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NOMENCLATURE 

 

SOM, soil organic matter 

EC, electrical conductivity 

SOC, soil organic carbon 

MBC, microbial biomass carbon 

POXC, potassium permanganate oxidizable carbon 

TOC, total organic carbon 

POC, particulate organic carbon 

MC, mineralizable carbon 

Ninorg, inorganic nitrogen 

AG-CARES, Agricultural Complex for Advanced Research and Extension Systems 

NT, no-tillage 

CT, conventional tillage, winter fallow 

R-NT, no-tillage rye cover 

M-NT, no-tillage mixed cover 

LEPA, low energy precision application 

TN, total nitrogen 



Texas Tech University, Joseph Alan Burke, May 2018 
 

v 
 

LSD, least significant difference 

THP, Texas High Plains 

MWD, mean weight diameter  

L Macro, large macroaggregates 

S Macro, small macroaggregates 

Micro, microaggregates 

S+C, silt and clay fraction 

SSM, stored soil moisture 

DM, dry matter 

GHG, greenhouse gas 

SARE, Sustainable Agriculture Research & Education program 
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ABSTRACT 

The Texas High Plains (THP) is a semi-arid ecoregion with soils susceptible to 

wind erosion. Soil conservation management practices like reduced tillage, residue 

management, and cover cropping have been shown to reduce wind erosion potential. In 

other regions of the United States, conservation management practices such as no-tillage 

and cover cropping have been shown to provide additional benefits to cash crops and 

improve soil health but have not been thoroughly evaluated on the THP. Adoption of 

these conservation management practices have been limited in this region due to limited 

knowledge in adoptable practices and concerns regarding water-use and potential 

limitations, like nutrient immobilization and pest pressure.  

The overall objective of these series of experiments was to identify potentially 

adoptable practices for improved soil health management under the typical practice of 

cotton monocultures on the Texas High Plains. For example, the effects of no-tillage and 

cover cropping on soil C dynamics, nutrient availability, microbial respiration, soil 

aggregation, stored soil moisture, cotton yield, cropping system economics and 

sustainability were assessed.  

With field studies, soil organic C (SOC) increased 57% using conservation tillage 

and a mixed species cover compared to conventional tillage in sandy soils of this region. 

Additionally, SOC and potassium permanganate oxidizable C (POXC) were greatest 

during periods of active cotton and cover crop root growth. Soil organic C and POXC 

were significantly correlated (R2=0.75), but SOC and POXC were poorly correlated to 
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microbial respiration (R2=0.3 and 0.12, respectively). Conservation management 

practices did not appear to have an impact on inorganic N fractions or soil aggregation. 

Stored soil moisture was reduced with cover crops but was greater than the conventional 

system following termination prior to planting the cotton (Gossypium hirsutum L.) cash 

crop. Deeper in the profile, stored soil moisture replenishment was greatest following 

cover crops. Decreased cotton lint yields in the no-tillage with rye cover treatment 

resulted in reduced lint revenue, gross margins, and sustainability compared to the 

conventional system; however, there were no significant differences between the 

conventional and no-till mixed species cover systems.  

Conservation management practices such as, no-tillage and cover crops increased 

SOC and POXC especially during winter fallow periods, improve infiltration and 

decrease evaporative potential, and helped improve several sustainability indicators 

including water-use efficiency and quality, soil conservation, and energy use. These 

conservation management practices demonstrated the potential to improve several 

ecosystem services, like nutrient cycling, under cotton monoculture production systems 

on the THP. Our results suggest further research is necessary to better understand yield 

differences under long-term conservative management scenarios.  
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CHAPTER I 

INTRODUCTION 

 

Perspectives of soil health 

Intensive tillage during the 1920s coupled with extreme drought in the 1930s led 

to one of the most devastating ecological events in the 20th Century – The Dust Bowl.  

During an eight-year period, over 5 Tg of top soil was lost from the High Plains via wind 

erosion and deposited across the Midwest and Eastern United States (Zobeck and Van 

Pelt, 2012).  These significant losses of top soil prompted Congress to create the Soil 

Conservation Service with the Soil Conservation and Domestic Allotment Act in 1935 

(Roosevelt, 1937).  Subsequent years yielded additional programs aimed to control soil 

erosion, which resulted in substantial reductions.  However, concerns fostered during the 

Dust Bowl were soon forgotten as World War II increased the need for fast food supply, 

both domestic and abroad regardless of management used to accomplish this goal 

(Zobeck and Van Pelt, 2012). 

Post-World War II increases in agricultural production allowed farmers to provide 

feed, fiber, food, and fuel at higher rates than ever before utilizing mechanization, 

chemical fertilizers, and pesticides.  In some cases, these increases reduced long-term soil 

sustainability and environmental quality through over-fertilization, increased erosion, and 

loss of biodiversity (Zobeck and Van Pelt, 2012).  Cline and Ruark (1995) suggested 

these consequences might be linked to our lack of understanding regarding these 
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complicated ecosystems and the natural variability of soil.  The post-war years 

experienced an increase in research expenditures which changed the focus from basic soil 

erosion research to soil chemical and physical properties associated with agricultural 

production (Karlen et al. 1997).  While these changes prompted the expansion of soil 

research, it still limited the focus to soil fertility research or the capacity of soil to 

produce crops and soil classification.  Lowdermilk (1953) noted the importance of 

conservation agricultural practices in protecting soils from erosion and loss of 

productivity, practices which are still studied extensively today.   

Soil research expanded yet again in the 1970s as the interest in soil biology, 

microbiology, ecology, and biochemistry increased.  While not a new concept 

(Waksman, 1932), discoveries into soil biological functions, specifically the structure of 

DNA and enzymatic activities during the 1970s prompted resurgence in the field (Dick 

and Burns, 2011).  This resurgence led to discoveries in carbon and nutrient cycling, 

bioremediation of soil contaminants, and plant-soil-biota interactions (Balesdent and 

Mariotti, 1987; Robertson and Tiedje, 1987; Ehrlichf and Newman, 2009; Balestrini et 

al., 2015).  However, environmental contamination and soil erosion were still prevalent 

issues impacting soil science and agricultural productivity.  To remedy these continuing 

sustainability concerns with agricultural production the concept of soil quality was 

proposed (Karlen et al., 1997).   

The Soil Science Society of America first proposed that soil quality be “evaluated 

based on soil function” (Karlen et al., 1997, 2003).  To this end, Brady and Weil (2010) 
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recently described six primary ecological functions of soil: (1) medium of plant growth, 

(2) recycling system for nutrients and organic wastes, (3) modifier of the atmosphere, (4) 

habitat for soil organisms, (5) engineering medium, and (6) system for water supply and 

purification.  Evaluating these functions has led to the development of assessment 

methods for determining the quality of a soil.   

Soil quality measures both inherent and dynamic properties.  Agricultural 

management practices have little, if any, impact on inherent soil qualities, while dynamic 

properties can vary within a single growing season and be impacted by soil management.  

The initial measurements proposed by Karlen et al. (1997) included soil organic matter 

(SOM), water infiltration, aggregation, pH, microbial biomass, nitrogen (N) speciation, 

bulk density, topsoil depth, electrical conductivity (EC), and plant available nutrients.  In 

the initial proposal, Karlen et al. suggested multiple scales of evaluation (Fig. 1.1).  The 

combination of multiple, diversified measurements and multiple scales of evaluations 

allowed for this soil quality assessment system to be rapidly and broadly adopted on a 

national scale.  The multiple-scale model allowed for regionally specific, or prescribed, 

soil quality practices to be implemented after being determined through local research 

efforts.  The Karlen et al. (1997) approach requires centralized national leadership to 

coordinate research efforts and significant funding for program success, both barriers to 

the successful adoption of any program. 

The recommendations of Karlen et al. (1997) were the basis for the NRCS Soil 

Quality Guide (1999, 2001).  The initial soil quality test measured soil respiration, 
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infiltration, bulk density, EC, pH, nitrate-N, aggregate stability, soil slaking, and 

earthworms.  While this kit was convenient for transportation to testing sites, it was 

calibrated on farms in the Midwest and was therefore difficult to replicate results across 

different climates and soil types (Seybold et al., 2001).  Poor replicability and 

management of the Soil Quality Assessment prompted the NRCS to rebrand and 

restructure soil quality into the most recent rendition, the Soil Health Assessment (Karlen 

et al., 2008).  Early survey research into the linguistics of soil quality suggests farmers 

prefer the term soil health compared to soil quality due to the “direct value judgement” of 

the term, i.e. ‘healthy’ or ‘unhealthy’ similar to medical evaluations for humans (Romig 

et al., 1995).  Karlen et al. (1997) reported their committee “encountered strong opinions 

that soil health and soil quality should not be used interchangeably,” a debate which is 

still being raised (Nakajima et al., 2016; Culman et al., 2012; Moebius-Clune et al. 2016).   

Andrews et al. (2004) proposed the initial soil management assessment 

framework using scoring function analysis, a method still utilized by the Cornell 

Framework for Comprehensive Assessment of Soil Health and the Soil Quality Index 

(Moebius-Clune et al., 2016; Nakajima et al., 2015).  Scoring function analysis allows 

each indicator to have an equal determination of overall soil quality (Fig. 1.2). 

There is still much discussion over which indicators should be utilized for 

determining soil quality/soil health. Haney et al. (2006) has proposed water extractable N 

and C, 1-day CO2-C flush following rewetting of air-dried soil, and organic C: organic N 

ratios. Moebius-Clune et al. (2016) has proposed available water capacity, surface and 
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subsurface hardness, aggregate stability, SOM, soil protein, soil respiration, active 

carbon, and plant nutrient availability; and Nakajima et al. (2015) has proposed pH, EC, 

bulk density, water retention, water holding capacity, saturated hydraulic conductivity, 

soil organic carbon (SOC) , total N, aggregate stability, microbial biomass carbon 

(MBC), soil temperature, and moisture.  While there is some overlap between the 

different proposed methodologies there is still no adopted measure by the NRCS for 

determining soil health and quality.   

 While there is a substantial amount of research regarding soil health management 

parameters there is minimal research regarding West Texas farmers’ willingness to adopt 

these parameters or their concerns in doing so. Gruver (1999) identified the ability of 

agriculturalists to monitor soil health through yields but did not go so far as to recognize 

the willingness of farmers to adopt management strategies.  In the Texas High Plains, 

agriculturalists have increased crop yields while witnessing a decrease in soil health, the 

opposite reaction Gruver noted.  Additional research is needed to determine current 

agricultural practices and the willingness of farmers to adopt new management practices 

for soil health regionally and nationally. 

Conservation agriculture and soil organic matter 

The transition of rangeland, grassland, or forested areas to agricultural production 

lands causes distinct changes in the physical, chemical, and biological properties of the 

soil.  The degree and rate of these changes can have adverse ecological and 

environmental effects due to changes in surface cover, water infiltration, nutrient cycling, 
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and habitat loss of most cropping systems (Blair et al., 2001).  Tillage, defined as the 

mechanical movement of the soil used to prepare fields for planting, can affect aggregate 

stability, bulk density, aeration, infiltration, drainage, and water capacity (Brady and 

Weil, 2010).  These effects are some of the most studied in soil science (Simpson et al., 

2004; Dou et al. 2008; Franzluebbers and Stuedemann, 2008; Olchin et al., 2008; Yoo 

and Wander, 2008; Mikha et al., 2013; Diochon et al., 2016). Tillage helps to break down 

large aggregates into smaller aggregates which is beneficial for proper seed placement 

and is important for weed control; however, tillage can also have negative impacts on soil 

chemical and biological properties (Franzluebbers and Stuedemann, 2008).  As these 

aggregates breakdown they expose previously unavailable C sources which then can be 

decomposed by soil microbes resulting in a flush of CO2 released to the atmosphere (Six 

et al., 2002).  Increasing soil aggregation with the addition of organic materials through 

crop residue can help increase C (Dou et al., 2008), but Diochon et al. (2016) reported 

that added residues increased the decomposition of relic SOM and resulted in an overall 

loss of SOC.  Additional research of C dynamics of regions with inherently low SOC is 

necessary to better understand these complicated relationships. 

In regions like the Texas High Plains, where potential evapotranspiration of 

cotton is generally greater than annual precipitation, tillage can have an adverse effect on 

soil erodibility.  Intensive cotton production, which yields minimal winter soil cover and 

SOM, is susceptible to soil erosion worse; however, conservation management practices 

can reduce this susceptibility, especially years with deficit precipitation (Nachimuthu and 
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Webb, 2016).  Zobeck and Van Pelt (2002) suggested implementing cropping rotations 

and reduced tillage practices to help reduce soil erosion on the Texas High Plains.  While 

erosion has been significantly reduced in the region since the Dust Bowl (Zobeck & Van 

Pelt 2002), in instances of severe drought and climate variability soil erosion is still 

prevalent.  Scientists have proposed measuring SOM and SOC as a method for 

monitoring and measure potential soil losses on a national scale through erosion and to 

secure our soils against further erosion events (Diochon et al. 2016; Dou et al. 2008; 

Mikha et al. 2013). 

Soil organic C is important for dynamic soil structure and changes to soil C levels 

can result in subsequent changes in water infiltration, erodibility, and bulk density (Lal, 

2015).  As soil C levels are reduced, nutrient availability is reduced due to lower 

microbial activity placing more demand on inorganic fertilizers and potentially increasing 

farmer’s production costs.  Blair et al. (2001) noted ecological concerns in regions 

associated with small C pools like the semi-arid Texas High Plains. Specifically, Blair et 

al. noted the loss of C from the labile pool cycling nutrients and C is a greater concern 

compared to the recalcitrant pool which turns over in decades or longer.  The Texas High 

Plains is an ecoregion with large levels of recalcitrant C in the form of carbonates 

(Mathers et al., 1963).  While this C fraction is very stable, other fractions like SOC and 

SOM are unstable due to the climatic variability of the Texas High Plains (Bronson et al. 

2004).  Strong winds and high temperatures cause crop residues to decompose quickly, 

resulting in slow to no buildup of SOM.  Numerous studies report no effect of tillage and 
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no-tillage on SOM even after several decades while SOC does increase (DeLaune et al., 

2015; Lucas and Weil, 2012; Bronson et al., 2004).   

Active carbon: A new measure for soil health monitoring 

Permanganate oxidizable C (POXC), also referred to as ‘active carbon,’ is a 

relatively small fraction of SOC which is believed to be most readily available to 

microbes during the decomposition of SOM (Weil et al. 2003).  Permanganate oxidizable 

C has been used in several studies to determine the oxidation of various organic 

compounds but was first used to oxidize SOM in 1957 (Hayes and Swift).  Early 

techniques developed by Blair et al. (1995) used 0.333 M KMnO4 but Weil et al. (2003) 

determined that this concentration oxidized total organic C (TOC) and proposed using a 

0.2 M KMnO4 to measure the labile C fraction associated with soil quality.  Reviews by 

Culman et al. (2012) and Gruver (2004) validate the Weil et al. (2003) method, but 

Culman et al. (2012) proposed 2.50 g of air-dried soil for analysis, which is now the 

commonly used standard (Hurisso and Culman et al., 2016).   

Blair et al. (1995) originally proposed using active carbon as a metric of soil 

quality, but it was never incorporated into the initial NRCS soil quality assessment.  Of 

the new proposed soil quality/health assessments, POXC determination is only included 

in the Cornell Framework (Moebius-Clune et al. 2016).  It is possible POXC has not been 

incorporated into soil quality/health assessments due to the limited research available on 

POXC measurements from agricultural fields.  There is still much debate as to what SOC 

fraction POXC is most similar to.  Culman et al. (2012) reported POXC is most likely 
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smaller sized particulate organic carbon (POC) and MBC than TOC, whereas Weil et al. 

(2003) reported it was most similar to TOC.  Aziz et al. (2013) reported POXC might 

overestimate the available fraction of SOC making it more similar to TOC.  Hurisso and 

Culman et al. (2016) determined there was little relationship between POXC and 

mineralizable C (MC) across 76 research sites indicating POXC and MC were influenced 

by management practices differently.   

Wang et al. (2017) showed significant increases in TOC and POXC after planting 

forage radishes in corn stalks; however, these increases coincide with sampling during 

the growing season.  In both situations TOC and POXC significantly increased which 

could possibly be explained by sampling time or root deposition of organic C.  There is 

no existing research examining this potential phenomenon or the timing of soil sampling 

for POXC determination. 

Aligned with the original purpose of soil health management to improve crop 

productivity, researchers have attempted to examine the relationship between POXC and 

crop yields (Culman et al., 2013; de Moraes Sa et al., 2014; Lucas and Weil, 2012; 

Majumder et al., 2007; Stine and Weil, 2002).  These studies have focused on corn yields 

in the United States and Brazil but have not thoroughly investigated the relationship 

between POXC and crop yield in various soil types, crop species, and management 

systems.  No previous studies have examined the relationship between SOC and POXC to 

crop yields in cotton cropping systems or semi-arid environments. 
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Research objectives 

The overall objective of this research project was to determine effective and adoptable 

practices for soil health management in cotton monocultures on the Texas High Plains by 

measuring how no-tillage and cover crops effect soil properties in a long-term study. 

Specific objectives include: 

1. Determine the temporal variability and relationship between POXC, SOC, 

inorganic N fractions, and microbial respiration in a long-term conservation 

management study in a representative semi-arid, sandy soil on the Texas High 

Plains.  

2. Evaluate the impact of no-tillage and cover crops on soil aggregation and stored 

soil moisture. 

3. Determine the effect of conservation management practices and cropping system 

on soil C, crop yields, economic return, and sustainability. 
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Figure 1. 1 Multiple scales for soil quality evaluation (modified from Karlen et al. 1997) 
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Figure 1. 2 Conceptual framework for scoring function analysis (Adapted from Andrews 

et al. 2004)  



Texas Tech University, Joseph Alan Burke, May 2018 
 

18 
 

CHAPTER II 

A NOVEL EVALUATION OF TEMPORAL CARBON AND NITROGEN 

DYNAMICS OF COTTON CROPPING SYSTEMS 

 

Abstract 

A key indicator of soil health is soil organic C (SOC) which is important for nutrient 

cycling in agricultural soils, but it can take several decades to increase SOC in semi-arid 

ecoregions. This study was conducted to evaluate the temporal C and N dynamics of 

cotton cropping systems in a semi-arid region. The effects of no-tillage and cover crop 

use on SOC, potassium permanganate oxidizable C (POXC), inorganic N (Ninorg), and 

microbial respiration were investigated in a long-term study (~19 years) at Lamesa, TX 

on an Amarillo fine sandy loam (fine-loamy, mixed, superactive, thermic Aridic 

Paleustalf). Soil organic C and POXC were greatest during periods of active cotton and 

cover crop root growth. Soil organic C and POXC were significantly correlated (R2=0.75) 

but SOC and POXC were weakly correlated with microbial respiration (R2=0.3 and 0.12, 

respectively). Conservation management practices did not appear to have an impact on 

Ninorg. Soil organic C and POXC levels were more variable than previously reported and 

respond to active root growth in semi-arid, sandy soil. Additional research into the nature 

of POXC is necessary for adoption as a national indicator of soil health.    
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Introduction 

Soil organic C (SOC) is a critical metric for soil health because it plays a key role 

in environmental and ecosystem services like nutrient cycling, soil structure, microbial 

processes, and soil erosion, and is the primary component of soil organic matter (SOM) 

(Follett et al., 1987; Nelson and Sommers, 1996). In semi-arid regions like the Texas 

High Plains, land-use can have a significant impact on SOC as demonstrated by the Dust 

Bowl of the 1930s which resulted in the loss of approximately 5 Tg of top soil from the 

High Plains (Follett, 2009; Zobeck and Van Pelt, 2012). Increasing SOC levels has been a 

historically slow process on the High Plains due to climatic conditions, including 

temperature, soil moisture, soil texture, and plant primary productivity (Dijksta and 

Morgan, 2012). Conservation management practices like no-tillage and cover cropping 

can increase SOC and subsequently enhance soil health but may take several decades in 

semi-arid climates (Lucas and Weil, 2012; Bronson et al., 2004). 

Several studies have reported that labile forms of SOC reacting with a potassium 

permanganate solution can represent a microbial processed fraction of SOC that is more 

sensitive to management changes even as tillage, cover crops, and residue management 

compared to total SOC (Weil et al., 2003; Culman et al., 2012; Wang et al., 2017; 

Hurisso and Culman et al., 2016).  Commonly referred to as potassium permanganate 

oxidizable carbon (POXC), this active form of C can be used to track management 

impacts on SOM dynamics over time. Recently, attempts have been made to include 

POXC as a potential index of soil health because it is simple and inexpensive to measure 



Texas Tech University, Joseph Alan Burke, May 2018 
 

20 
 

(Moebius-Clune et al., 2016; Fine et al., 2017; Culman et al., 2012). Fine et al. (2017) 

listed POXC, soil organic matter, and penetration resistance as the most useful indicators 

of soil health because they are sensitive to management practices across texture classes 

and geographical regions. Questions regarding precisely what POXC measures still 

remain. Lucas and Weil (2012) closely related POXC to total organic C, whereas, Weil et 

al. (2003) closely associated POXC to labile C fractions. Additionally, Culman et al. 

(2012) associated POXC to particulate organic C and soil microbial biomass C. Hurisso 

and Culman et al. (2106) related POXC to SOM stabilization and mineralizable C to 

SOM mineralization in their review of 13 studies. Adequate understanding of the 

fundamental concepts of POXC is necessary for it to be adopted as a national assessment 

of soil health or quality. 

Numerous studies have reported increased SOC resulting from reduced tillage, 

while other studies have reported SOC levels to remain relatively unchanged following 

conversion to this conservation management practices (Salinas-Garcia et al., 1997; 

Franzluebbers, 2005; Dolan et al., 2006; Blanco-Canqui and Lal, 2008; Mazzonani et al., 

2011). Conservation tillage can increase aggregate stability, reduce susceptibility to wind 

and water erosion, and sequester atmospheric carbon dioxide (CO2) (Lal and Kimple 

1997, Gebhart et al. 1985, Lal et al. 2003).  Additional conservation management 

practices, like cover crop use, in combination with reduced tillage can increase these 

positive effects (Lal et al. 2003).  The addition of organic materials as cover crop residues 

can stimulate microbial activity and C cycling (Fu et al., 2017). The rate of microbial 
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decomposition of organic materials is dependent, in part, on quality (C:N) and chemical 

composition which can affect nutrient (N, P, and S) availability (Curiel Yuste et al., 2007; 

Haile-Mariam et al., 2008; Horwath and Elliott, 1996; Fu et al., 2017). As plant material 

and organic C pools decompose at varying rates they enter different C pools, from labile 

to recalcitrant (Vanlauwe et al., 2005).  Examining SOC and POXC in long-term ( >15 

years) field experiments can provide valuable information into C and N cycling at the 

ecosystem scale (Sherrod et al., 2003). 

This study examines the temporal variability of SOC, POXC, and inorganic N 

(Ninorg) in sandy soil of a semi-arid ecoregion under various long-term conservation 

management practices in situ. Measured variables were: cover crop herbage, soil 

chemical characterization, SOC, POXC, microbial respiration, and Ninorg [nitrate-N (NO3
-

-N) plus ammonium-N (NH4
+-N)]. Objectives of this study were to (1) quantify the 

impact of conservation management practices (no-tillage and cover crop use) on SOC and 

N fractions, (2) examine the temporal variability of SOC, POXC, microbial respiration, 

and Ninorg throughout a growing season, and (3) examine the relationships of SOC, 

POXC, and microbial respiration.  It was hypothesized that SOC would remain relatively 

unchanged throughout the growing season while POXC and Ninorg would dynamically 

respond to management practices, organic material additions, and microbial 

transformations. Additionally, we hypothesized inorganic N levels would be reduced in 

the no-tillage, cover crop plots following termination due to increased immobilization of 

inorganic N. 
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Materials and methods 

Site description and experimental design 

The experiment site was located at the Agricultural Complex for Advanced 

Research and Extension Systems (AG-CARES), a cooperative site between the Texas 

A&M AgriLife Research and Extension Center at Lubbock and the Dawson County 

Cotton Growers Association, near Lamesa, TX (32o 46’ 22”, 101o 56’ 18”). This is a 

semi-arid site with mean annual temperature of 15oC and mean annual precipitation of 

450 mm (U.S. Climate Data Service). The soil at this location is classified as an Amarillo 

series, a benchmark soil of the Southern High Plains of Texas and is described as a fine 

sandy loam (fine-loamy, mixed, superactive, thermic Aridic Paleustalfs) with a pH of 7.5 

in the topsoil (USDA-NRCS).  Conservation tillage was established in 1998 to compare 

monoculture cotton production using conventional tillage-winter fallow and no tillage 

with cereal rye (Secale cereal L.) cover.  In 2014, the no tillage, rye cover plots were 

divided in two, and a mixed cover including hairy vetch (Vicia villosa Roth), winter pea 

(Pisum sativum L.), rye (Secale cereal) and radish (Raphanus sativus L.) were seeded.  

Cotton (Gossypium hirsutum) was planted annually as the cash crop. Agronomic 

management practices are explained in detail in chapter IV. 

The experimental design was a randomized complete block with three replications 

of treatments: (1) conventional tillage fallow during winter (CT), (2) no-tillage with rye 

cover (NTR), and (3) no-tillage with mixed species cover (NTM).  The study utilized 16-
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row (1.02-m row centers) plots measuring 76.2 m long.  The site location is under Low 

Energy Precision Application (LEPA) irrigation and received 129.5 mm of supplemental 

irrigation during the 2016 growing season.  Cover crop species were planted on 4 

November 2015 and chemically terminated on 11 March 2016.  Cotton (DP 1321 B2RF) 

was planted across all plots on 24 May 2016 and 12 May 2017, chemically defoliated on 

10 October 2016 and 21 October 2016, and mechanically harvested on 22 November 

2016.  Cover crop species were seeded on 12 December 2016 (45 kg ha-1) and chemically 

terminated with Roundup PowerMAX (2.3 L ha-1) on 3 April 2017. Figure 2.1 depicts 

monthly mean air temperature and total monthly irrigation and precipitation values for 

the research site during the study period.   

 

Field soil characterization 

 Initial composite soil samples (three 5-cm diameter cores) were collected at a 

depth of 0 to 15 cm for routine analysis from plots in April 2016 following cover crop 

termination. Soil samples were dried at 60℃ for 48 h, sieved to remove plant material 

and ground to pass a 2-mm sieve. Soil was analyzed for extractable P, K, Ca, Mg, S, and 

Na using the Mehlich III (1979) procedure with analysis by Inductively Coupled Argon 

Plasma Optical Emission Spectroscopy.  Extractable NO3
- was analyzed by the Berthelot 

reaction involving cadmium reduction following extraction with 1 N KCl using a 1:5 soil 

to KCl solution ratio (5 g soil:25 mL 1 N KCl), followed by analysis using flow injection 

spectrometry (FIAlab 2600, FIAlab Instruments Inc., Bellevue, WA).  The electrical 
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conductivity (EC) and pH of the soil were determined in a 1:2 soil to water extract using 

deionized (DI) water, with actual determination made using a conductivity electrode 

(Rhoades, 1996) and pH probe (Thomas, 1996).  An aliquot of soil (< 2 mm) was finely 

ground to pass a 150µm sieve and analyzed for SOC and total N (TN) by combustion 

procedure (Storer, 1984; McGeenhan and Naylor, 1988; Schulte and Hopkins, 1996).    

Additional composite cores (12 1.8-cm diameter, 0- to 15-cm depth interval) were 

collected from plots monthly beginning in July 2016, unless we were unable to enter the 

field, and analyzed for SOC, POXC, NO3
-, and NH4

+.  Soil organic C was determined 

using the combustion method described above.  Permanganate oxidizable C was 

estimated by reaction with dilute permanganate solution (Weil et al., 2003). Briefly, 2.5 g 

of air-dried soil was dispersed in 20 mL potassium permanganate (KMnO4) solution 

containing 0.02 M KMnO4 and 0.1 M calcium chloride (CaCl2) adjusted to approximately 

pH 7.2 using 0.1 M sodium hydroxide (NaOH) and shaken on a reciprocating shaker (120 

strokes minute-1) for 120 seconds.  The soil-permanganate slurry was allowed to settle for 

10 min in darkness, then 0.5 mL of the supernatant was transferred into a 50-mL 

centrifuge tube and mixed with 49.5 mL deionized water. This diluted supernatant was 

read on a spectrophotometer at 550 nm and POXC (mg kg-1 soil) was calculated as: 

 

POXC (mg kg-1) =[0.02 mol L-1 - (a+bAbs)]x(9000 mg C mol-1)x(0.02 L solution Wt-1)  
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where 0.02 mol L-1 is the initial concentration of the KMnO4 solution, a is the intercept of 

the standard curve, b is the slope of the standard curve, Abs is the absorbance of the 

unknown soil sample, 9000 mg is the amount of C oxidized by 1 mol of MnO4 with Mn7+ 

getting reduced to Mn4+, 0.02 L is the volume of the KMnO4 solution reacted with soil, 

and Wt is the amount of soil in kilograms used in the reaction.  Inorganic N fractions 

were determined using the method described previously. 

 

Cover crop herbage characterization 

Cover crop herbage samples were randomly collected from the treatment plots on 

10 March 2016 and 27 March 2017. Two 1-m2 quadrats of cover crop herbage were 

harvested from each of the rye and mixed cover crop plots, weighed, and dried at 65oC 

for dry matter (DM) determination.  Total C and N content was determined using 

combustion analysis using a Elementar vario MAX cube (Elementar Americas, Inc. Mt. 

Laurel, NJ). 

 

Microbial respiration 

Microbial respiration was determined using the 3-day CO2 evolution method 

(Franzluebbers, 2016).  Briefly, a 20 g aliquot of air-dried soil from each plot was sieved 

to 2 mm was placed in a glass beaker. The soil was rewetted to 50% water-filled pore 

space with DI water.  The beaker of wetted soil was then placed in a 1-L glass container 
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along with a 45-mL vial containing 15 mL of 1 M NaOH to trap CO2.  Approximately 5 

mL of DI water was added to the bottom of the incubation container to maintain 

sufficient soil moisture throughout the 3-day incubation.  Containers were sealed an 

incubated at 25℃ for 72 hours.  At the end of the incubation, the vial of 1 M NaOH was 

removed for titration.  To each vial of NaOH, 1 mL of 3 M BaCl2, 3 drops of 

phenolphthalein color indicator, and a small magnetic stir bar were added.  The vial was 

placed on a magnet stir plate and 0.5 M HCl was slowly added to the solution until a 

color change from pink to clear was achieved.  A blank was calculated using the same 

method except DI water was added to glass beaker instead of soil.  The quantity of CO2 

respired was calculated using the following, Eq.[1]: 

 

CO2-C (mg kg-1 soil) = (mL [blank] – mL [sample]) x N x M/S 

where N = normality of the acid (mol L-1), M = mass conversion from cmolc to g C 

(6000), and S = soil weight (g) 

 

Calculations and statistical analysis 

Analysis of variance for all parameters was calculated using randomized complete 

block design with three replications with month listed as the random variable (PROC 

GLIMMIX, SAS 9.3, 2010). Means of treatment effects were compared within sample 

time using Fisher’s Protected least significant difference (LSD) at alpha level = 0.05. 
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Pearson correlation coefficient was utilized to determine the relationship between POXC 

and SOC at p < 0.05. 

 

Results and discussion 

Soil characterization 

The soil at the research location was classified as Amarillo fine sandy loam 

(USDA-NRCS), with an average pH of 7.3, EC of 183 µmhos cm-1, and TN of 537 mg 

kg-1 for 2016 and an average pH of 7.4, EC of 131 µmhos cm-1, and TN of 480 mg kg-1 

for 2017 in the top 0-15 cm (Table 2.1).  In the 0-15 cm depth for 2016, Averaged across 

treatments, the soil was low in extractable Na (45 mg kg-1) and NO3
--N (4.4 mg kg-1), 

moderate in extractable Ca (664 mg kg-1) and P (41 mg kg-1), and high in extractable K 

(315 mg kg-1), Mg (574 mg kg-1) and S (14 mg kg-1). In 2017, it was low in extractable 

NO3
--N (6.6 mg kg-1), Na (28 mg kg-1) and S (2 mg kg-1), moderate in extractable Ca 

(672 mg kg-1) and P (37 mg kg-1), and high in extractable K (338 mg kg-1), Mg (626 mg 

kg-1).  Soil test ratings of nutrient levels were based on those of the Soil, Water, and 

Forage Testing Laboratory of the Texas A&M AgriLife Extension Service.  Soil 

chemical characterization and cotton production is explored in chapter IV of this thesis. 
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Cover crop herbage mass and characterization 

Rye herbage mass ranged from 4,220 to 6,670 kg ha-1 averaging 5,217 kg ha-1 in 

2016 and 2,576 to 6,359 kg ha-1 averaging 4,677 kg ha-1 in 2017 (Table 2.2). Mixed 

species biomass production ranged from 4,260 to 5,220 kg ha-1 averaging 4,738 kg ha-1 in 

2016 and 3,677 to 5,839 kg ha-1 averaging 3.956 kg ha-1in 2017.  Rye herbage mass 

production was significantly greater in 2017 compared to the mixed species cover; 

differences were not determined in 2016.  Nitrogen uptake by plants was calculated by 

multiplying cover crop herbage mass (kg DM ha-1) and tissue N concentration.  In 2016, 

the N uptake by the rye cover was 152 kg N ha-1 compared to 150 kg N ha-1 in the mixed 

species cover.  In 2017, the N uptake by the rye cover was 103 kg N ha-1 compared to 

129 kg N ha-1 in the mixed species cover.   

 

Temporal carbon dynamics 

Permanganate oxidizable C was variable throughout the experiment with levels 

generally increasing in all treatments through active cotton growth stages (May to 

September 2016) before decreasing in October 2016 (Fig. 2.2).  This decrease likely 

resulted from reduced cotton metabolic activity later in the growing season which 

decreases rhizodeposition and subsequently microbial activity (Austin et al., 2017).  From 

November 2016 to May 2017, POXC levels remained static in the CT plots, while the no-

tillage plots with a cover crop had significantly greater POXC levels in January, March 

and May 2017.  There was no significant difference between treatments during active 
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cotton growth (May 2016 to October 2016).  The lack of significance may be attributed 

rhizodeposition which equally stimulates microbial activity; with low background levels 

of SOC, rhizodeposition may be dramatically increasing POXC (Cheng et al., 2003).  

Significant increases of POXC in March 2017 coincide with active growth of the cover 

crops following warm temperatures in the spring.  After the cover was terminated in late 

March 2017 POXC levels decreased to near-April 2016 levels before beginning to 

increase again in May 2017.  May 2017 soil samples were collected one week after 

planting cotton on 12 May 2017.  

There were significant differences in SOC between the CT and NT treatments in 

all sample times except April and July 2016 and April 2017.  Soil organic C levels 

followed a similar trend to POXC with increased levels during active cotton growth (July 

to September 2016) before decreasing in October 2016 (Fig 2.3).  Decreases in SOC 

continued in all treatments until December 2016 when SOC increased in the no-tillage 

cover crop treatments. Following this increase, SOC increased and decreased monthly 

until May 2017 following environmental growth responses.  These fluctuations followed 

growth stages of cover crops prior to termination in April 2017 while the CT steadily 

decrease throughout the fallow period to April 2016 levels.  Following defoliation of the 

cotton (October 2016), SOC gradually decreased in the CT treatments but remained 

steady in the NT treatments.  Soil organic C increased again in January, followed by a 

decrease in February before greatly increasing in March 2016.  Fluctuations of SOC in 
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the NT treatments most likely resulted from changes in climatic variability enhancing 

cover crop growth and microbial activity. 

Permanganate oxidizable C accounted for approximately 6% of SOC throughout 

the study.  Culman et al. (2012) reported POXC to be approximately 2% of SOC in 12 

studies across the U.S. Our results suggest that POXC constitutes a larger fraction of 

SOC in sandy, semi-arid soil of the Texas High Plains compared to the other study 

locations.  POXC and SOC were significantly related with a coefficient of 0.75 (Fig. 2.4).  

A strong positive relationship between POXC and SOC has been reported previously 

(Culman, 2012). 

As a potential assessment tool for soil health, POXC can be utilized to rapidly 

detect changes in management practices.  Culman et al. (2012) noted POXC could be 

used to indicate changes after 2-4 years but, our results indicate POXC fluctuates 

significantly throughout the growing season responding to changes in climatic conditions, 

management practices, and crop growth.  In regions with low background SOC, POXC 

can contribute significant amounts of microbially available C which might stimulate 

nutrient cycling. 

In regard to temporal variability of SOC, soil samples should be collected during 

similar times to reduce environmental variability and ensure accurate results for farmer 

recommendation and peer-reviewed publication.  The author recommends collecting 

samples for SOC and POXC analysis during fertility testing to track changes in soil 
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management.  In the THP, the author recommends collecting samples for soil health 

should be conducted in April between terminating cover crops and planting the cash crop.  

In the broader conversations regarding soil health management and national indexes, it is 

important to establish proper sampling timing and depth protocols.  Care should be taken 

to minimize the impact of rhizodeposition on SOC when attempting to measure 

background SOC, especially in soils with <1% organic matter.  This consideration will 

most likely require regional protocol development across similar climatic and agronomic 

conditions. 

 

Temporal nitrogen dynamics 

Soil nitrate levels fluctuated throughout the growing season and were greatest in 

August 2016 and February 2017 for most treatments (Fig. 2.5a).  Greater NO3
--N in 

August 2016 was most likely the result of the application of inorganic N fertilizers. 

Subsequent decreases in NO3
--N levels from September to December 2016 were most 

likely the result of plant uptake of NO3
--N by the cotton crop.  In the CT plots, NO3

- 

levels increased in January 2017 before decreasing in February 2017 where it gradually 

increased from March to May 2017.  These changes most likely correspond to cycles of 

microbial transformation of inorganic N.  Nitrate levels in the no-till treatments follow a 

similar trend to the CT treatment except in February 2017 when NO3
- levels decreased 

and the no-till treatments increase. The increases in the no-till treatments was possibly the 
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result of mineralization stimulated by increased microbial activity within the rhizosphere 

of the cover crop because of increased temperatures.   

Soil NH4
+-N levels varied throughout the study period and were greatest in March 

2017 for the CT treatment and May 2017 for the no-till treatments (Fig. 2.5b).  Soil 

NH4
+-N levels remained static throughout the cotton growing season (May to October 

2016) for the no-till treatments but gradually increased in the CT treatments from 

September to December 2016 similar to NO3
--N.  The no-till plots had generally greater 

NH4
+-N levels compared to the CT plots throughout the cotton growing season (May to 

October 2016), indicating no-till treatments with a cover crop.  The gradual increase in 

NH4
+ levels in the CT plots might be a result of build-up of ammonium from inorganic N 

fertilization.   

Inorganic N levels were variable throughout the study period and were greatest in 

March 2017 for the CT treatments and May 2017 for the no-till treatments (Fig. 2.5c).  In 

all treatments, Ninorg generally decreased from April 2016 to January 2017 before levels 

began to increase.  Inorganic N levels fluctuated monthly from January to April 2017 

which is most likely caused by climatic and microbial activity variability.  Additional 

research into temporal N dynamics is needed to better understand N availability within 

active crop growth which might help understand rhizodeposition effects on N cycling and 

with nutrient stewardship and crop yield improvement.  Nitrogen dynamics did not 

appear to respond to cover crop use.  There was a potential of 152 kg N ha-1 and 10 kg N 

ha-1 in the NTR and NTM treatments for 2016, respectively (Table 2.2). Most of this N 
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appears to have been immobilized or taken up by the cotton crop. Further investigation 

into cover crop termination timing and subsequent nutrient dynamics is necessary to 

maximize nutrient availability during the cash crop growing season. 

Microbial respiration 

There was a moderately strong polynomial relationship (R2=0.30) between the 3-

day CO2 flush and SOC (Fig. 2.6).  The relationship between 3-day CO2 flush and SOC is 

a generally positive linear relationship at SOC levels lower than 10 g kg-1. At SOC levels 

greater than 10 g kg-1, the relationship becomes a generally negative linear relationship.  

There is a weak polynomial relationship (R2=0.12) between the 3-day CO2 flush and 

POXC (Fig. 7).  The relationship between 3-day CO2 flush and POXC is a generally 

positive linear relationship at POXC levels lower than 400 mg kg-1. At POXC levels 

greater than 400 mg kg-1, the relationship becomes a generally negative linear 

relationship. This data suggests POXC might not represent the most mineralizable C 

fraction. Additional research across a broader range of soil into the nature of POXC is 

necessary prior to its adoption as a national soil health indicator. 

 

Conclusions 

This is the first study of its kind to report the temporal variability of SOC on a 

monthly scale. Our study showed that SOC and POXC fluctuate throughout a growing 

season more than previously reported with changes likely corresponding to plant 



Texas Tech University, Joseph Alan Burke, May 2018 
 

34 
 

rhizodeposition supporting the role of living roots stimulating microbial activity, 

increasing SOC and enhancing soil health. The strong relationship between SOC and 

POXC found in other studies is supported by our results providing further evidence that 

POXC could serve as a proxy for costly SOC measurements. Potassium permanganate 

oxidizable C accounted for more SOC in this sandy soil compared to other studies 

suggesting there might be more microbially available C within soil solution of fine 

textured soils relative to soils with greater residual organic C. Our results suggest SOC 

and POXC might be far more variable than previously reported in the literature. This 

variability should be considered when researchers are designing experiments and 

collecting samples. A 3-day CO2 flush correlated better with SOC than POXC levels 

which was not expected. Additional research into the nature of POXC is necessary prior 

to adoption as a national soil health indicator. Similar to SOC and POXC, inorganic N 

fractions were variable throughout the study. Cover crops appear to be immobilizing N 

during decomposition, limiting N availability for the cotton cash crop. Further 

investigation will evaluate the contribution of rhizodeposition to temporal changes of 

SOC and enhanced microbial activity, a previously unexplored phenomenon in cotton. 
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Table 2. 1. Soil chemical characteristics at AG-CARES in 2016 and 2017 at the 0-15 cm soil depth. Conventional tillage winter 

fallow, no-tillage mixed cover, and no-tillage rye cover are denoted as CT, M-NT, and R-NT, respectively. 

 

 

Year Management  pH  EC  TN NO3
--N P K Ca Mg S Na 

 Practices  ---  µmhos cm-1  ----------------------------------------mg kg-1 ---------------------------------------- 

               

2016 CT  7.6  154  338 2.5 35 257 591 363 10 47 

 M-NT  7.0  204  634 6.3 49 353 713 671 20 40 

 R-NT  7.2  192  638 4.5 39 334 688 688 13 47 

               

2017 CT  7.5  140  408 8.1 32 348 666 607 3 37 

 M-NT  7.2  122  587 6.1 36 345 678 632 1 27 

 R-NT  7.6  132  447 5.6 42 322 674 641 1 22 
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Table 2. 2 Cover crop herbage mass, N concentration, and C:N ratio measured for rye and 

mixed cover crop species at the AG-CARES experiment site for two growing seasons. 

Cover crops were planted following cotton harvest and harvested in March of each year.  

Mean concentration followed by the same letter within sampling year are not different at 

P<0.1 by Fisher’s protected LSD. 

 

Year  Cover  Herbage Mass  Residue N  C:N 

  Crop  kg DM ha-1  g kg-1 kg ha-1  ---- 

          

2016  Rye  5,217  29.1 152  13.9 

  Mixed  4,738  31.7 150  12.6 

          

2017  Rye  4,677a  25.8 120b  16.7 

  Mixed  3,956b  33.1 129a  13.3 
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Figure 2. 1 Mean monthly temperature and total monthly precipitation from irrigation and 

rainfall events at the Agricultural Complex for Advanced Research and Extension 

Systems (AG-CARES), Lamesa, Texas from 1 Nov. 2015 through 31 May 2017.  
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Figure 2. 2 Temporal soil permanganate oxidizable C under different cropping systems at 

AG-CARES monthly beginning July 2016. Mean concentration followed by the same 

letter within sampling month are not different at P<0.05 by Fisher’s protected LSD. 

Conventional tillage winter fallow, no-tillage mixed cover, and no-tillage rye cover are 

denoted as CT, NTM, and NTR, respectively.  The vertical bars represent the standard 

error of the mean.  
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Figure 2. 3 Soil organic C levels under different cropping systems at AG-CARES 

monthly beginning in July 2016. Mean concentration followed by the same letter within 

sampling month are not different at P<0.05 by Fisher’s protected LSD. Conventional 

tillage winter fallow, no-tillage mixed cover, and no-tillage rye cover treatments are 

denoted as CT, NTM, and NTR, respectively. The vertical bars represent the standard 

error of the mean.  
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Figure 2. 4 Relationship between permanganate oxidizable C (POXC) and soil organic C 

(SOC). Coefficients of determination (r2) between POXC and SOC was 0.75.  
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Figure 2. 5 Soil (a) nitrate-N (NO3
-), (b) ammonium-N (NH4

+), and (c) inorganic N 

(Ninorg) levels under different cropping systems at AG-CARES measured monthly 

beginning in July 2016.  Conventional tillage winter fallow, no-tillage mixed cover, and 

no-tillage rye cover.  
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Figure 2. 6 Relationship between 3- day CO2 respiration (CO2-C) and soil organic C 

(SOC). Coefficients of determination (r2) between 3-day CO2-C and SOC was 0.30.  
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Figure 2. 7 Relationship between 3-day CO2 respiration (CO2-C) and permanganate 

oxidizable C (POXC). Coefficients of determination (r2) between 3-day CO2-C and 

POXC was 0.12.  
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CHAPTER III 

TILLAGE AND COVER CROP INFLUENCES ON SOIL AGGREGATION AND 

STORED SOIL MOISTURE 

 

Abstract 

Conservation management practices such as no-tillage and cover cropping can 

reduce soil erosion, enhance soil biological activity, increase water capture and storage, 

and sequester C; however, cover crops utilize stored soil moisture during the winter 

months, and the water depletion is thought to have negative impacts on subsequent cotton 

(Gossypium hirsutum L.) production in semi-arid ecoregions where water resources are 

limited. The objective of this research was to quantify the long-term impacts of 

conservation tillage and cover crop use on soil aggregation and stored soil moisture in a 

cotton production system. Soil aggregation and moisture were measured in a long-term 

(established 1998) conservation system in Lamesa, TX during the 2015-2017 growing 

seasons. After 19 years (2017) of conservation management, soil aggregate mean weight 

diameter was not different between treatments at 0-15 and 15-60 cm depths. Stored soil 

moisture was reduced by cover crops prior to their termination but was rapidly 

replenished by spring precipitation or deficit irrigation prior to planting cotton. A 

stepwise analysis was used to determine increases in soil moisture at depth. In each of the 

study years, soil moisture increased more in no-tillage following cover crop termination 

and decreased less during cotton growth than a conventionally tilled system. Results from 

this study challenge the concept winter cover crops result in reduced in-season soil 
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moisture, a supposition that has limited adoption of conservation tillage and cover crop 

use on the Texas High Plains.  
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Introduction 

The Texas High Plains (THP) annually produces about 25% of the U.S. cotton 

(Gossypium hirsutum L.) crop and is essential to the regional economy (NASS, 2017). As 

a semi-arid ecoregion, the THP experiences intermittent moisture stress due to limited 

precipitation which can be problematic for cotton production because one-half of 

production is dryland (Wanjura et al., 2002). Irrigated cotton production on the THP 

relies on the diminishing Ogallala aquifer to supplement deficit precipitation 

Approximately 90% of the Ogallala use on the THP is for irrigation which has reduced 

the total irrigated area from 2.42 Mha in 1994 to 1.87 Mha in 2000 (Colaizzi et al., 2009). 

In addition to decreased irrigated acreage, capacity of individual irrigation wells has 

declined by an estimated 50% from the late 1950s to 2000. Continued production in the 

THP will require improved conservation practices to enhance irrigation water use 

efficiency.  

Research conducted in the midwestern U.S. found that winter rye cover improved 

stored soil moisture and did not impact subsequent cash crop yields (Basche et al., 2016b; 

Daigh et al., 2014). Cereal rye grown in southeastern Indiana increased soil aggregation 

but did not improve bulk density, water retention, or soil organic C (SOC, Rorick and 

Kladivko, 2017). Results from simulation models indicate that soil evaporation was 

reduced by 2 and 18% following cover crops in Iowa (Basche et al., 2016a; Malone et al., 

2007). The use of cover crops in semi-arid environments is more challenging compared 

to more temperate regions like the Midwest which receive greater precipitation than 
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potential evapotranspiration. Conservation management systems increased soil water 

storage by 4 to 16% and cotton yields by 50% compared to a conventional disk tilled 

system in dryland cotton systems on the Northern THP (Baumhardt et al., 2013). In the 

same study no-tillage (NT) increased fallow precipitation storage by approximately 50 

mm compared to disc tilled soil. Lascano and Baumhardt (1996) noted continued residue 

cover decreased evaporation losses from soil compared to conventionally tilled systems. 

Nielsen and Vigil (2005) demonstrated that spring-planted cover crop in a semi-arid 

environment depress yields in wheat crops 70 to 100 days following cover crop 

termination.  

In addition to increasing water capture and storage, conservation management 

systems have been shown to increase soil aggregation (Fultz et al., 2013a, 2013b; Blanco-

Canqui et al., 2015), biological activity (Acosta-Martinez and Cotton, 2017), and nutrient 

cycling (Jokela et al., 2009; Mbuthia et al., 2015), and reduce susceptibility to wind and 

water erosion (Colazo and Buschiazzo, 2010). Keeling et al. (1996) evaluated 13 fall 

cover crops on the THP and determined rye (Secale cereale), wheat (Triticum aestivum 

L.), Austrian winter pea (Pisum sativum L.), and hairy vetch (Vicia villosa Roth) 

established the greatest stands, although the authors did not investigate cover crop effects 

on soil aggregation and stored soil moisture. Lewis et al. (2018) evaluated conservation 

tillage, cover crops, and residue management in a 20-year cotton system in Lamesa, TX 

and reported reduced cotton yields under no-tillage with a rye cover, but SOC was 

significantly increased with this conservation treatment.  
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Soil water use by cover crops is a major concern and limitation of cover crop 

adoption on the THP. Unger and Vigil (1998) suggested soil water loss from cover crops 

in semi-arid regions such as the THP can be offset or recovered by increased residues and 

reduced soil disturbance. A systematic, long-term evaluation of conservation 

management practices on soil moisture has not been evaluated in the Southern THP 

which produces most of the region’s cotton. Several cropping management practices (i.e. 

disc till, no-till, strip-till) in combination with cover crops (i.e. single or mixed species, 

legumes or grasses) provide flexibility for producers making management choice; 

however, regionally-specific options have not been evaluated for cotton in long-term 

research.  

 The objective of this study was to determine the impact of long-term conservation 

management practices on soil structure and moisture, including the following: 

1. Determine the effects of winter cover crops on both early-season and late-season 

moisture for the following cotton crop; 

2. Quantify soil dry-sieve aggregate stability in no-tillage and conventional tillage 

systems; 

3. Determine the effects of cropping system on cotton yield and determine whether 

water availability differences are the primary driver of yield differences among 

cropping system. 
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Materials and methods 

Site description and experimental design 

A field experiment was conducted from 1998 to 2017 at the Agricultural Complex 

for Advanced Research and Extension Systems (AG-CARES), a cooperative site between 

the Texas A&M AgriLife Research and Extension Center at Lubbock and the Dawson 

County Cotton Growers Association, near Lamesa, TX (32o 46’ 22”, 101o 56’ 18”). The 

soil is an Amarillo fine sandy loam (fine-loamy, mixed, superactive, thermic Aridic 

Paleustalfs) with a pH of 7.5 in the topsoil (USDA-NRCS, 2016), a benchmark soil series 

of the Texas High Plains. In this paper, we report results from 2015 through 2017 

growing seasons. In 1998, conventional tillage and no-tillage with rye cover were 

initiated in a randomized complete block design with three replications. In 2014, the no 

tillage, rye cover plots were divided in two, and a mixed cover including hairy vetch 

(Vicia villosa Roth), Austrian winter field pea (Pisum sativum L.), rye (Secale cereal), 

and radish (Raphanus sativus L.) was seeded. Single and mixed species were planted 

using a grain drill at 45 kg ha-1, with the mixture comprised of 50% rye, 33% winter field 

pea, 10% hairy vetch, and 7% radish by weight. Cotton (Gossypium hirsutum) was 

planted annually as the cash crop. 

Treatments included: 1) conventional tillage with a fallow period during winter 

(CT); 2) no-tillage with rye cover (R-NT); and 3) no-tillage with mixed species cover (M-

NT). The study utilized 16-row (1.02-m row centers) plots measuring 76.2 m long. Mean 

monthly temperature and total monthly precipitation from rainfall and irrigation is 
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reported in Figure 3.1. The field is irrigated using Low Energy Precision Application 

(LEPA) irrigation and received 180, 130, and 267 mm of supplemental irrigation during 

the 2015, 2016, and 2017 growing seasons, respectively. Cover crop species were planted 

using a 8-row grain drill on 19.05 cm row spacing on 2 December 2014, 4 November 

2015, and 12 December 2016 after cotton harvest and chemically terminated with 

glyphosate, in the form of its potassium salt at a rate of 2.3 L ha-1 on 10 April 2015, 11 

March 2016 and 3 April 2017. Cotton (DP 1321 B2RF) was planted across all plots on 13 

May 2015, 24 May 2016 and 12 May 2017, chemically defoliated in October of each 

year, and mechanically harvested on 28 October 2015, 22 November 2016, and 7 

November 2017. A total of 134.5 kg N ha-1 was applied as urea ammonium nitrate (32-0-

0) through fertigation in four equal applications in each year.  

 

Measurements 

Soil samples for aggregate stability were collected using a Giddings hydraulic 

probe (5.3 cm diameter) in April 2017. Three cores were collected from each plot, split 

into 0-15 and 15-60 cm depths, and composited for analysis. After drying, samples were 

gentry crushed and sieved (<4 mm) prior to separating 100-g aliquots into four dry-sieve 

size fractions (Lewis et al., 2017). Aggregate size fractions were separated using a Roto-

Tap (Haver Tyler Corporation). Large macroaggregates (L Macro) were defined as soil 

retained on 2.0 mm sieve and small macroaggregates (S Macro) were defined as soil 

retained on 0.25-mm sieves. Microaggregates (Micro) were defined as soil retained on 
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0.056-mm sieves and the silt and clay fraction (S+C) was defined as particles which 

passed through the 0.056-mm sieve. Mean weight diameter (MWD) of dry-stable 

aggregates was calculated by summing the products of the aggregate fractions and mean 

diameter of aggregate classes using the following equation: 

𝑀𝑊𝐷 =  ∑ 𝑃𝑖𝐷𝑖
𝑖

 

where Pi is the proportion of the whole soil in the given fraction, and Di is the average 

diameter (mm) of the particles of the fraction (van Bavel, 1950).  

Stored soil moisture (SSM) was monitored biweekly using a CPN 503 neutron 

probe (InstroTek Inc., Raleigh, NC) for volumetric water content beginning in March 

2015 and running through the duration of the experiment unless field conditions did not 

allow entry. For simplicity, soil moisture is presented as days after planting (DAP) in 

each growing season. Aluminum access tubes (8-cm diameter) were installed in each plot 

on 10 March 2015. Measurements were conducted to a depth of 140 cm in 20-cm 

increments. 

 

Calculations and statistical analysis 

Statistical analyses for all measurements were performed using SAS version 9.3 

software (SAS Institute Inc.). Analysis of variance was conducted for all parameters 

using a generalized linear mixed model (PROC GLIMMIX). Means of treatment effects 
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were compared within sample time using Fisher’s least significant difference (LSD) at p 

< 0.05.  The rate of change in soil moisture was calculated both by depth and combined 

among depths as the difference summed volumetric water content from one date to the 

next, divided by the sampling interval, in the form of 

𝜃2 − 𝜃1

𝑡2 − 𝑡1
 

where θ represents volumetric water content (m3 m-3) and t represents sampling date.  

 

Results and discussion 

Temperature and precipitation 

 The Texas Southern High Plains is described as a semi-arid ecoregion with hot 

summers and mild winters, intermittent drought, and low rainfall. A majority of the 

average annual rainfall (475 mm) is received from April to September of each year which 

coincides with cotton cropping systems (Fig. 3.1). Annual precipitation was numerically 

greater in 2015 (802 mm), followed by 2016 (706 mm), and 2017 (252 mm) (Table 3.1). 

During the study period, the mean monthly temperature ranged from 3oC in January 2015 

to 29oC in July 2016.  
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Soil aggregation 

 The MWD of the dry-sieved aggregates ranged between 0.73 and 1.16 mm at the 

0-15 cm depth and 0.73 and 1.51 mm at the 15-60 cm depth (Fig. 3.2). After 20 years of 

conservation management practices, there were no significant differences between 

treatments at either depth, although aggregate diameters were numerically greatest with 

the CT treatment at the 0-15 cm depth followed by the M-NT and R-NT treatments. At 

the 15-60 cm depth, MWD tended to be greater for the NT treatments compared to CT. 

These results are contrary to other studies of soil aggregation conducted on the THP. 

Fultz et al. (2013a) reported increased vegetation and decreased disturbance developed 

greater wet-sieve aggregation in a Pullman clay loam compared to a conventional cotton 

production system. Additional studies of conservation management practices on the Great 

Plains show increases in dry-sieved aggregate stability with no-tillage; however, these 

studies did not evaluate MWD at lower depths (Blanco-Canqui et al., 2010; Six et al., 

2000).  

Conventional cotton cropping systems can decrease aggregate stability due to the 

physical disturbance of macroaggregates from tillage, exposing the intra-aggregates to 

air, water, and microbial activity (Franzluebbers and Arshad, 1996; Bronson et al., 2004; 

Grandy and Robertson, 2006). The increasing trend in aggregate stability at the 15-60 cm 

depths for the NT treatments most likely resulted from translocation of clay particles 

from the 0-15 cm depth via eluviation in the sandy Amarillo soil. Six et al. (2000) noted 

that increased soil organic matter led to increased aggregate stability in weathered soils 
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which might explain why aggregate stability on average was lower in our systems 

because Amarillo soil has limited organic matter levels throughout the profile. 

Similarities at depth between MWD in CT most likely resulted from tillage which 

homogenizes the soil (Slowińska-Jurkiewicz, 1994).  

 Proportions of size fraction to dry soil were not different between treatments 

within aggregate size classes and on average were greater in S Micro and Micro size 

classes followed by L Macro and the S+C fraction in the 0-15 cm depth (Fig. 3.3a). In the 

15-60 cm depth, size fraction proportions on average were greater in S Macro followed 

by the Micro, L Macro, and S+C fraction in descending order (Fig. 3.3b). Fultz et al. 

(2013a) also observed an increase in microaggregate proportions at shallow depths.  

At these shallow soil depths, plant roots can reduce macroaggregate stability and 

build microaggregate stability due to primary root interception, rhizodeposition, and their 

influence on wet-dry cycles (Reid and Goss, 1982; Chenu, 1989; Oades, 1993; Denef et 

al., 2002). Degens et al. (1994) noted that microbial biomass is weakly related to 

aggregate stability in coarse textured sandy soils but fungi can build aggregates through 

fungal hyphal networks because they can cross-link sand particles (Degens and Sparling, 

1996). Tillage can physically disturb macroaggregates, exposing internal microaggregates 

and diminishing the formation of new microaggregate (Six et al., 2000). A significant 

increase in SOC has been previously reported in related studies (Lewis et al., 2018; Burke 

et al., 2018) which has been shown to increase soil aggregation (Emerson, 1995); 

however, the same trend was not observed in this study. The contribution of belowground 
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biomass (i.e. roots) has been reported to have a more significant impact on soil 

aggregation compared to aboveground plant residues (Benoit et al., 1962). Future studies 

of cover cropping in semi-arid ecoregions should include evaluations of belowground 

biomass production in addition to traditionally-studied aboveground biomass.  

 

Total stored soil moisture 

Total SSM ranged from 126 to 237 mm, 117 to 311 mm, 93 to 189 mm in 2015, 

2016, and 2017, respectively (Fig. 3.4). In 2015, SSM was greatest on 14 May and least 

on 29 September for all treatments. In 2016, SSM was greatest on 21 January with the CT 

treatment and 10 June with the R-NT and M-NT treatments, and least on 26 October for 

all treatments. In 2017, SSM was greatest on 1 March and least on 20 June with the CT 

treatment, and greatest on 27 January and least on 7 April with R-NT and M-NT 

treatments. 

Prior to cover termination, stored soil moisture followed similar patterns in 2015, 

2016, and 2017 with decreases in overall soil moisture in the no-till, cover crop 

treatments (Fig. 3.4). Cover crops were planted in late fall following cotton harvest and 

terminated in March prior to planting cotton in May of each year. Water use by the cover 

crops was greater than evaporation from bare soil in the fallow treatments in each year of 

the study. Differences between CT and NT treatments were greatest in 2016 (Fig. 3.4b) 

followed by 2017 (Fig. 3.4c), and 2015 (Fig. 3.4a). Significance of treatment differences 
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for each year are listed in Appendix A. Following termination of the cover crops in 

March of each year, SSM was not significantly different between CT and NT treatments. 

The deficit in SSM between NT and CT treatments was replenished by spring rainfall 

events (Table 3.1) or deficit irrigation. After planting cotton, SSM was generally greater 

in NT compared to CT treatments throughout each growing season (Fig. 3.4).  

Stored soil moisture differences between NT and CT treatments was greatest in 

2017 (Fig. 3.4c) which was the driest year of the study. These results suggest terminated 

cover crops in no-till systems can increase water use efficiency from rainfall or deficit 

irrigation in some years, especially during drought conditions. Previous reports of cover 

crops demonstrate an increase in water retention at field capacity (Bilek, 2007; Lal et al., 

1979; Patrick et al., 1957) or plant available water content (Villamil et al., 2006). This 

increase in plant available water has been linked to increases in SOC (Emerson, 1995) 

and aggregate stability (Guber et al, 2004). 

 A stepwise analysis of stored soil moisture was used to quantify changes in soil 

moisture within the growing season (Fig. 3.5). Changes in total SSM ranged from -4.76 

to 2.94 mm day-1, -5.02 to 5.91 mm day-1, and -2.06 to 1.79 mm day -1 in 2015, 2016, and 

2017, respectively. In 2015, the greatest positive change soil moisture was 2.94 mm day-1 

(R-NT) and the negative change was -4.76 day-1 (R-NT). In 2016, the greatest positive 

change soil moisture was 5.91 mm day-1 (CT) and the negative change was -5.02 mm 

day-1 (R-NT). In 2017, the greatest positive and negative change in soil moisture was 

1.79 mm day-1 (R-NT) and -2.26 mm day-1 (M-NT), respectively. 
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In each growing season, the greatest decrease in SSM was recorded around 60 

DAP which corresponds with first squaring and the increase in water demand by cotton 

(Snowden et al., 2013). Throughout the 2015 growing season, changes in SSM fluctuated 

between 43 and 90 DAP cotton and increased in all treatments beginning at day 139 

before decreasing at day 205 (Fig. 3.5a). Stored soil moisture followed a similar trend 

through the remainder of the growing season in 2016 as 2015. In 2017, changes in SSM 

were small compared to 2015 and 2016 (Fig. 3.5c). There was less stored moisture in 

2017 compared to 2015 and 2016 as a result of hot temperatures and strong winds in May 

2017 and greater in-season precipitation during the growing season in 2015 and 2016 

compared to 2017; therefore, soil moisture was not replenished to the same degree as the 

previous growing seasons.  

In each of the growing seasons, SSM increased more with no-tillage treatments 

compared to the CT treatment following cover crop termination and precipitation (rainfall 

and irrigation). This indicates no-tillage with a cover crop likely has greater capacity to 

store greater soil moisture via increased infiltration and reduced evaporation and runoff 

because of cover crop residue which slows the movement of water over the soil surface 

and provide avenues for water infiltration into the profile via root channels 

(Franzluebbers et al., 2002). Seasonal changes in total SSM followed four definitive 

periods: 1) period of decreased stored moisture prior to planting in R-NT and M-NT as 

cover crops utilized SSM; 2) period of increased stored moisture in R-NT and M-NT near 

0 DAP, except in 2017 when it was delayed by limited rainfall; 3) period of similar SSM 
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between treatments during early vegetative growth (to about 70 DAP); and 4) period of 

increased SSM as cotton approaches maximum evapotranspiration (ET) requirements. 

The potential to store more soil moisture in NT compared to CT treatments is essential 

for cotton production on the THP where rainfall events are often intense and infrequent 

early in the growing season (Fig. 3.1; Table 3.1). 

 

Stored soil moisture at depth 

 Stored soil moisture at depth from 0 to 140 cm below the soil surface in 20-cm 

increments beginning 50 days prior to and 200 DAP is presented in Figure 3.6. In 2015 

and 2016, decreases in SSM to a depth of 80 cm was recorded in R-NT and M-NT (Fig. 

3.6b,c, e, f) and 50 cm in CT (Fig. 3.6a, d) prior to planting cotton. In 2017, the driest 

growing season during the study, stored soil moisture was depleted to a greater extent in 

R-NT and M-NT at depth than the other two growing seasons (Fig. 3.6h, i). Prior to 

planting cotton in May 2017, SSM in R-NT and M-NT was depleted at the surface. These 

results indicate no-till with cover crops utilize greater SSM compared to conventional 

tillage, fallow cropping systems in sandy soils. Previous studies have shown decreases in 

plant available water prior to planting cash crops following cover crops (Mitchell et al., 

2015; Nielsen et al., 2015). 

In semi-arid ecoregions where potential evapotranspiration is generally greater 

than annual rainfall it is essential to have adequate SSM prior to planting a cash crop like 
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cotton (Howell et al., 2004). Stored soil moisture can be replenished by spring rainfall 

events or supplemental irrigation; however, concerns regarding climatic variability and 

withdrawal of the Ogallala Aquifer may make these cropping systems more difficult. 

Mitchell et al. (2015) noted water depletion in semi-arid, drought-prone regions may 

cause difficulties for cash crop production following cover crops, but increased ground 

cover, residue, and photosynthetic energy capture may benefit the overall cropping 

system. Where precipitation and irrigation are limited, increased knowledge of 

termination timing may help offset the moisture use of the cover crop, by terminating the 

cover at a point where maximum biomass is produced while limiting water usage (Keene 

et al., 2017; Mirsky et al., 2011). 

 Changes in SSM at depth ranged from -0.59 (M-NT) to 0.92 (R-NT) mm day-1, -

0.70 (R-NT) to 1.05 (M-NT) mm day-1, and -0.53 (CT) to 0.45 (M-NT) mm day-1 in 

2015, 2016, and 2017, respectively. At the 20 cm depth in 2015 all treatments had a 

positive rate of water accumulation before 0 DAP (Fig. 3.7a). Beginning at 40 cm, the 

rate of water accumulation in the R-NT and M-NT treatments was greater than the CT 

treatment (Fig. 3.7d). This trend continued deeper into the profile but diminished with 

depth to 100 cm (Fig. 3.7g, j, m). The pattern of water accumulation in the R-NT and M-

NT treatments occurs later in the growing season (11 DAP) in 2016 compared to 2015 

and 2017 (Fig. 3.7e). Contrary to 2015, the rate of water accumulation in the R-NT and 

M-NT treatments increased with depth to 100 cm in 2016 (Fig. 3.7h, k, n). In 2017, R-NT 

and M-NT treatments had a positive rate of water accumulation near 0 DAP at 20 cm, 
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while the CT treatment had a negative effect (Fig. 3.7c). This suggests additional water 

storage due to reduced tillage and cover crop residues. A similar trend in water 

accumulation was recorded at the 40 (Fig. 3.7f), 60 (Fig. 3.7i), 80 (Fig. 3.7l) and 100 cm 

depth (Fig. 3.7o). 

 Beginning at 76 DAP in 2015, there was a negative rate of water accumulation at 

40 cm which was greatest in the R-NT and M-NT treatments (Fig. 3.7d). The same trend 

occurred in the CT treatment but is delayed to 90 DAP at the 40 cm depth. This decrease 

in water accrual was likely a result of cotton developing vegetative. This trend of 

negative water accumulation was similar at the 60 (Fig. 3.7g), 80 (Fig. 3.7j), and 100 cm 

depths (Fig. 3.7m) but the trend was diminished with depth indicating cotton water usage 

is primarily in the 0-80 cm depths with limited effect at 100 cm below the soil surface. 

The trend of negative water accumulation observed at the 40 cm depth in 2015 also 

occurred in 2016 but earlier in the growing season. In 2016, the trend of negative water 

accretion began at 42 DAP (Fig. 3.7e). This advanced rate was likely caused by less 

precipitation in May 2016 compared to the same period in 2015. Deeper in the profile, 

the rate of water accumulation was more negative, but fluctuated between samplings (Fig. 

3.7h, k, n). In 2017, the trend of negative of water accumulation was also observed but 

was largely reduced at all depths compared to 2015 and 2016. Unlike, 2015 and 2016, the 

negative rate of water accumulation was greatest at the 80 (Fig. 3.7l) and 100 cm depths 

(Fig. 3.7o). The change in negative water accumulation in 2017 is most likely due to 
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increased supplemental irrigation during the growing season compared to 2015 and 2017 

(Table 3.2).  

 The secondary stage of positive rate of water accumulation began at 157 DAP at 

the 40 cm depth followed by a decrease at 176 DAP before increasing again beginning at 

200 DAP in 2015 (Fig. 3.7d). The positive rate of water accumulation at 60 cm began at 

139 DAP but begins at 157 DAP in the 80 (Fig. 3.7j) and 100 cm depths (Fig. 3.7m). In 

2016, a positive rate of water accumulation did not begin until 202 DAP for all depths, 

but the negative rate of water accumulation began to diminish at 86 DAP (Fig. 3.7e, h, k, 

n). The rate of water accumulation in 2017 was generally static throughout the growing 

season in all depths compared to 2015 and 2016 (Fig. 3.7f, i, l, o).  

 For each growing season SSM was more variable at the 20-cm depth compared to 

deeper in the profile. The greatest positive change soil moisture at depth occurred at 40 

cm in 2015 and 2017 (Fig. 3.7d,f), and 80 cm in 2016 (Fig 3.7k), while the greatest 

negative change in soil moisture occurred at 20 cm in all three years (Fig. 3.7a-c). In 

2015, the depth of SSM recovery was reduced at depth but the trend reversed later in the 

growing season when water loss at depth was diminished. Additionally, there were three 

distinct phases following cover crop use in 2015 between 40 to 100 cm below the soil 

surface: a soil moisture recovery phase at -48 to 1 DAP, a depletion stage from 62 to 139 

DAP, and finally a second recovery stage beginning at 157 DAP. A similar trend 

occurred in 2016 but has a delayed initial and secondary recovery phase. The trends were 

similar in 2017, although they were reduced due to limited precipitation (Figs. 3.1 and 
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3.7). The initial recovery phase was likely a response to spring precipitation and 

irrigation events, while the secondary recovery phase was likely a response to decreased 

crop water demand and fall precipitation events. The depletion phase corresponded with 

crop water use and evapotranspiration (Snowden et al., 2013). Fluctuations during this 

phase were most likely due to irrigation. Generally, the magnitude of change in SSM was 

greater and the loss reduced in R-NT and M-NT compared to CT. This supports the 

theory that cover crop residue can increase infiltration and decrease soil evaporative 

potential (Mitchell et al., 2012; Klocke et al., 2009; van Donk et al., 2010). Concerns 

regarding cover crop water usage are prevalent for producers on the THP where 

producers believe there will be limited soil moisture available for cash crops; however, 

our data shows that while cover crops utilize soil moisture they also store more soil 

moisture later in the growing season when crop water demand is greatest. 

 

Conclusion 

 Cover crops provide numerous ecosystem services by improving soil health 

through increased aggregate stability and stored soil moisture while reducing 

susceptibility to erosion. These benefits are limited on the THP where climatic conditions 

limit cover crop production in cotton cropping systems. We evaluated the long-term 

effects of conservation management practices, including no-tillage and cover crops, on 

soil aggregation and SSM in cotton. Soil aggregate MWD was not significantly different 

between CT, R-NT, and M-NT at 0-15 and 15-60 cm depths; however, MWD diameter 
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was generally decreased at shallow depths and increased deeper in the profile under 

conservation management practices. There was a larger proportion of Micro at 0-15 cm 

compared to 15-60 cm.  

Total SSM was reduced by cover crops prior to termination but increased 

following spring precipitation and irrigation events prior to planting cotton. Stepwise 

changes in total SSM indicate conservation management practices increase infiltration 

and/or decrease evaporation in spring compared to CT. At depth, SSM was more reduced 

with the CT treatment compared to the R-NT and M-NT treatments following cover crop 

termination in each year of the study. Stepwise differences in SMM at depth indicated 

three phases of water use: 1) initial recovery following cover crop termination and prior 

to planting cotton, 2) depletion caused by crop water use, and 3) secondary recovery 

caused by decreased crop water demand later in the growing season. These results 

indicate cover crops can potentially provide in-season drought mitigation by reducing 

evaporative losses and increasing infiltration; however, proper termination timing is 

essential to ensure the moisture deficit can be replenished prior to planting the cash crop. 
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Table 3. 1. Pre-plant (Jan.–Apr.) and in-season (May–Sept.) precipitation in 2015, 2016, and 2017 at AG-CARES in Lamesa, TX. 

Values in parentheses indicate the difference from 30-year historical averages. 

Growing 

season 

 

Jan.–Apr. May June July Aug. Sept. 

Season 

(cumulative)  

 -------------------------------------------------precipitation (mm)----------------------------------------------- 

2015  140 (+52) 343 (+285) 36 (-39) 61 (+15) 25 (-19) 10 (-71) 475 (+171) 

2016  94 (+6) 114 (+56) 46 (-29) 50 (+4) 107 (+63) 91 (+10) 408 (+104) 

2017  109 (+21) 3 (-56) 87 (+12) 27 (-19) 121 (+77) 32 (-49) 270 (-35) 
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Table 3. 2. Pre-plant (Jan.–Apr.) and in-season (May–Sept.) supplement irrigation in 2015, 2016, and 2017 at AG-CARES in Lamesa, 

TX.  

Growing 

season 

 

Jan.–Apr. May June July Aug. Sept. 

Season 

(cumulative)  

 ------------------------------irrigation (mm)------------------------------ 

2015  71.1 0.0 0.0 53.3 61.0 20.3 205.7 

2016  12.7 25.4 12.7 50.8 53.3 0.0 154.9 

2017  25.4 61.0 23.0 40.6 61.0 20.3 231.3 
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Figure 3. 1. Mean monthly temperature and total monthly precipitation from irrigation 

and rainfall events at the AG-CARES farm in Lamesa, TX from 1 January 2015 through 

31 December 2017.  
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Figure 3. 2. Effects of cropping system on dry-stable aggregate mean weight diameter 

(MWD) in 2017 at Lamesa, TX. Conventional tillage, no-tillage with rye cover, and no-

tillage with mixed species cover are represented by CT, R-NT, and M-NT, respectively. 

Error bars represent standard error of the sample mean.  
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Figure 3. 3. Proportion of size fraction to dry soil by aggregate size classes for a) 0-15 cm 

and b) 15-60 cm depth in 2017. Error bars represent standard error of the sample mean. 

There were no significant differences between treatments within aggregate size class. 

Conventional tillage, no-tillage with rye cover, and no-tillage with mixed species cover, 

large macroaggregates, small macroaggregates, microaggregates, and silt and clay 

fractions are represented by CT, R-NT, and M-NT, L Macro, S Macro, Micro, and S+C, 

respectively. 

  



Texas Tech University, Joseph Alan Burke, May 2018 
 

80 
 

 

Figure 3. 4. Total stored soil moisture (0- to 140-cm depth) in (a) 2015, (b) 2016, and (c) 

2017 in Lamesa, TX. Stars represent significant differences between treatments at 

p=0.05. Conventional tillage, no-tillage with rye cover, and no-tillage with mixed species 

cover are represented by CT, R-NT, and M-NT, respectively.  
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Figure 3. 5. Changes in stored soil moisture in (a) 2015, (b) 2016, and (c) 2017 in 

Lamesa, TX. Conventional tillage, no-tillage with rye cover, and no-tillage with mixed 

species cover are represented by CT, R-NT, and M-NT, respectively.  
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Figure 3. 6. Stored soil moisture (mm) at soil depth for each cropping system (columns) 

based on days after planting in (A-C) 2015, (D-F) 2016, and (G-I) 2017 at Lamesa, TX.   
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Figure 3. 7. Changes in stored soil moisture at depth to 100 cm in 20-cm increments for 

2015, 2016, and 2017 in Lamesa, TX. Conventional tillage, no-tillage with rye cover, and 

no-tillage with mixed species cover are represented by CT, R-NT, and M-NT, 

respectively.  
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CHAPTER IV 

SOIL DYNAMICS AND COTTON PRODUCTION UNDER LONG-TERM 

CONSERVATION MANAGEMENT 

 

Abstract 

Conservation tillage coupled with winter cover crops is recommended to reduce 

soil wind erosion on the Texas High Plains. Inputs of organic material from cover crops 

provides potential benefits to soil including increased water capture and retention, 

enhanced microbial activity, and greater soil organic C (SOC) storage. Recognizing the 

benefits of conservation practices, producers often base their decision to use cover crops 

on the farm’s operating budget and irrigation capacity. In semi-arid ecoregions dependent 

on irrigation for cotton (Gossypium hirsutum L.) production and limited groundwater 

resources the use of stored soil moisture by cover crops is a major concern. The objective 

of this research was to quantify the long-term impacts of conservation tillage and cover 

crop use on SOC storage, cotton lint yield, and economic returns in a monoculture cotton 

production system. Conservation tillage and rye cover were implemented in 1998 and a 

mixed species cover of rye (Secale cereale), hairy vetch (Vicia villosa Roth), radish 

(Raphanus sativus L.), and Austrian winter pea (Pisum sativum L.) was seeded in 2014 

into half of the rye cover crop plots. Soil organic C in the top 15 cm soil depth increased 

57% using conservation tillage and the mixed species cover compared to conventional 

tillage. Although conservation practices are enhancing ecosystem services, the benefits 

are not being reflected by cotton lint yield and economic returns. In two of the three years 
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of research, cotton lint yield was less in the no-tillage with rye cover treatment compared 

to the conventional tillage treatment. As a result, cotton lint revenue and gross margins of 

these conservation systems were on average less than the conventional tillage system. 
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Introduction 

In the semiarid, High Plains region of Texas, upland cotton (Gossypium hirsutum 

L.) is planted on more acres than all other crops (NASS, 2017). Cotton is vitally 

important to Texas, which has led the U.S. in production of upland cotton since 1965 

with a total of 2.3 million hectares planted, yielding $2.47 billion to the Texas economy 

(ERS, 2017; NASS, 2017). Within the Texas High Plains (THP) 1.3 million hectares of 

cotton were harvested in 2016, more than 60% of Texas total cotton production (NASS, 

2017). A majority of this production is dryland which depends on timely rainfall for crop 

success and generally produces less compared to irrigated systems. Cotton production is a 

key component of the west Texas economy, but depletion of the Ogallala Aquifer through 

irrigation might make producers more reliant on conservation management practices such 

as conservation tillage and cover crops (Baumhardt et al., 2008). 

Cotton production on the THP traditionally involves frequent disturbance of the 

soil surface as producers perform on average 12 to 15 operations prior to cotton harvest 

(Keeling et al., 1989). With less residue remaining on the soil surface after cotton harvest 

compared to other crops such as corn (Zea mays L.) and grain sorghum (USDA-ERS, 

2012), the soil is more exposed to the environment increasing the potential for wind- and 

water-induced erosion (Zobeck and Van Pelt, 2012). By incorporating greater biomass 

producing-crops compared to cotton into rotation or as a cover crop, soil organic matter 

(SOM) increases and is protected from the harsh, semi-arid conditions and contributes to 

increased water storage and microbial biomass and activity (Acosta-Martinez and Cotton, 
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2017; Sharma et al., 2017). Keeling et al. (1996), evaluated 13 fall plantings of small 

grain and forage legume cover crops on the THP and determined rye (Secale cereale), 

wheat (Triticum aestivum L.), Austrian winter pea (Pisum sativum L.), and hairy vetch 

(Vicia villosa Roth) established the most productive stands. Under dryland conditions, 

stands were greatest in wheat and rye plantings compared to legume covers. The authors 

did not investigate cover crop effects on soil organic C storage, cotton lint yields, and 

economic returns.  

An agricultural system involving cover crops and crop rotations can increase the 

quantity of residue returned, which may slow or reverse the decline in SOC reported with 

intensive tillage in semi-arid regions (Peterson et al., 1998). Increased aggregation of soil 

particles and organic matter resulting from reduced tillage offer protection to SOC, 

thereby enhancing soil C storage (Six et al., 2000). Schwartz et al. (2015) reported greater 

SOC storage with decreased tillage intensity in a long-term wheat-fallow rotation on a 

clay loam soil in Bushland, TX. Wright and Hons (2005a-c) demonstrated that no-till 

management practices increased soil aggregation, SOC, and total N. Although 

conservation practices can increase SOC, there are inconsistencies in demonstrating a 

slow increase or lack of C storage gains for reduced tillage practices (Baker et al., 2007). 

In the Texas Rolling Plains, no significant changes in SOC have been observed in the 

upper 10 cm after seven years of no-tillage with a terminated wheat cover crop in a 

continuous cotton cropping system (DeLaune et al., 2015).  
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Zhou et al. (2017) evaluated the economic impacts of tillage and cover crops on 

cotton production in Tennessee using data from a long-term study (1984-2012). More 

specifically, the authors aimed to determine profit-maximizing N fertilization rates 

resulting in the greatest lint yields and profitability of cotton production with and without 

alternative winter cover crops under conventional tillage (CT) and no-till systems. 

Results from that study demonstrated net returns for cover crop systems, including hairy 

vetch, crimson clover (Trifolium incarnatum L.), and winter wheat, to be less than no 

cover under conventional and no-tillage systems. Lower N fertilizer rates and costs with 

legume cover crops were not enough to offset the cost of establishing and terminating the 

cover crop. In contrast, net returns in continuous cotton systems in the Texas Rolling 

Plains were greater for no-till systems (with and without cover crops) compared to 

conventional tillage systems (DeLaune et al., 2012). Duzy et al. (2016) evaluated the 

economic impact of tillage, cover crops, and herbicide regimes to control Palmer 

amaranth (Amaranthus palmeri) in cotton cropping systems in Alabama. They concluded 

inversion tillage initially yielded the greatest returns but was not significantly different 

from the CT management practices later in the study. Additionally, they reported no 

differences in economic return between cover crop and fallow treatments. 

Adoption of conservation management practices in the THP will depend on 

economic performance compared to conventional production systems even though 

ecosystem services of these systems are recognized by producers. Previous profitability 

studies of conservation management practices on the THP have determined they were a 
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viable alternative to conventional systems (Segarra et al., 1991; Keeling et al., 1989). 

However, questions of profitability in modern cropping systems with new cotton 

varieties, increased weed pressure, and greater input costs are being raised. Without up to 

date information, producers cannot make informed decisions. Johnson et al. (2013) 

conducted an economic evaluation of integrating cotton and beef production on the THP. 

The authors concluded the adoption of modern higher yielding cotton varieties was more 

profitable compared to utilizing grazed rye or wheat cover crops; however, they noted 

when water availability is not adequate, the cotton monoculture system was not as 

profitable.  

There is limited information regarding the economic performance and ecosystem 

services of conservation tillage and cover crop use in cotton on the THP since 1996. The 

objective of this research was to quantify the long-term impacts of conservation tillage 

and cover crop practices on SOC storage, cotton lint yield, and economic returns 

compared to conventional production practices. This information can be utilized by 

scientists and cotton producers on the THP to enhance ecosystem services and improve 

economic profitability of their operations. 

 

Materials and methods 

A field study was conducted from 1998 to 2017 at the Agricultural Complex for 

Advanced Research and Extension Systems (AG-CARES), a cooperative between the 
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Texas A&M AgriLife Research and Extension Center at Lubbock and the Dawson 

County Cotton Growers Association, near Lamesa, TX (32o 46’ 22”, 101o 56’ 18”). The 

average precipitation and temperature were 61 mm and 16oC (Fig. 1), respectively. The 

soil is an Amarillo fine sandy loam (fine-loamy, mixed, superactive, thermic Aridic 

Paleustalfs) with a pH of 7.5 in the topsoil(USDA-NRCS), a benchmark soil series with 

significant distribution on the Texas High Plains. In this paper, we report the results from 

2014 through 2017, years 18-20 of the experiment. In 1998, conventional tillage and no-

tillage with rye cover were initiated in a randomized complete block design with three 

replications. In 2014, eight of the 16-row rye cover crop plots (1-m row spacing and 76.2 

m long) were drill-seeded with a mixed species cover of rye, hairy vetch, radish 

(Raphanus sativus L.), and winter pea.  

Treatments evaluated in a continuous cotton system from 2014 to 2017 included 

conventional tillage (CT) winter fallow, rye cover crop with no-tillage (R-NT), and 

mixed species cover crop with no-tillage (M-NT). Cover crops were seeded (45 kg ha-1) 

using a no-till drill on 2 December 2014, 4 November 2015 and 12 December 2016 and 

were chemically terminated on 10 April 2015, 11 March 2016 and 28 March 2016 using 

glyphosate (2.3 L ha-1). Prior to termination, cover crops were harvested from a 1 m2 area 

and dried to determine herbage mass on a dry matter (DM) basis, N uptake, and C:N 

ratios. Nitrogen uptake and C:N ratios are reported in chapter II.  

Soil samples were collected following cover crop termination in April of each 

year to a depth of 60 cm from each plot and analyzed for organic C, total N, nitrate-N, 
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Mehlich III extractable macronutrients, pH, and electrical conductivity (EC). Three 

composite cores from each plot were separated into depths of 0-15 cm and 15-60 cm and 

combined prior to drying at 60°C and then grinding (< 2mm). Soil organic C (SOC) and 

total N were determined by the combustion procedure (Storer, 1984; McGeenhan and 

Naylor, 1988; Schulte and Hopkins, 1996) and extractable P, K, Ca, Mg, and S was 

determined using the Mehlich III procedure with analysis by ICP (Mehlich 1978, 1984). 

Extractable nitrate (NO3
-) was analyzed by the Berthelot reaction involving cadmium 

reduction following extraction by 1 N KCl using a 1:5 soil to extraction ratio (5 g soil:25 

ml 1 N KCl), followed by analysis using flow injection spectrometry (FIAlab 2600, 

FIAlab Instruments Inc., Bellevue, WA). Electrical conductivity and pH of the soil was 

determined in a 1:2 soil to water extract using deionized water, with actual determination 

made using a conductivity electrode and pH probe (Rhoades, 1996; Thomas, 1996).  

Cotton (DP 1321 B2RF) was planted on 13 May 2015, 24 May 2016 and 12 May 

2017 and mechanically harvested on 28 October 2015, 22 November 2016 and 15 

November 2017. Grab samples of seed cotton were collected at harvest and then ginned 

to calculate lint turnout and lint yield. Fiber quality was determined using high volume 

instrument (HVI) analysis at the Texas Tech University Fiber and Biopolymer Research 

Institute. 

Following cotton harvest each year, rye and mixed covers were planted into 

standing cotton stalks without tillage. Conventional tillage plots were shredded and tilled 

with a chisel plow. In March of each year, trifluralin was applied at 0.84 kg a.i. ha-1 and 
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immediately incorporated with a spring-tooth harrow. Beds were then re-formed. Prior to 

planting, a rod-weeder was used to destroy any weeds and prepare beds for planting. Two 

to three in-season cultivations were performed as needed to control weeds and establish 

furrow-dikes in the conventional tillage plots. In the no-till plots, cover crops were 

terminated with glyphosphate at 0.84 kg ai ha-1 in mid-March to early-April. Prowl H2O 

(pendimethalin) was applied at 1.7 kg a.i. ha-1 and incorporated with center-pivot 

irrigation (19 mm water applied) following cover crop termination. Two applications of 

glyphosate were applied in-season for all treatments.  

All treatments received the same irrigation and fertilizer applications each year. 

Total fertilizer applied was 146 kg N ha-1 and 45 kg P2O5 ha-1 in each year.  In mid-

March of each year, 129 kg ha-1 of ammonium polyphosphate was applied. Urea 

ammonium nitrate (32-0-0) is applied through center-pivot irrigation in three to four 

separate applications with the first approximately two weeks prior to planting. Irrigation 

amounts varied each year depending on rainfall. Pre-plant and in-season irrigation totaled 

170 mm, 206 mm and 221 mm in 2015, 2016, and 2017, respectively. 

Economic budgets were created to analyze the variable costs associated with each 

management system. Lint revenue was calculated using a loan rate of $1.15 kg-1 for all 

crop years to isolate market risk from production risk. Gross revenues are calculated by 

multiplying the loan rate and crop yield. Total variable costs estimated for each year are 

subtracted from gross revenue to obtain gross margin, a measure of profitability.  
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Table 4.1 illustrates the variable costs for the conventional tillage system. The 

costs for tillage operations in the continuous cotton system were obtained from the 2016 

Texas Agricultural Custom Rates survey for the North region. Conventional tillage 

production practices for cotton include sand fighting (x2), cultivator (x2), rotary hoe, rod 

weeding, listing, and Treflan incorporation. Total variable costs per acre for this system 

was $180 ha-1.   

Table 4.2 illustrates the variable costs for the cover crop systems. The seed costs 

for both rye and the mixed species were obtained from MBS Seed company in Denton, 

TX. All other associated variable costs were obtained from the 2016 Texas Agricultural 

Custom rates survey for the North region. Variable costs associated with cover crop 

systems include seed, drilling, termination and 2,4-D application. Total variable cost per 

acre for the rye cover system was $112 ha-1 and $178 ha-1 for the mixed species cover 

system. Costs for all cropping systems were constant across all years of this study. 

Sustainability was characterized using the Farm to Market Fieldprint® Calculator. 

The Fieldprint® Calculator utilizes on-farm inputs to track environmental sustainability in 

six key areas: (1) land use, (2) soil conservation, (3) irrigation water use, (4) energy use, 

(5) greenhouse gas emissions, (6) water quality. Land use evaluates production efficiency 

and is a measured as hectare kg lint for cotton. Soil conservation evaluates erosion 

potential using the Revised Universal Soil Loss Equation (RUSLE2) and Wind Erosion 

Prediction System (WEPS) model for water and wind erosion potential, respectively; and 

soil C accretion or decomposition using the Soil Conditioning Index (SCI) developed by 
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the Natural Resource Conservation Service (NRCS). Irrigation water use evaluates the 

yield differences due to irrigation water applied. Energy use evaluates the amount of 

energy required to produce a unit of yield and includes on- and off-site agricultural 

energy use. Greenhouse gas emissions (GHG) evaluates the contributions of agricultural 

products, mostly inorganic fertilizers, to greenhouse gasses as CO2 equivalents. Water 

quality evaluates the overall impact of agricultural practices on water including leached 

nutrients and chemicals, soil erosion, and water storage potential. For all metrics except 

soil C and water quality, lower values are more desirable. 

 

Statistical approach 

Data was analyzed using Proc GLIMMIX at a significance level of P < 0.05 (lint yield 

and soil pH, EC, and nutrient concentrations) or P < 0.1 (SOC, cover crop herbage mass, 

and using SAS version 9.3 (SAS Institute Inc., Cary, NC). Treatments of CT, R-NT, and 

M-NT were treated as fixed effects and replication was treated as a random effect. Means 

of significant effects were separated using Fisher’s protected LSD at P < 0.05 or P < 0.1. 

 

Results and discussion 

Temperature and precipitation 

The Texas Southern High Plains is a semi-arid ecoregion with dry, hot summers 

and mild winters. A majority of the average annual rainfall of 475 mm is received from 

April to September of each year (Fig. 4.1). Periods of intensive rainfall (May 2015) 
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followed by relative dry periods occurred throughout the study. The dry winters cause 

cover crops to use stored soil; however, timely rainfalls or deficit irrigation can replace 

soil moisture required for crop establishment. Crop water demands were greatest during 

cotton production when temperatures and evapotranspiration were greatest.   

Soil characterization, organic C storage and cover crop herbage mass 

Soil pH at the 0-15 cm was reduced by 0.5 units with the R-NT treatment 

compared to the CT treatment; however, pH differences did not exist between treatments 

at the 15-60 cm depth (Table 4.3). Carbon dioxide respired during microbial 

decomposition of organic material can form carbonic acid, thus reducing soil pH (Ward 

et al., 2017). The reduction was greater with rye residue likely because the single species 

rye cover generally produced more herbage mass compared to the mixed species cover. 

Averaged across years, 4,433 kg DM ha-1 of rye herbage mass was produced with the R-

NT treatment and 3,568 kg DM ha-1 of mixed species herbage mass was produced with 

the M-NT treatment (Fig. 4.2). In 2015 and 2017, greater herbage mass was produced 

with the R-NT treatment compared to the M-NT treatment. Differences were not 

determined in 2016.  

Significant differences between treatments did not exist for P, K, Ca, Mg, and S in 

the 0-15 cm depth (Table 4.3). According to the Texas A&M AgriLife Extension Soil, 

Water, and Forage Testing Laboratory, P and Ca concentrations are rated as moderate; K 

concentrations are very high; Mg concentrations are high; and, S concentrations are very 
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low. In addition to inorganic N, P and S can be immobilized by microorganisms as cover 

crop residue is being decomposed. 

Significant differences between treatments for SOC were determined at the 0 – 15 

cm depth in 2015 and 2017 but not 2016 (P = 0.02, P = 0.10, and P = 0.11, respectively). 

Differences did not exist at the 15-60 cm soil depth in any year, but trends were similar to 

the 0-15 cm depth (Fig. 4.3). In 2015, SOC was greater with the R-NT treatment 

compared to the CT treatment at the 0-15 cm depth, but in 2017, 19 years after imposing 

this treatment, SOC was not different between the R-NT treatment and the CT and M-NT 

treatment (Fig. 4.3a). Contradictory to our results, Parker et al. (2002) reported soil C in 

the upper 5 cm was 25% and 42% greater four years after implementing a reduced tillage 

cotton-winter rye cropping system than under cotton-winter fallow and bare fallow, 

respectively.  

Three years after imposing the M-NT treatment in no-tillage plots previously 

planted to rye cover for 16 years, SOC was 57% greater with this treatment compared to 

the CT treatment (winter fallow) in the 0-15 cm depth (Fig. 4.3a). With generally greater 

herbage mass produced with the rye cover (Fig. 4.2), a species known to have a greater 

C:N ratio and slower decomposition (Poffenbarger et al. 2015), SOC was hypothesized to 

increase more than with the mixed species cover crop, especially since the mixed cover 

crop was seeded for only three of the 20 years rye was seeded. Several studies have 

similarly reported increased SOC with mixed cover crops because of greater microbial 

activity and diversity (Szanser et al., 2011; Maul et al., 2014).  
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Like SOC, TN was greater with the M-NT treatment compared to the CT 

treatment but not the R-NT treatment at the 0-15 cm depth (Table 4.3). Differences of TN 

did not exist between the R-NT treatment and the CT treatment at 0-15 cm soil depth and 

between any treatment at the 15-60 cm depth. Even though less herbage mass was 

produced with the mixed species cover crop, the legumes in the M-NT treatment likely 

contribute to the increased TN. Nitrate-N was greater with the CT treatment compared to 

the R-NT and M-NT treatments at 0-15 cm and 15-60 cm depths. Cover crops are used in 

many areas to reduce nitrogen losses due to leaching (Jahanzad et al., 2017; Brunetto et 

al., 2017; Xie et al., 2017; Lyons et al., 2017); however, in semi-arid regions, cover crops 

can reduce the amount of N available to the main crop by taking up residual N and 

causing net immobilization of plant available forms of N (Aulakah et al., 1991; Doran 

and Smith, 1991; Schomberg and Endale, 2004). Over time, residue-N and immobilized 

N will be mineralized, but the concern is that the release and availability of inorganic N 

will not be synchronous with the demand of the main crop such as cotton. Nitrogen 

availability is critical to cotton yield (Mullins and Burmester, 1990). 

 

Cotton lint yield 

A year x treatment interaction was determined for cotton lint yield (P < 0.05). 

Differences between treatments did not exist in 2015, but in 2016 and 2017 differences in 

lint yield were determined (Fig. 4.4). Cotton lint yield was greater with CT compared to 

cotton planted into terminated rye cover (R-NT) but not mixed cover (M-NT) in 2016 and 
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2017. Cotton under CT produced 170 kg ha-1 and 79 kg ha-1 more lint compared to the R-

NT and M-NT treatments respectively, in 2016. Differences between conventional tillage 

and no-tillage treatments were much greater in 2017 with 305 kg ha-1 and 193 kg ha-1 less 

lint produced with the R-NT and M-NT treatments, respectively, compared to the CT 

treatment. These results are not consistent with the few conservation tillage studies 

conducted in semi-arid regions of Texas (Keeling et al., 1989; Bordovsky et al., 1994; 

and Baumhardt et al., 2013). Contradictory to our results, many studies have reported 

increased cotton lint yield with conservation tillage practices and cover crops (Keeling et 

al., 1989; Nyakatawa and Reddy, 2000; Boquet et al., 2004; and Hanks and Martin, 

2007); however, variability from one year to the next and regionally is common. For 

example, lint yield differences were not determined between conventional tillage and no-

tillage in a four-year study (1986 to 1989) conducted near Halfway, TX (Bordovsky et 

al., 1994); whereas, in Bushland, TX, a similar ecoregion to Halfway, TX, Baumhardt et 

al. (2013) reported significantly greater lint yields for cotton produced under no-tillage 

compared to disk-tillage.  

One of the major reasons farmers are reluctant to adopt conservation tillage and 

cover crop practices is the failure of studies to demonstrate consistent yield and economic 

benefits over time and across regions. Factors reported to influence the effects of no-

tillage coupled with cover crops on cotton lint yield, include: cover crop species (Brown 

et al., 1985), age of system (Triplett et al., 1996), water availability, and N fertilizer rates 

(Bronson et al., 2001; Boquet et al., 2004). Contradictory to our findings, Brown et al. 
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(1985) reported no differences of cotton lint yield when using rye cover and no-tillage 

practices, and reduced yields following vetch and clover cover crops (Fig. 4). After 18-

years of using rye cover and no-tillage practices, the age of the system should no longer 

be causing a yield reduction. Triplett et al. (1995) reported a yield reduction in only the 

first year of a 4-year study.  

A possible explanation for reduced lint yield following rye cover and not the 

mixed species cover is low N availability resulting from greater N immobilization with 

the R-NT treatment compared to the M-NT and CT treatments. All treatments received 

34 kg ha-1 N as a pre-plant application following cover crop termination with an 

additional 78 kg ha-1 N applied in-season. Greater N applied throughout the season when 

using conservation practices has been reported to increase lint yields in semi-arid 

environments (Bronson et al., 2001). For some farming operations increasing fertilizer 

input costs may not be possible, but total input costs may be reduced by implementing 

conservation tillage practices, which requires less machinery and labor costs. 

 

Economics 

Input cost, lint revenue, and gross margin are reported for each management 

system in Table 4. Differences of lint revenue were determined in 2016 and gross margin 

in 2017; however, similar trends were observed each year. On average, the CT treatment 

was more profitable than the no-tillage treatments because of greater lint yield and 
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revenue (Fig. 4.3 and Table 4.4). In 2015, the year lint yield differences did not exist, 

management practices had comparable lint revenue and gross margin, but cotton planted 

into terminated rye cover (R-NT) generated the larger profit of $924 ha-1 due to less input 

cost. Conventional tillage without a cover crop outperformed both no-till systems with a 

gross margin of $878 and $1238 ha-1 in 2016 and 2017, respectively. The mixed cover 

(M- NT) generated $104 ha-1 more revenue in 2016 and $129 ha-1 more in 2017 than the 

rye cover (R-NT) treatment due to increased yield, resulting in a greater gross margin of 

$789 and $1019, respectively. These results appear to be consistent with Zhou et al. 

(2017). DeLaune et al. (2012) found net returns in continuous cotton systems to be 

significantly greater for no-till systems (with and without cover crops) compared to 

conventional tillage systems in the Texas Rolling Plains. 

 

Sustainability 

 Sustainability results are presented in Table 4.5. Lint yield, GHG emissions, soil 

conservation, soil C, energy use fieldprint, water quality, and irrigation fieldprint are 

shown for conventional and conservation systems in Table 4.5. Conservation 

management practices increased soil C and water quality, which are considered positive 

sustainability growth. Conservation management practices increased GHG emissions, soil 

conservation, energy use, and irrigation fieldprint, which are considered negative 

sustainability growth. Negative sustainability growth from conservation management 

practices are linked to reduced yield in the conservation treatments compared to the 
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conventional treatment. Since the sustainability values are linked to yield, any reduction 

in yield will have a subsequent reduction in sustainability. This is a limitation of the 

model as a research tool comparing multiple treatments. As a resource for farmers, this 

tool is still valuable because farmers could utilize it to track changes in sustainability on a 

single farm or with changes in management practices. 

 Comparisons between conventional and conservation management practices in 

1998 and 2017 are depicted in Figure 4.5. In 1998, the conventional and conservation 

management systems had greater resource use in land, energy, and irrigation water use, 

and greenhouse gas emissions compared to state and national averages. The conventional 

management system also had greater resource use in soil C compared to state and 

national averages while the conservation system had lower resource use than state and 

national averages.  Water quality is not currently compared to state and national averages; 

however, the conservation system had lower resource use compared to the conventional 

system. In 2017, the conventional management systems had lower resource use in all 

measured categories compared to state and national averages except soil C at the state 

and national level and GHG emissions at the national level. Compared to state and 

national averages, the conservation management system had lower resource use in 

irrigation water use, soil C, soil conservation, land use (national level); similar resource 

use in energy use, and greater resource use in GHG emissions and land use (state level).  

Overall, the conventional system more efficiently utilized environmental 

resources compared to the conservation system in 2017. This is due to greater yields 
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produced in the conventional system. The Sustainable Agriculture Research & Education 

Program (SARE) defines sustainability with three pillars: (1) profit over the long periods; 

(2) stewardship of the land, water, and air; and (3) quality of life for agriculturalists and 

their communities (SARE, 2010). Utilizing the SARE criteria and the Fieldprint® results 

to evaluate the sustainability of our cropping systems, the conventional system is more 

sustainable than the conservation system because it generates greater profits over longer 

period (increased lint yield) and utilizes less resources. The final pillar of sustainability, 

quality of life for agriculturalists and their communities, cannot be directly evaluated 

using the Fieldprint® Calculator.  Gillum (2015) conducted an analysis of the effects of 

sustainability metrics on profit and conservation management practices on sustainability 

metrics on the Texas High Plains. Results from this study indicate sustainability does not 

have a negative effect on profitability. Clearly, additional research is necessary to 

adequately evaluate sustainable agricultural development on the Texas High Plains.  

 

Conclusion 

With consistent spring winds and semi-arid environment of the Texas High 

Plains, cover crops and conservation tillage can improve ecosystem services by reducing 

soil erosion and cotton seedling damage while increasing SOC storage and maintaining or 

possibly enhancing soil quality. Although the benefits of cover crops to cotton lint yield 

have been documented in this region, our research fails to demonstrate the economic 

feasibility of using rye and mixed species (rye, hairy vetch, Austrian winter field pea, and 
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radish) cover crops with no-tillage due to reduced lint yield and greater input costs. The 

higher seed prices of the mixed system can be justified as long as it can be offset by 

higher revenues from increased yield. Otherwise, it may be too expensive compared to 

rye, making it the least desirable no-till cover crop option. It is possible that with further 

investigation to regionally optimize management practices (i.e. fertilizer management and 

cover crop termination), cover crop use can be an economical practice for cotton 

production on the High Plains of Texas. However, the benefits will likely be more 

evident in years with harsher growing conditions.  
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Table 4. 1. Variable costs for conventional tillage practices ($ ha-1). 

Production Practices Cost ($ ha-1) 

Sandfighter (2x) 40 

Cultivator (2x) 40 

Rotary hoe 25 

Rodweed 25 

Listing 25 

Treflan/Incorporation 25 

Total 180 
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Table 4.2.  

Table 4. 2. Variable costs for NT-Rye and NT-Mixed cover crop systems ($ ha-1). 

 

Production Practice  NT-Rye NT-Mixed 

  $ ha-1 

Seed  30 96 

Drilling  37 37 

Termination  25 25 

2,4 D   20 20 

Total   112 178 
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Table 4. 3. Characterization of soil collected in April 2017 at soil depths of 0-15 cm and 15-60 cm from the conventional tillage (CT), 

no-tillage with rye cover (R-NT), and no-tillage with mixed species cover (M-NT) treatments in Lamesa, TX. Means within soil 

parameter and depth with the same letter are not different at P < 0.05. Electrical conductivity and nitrate-N are denoted by EC and 

NO3-N, respectively. 

 

Management  pH  EC  Total N NO3-N P K Ca Mg S 

Practice  ----  µmhos cm-1  mg kg-1 

  Depth: 0 – 15 cm 

CT  7.5 a  140  408 b 8 a 32 348 666 607  3.4 

R-NT  7.0 b  132  447 ab 6 b 42 322 674 641  1.2 

M-NT  7.2 ab  122  587 a 6 b 36 345 678 632  1.5 

  Depth: 15 – 60 cm 

CT  7.8   170  525  7 a 16 278 789 725 b 2.7 

R-NT  7.8   129  421  5 b 13 262 763 769 ab 1.7 

M-NT  7.9   149  453  5 b 14 280 745 832 a 3.1 
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Table 4. 4. Economic comparison between conventional tillage, no-till with rye cover and no-till with mixed cover. Means within year 

with the same letter are not different at p < 0.1. 

Management  Input Lint Revenue  Gross Margin  

Practice Costs† 2015 2016 2017  2015 2016 2017  

 ------------------------------------------$ hectare-1----------------------------------------- 

CT 180 1018 1058 a 1418 a 838 878 1238 a 

R-NT 112 1036 863 b 1068 b 924 751 956 b 

M-NT 178 978 967 ab 1197 ab 800 789 1019 ab 

P-value ---- 0.86 0.09  0.04  0.52 0.27 0.09  
†No-tillage input costs included: seed, drilling, chemical termination, and in-season herbicide application. Conventional tillage and 

input costs included: sand fighting (x2), cultivation (x2), rotary hoe, rodweeding, listing and Treflan incorporation. 
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Table 4. 5. FieldPrint Calculator results comparing conventional and conservation management practices of cotton in 1998 (year 1) 

and 2017 (year 20) at Lamesa, TX. 

   

Lint Yield 

 GHG 

Emissions‡ 

 Soil 

Conservation§ 

 Soil 

Carbon¶ 

 Energy Use 

Fieldprint# 

 Water 

Quality†† 

 Irrigation 

Fieldprint‡‡ 

Year System kg ha-1  kg CO2e kg-1  T kg-1 yr-1  SCI  BTU kg-1  ----  ha-mm kg-1 

               

1998 Conventional 594  2.90  0.024  -0.510  6,054  5.81  1.18 

 Conservation 509  3.47  0.026  0.298  6,570  8.61  1.75 

 Change (%) -14.4  19.7  +8.3  +158  +8.5  +48.2  +48.1 

               

2017 Conventional 985  1.54  0.014  -0.343  3,071  5.81  0.25 

 Conservation 786  1.96  0.018  0.405  3,456  8.59  0.36 

 Change (%) -20.2  +27.3  +28.6  +218  +12.5  +47.8  +45.5 
†Average of no-tillage rye cover and no-tillage mixed cover results 

‡Greenhouse gas emissions (GHG) calculated on CO2 equivalents 

§Estimated using NRCS Soil Conservation Models, tonnes of topsoil conserved annually 

¶Soil Carbon Index (SCI), annual carbon accumulation model 

#Energy requirements to raise a crop 

††NRCS scoring function (greater is better) 

‡‡Amount of irrigation applied per unit of lint  
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Figure 4. 1 Mean monthly temperature and total monthly precipitation from irrigation and rainfall events at the Agricultural Complex 

for Advanced Research and Extension Systems (AG-CARES), Lamesa, Texas from 1 Nov. 2014 through 30 Nov. 2017. 
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Figure 4. 2. Rye and mixed species cover crop herbage mass (kg DM ha-1) produced in 

2015, 2016, and 2017 in Lamesa, TX. Means within year with the same letter are not 

different at P < 0.05. Error bars represent standard error of the sample mean. 

Conventional tillage, no-tillage with rye cover, and no-tillage with mixed species cover 

are represented by CT, R-NT, and M-NT, respectively.  
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Figure 4. 3. Soil organic carbon determined at depths of 0-15 cm (a) and 15-60 cm (b) in 

2015, 2016, and 2017. Means within year with the same letter are not different at P < 

0.05. Error bars represent standard error of the sample mean. Conventional tillage, no-

tillage with rye cover, and no-tillage with mixed species cover are represented by CT, R-

NT, and M-NT, respectively.   
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Figure 4. 4. Cotton lint yield determined for the 2015, 2016, and 2017 growing seasons in 

Lamesa, TX. Means within year with the same letter are not different at p < 0.05. 

Conventional tillage, no-tillage with rye cover, and no-tillage with mixed species cover 

are represented by CT, R-NT, and M-NT, respectively.  
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Figure 4. 5. FieldPrint® Calculator Spidergram Results comparing conventional and 

conservation management practices of cotton in 1998 (year 1) and 2017 (year 20) at 

Lamesa, TX. Green squares represent national average and orange circles represent state 

averages.  
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CHAPTER V 

CONCLUSION 

 

 We evaluated the effects of no-tillage coupled with cover crops on soil health in a 

sandy soil on the semi-arid THP. No-tillage with a rye cover crop and mixed species 

cover crop increased soil organic C (SOC), potassium permanganate oxidizable C 

(POXC), and stored soil moisture and reduced soil pH, but did not have an effect on 

Ninorg and soil aggregation. Additionally, the R-NT treatment resulted in lower cotton lint 

yield and subsequently decreased gross margin and several sustainability indicators 

compared to the CT treatment. Compared to CT, cotton yields of the M-NT treatment 

were not significantly different indicating a mixed species cover under no-tillage could be 

a valuable management option for THP producers; however, the cost of a mixed species 

cover might be cost prohibitive. Additional research in cover composition and 

termination timing is essential to maximizing these benefits. 

 In addition to monitoring soil health, we made several discoveries which should 

advance our understanding of semi-arid soil management systems. First, we discovered 

that SOC and POXC are more variable during the year than previously reported. We 

believe this is a result of rhizodeposition which contributes significant amounts of 

organic C to the rhizosphere, stimulating microbial activity and nutrient cycling. This 

discovery can help make further advances in nutrient management, bioremediation, 

microbial ecology, and C sequestration. We were the first researchers on the THP to 
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catalog POXC levels in Amarillo soil; one of the few studies to evaluate POXC levels 

under long-term management in a semi-arid region. 

Second, our research helps to dispel the myth that cover crops cannot be adopted 

in rotation with cotton monocultures on the THP. While cover crops do utilize some 

stored soil moisture they also enhance infiltration and decrease potential evaporative 

losses resulting in greater stored soil moisture during active cotton growth compared to 

CT. This increased soil moisture may be essential to sustaining yields during periods of 

intermittent drought, but still need to be evaluated in dryland production systems. 

Finally, we demonstrated the continued importance of long-term research at the 

regional level. Many studies on soil health focus on short-term benefits from changes in 

management practices, but in regions like the THP only long-term studies can provide 

relevant information to producers because changes, while essential to sustainability, are 

slow to reveal themselves. This system has also demonstrated that improved 

sustainability is a multidisciplinary task; for example, improved genetics and increased 

yield potential dramatically increased sustainability of the system from 1998 to 2017, a 

result which would not have been observed in short-term studies.  

Overall, we have begun to understand soil health management systems on the 

THP, but more research is necessary for successful adoption throughout the region. By 

ruling out soil moisture as the limiting factor when using cover crops in an irrigated 

system, further investigations into weed and pathogen management, termination timing, 
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cover composition, and nutrient management would help build upon our results. With 

greater understanding and improvements in these areas, adoption of conservation 

management practices may increase in a region susceptible to wind erosion and vitally 

important to cotton production. 

  



Texas Tech University, Joseph Alan Burke, May 2018 
 

121 
 

APPENDIX 

Table A. 1. ANOVA results for treatment effect on stored soil moisture by depth in 2015. 

 

  

-48 -33 -20 1 29 43 62 76 90 106 120 139 157 176 200

0.04 0.09 0.52 0.21 0.32 0.38 0.30 0.31 0.26 0.50 0.52 0.04 0.76 0.31 0.08

0.01 0.01 0.69 0.55 0.06 0.20 0.51 0.08 0.08 0.07 0.36 0.22 0.17 0.49 0.13

0.01 <0.01 0.73 0.28 0.44 0.94 0.44 0.56 0.84 0.79 0.94 0.98 0.51 0.31 0.94

0.52 0.11 0.50 0.23 0.50 0.46 0.56 0.85 0.86 0.48 0.55 0.47 0.56 0.45 0.90

0.35 0.41 0.16 0.07 0.17 0.16 0.30 0.29 0.53 0.35 0.10 0.07 0.10 0.62 0.08

0.34 0.47 0.62 0.19 0.02 0.30 0.22 0.23 0.54 0.42 0.07 0.05 0.04 0.91 0.02

0.45 0.81 0.99 0.21 0.05 0.48 0.35 0.48 0.64 0.87 0.63 0.29 0.80 0.81 0.13

100

120

140

Days After Planting

ANOVA (p - value < 0.05)Depth (cm)

20

40

60

80
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Table A.2. ANOVA results for treatment effect on stored soil moisture by depth in 2016. 

 

  

-57 -43 -26 -12 11 17 42 57 73 86 101 122 155 202

0.54 0.86 0.92 0.02 0.07 0.04 0.82 0.36 0.37 0.59 0.39 0.39 0.57 0.05

0.51 0.02 0.06 0.46 0.69 0.81 0.77 0.95 0.89 0.27 0.33 0.67 0.75 0.06

0.49 <0.01 <0.01 0.03 0.49 0.86 0.87 0.91 0.29 0.12 0.32 0.56 0.66 0.15

0.54 0.03 0.05 0.02 0.24 0.18 0.32 0.85 0.03 0.27 0.34 0.39 0.37 0.30

0.68 0.29 0.37 0.28 0.14 0.21 0.22 0.95 0.28 0.11 0.39 0.27 0.22 0.05

0.49 0.06 0.08 0.21 0.38 0.28 0.08 0.57 0.15 0.09 0.55 0.14 0.06 0.05

0.85 0.02 0.03 0.03 0.11 0.03 0.05 0.20 0.15 0.09 0.78 0.41 0.09 0.04

100

120

140

Days After Planting

ANOVA (p - value < 0.05)Depth (cm)

20

40

60

80
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Table A. 3. ANOVA results for treatment effect on stored soil moisture by depth in 2017. 

 

-60 -35 -17 -4 10 26 40 56 69 91 103 117 147 197 203

0.02 0.24 0.94 0.05 0.06 0.15 0.18 0.03 0.06 0.02 0.14 0.07 0.04 0.08 0.67

0.03 0.02 0.91 0.19 0.19 0.21 0.21 0.03 0.03 0.01 0.03 0.02 0.06 0.02 0.93

0.06 <0.01 0.06 0.39 0.26 0.27 0.21 0.09 0.03 <0.01 <0.01 0.02 0.25 0.87 0.90

0.42 0.01 0.02 0.51 0.48 0.40 0.46 0.38 0.20 0.01 0.02 0.01 0.45 0.73 0.65

0.27 0.04 0.01 0.05 0.44 0.95 0.95 0.20 0.41 0.67 0.09 0.07 0.24 0.37 0.09

0.14 0.18 0.08 0.15 0.33 0.69 0.92 0.45 0.32 0.57 0.10 0.10 0.25 0.20 0.18

0.25 0.05 0.02 0.10 0.11 0.14 0.05 0.65 0.11 0.82 0.12 0.21 0.60 0.25 0.50

100

120

140

Days After Planting

ANOVA (p - value < 0.05)Depth (cm)

20

40

60

80


