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ABSTRACT 

 

 Agricultural production systems across the Southern High Plains face significant 

challenges due to increasing climate variability interacting with conventional practices 

that can decrease soil health. Therefore, there is an urgent need for improvement of soil 

health for cotton production systems by implementing conservation agriculture 

management practices, such as crop residue and no-till, that will increase the activities of 

soil microbial communities and mitigate the environmental impacts resulting in a more 

sustainable agriculture across the region. The purpose of this research was to assess the 

effects of conservation management practices, such as crop residue management 

combined with no-till practices, to enhance the soil microbial community dynamics and 

crop production in a dryland monoculture cotton production system in the Southern High 

Plains. The research was carried out over four growing seasons (2014 to 2017). For the 

2014–2015 growing seasons, 2 treatments were established: 1) using erosion blankets to 

mimic stubble (shade), and 2) sorghum or wheat residue (stubble) and control (no 

stubble) with 6 replicate plots in each treatment and control. For the 2016–2017 growing 

seasons, the shade treatment was not included. Soil samples were collected before 

planting and over the growing season (monthly) to evaluate environmental and nutrient 

parameters, microbial community size and structure, function, diversity and composition. 

Over the four years the addition of stubble reduced daily soil temperature range 

(DTRsoil) by approximately 6 °C on average at the soil surface and approximately 3 °C 

at 15-cm below the surface during the hottest months. Soil moisture was increased by 33 

% and 49 % in the last two years when compared to the control. The combined effects of 
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reduced DTRsoil and increased soil moisture had a positive effect on microbial activities. 

Overall, microbial biomass carbon increased across all growing seasons except in 2015 

under stubble. Total bacterial FAME levels were higher in all growing seasons under 

stubble except in 2016. Total fungal FAME levels were higher in all growing seasons 

under stubble. Both fungal and bacterial FAME levels were influenced by changes in 

daily temperature variability with stubble application. NH4
+-N and NO3

--N levels 

decreased in the stubble in 2014 and 2016, and SOM increased substantially in 2014 and 

2017 in the stubble. Overall, all enzyme activities increased under stubble, except β-

glucosidase in 2016. Bacteria functional diversity using BIOLOG increased over time, 

with the greater differences in 2016 and 2017 when compared to the control. Both 

enzyme activity and bacterial functional diversity were correlated. Fungal functional 

diversity decreased over time except for a substantial increase in 2016 and was correlated 

with β-glucosaminidase and arylsulfatase activities.  Fungal community composition as 

assessed by whole-community DNA sequencing was dominated by Ascomycota and 

Basidiomycota phyla, with the highest relative abundance of Basidiomycota under the 

stubble. The main fungal genera observed in the dryland systems were Fusarium, Phoma 

and Alternaria. The implementation of conservation management practices, such as crop 

residue and no-till, mitigated the climate variability with the reduction in daily soil 

temperature variability and increase of soil moisture, which positively affected the 

dynamics of microbial communities and their functions. Although the benefit from no-till 

and stubble management was not observed every year, the gradual improvement of 
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microbial community dynamics will increase soil health, thus leading to a productive and 

sustainable agriculture in the long term.  
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CHAPTER I 

INTRODUCTION 

 

Cotton production systems in the Southern High Plains  

 

Agriculture is the practice of cultivating land to raise food, livestock feed, fiber, 

or fuel from crops or livestock (Shearffer, 2009). Globally, agricultural systems are 

critical to all societies and are one of the most important production sectors of the United 

States economy. One of the most common cropping systems across the Southern High 

Plains (SHP) is cotton production. Over 40% of the USA cotton (Gossypium hirsutum) 

crop is produced within the Texas High Plains. From 1965–2014 Texas led in the 

production of cotton (Mauget et al., 2017). Since 1940, cotton has been produced 

primarily in monoculture systems, with intensive tillage contributing to wind-induced soil 

erosion and low content of organic matter < 1 % (Acosta-Martinez et al., 2003; Acosta-

Martinez et al., 2011). As most of the cotton acreage is dryland (Jones, 2003), production 

is dependent upon precipitation frequency and amount. Moreover, dryland systems on the 

SHP have a low ratio of mean annual precipitation (470 mm average) to potential 

evapotranspiration (Plaza-Bonilla et al., 2015) further limiting available soil moisture for 

crop production (Lascano, 2000).  

Management practices and soil health  

 

 Agricultural production systems across the SHP face significant challenges due 

to increasing climate variability interacting with conventional practices, such as tillage, 

crop residual removal, fertilizer applications, and monoculture (Romero-Perezgrovas et 



Texas Tech University, Diana L. Vargas Gutierrez, December 2021  

2 

 

al., 2014; Ghimire et al., 2017) that degrade soil health. Most conventional practices 

conducted in cotton production systems change the physical, chemical and biological 

characteristics of the soil by disrupting soil structure, depleting soil organic matter, 

decreasing soil fertility, increasing soil erosion and altering microbial community 

structure and their activities (Chávez-Romero et al., 2016; Turner et al., 2018). These 

changes lead to a decline in soil health and increase production costs to compensate for 

poor soil health. Thus, to sustain agriculture on the SHP under increasing climate 

variability, producers have to consider management systems where soil health can be 

improved. In this context, soil health is “the capacity of soil to function as a vital living 

system, with ecosystem and land use boundaries to sustain biological productivity, 

promote environmental quality, and maintain plant and animal health.” (Doran and Zeiss, 

2000). The complexity of the belowground ecosystem and the link between the 

ecosystem services and the soil function is reflected in this definition of soil health 

(Bünemann et al., 2018). Soil is a multifunctional and multicomponent system, that 

constitutes a critically component of the biosphere to maintain water and air quality, 

maintain agricultural productivity, promote growth of plant, support food webs, regulate 

nutrient cycling (Doran and Zeiss, 2000; van Bruggen and Semenov, 2000; Bi et al., 

2013; Bünemann et al., 2018) and regulate and support ecosystem services that are 

critical for ecosystem function, both natural and managed (Turner et al., 2018).   

Importance of soil microbial communities  

 

 As soil is a living system with a variety of microbial communities, and these 

organisms play a key role in determining the extent of soil health by regulating soil 
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organic matter formation, mineralization and decomposition rates, and formation, and 

stabilization of soil structure (Kong et al., 2011; Lou et al., 2011). Microbial activity is 

crucial to the development of soil structure through the production of extracellular 

components with adhesive properties that bind mineral and organic constituents 

(Kibblewhite et al., 2008). Furthermore, soil microbes play a vital role in nutrient cycling  

(Acosta- Martinez et al., 2003) as they produce extracellular enzymes that regulate 

nutrient availability through the incorporation of nutrients into microbial biomass, which 

is expressed as the mass of carbon immobilized in microbial cells (Bi et al., 2013) and the 

transformation of soil organic matter pools and essential nutrients to mineral forms 

important for plant growth (Alvarez et al., 1995; Six et al., 2006; Vineela et al., 2008; 

Kaisermann et al., 2013). Microbes are able to immobilize N, and then release it when 

they die or are consumed as part of the soil food web. With an active soil food web, 

nutrient cycling can provide sufficient nitrogen and phosphorus to produce a crop without 

the addition of fertilizer (Haney et al., 2018). Soil microbes also contribute to carbon 

sequestration, soil aggregation, and stability, which all serve as an indicator of soil health 

(Doran and Zeiss, 2000; Kibblewhite et al., 2008; Burns et al., 2013). 

 Some of the biological indicators that have been used to assess soil health and 

the condition of the soil microbial community include: 1) microbial biomass measured by 

chloroform fumigation extraction technique, 2) C substrate utilization measured by 

BIOLOG and FUNGILOG (Zak et al., 1994; Hill et al., 2000), 3) microbial community 

structure measured by FAME (Fatty Acid Methyl Ester), which identify the fatty acids 

present in the phospholipid components of the cell membrane and compare the relative 
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abundance of the different microbial groups (Acosta-Martínez et al., 2008), 4) microbial 

diversity measured by sequencing 16S ribosomal RNA and 18S ribosomal RNA and 5) 

enzyme activities involved in C, N, P and S cycling measured by a method described by 

Tabatabai (1994). These indicators have been used to link soil-abiotic characteristic with 

soil functions as related to biochemical and physical transformations and aboveground 

vegetation performance (van Bruggen and Semenov, 2000; Tautges et al., 2016; 

Bünemann et al., 2018). 

Conservation management practices and their impact on environmental properties 

and biological activities 

 

 One way to improve soil health for agricultural systems is by implementing 

conservation agricultural practices, which are based on 3 management principles: 1. 

viable crop rotations, 2. minimum tillage and 3. permanent soil cover with crop residue or 

cover crops (Thierfelder and Wall, 2009; Pittelkow et al., 2014). Crop residue is a critical 

management tool to increase the physical, chemical and biological properties of soil 

health in agricultural systems (Turmel et al., 2015).  

 The use of crop residues to enhance soil biological activities has been found to 

increase microbial biomass, soil organic carbon, enzymes activities, improve the level of 

soil organic matter and provide energy and nutrients to the microbes (Bakht et al., 2009; 

Thierfelder and Wall, 2009; Lou et al., 2011; Arcand et al., 2016; Bichel et al., 2017). In 

some management practices crop residue is defined as the plant biomass that remains 

after the crop is harvested. Maize, wheat, sorghum, and rice are the cereal crops that 

produce the largest amount of residue that has been used for residue management 
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practices (Turmel et al., 2015). Wheat straw, for example, has also been used as residue, 

as it has a high content of carbon, nitrogen, phosphorus, potassium, and micronutrients 

that can increase microbial activity and support the formation of soil organic matter (Lou 

et al., 2011). Several studies have reported the benefits of crop residue to microbial 

communities and their functions and improve soil properties that are critical for soil 

health.  For example, Sun et al. (2016) evaluated the impacts of tillage practices on soil 

microbial properties on monoculture maize and maize-soybean rotation at different soil 

depths and found that in the no-till + crop residue there was an increase of microbial 

biomass carbon, and that fungal and bacterial abundances were greater at 0-5 cm depth. 

Wang et al. (2016) found that zero tillage combined with crop residue in wheat-maize 

crop rotation led to highest fungal diversity in comparison with other tillage treatments in 

a dryland in China. Navarro-Noya et al. (2013) evaluated the effects of limited tillage vs 

tillage, residue retention vs removal and crop rotation (wheat-maize) vs monoculture 

(maize) on soil bacterial communities in a semiarid-agroecosystem. They found that 

bacterial abundance was significantly higher in treatments with crop residue retention 

than in the treatments with crop residual removal. Acosta-Martinez et al. (2011) also 

found an increase of microbial biomass C up to 50 %, and an increase in enzyme 

activities (21-37 %) under cotton rotation with a winter cover crop history in comparison 

with rotation without winter cover in a dryland cotton system. Lou et al. (2011) evaluated 

the effect of straw coverage of soil in maize fields on the seasonal variability of microbial 

biomass carbon and found that microbial biomass levels were controlled in part by soil 



Texas Tech University, Diana L. Vargas Gutierrez, December 2021  

6 

 

temperatures. They found that microbial biomass carbon significantly increased by 62 % 

(2008) and 71 % (2009) under straw coverage as compared to fields with no residue.  

 The implementation of crop residue also influences physical soil properties (Mu 

et al., 2016), such as soil moisture retention (Baumhardt and Jones, 2002) and soil 

temperature, which are essential for nutrient availability, root growth, nutrient cycling, 

and microbial activities (Al-kaisi & Lowerly, 2017).  In dryland systems, crop residue 

can also reduce evaporation by protecting the soil from the solar radiation and increase 

rainfall infiltration by improving soil structure and pore network, which increase 

available water for crop production. The litter layer can also reduce runoff and soil 

erosion by protecting the soil from heavy rainfall disturbance (Govaerts et al., 2007; 

Baumhardt et al., 2013; Guo et al., 2016; Mu et al., 2016; Turmel et al., 2015). In 

addition, crop reside moderates fluctuations in soil temperatures by decreasing daytime 

soil temperature. Oliveira et al. (2001), for example, found that mulching with cane straw 

reduced the soil temperature by 7 °C in comparison with bare soil. Lou et al. (2011) 

found that soil temperatures decreased under straw coverage more significantly during 

the warmer season, and soil moisture significantly increased from 12.5 % in 2008 and 

12.3 % in 2009 under no straw coverage to 16.4 % (2008) and 16.6 % (2009) under straw 

coverage. The importance of daily soil temperature variability in controlling soil 

microbial activity and subsequent nitrogen availability has been reported by van Gestel et 

al. (2011 & 2016) for arid ecosystems. 

 Residue management alone will not be sufficient to improve soil health without 

reductions in tillage during crop growth (Busari et al., 2015). Where no-till is 
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implemented with residue management, the combined management practices can 

significantly improve the health of soils over time.  As soil fungal mycelium is damaged 

by tillage any attempts to reduce the practice can have immediate benefits. Arbuscular 

mycorrhizal fungi and saprophytic fungi predominate under no-till practices rather than 

having a bacterial-dominated system that characterizes conventional tillage systems. 

While arbuscular mycorrhizal fungi form symbiotic relationships with the majority of 

crop species increasing the phosphorus availability to the crop (Basu et al., 2018), 

saprophytic fungi, which are the majority of the fungi in soils, translocate carbon and 

nitrogen between reside layers and soil horizon. The saprophytic fungi are critical for 

plant residue decomposition and the development of soil organic matter and are the most 

important decomposers of plant residues (Kibblewhite et al., 2008; Wang et al., 2016; 

Sharma-Poudyal et al., 2017). Saprophytic fungi allocate more carbon into biomass 

increasing the C use efficiency (Hydbom et al., 2017) than do soil bacteria. Saprophytic 

fungi also contribute to the development of soil structure by the stabilization of soil 

aggregates with their hyphae while arbuscular mycorrhizal fungi excrete glomalin 

proteins that bind soil particles (Hydbom et al., 2017). While fungal communities benefit 

from the implementention of no-till, bacterial community structure and diversity has also 

been shown to be influenced by implementation of these soil management practices. For 

example, Dong et al. (2017) found that in a long-term study comparing tillage vs no-till 

in a winter wheat cropping system, microbial biomass carbon, soil organic carbon and 

nitrogen were higher under no-till, and there was a significant increase of microbial 

diversity under no-till. Mathew et al. (2012) investigated the effects of long-term 
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conventional tillage and no-till on soil microbial communities in a continuous corn 

production system, and found that soil organic C, enzyme activities (alkaline phosphatase 

and phosphodiesterase), and relative abundance of fungi were significantly higher under 

no-till treatment in comparison with conventional tillage at 0-5 cm depth. Nivelle et al. 

(2016) investigated in a 5-year experiment the effect of the combination of no-till vs 

tillage, with or without cover crops and with or without nitrogen fertilization on 

functional responses of microbial community. They found no-till combined with any 

cover crop increased total soil organic C and N by more than 20 % and led to a higher 

microbial functional activity (faster carbohydrates and phenolic compounds degradation). 

The increased soil microbial activity combined with changes in soil structure has been 

shown to result in increased crop yields. Pittelkow et al. (2014) conducted a meta-

analysis from hundred of field trields across 48 crops and 63 countries and found that 

when no-till was implemented alone, yield was reduced by 5.7%. However for dryland 

systems, when no-till was implemented along with crop residue and crop rotation, yield 

production increase by 7.3 %.  

 Given the increasing climate variability that the Southern High Plains has 

experienced for the past several decades coupled with tillage practices, the region has 

experienced a decline in soil health and soil microbial activity resulting in low soil 

organic matter content. These changes have also led to a decrease in effective 

precipitation as more intense storms have resulted in less precipiation infiltration and 

greater runoff from fields. Given the climate impacts on cotton production across the 

SHP, there is an urgent need for improvement of soil health for cotton production system 
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by implementing conservation agriculture management practices such as crop residue and 

no-till, which will increase the activities of soil microbial communities that can help to 

adapt to environmental impacts resulting in a more sustainable agriculture across the 

region. 

Research Objectives 

 

 This study assessed the effects of conservation management practices, such as 

crop residue management in combination with no-till practices to enhance soil microbial 

community dynamics and crop production in a dryland monoculture cotton production 

system in the Southern High Plains.  

Objective 1  

 

 Assess the effects of crop residue in combination with no-till on soil microbial 

community size and structure in a dryland monoculture cotton system on the Southern 

High Plains. (Chapter 2) 

Hypothesis 

1. Microbial biomass carbon will increase under the stubble and no-till plots during 

the growing season. 

2. The implementation of stubble with no-till will result in a shift in microbial 

structure with an increase in abundance of fungi.  
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Objective 2  

 

 Assess the effects of crop residue in combination with no-till on soil microbial 

functional diversity and composition in a dryland monoculture cotton system on the 

Southern High Plains.  (Chapter 3) 

Hypothesis 

1. Under stubble with no-till there will be an increase in substrate release from 

cotton roots and crop residue that will be reflected in greater bacterial and fungal 

carbon usage irrespective of soil moisture. 

2. Enzyme activities will increase under the stubble with no-till plots and decrease in 

control plots (no residue), due to the enzymes being sensitive to temperature. Soil 

exposure to direct sunlight will increase temperature. Lack of residue will reduce 

substrate availability therefore there will be less enzymatic activity.  

3. Fungal community composition will be dominated by Basidiomycota (wood 

decomposer fungi) under stubble, due to the high content of carbon and nitrogen 

in the stubble. 

Objective 3  

 

 Evaluate the effects of crop residue in combination with no-till on soil moisture 

and daily soil temperature variability and their subsequence effect on soil microbial 

communities in a dryland monoculture cotton production system on the Southern High 

Plains. (Chapter 2) 

Hypothesis 

1. Soil moisture will increase under the stubble with no-till. 
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2. Stubble combined with no-till will reduce temperature variability.  

3. The reduction of temperature variability coupled with the increase in soil moisture 

will have a positive effect on soil microbial dynamics.   
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CHAPTER II 

EFFECTS OF CROP RESIDUE COMBINED WITH NO-TILL ON 

MICROBIAL BIOMASS CARBON AND STRUCTURE IN A 

DRYLAND MONOCULTURE COTTON PRODUCTION SYSTEM IN 

THE SOUTHERN HIGH PLAINS 

 

Abstract 

 

 Conventional agriculture practices and climate variability impacting the Southern 

High Plains change the physical, chemical, and biological characteristics of the soil, 

which leads to the long-term decline in soil health. Thus, it is important to consider the 

use of conservation practices to increase microbial activities and soil health in drylands. I 

assessed the effects of crop residue in combination with no-till on soil microbial amount 

and structure in a dryland monoculture cotton production system in the Southern High 

Plains. The research was carried out during four years from 2014-2017. Three treatments 

were established 1) using erosion blankets to simulate stubble (shade), 2) sorghum 

residue or wheat residue (stubble) and 3) control (no stubble) with 6 replicates plots (8 x 

7 m) in each treatment and control. In 2016-2017 shade treatment was not included. Soil 

samples were collected before planting and over the growth season to evaluate 

environmental, nutrient, and microbial parameters. Results showed that over the four 

years stubble reduced daily soil temperature range (DTRsoil) by approximately 6 °C on 

average at 0-cm and approximately 3 °C at 15-cm during the hottest months. The 

reduction in daily soil temperature range increased microbial activities. Soil moisture 

increased by 33 % and 49 % in the drier years. Microbial biomass carbon was 

significantly higher in 2014 and 2016. Total bacteria FAME levels were significantly 
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higher in 2015 and 2017 under stubble, and exhibited an inverse relationship with 

DTRsoil, while total fungi FAME levels were significantly higher in three of the four 

years and also exhibited an inverse relationship with DTRsoil except for 2017. NH4
+-N 

and NO3
--N levels were lower in the stubble in 2014 and 2016 and SOM increased 

substantially in 2014 and 2017 in the stubble. A higher yield was observed in 2016 under 

stubble. The implementation of conservation management practices mitigates climate 

variability with the reduction in DTRsoil and positively affects the dynamics of microbial 

communities and their contribution to soil productivity.  

 

Introduction  

 

The Southern High Plains (SHP) is a semiarid area, which only receives 470 mm 

of annual precipitation (Lascano, 2000). Much of the region is also characterized by 

sandy soil, low organic matter and high susceptibility to wind erosion (Acosta-Martinez 

and Cotton, 2017). While the primary crop produced on the SHP is upland cotton 

(Gossypium hirsutum) (Mark D. McDonald, 2019), the majority of cotton production 

occurs under dryland conditions, which depends on water from precipitation (Degrune et 

al., 2016; Lewis et al., 2018). Cotton production across the region faces several 

challenges due to large and increasing climate variability, an increase of summer 

temperatures, and an increase in drought frequency and intensity (Hansen et al., 2012; 

Rottler et al., 2017).  These climate and weather-related challenges are compounded by 

the continued use of traditionally conventional management practices such as tillage, 

fertilization, and monoculture, which can decrease soil organic matter levels. These 
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practices often lead to changes in soil structure and, influence soil temperature, aeration, 

regulation of water storage and infiltration capacity (Palm et al., 2014; Choudhary et al., 

2019), subsequently affecting the soil microbial communities and their activities, which 

are key for building soil organic matter, nutrient cycling and crop development. 

Nowadays, farmers are trying to implement more soil conservation management practices 

instead of using conventional management. Recent conservation management practices 

include reduced tillage or no-till, crop rotation and retention of crop residue for 

permanent organic soil cover or by using a continuous cropping system that does not 

allow for bare soil (Palm et al., 2014). These practices have been shown to improve 

physical, chemical and biological soil properties by increasing soil quality, increasing the 

development of soil structure, decreasing fluctuations in soil temperature, and increasing 

soil organic carbon, which can lead to increasing crop yield and soil microbial activities 

(Busari et al., 2015).  

Soil microbial biomass is considered the living part of the soil organic matter, 

even though it comprises less than 10 % of the total. It promotes soil aggregation and 

structure, transforms nutrients and acts a sink for C, N, P and sulfur, and responds rapidly 

to changes in soil management (Salinas-Garcı́a et al., 2002). Changes in microbial 

community structure in response to crop management decisions can be assessed by fatty 

acids derived from the microbial cells using the method known as FAME, where specific 

fatty acids are used as biomarkers for specific taxonomic microbial groups. Previous 

studies have found positive effects of conservation management practices on the structure 

of soil microbial communities in response to soil conservation approaches. Salinas-
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Garcia (2002) found that soil microbial biomass C in the surface layer was 25-50 % 

greater with no-till in continuous fallow-corn crops in central-western Mexico. Guo et al. 

(2015) found that keeping residue on the soil significantly increased total microbial 

biomass carbon by 18.3 %, bacterial biomass by 36 %, fungal biomass by 95.9 %, and the 

F/B ratio by 42.5 % in a rice-wheat rotation in China. Crop residue also influences 

physical soil properties (Mu et al., 2016), such as soil moisture retention (Baumhardt and 

Jones, 2002) and soil temperature, which are essential for nutrient availability, root 

growth, nutrient cycling, and microbial activities (Al-kaisi & Lowerly, 2017). In addition, 

crop reside moderates fluctuations in soil temperatures by decreasing daytime soil 

temperatures. Oliveira et al. (2001), for example, found that mulching with cane straw 

reduced the soil temperature by 7 °C in comparison with bare soil. Lou et al. (2011) 

found that soil temperatures decreased under straw coverage more significantly during 

the warmer months of the growing season, and that straw residue significantly increased 

soil moisture by around 4 % over a two-year period under straw coverage on a maize 

field in a continental monsoon climate. 

Although there is extensive research on the effects of conservation management 

practices, most specifically no-till on soil microbial communities for most major crop 

types under most climate systems, there is a paucity of information on 1) how effective 

no-till and stubble management can be for dryland cotton production to address climate 

variability, and 2) if long-term soil health can be improved using these approaches. Thus, 

to provide basic information on the impacts of no-till and crop residue management on 

cotton yield and soil microbial dynamics this study assessed yearly responses of soil 
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microbial biomass and soil microbial community structure under crop residue and no 

cover within a no-till dryland cotton production system over a 4-year period.  

 

Methods  

Site Description  

 

This research took place at the Quaker Avenue Research Farm (33° 41' 36.4596" 

N, 101° 54' 18.612" W), an area of 130 ha overseen by the Department of Plant and Soil 

Science of Texas Tech University. The farm is located in Lubbock, Texas, USA, with an 

of elevation of 3,256 feet (992 m) above sea level, and average annual rainfall is 472 mm. 

Soil at the site is classified as an Acuff sandy loam.  

Plot Design and Sample Collection 

 

 For all years, cotton variety NexGen 3406 was planted as no-till in late May or 

early June at approximately 50,000 seeds planted per acre on 40-inch centers. Cotton 

seed was planted on June 2, 2014, June 8, 2015, June 8, 2016, and May 30, 2017. Urea 

and ammonium nitrate fertilizer 80 lbs per acre of 32:0:0 was applied at planting. After 

planting, the corresponding residue treatments were established, and the crop was 

managed under dryland conditions (no irrigation applied). For May 30, 2017, subsurface 

drip was activated to help establish the crop as soil moisture for that year was insufficient 

for seed germination. In 2014 and 2015, two residue treatments were established with six 

plots for each treatment and control. Each plot was 4 × 3 meters and contained 4 rows. 

For one treatment (shade), wood fiber erosion control blankets (CurlexIII, American 

Excelsior company, Arlington, TX) were used to simulate crop residue. In the second 
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treatment (stubble), sorghum residue was applied by hand to the plots after planting. The 

control plots were bare soil (no stubble). During the 2016 and 2017 growing season, the 

shade treatment using erosion control blankets was not included and the stubble treatment 

using sorghum residue was replaced by wheat-straw residue. The number of plots per 

treatment and control remained the same. For 2016 and 2017 the plots increased in size to 

8 × 7 meters and contained 8 rows, to help reduce edge effects. All plots were established 

in the same location for each year. 

 In order to establish preplanting conditions, soil samples were collected in early 

June in 2014-2015 from each plot, while in 2016 soil samples were collected in April and 

in 2017 soil samples were collected in May. After planting, composited soil samples were 

collected from each plot by taking a bulk sample at 15-cm depth, from June-November of 

each year. Samples were stored at 4C until analysis within 2 weeks. To collect the soil 

samples from the residue-managed plots, a slit was made in the erosion control blankets 

and soil samples taken from the slit in 2014-2015. Once the soil was sampled the blanket 

was placed back on top of the soil surface. In the stubble plots, stubble was moved, and 

samples taken. All soil samples were collected from the planting row from 0 and 15-cm 

depth. 

Environmental Parameters  

 

Soil temperature and moisture were measured hourly using EM50 data loggers 

(Decagon) and 5TM probes. Soil moisture and temperature probes were placed in the 

middle of each plot at 0-cm and 15-cm depth in shade treatments, stubble treatment and 

control. In 2016-2017 data loggers and probes were set up in April and May for 
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preliminary data. Data were downloaded when plots were sampled, and soil moisture and 

temperature profiles developed. All probes were placed within the planting row. 

Microbial Biomass Carbon  

 

Microbial biomass carbon (MBC) was measured using the chloroform fumigation 

extraction technique (Vance et al., 1987). From each soil sample, 4 sub-samples (5-g dry 

weight equivalent) were obtained. One pair was fumigated for 48 h with chloroform in 

vacuumed desiccators to lyse the cells and release the carbon while the other pair was left 

unfumigated. Total C was extracted from the samples by adding 50 ml of 0.5 M K2SO4 to 

the soil sample and shaking for 1 h, and then filtered with ashless Whatman 43 filter 

paper (Whatman, Inc., Florham Park, NJ, USA). The filtered solution was analyzed at 

280 nm in a spectrophotometer (GenesysTM 5; Spectronics Instruments, Inc., Leeds, UK) 

to determine organic carbon compounds (van Gestel et al., 2011)). The absorbance 

readings from the unfumigated samples were subtracted from the fumigated absorbance 

readings to calculate the MBC (Nunan et al., 1998). 

Soil Nutrients Dynamics 

 

Soil extractable NH4
+-N, NO3

--N and soil organic matter were analyzed at Waters 

Agricultural Laboratories Inc in Owensboro, Kentucky, US. Gravimetric water content 

was determined by drying the soil samples at 60 ºC for 48 hours. 

Microbial Community Structure with FAME Analysis  

 

The fatty acid methyl esters (FAMEs) were extracted from soil samples via Ester-

linked (EL) Extraction following the method describe by Schutter and Dick (2000).  The 
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soil samples underwent 3 steps. 1) 15 ml of 0.2 M KOH in methanol were added to a 

glass centrifuge tube, containing 3 g of soil. The contents of the tube were mixed and 

incubated at 37 ºC for 1 hour, samples were vortexed every 10 min during the incubation 

period. 2) 3 ml of 1.0 M acetic acid were added to neutralize the pH. FAMEs were 

extracted into an organic phase by adding 10 ml of hexane, and then the tubes were 

centrifuged at 480 x g for 10 min. The hexane layer was transferred to a clean tube and 

evaporated under a stream of N2. 3) FAMEs were dissolved in 0.5 ml of 1:1 hexane: 

methyl-tert butyl ether and hexane containing methyl nonadecanoate (19:0) as an internal 

standard (0.5 mg ml–1) (Schutter and Dick, 2000). Samples were vortexed and transferred 

to a 250-μl glass insert in a 2-ml GC vial. FAME analysis was conducted using an 

Agilent 6890 N gas chromatograph with a 25 m×0.32 mm×0.25 μm (5 % phenyl)-

methylpolysiloxane Agilent HP-5 fused silica capillary column (Agilent, Santa Clara, 

CA) and flame ionization detector (Hewlett Packard, Palo Alto, CA) with ultra-high 

purity hydrogen as the carrier gas. The temperature program ramped from 170 °C to 270 

°C at 5 °C min–1 then ramped to 300 °C for 2 min to clear the column. Peak identification 

and area calculation were performed using the TSBA6 aerobe program from MIDI 

(Microbial ID, Inc., Newark, DE). A total of 14 selected FAMEs were used as microbial 

markers according to previous research (Zelles, 1999), and included Gram-positive 

(Gram+) bacteria (i15:0, a15:0, i16:0, i17:0, a17:0), Gram-negative (Gram−) bacteria 

(cy17:0, 18:1 ω 5c, cy19:0), and actinomycetes (10Me16:0, 10Me17:0, 10Me18:0). 

Fungal markers included saprophytic fungi (18:1ω9c, 18:2ω6c) and arbuscular 

mycorrhizal fungi (AMF) (16:1ω5c).  Absolute amounts of FAMEs (nmol g−1 soil) were 
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calculated according to Zelles (1997) using the 19:0 internal standard and these values 

were subsequently used to calculate mol percent. Total bacteria were calculated as the 

sum of gram-positive bacteria, gram-negative bacteria and actinomycetes biomarkers. 

Total fungi were calculated as the sum of arbuscular mycorrhizal and saprophytic fungi 

biomarkers.  

Cotton Measurement  

 

 Cotton plant stands were counted at the 3rd week after planting each year. Cotton 

bolls were collected by hand from all plants at the end of the growing season in 

November of each year. Lint weight was obtained from each plot and standardized to one 

hundred plants to establish yield and correct for different stand densities each year.  

Statistical Analysis 

 

Statistical analyses were performed by IBM SPSS Statistics (Version 24). Two-

way multivariate analysis of variance MANOVA was carried out to determine significant 

effects of treatment (stubble, shade), year (2014-2017) and their interaction on the 

evaluated edaphic and microbial parameters. A one-way ANOVA was conducted to 

assess the individual outcomes from the significant interaction term from the two-way 

MANOVA. Tukey HSD tests for multiple mean comparisons were conducted based upon 

the ANOVA outcomes. Log transformations were made to assure homogeneity of 

variance as tested by the Levine’s Test in SPSS. The α-level was set at 0.05 for statistical 

significance. Principal Component Analysis was performed in R 4.01 (R Core Team) to 

illustrate the relationship among environmental, soil nutrients and biological variables 
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and their association with treatments and control. Data was log transformed previous to 

the analysis. Redundancy Analysis (RDA) was carried out in Canoco 5.0 to show 

multivariate correlation between environmental variables and soil nutrients parameters 

with biological parameters. Data was standardized to account for differences in units.  

 

Results  

Soil Temperatures 

 

As expected, stubble and the shade cloth treatments reduced DTRsoil across the 

growing season during the four years at the surface and at 15-cm depth. The greatest 

reduction in DTR was seen at the surface, where stubble reduced DTRsoil compared to 

control on average by 5 °C in 2014, 4°C in 2015 and, 6 °C in the last two years (Fig. 2.1). 

The Shade Cloth application reduced DTRsoil on average by 6 °C in the first two years 

compared to the control on the soil surface. At 15-cm depth, stubble reduced DTRsoil on 

average by 2 °C in the first two years and 3 °C in the last two compared to the control. 

The Shade Cloth reduced DTRsoil on average by 3 °C, and 2 °C, in 2014 and 2015, 

respectively (Fig. 2.1). During the hottest months (June-August), the most significant 

impact of stubble was observed in 2017 with a reduction in DTR on average of 11 °C at 

the surface and 5 °C at 15-cm depth (Fig. 2.1). This observation indicated that stubble 

and shade reduced DTRsoil effectively depending on the year, especially during the 

hottest months.  
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Soil Moisture & Precipitation 

 

The wettest year was 2015, and the driest year was 2016 (Table 2.1). The 

precipitation received during the growing season also was the highest during 2015. While 

2016 and 2017 had similar total rainfall amounts for the year, these years had the driest 

growing season period of any of the four years included in this project. During each of 

the growing seasons evaluated throughout the four years, stubble and shade increased soil 

moisture at the surface (0-cm) and 15-cm depth compared to the control. At the surface, 

soil moisture content was 7 %, 53 %, 50 %, and 18 % higher in the stubble compared to 

the control in 2014, 2015, 2016, and 2017 respectively. Shade had an increase in the soil 

moisture content of 46 % in 2014 and 41%in 2015. At 15-cm, soil moisture content was 

46 %, 60 %, 33 %, 49 % higher in the stubble when compared to the control in 2014, 

2015, 2016, and 2017, respectively. Shade increased the soil moisture content by 39 % in 

2014 and 23 % in 2015 (Fig. 2.2). During the driest years, 2016 and 2017, stubble 

increased the percentage of gravimetric water content across the growing season when 

compared to control with the highest percentage in May for both years. In 2014 and 2015, 

there were no differences between the treatments except for July and October of 2014 and 

July of 2015 (Fig. 2.3).  

Two-way MANOVA results showed that there was an overall significant effect of 

treatment (stubble, shade, and control) Wilks’s Lambda = 0.191, F (14,88) = 8.08, p < 

0.001), year (Wilks’s Lambda = 0.017, F (21,126) = 18.79, p < 0.001) (2014-2017), and 

their interaction (Wilks’s Lambda = 0.118, F (28,160) = 4.6, p < 0.001) upon GWC, 

NH4
+-N, NO3

--N, SOM, MBC, bacteria, and fungi. 
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Overall, there was a significant effect of stubble on the yearly average gravimetric 

water content F (2,50) = 72.16, p < 0.001 (Table 2.2, Fig. 2.4). In 2014, 2016, and 2017, 

gravimetric water content was significantly higher under stubble than the control p < 

0.001. Stubble and shade had no significant differences in gravimetric water content in 

2014 p = 0.992. Treatments in 2015 did not differ (Fig. 2.4) (Table 2.3). 

Microbial Biomass Carbon within and across years 

 

Overall, Microbial Biomass Carbon (MBC) varied within each growing season 

and across each of the years (Fig. 2.5). In 2014, MBC was highest in July and September 

under the stubble. In 2015, there were no differences between the treatments. The highest 

MBC in all treatments in 2015 was in October. In 2016, MBC increased in June and 

October under the stubble. In 2017, MBC was higher under the stubble for May, June and 

July but not different from August onward (Fig. 2.5).  

There was no significant main treatment effect, irrespective of the year, on MBC 

F (2,50) = 1.70, p = 0.192.  However, there was a significant interaction of treatment and 

year on MBC levels that reflect differences in seasonal precipitation and temperatures F 

(4, 50) = 3.35, p = 0.017 (Fig. 2.6) (Table 2.2). In 2014 and 2016, MBC was significantly 

higher under stubble with a 43 % and 53 % increase, respectively (Fig. 2.7) compared to 

the control p = 0.020, p = 0.005. There were no statistically significant differences 

between treatments in 2015 and 2017. In addition, no differences were found between 

stubble and shade in 2014 and 2015 (Table 2.3).  
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Bacterial and fungi total FAME markers within and across years 

 

Comparing FAME dynamics within and among the four growing seasons, the 

amount of bacterial FAME markers did not differ between treatments in 2014, except 

August and November, where the amount of bacteria FAME markers increased under 

stubble. In 2015, bacterial FAME markers were higher under stubble in all months across 

the growing season. In 2016, only July, August and September showed an increase of 

bacterial FAME markers in the stubble. In 2017, bacterial FAME markers were higher 

under stubble in all months except September and October, with the higher differences 

when compared to the control in May and June (Fig. 2.8). 

There was a significant effect of treatment on levels bacterial FAME markers F 

(2,50) = 15.16, p < 0.001 (Fig. 2.9, Table 2.2). In 2015, the average levels of bacterial 

FAME markers were significantly higher under stubble p = 0.001 and shade p = 0.001 as 

compared to the control. In 2017, bacterial FAME levels were significantly higher under 

stubble p = 0.006. No significant differences were found between treatments in 2014 and 

2016, neither between stubble nor shade in the first two years (Fig. 2.9, Table 2.3).  

Looking within each growing season, the stubble had a higher amount of fungal 

FAME markers than the control in all growing seasons. In 2014, there was not much 

difference between stubble and control, except for November. In 2015, fungal markers 

levels were higher under the stubble and increased across the growing season. In 2016, 

the number of fungal markers did not differ much between control and stubble, except in 

September. In 2017, May and June had the highest levels of fungi FAME markers under 

the stubble (Fig. 2.10). 
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Overall, there was a significant effect of stubble on fungal FAME levels F (2,50) 

= 14.89, p < 0.001 irrespective of the year (Table 2.2). There was a significant interaction 

between treatment and year p = 0.05.  In 2014 and 2016, there were no significant 

differences between treatments on fungi p = 0.247, p = 0.882. In 2015, stubble and shade 

had a significantly higher amount of fungi than control p < 0.001. In 2017 the level of 

fungal FAME markers significantly increased in stubble when compared to control p = 

0.008 (Fig. 2.11) (Table 2.3)  

Soil Nutrient Levels within and across years  

 

Comparing seasonal and yearly differences, extractable NH4
+-N levels were 

generally higher under control, with the highest differences observed in August 2016, and 

June and August 2017 (Fig. 2.12). The lowest levels were observed in the stubble-treated 

plots, except for Nov 2017. The amounts of extractable NH4
+-N levels were also similar 

from growing season to growing season irrespective of precipitation patterns. There was 

no significant effect of treatment on the average yearly levels of extractable NH4
+-N 

irrespective of the year (control mean =1.69, stubble mean = 1.63, shade mean = 1.38) 

(Table 2.2), F (2,50) = 1.06, p = 0.353, nor was there an interaction effect between 

treatments and year F (4,50) = 0.934, p = 0.452. There was a significant difference in 

yearly amounts among years when treatments were combined for each growing season F 

(3,50) = 6.68, p < 0.001 (Fig. 2.13) (Table 2).  

Comparing seasonal patterns and across years, in 2014 the NO3
--N levels were 

similar between the treatments except for August and September, where levels were 

higher in control. In 2015 NO3
--N levels were higher in July and September in the 
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control. The greater difference between control and stubble was observed in July.  In 

2016, NO3
--N levels were higher at the beginning of the growing season in the control in 

May, June, and July. The rest of the months, treatments did not differ. In 2017 NO3
--N 

levels increased in the stubble in May and November (Fig. 2.14). 

There was an effect of treatment F (2,50) = 6.78, p = 0.002, year F (3,50) = 49.6, 

p  < 0.001 and an interaction between treatment and year F (4,50) = 4.37, p = 0.004 on 

extractable NO3
--N levels (Table 2.2). In 2014 and 2016, NO3

--N levels were 

significantly higher under the control p < 0.001. There were no significant differences 

between stubble and shade. In 2015 and 2017, there were no significant differences 

between the treatments (Fig. 2.15) (Table 2.3). 

For soil organic matter levels within seasons and across years, there were not 

many differences in the levels of soil organic matter between the stubble addition and 

control plots over the four years of the study. Soil organic matter was higher among the 

treatments in 2015 in August and September, while in 2016, the same months were the 

lowest. In 2017, soil organic matter was constant except for a decline in November (Fig. 

2.16). While the percentage of soil organic matter was always less than 1.5 %, the values 

for all years except 2017 were highly variable irrespective of treatment over the growing 

season suggesting that inputs from root growth varied each year. There was a significant 

effect of treatment on the yearly average of soil organic matter, irrespective of year F 

(2,50) = 3.90, p = 0. 027 (control mean = 0.75, stubble mean = 0.79, shade mean = 0.72) 

(Table 2). In addition, there was a significant effect of year irrespective of treatment F 
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(3,50) = 35.98, p < 0.001 (Fig. 2.17). There was no significant interaction effect F (4,50) 

= 2.05, p = 0.101). 

Overall, there was no effect of treatment on cotton yield, F (2,48) = 0.179, p = 

0.837, nor an interaction effect F (4,48) = 0.904 p = 0.469, but there was a significant 

difference between the years F (3,48) = 20.8, p < 0.001, where 2016 was significantly 

different from the rest of the years p = 0.005 (Fig. 2.18). 

Relationship of microbial and environmental variables.  

 

In all years, there was a clear separation between the treatments as represented in 

the PCA across all years as high DTRsoil at 0-cm and 15-cm were more closely 

associated with control plots than with the stubble- and shade-treated plots, indicating 

that the stubble did moderate soil temperature variability within most years. Moreover, 

the higher microbial variables were most closely associated across the four years with the 

stubble plots. A strong positive correlation between DTR_15cm and NO3
--N was 

observed in the drier years of 2014 and 2016 in the control indicating that available NO3
--

N was not utilized during the driest periods when DTR would be the highest. In addition, 

GWC and MBC showed a strong correlation in all years except 2015 in the stubble plots. 

In 2015 total fungi and bacteria biomarkers were more closely correlated with SOM and 

GWC and VWC_0cm indicating the seasonal differences in the importance of soil 

moisture on the amounts of bacteria and fungi present under stubble. In 2017, microbial 

variables were more closely correlated with GWC, while NO3 showed a strong 

relationship with VWC_0cm (Fig. 2.19).  
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The RDA results showed that the effects of DTR at the surface and at 15-cm 

varied within the control plots across the years but was consistently inversely related with 

levels of bacterial and fungal FAME levels for the stubble-managed plots except for the 

2017 growing season. Measurements of available water also varied as critical predicators 

of microbial FAME levels depending upon seasonal and yearly rainfall patterns. In 

general, both bacterial and fungal FAME levels were influenced by DTR while levels of 

microbial biomass carbon were influenced by soil moisture levels (Fig. 2.20, Fig. 2.21).  

 

Discussion  

 

Conservation management practices are known to enhance the biological activity 

in agricultural soils, thus improving soil health (Choudhary et al., 2019). My findings 

emphasize that providing crop residue (stubble) and practicing no-till planting practices 

will positively affect the soil microbial communities in a dryland monoculture cotton 

system in the SHP across multiple years. The use of crop residue, especially during the 

driest years 2016 and 2017, reduced DTRsoil by 6 ºC at the surface and 3 ºC at 15-cm 

depth and increased soil moisture by 33 % and 49 % respectively. Furthermore, increased 

total FAME markers of fungi and microbial biomass carbon were associated with a 

greater cotton yield in 2016. One of the essential aspects of using stubble in a semi-arid 

system is the potential benefit derived by reducing soil temperature variability across the 

growing season. As a semi-arid region, the Texas High Plains experiences high climatic 

variability with extreme drought, record precipitation, and record high temperatures, 

especially during 2014-2018 (Pérez-Guzmán et al., 2020). Pérez-Guzmán et al. (2020) 
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reported an estimate of the soil temperature at a day of sampling during June and August 

of 27.3 ºC, 24.2 ºC, 31.0 ºC, and 25.8 ºC in 2014, 2015, 2016, and 2017, respectively, in 

five agricultural lands under continuous cotton production in Texas High Plains. Climatic 

models project that temperatures in the region are expected to rise above 95 ºF, and some 

parts of the region may experience temperatures above 100 ºF up to 60 days annually by 

2065 (Steiner et al., 2018), further accentuating the need for soil management practices 

that can reduce the adverse impacts of high soil temperature variability. Even in the 

Chihuahuan Desert, reducing the amount of solar input to the solar surface by using a 

shade cloth suspended above the soil surface, van Gestel et al. (2016) showed that this 

reduction was sufficient to reduce DTRsoil by 5 ºC at the 15-cm depth. van Gestel et al. 

(2016) reported that this reduction without any additional increase in soil moisture 

resulted in a significant increase in soil microbial biomass carbon, thus increasing the soil 

microbiome’s capacity to conduct important ecological services.  

Daily temperature range and soil moisture in a dryland cotton system 

 

The use of stubble in the dryland cotton production system in the SHP effectively 

reduced DTRsoil at the surface and 15-cm depth over the four growing seasons, with the 

most significant reduction seen during the summer. These results indicate that crop 

residue can reduce the adverse effects of large temperature swings that can occur when 

the soils are exposed during early crop development. The results from the current 

investigation are consistent with soil temperature variability results presented by Hatfield 

and Prueger (1996), which is the only previous study that has been conducted on 

understanding patterns of soil temperature variability (DTRsoil) in dryland cotton 
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systems in Lubbock, Texas. They found that standing wheat residue reduced DTRsoil at -

2- and 5-cm depth on average 5 ºC for the first 45 days of the growing season in a rainfed 

cotton system in a semi-arid region near Lubbock, Texas. They also evaluated surface 

residue in a soybean/corn rotation with different tillage treatments in humid climates in 

Iowa. They found that under no-till and crop residue, DRTsoil was also reduced by 5 ºC 

at 1-cm depth compared to the other tillage treatments, even for more mesic systems.  

Other studies have also examined crop and soil management practices but not DTRsoil, 

and they have shown that with the use of wheat and straw residue, it is possible to reduce 

the soil temperature in different crops such as cotton and maize. For instance, Lascano 

and Baumhardt (1996) found that soil temperature at 0.1-m depth was 5 ºC cooler under 

the standing wheat stubble (grown before planting the cotton) when compared to wheat 

residue incorporated in the soil by tillage during the middle of the day in a dryland cotton 

system near Lubbock, Texas. Cook et al. (2006) reported that under wheat straw (applied 

three days after planting), soil temperature was reduced on average 2 ºC when compared 

to the control (no mulch) in the morning. In the afternoon, soil temperature was reduced 

on average 2.8 ºC in a maize cropping system in southern England in a temperate oceanic 

climate tilled before planting. Dendooven et al. (2012) showed that zero-tillage and crop 

residue retention lower the soil temperature by 1 ºC when compared with conventional 

tillage in a rain-fed maize-wheat crop rotation in a semi-arid, subtropical highland of 

central Mexico. 

Soil water content increased at the surface and 15-cm depth under stubble in all 

the growing seasons, indicating that crop residue can improve water holding capacity 
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while reducing evaporation. The use of stubble in a dryland system can improve the 

water use efficiency by the plant and decrease fluctuation in soil water content, thus 

alleviating plant stress improving root development, while promoting greater microbial 

activity and fungal development resulting in a better nutrient dynamics and slow carbon 

development. Hatfield and Prueger (1996) found that standing wheat residue for a cotton 

production system decreased total soil water use and soil water evaporation by half when 

compared to bare soil. Reducing soil water evaporation increased the water-use efficiency 

of the cotton crop in the first 30 days after planting. That increase in water-use efficiency 

affected the growth and development of the cotton plant by increasing leaf area by 20 %. 

Dendooven et al. (2012) indicated that crop residue could also facilitate water infiltration 

in a rain-fed, maize-wheat crop rotation in a semi-arid, subtropical highland of central 

Mexico. This finding has also been observed by Cook et al. (2006), who used wheat 

straw in a maize cropping system in southern England in a temperate oceanic climate 

tilled before planting, and found an increase in soil water content at 0-0.15 m soil depth. 

Lou et al. (2011) also used straw coverage in the maize crop system no-till in Northeast 

China, and as a result, the soil moisture significantly increased 16.4 % and 16.6 % in 

2008 and 2009, respectively, compared with straw removal where the increase in soil 

moisture was 12.5 % and 12.3 %.  

For all the years evaluated, 2016 was considered the driest year; however, in May, 

at the beginning of the growing season the field received a 5.3-inch rainfall. The outcome 

of that rainfall event was that 2016 had the highest yield across all the planting years. For 

dryland systems that incorporate stubble management and no-till, the results from 2016 
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indicate that the amount of rainfall received early in the crop development coupled with 

enhanced microbial dynamics could account for the subsequent greater development, 

growth, and yield outcome of the cotton crop. In addition, the increase in soil microbial 

biomass carbon and fungal FAME levels associated with the decrease in soil temperature 

variability during the hottest months would be another reason for the increase in crop 

productivity for that growing season. There was an optimum combination of abiotic and 

biotic responses that allowed for greater crop productivity.  

Microbial and nutrients dynamics in a dryland cotton system  

 

Microbial biomass carbon (MBC) was higher under stubble in all growing 

seasons except in 2015, which was considered a wet year. The increase of MBC under 

stubble can be explained by the reduced DTRsoil obtained by stubble application along 

with potential increases in labeled C availability since wheat straw contains high amounts 

of soluble C (Le Guillou et al., 2012). As seen in the RDA for 2014 and 2016, DTRsoil 

and volumetric water content were positively associated with microbial biomass carbon. 

These results indicate that as crop residue reduces DTRsoil and maintains soil water 

content over a longer period of time, the collective benefit can alleviate the adverse 

effects of greater temperature variability experienced in a drier year, which benefits the 

microbial community by enhancing the amount of MBC and improving the vital 

functions that they play in nutrient cycling and plant root growth promotion.  

The higher amount of microbial biomass carbon under stubble was in agreement 

with the observed 25-50 % greater MBC under no-till and crop residue under a rain-fed 

corn production in Central Mexico by Salinas-Garcia et al. (2001). Other studies like van 
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Gestel et al. (2011) showed an increase of twofold in MBC under reduced DTRsoil plots 

in the Chihuahuan desert at Big Bend National Park. The low levels of MBC in 2015 

might be attributed to the increase of microfauna, which feeds on bacteria and fungi 

associated with increases in microbial turnover.  Bell et al. (2008) showed low levels of 

MBC for the year with higher precipitation in a sotol grassland in the Chihuahuan Desert 

at Big Bend National Park; van Gestel et al. (2011) suggested that the process of 

rewetting and drying of the soil can lead to an osmotic shock due to the alteration of the 

soil water potential, which can lyse the cell and therefore reduce the soil microbial 

biomass over periods of time.  

Total levels of bacteria using FAME markers were higher under stubble except in 

2016. As stubble effectively reduced DTRsoil, the higher amounts of bacteria can be 

attributed to a response of the bacteria to optimum DTRsoil, when it occurs during the 

growing season, as bacterial FAMEs were positively correlated to DTRsoil in 2017. 

However, the increased volumetric water content has a negative relationship in almost all 

years with the total levels of bacteria, suggesting that the levels of bacteria are more 

impacted by the temperature than soil moisture. Total levels of fungi were higher in all 

years under the stubble. This result can be attributed to the capacity of fungi to have 

higher carbon assimilation than bacteria (Acosta-Martinez et al., 2010).The fungal 

mycelium can also bridge the soil-residue interface and store more elevated amounts of 

carbon (Acosta-Martinez et al., 2010; Li et al., 2020). In addition, for 2014-2016 fungi 

showed an inverse relationship with DTRsoil suggesting that temperature dynamics were 

the driving variable for fungal fame level. Bell et al. (2009) also reported that fungal 
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activities for arid soils were influenced by soil temperature rather than soil moisture. 

Another point to consider is that bacterial and fungal levels were the highest in 2017 after 

the hottest and driest year of 2016, suggesting that microbial abundances were able to 

recover and become resilient after being exposed to extreme weather. Pérez-Guzmán et 

al. (2020) found similar results in a dryland and tilled cotton system in the Southern High 

Plains where microbial abundance increased in 2015 and 2017 after the system 

experienced extreme weather.  

Seasonal and yearly differences in levels of NH4
+-N and NO3

--N, which on 

average were lower in the stubble application areas in 2014 and 2016, might be attributed 

to differences in plant nutrient uptake and microbial immobilization (van Gestel et al., 

2011; Dendooven et al., 2012). As the stubble is on the surface, there is a separation of 

carbon-rich material and nitrogen available from the mineralization of soil organic N. 

Fungi mycelium can translocate N from the soil into the carbon-rich stubble (Van Den 

Bossche et al., 2009). Other studies have found similar results. For instance, Lewis et al. 

(2018) and Burke et al. (2019) reported a decrease of NO3
--N levels after the crop cover 

was terminated and during the cotton growing season in 2016 under conservation tillage 

and no-tillage with cover crops in a continuous cotton system near Lamesa, Texas. Burke 

et al. (2019) also showed that NH4
+-N levels decreased in August and increased in 

September 2016 indicating that fungi can use available nitrogen to decompose the crop 

residue when conditions are favorable. The observed decrease in soil nitrogen pools with 

the presence of a crop residue should be taken into account when planning for soil 

nitrogen levels during any given year necessary for crop production. van Gestel et al. 
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(2011), who looked at responses under reduced DTRsoil plots in the Chihuahuan desert, 

also found low NO3
--N and NH4

+-N levels under reduced DTRsoil plots, which 

corresponded with the most significant increase of MBC. van Gestel et al. (2011) 

attribute the reduced level of NO3
--N to N immobilization by microbes and the reduced 

levels of NH4
+-N to increase in microbial activity.   

 

Conclusion  

 

Agriculture within semiarid regions, such as Southern High Plains, faces several 

challenges that result from the interaction of high temperatures during the growing 

season, extreme weather, high soil temperature variability, and low soil organic matter 

content. My study showed that the use of conservation management practices such as 

crop residue (stubble) and no-till in cotton monoculture systems under dryland conditions 

reduced the temperature variability (DTRsoil) at the surface and 15-cm depth and 

increased soil moisture, especially in years where the region experienced high 

temperatures and low precipitation. These changes in soil temperature dynamics and 

subsequent moisture patterns resulted in a positive response of the microbial biomass and 

nutrients dynamics. These alterations in edaphic conditions increased levels of soil 

microbial biomass carbon, by increasing levels of bacteria and fungi, and contributing to 

a higher cotton yield. While available nitrogen levels were lower under stubble, these 

outcomes are indicative a more functional ecological system than what has been observed 

for traditional cropping systems on the Southern High Plains. A side benefit of this study 

emphasized the importance of the amount of rainfall received in the earlier stages of crop 
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development for dryland systems coupled with increased microbial responses from no-

till. Since microbes play a critical role in soil process, such as nutrient cycle and soil 

structure, and cotton is among the most important crops on the Southern High Plains, it is 

imperative to continue adopting management practices that will help to enhance soil 

health, which is a key to have more productive and sustainable agriculture in the West 

Texas region. 
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Figures 

 

 
 

Figure 2.1. Five-day average of DTRsoil at the surface (0 cm) and 15-cm depth from 

June 2014 through November 2017 within a dryland cotton production system on the 

Southern High Plains (SHP).  Treatments include control – bare soil and reduced 

DTRsoil using either erosion control blankets (shade) and wheat or sorghum stubble 

(stubble).  
 

 

 

 

Figure 2.2. Five-day average of volumetric water content at 0 cm and 15-cm depth from 

June 2014 through November 2017 within a dryland cotton production system on the 

SHP.  Treatments include control – bare soil and reduced DTRsoil using either erosion 

control blankets (shade) and wheat or sorghum stubble (stubble). 
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Figure 2.3. Gravimetric water content under the control, shade, and stubble treatments during the growing season (May-

November) years 2014-2017. Values are means ± S.E., n = 6.  



Texas Tech University, Diana L. Vargas Gutierrez, December 2021  

49 

 

 

 
 

Figure 2.4. Yearly averages for gravimetric water content under the control, shade, and 

stubble treatments during the growing season (May-November) years 2014-2017.  

Different letters indicate significant differences based upon the interaction term from the 

Two-Way MANOVA p = 0.05. Values are means ± S.E., n = 6.  
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Figure 2.5. Microbial Biomass Carbon under control, shade, and stubble treatments during the 2014-2017 growing seasons in 

a dryland cotton production system on the SHP. Values are means ± S.E., n = 6. 
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Figure 2.6. Yearly average of Microbial Biomass Carbon under control, shade, and 

stubble treatments during the 2014-2017 growing seasons in a dryland cotton production 

system on the SHP. Different letters indicate significant differences based upon the 

interaction term from the Two-Way MANOVA p = 0.05. Values are means ± S.E., n = 6.  

 

 

 
Figure 2.7. Percentage increase or decrease in Microbial Biomass Carbon from control to 

stubble treatments during the 2014-2017 growing seasons in a dryland cotton production 

system on the SHP. 

 



Texas Tech University, Diana L. Vargas Gutierrez, December 2021  

52 

 

 

 

Figure 2.8. Total bacterial FAME markers (Gram+, Gram-, Actinomycetes) during the 2014-2017 growing seasons, under 

control, shade, and stubble treatments. Values are means ± S.E., n = 6.  
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Figure 2.9. Yearly average bacteria FAME markers (Gram+, Gram-, Actinomycetes) 

during the 2014-2017 growing seasons, under control, shade, and stubble treatments. 

Different letters indicate significant differences based upon the interaction term from the 

Two-Way MANOVA p = 0.05. Values are means ± S.E., n = 6.  
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Figure 2.10. Total fungal FAME markers (Saprophytic fungi and Arbuscular mycorrhizae) during the 2014-2017 growing 

seasons under control, shade, and stubble treatments. Values are means ± S.E., n = 6. 
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 Figure 2.11. Yearly average total fungi FAME markers (Saprophytic fungi and 

Arbuscular mycorrhizae) during the 2014-2017 growing season under control, shade, and 

stubble treatments. Different letters indicate significant differences based upon the 

interaction term from the Two-Way MANOVA p = 0.05. Values are means ± S.E., n = 6.  

. 
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Figure 2.12. Extractable NH4
+-N levels control shade and stubble treatments during the 2014-2017 growing seasons in a 

dryland cotton production system on the SHP. Values are means ± S.E., n = 6.  
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Figure 2.13. Yearly average of extractable NH4
+-N levels under control, shade, and 

stubble plots during the 2014-2017 growing seasons in a dryland cotton production 

system on the SHP. Values are means ± S.E., n = 6.  
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Figure 2.14. Extractable NO3
--N under control and shade stubble during the 2014-2017 growing seasons in a dryland cotton 

production system on the SHP. Values are means ± S.E., n = 6.  
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Figure 2.15. Yearly average of extractable NO3
--N levels under control, shade, and 

stubble during the 2014-2017 growing seasons in a dryland cotton production system on 

the SHP. Different letters indicate significant differences based upon the interaction term 

from the Two-Way MANOVA p = 0.05. Values are means ± S.E., n = 6.  
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Figure 2.16. Percentage of soil organic matter under control, shade, and stubble during the 2014-2017 growing seasons in a 

dryland cotton production system on the SHP. Values are means ± S.E., n = 6.  
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Figure 2.17. Yearly average of the percentage of soil organic matter under control, 

shade, and stubble during the 2014-2017 growing seasons in a dryland cotton production 

system on the SHP. Different letters indicate significant differences based upon the 

interaction term from the Two-Way MANOVA p = 0.05. Values are means ± S.E., n = 6.  

 

 

Figure 2.18. Average Total Cotton yield under control, stubble, and shade during four 

growing seasons from 2014-2017. Values are means + S.E., n = 6.  
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Figure 2.19. Graphical representation of a principal component analysis (PCA) with loadings from environmental and 

biological variables and scores from treatments and control. The direction of the vector represents the direction of the 

relationship, and the length represents the strength of the relationship. Variables are: Soil daily temperature range at the surface 

(DTR_0cm), soil daily temperature range at the 15-cm depth (DTR_15cm), Volumetric water content at surface (VWC_0cm), 

Volumetric water content at 15-cm depth (VWC_15cm), Gravimetric water content (Gwc) , Soil available NO3
– (NO3), Soil 

available NH4
+ (NH4), Soil organic matter (Som), Microbial biomass carbon (MBC), Total fungal FAME markers (Fungi), and 

total bacterial FAME markers (Bacteria).  
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Figure 2.20. Redundancy analysis for control, shade, and stubbles plots for 2014 & 2015. Explanatory variables are: 5 day 

average soil daily temperature range at 15-cm depth (DTR_15 cm), 5 day average soil daily temperature range at 0 cm (DTR_0 

cm) volumetric water content at 15-cm (Vwc_15cm), volumetric water content (Vwc_0cm), gravimetric water content (Gwc), 

soil available NO3
– (NO3), soil available NH4

+ (NH4). The response variables are: microbial biomass carbon (MBC), total 

bacterial FAME markers (Bacteria), total fungal FAME markers (Fungi), and Soil organic matter (Som). RDA1 and RDA2 are 

the first two components describing maximum variance in parathesis.  
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Figure 2.21. Redundancy analysis for control, shade, and stubbles plots for 2016 & 2017. 

Explanatory variables are: 5-day average soil daily temperature range at 15-cm depth 

(DTR_15 cm), volumetric water content (Vwc_15cm), gravimetric water content (Gwc), 

soil available NO3
– (NO3), soil available NH4

+ (NH4). The response variables are: 

microbial biomass carbon (MBC), total bacterial FAME markers (Bacteria), total fungal 

FAME markers (Fungi), and soil organic matter (Som). RDA 1 and RDA2 are the first 

two components describing maximum variance in parathesis.  
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Table 2.1. Growing season precipitation data (inches) from 2014-2017 

 

 

Table 2.2. Mean and the standard error of the mean of soil variables under treatments irrespective of year, year irrespective of 

treatments, and P value from a two-way ANOVA. Values in bold are significant, p < 0.05.  
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Table 2.3. Mean and standard error of the mean of soil variables from 2014-2017 cotton growing season.  
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CHAPTER III 

EFFECTS OF CROP RESIDUE COMBINED WITH NO-TILL ON 

MICROBIAL FUNCTIONAL DYNAMICS AND COMMUNITY 

COMPOSITIONS IN A COTTON PRODUCTION SYSTEM IN THE 

SOUTHERN HIGH PLAINS  

 

Abstract  

 

 Soil enzyme activities and microbial functional diversity are sensitive indicators 

of soil health due to their essential functions in soil biochemical and biological processes 

and their rapid response to agricultural management practices and environmental 

parameters. This study evaluated the effect of crop residue combined with no-till on 

functional diversity and composition in a dryland monoculture cotton production system 

in the Southern High Plains during the 2014–2017 growing seasons. I measured five 

enzyme activities, BIOLOG, FungiLog and fungal community composition using DNA 

sequencing under stubble and control plots. The use of stubble and no-till were able to 

increase the enzyme activities of key microbial extracellular enzymes, except β-

glucosidase in 2016, with the highest activity seen in 2017, in addition to bacterial 

functional diversity (BIOLOG), which also increased over time. Both enzyme activity 

and bacterial functional diversity are highly correlated. Fungal functional diversity did 

not increase under stubble, except in 2016, where it was correlated with β-

glucosaminidase and arylsulfatase. Fungal composition was dominated by Ascomycota 

and Basidiomycota phyla, with a greater percentage of Basidiomycota present in the 

stubble. The dominant fungal genera under stubble were Fusarium, Phoma and 
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Alternaria. The adoption of crop residue and no-till improved the soil microbial 

functional capabilities. Although the benefit was not seen every year, there is still a 

gradual improvement in microbial functional diversity that will lead to an increase in soil 

health and an overall crop productivity.  

 

Introduction 

 

The Southern High Plains (SHP) is a key production area of cotton in the US, 

with approximately 60 % of the cotton planted in Texas located in this region (Lewis et 

al., 2018; Mark D. McDonald, 2019). The SHP is a semiarid region that receives 

approximately 470 mm of annual precipitation, most soils are sandy loam and have less 

than 1% of organic matter (Lascano, 2000; Acosta-Martinez et al., 2011). Furthermore, 

this region experiences a high level of climate variability with extreme weather, high 

temperature, frequent drought, and heavy rainfall events (Hansen et al., 2012; Steiner et 

al., 2018; Pérez-Guzmán et al., 2020). Cotton across the region is mainly managed as 

monoculture, cultivated as dryland, and planted and managed using conventional tillage 

practices.  

It is known that conventional tillage practices for crop management disrupt soil 

structure, influence soil water content, soil aggregates, temperature, and soil organic 

(Busari et al., 2015). Changes in these parameters affect soil microbial communities, 

which play a critical role in the carbon process, nutrient cycling, and soil organic matter 

dynamics (Degrune et al., 2016), decreasing soil health and soil productivity.  Therefore, 

it is necessary to adopt conservation management practices such as no-till, cover crops, 
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crop residue, and crop rotation that will increase carbon sequestration, reduce soil 

erosion, enhance soil health, thus producing a better yield under normal and extreme 

climatic conditions (Palm et al., 2014; Choudhary et al., 2019). However, it is unclear 

how the soil microbial communities will respond to conservation management practices 

in this dryland region. 

The size, composition, and metabolic activities of the soil microbial communities 

must be considered to assess soil quality enhancements (Acosta-Martinez et al., 2010a). 

Microbial indicators such as soil enzymes have been proposed as sensitive indicators for 

soil health because of their role in soil biochemical and biological processes and the rapid 

response to agricultural management practices and environmental parameters (Acosta-

Martínez et al., 2010b; Pandey et al., 2014; Tautges et al., 2016). For example, Acosta-

Martinez et al. (2003) reported an increase in soil enzyme activities under conservational 

tillage and crop rotation compared to conventional tillage and continuous cotton in a 

semiarid region. The impacts of soil management practices on functional diversity can be 

measured with enzyme activities by quantifying the colorimetric products of the cleaved 

p-nitrophenol substrate (Bigott et al., 2019). Extracellular microbial enzymes play a 

critical role in nutrient cycling (C, N, P, and S), decomposition, and soil organic matter 

formation. For example, β-glucosidase is essential in the carbon cycle through cellulose 

degradation, while β-glucosaminidase is important in both the N and C cycles. This 

enzyme is involved in chitin degradation and the subsequent release of amino acids for 

further mineralization. As phosphorus is a limiting nutrient in soils in most semi-arid 

environments, microbial production of alkaline phosphatase and phosphodiesterase are 
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essential for organic P transformation and subsequent plant nutrition. The final microbial 

enzyme used for assessing soil health and microbial activity is arylsulfatase, which is 

involved in the sulfur cycle in soil organic sulfur mineralization. This enzyme hydrolyses 

organic sulfur into sulfate, an important sulfur supply for plants in agricultural systems 

(Acosta-Martínez et al., 2008; Wilhelm Scherer, 2009).  

In addition to enzyme analyses, community-level physiological profiles 

(BIOLOG and FungiLog) have been used to evaluate soil microbial functional diversity 

under a range of conditions as another metric for evaluation of soil health (Zak et al., 

1994). Recently, Hao et al. (2019) reported that when the crop residue from wheat was 

kept on the soil surface, the subsequent metabolic capacity and metabolic richness of the 

soil bacteria to use a variety of carbon compounds measured using the BIOLOG 

approach was high when compared to no straw returning in an irrigated field at the 

agronomy station of Shandong Agricultural University in a temperate, semi-humid 

region.  

The analysis of soil microbial community composition using DNA sequencing 

approaches provides a detailed metric for understanding how field and crop management 

practices influence the species richness and abundances of soil bacteria and fungi. 

Differences have been found in microbial community composition in response to tillage 

practices among dryland cropping systems in West Texas, including differences in 

bacterial phyla distributions and increased fungal populations under sorghum and winter 

rye cover rotations (Acosta-Martínez et al., 2010b).  
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The following study evaluated the effects of the use of crop residue (stubble) and 

no-till on microbial activities, functional diversity, and microbial community composition 

in a dryland cotton system in the SHP. To understand the interactions among climate, 

weather variability, and microbial responses, I performed the following microbial 

assessments over four growing seasons: enzyme activities of key steps in carbon, 

nitrogen, phosphorus, and sulfur cycling, functional diversity of bacteria and fungi using 

BIOLOG and FungiLog, and bacterial and fungal community composition using whole-

community DNA sequencing.  

 

Methods  

Site Description  

 

This research study took place at the Quaker Avenue Research Farm (33° 41' 

36.4596" N, 101° 54' 18.612" W), an area of 130 ha overseen by the Department of Plant 

and Soil Science of Texas Tech University. The farm is located in Lubbock, Texas, USA, 

with an of elevation of 3,256 feet (992 m) above sea level, and the average annual rainfall 

is 472 mm. Soil at the site is classified as an Acuff sandy loam. 

Plot Design and Sample Collection 

 

For all years, cotton variety NexGen 3406 B2XF was planted as no-till in late 

May or early June at approximately 50,000 seeds planted per acre on 40-inch centers. 

Cotton seed was planted on June 2, 2014, June 8, 2015, June 8, 2016, and May 30, 2017. 

Urea and ammonium nitrate fertilizer 80 lbs per acre of 32:0:0 was applied at planting. 

After planting, the corresponding residue treatments were established, and the crop was 
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managed under dryland conditions (no irrigation applied). For May 30, 2017, subsurface 

drip was activated to help establish the crop as soil moisture for that year was insufficient 

for seed germination. In 2014 and 2015, two residue treatments were established with six 

plots for each treatment and control. Each plot was 4 × 3 meters and contained 4 rows. 

For one treatment (shade) we used wood fiber erosion control blankets (CurlexIII, 

American Excelsior company, Arlington, TX) to simulate crop residue. In the second 

treatment (stubble), sorghum residue was applied by hand to the plots after planting. The 

control plots were bare soil (no stubble). During the 2016 and 2017 growing seasons, the 

shade treatment using erosion control blankets was not included and the stubble treatment 

using sorghum residue was replaced by wheat-straw residue. The number of plots per 

treatment and control remained the same. For 2016 and 2017 the plots increased in size to 

8 × 7 meters and contained 8 rows, to help reduce edge effects. 

 In order to establish preplanting conditions, soil samples were collected in early 

June in 2014-2015 from each plot, while in 2016 soil samples were collected in April and 

in 2017 soil samples were collected in May. After planting, composited soil samples were 

collected from each plot by taking a bulk sample at 15-cm depth from June-November of 

each year. Samples were stored at 4C until analysis within 2 weeks. To collect the soil 

samples from the residue-managed plots, a slit was made in the erosion control blankets 

and soil samples taken from the slit in 2014-2015. Once the soil was sampled the blanket 

was placed back on top of the soil surface. In the stubble plots, stubble was moved aside 

and samples were taken. All soil samples were collected from the planting row from 0 

and 15-cm depth. 
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Enzyme Activities Involved in Biogeochemical Cycling and SOM Dynamics 

 

Activities of β-glucosidase, β-glucosaminidase, alkaline phosphatase, 

phosphodiesterase, and arylsulfatase were measured across the growing season. From 

each soil sample, I weighed out 2 sub-samples with 0.5-g equivalent soil. Two ml of the 

corresponding buffer and 0.5 ml of the corresponding substrate were added. One control 

per soil sample was done. Soil samples including the control were incubated at 37 ºC for 

1 hour. Then 1 ml of 0.5 M CaCl2 and 4 ml of 0.1 M THAM buffer pH 12 were added to 

stop the reaction. The soil solution was swirled and filtered through a Whatman N 2v 

folded filter paper (Fisher Scientific). For the controls the substrate was added after the 

reaction was stopped. The intensity of the yellow filtrates was measured with an 

Evolution 60S Spectrophotometer, and the p-nitrophenol content of the filtrate was 

calculated from a calibration graph prepared as described by Tabatabai (1994) and for β-

glucosaminidase activity by Parham and Deng (2000).  

Microbial Function according to BIOLOG and FungiLog 

 

Bacterial and fungal functional diversity was evaluated through BIOLOG and 

FungiLog techniques respectively.  

BIOLOG 

From 10-g equivalent soil aliquots, standard dilutions were performed to a final 

dilution of 10-4.  A 1-min blending with 0.2 % agar as the initial dilution was required in 

order to get a homogeneous dispersion of soil particles. From the final dilution, 100 µl 

were taken and inoculated in Biolog® GN-2 (Biolog Inc.; Hayward, CA) microtiter 
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plates, which were incubated at 25 ºC. Readings were taken every 24 hours for 72 hours 

with a Biotek plate reader set at 590 nm (Zak et al., 1994; Konopka et al., 1998).  

FungiLog 

From each soil sample, 25-50 g were weighed and placed in 100 ml of tap water 

with 10 µl of Tween 80. This solution was shaken for 1 hour, and then the soil solution 

was washed through a sieve of 500 µm and 250 µm. Soil organic matter particles were 

collected in 250 µm [?] and then washed in a 500-ml beaker. This was filled with tap 

water. The solution was stirred and decanted into a filter system under vacuum, where the 

SOM particles were collected in a P8 filter paper 9 (Fisher Scientific), which was placed 

in a sealed Petri dish. Then, 50 g of SOM particles were weighed and placed in 25-ml 

glass vials containing 0.2 % of water agar, antibiotic, and dimethylthiazolil–

diphenyltetrazoliumbromite (MTT), which was prepared in advance. The solution was 

poured into sterile tubes, 100 µl were taken and inoculated into Biolog SFN-2 plates 

(Biolog Inc.; Hayward, CA), which were incubated at 25 ºC, and readings were taken 

every 24 hours for 120 hours using a Biotek plate reader set at 590 nm (Sobek and Zak, 

2003).  

DNA Extraction and metagenomic sequencing  

 

DNA was extracted from approximately 0.5 g of field moist soil (from 2016 and 

2017 soil samples, from the months of June, August, and October) using the DNeasy 

power soil pro Kit (QIAGEN Laboratories, Inc., CA) according to the manufacturer’s 

instructions. The DNA extracted (1 µL) was quantified using a Nanodrop ND-1000 

spectrophotometer (Nanodrop Technologies, Wilmington, DE, USA) prior to submission 
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for sequencing. Sequencing was performed by the RTL Genomics, in Lubbock, Texas 

using an Ilumina MiSeq sequencing platform. The ITS1 fungal region was amplified with 

forward  (ITS1F) 5′- CTTGGTCATTTAGAGGAAGTAA-3′ and reverse  (ITS2aR) 5′-

GCTGCGTTCTTCATCGATGC-3′ primers given by Chen et al. (2020), Dai et al. (2018), 

and recommended by RTL Genomics.  Once sequencing was performed, it was followed 

by two stages denoising and chimera detection stage and microbial diversity analysis 

stage. In the denoising stage, short sequences, singleton sequences and noisy reads were 

removed, and then chimeric sequences were removed with the chimera detection. The 

remaining sequences were corrected base by base to remove noise from within each 

sequence. In the microbial analysis stage, sequences were quality checked and then 

clustered in OTUs using the UPARSE algorithm. To identify the taxonomic information, 

the sequences were run against the USERCH global alignment algorithm data base or the 

RDP classifier against a database of high-quality sequences derived from the NCBI 

database. More details about the sequence data processing pipeline can be found in RTL 

Genomics “Data Analysis Methodology for Microbial Diversity” 

(https://rtlgenomics.com/documents). Only phylum and genus taxonomic levels were 

determined using the trimmed tax data set, which take into account the confidence value 

(greater than or equal to 0.51).  Only taxonomic units with > 1 % contribution in relative 

abundance were considered for this analysis.  

Statistical Analysis 

 

Statistical analyses were performed by IBM SPSS Statistics (Version 24). Two-

way multivariate MANOVA was carried out to determine significant effects of treatment 

https://rtlgenomics.com/documents
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(stubble, shade), year (2014-2017) and their interaction on the evaluated edaphic and 

microbial parameters. A one-way ANOVA was conducted to assess the individual 

outcomes from the significant interaction term from the two-way MANOVA. Tukey 

HSD tests for multiple mean comparisons were conducted based upon the ANOVA 

outcomes. Log transformations were made to assure homogeneity of variance as tested by 

the Levene’s Test in SPSS. The α-level was set at 0.05 for statistical significance. 

Principal Component Analysis was performed in R 4.01 (R Core Team) to illustrate the 

relationship among BIOLOG, FungiLog and enzyme activities and their association with 

treatments and control.  

 

Results 

 

The levels of microbial soil enzyme activities, BIOLOG and FungiLog substrate 

activities and substrate richness were significantly affected by treatment and year as 

determined by two-way MANOVA: (Wilks’s Lambda = 0.168, F (18,84) = 6.72, p < 

0.001), (Wilks’s Lambda = 0.004, F (27,123) = 24.85, p < 0.001). Moreover, there was a 

significant interaction between the treatments and years (Wilks’s Lambda = 0.130, F 

(36,159) = 3.20, p < 0.001), indicating that the impact of the crop management 

approaches varied by year for microbial functional attributes of the soil microbial 

community.  

Soil enzyme activities within and among years 
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The levels of β-glucosidase activity did not change much across the growing 

season within each year except in June of 2016 and 2017 when there was an increase. 

Overall, stubble and shade treatments which reduced DTRsoil exhibited higher β-

glucosidase activities than the control (Fig. 3.1). β-Glucosaminidase activity did not vary 

much across all growing seasons except in July 2014 and 2017 (Fig. 3.2). Alkaline 

phosphatase activity was generally higher under stubble across each of the growing 

seasons. However, the seasonal pattern within each of the growing seasons did differ. In 

2015, alkaline phosphatase activity increased throughout the growing season, while in 

2016 and 2017 the activity level varied considerable within each of the years, with the 

2017 growing season having the largest range of variability (Fig. 3.3). Phosphodiesterase 

activity tended to increase in most years through the summer with the highest levels for 

all treatments by August as the crop reached maximum growth. For all years the stubble 

treatment had the highest levels of activity (Fig. 3.4). The seasonal pattern of 

arylsulfatase also varied in each of the growing seasons with activity levels generally 

higher under stubble. As with the observed levels for the other enzymes, arylsulfatase 

activity levels were indicative of when moisture occurred within each of the growing 

seasons irrespective of plant growth (Fig. 3.5).  

There was a significant main effect of the stubble, irrespective of years on the 

annual average of β-glucosidase F (2,50) = 10.91, p < 0.001, β-glucosaminidase F (2,50) 

= 32.53, p < 0.001, alkaline phosphatase F (2,50) = 15.45, p < 0.001, phosphodiesterase F 

(2,50) = 19.02, p < 0.001, and arylsulfatase activity F (2,50) = 39.65, p < 0.001. β-

Glucosidase, alkaline phosphatase, and arylsulfatase activities were higher in the stubble 
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(mean = 44.74, 100.36, and 7.18 respectively, and β-glucosaminidase and 

phosphodiesterase activities were higher in the shade (mean = 9.55 and 44.07 

respectively) followed by stubble (Table 3.1). Average enzyme levels were consistently 

higher for each of the growing seasons in those plots that reduced DTRsoil. Arylsulfatase 

was the only enzyme where activity exhibited a significant interaction between 

treatments and years F (4,50) = 2.98, p = 0.027. In 2014 and 2015, there were no 

significant differences in the levels of arylsulfatase with or without stubble. In 2016 and 

2017 arylsulfatase activity was significantly higher under stubble p = 0.001, p = 0.000. 

Overall, alkaline phosphatase exhibited the highest activities and arylsulfatase the lowest 

among the enzymes. All enzymes tended to increase across each of the growing seasons 

with the highest activities observed in 2017 (Fig. 3.6).  

Microbial functional profiles within and across years 

 

Bacterial substrate activity did not differ much between treatments in 2014. In 

2015, there was a substantial increase under stubble in October at the end of the growing 

season. In 2016, stubble had a greater bacterial substrate activity in all months, with the 

highest and the biggest difference between control and stubble in June at the beginning of 

the growing season. In 2017, the bacterial substrate activity was higher under stubble 

when compared to control, with the biggest differences in June, October, and November 

(Fig. 3.7). Bacterial substrate richness, which reflects the capacity of the soil bacteria to 

use a variety of carbon compounds, did not differ in 2014 between the treatments at the 

beginning of the growing season, but by September and November increased under the 

stubble. In 2015, bacterial substrate richness increased the most at the end of the growing 
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season. Stubble had the higher bacterial substrate richness with the biggest difference 

compared to the control in June of 2016, while in 2017 it was observed in June, October, 

and November (Fig. 3.8).  

The MANOVA reported a main effect of treatments (stubble, shade, and control) 

irrespective of year, on annual averages of bacterial substrate activity F (2,50) = 22.78, p 

< 0.001 with the highest activity under stubble (mean = 21.97) (Table 3.1) and a 

significant interaction effect between treatments and years F (4,50) = 2.97, p = 0.028 

(Table 3.1). In 2014 and 2015, there was no significant difference between stubble and 

control p = 0.970, p = 0.308, nor shade and control. However, in 2016 and 2017, bacterial 

substrate activity was significantly higher under stubble compared to control p < 0.001, p 

= 0.012), with the highest activity in 2017. Similar results were observed in bacterial 

substrate richness (Fig. 3.9A-B).  

Fungal substrate activity and richness levels, which are a measurement of fungal 

functional diversity, differed among growing seasons with no consistent response to crop 

management (treatment). Fungal functional diversity was lower under stubble and shade 

as compared with the control in all months except June and September 2014. In 2015 

there were no differences between treatments throughout the growing season. In 2016 

fungal substrate activity and richness were higher under stubble except for August, 

October, and November, and in 2017 fungal substrate activity and richness were lower in 

all months except October (Fig. 3.10 and Fig. 3.11.).  

There were no significant differences among treatments (stubble, shade, and 

control) irrespective of the year on the average fungal substrate activity for each 
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treatment F (2,50) = 2.08, p = 0.135, indicating that across growing seasons, fungal 

functional diversity was not influenced by the presence of stubble in a dryland system. 

However, there was an interaction effect among treatments and years F (4,50) = 3.38, p = 

0.016 (Table 3.1), indicating that fungal functional diversity was impacted by field 

management but not in a consistent fashion. In 2015 fungal substrate activity was 

significantly higher under the control (mean = 61.56) when compared to stubble (mean = 

49.41) and shade (mean = 51.51) p = 0.010, p = 0.030. No significant differences were 

observed for the rest of the years (Figure 3.12A and Table 3.1).  

There was a main effect of treatments (stubble, shade, and control) irrespective of 

the year on annual average fungal substrate richness F (2,50) = 6.5, p < 0.001, and a 

significant interaction among treatments and year F (4,50) = 4.19, p = 0.005 (Table 3.1), 

where control was significantly higher (mean = 72.16) when compared to stubble and 

shade (mean = 61.41) and shade (mean = 60.41) p = 0.006, p= 0.001 in 2015. In contrast, 

in 2016 fungal substrate richness was significantly higher in the stubble (mean = 80.8) 

than in the control (mean = 76.8) (Fig. 3.12B, Table 3.2).  

Linear regression showed that the level of bacterial substrate activity did not 

change throughout the years in the control while there was a linear increase in bacterial 

substrate activity levels across the four growing seasons in the stubble, indicating that the 

stubble had a long-term effect on the bacterial substrate activity. In contrast, the fungal 

substrate activity levels exhibited a slight decrease across the years in both control and 

stubble. The decline was greater in the control plots than in the stubble plots (Fig. 3.13).  
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Overall, carbohydrates were the main substrate used by bacteria and fungi. Fungi 

had a higher substrate activity with carbohydrates than bacteria. The second main 

substrate used by bacteria was carboxylic acids while fungi used more amino acids. 

Bacteria had a greater total substrate activity in the stubble when compared to the control 

in 2016 and 2017 (Fig. 3.14).  

Principal component analysis  

 

For all growing seasons, enzyme activity levels and bacterial and fungal 

functional diversity metrics were positively associated with the treatments that reduced 

the DTRsoil (stubble and shade) treatments (Fig. 3.15). For all years, between 76 % and 

83 % of the variation in enzyme activities and microbial functional diversity was 

accounted for by the PC1 and PC2 axes, respectively. Enzyme levels and bacterial 

substrate and richness activity were positively associated with the stubble treatment (Fig. 

3.15) and were highly correlated within each growing season. Fungal substrate activity 

and richness were not usually associated with microbial enzyme levels, except in 2016, 

where fungal functional diversity was correlated with levels of arylsulfatase and β-

glucosidase (Fig. 3.15).  

Fungal Community Composition   

 

Overall, the most dominant fungal phylum in the control (52,381 OTU’s) and 

stubble (49,620 OTU’s) plots was the Ascomycota (Fig. 3.16 and Fig. 3.17). In general, 

the absolute abundance of Ascomycota decreased in the stubble plots in both years, while 

the absolute abundance of Basidiomycota increased under stubble in response to the 
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presence of the recalcitrant substrate that was available (Fig. 3.17). The absolute 

abundance of Glomeromycota was higher under stubble in 2016 but decreased in 2017 

(Fig. 3.17). The relative abundance of Ascomycota was higher under control in both 

years (76 %), while the relative abundance of Basidiomycota was higher under stubble in 

both years (5 %, 6 %) (Fig. 3.18 and 3.19).  

For assessment of number of fungal genera in response to soil management, only 

those genera that had an average relative abundance greater than 1.0 % were tabulated in 

the assessment. Absolute densities were also evaluated to provide insight into the impacts 

of stubble management on fungal densities. In 2016, the absolute abundance of Fusarium 

was higher under stubble in all months, while Phoma had a higher absolute abundance in 

control plots in all months (Fig. 3.20). In 2017 Alternaria was higher in stubble only in 

June. Stubble had the higher absolute abundance of Fusarium in all months except 

August. The absolute abundance of Phoma was higher in control in all months (Fig. 

3.21). A total of 10 fungal genera in control plots and 11 under stubble with an average 

relative abundance greater than 1.0% were observed in 2016 and 10 genera in control and 

12 under stubble in 2017. The most dominant genera were Fusarium (17,889 OTU’s) and 

Phoma (5871 OTU’s) in 2016 and Fusarium (20,276 OTU’s), Phoma (4494 OTU’s), and 

Alternaria (4224 OTU’s) in 2017 (Fig. 3.22).  

Overall, comparing the 2 years, the absolute abundance of Fusarium based upon 

number of OTU’s was higher under stubble when compared to the control in both years. 

Phoma was higher under stubble in 2016 but not in 2017 (Fig. 3.22). The relative 

abundance of Fusarium in 2016 was higher under stubble in all months (35 %, 30 %, and 
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31 %) (Fig. 3.23). In 2017, the relative abundance of Fusarium was higher in control in 

August but higher under stubble in October (Fig. 3.24). In this dryland system the relative 

abundance of Fusarium (32%) increased under stubble while the relative abundance of 

Phoma (4 %) was higher in control in 2016. In 2017, a similar relative abundance of 

Fusarium (28 %) was observed in both treatments (Fig. 3.25). Phoma was higher in 

control (10 %) as well as Alternaria (7 %) (Fig. 3.25). One negative outcome of stubble 

application to the dryland system could be an increase in Fusarium densities and 

potential increases in disease incidence. Fusarium wilt was not evident in any plots for 

the four years of this study.  

 

Discussion  

 

The use of stubble and no-till as part of conservational agricultural management 

practices in a dryland cotton system in the SHP benefited the metabolic activity and the 

soil microbial community composition. Except for β-glucosidase activity levels in 2016, 

microbial enzyme activity levels were consistently higher under the stubble treatment 

across the four growing seasons as compared with the control. Moreover, the stubble 

treatments significantly increased phosphodiesterase activity levels. The capacity of the 

soil bacterial community to utilize a variety of carbon substrates also increased over time 

in the stubble plots in comparison with the control plots suggesting that the bacterial soil 

assemblage is influenced by the addition of additional plant carbon. Fungal substrate 

activity response, however, was not increased overall with the addition of the stubble, 

except for the 2016 growing season, suggesting that the functional capacity of the soil 
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fungal assemblage within these semiarid systems is not carbon limited as was observed 

for bacterial functional diversity. The addition of stubble did change the relative 

abundances of fungal phyla, with the Basidiomycota exhibiting a higher density in 

stubble plots.  

Enzyme activities  

 

Overall, the higher enzyme activities under the stubble indicated that there is a 

more active microbial biomass (Acosta-Martinez et al., 2008). In addition, the stubble 

provides more organic matter, which serves as substrate for the enzymes (Martens et al., 

1992). The increase of β-glucosaminidase and arylsulfatase could be explained by a 

predominant intracellular pool and increase in fungi abundance because these two 

enzymes have been proposed as indicators of fungal biomass (Acosta-Martinez et al., 

2003; Acosta-Martínez et al., 2010a). Studies like the one done by Acosta-Martinez et al. 

(2014b) found an increase of 36 % of arylsulfatase after a drought period under rotation 

cropping in a tilled dryland production system in the Southern High Plains. As 

phosphodiesterase activity was higher under the stubble when compared to the control, 

across all years, this increase can be attributed to the stubble material providing a carbon 

source for mineralization (Li et al., 2019) and more optimum conditions with the 

reduction in DTRsoil for enzyme activity to occur in the no-till plots with stubble. The 

increased activity of alkaline phosphatase in 2017, the fourth year of the study, was 

similar to results observed by Wei et al. (2015). They showed that after four years of 

straw incorporation in a wheat production system with no irrigation, alkaline phosphatase 

activity increased significantly by 39.6 % under high wheat straw incorporation 
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compared to no wheat straw incorporation in a semiarid region in China. The greatest 

increase of all the enzyme activities was seen in 2017, indicating that the use of stubble is 

beneficial to the metabolic activity of the microbes in the long term. Similar results were 

observed by Acosta-Martinez et al. (2011). They showed that enzyme activities were 32 

% to 63 % higher under sorghum and cotton rotation and under cotton-winter-rye-

sorghum in a dryland system in the Texas High Plains. Ramos et al. (2011) reported an 

increase of β-glucosidase, phosphodiesterase and arylsulfatase under managed ground 

cover treatments when compared to frequent tillage over one growing season in an 

almond orchard in a semiarid continental Mediterranean climate.  

The highest enzyme activities in the stubble plots across the growing seasons, and 

especially in 2016 and 2017, can be linked with the higher substrate activity of bacteria. 

Across all of the four growing seasons, enzyme activities and BIOLOG substrate activity 

levels were highly correlated.  

BIOLOG and Fungilog  

 

For semiarid regions that generally have low soil organic matter levels, the 

addition of the stubble can provide carbon substrates that can be decomposed easily and 

the addition of organic matter (Fontaine et al., 2003). Hao et al. (2019) showed that when 

all of the straw obtained from maize was returned to an irrigated field, the metabolic 

capacity of bacteria and the metabolic richness of the microbial carbon sources was 

increased when compared to no straw returned to an irrigated field at the agronomy 

station of Shandong Agricultural University in a temperate, semi-humid region in China. 

As bacterial functional diversity (BIOLOG substrate activity) increased over time under 
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stubble and decreased in the control, these results suggest that bacterial functional 

dynamics can be increased by stubble application through the regulation of soil moisture 

and soil temperature, as the soil moisture content increased under stubble and DTRsoil 

was reduced. Bell et al. (2009) found that bacterial carbon usage was the highest when 

the soil moisture was the highest in sotol grassland in the Chihuahuan desert at Big Bend 

National Park. While the fungal substrate activity decreased over time, a substantial 

change was observed in 2016, the driest year, where the activity was substantially higher 

under stubble than the rest of the years. The higher fungal functional diversity that 

occurred for that year could reflect that saprophytic fungi are more resistant to extreme 

conditions than bacteria (Bell et al., 2009). Acosta-Martinez et al. (2014a) previously 

showed that saprophytic fungi recovered more quickly than the bacterial assemblage after 

the 2011 drought in all production fields across West Texas.  

Carbohydrates were the carbon compounds most used by fungi, followed by 

carboxylic acids and amino acids. These substrates are the main constituents of plant 

roots and root exudates, indicating that plant carbon inputs influenced fungal activity. 

Similar results were reported by Bell et al. (2009). They showed that simple and complex 

carbohydrates had the highest activity level, follow by carboxylic acids and amino acids 

in a mid-elevation desert grassland in the Chihuahuan Desert.  

Fungal composition  

 

Ascomycota and Basidiomycota were the dominant phyla across treatment and 

years. My result was in agreement with Sharma-Poudyal et al. (2017), who found the 

fungal communities were dominated by Ascomycota (82.5 %) followed by 
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Basidiomycota (12.5 %), with a higher proportion of Basidiomycota under no-till when 

comparing to conventional till in a dryland wheat rotation cropping system in the United 

States. Fusarium was the dominant genus in 2016 and 2017, especially under stubble. 

Fusarium is a saprophytic fungus and plays a critical role in the degradation of lignin and 

complex carbohydrates and, therefore, in straw decomposition (Schlatter et al., 2017). 

However, Fusarium is also a serious root pathogen of cotton and other crops, and further 

assessment will be needed to see if stubble actually increases disease incidence for 

dryland cotton. Essel et al. (2019) also showed that the dominant phylum was 

Ascomycota (42.2-88.9 %), and the dominant genus included Fusarium across no-till and 

different tillage treatments with and without crop residue in a rainfed wheat-pea rotation 

system at the Gansu Agricultural University Agricultural Experimental Station in China. 

In addition, no-till with crop residue had 9.3 % greater fungal OTUs compared to 

conventional tillage. Another genus, Alternaria, was found more in control plots than in 

stubble plots. It is one of the most common fungi found in soil and can be an 

opportunistic foliar pathogen. Similar results were found by Acosta-Martinez et al. 

(2014a). They found Alternaria during the drought/heatwave in 2011 in a semiarid region 

in the Southern High Plains.  

The higher densities of Fusarium under stubble is of concern. The incidence of 

Fusarium could be managed through crop rotation as this study had a continuous cotton 

crop and by the growth of cover crops that reduce the subsequent spread of Fusarium. 

Stubble management has previously been one approach to controlling the incidence and 

species occurrences of Fusarium in production systems (Wakelin et al., 2008). 
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Conclusion  

 

My results showed that by adopting conservation management practices, such as 

the use of stubble and no-till in a monoculture cotton system under dryland conditions, 

improvement in the soil microbial functional capabilities can occur by altering 

disturbance and improving soil temperature variability and reducing soil moisture loss 

following rain events. These practices can enhance their metabolic activities, such as 

enzyme activities and carbon usage, especially in this semiarid region, impacted by 

droughts and temperature variability. However, the benefits do not occur each year and 

are dependent upon when rainfall occurs and the temperature dynamics at the beginning 

of the growing season and through crop development. Importantly, when beginning the 

switch from conventional tillage to no-till and stubble management, changes in microbial 

functional dynamics will be gradual, but this study has shown that even with the high 

weather variability that occurs on the Southern High Plains there was a gradual increase 

in all microbial functional parameters over the four years under the stubble treatment. 

The gradual improvement in microbial functional diversity will lead to an increase in soil 

health, and therefore in the overall productivity and sustainability of agricultural systems 

in the semiarid environment of the Southern High Plains. Producers should view the use 

of no-till and stubble management in the same capacity as they view crop insurance. In 

most years you do not need crop insurance but when the weather does result in crop 

damage or complete loss you are glad you have the policy. Viewing soil health and the 
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capacity of the soil microbial community to facilitate crop development through 

functional capabilities should be seen as soil health insurance that can be managed.  

The higher incidence of Fusarium under continuous cotton with stubble would 

suggest that crop rotation, even for dryland operations that have a stubble management 

practice needs to be considered to reduce subsequent increases in this fungal pathogen.  
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Figures 

 

 
 

Figure 3.1. β-Glucosidase activity under the control, shade, and stubble treatments for a dryland cotton production system 

(May-November) from 2014-2017 on the Southern High Plains (SHP). Values are means ± S.E., n = 6.  

 

 
 

Figure 3.2. β-Glucosaminidase activity under the control, shade, and stubble treatments for a dryland cotton production system 

(May-November) from 2014-2017 on the SHP. Values are means ± S.E., n = 6.  
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Figure 3.3. Alkaline phosphatase activity under control, shade, and stubble treatments for a dryland cotton production    

system (May-November) from 2014-2015 on the SHP. Values are means ±., n = 6.  

 

 

 

 
  

Figure 3.4. Phosphodiesterase activity under control, shade, and stubble treatments for a dryland cotton production system 

(May-November) from 2014-2015 on the SHP. Values are means ±., n = 6.  
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Figure 3.5. Arylsulfatase activity under the control, shade, and stubble treatments for a dryland cotton production (May-

November) from 2014-2017 on the SHP. Values are means ± S.E., n = 6.  
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Figure 3.6. Yearly average of 5 enzyme activities under the control, shade, and stubble treatments during a dryland growing 

season from 2014-2017. Different letters indicate significant differences based upon the interaction from the two-way-

ANOVA p = 0.05. Values are means ± S.E., n = 6.  
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Figure 3.7. BIOLOG substrate activity under the control, shade, and stubble treatments for a dryland cotton production system 

(May-November) from 2014-2017 on the SHP. Values are means ± S.E. n = 6 

 

 

 
 

Figure 3.8. BIOLOG substrate richness under the control, shade, and stubble treatments for a dryland cotton production 

system (May-November) from 2014-2017 on the SHP. Values are means ± S.E., n = 6.  
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Figure 3.9. Yearly average of BIOLOG substrate activity(A) and substrate richness (B) 

under the control, shade, and stubble treatments from a dryland cotton production system 

on the SHP from 2014-2017.  Different letters indicate significant differences based upon 

the interaction term from the Two-Way MANOVA p = 0.05. Values are means ± S.E., n 

= 6.  
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Figure 3.10. FungiLog substrate activity under the control, shade, and stubble treatments for a dryland cotton production 

system (May-November) from 2014-2017 on the SHP. Values are means ± S.E., n = 6.  

 

 

 
 

Figure 3.11. FungiLog substrate richness under the control, shade, and stubble treatments for a dryland cotton production 

system (May-November) from 2014-2017 on the SHP. Values are means ± S.E., n = 6. 
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Figure 3.12. Yearly average of FungiLog substrate activity(A) and substrate richness (B) 

under the control, shade, and stubble treatments during a cotton dryland growing season 

from 2014-2017.  Different letters indicate significant differences based upon the 

interaction term from the Two-Way MANOVA p = 0.05. Values are means ± S.E., n = 6.  
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Figure 3.13. Linear regression of substrate activity for A) Control BIOLOG, B) Stubble 

BIOLOG, C) Control FungiLog, D) Stubble FungiLog during 4 years in a dryland cotton 

production system on the SHP.  
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Figure 3.14. Carbon guild usage by A) bacteria and B) fungi using BIOLOG and FungiLog procedure under control, stubble, 

and shade treatments during 4 years in a cotton production system. Values are substrate activity. n=6.  
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Figure 3.15. Graphical representation of a principal component analysis (PCA) with loadings from environmental and 

biological variables and scores from treatments and control. The direction of the vector represents the direction of the 

relationship, and the length represents the strength of the relationship. Variables are: β_g (β -glucosidase), β-glu (β -

glucosaminidase), Alk_p (alkaline phosphatase), Phos (phosphodiesterase), Aryl (arylsulfatase), B_sa (bacterial substrate 

activity), B_sr (bacterial substrate richness), F_sa (fungal substrate activity), F_sr(fungal substrate richness).
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Figure 3.16. Average absolute abundance of fungal phyla under control and stubble 

treatments during three months in 2016 and 2017 in a dryland cotton system on the SHP.  

n= 6. (Undescribed: OTU’s with low confident values, No hit: OTU’s were unable to be 

identified in the NCBI data).  

 

 
 

Figure 3.17. Yearly average of absolute abundance of phyla under control and stubble 

treatment during 2016 and 2017 in a dryland cotton system on the SHP. n = 6. 

(Undescribed: OTU’s with low confident values, No hit: OTU’s were unable to be 

identified in the NCBI data).  
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Figure 3.18. Relative abundance of phyla under control and stubble treatment during 

three months in 2016 and 2017 in a dryland cotton system on the SHP. n=6. 

(Undescribed: OTU’s with low confident values, No hit: OTU’s were unable to be 

identified in the NCBI data).  

 

 
Figure 3.19. Relative abundance of phyla under control and stubble treatment in 2016 

and 2017 in a dryland cotton system on the SHP. n = 6. (Undescribed: OTU’s with low 

confident values, No hit: OTU’s were unable to be identified in the NCBI data).  
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Figure 3.20. Average absolute abundance of genera under control and stubble treatment 

during three months in 2016 in a dryland cotton system on the SHP. n = 6. (Undescribed: 

OTU’s with low confident values, No hit: OTU’s were unable to be identified in the 

NCBI data, Others: Other genera).  

 

 
Figure 3.21. Average absolute abundance of genera under control and stubble treatment 

during three months in 2017 in a dryland cotton system on the SHP. n = 6. (Undescribed: 

OTU’s with low confident values, No hit: OTU’s were unable to be identified in the 

NCBI data, Others: Other genera).  
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Figure 3.22. Yearly average of absolute abundance of genera under control and stubble 

treatment during 2016 and 2017 in a dryland cotton system on the SHP. n = 6. 

(Undescribed: OTU’s with low confident values, No hit: OTU’s were unable to be 

identified in the NCBI data, Others: Other genera).  

 

 
Figure 3.23. Relative abundance of genera under control and stubble treatment during 

three months in 2016 in a dryland cotton system on the SHP. n = 6. (Undescribed: OTU’s 

with low confident values, No hit: OTU’s were unable to be identified in the NCBI data, 

Others: Other genera).  
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Figure 3.24. Relative abundance of genera under control and stubble treatment during 

three months in 2017 in a dryland cotton system on the SHP. n = 6. (Undescribed: OTU’s 

with low confident values, No hit: OTU’s were unable to be identified in the NCBI data, , 

Others: Other genera).  

 

 

Figure 3.25. Relative abundance of genera under control and stubble treatment during 

2016 and 2017 in a dryland cotton system on the SHP n = 6. (Undescribed: OTU’s with 

low confident values, No hit: OTU’s were unable to be identified in the NCBI data, 

Others: Other genera).  

 

 



Texas Tech University, Diana L. Vargas Gutierrez, December 2021  

110 

 

Table 3.1. Mean and the standard error of the mean of soil variables under treatments irrespective of year, year irrespective of 

treatments, and P value from a two-way MANOVA. Values in bold are significant (p < 0.05).  
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Table 3.2. Mean and standard error of the mean of soil variables from 2014-2017 cotton growing season.  

 



Texas Tech University, Diana L. Vargas Gutierrez, December 2021  

112 

 

CHAPTER IV 

SUMMARY 

 

 The Southern High Plains is a semiarid region that experiences several challenges 

to agriculture due to periodic drought, extreme temperatures across the growing season, 

and high daily temperature variability. Moreover, soils across this region are sandy and 

contain less than 1% of soil organic matter, plus the fact that most of the produces uses 

conventional management practices.  Under these circumstances, it is difficult to 

maintain healthy soils and, therefore, sustainable agriculture. My study was carried out in 

Lubbock, Texas, in a dryland monoculture cotton system for four years (2014-2017). 

Each year experienced different temperature dynamics and rainfall amounts and patterns 

across the growing season. For example, 2015 was the wettest year (29.56 inches) and 

2016 was considered the driest year (19.47 inches). The system was managed under 

dryland conditions, comparing a no-till system with and without stubble management. 

The use of stubble effectively decreased DTRsoil at the surface and 15-cm depth, 

with the highest decrease seen during the summer, indicating that stubble helps to 

mitigate the temperature variability, especially during the early crop development. In 

addition, stubble increased soil moisture improving water holding capacity and reducing 

evaporation, which alleviated plant stress and increased the duration of microbial activity 

following rainfall events. Overall, stubble had a positive impact on microbial community 

dynamics. Microbial biomass carbon was higher in all growing seasons except 2015 (wet 

year) under stubble with the greater increase in 2016 (dry year) when compared to the 

control (no stubble), which demonstrated that the combined benefit of stubble on 
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reducing DTRsoil and increasing soil moisture alleviates the adverse impact of greater 

temperature variability, especially in a dry year, thus benefiting the microbial community. 

Total levels of bacterial densities using FAME markers increased in all growing seasons, 

except 2016, and were impacted more by soil temperatures than soil moisture, whereas 

the total levels of fungal FAME markers increased in all growing seasons under stubble 

and responded primarily to decreases in soil temperature variability, except for 2017. In 

2017 fungal FAME levels were positively influenced by increasing DTRsoil, suggesting 

that stubble could have reduced temperatures during the early part of the growing season 

such that fungal growth was slowed by the cooler soil temperatures. Thus, as DTRsoil 

increased going into the summer, the higher DTRsoil would have been associated with 

greater fungal response to warming soils and a positive response between these metrics 

due to higher soil temperatures. One impediment to using stubble is that this soil 

management process for the Southern High Plains has been shown to reduce the rate of 

soil warm-up prior to planting in this semiarid environment.  

Microbes and plants were able to use the NH4
+-N and NO3

--N more effectively in 

2014 and 2016, as reflected in the low levels of these two in the stubble. Overall, all the 

enzyme activities were higher under stubble and increased over time, except β-

glucosidase in 2016, indicating that the metabolic activity improves in the long term by 

using stubble. Bacterial functional diversity increased over time while fungal functional 

diversity decreased. However, a substantial increase was observed in 2016. The fungal 

community composition was dominated by Ascomycota and Basidiomycota, with the 

Basidiomycota higher under the stubble. Fusarium, Phoma, and Alternaria were the 
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dominant genera observed in the dryland system. The highest yield was obtained in 2016 

(dry year), which demonstrates that under extreme conditions, when the adverse effects 

of temperature variability are alleviated and soil moisture increased through stubble 

management, improvement of soil microbial biomass and functional capabilities can be 

observed promoting better crop productivity.   

The addition of stubble to fields which have not previously had stubble initiates a 

process in which benefits from changes in soil health are not observed in the short term 

and may not occur each year. As discussed before, the highest yield was seen in 2016, 

three years after the project started. Moreover, despite the yearly variability in growing 

season rainfall amounts and patterns and growing season temperatures, critical microbial 

indicators of soil health continued to increase over the four years. These positive impacts 

are influenced by the temperature variability experienced each year and when the rainfall 

occurs during the growing season and through crop development. Dryland producers 

could take advantage of this information and start changing conventional management 

practices into conservational management practice. By leaving stubble on the soil 

surface, producers will enhance soil microbial community biomass carbon, functional 

capabilities (enzyme activities and carbon usage), and growth of fungal community, as 

microbes play a critical role in soil process, soil structure, and nutrient cycling, which 

will build more healthy soil over time even under dryland conditions. In addition, the 

capacity of stubble to mitigate drought from increasing interphase periods and increasing 

temperature variability can provide producers with a longer positive response period to 

rainfall events than they could achieve under conventional soil management. The no-till 
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will preserve soil aggregates, and improve soil structure, which enhance water holding 

capacity and rainfall infiltration, in addition it decreases carbon losses and soil erosion. 

Producers can combine the use of crop residue and no-till with two other strategies for 

enhancing soil health as stated by the NRCS, which are the use of cover crops before and 

after the growing season, and crop rotation to increase microbial biodiversity and 

enhance ecosystem services.  However, since the region will likely experience different 

weather conditions each year it is likely that cotton cannot be planted in the same field 

every year, while trying to enhance soil health. Producers can start implementing these 

management practices in a small area, plant cover crops when there is a chance of 

rainfall, followed by a cash crop that does not have as high an economic cost as cotton, 

while leaving the residue at the end of the growing season to prepare the soil for next 

year’s cotton crop.  At this time for dryland systems cover crops may only have to be 

planted every two years to obtain a benefit for enhancing soil health. Experiences from 

other farmers can become a tool for new farmers to convince themselves of the benefit of 

using conservational management practices instead of conventional ones. While no-till 

and stubble management will not alleviate drought, the changes in soil health from 

stubble application will allow the system to achieve a more positive response to rainfall 

events than in systems without stubble. Although the benefits of cover crops, no-till and 

stubble management in dryland systems may not be observed each year, adopting soil 

health management practices one year will make a difference in subsequent years. Over 

the long-term the gradual improvement of microbial community dynamics combined with 

the positive effect of reducing temperature variability and increase moisture will enhance 
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soil health and producers will be fully prepared to face the challenges from increasing 

climate variability across the Southern High Plains.  


