer to conservation tillage practices. No-tillage (no-till),
reduced tillage, strip-tillage (strip-till), chemical fallow, and ridge tilling are all frequently
labeled as conservation tillage techniques (Baker et al., 2002). No-till leaves the soil mostly
undisturbed except for planting while strip-tillage involves planting the seed into a narrow strip
that is 25-40 cm wide and maintains residue cover (Busari et al., 2015; Wade et al., 2015).
Tillage method is a major concern in Virginia because of the hardpan layers commonly present
in the E horizon of coarse-textured, coastal plain soils (Gorucu et al., 2006).

Mixed results have been derived when testing how cotton responds to no-till and strip-till
systems. Sainju et al. (2006) found that lint yields and nitrogen (N) uptake were equal to or better
in a cover cropped no-till system than with cover cropped strip-till. Daniel et al. (1999) and
Mitchell et al. (2012) found no difference in lint yield or soil quality between the two
conservation tillage systems. Buman et al. (2005) also reported little difference between lint
yield when comparing no-till and strip-till in cotton production but noted lower production and

labor costs in no-till systems compared to strip-till. Other research has determined strip-till to be
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the premier conservation tillage system for cotton production on the basis of yield and
profitability (Khalilan et al., 2004; Schomberg et al., 2006; Raper et al., 2007). Comparison of
these two conservation tillage methods is warranted to provide updated management
recommendations for coastal plain soils in Virginia.

Biological tillage in no-till systems through the use of cover crops may also help alleviate
soil compaction in coastal plain cotton production systems. Biological tillage refers to the
creation of pores by cover crop roots which can then be used as low resistance pathways by roots
of the succeeding crop (Chen and Weil, 2010). Research conducted on the efficacy of biological
tilling in cotton has mostly focused on rye (Secale cereale) and tillage radish (Raphanus sativus).
The taproot morphology present in tillage radish makes it much more efficient in breaking up
compacted soil than rye, but results relating to its effect on cotton yields are mixed. Norsworthy
et al. (2011) determined that rye did not affect cotton yields but plots with tillage radish had
lower yields. Marshall et al. (2016) found significant reductions in soil compaction due to the
forage radish cover crop and a higher cotton lint yield in their no-till study on a coastal plain soil
in South Carolina. Though the potential for lessening soil compaction in coastal plain soils may
make forage radish an attractive option for cotton producers, more research needs to be
conducted relating cover crop types and tillage method in this region before it can be established
as a viable option for cotton production.

Cover crops can have a marked impact on N dynamics in cotton production systems and
can require adjusted rates of N fertilization in-season. Higher rates of N fertilization to produce
optimum lint yields with rye, a common cover crop for cotton, have been reported by a series of
agronomic studies (Varco et al., 1999; Howard et al., 2001; Reiter et al., 2008; Ducamp et al.,
2012). This is due to the high C:N ratio in small grain biomass that immobilizes available soil N

for microbial consumption, thus decreasing the amount of N available to cotton (Reiter et al.,
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2008). Legume cover crops are able to introduce N into the soil through N fixation and lower the
C:N ratio, thus lessening the amount of N needed to maximize yields for cotton production
systems (Larson et al., 2001; Rochester et al., 2001; Boquet et al., 2004). Other studies have
found that legumes can introduce over 150 kg N ha'! into the soil environment; however, this N
may not be mineralized from residues in phase with highest cotton N demands, which occurs at
mid-bloom for boll development (Zablotowicz et al., 2011). A combination of both rye and
legumes in cotton production systems may provide the benefits of a small grain cover crop, such
as nutrient capture, while also adding N to the soil, possibly easing the higher N rate requirement
that is needed after a pure rye cover (McCracken et al., 1994; Kuo and Sainju, 1998). Sainju and
Singh (2008) determined that a vetch-rye mix produced similar cotton N uptake, soil N storage,
and N fertilization requirements compared to a pure vetch cover on a sandy loam soil in Georgia.
Further investigation of cotton response to diverse cover crop mixes across N application rates is
warranted to understand the impacts of conservation agriculture on the coastal plain of Virginia.
The objectives of this research were to 1) compare the use of precision-planted tillage
radishes as a replacement for strip-tillage to alleviate in-row soil compaction on coastal plain
soils in Virginia and 2) evaluate the impact of legume and small grain cover crops on N cycling

and cotton performance in southeastern.
23 Materials and Methods

2.3.1 Experimental Site and Design

This study was conducted at the Tidewater Agricultural Research and Extension Center
in Suffolk, VA from 2016-2018. Soil characteristics for the two ficld sites can be found in Table
2.1 while total precipitation can be found in Fig 2.1. Strip-tilled corn (Zea mays L.) was grown
and harvested before this experiment at both sites. Corn was chosen to precede cotton in this

experiment in order to plant cover crops early in the fall to promote maximum biomass
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establishment. The experiment was a randomized complete block design, with a split-plot
treatment design where cover crop mix was the whole plot treatment. Four cover crop treatments
of fallow, rye (Secale cereale), legume mix (crimson clover: Trifolium incarnatum, hairy vetch:
Vicia villosa R., woolypod vetch: Vicia villosa R. ssp. dasycarpa), and a legume mix/rye
combination was also planted in the fall after corn harvest. The legume mix (LM) and legume
mix/rye combination (LMR) consisted of only crimson clover and woolypod vetch in 2018 due
to seed availability issues for hairy vetch in that year. Wheeler® rye (Moore Seed, Elsie, MI) was
used in 2017 while Dura rye (variety not stated) was used the following year. The seeding rates
for the cover crops were 84 kg ha'! of rye, 34 kg ha'! of the LM split evenly amongst included
species, and 56 kg ha™! of rye with 28 kg ha™! of legumes species for LMR. The subplots
consisted of a 2 x 4 factorial treatment design corresponding to the tillage and N rate treatments.
Four replications were implemented in each year. Each whole plot was eight rows wide (0.91 m
rows) x 49.1 m long. Sub-plots consisted of four rows having precision tillage radish (Raphanus
sativus) planted in the fall and cotton planted no-till in the spring while the other four rows was
strip-tilled in the spring. Tillage radish seed was drilled at a rate of 6.7 kg ha!. All cover crops
were planted with a no-till drill. Cover crops received 34 kg N ha'!, 45 kg P ha'!, and 56 kg K ha-
Uof starter fertilizer in the fall in order to promote maximum biomass establishment.

Four total N application rates were applied at 0 kg N ha'!, 45 kg N ha!, 90 kg N ha'!, and
135 kg N ha'! at side-dress. Starter N fertilizer was applied at cotton planting at a rate of 28 kg N
ha'! 5 cm from the row and 5 cm below the seed using a two-row Monosem planter outfitted with
a coulter and fertilizer knife (Monosem Inc, Edwardsville, KS). The remaining N was applied at
the matchhead square growth stage, the point where the cotton flower bud is 2-3 mm in diameter
and one-third developed (Ritchie et al., 2007). This consisted knifing in a fluid UAN (32-0-0) +

ammonium thiosulfate (21-0-0-26S) blend (UTS) at the experimental rate. Phosphorous (P) and
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potassium (K) was applied prior to planting according to Virginia's soil test recommendations for
upland cotton. Cover crop termination occurred during the late April or early May in each year
with 2.3 liters ha'! of Roundup® (Monsanto, St. Louis, MO) and Liberty® (BASF, Ludwigshafen,
Germany) (Table 2.2). This was followed by planting Phytogen® 340 W3FE cotton (Corteva
Agroscience, Indianapolis, IN) into the rows term (Table 2.2). An agronomic management
schedule can be found in Table 2.2.
2.3.2  Soil Measurements

Prior to cotton planting, soil compaction was measured to the depth at which soil
resistance is equal to 2,068 kPa using an analog Dickey-john dial penetrometer. Three
measurements were taken from each tillage subplot at 0 cm, 15 cm, 30 cm, and 45 cm from the
row. Soil ammonium (NH34-N) and nitrate (NO3-N) concentration were also measured from each
subplot receiving 0 kg N ha! at 0-15, 15-30, 30-60, and 60-90 cm depths from May through
September. Soil samples were air dried and extracted with 2M KCl. Ammonium-N and NO3-N
concentrations for each sampling depth were determined using the cadmium reduction
colorimetric method (QuickChem Method 12-107-04-1-B) on a Lachat 8500 flow injection
colorimeter (Lachat Instruments, Loveland, CO).
2.3.3 Plant Measurements

Prior to cover crop termination in the spring of each year, biomass was sampled from
0.25 m? of cover crop whole plots and dried at 60° C. Samples were ground to a pass through a 1
mm sieve and a nutrient analysis for N, phosphorus (P), potassium (K), and sulfur (S) was
conducted by Water Agricultural Laboratories (Camilla, Georgia). Twenty-four cotton petiole
samples were randomly sampled from the fourth true main stem leaf in the first and fourth row
of each subplot during the 1% week of bloom. Petiole samples were then dried at 60° C, ground

through a 1 mm sieve, and extracted with 2% acetic acid. Extracts were analyzed for NO3-N
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using the cadmium reduction colorimetric method (QuickChem Method 3-107-04-1-A) on a
Lachat 8500 flow injection colorimeter (Lachat Instruments, Loveland, CO).
2.3.4 Harvesting

Twenty-five bolls were collected prior to mechanical harvest from random plants in the
center two rows of each plot for lint quality analysis. A commercial two-row cotton picker
modified for small plots research was used to harvest the center two rows of each plot. A 10 saw
micro-gin was used to determine lint proportion from seed cotton using the 25 boll samples. Lint
was sent to the USDA Cotton Program Classing Office in Florence, South Carolina where it was
analyzed for quality via high volume analysis instrument (HVI) to measure fiber length, strength,
micronaire, and uniformity. Relative yield was determined to limit site-year differences and was
calculated as individual plot lint yield divided by the highest average treatment yield per year.
2.3.5 Statistical Analysis

The study was analyzed as a randomized complete block design with split-plot treatment
design having a 2 x 4 factorial treatment design in the sub-plots with four replications. An
ANOVA was performed to determine differences among treatments in cover crop biomass, cover
crop nutrient uptake, soil compaction, soil NOs-N, soil NHs-N, petiole NOs-N, lint yield, and lint
quality parameters using PROC GLIMMIX in SAS 9.3 (SAS, Cary, North Carolina). A
comparison of fit analysis using the extra sum-of-squares F test was performed in GraphPad
Prism version 8.0.0 for Mac (GraphPad Software, San Diego, CA) to determine the best
regression model fit per relative lint yield following each cover crop treatment versus applied N
rate in-season. Relative yield data was combined over the two growing seasons for this
comparison of fit analysis. Cover crop treatments and corresponding relative lint yields that were
best fit by a quadratic, second order polynomial regression curve were subjected to the quadratic

plateau model using PROC NLIN in SAS 9.3 to determine the optimal N rate applied in-season
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for cotton grown after that cover crop treatment. All comparison analyses were measured at an o

=0.10 level of significance.
2.4 Results

2.4.1 Cover Crop Biomass

Planting a cover crop had significant effects on total biomass production in both 2017
(P<0.0001) and 2018 (P<0.0001) (Tables 2.3; Table 2.4). In 2017, total biomass amounts from
rye, LM, and LMR was significantly higher than plots that were fallow (Table 2.3). In 2018,
plots with LM and LMR produced more biomass than plots with rye and fallow treatments,
respectively (Table 2.4). Nitrogen uptake in biomass was also greater in mixes with a legume
species compared to rye and fallow plots in 2017 (Table 2.3). Legume mix had the highest N
uptake in 2018, followed by LMR, rye, and fallow plots (Table 2.4). Rye, LM, and LMR
biomass took up significantly higher P compared to fallow biomass in both years (P<0.0001)
(Table 2.3; Table 2.4). LM and LMR biomass took up significantly higher K and S compared to
fallow and rye biomass in both years (P<0.0001) (Table 2.3; Table 2.4).
2.4.2  Soil Compaction

In 2017, the depth to the root restrictive layer was not significantly different between
strip-tilled plots and plots with no-till and precision-planted tillage radish (P=0.55). The only
significant effects determining the depth to the root restrictive layer was distance from the corn
row (P<0.0001) and cover crop treatment (P=0.01). The further away from the corn row, the
shallower the depth to the root restrictive layer (Fig. 2.2). Inclusion of a cover crop resulted in a
statistically greater depth to the root restrictive layer compared to fallow plots (Fig. 2.2). In 2018,
the only significant factor (P<0.0001) determining vertical distance to root restrictive layer was
the distance from the corn row (Fig. 2.3). Tillage type (P=0.86) and cover crop (P=0.433)

treatment did not have a significant effect on soil compaction in 2018 (Fig. 2.3)

19



2.4.3  Soil NOs-N and NH4-N

In 2017, soil NO3-N concentrations generally decreased over the growing season (Fig.
2.4). Cover crop treatment (P<0.0001) and sampling depth (P<0.0001) had significant effects on
soil NO;-N in each month of the growing season. Mean NO3-N concentration in plots after LM
was significantly higher than other cover crop treatments in all months. Sampling depth
(P<0.0001) was significant throughout the growing season and the interaction between cover
crop treatment and sampling depth was significant in all months except July (Supplementary
Table 1, Appendix A). In 2017, soil NO3-N concentrations fluctuated over sampling depths
during the growing season. Soil NOs-N concentrations were greater in the 0-30 cm sampling
depths in plots with LM during the beginning of the growing season, but from July to September
soil NO;-N concentrations were greater after LM from 30-90 cm in the soil profile compared to
the 0-30 cm sampling depths (Fig. 2.4). The only significant factor in determining soil NHs-N in
2017 was sampling depth (P<0.0001) while cover (P=0.19) and the interaction of cover and
depth (P=0.97) were not significant (Table 2.5). The 0-15 cm soil depth contained the highest
concentration of soil NH4-N and soil NH4-N concentrations decreased with sampling depth
(Table 2.5).

In 2018, mean NOs-N concentrations were lower compared to the 2017 growing season
(Fig. 2.4; Fig 2.5). Cover crop treatment (P<0.0001) had a significant effect on soil NOs-N in all
months except for September (P=0.12). Mean NO3-N concentration in plots after LM were
significantly higher than other cover crop treatments in all months except September. Sampling
depth (P<0.0001) was significant across the growing season, whereby soil NO3-N was highest in
the top 0-15 cm sampling layer in each month (Fig. 2.5). The interaction of cover and sampling
depth was only significant in the month of May (Supplementary Table 2, Appendix A). Like in

2017, the top 0-15 cm of soil after LM contained the highest amount of soil NO3-N amongst
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treatments in May (Fig. 2.4; Fig. 2.5). Cover crop treatment did not have an effect on soil NHy-
N concentrations in 2018, but sampling depth (P<0.0001) was significant in May and September
of that year (Table 2.6). The 60-90 cm depth had the highest soil NH4-N compared to the other
sampling depths in 2018 (Table 2.6). The interaction between cover and sampling depth was
insignificant with respect to soil NH4-N in each month (P=0.65).
2.4.4  Petiole NOs-N Concentrations

In 2017, cover crop treatment (P=0.09) and N rate (P<0.0001) affected petiole NO3-N
concentrations during the first week of bloom. Petiole NO3-N concentrations increased as
applied N rate increased to 90 kg N ha'! (Fig. 2.6). The mean petiole NO3-N concentration for
cotton grown after LM (7,050 mg NOs-N kg'!) was statistically higher than petiole
concentrations after fallow (5,336 mg NOs-N kg™!). Petiole concentrations after rye (6,244 mg
NOs-N kg'!) and LMR (5,754 mg NOs-N kg'!) were statistically similar to petiole NO3-N
concentrations in cotton following LM and fallow treatments. An interaction between cover crop
and N rate was not detected (P=0.20) in 2017. In 2018, petiole NO3-N concentrations were lower
than petiole NO3-N concentrations during 2017 (Fig. 2.6; Fig. 2.7). Only N rate had significant
effects (P<0.0001) on petiole NO3-N concentrations during the first week of bloom in 2018 (Fig.
2.6). Petiole NOs3-N concentrations increased as applied N rate increased to 135 kg N ha™! (Fig.
2.7). Cover crop treatment (P=0.35) and the interaction of cover crop and N rate (P=0.60) were
not significant in determining petiole NO3-N in 2018.
2.4.5 Lint Yields

Lint yields varied from 1,014 to 2,687 kg ha! in 2017 (data not shown). Cover crop
treatment (P<0.0001), N rate (P<0.0001), and their interaction (P=0.004) all had significant effects
on lint yield in 2017. Tillage treatment did not have a significant effect on lint yield (P=0.84). Lint

yield generally increased with increasing applied N rate (Fig. 2.8). Each cover crop treatment
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resulted in statistically different lint yields. The mean lint yield across all N rates was greatest
following LM (1,696 kg ha'!), LMR (1,603 kg ha'), fallow (1,473 kg ha'), and rye (1,358 kg ha
1 cover crop treatments. Figure 2.8 shows the lint yield response to cover crop treatment and N
rate in 2017.

Lint yields varied from 513 to 1,834 kg ha! in 2018 (data not shown). Cover crop treatment
(P=0.015) and N rate (P<0.0001) had significant effects on lint yield in 2018. Tillage treatment
did not have a significant effect (P=0.94) on lint yield. Mean lint yield (1,303 kg ha!) following
LM was significantly higher compared to the other cover crop treatments (Fig. 2.9). Lint yield
generally increased with increasing N rate (Fig. 2.9). No interaction of cover crop treatment and
N rate (P=0.26) was detected in 2018. Figure 2.9 shows the lint yield response to cover crop
treatment and N rate in 2018.

Comparison of fits analysis determined that Ho should not be rejected for response of
relative lint yield to applied N following fallow (P=0.65), rye (P=0.96), and LMR (P=0.93) cover
crop treatments, indicating that the best fit regression model is a first order polynomial (Fig. 2.10).
An optimal N rate using the quadratic plateau model was thus not calculated for relative lint yield
following fallow, rye, and LMR cover crop treatments across applied N rates (Fig 2.10). The null
hypothesis (Ho) was rejected for relative lint yield response to applied N after LM (P=0.05),
indicating that relative lint yield response to applied in-season N rate after LM was best fit by a
second order polynomial, or a quadratic polynomial (Fig. 2.10). The quadratic plateau model
determined that cotton relative lint yield is maximized at 110 kg N ha'! applied in-season to achieve
a relative lint yield of 93% at harvest (Fig. 2.10).

2.4.6 Lint & Fiber Quality
In 2017, N rate had a significant effect (P=0.019) on lint percent turnout but cover crop

treatment (P=0.23) and the interaction of cover crop treatment and N rate (P=0.16) was not
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determined to have a significant effect (Table 2.7). Lint harvested after applied N rates of 0, 45,
and 90 kg N ha! had statistically higher (45%) mean lint percent turnout compared to lint
sampled after 135 kg N ha'! applied in-season (44%; Table 2.7). In 2018, neither cover crop
treatment, N rate, or their interaction had an impact on lint percent turnout (Table 2.8). Nitrogen
rate was the only treatment that affected fiber quality in this study. In 2017, N rate (P=0.016) had
a significant effect on fiber micronaire, where fiber micronaire decreased with increasing N rate
(Table 2.7). Cover crop treatment (P=0.53) and the interaction between N rate and cover crop
treatment (P=0.57) did not have a significant effect on fiber micronaire. Nitrogen rate also had a
significant effect (P=0.06) on fiber strength in 2017, where cotton applied with 90-135 kg N ha!
produced fibers with lower strength compared to cotton applied with 0-90 kg N ha'! (Table 2.7).
Fiber strength and uniformity was not affected by treatments in 2017 (Table 2.8). In 2018, fiber
strength (P=0.005), fiber length (P=0.002), and fiber uniformity (P=0.004) increased with
increasing applied N rate (Table 2.8). Fiber micronaire was not affected by any treatments in
2018 (Table 2.8)
2.5 Discussion

The aim of the present study was to determine how legume and small grain cover crops in a
conservation tillage system influence nutrient cycling and cotton performance in southeastern
Virginia. Our results concerning biomass production and nutrient uptake are in agreement with
other research (Boquet et al., 2004; Zablowtowicz et al., 2011). Predictably, winter cover crops
produced a higher amount of biomass compared to fallow plots with winter weeds in both years.
The smaller biomass yield observed from rye plots in 2018 may be attributed to variety
differences between the two study years. The rye variety used in the second year of the study was
Durarye, a variety that is adapted to colder climates and does not establish as much biomass

compared to the Wheeler® rye planted during the previous trial year. This resulted in lower
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biomass production in cover crop treatments including rye in 2018 compared to the previous
year. The current study also observed the greatest N uptake in mixes with legume species, most
likely due to the N fixation occurring during legume growth. Kuo and Sainju (1998) reported a
similar uptake pattern in their study comparing ratios of hairy vetch and cereal rye in cover crop
mixes. While N has been the major macronutrient of study in cover crop research, the present
study observed a significant amount of K and S uptake with treatments containing legume
species compared to rye and fallow treatments. Legume species have been shown to be a sink for
cations like K, while bicultural mixes with legumes and Brassica species can be catch crops for
mineral S (Groffman et al., 1987; Anugroho et al., 2010; Couedel et al., 2018). The capability of
legume species cover crops to absorb K and S may result in increased availability in the soil
during the growing season. Coastal plain cotton often has K and S deficiencies, so future studies
should investigate contributions of cover crops to coastal plain soil fertility.

Higher N uptake from N fixation in LM biomass translated to higher soil NOs-N over the
growing season after LM. This finding reflects several other studies on legume species
contributions to soil mineral N concentration through N fixation (Schomberg and Endale, 2004;
Zablotowicz et al., 2011). Lower amounts of soil NO3-N following the mixes that included cereal
rye may be the result of N immobilization, the conversion of plant-available N into organic
matter and making it unavailable for plant uptake (Sullivan and Andrews, 2012). Soil NH4-N
concentrations responded inconsistently according to cover crop treatment and sampling depth
across years. Ammonium-N is often the preferred form of N for assimilation by microbes and
most NHy-N is nitrified to NOs-N in the aerated, sandy soils present in this study (Geisseler et
al., 2010). This often leaves very little NHs-N left compared to NO3-N for plant uptake
(Robertson, 1997). Lack of a NH4-N response to cover crop treatment has been reported

elsewhere (Isse et al., 1999; Dean and Weil, 2009). Soil NH4-N concentrations have also been
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determined to vary greatly within regions, possibly explaining the variability across depths and
sites observed here (Nieder et al., 2011).

Planting a tillage radish in a no-till system was determined to be an acceptable substitute for
strip-tilling in this experiment with regard to the depth to the root restrictive layer in soil. Licht
and Al-Kaisi (2005) also observed similar soil penetration resistance for both strip-tilled and no-
till soil. The capabilities of Brassica species to penetrate compacted soil and lessen soil strength
for the following crop has been well established (Williams and Weil, 2004; Chen and Weil,
2010; Marshall et al., 2016). The 2017 growing season did see a difference in soil compaction
from cover crop treatments, where all cover crop treatments had a deeper mean depth to the root
restrictive layer compared to the fallow treatment (Fig. 2.2). Decreased soil strength after cover
crops has been reported in several studies (Raper et al., 2000, Rosolem et al., 2002, Chen and
Weil, 2010). This effect was only observed at the site used in 2017, however (Fig. 2.2, Fig. 2.3).

Mineral N contributions from the LM treatment were apparent when measuring cotton
response. Petiole analysis showed increased mean petiole NO3-N after LM in 2017 compared to
other cover crop treatments. This finding is in agreement with Foote et al. (2014), who also saw
elevated petiole NO3-N concentrations after planting a legume species. Only N rate had an effect
on petiole NOs3-N in 2018, which may have been due to the overall lower soil NO3-N measured
in 2018 compared to 2017 (Fig. 2.4, Fig. 2.5). Elevated NO3-N concentrations in LM biomass,
soil, and petioles translated to elevated lint yields after LM in both years. Lint yields were lower
in 2018 compared to 2017, corresponding to the lesser soil NO3-N and petiole NO3-N observed
in 2017 (Fig. 2.8, Fig. 2.9). Several studies have reported cotton yield increases after legume
species cover crops, mostly attributed to greater concentrations of mineral N present in the soil
after legume species establishment and subsequent N fixation (Torbert et al., 1996;

Zablowtowicz et al., 2011). While some studies have questioned whether soil N after legume
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species can be mineralized in time for peak cotton demand, yield response after legumes were
significantly higher compared to the other cover crop treatments in the present study (Dabney et
al., 2001; Zablowtowicz et al., 2011). Lower yields after inclusion of rye in LMR compared to
yields after LM is due to the tendency of small grains to immobilize soil NO3-N mineralized by
legumes in the LMR treatment, thus making it unavailable to the proceeding cotton for boll
development (Schomberg and Endale, 2004; Reiter et al., 2008).

Though lint yields were greater in 2017 than in 2018, lint yield response to N rate based
on preceding cover crop was similar in both years. Predictably, yield generally increased as the
applied in-season N rate on cotton increased. Relative yields following LM were optimized at
93% relative yield plateau with 110 kg N ha'! applied in-season while cotton following LMR,
rye, and fallow treatments did not reach a relative yield plateau between 0 and 135 kg N ha'!
applied in-season. Even with 0 kg N ha! applied in-season, relative yields after LM reached
76%, which was 20%, 22%, and 9% higher than relative yields after fallow, rye, and LMR with 0
kg N ha! applied at side-dress, respectively (Fig. 2.10) A lower optimal N rate for cotton
following legume species has been reported before (Rochester et al., 2001; Sainju et al., 2006;
Sainju and Singh, 2008; Foote et al., 2014), as has the increased N requirement for cotton grown
after rye (Reiter et al., 2008). Implementation of LM resulted in clear yield advantages for cotton
grown on the coastal plain soils of southeastern Virginia. This finding differs from another
experiment on sandy loam soils by Sainju et al. (2006), who claims that a preceding hairy
vetch/rye mix with 65 kg N ha'! applied in-season produced greater N efficiency and cotton
yields in their study. Their measured lint yields were 200-300 kg ha™! less than the present study
on average, however (Sainju et al., 2006). Sainju et al. (2006) also found increased N leaching at

a 30 cm soil depth after a pure hairy vetch stand compared to a hairy vetch/rye mix. We did
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measure elevated NOs3-N leaching in the 30-90 cm sampling depths after LM in our study, but
only at the site used in 2017.

Conservation tillage method was also tested to investigate how strip-tilled cotton yields
compare to cotton grown in a no-till system with a precision-planted tillage radish. Lint yields
did not significantly differ between strip-tilled and no-till treatments in both. Comparable lint
yields between two conservation tillage method have been reported elsewhere while others have
shown that strip-tillage can produce higher yields compared to no-till (Wiatrak et al., 2005;
Sainju et al., 2006, Marshall et al., 2016). Nutrient acquisition and release by tillage radishes
may have also contributed to competitive yields compared to strip-tillage. Dean and Weil (2009)
observed a significant uptake of soil NO3-N in fall-planted tillage radishes that was subsequently
released from the radish after decomposition during the spring months. Additional nutrient
contributions from tillage radishes may have thus increased lint yields in the present study.
Inclusion of a no-till treatment with no cover crops in a future study can help determine lint yield
response to planting a tillage radish on coastal plain soils.

Lint percent turnout and fiber quality response varied during both study years. High N
rates resulted in a lower percent lint turnout in 2017 but no treatment effects were observed for
lint percent turnout measured in 2018. Lint percent turnout has been reported to vary under a
variety of experimental and environmental conditions, thus making our varied results
unsurprising (Verhalen et al., 2003; Reiter et al., 2008; Boman, 2012). Satisfactory lint percent
proportions from seed cotton can range from 38-42%, implying that the lint percent turnout
yielded under the present experimental conditions (44-45%) are acceptable for producers
(Boman, 2012). Fiber quality parameters were only affected by applied N rate, but results were
not consistent across the study years. In 2017, fiber micronaire and strength decreased with

increasing N fertilization while length and uniformity were unaffected. However, in 2018, fiber
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uniformity, length, and strength increased with applied N rate while fiber micronaire was not
affected by N rate. Other research regarding fiber quality response to N management has
produced mixed results as well (Bauer and Roof, 2004; Read et al., 2006; Saleem et al., 2010;
Gormus and El Sabagh, 2016). Fiber quality has also been reported to rely on cotton variety
more than agronomic management decisions (Saleem et al. 2010). While it is unknown why the
single variety used here (PHY 340 W3FE) responded differently to treatments across years,
environmental factors such as moisture, temperature, pest exposure, and sunlight can also impact
fiber quality response within a growing season (Davidonis et al., 2004). Nevertheless, the fiber
quality measurements derived from the cotton grown in this study is satisfactory for purchase
based on the standards reported by Cotton Incorporated (Cotton Incorporated, 2019).
2.6 Conclusions

This study aimed to understand nutrient cycling and cotton response on coastal plain soils by
implementing four cover crop mixes, two conservation tillage methods, and four in-season N
rates. Overall, LM produced greater N uptake in cover crop residue, soil NO3-N during the
growing season, and lint yields compared to LMR, rye, and fallow treatments. Cotton grown
after LM with 0 kg N ha'! applied in season produced relative lint yields similar to cotton grown
after LMR, rye, and fallow treatments at 90-135 kg N ha'! applied in season. An optimal N rate
of 110 kg N ha! applied to cotton after LM was calculated to reach 93% relative lint yield
plateau across years. Finally, the use of a precision planted tillage radish in a no-till system was
determined to be a comparable substitute to strip-tillage based on both pre-plant soil compaction
measurements and lint yields. Future extensions of this research could involve investigations of
K and S release from legume residue to the soil or tillage radish contributions to nutrient cycling

on coastal plain soils.

28



2.7 References

Anugroho, F., Kitou, M., Nagumo, F., Kinjo, K., and Jayasinghe, G. 2010. Potential growth of
hairy vetch as a winter legume cover crops in subtropical soil conditions. Soil Science
and Plant Nutrition 56: 254-262. https://doi.org/10.1111/1.1747-0765.2010.00445 .x

Baker, C.J., K.E. Saxton, and W.R. Ritchie. 2002. No-Tillage Seeding: Science and Practice. 2nd

ed. Oxford, UK: CAB International.

Bauer, P.J. and M.E. Roof. 2004. Nitrogen, aldicarb, and cover crop effects on cotton yield and
fiber properties. Agronomy Journal 96:369-376. https://doi:10.2134/agronj2004.3690

Boman, R. 2012. Estimating cotton yield using boll counting. Oklahoma State University
Extension Publication.
http://cotton.okstate.edu/yieldestimation/OK%20Yield%20Estimation%202012.pdf

Boquet, D.J., R.L. Hutchinson, and G.A. Breitenbeck. 2004. Long-term tillage, cover crop, and
nitrogen rate effects on cotton: Yield and fiber properties. Agronomy Journal 96:1436—

1442. https://doi:10.2134/agronj2004.1436

Buman, R.A., B.A. Alesii, J.F. Bradley, J.L. Hatfield, and D.L. Karlen. 2005. Profit and yield of
tillage in cotton production systems. Journal of Soil and Water Conservation 60:235-242.

Busari, M.A., S.S. Kukal, A. Kaur, R. Bhatt, A.A. Dulazi. 2015. Conservation tillage impacts on
soil, crop, and the environment. International Soil and Water Conservation Research

3:119-129. https://doi.org/10.1016/j.iswer.2015.05.002
Chen, G. and R.R. Weil. 2010. Penetration of cover crop roots through compacted soils. Plant

and Soil 331: 31-43. http://dx.doi.org/10.1007/s11104-009-0223-7

29



Cotton Incorporated. 2019. Classification of upland cotton. Cotton Incorporated: Cotton
Production. https://www.cottoninc.com/cotton-production/quality/classification-of-
cotton/classification-of-upland-cotton/

Couedel, A., L. Aletto, and E. Justes. 2018. Crucifer-legume cover crop mixtures provide
effective sulphate catch crop and sulphur green manure services. Plant and Soil 426:61-
76. https://doi.org/10.1007/s11104-018-3615-8

Dabney, S.M., J.A. Delgado, and D.W. Reeves. 2001. Using winter cover crops to improve soil
and water quality. Communications in Soil Science and Plant Analysis 32:1221-1250.
https://doi.org/10.1081/CSS-100104110

Daniel, J.B., A.O. Abaye, M.M. Alley, C.W. Adcock, and J.C. Maitland. 1999. Winter annual
cover crops in a Virginia no-till cotton production system: I. Biomass production, ground
cover, and nitrogen assimilation. Journal of Cotton Science 3:74-83.

Davidonis, G.H., A.S. Johnson, J.A. Landivar, and C.J. Fernandez. 2004. Cotton fiber quality is
related to boll location and planting date. Agronomy Journal 96:42-47.
doi:10.2134/agronj2004.4200

Dean, J.E., and R.R. Weil. 2009. Brassica cover crops for nitrogen retention in the Mid-Atlantic
coastal plain. Journal of Environmental Quality 6:520-528.
https://doi.org/10.2134/jeq2008.0066

Ducamp, F., F.J. Arriaga, K.S. Balcom, S.A. Prio, E. vam Santen, C.C. Mitchell. 2012. Cover
crop biomass harvest influences cotton nitrogen utilization and productivity. International
Journal of Agronomy 1012: 420624. http://dx.doi.org/10.1155/2012/420624

Franzluebbers, A.J. 2008. Linking soil and water quality in conservation agricultural systems.

Journal of Integrative Biosciences 6: 15-29.

30



Foote, W., K. Edmisten, R.Wells, D. Jordan, and L. Fisher. 2014. Cotton response to nitrogen
derived from leguminous cover crops and urea ammonium nitrate. Journal of Cotton
Science 18:367-375.

Geisseler, D., W.R. Horwath, R.G. Joergensen, B. Ludwig. 2010. Pathways of nitrogen
utilization by soil microorganisms — A review. Soil Biology & Biochemistry 42: 2058-
2067. https://doi.org/10.1016/j.s011bi0.2010.08.021

Gormus. O. and A. El Sabagh. 2016. Effect of nitrogen and sulfur on the quality of the cotton
fiber under Mediterranean conditions. J. of Exp. Bio. and Agri. Sci 4:662-668.
http://dx.https://doi.org/10.18006/2016.4(Issue6).662.669

Gorucu, S. A. Khalilian, Y.J. Han, R.B. Dodd, and B.R. Smith. 2006. An algorithm to determine
the optimal tillage depth from soil penetrometer data in coastal plain soils. Applied
Engineering in Agriculture 22: 625-631.

Groffman, P.M., Hendrix, P.F., and Crossley, D.A. 1987. Effects of a winter legume on
phosphorus, potassium, calcium, and magnesium cycling in humid subtropical
agroecosystem. Agriculture, Ecosystems & Environment 18:281-289.
https://doi.org/10.1016/0167-8809(87)90095-8

Howard, D.D., C.O. Gwathmey, M.E. Essington, R.K. Roberts, and M.D. Mullen. 2001.
Nitrogen fertilization of no-till cotton on loess-derived soils. Agronomy Journal 93:157—
163. https://doi:10.2134/agronj2001.931157x

Isse, A.A., A.F. MacKenzie, K. Stewart, D.C. Cloutier, and D.L. Smith. 1999. Cover crop and
nutrient retention for subsequent sweet corn production. Agronomy Journal 91: 934-939.

doi:10.2134/agronj1999.916934x

31



Khalilian, A., M. Jones, M. Sullivan, J. Frederick, P. Bauer, and W. Busscher. 2004. Comparison
of the strip-tillage system in coastal plain soils for cotton production. Proceedings of the

Beltwide Cotton Conferences, National Cotton Council of America, Memphis, TN.

Kuo, S., and U.M. Sainju. 1998. Nitrogen mineralization and availability of mixed leguminous
and non-leguminous cover crop residues in soil. Biology and Fertility of Soils 26: 346-
353. https://doi.org/10.1007/s003740050387

Larson, J.A., R.K. Roberts, E.C. Jaenicke, D.D. Tyler. 2001. Profit-maximizing nitrogen
fertilization rates for alternative tillage and winter cover systems. Journal of Cotton
Science 5:156-168.

Licht, M.A. and M. Al Kaisi. 2005. Strip-tillage effect on seedbed soil temperature and physical
properties. Soil and Tillage Research 80: 233-249. https://doi:10.1016/j.sti11.2004.03.017

Maguire, R.O. and S.E. Heckendorn. 2011. Virginia Tech Soil Testing Laboratory Laboratory
Procedures. Virginia Cooperative Extension. Publication 452-881.

Marshall, M.W., P. Williams, A. M. Nafchi, J.M. Maja, J. Payero. J. Mueller, and A. Khalilian.
2016. Influence of tillage and deep-rooted cool season cover crops on soil properties,
pests, and yield responses in cotton. Open Journal of Soil Sciences 6:149-158.
http://dx.doi.org/10.4236/0jss.2016.610015

McCracken, D.V. M.S. Smith, J.H. Grove, C.T. MacKown, and R.L. Blevins. 1994. Nitrogen
leaching as influenced by cover cropping and nitrogen source. Soil Science Society of
America Journal 58: 1476-1483.

https://doi:10.2136/sssaj1994.03615995005800050029x

32



Mitchell, J.P. L. Carter, D. Munk, K. Klonsky, R. Hutmacher, and A. Shrestha. 2012.
Conservation tillage systems for cotton advance in the San Joaquin Valley. California
Agriculture 66: 108. https://doi.org/10.3733/ca.v066n03p108

Nieder, R., D.K. Benbi, and H.W. Scherer. 2011. Fixation and defixation of ammonium in soils:
a review. Biology and Fertility of Soils 47: 1-14. https://doi.org/10.1007/s00374-010-
0506-4

Norsworthy, J.LK. M. McClelland, G. Griffith, S. K. Bangarwa, and J. Still. 2011. Evaluation of
cereal and Brassicaceae cover crops in conservation-tillage, enhanced, glyphosate-
resistant cotton. Weed Science Society of America 25: 6-13. https://doi.org/10.1614/WT-
D-10-00040.1

Raper, R.L., D.W. Reeves, C.H. Burmester, and E.B. Schwab. 2000. Tillage depth, tillage
timing, and cover crop effects on cotton yield, soil strength, and tillage energy
requirements. Applied Engineering in Agriculture 16: 379-385.

Raper, R.L. and D.W. Reeves, J.N. Shaw, E. van Santen, and P.L. Mask. 2007. Benefits of site-
specific subsoiling for cotton production in Coastal Plain soils. Soil & Tillage Research

96: 174-181. https://doi:10.1016/].stil1.2007.05.004

Read, J.J., K.R. Reddy, J.N. Jenkins. 2006. Yield and fiber quality of upland cotton as influenced
by nitrogen and potassium nutrition. Europ. J. of Agron. 24:282-290.

https://doi:10.1016/j.eja.2005.10.004

33



Reiter, M.S., D.W. Reeves, C.H. Burmester. 2008. Cotton nitrogen management in a high-
residue conservation system: source, rate, method, and timing. Soil Science of America

Journal 72: 1330-1336. https://10.2136/sssaj2007.0314

Ritchie, G.L., C.W. Bednarz, P.H. Jost, and S.M. Brown. 2007. Cotton Growth and
Development. In: Cotton Growth and Development. University of Georgia Cooperative
Extension.http://cotton.tamu.edu/General%20Production/Georgia%20Cotton%20Growth

%20and%20Development%20B1252-1.pdf

Rochester, 1.J., M.B. Peoples, G.A. Constable. 2001. Estimation of the N fertiliser requirement of
cotton grown after legume crops. Field Crops Research 70: 43-53.
https://doi.org/10.1016/S0378-4290(00)00150-7

Rosolem, C.A., J.S.S. Foloni, and C.S. Tiritan. 2002. Root growth and nutrient accumulation in
cover crops as affected by soil compaction. Soils and Tillage Research 65: 109-115.
https://doi.org/10.1016/S0167-1987(01)00286-0

Sainju, U.M., W.F. Whitehead, B.P. Singh, and S. Wang. 2006. Tillage, cover crops, and
nitrogen fertilization effects on soil nitrogen and cotton and sorghum yields. European

Journal of Agronomy 25:372-382. https://doi.org/10.1016/j.€ja.2006.07.005

Sainju, U.M. and B.P. Singh. 2008. Nitrogen storage with cover crops and nitrogen fertilization
in tilled and nontilled soils. Agronomy Journal 100: 619-627.
https://doi:10.2134/agronj2007.0236

Saleem, M.F., M.F. Bilal, M. Awais, and M.Q. Shahid. 2010. Effect of nitrogen on seed cotton
yield and fiber qualities of cotton (Gossypium hirsutum L.) cultivars. J. of Animal and

Plant Sci. 20:23-27.

34



SAS Institute. 2012. SAS/STAT User’s Guide. Version 9.3. SAS Inst., Cary, NC.

Schomberg, H.H., R.G. McDaniel, E. Mallard, D. M. Endale, D.S. Fisher, and M.L. Cabrera.
2006. Conservation tillage and cover crop influences on cotton production on a
Southeastern U.S. Coastal Plain Soil. Agronomy Journal 98(5): 1247-1256.
https://doi:10.2134/agronj2005.0335

Schomberg, H. and D. Endale. 2004. Cover crop effects on nitrogen mineralization and
availability in conservation tillage cotton. Biology and Fertility of Soils 41: 73-74.

https://doi.org/10.1007/s00374-004-0795-6

Sullivan, D.M. and N.D. Andrews. 2012. Estimating plant-available nitrogen release from cover
crops. Pacific Northwest Extension Publication.
https://www.uvm.edu/vtvegandberry/NMP/PANFromCoverCrops.pdf

Torbert, H.A., D.W. Reeves, and R.L. Mulaney. 1996. Winter legume cover crop benefits to
corn: rotation vs. fixed-nitrogen effects. Agronomy Journal 88:527-535.
https://www.ars.usda.gov/ARSUserFiles/60100500/csr/ResearchPubs/torbert/torbert 96d.
pdf

Varco, J.J., S.R. Spurlock, and O.R. Sanabria-Garro. 1999. Profitability and nitrogen rate
optimization associated with winter cover crop management in no-tillage cotton. Journal

of Production Agriculture. 12: 91-95. https://d0i:10.2134/jpa1999.0091
Verhalen, L.M., B.E. Greenhagen, and R.W. Thacker. 2003. Lint yield, lint percentage, and fiber
quality response in bollgard, roundup ready, and bollgard/roundup ready cotton. Journal

of Cotton Science 7:23-28.

35



Wade, T., R. Claassen, and S. Wallander. 2015. Conservation-practice adoption rates vary
widely from crop and region. EIB-147. U.S. Department of Agriculture. Economic

Research Service.

Williams, S.M. and R.R. Weil. 2004. Cover crop root channels may alleviate compaction effects
on soybean crop. Soil Science Society of America Journal 68:1403-1409.
http://dx.doi.org/10.2136/ss52j2004.1403

Wiatrak, P.J., D.L. Wright, and J.J. Marois. 2005. Evaluation of strip-tillage on weed control,
plant morphology, and yield of glyphosate-resistant cotton. Journal of Cotton
Science 9: 10-14.

Zablotowicz, R.M., K.N. Reddy, L.J. Krutz, R.E. Gordon, R.E. Jackson, L.D. Price. 2011. Can
leguminous cover crops partially replace nitrogen fertilization in Mississippi Delta Cotton
Production? International Journal of Agronomy 211: 135097.

http://dx.doi.org/10.1155/2011/135097

36



2.8 Figures & Tables

25+
2017
20- _ .
= — E3 2018
£ —
s —
c 154 — —
8 = =
g — —
— | | [r—
S 10 I = = = = =
2 = = = = =
o — = — — —
- —] — — ]
5— = = | = ]
— ! - ] !
— — — — —
0- — | _— — -
May June July August September
Month

Figure 2.1 Monthly precipitation at the Tidewater Agricultural Research and Extension Center
in Suffolk, VA during the 2017 and 2018 growing seasons.
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Figure 2.2 Pre-plant soil penetrometer measurements to the root restrictive layer (2,068 kPa) in
strip-tilled and no-till plots with tillage radish plots before the 2017 growing season. Non-
significant differences between the depth to the root restrictive layer between tillage systems is
marked at each sampling distance with “ns.”
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Figure 2.3 Pre-plant soil penetrometer measurements to the root restrictive layer (2,068 kPa) in
strip-tilled and no-till plots with tillage radish before the 2018 growing season. Significant
differences in the depth to the root restrictive layer is indicated by “**”. Non-significant
differences between the depth to the root restrictive layer between tillage systems is marked at

each sampling distance with “ns.”
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Figure 2.4 Soil NO;-N concentrations after fallow, rye, legume mix, and legume mix/rye
combination cover crop termination at 0-15, 15-30, 30-60, and 60-90 cm sampling depths from

May-September in 2017.
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Figure 2.5 Soil NOs-N concentrations after fallow, rye, legume mix, and legume mix/rye
combination cover crop termination at 0-15, 15-30, 30-60, and 60-90 cm sampling depths from
May-September in 2018.
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Figure 2.6 Petiole NOs-N concentrations in 2017 during the first week of bloom in cotton grown
after four different cover crop mixes across four in-season N rates at side-dress.
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Figure 2.7 Petiole NOs-N concentrations in 2018 during the first week of bloom in cotton grown
after four different cover crop mixes across four in-season N rates at side-dress.
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N rates applied at side-dress in 2018.
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Figure 2.10 Cotton relative lint yield (%) response to in-season N rate after four cover crop
mixes where “y” refers to relative lint yield and “N” refers to applied in-season N rate in the
corresponding regression equations. Relative lint yield values were averaged across two growing
seasons. The intersection of red, dotted lines indicates an optimal N rate of 110 kg N ha'! and
maximum relative yield of 93% calculated by the quadratic plateau model for cotton grown after
the legume mix (LM) over both study years. Optimal N rates were not calculated for cotton
following fallow, rye, and LMR treatments due to the linear fit of the response curves.
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Table 2.1 Soil characteristics during the 2017 and 2018 growing season for the two field sites at the Tidewater Agricultural Research
and Extension Center in Suffolk, VA.

Year Location Series Texture Family

2017 Suffolk, VA Lynchburg Fine sandy loam Fine-loamy, siliceous, semi active,
thermic Aeric Paleaquults

2018 Suffolk, VA Rains Fine sandy loam Fine-loamy, siliceous, semi active,

thermic Typic Paleaquults

Table 2.2 Agronomic management timeline for cover crop and cotton production 2017-2018.

Study Year Cover Crops Cover Crop Cotton Planted Side-dress N  Petiole Sampling  Defoliation = Cotton Harvest
Planted Termination
2016-2017 Sep 15, 2016 May 5, 2017 June 2, 2017 July 12,2017 July 28, 2017 Oct. 25,2017 Dec. 1, 2017

May 19, 2017}
2017-2018  Sept 18,2017  Apr 26,2018 May 25,2018 July 3, 2018 July 27,2018 Oct. 15,2018  Oct. 29, 2018

+ Two applications of herbicide were required in 2017 for complete cover crop termination
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Table 2.3 Total biomass and nutrient uptake from four different cover crop treatments from 2016-2017.

Cover Crop  Total Biomass N P K S
kg ha'!

Fallow 1,052 bf 19¢ 3b 36 ¢ 2b
Rye 5,871 a 66 b 12a 100 b 5b
LM# 4,656 a 172 a 15a 150 a 9a
LMR 5,896 a 149 a 16a 169 a 10a

1 Values with the same letter are not significantly different for means separation at o = 0.10

within columns
I LM, Legume Mix; LMR, Legume Mix and Rye combination

Table 2.4 Total biomass and nutrient uptake from four different cover crop treatments from 2017-2018

Cover Crop Total Biomass N P K S
kg ha'!

Fallow 1,084 cf 14d 3b 22¢ 2b
Rye 3,794 b 44 c 10a 80 b 4b
LM* 5,658 a 163 a 16a 147 a 8a
LMR 5,394 a 114 b 14a 180 a 10a

1 Values with the same letter are not significantly different for means separation at o = 0.10

within columns
I LM, Legume Mix; LMR, Legume Mix and Rye combination
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Table 2.5 Main effect of sampling depth on soil NH4-N concentrations during the 2017 growing season.

Depth Soil Ammonium-N (mg NHs-N kg™!)
Cm May June July August September
0-15 5af 9a 4 ab 9 ns? 7a
15-30 3b 8b Sa 7 5b
30-60 4 ab 6¢c 3 bc 8 5b
60-90 3b 6¢c 2¢ 8 5b
ANOVA P>F  <0.0001 <0.0001 0.0991 0.1753 <0.0001

1 Values with the same letter are not significantly different for means separation at o = 0.10

within columns
1 NS, not significant at o = 0.10 within columns

Table 2.6 Main effect of sampling depth on soil NH4-N concentrations during the 2018 growing season.

Depth Soil Ammonium-N (mg NHs-N kg!)
cm May June July August September
0-15 2cf 4 nst 3ns 5ns 4b
15-30 2c 4 2 5 4b
30-60 3b 4 3 5 4b
60-90 4a 4 3 5 S5a
ANOVA P> F <0.0001 0.7923 0.3634 0.1750 0.0012

1 Values with the same letter are not significantly different for means separation at o = 0.10
within columns
1 NS, not significant at o = 0.10 within columns

47



Table 2.7 Main effect of nitrogen (N) rate on lint proportion from seed cotton (sd. ctn) and fiber quality characteristics from cotton

grown in 2017.
N Rate Lint Proportion Micronaire Strength Length Uniformity
kg N ha'! g lint/ g sd. ctn g tex! cm %

0 0.45 af 475a 31.0a 2.9 nst 84.5 ns

45 045a 4.72 ab 31.0a 2.9 84.4

90 045a 4.65 be 30.5b 2.9 84.3

135 0.44b 4.61c 30.5b 2.9 84.3
ANOVAP>F 0.0191 0.0162 0.0634 0.2454 0.6643

1 Values with the same letter are not significantly different for means separation at o = 0.10

within columns
I NS, nonsignificant at a = 0.10 within columns

Table 2.8 Main effect of nitrogen (N) rate on lint proportion from seed cotton (sd. ctn) and fiber quality characteristics from cotton

grown in 2018.
N Rate Lint Proportion Micronaire  Strength Length Uniformity
kg N ha'! g lint/ g sd. ctn. g tex! cm %

0 0.44 ns' 5.16 ns 32.2 bt 2.8b 83.2¢

45 0.44 5.15 32.2b 2.8b 83.6b

90 0.44 5.17 32.8a 2.8b 83.8 ab

135 0.44 5.16 33.1a 29a 84.1a
ANOVAP>F 0.5824 0.9613 0.0051 0.0002 0.0004

1 NS, nonsignificant at oo = 0.10 within columns
I Values with the same letter are not significantly different for means separation at o = 0.10
within columns
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3 Cotton Response to Nitrogen Rate and Placement in North Carolina

3.1 Abstract

Proper nitrogen (N) management in upland cotton (Gossypium hirsutum L.) production is
imperative to achieve yield goals. There is a need to detail the proper application rate and
placement method of N fertilizer on the coarse-textured soils of coastal plain Virginia and North
Carolina. The objective of this study was to measure cotton performance in response to N rate
and placement application method. Five N rates (0, 45, 90, 135, and 180 kg N ha'!) and three
placement methods (broadcast, surface banded, and injected) were evaluated from 2016-2018 at
two locations in Virginia and one location in North Carolina, USA. Lint yield, petiole nitrate-N
(NOs3-N), lint percent turnout, and fiber quality parameters were measured to determine the
impact of N rate and placement. Nitrogen rate and placement had a significant effect on lint yield
but only N rate affected petiole NO3-N concentration. Quadratic plateau analysis on relative
yield estimated that injecting fertilizer N requires an N rate of 133 kg N ha™! to achieve 95%
relative yield while surface banded fertilizer N required a rate of 128 kg N ha™! to produce 90%
relative yield. A critical petiole NO3-N concentration threshold of 5,600 mg NOs-N kg™! was
calculated to reach 92% relative yield. Neither rate nor placement had a significant effect on
fiber quality parameters. Other considerations such as fertilizer N source, timing, and number of
applications should be tested with rate and placement to provide updated management
recommendations to cotton producers in coastal plain Virginia and North Carolina.
Keywords - upland cotton, nitrogen management, fertilizer placement, petiole analysis
3.2 Introduction

Nitrogen (N) is an essential nutrient for upland cotton (Gossypium hirsutum L.)
development. Cotton needs to accumulate between 250 and 300 kg N ha'! to achieve proper boll

development and maximum yield potential (Ali, 2015). Application of N fertilizer is an integral
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part of any successful cotton production system. Nitrogen fertilization practices can have
negative consequences when under applied or applied in excess, thus requiring a precise
application rate to meet yield goals (Hons et al., 2004). Concern about the environmental fate of
applied N through leaching, runoff, and greenhouse gas emissions are also motivations for
improving N management and efficiency in the agroecosystem (Shah et al., 2017). Several
variables can affect nitrogen use efficiency and yield in cotton production. Nitrogen rate,
placement method, source, timing, soil texture, and climate are all variables of interest when
evaluating N management practices for economic and environmental sustainability.

Rainfed cotton response to N fertilization rate has not been well documented on the
coastal plain of Virginia and North Carolina. General recommendations for Virginia cotton
production are N rates of 67-135 kg N ha'! while the state of North Carolina recommends 33-90
kg N ha'! (Frame et al., 2016; Crozier and Hardy 2019). Specific, optimal N rates determined by
other studies have varied considerably. A study conducted in South Carolina by Bauer et al.
(1993) reported an optimal N rate of 57 kg N ha'! on a Norfolk sandy loam to reach yields near
1,200 kg ha'!, whereas Torbert and Reeves (1994) found that the use of strip-tillage to alleviate
soil compaction was more important than elevated N rates in determining lint yield and N
efficiency on coastal plain soils. Main et al. (2013) reported that 150 kg N ha™! of total N, from
both residual soil and fertilizer N, was required to maximize yields across several soil types used
in their study. Application of an optimal N rate to cotton on coastal plain soils may prevent N
leaching while maximizing cotton yields. Movement of nitrate-N (NO3-N) to groundwater via
leaching is a major environmental concern on the southeastern coastal plain due to the high
rainfall, warm temperatures, and sandy textured soils characteristic of this region (Pisani et al.,
2017). Determination of an optimal N rate for this region can prevent unnecessary N inputs, thus

benefitting both environmental quality and cotton producers.
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Another facet of N management that affects optimal rate is fertilizer placement method,
which influences N availability and use efficiency by crops (Johnston and Fowler, 1991). Mixed
results have been reported on the efficiency and yield outcomes of different N placement
methods for cotton (Howard et al., 2001; Shah et al., 2002; Reiter et al., 2008). Roberts et al.
(1999) reported optimal N rates between 92 and 112 kg N ha'! but concluded no significant
differences in yield between broadcast and injected N. Greater efficiency of injected N due to
proximity of fertilizer placement to roots has also been reported (Thompson and Varco, 1996).
The placement of a fluid band on the soil surface has also been compared to broadcasted N as a
placement method (Guthrie, 1991; Shah et al., 2002). Few studies in field crops research have
compared multiple placement methods for side-dressed N in a single experiment.

The mobility of N in coarse-textured coastal plain soils makes it difficult to assess in-
season N status and possible yield outcomes. Petiole NO3-N concentrations measured during the
first week of bloom is a common indicator of in-season N status for cotton due to the simplicity
and accuracy of petiole testing (McConnell et al., 1993). While petiole NO3-N concentrations
frequently correlate with applied N rate, correlation with lint yield has been weak in past studies
(Wood et al., 1992; Bronson et al., 2001). Mitchell and Baker (2000) claimed that the sufficiency
range for proper cotton nutrition in Georgia during the first week of bloom was 4,500 — 12,500
mg NOs-N kg!. Critical thresholds of petiole NO3-N to meet satisfactory yields have also been
investigated in several older studies, but introduction of modern, high yielding cotton varieties
warrants reassessment of these critical concentrations in Virginia and North Carolina (Lutrick et
al., 1986). Constable et al. (1991) also notes that critical petiole NOs3-N thresholds vary with soil
type and location. Determination of a precise critical petiole NO3-N concentration to predict

yields would be a useful reference for N management practices in Virginia and North Carolina.
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The objectives of this study were to (1) determine how various N application rates and
placement methods influence cotton yield and fiber quality on coastal plain soils in Virginia and
North Carolina; and (2) assess the critical petiole nitrate (NO3-N) concentration at early bloom

for strip-tilled cotton on coastal plain soils.
33 Materials and Methods

3.3.1 Experimental Design

A field experiment at two sites per year was replicated over three cotton growing seasons
(2016-2018) for a total of six site-years. The experiment was conducted at the Tidewater
Agricultural Research and Extension Center in Suffolk, Virginia (2016-2018), the Peanut Belt
Research Station in Lewiston-Woodville, North Carolina (2016-2017), and a site in Yale,
Virginia (2018). The soils had sandy loam and loamy fine sand textures across sites (Table 2.1).
The cotton variety planted at all locations was Phytogen® 333 WRF (Corteva AgroSciences,
Indianapolis, IN) and was planted in 3.65 (four rows) x 10.66 m plots with four replications at
each site. Starter N fertilizer was applied to all plots at a rate of 34 kg N ha'! in a band 5 cm on
the side of the row and 5 cm below the seed at planting except for the 0 kg N ha'! treatment.
Nitrogen rates and placement strategies were arranged in a 4x3 randomized design with four total
N application rates (45 kg N ha'!, 90 kg N ha'!, 135 kg N ha'!, and 180 kg N ha'!) and three
placement methods at side-dress: broadcasting, surface banding, and injection. In-season (side-
dress) fertilizer N was applied at matchhead square, the crop stage when cotton flower buds are
2-3 mm in diameter and one-third developed (Ritchie et al., 2007). Nitrogen sources for each
placement method included a granular urea (46-0-0) + ammonium sulfate (AMS, 21-0-0-24S)
blend for broadcast treatments and fluid urea ammonium nitrate (UAN, 32-0-0) and ammonium
thiosulfate (ATS, 12-0-0-26S) solution for surface banded and injected treatments. Broadcast

treatments were hand-applied evenly across plots. Injected N was applied 15 cm from the row
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and 10 cm deep with a Yetter Generation III fertilizer coulter (Yetter Farm Equipment,
Colchester, IL). Surface banded N was placed 46 cm on the side of the row by lifting the side-
dress toolbar and dribbling fluid out of the injection coulter. Phosphorus (P) and potassium (K)
were applied prior to planting according to Virginia soil test recommendations for cotton
(Maguire and Heckendorn, 2017). Sulfur was balanced using ATS and AMS across N
application rates at 22 kg S ha'l.
3.3.2 Soil Measurements

Pre-plant soil samples were taken at 0-15, 15-30, 30-60, and 60-90 cm at each site. Soil
samples were air dried and extracted with 2M KCI. Ammonium-N (NH4-N) and NOs-N
concentrations for each sampling depth were determined using the cadmium reduction
colorimetric method (QuickChem Method 12-107-04-1-B) on a Lachat 8500 flow injection
colorimeter (Lachat Instruments, Loveland, CO). Total pre-plant soil NHs-N and NOs3-N
concentrations can be found in Table 2.1.

3.3.3 In-season Petiole Sampling

Twenty-four cotton petiole samples from the fourth main stem true leaf were collected
from random plants in the first and fourth row of each plot. Petiole samples were collected after
the first week of bloom. Petiole samples were then dried at 60 °C, ground through a 1-mm sieve,
and extracted with 2% acetic acid. Extracts were analyzed for NOs-N using the cadmium
reduction colorimetric method (QuickChem Method 3-107-04-1-A) on a Lachat 8500 flow

injection colorimeter (Lachat Instruments, Loveland, CO).
3.3.4 Lint Yield and Quality

Twenty-five bolls were collected from the center two rows of all test plots. A commercial
two-row cotton picker modified for small plots research was used to harvest the remaining cotton

to determine lint yield. Boll samples were ginned with a 10-saw micro-gin was to calculate lint
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weight from seed cotton weights. Relative lint yield was determined for each N rate and
placement method to standardize absolute yields across years and locations. Relative yield was
calculated by taking individual plot lint yield and dividing it by the highest average lint yield
within each site-year. Lint samples were sent to the USDA Cotton Program Classing Office in
Florence, SC, where they were analyzed for micronaire, length, strength, and uniformity
measurements via high volume instrument (HVI) analysis.
3.3.5 Statistical Analysis

The PROC GLIMMIX procedure in SAS 9.3 was used to determine treatment effects on
lint yield, petiole NO3-N, lint percent turnout, fiber uniformity, fiber micronaire, fiber strength,
and fiber length among the four N rates and three placement methods (SAS Institute, Cary, NC)
Tukey's HSD was then used identify any specific treatment differences.

A quadratic plateau model using the PROC NLIN procedure in SAS 9.3 (SAS Institute,
2012) was used to determine optimum N application rates and maximum relative lint yield for
each placement method in a combined analysis of all site-years. Absolute lint yield to determine
the yield response to N rate for each placement method per site-year was analyzed using
regression analyses in Sigma Plot 12.5 (SigmaPlot, San Jose CA). The quadratic plateau model
in PROC NLIN was also used to determine the maximum petiole NO3-N concentration reached
in response to relative yield. A significance level of P = 0.10 was used for all statistical

comparisons.

3.4 Results

3.4.1 Lint Yield

Cotton was responsive to applied N at all sites, except Lewiston in 2016 where Hurricane
Matthew caused yield loss (Table 3.2). The site-year was thus excluded from the combined

statistical analysis. Lint yields ranged from 834 to 2,175 kg ha'! across five site-years (data not
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shown). In the combined analysis, both N rate (P<0.0001) and placement method (P=0.03), and
their interaction (P=0.04) had an effect on lint yield. Lint yield generally increased as applied N
rate increased (Fig. 3.1). The main effect of placement resulted in lint yield measured from plots
after injected N having significantly higher yields (1,528 kg ha!) compared to yields after
surface banding (1,469 kg ha'!) and broadcasting (1,433 kg ha™).

Table 2 shows the quadratic equation, optimal N rate, and maximum lint yield derived
from regression analysis for each placement method during each site-year. The quadratic plateau
model applied for each placement treatment across site-years determined optimal N rates of 128
kg N ha'! for surface banded N and 133 kg N ha™! for injected N to reach maximum relative yield
(Fig. 3.1). In contrast, relative yields after broadcast N did not reach an optimum N rate even at
180 kg N ha! applied, the highest N rate established in this experiment (Fig. 3.1). Relative yields
at optimum N rates were 94%, 90%, and 95% for broadcast, surface banded, and injected
treatments, respectively.

3.4.2. In-season Petiole Sampling

Petiole NOs-N concentrations were affected by N rate (P<0.0001) but not placement

(P=0.49). The interaction between N rate and placement was not significant (P=0.91). The
concentration of petiole NO3-N increased as applied N rate increased (Fig. 3.2). Quadratic
plateau analysis calculated a critical petiole NO3-N threshold of 5,600 mg NOs-N kg to achieve
92% of relative yield (Fig. 3.3). Fertilization N rates between 90 and 135 kg N ha'! is required to
meet the concentration threshold of 5,600 mg NOs-N kg! (Fig. 3.2).

3.4.3 Cotton Lint Quality

Nitrogen rate (P=0.49), placement (P=0.34), and their interaction (P=0.81) were not

significant in determining lint percent turnout (Table 3.3). Fiber quality parameters including
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micronaire, length, strength, and uniformity were also unaffected by N rate, placement method,

or their interaction (Table 3.3).
3.5 Discussion

In the present study, we evaluated cotton in-season N nutritional status, lint yield, and
fiber quality response to N rate and placement methods in the coastal plain of Virginia and North
Carolina. Greater lint yields occurred with lower optimal N rates after surface banded or injected
N compared to broadcasting. Localized application of N near the root zone through injection or
surface banding places N where it can be immediately taken up by the root system, thus
preventing N losses through volatilization or leaching (Shapiro et al., 2016). Broadcasting N
across a wider spatial area results in a lower amount of N immediately available to the crop
(Lemon, 2009). More broadcast N is then required to meet cotton nutritional demands and yield
goals, explaining why relative yields after broadcast N did not reach a quadratic plateau in this
study (Fig. 3.1). The inefficiency of broadcasting compared to more precise N placement
methods has been reported in several studies concerning cotton and other field crops (Howard
and Tyler, 1989; Hultgreen and Leduc, 2003; Nkebiwe et al., 2016)

Unlike broadcasting, optimal N rates and corresponding relative lint yields could be
calculated for cotton grown after surface banded and injected N. Both placement methods
reduced the surface area where N could interact with the soil compared to broadcasting, thus
reducing the potential for transformation by microorganisms (Nkebiwe et al., 2016). Nitrogen
placed near cotton roots at matchhead square through injection and surface banding may be
expected to be more available to cotton and thus result in an increased number of nodes, fruiting
positions, and bolls. Placement of N under the soil surface through injection resulted in a 5%
higher relative yield with a 5 kg N ha'! higher optimal N rate compared to surface banding (Fig.

3.1). Injecting N was thus only slightly more efficient than surface banding in terms of the
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relative yield of rainfed cotton lint produced per unit of applied N. These results most closely
resemble findings from Fox and Piekielek (1993), who determined that surface banded and
injected fluid UAN/ATS at side-dress produced comparable corn yields across application rates
in the mid-Atlantic US. The present cotton study demonstrates that surface banded and injected
N at rates of 128 kg N ha'! and 133 kg N ha'! are satisfactory methods to produce lint yields
higher than 1,500 kg ha'! on coastal plain soils in Virginia and North Carolina.

Nitrogen source effects can be confounded with placement method when measuring
yield response due to N loss to the atmosphere (Venterea et al., 2005). Broadcast ammonium
nitrate (AN) has been reported to produce higher lint yields compared to surface banded or
injected fluid UAN, presumably because urea-containing fertilizers like UAN are more
susceptible to NH3 volatilization via urease enzyme activity (Howard et al., 2001; Reiter et al.,
2008). Ammonium nitrate is not affected by the enzyme urease, so broadcast applications of AN
may result in an optimal N rate lower than 180 kg N ha'! (Howard et al., 2001; Reiter et al.,
2008). Urea is more commonly used as a granular N source in modern cotton production due to
the safety and security issues surrounding AN, but volatilization losses are generally higher after
granular urea application compared to fluid UAN, thus possibly explaining the inefficiency of
broadcasted applications reported here (Fox et al., 1996). Application timing has also been
reported to interact with placement method in determining cotton yields but was not a variable of
interest in the present study (Reiter et al., 2008). Further understanding of N response curves in
cotton production would benefit from testing different fertilizer placement method under a
variety of N sources, application timings, and other management variables to specify yield
capabilities in coastal plain Virginia and North Carolina.

Our study also determined that petiole sampling in the first week of bloom can also be a

useful predictor of yield outcomes in coastal plain Virginia and North Carolina. The critical
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petiole NO3-N concentration of 5,600 mg NO3-N kg™! to reach 92% relative yield established in
this study is reflective of older research investigating cotton tissue nutrition on sandy loam soils
(Lutrick et al., 1986, Mitchell and Baker, 2000). Lint yields at and beyond this critical threshold
exceeded yields from older studies by 300 kg ha!, most likely due to the use of modern, high
yielding varieties. Yin and Main (2015) reported that N fertilization rates of 90-146 kg N ha'!
were required to meet critical leaf N concentrations and maximum yields in their Tennessee
study. Their findings therefore correspond closely with the results presented here, where an
optimal N rate between 90 and 135 kg N ha'! met the critical petiole NO3-N threshold for cotton
grown on coastal plain Virginia and North Carolina (Fig. 3.3). The optimal N rates of 128 and
133 kg N ha! applied via surface banding and fertilizer injection can thus reach the critical
petiole NO3-N concentration established here.

Lint and fiber quality characteristics were unaffected by rate and placement method in
this study. This finding contradicts past studies that have reported that N rate typically influences
lint percent turnout more than placement. Elbehar (1991) noted lower lint percentages as higher
N rates were applied and concluded that increased N availability to cotton plants can result in
more N allocation to the seed, thus decreasing lint percentage. Fiber quality parameters such as
fiber micronaire, length, and strength did not show any response to N rate or placement in this
study (Table 3). Many have reported general improvement of fiber quality parameters with
increasing N rate (Bauer and Roof, 2004; Read et al., 2006; Gormus and EI Sabagh ,2016).
Saleem et al. (2010) however, concluded that fiber quality was more influenced by variety choice
than N fertilization rate in their study. Considering that only one variety was used in this study,
the fiber quality of other common varieties used in Virginia and North Carolina may respond to
N fertilization differently. Testing multiple cotton varieties under rate and placement

experiments may elucidate fiber quality response more clearly.
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3.6 Conclusions
The present study provides updated information on cotton response to N rate and
placement strategy in coastal plain Virginia and North Carolina. Quadratic plateau analysis
indicates that the optimal N rate for surface banded application (128 kg N ha!) was slightly
lower than fertilizer injection (133 kg N ha™'), but injection produced 5% higher relative yield
(95%) compared to surface banding (94%) at the higher optimal N rate. Both placement methods
yielded over 1,500 kg ha'! or 90% of the relative yield. These N rates are higher than
recommended rates for this region but also correspond to lint yields that are 300-400 kg ha'!
higher (1,500-1,600 kg ha!) than the state averages in Virginia and North Carolina. This study
also affirms a critical petiole NOs3-N threshold of 5,600 mg NOs-N kg! at first bloom to achieve
over 92% relative yield at harvest. Lint parameters and fiber quality were unaffected by N rate
and placement methods as implemented in the current study. These results suggest that surface
banded and injected N at application rates of 128 and 133 kg N ha!, respectively, are efficient
rate and placement methods for cotton production on the coarse-textured soils of coastal plain
Virginia and North Carolina.
3.7 References
Ali, N. 2015. Review: nitrogen utilization features in cotton crop. Am. J. of Plant
Sci 6:987-1002. https://doi:10.4236/ajps.2015.67105
Bauer, P.J., J.J. Camberato, and S.H. Roach(1993) Cotton yield and fiber quality response to
green manures and nitrogen. Agron. J 85:1019-1023.
https://doi:10.2134/agronj1993.000219620085000500012x
Bauer, P.J. and M.E. Roof. 2004. Nitrogen, aldicarb, and cover crop effects on cotton yield and

fiber properties. Agron. J. 96:369-376. https://doi:10.2134/agronj2004.3690

59



Bronson, K.F., A.B. Onken, J.W. Keeling, J.D. Booker, and H.A. Torbert. 2001. Nitrogen
response in cotton as affected by tillage system and irrigation level. Soil Sc. Soc. of Am.
J 65:1153-1163. https://doi:10.2136/ss52j2001.6541153x

Constable, G.A., I.J. Rochester, J.H. Betts, and D.F. Herridge. 1991. Prediction of nitrogen
fertilizer requirement in cotton using petiole and sap nitrate. Comm. in Soil Sc. and
Plant Anal. 22:1315-1324. https://doi: 10.1080/00103629109368493

Crozier, C.R. and D.H. Hardy. 2019. Fertilization. In: Edmisten, K., G. Collins, C.R. Crozier,
A. Meijer, A. York, D.H. Hardy, G. Reisig, G. Bullen, L. Thiessen, and R. Atwell,
editors, 2019 Cotton Production Guide. North Carolina State Ext., North Carolina State
Univ., Raleigh, NC, pp 51-65. https://content.ces.ncsu.edu/cotton-
information/fertilization. Accessed 03 Feb 2019.

Elbehar, M.W. 1991. Producing quality cotton in 1991. Plant nutrition management. In:
D.J. Herbert and D.A. Richter, editors, Proc. of the Beltwide Cotton Conf., San
Antonio, TX. 8-12 Jan 1991. Nat. Cotton Council of Am., Memphis TN, pp 55-
58

Fox, R.H., and W.P. Piekielek. 1993. Management and urease inhibitor effects on nitrogen use
efficiency in no-till corn. J. Prod. Agri 6:195-200. https://do0i:10.2134/jpa1993.0195

Fox, R.H., W.P. Piekielek, K.E. Macneal. 1996. Estimating ammonia volatilization losses from
urea fertilizers using a simplified micrometeorological sampler. Soil Sci. Soc. Am. J

60:596-601. https://doi:10.2136/ss52j1996.03615995006000020037x

60



Frame, W.H. 2016. Cotton Fertility. In: Frame, W.H., D.W. Herbert, H.L.. Mehl, C. Cahoon,
M.S. Reiter, and M. Flessner, editors, 2016 Virginia Cotton Production Guide. College of
Agric. and Life Sci., Virginia Polytechnic Inst. and State Univ, Blacksburg, VA, pp 1-4.
http://pubs.ext.vt.edu/content/dam/pubs_ext vt edu/AREC/AREC-124/AREC-124-

pdf.pdf. Accessed 30 Aug 2016.

Gormus. O. and A. El Sabagh. 2016. Effect of nitrogen and sulfur on the quality of the cotton
fiber under Mediterranean conditions. J. of Exp. Bio. and Agri. Sci 4:662-668.
http://dx.https://doi.org/10.18006/2016.4(Issue6).662.669

Guthrie, D.S. 1991. Cotton response to starter fertilizer placement and planting dates. Agron.

J 83:836-839. https://doi:10.2134/agronj1991.00021962008300050013x

Hons, F.M., M.L McFarland, R.G. Lemon, R.L. Nichols, R.K. Boman, and V.A. Saladino. 2004.
Managing nitrogen fertilization in cotton. Bulletin L-5458. Texas Coop.

Ext., Texas A&M Univ., College Station, TX. https://www.cottoninc.com/wp-
content/uploads/2015/12/ManagingNitrogenFertilizationInCotton.pdf. Accessed 24 Sep
2017.

Howard, D.D., C.O. Gwathmey, M.E. Essington, R.K. Roberts, M.D. Mullen. 2001. Nitrogen
fertilization of no-till cotton on loess-derived soils. Agron. J 93:157-163.
https://doi:10.2134/agronj2001.931157x

Howard, D.D. and D.D. Tyler. 1989. Nitrogen source, rate, and application method for no-tillage
corn. Soil Sci. Soc. of Am. J 53:1573-1577.

https://doi:10.2136/sssaj1989.03615995005300050046x

61



Hultgreen, G. and P. Leduc. 2003. The effect of nitrogen fertilizer placement formulation timing
and rate on greenhouse gas emissions and agronomic performance. Final Report Project
No 5300G, ADF No 19990028, Saskatchewan Department of Agriculture and Food,
Regina, SK.

Johnston, A.M. and D.B. Fowler. 1991. No-till winter wheat dry matter and tissue nitrogen
response to nitrogen fertilizer form and placement. Agron. J 83:1035-1043.
https://doi:10.2134/agronj1991.00021962008300060020x

Lemon, R.G., R.K. Boman, M. McFarland, B. Bean, T. Provin, and F. Hons. 2009. Nitrogen
management in cotton. Texas Coop. Ext., Texas A&M Univ., College Station, TX, p 1-8.
http://deafsmith.agrilife.org/files/2011/06/Nitrogen-Management-in-Cotton.pdf.
Accessed 13 Sep 2017.

Lutrick, M.C., H.A. Peacock, and J.A. Cornell. 1986. Nitrate monitoring for cotton lint
production on a typic paleudult. Agron. J 78:1041-1046.
https://doi:10.2134/agronj1986.0002196200780006002 1x

Maguire, R.O. and S.E. Heckendorn (2017) Soil test recommendations for Virginia. Virginia
Coop. Ext. Service. Blacksburg, VA, p 24.
https://www.soiltest.vt.edu/content/dam/soiltest vt edu/PDF/recommendation-
guidebook.pdf. Accessed 30 Sep 2017.

Main, C.L., L.T. Barber, R.K. Boman, K. Chapman, D.M. Dodds, S. Duncan, K.L. Edmisten, P.
Horn, M.A. Jones, G.D. Morgan, E.R. Norton, S. Osborne, J.R. Whitaker, R.L. Nichols,
and K.F. Bronson. 2013. Effect of nitrogen and planting seed size on cotton growth,

development, and yield. Agron. J 105:1853-1859. https://doi:10.2134/agronj2013.0154

62



McConnell, J.S., W.H. Baker, D.M. Miller, B.S. Frizzell, and J.J. Varvil. 1993. Nitrogen
fertilization of cotton cultivars of differing maturity. Agron. J. 85:1151-1156.
https://doi:10.2134/agronj1993.0002196200850006001 1x

Mitchell, C.C. and W.H. Baker (2002) Reference sufficiency ranges — cotton. In: Campbell,
C.R., editor, Reference sufficiency ranges for plant analysis in the southern region of the
United States. Southern Coop. Series Bulletin 394, Raleigh, NC, pp 15-16.
http://aesl.ces.uga.edu/sera6/PUB/scsb394.pdf. Accessed 28 Jan 2019

Nkebiwe, P.H., M. Weinmann, A. Bar-Tal, and T. Muller. 2016. Fertilizer placement to improve
crop nutrient acquisition and yield: a review and meta-analysis. Field Crops Res.
196:389-401. https://https://doi.org/10.1016/j.fcr.2016.07.018

Pisani, O., T.C. Strickland, R.K. Hubbard, D.D. Bosch, A.W. Coffin, D.M. Endale, T.L. Potter
2017. Soil nitrogen dynamic and leaching under conservation tillage in Atlantic Coastal
Plain Georgia, United States. J. Soil Water Cons 72:519-529.
https://doi: 10.2489/jswc.72.5.519

Read, J.J., K.R. Reddy, J.N. Jenkins. 2006. Yield and fiber quality of upland cotton as influenced
by nitrogen and potassium nutrition. Europ. J. of Agron. 24:282-290.
https://doi:10.1016/j.eja.2005.10.004

Reiter, M.S., D.W. Reeves, and C.H. Burmester. 2008. Cotton nitrogen management in a high-
residue conservation system: source, rate, method, and timing. Soil Sci. Soc. Am J
72:1330-1336.

Ritchie, G.L., C.W. Bednarz, P.H. Jost, S.M. Brown. 2007. Cotton Growth and Development. In:
Cotton Growth and Development. Univ. of Georgia Coop. Ext., Athens, GA, pp 1-10.

https://athenacum.libs.uga.edu/handle/10724/12192. Accessed 6 Oct 2017.

63



Roberts, R.K., D.D. Howard, C.O. Gwathmey, and D.E. Singh. 1999. Economics of broadcast
and injected nitrogen on no-till cotton produced at three locations in Tennessee. J of
Cotton Sci. 3:109-115

Saleem, M.F., M.F. Bilal, M. Awais, and M.Q. Shahid. 2010. Effect of nitrogen on seed cotton
yield and fiber qualities of cotton (Gossypium hirsutum L.) cultivars. J. of Animal and
Plant Sci. 20:23-27.

Shah KH, Memon MY, Siddiqui SH (2002) Effect of placement and broadcast application of N
and P in cotton-mungbean intercropping system. Asian J. of Plant Sci 1:34-36.
https://doi:10.3923/ajps.2002.34.36

Shah, A.N., J. Igbal, M. Tanveer, G. Yang, W. Hassan, S. Fahad, M. Yousaf, and Y. Wu. 2017.
Nitrogen fertilization and conservation tillage: a review on growth, yield, and greenhouse
gas emissions in cotton. Environ. Sci. and Pollution Res. 21: 2261-

2272. https://d0i:10.1007/s11356-016-7894-4.

Shapiro, C., A. Attia, S. Ulloa, and M. Mainz. 2016. Use of five nitrogen source and placement
systems for improved nitrogen management of irrigated corn. Soil Sci. Soc. of Am.
J. 80:1663-1674. https://doi:10.2136/sss2j2015.10.0363

Thompson, J.M. and J.J. Varco. 1996. Fertilizer N and legume cover crop management effects
on no-till cotton production. In: Dugger P, Richter D (eds) Proc. Beltwide Cotton Conf.,
Nashville, TN. 9-12 Jan 1996. Nat. Cotton Council of Am., Memphis, TN, 1395-1397.

Torbert, H.A. and D.W. Reeves. 1994. Fertilizer nitrogen requirements for cotton production as
affected by tillage and traffic. Soil Sci. Soc. of Am. J. 58: 1414-1423.
https://doi:10.2136/ss52j1994.03615995005800050020x

Venterea, R.T., M. Burger, K.A. Spokas. 2005. Nitrogen oxide and methane emissions under

varying tillage and fertilizer management. J Environ Qual 34:1467-1477.

64



Wood, C.W., P.W. Tracy, D.W. Reeves, and K.L. Edmisten. 1992. Determination of cotton
nitrogen status with a hand-held chlorophyll meter. J. of Plant Nutr. 15:1435-1448.
https://doi:10.2136/sssa2j2001.6541153x

Yin, X. and C.L. Main. 2015. Nitrogen fertilization and critical nitrogen concentration for
contemporary high yielding cotton under no-tillage. Nutri. Cycling in Agroecosys.

103: 359-370. https://doi:10.1007/s10705-015-9751-0

65



3.8 Figures & Tables
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Figure 3.1 Cotton relative yield response to broadcast, surface banded, and injection fertilizer N placement across N application rates
for the five responsive site-years. Intersecting dotted, red lines indicate the join point calculated from the PROC NLIN quadratic
plateau model. Surface banded N placement reached 90% of relative yield at an optimal N rate of 128 kg N ha! while injected N
placement reached 95% of relative yield at an optimal N rate of 133 kg N ha'!. The quadratic plateau calculated for broadcasted N
fertilizer was outside the experimental range and is not denoted in this figure.
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Figure 3.2 Cotton petiole NO3-N concentrations after first bloom in response to applied N rate. Different letters indicate significant
differences according to Tukey's HSD (P<0.10). The dotted line indicates the critical petiole NOs3-N threshold at first bloom as
determined by the PROC NLIN quadratic plateau model to achieve 92% relative yield plateau (see Fig. 3.3).
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Figure 3.3. Relationship between petiole NO3-N and relative yield across five sites-years. The dotted red line represents the critical
petiole NO3-N concentration and corresponding relative yield (5,600 mg kg™! at 92% relative yield) calculated from the PROC NLIN
quadratic plateau model.
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Table 3.1 Soil series, soil N concentrations from 0-90 cm, and agronomic management schedule at experimental sites from 2016-20

Year Soil Series Pre-plant  Pre-plant Planting Side-dress N Harvest date
s0il NO3-N soil NH4-N date application date
mg kg'!
2016 Suffolk, VA Eunola loamy fine sand 7 Apr. 26 June 30 Oct. 19
Lewiston, NC  Goldsboro sandy loam 7 May 19 July 7 Oct. 20
2017 Suffolk, VA Eunola loamy fine sand 8 June 2 July 11 Dec. 1
Lewiston, NC  Lynchburg sandy loam 15 May 30 July 13 Nov. 15
2018 Suffolk, VA Kenansville loamy sand 10 May 4 June 19 Oct. 9
Slagle fine sandy loam 12 May 8 June 28 Dec. 3




Table 3.2 Goodness of fit, regression equations, optimal N rates, and maximum lint yields determined by the quadratic plateau model
using the PROC NLIN command for three different placement types across three years and three locations.

Year Location Placement Equation R? P>F Optimal'Nrate Max. Lint yield*
kg N ha'! kg ha'!
2016 Suffolk, VA Broadcast y =976+ 6.56N?% - 0.019N? 0.70 <0.0001 175 1,374
Surface Band y = 1002 + 8.95N - 0.035N? 0.65 <0.0001 114 1,350
Injection y = 1037 + 8.02N - 0.025N? 0.78 <0.0001 155 1,492
2016  Lewiston, NC Broadcast y =918 - 1.90N - 0.005N? 0.05 ns’ NC* NC
Surface Band y = 1003 - 1.10N - 0.000N? 0.51 0.0205 BRI 876
Injection  y =800+ 2.70N - 0.01N? 0.38 0.0561 BR 856
2017 Suffolk, VA Broadcast y=1123 +4.31N - 0.006N? 0.61 0.0003 OR¥ 1,683
Surface Band y = 1133 + 8.02N - 0.028N? 0.52 0.0011 108 1,478
Injection y=1190 + 6.88N - 0.018N? 0.53 0.0015 OR 1,916
2017  Lewiston, NC Broadcast y= 1412+ 3.27N - 0.005N? 0.32 0.0369 OR 1,702
Surface Band y = 1430 + 5.7IN - 0.019N? 0.38 0.0161 133 1,633
Injection y = 1466 + 5.98N - 0.021N? 0.31 0.0364 84 1,641
2018 Suffolk, VA Broadcast y =940+ 13.99N - 0.039N? 0.91 <0.0001 179 1,954
Surface Band y = 1000 + 12.03N - 0.031N? 0.80 <0.0001 OR 1,912
Injection y =1023 +17.21N - 0.067N? 0.88 <0.0001 124 1,791
2018 Yale, VA Broadcast y= 1100 +4.66N - 0.007N? 0.74 0.006 OR 1,859
Surface Band y = 1067 +4.79N - 0.004N? 0.65 0.0087 OR 1,800
Injection y=1109 +6.18N - 0.012N? 0.66 0.0377 OR 1,824

1 Optimal N rate determined by the quadratic plateau model to reach maximum yield.
1 The average yield at 180 kg N ha'! is shown when the optimal N rate was calculated to be above 180 kg N ha'!

§ N rate, "N", replaces "x" in the quadratic equation while "y" refers to lint yield.
9 ns, Means within columns are not significantly different at oo = 0.1
# NC, Not calculated due to insignificant P value at a = 0.10 significance level
"TBR, The optimal N rate determined by the quadratic plateau model in the PROC NLIN command is below 45 kg N ha’!, the lowest N
rate tested per placement in the present study.
11 OR, The optimal N rate determined by the quadratic plateau model in the PROC NLIN command is beyond 180 kg N ha'!, the

highest N rate tested in the present study.
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Table 3.3 Lint proportion from seed cotton (sd. ct.) and fiber quality parameter response to four N rates and three placement methods
averaged over three years at two locations in Virginia and one location in North Carolina. The site at Lewiston, NC in 2016 was
excluded due to a lack of lint yield response to N rate at this location.

Placement N Rate Lint Proportion Micronaire Strength Length Uniformity
kg N ha'! g lint/ g sd. ct. g tex! cm %
Broadcast 45 0.45 nsf 4.85 ns 31.5ns 2.9ns 83.8 ns
90 0.45 4.74 31.0 2.9 85.0
135 0.44 4.73 31.6 3.0 84.5
180 0.44 4.70 31.4 3.0 84.0
Surface Banded 45 0.44 4.77 31.5 3.0 84.4
90 0.45 4.76 31.4 2.9 84.3
135 0.44 4.66 31.7 3.0 84.1
180 0.44 4.64 31.6 2.9 83.7
Injection 45 0.45 4.67 31.3 3.0 83.9
90 0.45 4.75 31.4 2.9 83.6
135 0.44 4.72 31.2 3.0 83.7
180 0.44 4.65 31.8 2.9 83.9

1 ns, Means within columns are not significantly different at o = 0.1
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4 Conclusion

In 2018, cotton hectares rose 14% and 7% in the coastal plain region of Virginia and
North Carolina, respectively. Recent promotion and education programs concerning conservation
agricultural practices such as reduced tillage, cover crop establishment, and other soil health
improvement efforts have warranted investigation into conservation cultural practices for cotton
production in this region. Two main soil fertility challenges of focus in coastal plain cotton
production is soil compaction and N management. The main objectives of this research were to
properly assess legume and small grain cover crop contributions to cotton fertility on coastal
plain soils, compare no-till with deep-rooted radish cover crops to strip-till as a method of
conservation tillage, and investigate the effect of N rate and placement method on cotton
performance and petiole nutritional status in Virginia and North Carolina.

No-till cotton grown after precision-planted tillage radishes performed similarly to strip-
tilled cotton and the depth to the root restrictive layer was not significantly different between the
conservation tillage systems. Legume mix cover crops (LM) containing a blend of crimson
clover and hairy vetch/woolypod vetch absorbed more N from soil in biomass, produced higher
soil NOs-N concentrations after termination, and ultimately resulted in higher lint yields across N
application rates at side-dress compared to fallow, cereal rye, and legume mix/rye (LMR)
combination cover crop treatments. Relative lint yield after LM reached a quadratic plateau at
93% with 110 kg N ha'! applied in-season while relative lint yield after fallow, rye, and LMR
treatments did not reach a plateau when applied with 0-135 kg N ha'! in season. This optimal
fertilizer N rate for cotton after LM cover crop residue is lower than the optimal N rates
determined for broadcast, surface banded, and injected placement methods (180, 128, and 133 kg
N ha!) in a fallow system, implying that establishing LM cover crops in Virginia allows for

fertilizer N reductions of 23-70 kg N ha'! to reach similar relative yields than with no cover crop.
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Two components of N fertilizer management - rate and placement - were also
investigated in this research. Three N placement methods at side-dress (broadcast, surface
banded/dribbled, and injection) were tested at five N rates (0, 45, 90, 135, 180 kg N ha™!) to
determine how placement method affects the optimal N rate to apply to cotton on coastal plain
soils. Broadcasting of a granular UAS was determined to be an inefficient form of N application
due to the non-specific placement across the soil and subsequent increased potential for
volatilization associated with the N source used. Optimal N rates of 128 kg N ha™! and 133 kg N
ha! were calculated for surface banding and injecting a fluid UAN/ATS blend. Both placement
methods breached 1,500 kg ha™! of lint at these N rates and were similarly efficient based on
relative yield achieved per unit of applied N. Their greater N efficiency is due to the
concentrated placement of fertilizer N near the cotton root zone and a lower area of soil applied
with N compared to broadcast N. A critical petiole NO3-N threshold of 5,600 mg NOs-N kg'!
during the first week of bloom was also calculated to predict 92% relative yield at harvest for
strip-tilled cotton in Virginia and North Carolina. This concentration offers a target for producers
so cotton in-season N status can be evaluated and corrected before the window for cotton N
uptake closes after the third week of bloom.

This research demonstrates that legume species blends can provide enough N for 75%
relative yield for cotton grown on the coarse-textured soils of coastal Virginia and North
Carolina. Green manure cover crops have been a long-standing option to synthetic fertilizer N
but remain an unpopular N source in southeastern Virginia due to the higher cost and time
investment associated with cover crop management relative to fertilizer N application. This
research also provides evidence supporting the current effort for Virginia cotton producers to
transition to conservation tillage methods such as strip-till or no-till. The optimal N rates

calculated for cotton applied with surface banded and injected N at side-dress fall on the higher
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end of the recommended N rate range (67-135 kg N ha'!) for Virginia cotton producers (Frame et
al., 2016). This finding affirms past speculation that increasing the application rate is needed to
exceed average yields (1,100 kg of lint per ha!) on sandy loam and fine sandy loam soils in this
region (Frame et al., 2016). Other aspects of fertilizer management such as timing, number of
applications, and N source are of interest in determining the best N agronomic management
practices for cotton producers on coastal plain Virginia and North Carolina. The research
described here provides evidence for the soil N fertility and yield advantages from cover crop
establishment on coastal plain soils as well as updated information regarding N placement at

side-dress and petiole N nutrition for strip-tilled cotton in Virginia and North Carolina.
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Appendix A

Supplementary Table 1. Effect of cover crop treatment and sampling depth interaction on soil
NOs-N concentrations over the 2017 growing season.

Cover Crop Depth Soil Nitrate-N (mg NO3-N kg™!)
cm May June July August September
Fallow 0-15 9 def 11 ¢ 5 nst 3 ghi 2 ef
15-30 5 efgh 9 de 5 2 1 1 f
30-60 5 efgh 8 de 9 4 efg 3 de
60-90 3 gh 6 ef 8 4 efg 4 cd
Rye 0-15 9 de 6 ef 9 5 bcde 3 de
15-30 3 gh 6 ef 2 3 ghi 2 ef
30-60 2 h 6 ef 4 4 efg 3 de
60-90 1 h 4 f 7 6 bc 5 ¢
LM} 0-15 37 a 12 bed 14 6 be 3 de
15-30 16 ¢ 13 be 4 2 i 2 ef
30-60 11 d 16 a 12 6 bc 5 ¢
60-90 5 efgh 15 ab 16 10 a 10 a
LMR 0-15 24 b 12 bed 5 5 bcde 2 ef
15-30 7 defg 12 bed 2 2 i 1 f
30-60 4 fgh 13 abc 7 6 bc 4 cd
60-90 I h 7 ef 9 6 bc 6 b
ANOVAP>F <0.0001 0.0015  0.4567 0.0003 <0.0001

1 Values with the same letter are not significantly different for means separation at o = 0.10
within columns

I NS, the interaction between cover crop treatment and sampling depth was not significant at o
= (.10 within columns

§ LM, Legume Mix; LMR, Legume Mix and Rye combination
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Supplementary Table 2. Effect of cover crop treatment and sampling depth interaction on soil
NOs-N concentrations over the 2018 growing season.

Cover Crop Depth Soil Nitrate-N (mg NO3-N kg!)
cm May June July  August September
Fallow 0-15 5 bl 11 nst* 6 ns 2 ns 2 ns

15-30 2 cd 4 4 1 1

30-60 2 cd 7 4 1 1

60-90 2 cd 4 2 1 2

Rye 0-15 2 cd 6 5 2 3
15-30 1 d 2 3 1 2

30-60 1 d 3 2 1 1

60-90 1 d 1 2 1 1

LM 0-15 7 a 10 12 2 3
15-30 2 cd 4 6 1 1

30-60 4 b 4 5 2 1

60-90 1 d 2 3 2 1

LMR 0-15 3 c 7 6 3 2
15-30 1 d 3 4 1 1

30-60 1 d 2 2 1 1

60-90 2 cd 2 1 1 1

ANOVA P> F 0.0071 0.6510 0.3258 0.4290 0.3820

1 Values with the same letter are not significantly different for means separation at o =
0.10 within columns

1 NS, the interaction between cover crop treatment and sampling depth was not
significant at o = 0.10 within columns

§ LM, Legume Mix; LMR, Legume Mix and Rye combination

76



