INFLUENCE OF COVER CROP SELECTION ON MICROBIAL ACTIVITY DURING A

TRANSITION TO ORGANIC AGRICULTURE

A Thesis

by

LEAH MARIE ELLMAN-STORTZ

Submitted to the Office of Graduate and Professional School of
Texas A&M University
In partial fulfillment of the requirements for the degree of

MASTER OF SCIENCE

Chair of Committee, Katie Lewis
Co-Chair, Terry Gentry
Committee Members, Paul De Laune
Elizabeth Pierson
Head of Department, Wayne Smith

August 2021

Major Subject: Soil Science

Copyright 2021 Leah Marie Ellman-Stortz



ABSTRACT

This study sought to investigate the impact of organic management and cover crop use,
selection, and seeding rate on biological parameters of soil health after one year of transitioning
to organic management in a semi-arid region. Protecting soil health is an essential task for
modern agriculture, and it is largely controlled by microbial communities which decompose

plant residues and cycle nutrients.

Only a limited amount of arable land exists to support human populations, but much of
this is already subject to degradation through intensive agriculture. In recent years, consumer
awareness relating to sustainability has led to an elevated demand for organic products. Farmers
looking to pursue organic management are required by the USDA to undergo a three-year
transition period before they can sell their products as certified organic. One practice which is
encouraged in organic management is cover cropping, which is typically used to limit wind
erosion. This practice also benefits soil health through stimulating microbial activity and

encouraging both nutrient cycling and organic matter buildup.

Because organic management is associated with depressed yields — particularly during
the transitional years - studies should focus on management practices that are best related to

rapid improvements in soil health, such as cover crop selection.

This study focused on indicators of soil biological activity under a cotton-peanut rotation
in West Texas during the first year of transition to organic management. Results from this
research indicated that the selected cover crop seeding rates appeared to have little influence on
microbial activity under plots transitioning to organic management. However, there were
indications of elevated microbial activity under cover cropped treatments as compared to fallow

after only one cover crop rotation, and both mineralizable carbon (CMIN) and N-acetyl-B-D-



glucosaminidase (NAG) enzyme activities were elevated under rye/vetch treatments as compared

to rye alone at limited points in the season.
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NOMENCLATURE

AMEF: arbuscular mycorrhizal fungi
BG: B-glucosidase

CMIN: mineralizable carbon

COz: carbon dioxide

G+ : Gram positive

G-: Gram negative

FAME: Fatty acid methyl esters
GHG: greenhouse gas

MBC: microbial biomass carbon
NAG: N-acetyl-B-D-glucosaminidase
NMIN: mineralizable nitrogen
N20O: nitrous oxide

PLFA: phospholipid fatty acid
SOC: soil organic carbon

SOM: soil organic matter
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CHAPTER 1
LITERATURE REVIEW
West Texas: Background

The Southern High Plains ecoregion of Texas represents a semi-arid region of economic
value due to its role in peanut (Arachis hypogea) and dryland cotton (Gossypium hirsutum)
production. In particular, although Texas is not known for organic management, it was
responsible for approximately 95% of all organic peanut production and nearly 90% of organic
cotton production in the US as of 2011 (USDA, 2013). However, although both cotton and
peanut are drought-resistant crops (Acosta-Martinez et al., 2004), conditions associated with

semi-arid climates may still be yield-limiting.

The High Plains and Rolling Plains ecoregions of Texas receive only 381-508 and 508-
711 mm annual rainfall, respectively (Texas Ecoregions, 2020). Soils in semi-arid climates also
tend to be low in soil organic matter (SOM), which can result in poor nutrient availability and
water retention, thereby presenting issues with yield (Nautiyal et al., 2010). Additionally, wind
erosion is common in these regions, which further exacerbates loss of organic matter. Such
pressures can aggravate difficulties associated with implementing organic management,
especially since low yields are expected during the initial years of management transitions. These
factors, coupled with the need for water conservation due to drought and excess irrigation
pressures on the Ogallala Aquifer, necessitate studies on management practices in this region to

improve soil health (Cano et al., 2018).



Soil Health

While “soil health” may be considered akin to “soil quality” (Franzluebbers, 2015;
Graber, n.d.; NRCS, 2019), studies associated with this term tend to focus on identifying and
quantifying biological indicators of a soil’s ability to function as a living ecosystem, as opposed
to physical attributes alone (Franzluebbers, 2015; Graber, n.d.). Soil has been described as an
“ecosystem foundation,” making the study of its health important in agriculture, as it pertains to
influences on yield outcomes (Schoonover and Crim, 2015). According to the NRCS, there are
five essential functions that healthy soils perform. These include: water regulation, sustaining
plant and animal life, pollutant buffering, structural support, and nutrient cycling (NRCS, 2019).
These functions have been corroborated by a number of authors. For example, Watts et al. (2001)
describes soils with good physical health as “strong when wet and weak when dry” so as to
maintain structure while still allowing for root penetration. Stockdale et al. (2006) also discusses
healthy, productive soils in terms of SOM and its role in nutrient cycling. Schoonover and Crim
(2015) expands upon this, explaining that the quality and productivity of soils often rely upon
physical properties such as texture, water holding capacity, and organic matter content. They
further explain the role of SOM in terms of soil water holding capacity and the benefits that this
property provides to plants and soil biota. Although a soil’s health is largely tied to its ability to
be productive, Schoonover and Crim (2015) caution that this should be understood in the context

of “how well a soil functions within its specific ecosystem.”

Microbial communities contribute to soil functions through a variety of activities. For
example, Dick (2011) notes the importance of enzymes produced by soil microbes as “the
drivers for biogeochemical cycling in soils.” Numerous agricultural studies have linked soil

enzyme activities and microbial community structures to fertility and yield (Verstraete and



Voets, 1977; Mbuthia et al., 2015). Soil microbes produce extracellular enzymes to catalyze
reactions required for the decomposition of organic residues, which then release simple sugars
and other small molecules for microbes to use as energy, build SOM, and allow soils to support

plant life through nutrient cycling (Schoonover and Crim, 2015; Acosta-Martinez et al., 2004).

Although biological indicators involving microbial community structure and function
play an important role in measuring soil health, much work is yet to be done to advance these
factors. For example, Stewart et al. (2018) notes that as of 2018, many biological indicators of
soil health, such as enzyme activities, were only considered Tier 2 indicators by the Soil Health
Institute. Gianfreda et al. (2005) explains that this is, in part, because methodologies “are often
not applicable to soils that are so different from each other that it is difficult to handle them in
the same way.” Therefore, agricultural studies focusing on soil health may be considered novel
and important in their roles in advancing agriculture. However, care should be taken in selecting

analytical procedures — particularly when studying soils across different regions.

Historically, there has been an incomplete understanding of soil health, resulting in
management practices — such as high chemical inputs, reduced organic inputs, and excessive
tillage — which may not properly support the biological function of soils (Franzluebbers, 2015).
Such practices, performed intensively and over a long period of time, may result in soil
degradation, which in agriculture is understood to be a loss in quality and productivity (Lal et al.,
1989). Excessive use of tillage and pesticides are two examples of practices which may lead to
degradation, and indications of degradation include (but are not limited to): erosion, salinization,

biological degradation, and loss of soil structure (Lal et al., 1989).



Soil Organic Matter: A Vital Component of Soil Health

Soil organic matter plays an important role in maintaining function. It can be defined as
“the fraction of the soil that consists of plant or animal tissue in various stages of breakdown”
(Cornell University, 2008) and can be expected to make up 3-5% of many agricultural soils
(Weil and Brady, 2019). However, SOM tends to be quite low in semi-arid regions which are

characterized by hot, dry climates (Nautiyal et al., 2010).

Of special interest is the involvement of SOM in soil biogeochemical cycling, soil
aggregation, and its role in the global carbon cycle as a C sink (Weil and Brady, 2019). SOM
tends to be difficult to characterize, as organic matter exists in various stages of decomposition.
However, it is generally considered to be equivalent to soil organic carbon (SOC) (Santos et al.,
2012). Change in SOC based on a given treatment is not always feasible to measure in the short
term, but there are labile fractions of SOC which are sensitive to changes in management, and

these in turn can predict how SOM — and by proxy, soil health — may react over time.

One such labile fraction is mineralizable carbon (CMIN). This is commonly correlated to
microbial biomass carbon (MBC) and represents microbial necromass and decaying organic
substrates (Hurisso et al., 2016). It is sensitive to changes in management and is considered to be
a useful indicator of soil health due to its associate with decomposition of organic matter and
“short-term soil nutrient availability” (Hurisso et al., 2016). However, it is not strongly related to
C accumulation. Previous studies have also found this fraction of labile carbon to be associated
with nitrogen mineralization (NMIN), which is another important component of soil health

(Franzluebbers et al., 2000).



Enzyme activities, although not strictly labile carbon fractions, are still associated with
SOM because they drive nutrient cycling by organic matter. Specifically, activities of
carbohydrate associated enzymes, or glycosidases, aid in the release of simple sugars from
organic substrates and “are important in providing labile C and energy sources to support
microbial life in soil” (Dick, 2011). This is especially true as soil microbial activity tends to be
limited by carbon-based energy sources (Ekenler and Tabatabai, 2002). Two such enzymes
which are sensitive measures of soil health include B-glucosidase (BG) and N-acetyl-B-D-
glucosaminidase (NAG). Both are involved in carbon cycling and are similarly structured.
However, while they both catalyze the release of simple sugars from substrates for microbes to
use as energy, they are distinct in that BG catalyzes the release of glucose as the final step in
cellulose breakdown while NAG is involved in catalyzing the release of amino sugars from
chitin residues (Dick, 2011). Notably, the byproducts of chitin breakdown, amino sugars, are
thought to comprise 5-10% of organic nitrogen in soils (Ekenler and Tabatabai, 2002), making
NAG an important marker of nitrogen availability. Since chitin is associated with the cell walls
of insects, fungi, and to some extent bacteria, and cellulose is an incredibly common plant

polymer, these represent two distinct and important substrate sources for enzymatic activity.

Soil Health: Challenges in Modern Agriculture

One concern with soil health in agriculture is soil degradation. This is typically thought
of as the loss of soil structure and SOM associated with it (Stockdale, 2006). For example, heavy
tillage exposes protected minerals and organic matter to the elements, and this practice may
result in elevated erosion, loss of SOC, and poor structural stability if done intensively

(Schoonover and Crim, 2015; Franzluebbers et al., 2005). Degraded soils with poor structural



stability may then crust or compact easily, and the loss of pore structure may contribute to poor
water holding capacity, limiting the ability of a soil to remain productive (Schoonover and Crim,

2015).

On the biological side, applications of chemical fertilizers, pesticides, and herbicides may
also have degrading effects on soils if overused. For example, Wilson et al. (2009) found that the
hyphal abundance of AM fungi — which associate with most plants and aid in phosphorus
acquisition — had a strong positive linear relationship to soil aggregation, and that when
fungicide was continuously applied to plots for a number of years, both hyphal abundance and
soil macroaggregate size decreased. Furthermore, excess chemical nitrogen application has been
found to impact microbial activity (Zhang et al., 2012), and nitrogen fertilizer may have long-
term impacts for groundwater contamination, as between 12% and 17% of the initial application

may continue to be released into the hydrosphere over a 100-year period (Sebilo et al., 2013).

Organic Management: A Brief History and Explanation

Prior to the 1940s, all agriculture was what we would today consider “organic.” Methods
for developing genetically modified (GMO) crops had not yet been developed, nor had most
modern pesticides and herbicides been invented. Most importantly, however, nitrogen-based
chemical fertilizers did not become commonplace until after WWII, although some early
chemical fertilizers for P and K were in use (Russel and Williams, 1977). Prior to this time,
farmers mainly relied on organic inputs from manure, compost, and legume rotations. The
discovery of the Haber-Bosch process in the early 1900s would eventually spark the global shift

towards high intensity, high productivity agriculture with the end of WWII in the 1940s, when



unused munitions factories switched to producing readily affordable nitrogen fertilizers
(Heckman, 2006; Russel and Williams, 1977; Smil, 1999). The result was a worldwide
population boom as agricultural production efficiency soared. However, this was not without

consequence, as high intensity agriculture led to inevitable soil degradation.

Popularity of organic products did not begin to take off until the 1960s, with the
publication of Silent Spring (Klonsky and Tourte, 1998). By the 1970s, consumer environmental
concerns led to a demand for organic agriculture (SARE Outreach, 2003). National organic
standards were enacted in the 1990s with the Organic Foods Production Act (OFPA) and the
formation of the National Organic Substances Board which provides oversight for allowed
substances in organic farming (SARE Outreach, 2003). Rules regarding these were finalized in
2002. Since then, demand has continued to grow, driven by growing consumer concerns over
personal health, climate change, and sustainable agriculture. According to the USDA, at least 4%
of national food sales are organic, with “the value of sales in the US more than doubling between
2011 and 2016 to $7.6 billion.” (n.d.; 2019). Once established, certified organic production can
be a highly lucrative management practice. In 2019, for example, one West Texas farming
operation saw returns of $1,200 per ton of organically farmed peanut compared to $400 per ton

of conventional peanut with comparable yields for each (Huguley, 2019).

According to the National Organic Program (2021), the current definition of organic
production is “a production system that is managed in accordance with the Act and regulations in
this part to respond to site-specific conditions by integrating cultural, biological and mechanical
practices that foster cycling of resources, promote ecological balance, and conserve
biodiversity.” The main goal of organic management is to promote soil biological health by

avoiding synthetic inputs in favor of organic amendments and mechanical weed management



(Kristiansen et al., 2006). This commonly involves practices to build SOM. However, the
process of building SOM and the microbial community involved in nutrient cycling can take
years, and success is often driven by climate and soil type (Santos et al., 2012). Although there is
no universal method of organic management, the USDA has published a national set of criteria
required for organic certification. For products to be sold as organic in the US, organic
management is required for a minimum of three consecutive years (USDA, 2015; SARE
Outreach, 2003). This also coincides with the timeframe after which improvements in SOM and
microbial biomass can be documented in temperate regions (Santos et al., 2012). Synthetic
fertilizers and GMO crops are not permitted, and there are strict limits on pesticide and herbicide

options (USDA, 2015; SARE Outreach, 2003).

Notable yield reductions are expected during the transitional years to organic agriculture
as chemical, physical, and biological soil properties adjust to the new management, and some
studies have indicated that organic yields may be lower than conventional by up to 26% (Skinner
et al., 2014). However, careful management strategies may eventually result in yields
comparable to those obtained by conventional methods once adequate time has passed (Zinati,
2002). Evidence cited to support such claims typically originates from studies which were
conducted in temperate regions though, and may not reflect the experiences of farmers who work

in semi-arid climates (Peters, 1991; Clark et al., 1998).

Yield limits do not mean that organic management is without benefit, however. For
example, long-term studies comparing organic and conventionally managed systems have found
higher soil pH levels and improvements in soil carbon stocks under organic systems (Santos et
al., 2012; Clark et al., 1998), and this was “largely explained by differences in inputs” (Clark et

al., 1998). These inputs may refer to organic fertilizers such as compost and manure, cover crop



residues, and N-fixation from legume rotations. Improvements to soil carbon stocks are
important, as adequate levels of organic carbon are required for supporting microbial
communities and related nutrient cycling activities. Notably, the Santos study was conducted in a
tropical, semi-arid region and documented improvements in microbial biomass after only 2 years

(2012).

Cover Crops: Roles in Maintaining Soil Health

One management practice recommended for organic growers is cover cropping, which
can protect against wind erosion in bare fallow fields (Matson et al., 1997). Importantly, cover
crops have also been found to promote soil health by encouraging microbial activity, as can be
observed by elevated soil respiration levels when compared to a winter fallow (Daryanto et al.,
2018; Kim et al., 2020). Cover cropping is associated with SOM accumulation “across multiple
different climates” (Daryanto et al., 2018), and root contributions by cover crop rotations have
also been found to increase SOC storage (Franzluebbers, 2005). Common species used as winter
cover crops in the Southwestern US include: cereal rye (Secale cereal), forage radish (Raphanus
sativus), and hairy vetch (Vicia villosa). Each are associated with distinct benefits for the soil.
The relatively high levels of lignin in rye residues are associated with slow decomposition rates
and a greater ability to increase SOC as compared to readily decomposable legume and radish
cover crops (Sainju et al., 2002). Legume cover crops — for example, vetch — have been found to
increase levels of soil nitrogen through associations with nitrogen fixing bacteria (Latos, 2009 p.
62), and the large taproot diameter of radish, coupled with their rapid decomposition rates, may
assist with water infiltration and soil oxygen penetration by alleviating compaction (Daryanto,

2018; Chen and Weil, 2010).



Although Texas was among the top 10 states in terms of total number of farm operations
using cover crops as of 2017, this had only increased by 3.6% since 2012, and cover cropping
still accounts for a mere 6.3% of available cropland (LaRose and Meyers, 2019). There are a
number of challenges related to the adoption of cover crops across the US. Roesch-McNally et
al. (2017) and Bergtold et al. (2012) cite the cost and extra work associated with cover cropping
as contributing reasons for the slow adoption of this practice throughout the US. For example,
the USDA indicates that seed for radish and rye cover crops can cost anywhere between $13 to
$22 per acre, depending on seeding method and seeding rate, while hairy vetch can cost from
$30 up to $40 per acre (2014). This does not take into account additional costs of using organic
seed for cover crops in an organic farming system. Nitrogen fertilizer savings from using a
legume cover crop may also be lost if farmers fail to “adjust N fertilization rates to the cash crop
immediately following the cover crop due to the potentially limited availability of N provided by
the cover crop or risk-averse behavior” (Bergtold et al., 2012). This, coupled with few obviously
consistent benefits to yield can turn farmers away from implementing cover crops (Bergtold et
al., 2012). In semi-arid regions, conventional wisdom dictates that cover crops will over-use
precious water resources, thus adding another barrier to cover crop adoption. However, studies
out of both Texas and lowa have begun to challenge these assumptions. For example, although
cover cropping has indeed been shown to have an impact on available soil water at the beginning
of the growing season, multiple studies have found that cover cropping often does not negatively
impact available soil moisture at the middle of the growing season, when crops have the greatest
demand for water (Burke et al., 2021; Bergtold et al., 2012). Furthermore, these studies indicate
that cover cropping may in fact promote soil water infiltration and storage, thus providing an

added benefit to farmers in semi-arid regions (Burke et al., 2021; Bergtold et al., 2012).
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Peanut: A Globally Important Legume Crop

Peanut (Arachis hypogaea), also known as groundnut, is a globally important legume
crop prized for its oilseed production and its many uses in both cooking and biodiesel (Russell,
2019). This plant is thought to have originated in South America, and is well adjusted to warm
climates (American Peanut Council, 2020; Baughman et al., 2019). Countries that dominate
global peanut production include: China, India, Nigeria, and the southern US (National Peanut
Board, 2021). Within the US, peanut “is the second most important legume oil crop” (Acosta-
Martinez, 2007). Nationally, the dollar value of peanut production was $1.2 billion as of 2020, an
increase from $7.9 million in 2009 (USDA NASS, 2021). Texas and Georgia are among the top
producers in the US, and an estimated average of 3,100 Ib/ac was harvested in Texas in 2018

(Russell, 2019).

As legumes, peanuts are reliant on effective nodulation by rhizobia in the genus
Bradyrhizobium or with bradyrhizobia symbionts to fix nitrogen, and they are commonly rotated
with cotton in Texas to replenish soil nitrogen levels and reduce the need for chemical fertilizers
(Baughman et al., 2019). One study from West Texas also found that continuous peanut and
inclusion of a peanut rotation with dryland cotton could result in greater levels of organic carbon,
MBC, and enzyme activities, potentially due to “larger organic residue accumulation, lower OM
turnover, and continuous rhizosphere substrates from peanut, involved in N fixation and AMF

associations” (Acosta-Martinez, 2007).

Peanuts are well suited to the climate regions of Texas, as they require adequate heat for
germination. For example, 18.3 C at 4 inches soil depth is generally accepted as the preferred
germination temperature (Baughman et al., 2019). The Southern Rolling Plains, specifically the

High Plains of West Texas, are especially conducive to peanut production because the semi-arid
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climate favors low disease pressure from common fungal pathogens (Baughman et al., 2019).
Nodulation is also less likely to be suppressed by drought in peanuts as compared to other
legumes such as soybeans (Tajima et al., 2008). This crop is therefore an excellent choice for
semi-arid regions such as West Texas, although excessive heat at planting does have the

potential to kill off bradyrhizobia symbionts prior to nodulation (Baughman et al., 2019).

Study Objectives

Ecoregions in West Texas are valuable agricultural centers of cotton and peanut
production, and organic production of these crops is growing in importance. However, regional
challenges necessitate further studies on organic management practices to improve soil health.
Although multiple studies have investigated soil health in organic systems, many of these have
occurred in temperate regions with soils high in SOM, and only a limited number have occurred
within the first three years of management implementation. This is largely due to the expectation
that no significant change in SOC will be seen until after three years have passed, and that
resources would be better allocated towards studying more long-term effects of organic
management. However, some studies have observed improvements in parameters associated with
SOM - such as microbial biomass — after only two years of organic management (Santos et al.,
2012). Early changes in soil health as management shifts to organic production are of special
interest to farmers in these regions who are looking to balance the economic risk with the reward
of successful organic production. Abundance of SOM, which is crucial for effective organic
farming, is far lower in semi-arid regions than in temperate ones, and the climate of semi-arid
regions does not easily lend itself towards improvements in soil health such as building SOM.

Therefore, early changes in soil health when transitioning management practices and organic

12



practices which are best suited to providing early improvements — such as cover crop selection —

should be identified.

The objectives of this study are therefore threefold. A) To identify and quantify
biological markers of change in soil health after one year of organic management in a cotton-
peanut rotation, B) To determine the influence of cover crop use and selection on these
biological markers, and C) To determine if and how microbial activity may be influenced by

cover crop seeding rates.
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CHAPTER 2

INFLUENCE OF COVER CROP SELECTION ON SOIL BIOLOGICAL

PARAMETERS DURING A TRANSITION TO ORGANIC AGRICULTURE
Abstract

This study sought to measure the impact of organic management and cover crop selection
on soil health after one year of transitioning to an organic management cotton-peanut rotation.
Soil health is largely controlled by microbial communities which produce the enzymes required
to decompose plant residue and cycle nutrients, and is therefore essential for modern agriculture

to protect.

Although Texas is not widely known for organic management, it is responsible for
approximately 95% of organic peanut production. There is a growing consumer demand for
organic products, and when managed effectively, this can be a lucrative practice for farmers.
However, farmers looking to pursue organic management are required to undergo a three-year
transition period to obtain USDA certification. This transitional period is often associated with
depressed yields, so studies focusing on management practices best designed for rapid

improvements in soil health are of benefit to farmers.

Growers in organic management are encouraged to utilize cover cropping practices,
which may improve soil health through stimulating microbial activity. Other benefits associated
with cover cropping include reduced wind erosion and improved soil water storage and nutrient

cycling.

This study sought to identify cover crop selections and seeding rates best suited to

improving soil health within the first year of transition to organic management under a cotton-
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peanut rotation in West Texas. Results of this study suggest that cover crop seeding rates
appeared to have little influence on soil health indicators. However, plots cover-cropped to a
rye/vetch mix experienced elevated CMIN and NAG activities, signaling the early contribution
of the rye/vetch treatment to organic N in the system. Use of a cover crop also resulted in greater
enzyme activities and in situ respiration as compared to the fallow after only one cover crop
rotation, and these results represented early elevated biological activities under plots treated with
a cover crop. Although these results were limited, they may foreshadow more distinct differences

in soil health that could become apparent over time.
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Introduction

This study sought to identify a cover crop treatment that could best improve soil health in
the early stages of a cotton-peanut rotation transitioning to organic management in West Texas.
Peanut (Arachis hypogaea L.) is an important oil crop in the US (Acosta-Martinez, 2007) and is
known for its versatile uses in both cooking and biodiesel (Russell, 2019). The US ranks among
the top 4 peanut-producing countries in the world, with a national production value of $1.2
billion as of 2020 (USDA NASS, 2021), and southern states are responsible for most peanut
farming operations (Russell, 2019). In particular, Texas is responsible for 95% of organic peanut

production in the US (USDA, 2013).

In its most basic form, organic management refers to practices which favor organic
amendments such as compost, manure, N-fixation by legumes, and cover crop residues over
chemical N-fertilizers (Kristiansen et al, 2006). A more official definition, as per the National
Organic Program, refers to organic production as “a production system that is managed in
accordance with the Act and regulations in this part to respond to site-specific conditions by
integrating cultural, biological and mechanical practices that foster cycling of resources, promote
ecological balance, and conserve biodiversity” (2021). Popularity of organic products has
increased over the past few decades as consumers shy away from conventional practices out of
concern for health and environmental sustainability (Fraiser et al., 1988), and demand has only
continued to grow in the US (USDA, 2019). If properly established, organic management can be
a profitable practice (Huguley, 2019). However, for crops to be sold as USDA-certified organic,
plots must have experienced a minimum of three years of continuous organic management, and
amendments must adhere to OMRI standards (USDA, 2015). Numerous meta-analyses have

found that yields from organic agriculture experience high temporal variability and are typically
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5% to 34% lower than conventional (Knapp et al., 2018; Seufert et al., 2012), which may require
greater land use for farmers to turn a profit (Skinner et al., 2019; Skinner et al., 2014). However,

it is unclear if such yield losses are notable for organic legume crops such as peanut.

Soil under organic management commonly experiences greater microbial activities and
soil C levels than under conventional management, and this tends to be due to organic inputs
such as compost or manure (Santos et al., 2012; Nautiyal et al., 2010). Use of manure can lead to
higher MBC and reduced G+/G- ratios as compared to soils treated with chemical N fertilizer
alone (Zhang et al., 2012). Although one goal of organic management is to build SOM and the
microbial community involved in nutrient cycling, it can take years for this to occur, and success

is often driven by climate and soil texture (Santos et al., 2012).

The effectiveness of organic management at improving soil health varies with regional
climate, soil characteristics, and the management itself, but there are certain practices associated
with organic agriculture which have been shown to improve soil health. Rotations with legume
crops such as peanut can improve soil OC, MBC, enzyme activities, and plant available N
(Acosta-Martinez, 2007; Kristiansen, 2006), and the USDA recommends that organic growers

make use of cover cropping, which protects against wind erosion (Matson et al., 1997).

Importantly, cover cropping has been found to promote soil health by encouraging
microbial activity. This practice often increases soil CO> fluxes through microbial respiration,
and global warming potentials from this tend to be offset by improvements to yield and carbon
sequestration (Daryanto et al., 2018). Cover crop use has been shown to result in greater levels of
microbial abundance when compared to being left fallow (Kim et al., 2020). Cover cropping is
also associated with improved soil C storage and SOM accumulation (Mbuthia et al., 2015;

Daryanto et al.). Common species used as winter cover crops in the Southwestern US include:

17



cereal rye (Secale cereal), forage radish (Raphanus sativus), and hairy vetch (Vicia villosa) —
each of which has implications for soil health in terms of microbial community composition,
activity, and nutrient cycling. For example, Mbuthia et al. (2015) found elevated G+ FAME
biomarkers under plots treated with vetch. Lower levels of AMF were also found under these
plots, potentially because N-fixation by rhizobia associated with vetch provided the cash crop
with enough resources to allocate most photosynthate to its shoots as opposed to its roots.
Georgieva et al. (2005) found a low C:N ratio under vetch cover crop litterbags as compared to
rye, and there were differences in bacterial and fungal biomasses with higher bacterial biomass
under vetch and greater fungal biomasses under rye. Rye is associated with SOC buildup due to
its relatively high lignin levels and slow decomposition (Sainju et al., 2002), and radish may
assist with water infiltration and soil oxygen penetration by alleviating compaction (Daryanto,

2018; Chen and Weil, 2010).

Cover cropping only accounts for 6.3% of available cropland in Texas (LaRose and
Meyers, 2019), and this state has been fairly slow to adopt this practice. Cover crops are
typically used to mitigate wind erosion in West Texas, which is a common issue in that region.
Water conservation is also necessary due to the dry climate and pressures on the Ogallala
Aquifer (Cano et al., 2018). There are concerns about excess water usage by cover crops, which
has discouraged more widespread use in West Texas. However, studies out of lowa and Texas
indicate that certain cover crops may improve water infiltration and storage, and that their impact
on soil water during the middle of the growing season may not be detrimental to cash crops
(Burke et al., 2021; Bergtold et al., 2012). Additional barriers to cover crop adoption include
unpredictable benefits, additional effort, and varying seed costs (Roesch-McNally et al., 2017;

Bergtold et al., 2012). For example, although non-organic rye and radish cover crop seed can
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cost $30 ha'* at minimum, prices can range up to $50 ha, and hairy vetch can cost up to $89 ha™
(USDA, 2014). Prices vary based on seeding method, seeding rate, and whether or not organic
cover crop seed is required. High cover crop biomass is associated with elevated soil health
benefits when compared to fallow or low cover crop biomass (Thapa, 2021). Elevated seeding
rates may be useful to achieve high cover crop biomasses, but previous research has investigated
the impact of cover crop seeding rates with varying results. One 2019 study investigated both
cereal rye and winter wheat cover crops at 2 different seeding rates, and found that the higher
seeding rate resulted in greater biomass only for winter wheat at during the 2" year of the study
(Haramoto, 2019). Another study reported more consistent increases in cover crop biomasses
under elevated seeding rates, but that percent emergence of cover crops decreased under high

seeding rates (Brennan and Boyd, 2012).

Current literature suggests that differences between organic and conventional
management do not become apparent until adequate time has passed for the soil microbial
community to adjust to the new management. Typically, these differences are expected to be
observed after 3 years of continuous organic management, but this may vary by region (Santos et
al., 2012). Different cover crop selections have also been shown to vary in the benefits that they
provide to soil health (Mbuthia et al., 2015; Georgieva et al., 2005), and this may also translate to

variations in the timeline under which soil health benefits may be observed.

This study investigated plots under conventional and recently transitioned organic
management with four cover crop treatments. These treatments included the following: rye,
radish, rye/vetch, and rye/vetch/radish. Cover crop use was expected to result in greater
microbial activity than winter fallow, and cover crop mixes were expected to result in greater

microbial activity than single cover crop selections. Additionally, although organic management
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was expected to result in elevated microbial activity, it will likely be too early in the study for
any yield benefit to be observed. Given that organic management is an economic risk due to the
timeframe to achieve certification and limits on pesticides and amendments, studies on early
changes to soil health under different cover crop selections will benefit farmers looking to pursue

this management practice.

The objectives of this study were therefore threefold:

A) To identify and quantify biological markers of change in soil health after one year of a

cotton-peanut rotation under organic management in West Texas.

B) To determine the influence of cover crop use, selection, and organic management on these

biological markers.

C) To determine if and how biological markers of soil health may be influenced by cover

crop seeding rates in organic agriculture.
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Materials and Methods
Site History

This study was conducted at the AgriLife Research Centers at Lubbock (33.693, -
101.828) and Vernon (34.091, -99.365), TX during the summer of 2020 (Fig. 1). These locations
represent the Southern High Plains and Southern Rolling Plains ecoregions of Texas, both of
which are semi-arid environments with an average annual rainfall of 381-508 and 508-711 mm,
respectively (Texas Ecoregions, 2020). Soils were characterized as an Olton clay loam at the

Lubbock site, and a Miles loamy fine sand at the Vernon site (Web Soil Survey, 2020).

% X

Vernon
Lubbock

Figure 1. Site locations.

21



Prior to 2019, plots for this study at the Lubbock location had been under a cotton/peanut
rotation for two years, preceded by continuous cotton in 2016 and grain sorghum in 2014 and
2015. Vernon plots had previously been planted to winter wheat for 10 years. Locations used for

this study were planted to cotton in 2019 and peanut in 2020.

Lubbock and Vernon plots were planted to peanut variety ACI 236 on May 7, 2020 and
May 11, 2020, respectively. A June re-plant was required for Lubbock on June 10 due to poor
initial growth. Lubbock plots were fertilized with urea ammonium nitrate at 100 kg ha™
(conventional plots) and compost at 9 metric tons ha* in 2019 during the previous cotton rotation
and did not receive fertilizer in 2020. This is a common practice when growing organic peanuts
(Baughman et. al., 2019). The Lubbock site also utilized flood irrigation and strip tillage, but
tillage was minimized under organic plots to attempt to replicate conservation tillage. The
Vernon organic plots received 9.9 tons ha* composted manure application on April 27 after
cover crop termination, and the conventional plots received 167 kg ha ammonium
polyphosphate (10-34-0) fertilizer knifed in on May 6. This site utilized pivot sprinkler irrigation
and conventional tillage across all treatments. Two additional tillage passes were done in-season
to minimize weed pressures, and residues from cover crops and composted manure were

incorporated into the soil to a greater extent than at Lubbock.
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Study Design

The study consisted of two randomized complete blocks (RCB) for organic (ORG) and
conventional (CON) management, and each included four cover crop treatments. For crops to be

certified organic by the USDA, chemical drift from conventional management is not permitted —

hence the 2 RCBs. Organic plots with multiple seeding rates per cover crop treatment were also

included to investigate whether seeding rate could reasonably be expected to impact soil health

and weed control (data not presented) within the first year of management. Fallow control plots

were included under conventional management only. This was done both for practicality reasons

of maintaining an organic winter fallow, and because the study sought to compare organic

management with a cover crop (most intensive) against the conventional with a cover crop

(moderate) and conventional with winter fallow (baseline control). Cover crop treatments

included rye (Secale cereale), radish (Raphanus sativus), rye/vetch mix (rv), and rye/radish/vetch

(rvr) mixes (Table 1). Each treatment included three replicates and four rows per plot. Plot area

sizes were 10.7 m x 4.1 m, with each row being 1 m wide.

Table 1. Cover crop treatments.

Seeding rate

Management Cover Crop (kg ha'})
Rye 33.63
_ Radish 11.21
Organic Rye/Vetch 28.02/5.6
Rye/Vetch/Radish 28.02/3.36/2.24
Fallow n/a
Rye 33.63
Conventional Radish 11.21
Rye/Vetch 28.02/5.6
Rye/Vetch/Radish 28.02/3.36/2.24

23



Organic management was implemented by using mechanical weed control and
mechanical cover crop termination via roller/crimper or stalk cutter, and composted manure was
used in place of chemical fertilizer. Conventional management received chemical fertilizer,
along with chemical weed control and cover crop termination. Cover crops were terminated in
late April of 2020. Termination for conventional cover crops at Lubbock required an application
of 2,4-D amine on March 31 and two applications of Roundup on April 27 and May 5. Cover
crops under organic management at Lubbock were terminated by stalk cutter on April 29.
Vernon cover crops were all terminated on April 17, with 4 pt/ac Enlist Duo herbicide applied to

conventionally managed cover crops, and sweep plow for organic.

Data Collection

Cover crop herbage mass was collected prior to termination at Lubbock and Vernon from
two 2.7 m? areas of each plot on April 2 and 16, respectively. The herbage mass was weighed

after drying to a constant weight in a forced air oven.

Soil sampling and gas flux collections were conducted during the last two weeks of each
month between April and November. See Table 2 for collection dates per location and
corresponding peanut growth stages according to Boote (1982). Pre-plant collections occurred
shortly before cover crop termination at Lubbock and shortly after termination at Vernon. Soil

from these collections were analyzed for enzyme activities and mineralizable C.
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Table 2. Sampling dates and peanut growth stages by location.

Lubbock \Vernon
Sampling Date Growth Stage Sampling Date Growth Stage
4/20/2020 — 4/22/2020 Pre-plant 4/23/2020 — 4/24/2020  Pre-plant
5/17/2020-5/19/2020 V1 5/28/2020-5/29/2020 V1
6/27/2020-6/29/2020 V1 (re-plant) 6/30/2020-7/2/2020 R1
7/14/2020-7/16/2020 R2 7/17/2020-7/19/2020  R3
8/13/2020-8/15/2020 R3 8/16/2020-8/18/2020 R4
9/23/2020 R4-R5 9/29/2020 R6-R7
11/18/2020-11/20/2020  Post-harvest 11/5/2020-11/6/2020  Post-harvest

Soil samples were collected along the nontraffic rows at 0-10 and 10-20 cm depths. Six
cores were collected and divided by depth before compositing at Lubbock using a 2.5 cm
diameter soil probe, and 3 composite cores were collected at Vernon using a 7.6 cm diameter soil

auger. Soils were air-dried and sieved to 2 mm.

Gas flux readings were collected with a portable FTIR gas analyzer (Gasmet DX4040
FTIR, Gasmet Technologies, Helsinki, Finland). Polyvinylchloride (PVC) soil collars (20 cm
outer diameter) were set in the field for 24 hrs, and 5 height measurements were taken to
calculate soil collar volume. Collections were taken by vacuum sealing a LiCor chamber (Li-
8100-103, Li-Cor Biosciences, Lincoln, NE USA; 4.8 L volume) to soil collars so that emissions
could cycle through the gas analyzer. Readings for CO2, N2O, and CH4 were collected for 8
minutes followed by a 5-minute interval between readings for the gas analyzer to return to
atmospheric CO.. A filtration system was used to prevent moisture and dust buildup inside the

gas analyzer. Additional collections for soil surface moisture percentage and temperature were
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collected with a field hydraprobe (Stevens Field POGO Turf and Soil Insight Tool and
Hydraprobe 11 RS485, Stevens Water Monitoring Systems, Inc, OR USA) in tandem with gas
analyzer readings, as these factors contribute to soil greenhouse gas (GHG) fluxes (Wagai et al.,

1998).

The CO: flux slopes with an r? value of 0.7 or greater were considered significant enough
for use in analysis (McDonald et al., 2019). These were then converted to mg CO2-C m? hr!

with the ideal gas law equation:
PV =nRT

This took into account the survey chamber and soil collar volumes, atmospheric pressure
at each location, and air temperature at the time of each reading. Cumulative fluxes were then
calculated by averaging fluxes at two given collection dates, multiplying by 24 hrs and the

number of days between collection dates, and adding this to the previous cumulative flux to date.

In August, when peak nodulation was expected (Baughman et al., 2019), roots and
aboveground peanut biomass were collected from plot rows 1 and 4 (0.18 m? area) of the organic
and conventional rye and rye/vetch treatments, along with the fallow. Due to a radish cover crop
failure, which occurred solely at Lubbock, radish and rye/vetch/radish treatments were excluded.
Nodule counts were then recorded according to size category (0-2 mm, 2-4 mm, >4 mm
diameter) and placement on root system (taproot, lateral root). Percent active nodulation was
determined by slicing nodules in half to determine if they exhibited a pink to bright red color,
which would indicate the presence of active leghemoglobin and nitrogenase activity (Dupont et
al., 2012). Only nodules from the 2-4 mm and > 4 mm categories were opened, as it would have

been impractical to open all nodules 0-2 mm in diameter, and nodule counts from the 0-2 mm
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category were excluded when calculating percent active nodulation. Taproot length and three
taproot diameters were also collected per plant to allow results to be normalized according to

taproot surface area (cm?).

Soil Biological Parameters
Mineralizable Carbon

Mineralizable C was determined using a 3-day CO- incubation as described by
Franzluebbers (2015). Briefly, 40 g of air-dried soil was introduced to a 50 mL centrifuge tube
and rewet to 60% water filled pore space (Hurisso, 2016); 10 mL of 1 N NaOH was added to a

second 50 mL centrifuge tube.

Upon introducing water and NaOH, both tubes were placed in a 1 L glass jar which
contained 10 mL of water to maintain humidity. This setup was immediately sealed and
incubated at 25 C for three days (72 hrs). After this timeframe had passed, the NaOH tube was
removed from the jar and titrated with 0.5 N HCI. For titrations, 2 drops of phenolphthalein
indicator and 1 mL of 1.5 M BaCl, was added to each NaOH trap to precipitate out barium
carbonate. Evolved CO; was then calculated from the volume of HCI used to neutralize

unreacted NaOH according to the following equation from Franzluebbers (2015).
€O, — C(mg kg_lsoil) = (ml[blank] - ml[sample]) * N * M/S
Enzyme Activity

Standard procedures for measuring soil enzyme activities were based off of work by

Eivazi and Tabatabai (1988), Deng and Popova (2011), and Parham and Deng (2000). Activities
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of B-glucosidase (BG) and N-acetyl-p-D-glucosaminidase (NAG) were measured by microplate
assay to allow for high-throughput testing. The assay was a scaled down version of the
recommended NRCS colorimetric benchtop method (Stott, 2019), with reagents concentrated so
that the reaction could occur in 2.2 mL 96-deepwell plates. This method involved incubating
replicates of air-dried soil (0.5 g) with a substrate and start buffer (MUB at pH 6 for -
glucosidase or acetic acid at pH 5.5 for N-acetyl-p-D-glucosaminidase) plus at least one negative
sample control with buffer and no substrate for one hour at 37 C. This was followed by addition
of CaCl; to prevent OM dispersion (Deng and Popova, 2011, p. 198), a stop buffer (THAM for
B-glucosidase or NaOH for N-acetyl-B-D-glucosaminidase) to end the reaction, and the addition
of substrate to the negative sample control to account for background readings. (Stott, 2019)
Reagents were concentrated to the following: 0.0625 mol B-glucosidase substrate, 0.5 mol
THAM stop buffer, 0.0125 mol N-acetyl-p-D-glucosaminidase substrate, 0.25 mol sodium

acetate pH 5.5 start buffer, 2.5 mol NaOH stop buffer, 2.5 mol CaCl..

Published microplate methods by Popova and Deng (2010) and Jackson et al. (2013)
recommend NaOH for the B-glucosidase assay to avoid high background readings, but Acosta-
Martinez (2019) and Eivazi and Tabatabai (1994, p. 825) caution against this, as NaOH may
hydrolyze B-glucosidase substrate bonds and interfere with results. Therefore, THAM was used
as the stop buffer for B-glucosidase, as per the NRCS methods (Stott, 2019). Microplate methods
by Popova and Deng (2010) and Deng et al. (2013) also recommend additional sample replicates
when working with concentrated reagents, so 5 sample replicates were used (3 positive, 2
negative controls). The remainder of the reaction was carried out according to NRCS methods
(Stott, 2019). Plates were shaken for 5 minutes at the end of the experiment to ensure that the

reaction was fully terminated, and these were then centrifuged for 5 minutes at 500 rpm to
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separate the solution from soil solids. Solution samples were then placed on a 96-well plate to be
read at 405 nm, and were diluted if necessary. Calibration curves were prepared according to
NRCS methods, and enzyme activity was calculated as pg p-nitrophenol per gram of soil per

hour.

PLFAs

A portion of each composited sample from the April collection (0-10 cm and 10-20 cm
depths) was freeze-dried and sent to the University of Missouri Soil Health Assessment Center in
Columbia, MO for PLFA testing. Testing was carried out according to the Buyer/Sasser
extraction method using the MIDI Sherlock GC software (Microbial Identification Inc., Newark,

DE).

Statistical Analysis

Results were analyzed using PROC GLIMMIX in SAS (Version 9.4, SAS Institute Inc.

Cary, NC). Unless otherwise noted, alpha = 0.05.

The experimental design only contained replicates for fallow plots under conventional
management. This is because the project sought to avoid tillage when possible, and it would have
been difficult to maintain an organic no-till winter fallow without the use of herbicide. To
account for this, data for the main portion of this study were initially analyzed without the fallow

to determine if any management by cover crop interactions existed. Most results had no such
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interaction, so results for management and cover crop selection were then re-analyzed separately

with the fallow included.
Results and Discussion
Yield

Results of this study revealed that although both locations saw significant differences in
cover crop herbage mass according to management, there were no differences in final peanut

yield based on management or cover crop selection (Table 3).

In situ Respiration

At Lubbock, greater cumulative CO- fluxes were observed under conventional (CON)
management as compared to the organic (ORG) or fallow treatments whereas at VVernon, there
were no differences in cumulative ORG or CON COz fluxes, but use of a cover crop ultimately
resulted in greater fluxes than the fallow (Table 3, Figure 2). Management by event interactions
occurred at both locations, and due to management by cover crop interactions at Lubbock,
cumulative CO; data were graphed over time according to both management and cover crop

treatments (Table 4, Figure 2).

At Lubbock, soil surface moisture percentage tended to be higher under CON than ORG
(Table 4). This was also occasionally the case at Vernon, but results varied by event (Table 4).
Correlation analyses indicated that CO, fluxes within each given month were significantly
related to soil surface moisture readings at both locations, and that fluxes at the Lubbock location

were also strongly correlated to soil surface temperature with weaker correlations to cover crop
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biomass (Table 5). In situ CO; fluxes are a measure of microbial respiration and, by extension,

activity. Fluxes are commonly understood to be positively influenced — up to a point — by soil

temperature and water content (Wagai et al., 1998). Additionally, C and N inputs from cover

crops act as substrates for microbes to use as energy and are associated with elevated GHG

fluxes in the form of CO, and N2O (Daryanto et al., 2018).

Table 3. Cover crop biomass, peanut yield, and cumulative CO: flux results.

Lubbock Vernon
Manage Cover Crop Cover Peanut  Cumulative Cover Peanut  Cumulative
Crop Yield CO2 Crop Yield CO2
Biomass Biomass
-1 -1
(kghat) (kgha ) (kg ha't) (kghat) (kgha ) (kg ha't)
Rye 1481° 4589 1648 25952 4132 4257
Radish n/a n/a n/a 833° 3387 3921
ORG  Rye/Vetch 20202 4591 2198 1345 3595 4432
Rye/Vetch/Radish 13030 4589 1647 1935%¢ 4150 3747
Rye 1437° 4590 2584 33962 3137 4402
Radish n/a n/a n/a 30932 2759 3664
CON Rye/Vetch 1185° 4587 2344 29562 3705 4147
Rye/Vetch/Radish 19190 4587 2242 34798 3247 5775
Management 0.017 0.322 0.001 0.001 0.192 0.465
p-values  Cover Crop 0.062 0.891 0.164 0.277 0.725 0.667
Interaction 0.095 0.391 0.082 0.658 0.812 0.412

Significant p-values in bold.

Letters that are the same in each column indicate that Fisher’s LSD are not significantly different at p

=0.05.

CO; results represent cumulative flux at the end of the season.

Fallow excluded to allow for interactions.
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Table 4. ANOVA results for CO> flux, % soil moisture, and soil surface temperature (C).
All interactions. Lubbock and Vernon analyzed separately. Fallow excluded for

interactions to be calculated.

Lubbock Vernon
Co, % Moist Soil Temp €O, % Moist Soil Temp
Effect p-values

cover 0.092 0.87 0.377 0.665 0.851 0.953
Manage 0.0003  <0.0001  0.122 0.554 0.962 0.049
cover*manage 0.04 0.091 0.954 0.378 0.198 0.755

Event <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
cover¥event 0.916 0.68 0.597 0.919 0.162 0.998
manage*event <0.0001 <0.0001 0.284 0.016 0.0004 0.001
cover*manage*event  0.525 0.85 0.891 0.959 0.809 0.997

Significant p-values in bold
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Figure 2. Cumulative CO- fluxes at Lubbock (A) and Vernon (B) over time. Samples collected
monthly (n = 3). Bars indicate standard error of the mean.
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Table 5. Pearson’s correlations at Lubbo

ck and Vernon

Pierson's Correlations

% Moist _ Soil Co, Cover  Yield CMIN CMIN BG BG NAG  NAG
Temp biomass 0-10 1020 0-10 1020 0-10 10-20
Lubbock
%
Moist
Soil
Temp 0079 oo
CO, 0.641%%%  (330%k* _______
I(in(:]‘:i;ss 0.04 0.091 0.145%%  oeen
Yield 0.016 20055  -0.018  0.163%%% —oeoee
;::Blf;IN 0-208*** _0-292*** 0-071 0-173*** 0-063 _______
ICO_MZIUN 0.157#%%  _0.162%%* 0.156%** 0.009  -0.008  0.463***
BG
o0y 02637 0089 018%F 02205 0024 0036 005 -
BG
1020 03027 02837 0.14 0.122  0.021  -0.28%%* _022%=% (308%** ______
NAG
0-10 0.068 -0.259%*%* _0.176% 0.106 -0.002 0.A1F*%  0327%%F (.165%  -0.200%F
NAG
020 0022 0.098 0051 0144  -0.017 0.048  0237%%% (158%  (0218%% (0261%%% —ooe_
Vernon
OA] _______
Moist
Soil | oceen
Temp ’
CO, 0.395%%% 0028 -
I(in(:):;ss -0.03 0.041 0.065  -—--mm-
Yield 0.008 -0.051 0009  -0.106% ---mm-
OC%IN -0.034 0025 0024  -0.027  0.128% e
ICO_MZEN -0.2%* 0.102  -0.068 -0.011 0.3 0.483%%% _______
BG
o0 0117 0.206%* 0.198% -0.102  0.286%** 0.412%** -0.005  --—on
BG
1020 0118 0.047  0.145  -0.003  0.166%  0.331%%% 0301%*% 0.46%**%
NAG
0-10 -0.166* 0.086 ~0.374%%% _() 032 0.121 0.358%%% () 254%%%k () 333%** () 195%%  _______
NAG
loge OL67F 0102 -0.389%FF0.008  0.054  0.303%F% 04145 0115 0403%F* 0.504 o

* Pearson’s Correlation is significant at p = 0.1
** Pearson’s Correlation is significant at p = 0.05
*** Pearson’s Correlation is significant at p = 0.01

0-10 and 10-20 refer to collection depth in cm
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Numerous studies have indicated that cover crop usage results in elevated microbial
activities (Kim et al., 2020; Daryanto et al., 2018). In particular, one meta-analysis by Kim et al.
(2020) found positive global effect size means for B-glucosidase (BG) and CO- respiration under
cover crop treatments, indicating that elevated microbial activities could be expected when such
treatments are applied. Likewise, cover crop use from this study typically resulted in greater
cumulative respiration than the fallow both in terms of selection and management, although this

was only significant at the Lubbock location (Figure 2a).

Wagai et al. (1998) also suggests that the presence of cover crop residues can lower soil
surface temperatures, which may lead to lower CO- fluxes. This was not apparent in the results,
although significantly greater levels of cover crop biomass were harvested under organic
management as compared to conventional (Table 3). Instead, higher moisture levels under CON
likely stimulated microbial activity in the Lubbock plots, resulting in greater in situ respiration
(Figure 4). Cumulative CO- flux results for fallow from this location were similar to those
observed under organic management (Table 3, Figure 2b), and this may have resulted from low
levels organic inputs. At Vernon, there was a management by event interaction where CON was
greater than ORG during one collection event. However, end-of-season cumulative fluxes for
this location were not different between ORG and CON, likely due to the use of composted
manure and fertilizer at the beginning of the season because these may stimulate microbial

activity and respiration (Santos et al., 2012; Nautiyal et al., 2010).
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Enzyme Activity

Enzyme activities for B-glucosidase (BG) and N-acetyl-p-D-glucosaminidase (NAG)
were quantified at 3 points throughout the growing season. These included pre-plant (April),
mid-season (July, August), and post-harvest (November). The Vernon mid-season collection

occurred in July while Lubbock’s occurred in August due to replanting at the Lubbock location.

Enzyme data for management and cover crop selection were analyzed separately and
pooled to include both depths as there were no depth or management by cover interactions

(Table 6).

Table 6. ANOVA results for CMIN, BG, and NAG. All interactions. Lubbock and Vernon
analyzed separately. Fallow excluded for interactions to be calculated.

Lubbock \Vernon
CMIN BG NAG CMIN BG NAG

Effect p-values

Cover 0.803 0.216 0.408 0.400 0.860  0.082
Management 0.033 0.432 0.595 0.008 <0.0001  0.929
Event <0.0001 <0.0001 0.158 <0.0001 0.047  0.009
Management*cover 0.783 0.764 0.301 0.117 0.429 0.270
Cover*depth 0.703 0.891 0.492 0.222 0.503 0.511
Management*depth 0.975 0.518 0.206 0.008 0.098 0.918
Management*cover*depth 0.490 0.713 0.584 0.274 0.553 0.581
Cover*event 0.570 0.685 0.019 0.040 0.572  0.127
Management*event 0.017 0.954 0.011 0.0003 0.057 0.0002
Management*cover*event 1 0.170 0.850 0.070 0.582  0.950
Cover*event*depth 0.678 0.346  0.387 0.889 0.597  0.848
Management*event*depth 0.937 0.642 0.382 0.057 0.679 0.413
Management*cover*event*depth 0.806 0.638 0.777 0.307 0.950  0.943

Significant p-values in bold (p = 0.05)
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Results for BG found differences at the Vernon location alone. BG activities according to
cover crop selection did not differ from each other (Table 7), but cover cropping with rye and
mixes did result in greater BG activities than the fallow (Table 8, Figure 3a). BG activity for
management at Vernon was greater for ORG than CON or fallow during both the pre-plant and
mid-season collections (Figure 3b). Lubbock results showed no difference in BG activity,

although management appeared to follow a similar pattern (Figure 4).

Table 7. ANOVA results for enzyme activities by collection event. Fallow excluded to calculate
interactions.

Lubbock Vernon

BG NAG BG NAG

Manage Cover Interact Manage Cover Interact Manage Cover Interact Manage Cover Interact

Month p-values

Elr;r;t 0.741 0.728 0.497 0.159 0.697 0.709 0.024 0.233 0.824 0.186 0.017 0.359
x;g;n 0.897 0.845 0.929 0.134 0.181 0.261 <0.0001 0.797 0.469 0.0009 0.156 0.641
Egif/-est 0.836 0.705 0914 0.094 0.031 0.975 0.318 0.795 0.603 0.0097 0.13 0.356

Significance at p = 0.05

Significant p-values in bold
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Table 8. ANOVA results for enzyme activities by collection event. Fallow included.

Lubbock Vernon

BG NAG BG NAG

Manage Cover Manage Cover Manage Cover Manage Cover

Month p-values
Pre-
plant 0.451 0.542 0.168 0.581 0.004 0.049 0.192 0.022
Mid-

0.659 0.749 0.21 0.241 <0.0001 0.214 0.0007 0.113
season
Post-

0.593 0.69 0.282 0.03 0.152 0.448 0.027 0.219
harvest

Significance at p = 0.05

Significant p-values in bold
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Figure 3. B-glucosidase enzyme activity at Vernon according to cover crop selection (A, n = 12)
and management (B, n = 24). Fallow n = 6. Depths 0-10 cm and 10-20 cm pooled due to no depth
interactions. Results analyzed within each collection event. Bars with the same letters indicate that
Fisher’s LSD are not different at p = 0.05. Bars indicate standard error of the mean.
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Figure 4. B-glucosidase enzyme activity at Lubbock according to cover crop selection (A, n = 12)
and management (B, n = 18). Fallow n = 6. Depths 0-10 cm and 10-20 cm pooled due to no depth
interactions. CON rad removed and ORG rad treated as organic fallow. Results analyzed within
each month. Bars with the same letters indicate that Fisher’s LSD are not different at p = 0.05.
Bars indicate standard error of the mean.
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Higher BG activity under ORG compared to CON at Vernon was likely driven by the
application of fertilizer and composted manure at the beginning of the growing season, as the
composted manure would have provided additional organic substrates for BG enzymes to
degrade (Gianfreda, 2005; Zhang et al., 2015a). Additionally, incorporation of cover crop
residues and composted manure through tillage likely contributed to the more notable results at
Vernon compared to Lubbock. Results from Vernon are also in keeping with those from Zhang
et al. (2015b), which found that BG enzyme activities had a strong positive response to organic
amendments such as manure as compared to synthetic fertilizer inputs. Rye was expected to
result in greater BG activities later in the season because of slower decomposition from its high

lignin content, but this did not hold true for either location.

NAG results according to cover crop selection are of particular interest. At Lubbock,
NAG results for the rye/vetch treatment were elevated at the post-harvest collection (Table 8,
Figure 5a). Likewise at the VVernon pre-plant collection, NAG activities under the rye/vetch
treatment were elevated (Table 8, Figure 6a). The Lubbock location experienced no differences
in NAG activity according to management while Vernon did at both the mid and post-harvest

collections (Figure 5b, Figure 6b).
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Figure 5. N-acetyl-p-D-glucosaminidase enzyme activity at Lubbock according to cover crop
selection (A, n = 12) and management (B, n = 18). Depths 0-10 cm and 10-20 cm pooled due to
no depth interactions. CON rad removed, and ORG rad used as organic fallow due to radish
failure. Results analyzed within each collection event. Bars with the same letters indicate that
Fisher’s LSD are not different at p = 0.05. Bars indicate standard error of the mean.
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Figure 6. N-acetyl-B-D-glucosaminidase enzyme activity at Vernon according to cover crop
selection (A, n = 12) and management (B, n = 24). Depths 0-10 cm and 10-20 cm pooled due to
no depth interactions. Results analyzed within each collection event. Bars with the same letters
indicate that Fisher’s LSD are not different at p = 0.05. Bars indicate standard error of the mean.
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Vetch is a legume which undergoes nodulation, and for nodulation to occur, rhizobia
produce Nod factors which are comprised of lipo-chitin oligosaccharides (Dupont et al., 2012).
Previous studies have reported degradation of Nod factors by chitinases (Schultze, et al., 2001;
Perret et al., 2000). The contribution of Nod factors to organic N is unclear and remains to be
tested, but NAG results may reflect the degradation of residual Nod factors from the rye/vetch
treatment, although Nod factors would not be expected to be present at high concentrations in

soil.

Our results are similar to those of Georgieva et al, 2005, who found differences in soil
health properties between rye and vetch cover crops — for example, lower C:N ratios in soils
previously treated with a vetch cover crop presumably due to N-fixation by rhizobia associated
with this legume. Jian (2020) also reported similar findings but suggests that significant
differences in soil health properties are more likely to be observed between single cover crop use
of rye and vetch as compared to rye versus a rye/vetch mix. Therefore, while it is significant that
our study noted a difference between the rye and rye/vetch treatment in terms of CMIN and
NAG, it is unsurprising that these results were limited to one collection event per location.
However, results likely represent an early indication of contributions to available N in systems
under the rye/vetch treatment when compared to rye alone. Rye/vetch/radish treatments used
lower seeding rates of vetch than rye/vetch, which may explain why NAG results were either

lower or not different than rye/vetch at both locations.
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Mineralizable Carbon

Mineralizable carbon (CMIN) had no management by cover crop interactions (Table 5),
thus allowing data according to management and cover crop selection to be graphed
independently. Collections for CMIN occurred monthly, and there was both a depth and month
interaction at Vernon. Therefore, Vernon results were analyzed by event at both the 0-10 and 10-

20 cm depths.

At the Vernon location, there were no differences in CMIN according to cover crop
selection (Table 6, Figure 7), but there were differences according to management in 3 of the
events analyzed when the fallow was included (Table 9, Figure 8). During the April collection
prior to composted manure application, Vernon CMIN from conventional (CON) management
was greater than organic (ORG) and fallow at the 10-20 cm depth (p = 0.025). This likely
reflects the contribution of high cover crop herbage mass under the CON treatment to CMIN
(Table 3). However, the opposite was true in July, post-composted manure application, when
CMIN from ORG greater than CON and fallow at both depths (0-10 cm: p < 0.0001, 10-20 cm: p
= 0.013) and September, when CMIN from ORG and CON were greater than the fallow at the 0-
10 cm depth (p = 0.089). Results from the July collection reflect the contribution of composted
manure, incorporated through tillage, to the system since ORG was greater than CON at both
depths. CMIN tends to correlate well to MBC (Franzluebbers, 2015) which responds more
positively to organic amendments as compared to chemical fertilizers (Zhang et al., 2012).
Therefore, these results offer further support for conclusions derived from BG and CO data at

Vernon; application of composted manure quickly results in elevated soil biological activities.
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Table 9. ANOVA results for CMIN by collection event. Fallow excluded for interactions to be

calculated.
Lubbock \Vernon
Cover Cover
Manage Crop Interact Manage Crop Interact
Depth
Month (cm) p-values
April 0-10 0.208 0.26 0.911 0.22 0.138 0.083
10-20 0.046 0.681 0.719 0.221 0.486 0.68
May 0-10 0.159 0.153 0.4 n/a n/a n/a
10-20 0.126 0.901 0.828 n/a n/a n/a
June 0-10 0.394 0.799 0.914 n/a n/a n/a
10-20 0.854 0.286 0.303 n/a n/a n/a
July 0-10 0.289 0.918 0.736 < 0.0001 0.108 0.83
10-20 0.152 0.33 0.954 0.045 0.735 0.988
August 0-10 0.356 0.849 0.356 0.898 0.996 0.702
10-20 0.177 0.762 0.529 0.129 0.559 0.776
September 0-10 0.396 0.312 0.644 0.53 0.8 0.107
10-20 0.238 0.329 0.599 0.208 0.513 0.468
0-10 0.077 0.152 0.492 0.89 0.888 0.484
November
10-20 0.41 0.3 0.49 0.781 0.343 0.54

Significance at p = 0.1

Significant p-values in bold
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Table 10. ANOVA results for CMIN by collection event. Fallow included.

Lubbock Vernon
Management Cover Crop Management Cover Crop
Month Depth (cm) p-values
April 0-10 0.027 0.051 0.598 0.321
10-20 0.116 0.923 0.025 0.215
May 0-10 0.249 0.16 n/a n/a
10-20 0.168 0.968 n/a n/a
June 0-10 0.588 0.896 n/a n/a
10-20 0.857 0.195 n/a n/a
July 0-10 0.3 0.842 <0.0001 0.42
10-20 0.418 0.625 0.013 0.359
August 0-10 0.516 0.901 0.988 0.999
10-20 0.206 0.776 0.265 0.725
September 0-10 0.07 0.056 0.089 0.272
10-20 0.411 0.436 0.191 0.423
November 0-10 0.176 0.258 0.214 0.461
ovembe 10-20 0.435 0.242 0.932 0.425

Significance at p = 0.1

Significant p-values in bold
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Figure 7. CMIN at Vernon according to cover crop selection (n = 6). Results analyzed within
each collection event and by depth (A = 0-10 cm, B = 10-20 cm). May and June results in
supplemental. Bars with the same letter indicate that Fisher’s LSD are not different at p = 0.1.
Bars indicate standard error of the mean.
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Figure 8. Mineralizable carbon at Vernon according to management (n = 12). Results analyzed
within each collection event and by depth (A = 0-10 cm, B = 10-20 cm). Fallow n = 3. May and
June results in supplemental. Bars with the same letter indicate that Fisher’s LSD are not different
at p = 0.1. Bars indicate standard error of the mean.

At the Lubbock location, there was no depth interaction (Table 6), but CMIN values were

still analyzed according to depth to remain consistent with the VVernon analysis. Additionally,
due to the radish cover crop failure, CON radish was removed from analysis, and ORG radish
was treated as an organic fallow. Results were initially analyzed with radish included, and the

use of ORG radish as a fallow did not change the outcome.

Unlike Vernon, the Lubbock location did see two instances of differences according to

cover crop selection when alpha = 0.1 (Table 10). The April 0-10 cm collection indicated that
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CMIN values for rye were greater than the fallow (p = 0.051). Additionally, the September 0-10
cm collection found that CMIN from the rye/vetch treatment was greater than the rye and fallow
treatments (p = 0.056, Table 10, Figure 9). CMIN values for ORG and CON managements were
not different at this collection, and ORG was greater than the fallow (Table 10, Figure 10).
September CMIN results for cover crop selection mimic post-harvest (November) NAG results
at Lubbock. CMIN at both locations was also moderately to strongly correlated to NAG at both
respective depths (Table 5). Measures of CMIN have long been considered related to NMIN
(Franzluebbers, 2020). NAG likewise may be considered related to NMIN, as this enzyme
catalyzes the mineralization of organic N compounds in the form of amino sugars. CMIN results
from Lubbock therefore support conclusions drawn from NAG results in terms of early

contributions to organic N by the rye/vetch treatment.
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Figure 9. Mineralizable carbon at Lubbock according to cover crop selection (n = 6).
Results analyzed within each collection date and by depth (A = 0-10 cm, B = 10-20 cm).
CON rad excluded, and ORG rad treated as fallow. Bars with the same letter indicate that
Fisher’s LSD are not different at p = 0.1. Bars indicate standard error of the mean.
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Figure 10. Mineralizable carbon at Lubbock according to management (n = 9). Fallow n =
6. Results analyzed within each collection event and by depth (A = 0-10 cm, B = 10-20
cm). CON rad excluded, and ORG rad treated as fallow. Bars with the same letter indicate
that Fisher’s LSD are not different at p = 0.1. Bars indicate standard error of the mean.
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Nodulation

Nodulation patterns varied between both locations. At Vernon, nodule counts were
higher, but percent active nodulation was lower than what was observed for Lubbock (Table 11).
Peanuts at the Lubbock location were one month behind those at Vernon due to the June replant,
potentially contributing to the count differences between locations. All peanuts at Lubbock and
CON peanuts at Vernon were inoculated with Bradyrhizobium at the beginning of the season
while ORG peanuts at Vernon were not and instead relied on native soil rhizobia. Additionally,
irrigation water nitrate levels at both locations were monitored and recorded as 8 ppm and 20
ppm at Lubbock and Vernon, respectively. Irrigation water nitrate levels and the application of
chemical N fertilizer and composted manure at Vernon could have contributed to the high-count-
low-active-nodulation results at this location since nodulation is negatively related to available N
(Baughman et al., 2019; Weaver, 1974; Castro et al., 1999), and legumes can sanction resources
to their nodules if adequate N is present (Kiers et al., 2003). Additionally, since peanuts are
capable of forming nodules with multiple different species of rhizobia, they are considered a
fairly promiscuous legume (Castro et al., 1999), and previous studies indicated that many
rhizobia species native to Texas soils may form ineffective nodules on peanuts (Weaver, 1974).
Therefore, the Vernon results relating to high nodule counts and low percent active may also
have been driven by ineffective native rhizobia species, especially since there was not a recent
history of peanut rotations at this location. Rhizobia species at this location would first need to

be characterized to confirm this.
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Table 11. Values and p-values of nodule counts and % active nodulation at Lubbock and

Vernon. Fallow excluded to allow for interactions.

Lubbock Vernon
Manage Cover Cro Nodule % Active Nodule % Active
8 P Counts Nodulation Counts Nodulation
(count cm?) (count cm?)
Rye 1.420¢ 64P 13.56* 182
ORG
Rye/Vetch 1.17¢ 61P 11.242b gb
Rye 1.872b 822 8.23b 5b
CON Rye/Vetch 2.00? 812 10.19P 3b
Management 0.0003 0.002 0.005 0.0004
p-values Cover Crop 0.730 0.693 0.867 0.015
Interaction 0.26 0.842 0.055 0.115

Significant p-values in bold

Fisher’s LSD for values in each column with the same letter are not significantly different at p = 0.05

Pearson’s correlations of nodulation data against CMIN over the course of the season
indicated that nodulation data taken in August had multiple strong positive correlations to CMIN
at both locations, particularly against early and mid-season collections when nodules would have

been forming (Table 12).
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Table 12. Pearson’s correlation coefficients of nodule data against monthly CMIN results.

Pearson's Correlation Coefficients

Lubbock
Event Depth Nodule Counts % Nodulation Nodule Counts % Nodulation
Apr 0-4" 0.638* 0248 0.341 20,144
4-8" 032 0373 0.372 -0.348
May 0-4" 0.437 0.634* n/a n/a
48" 0.551% 0.528* n/a n/a
e 0-4" 0.413 0.254 /a n/a
4-8" 0.124 0.401 w/a n/a
0-4" 0.632* 0.393 0.557* 0.049
CMIN July 18" 0.123 0371 0.546% -0.148
0-4" 0323 -0.003 0215 0349
August 48" -0.266 0253 0.163 0.035
September 0-4" -0.327 20319 0.519% -0.19
4-8" -0.423 -0.427 0.158 -0.577*
Noverber 0-4" -0.51 -0.785% 0.422 -0.418
4-8" -0.518* -0.078 0.269 -0.246

* Pearson’s correlation is significant at p = 0.05.

At the Lubbock location, nodulation did not appear to be depressed in winter fallow plots.

Nor was there a significant difference in nodulation according to cover crop selection. However,

plots under organic management appeared to experience lower nodule counts and percent active

nodulation than those under conventional or fallow treatment (Figure 11). Few studies

investigating legume nodule count responses to different inputs exist, and these are mainly

focused on soybean nodulation. Even so, Lubbock peanut results are in agreement with previous

research which reported that the application of manure alone either depressed or did not improve

nodule counts in soybean crops when compared to recommended fertilizer dosages (Devi et al.,

2013; Amadou et al., 2021).
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Figure 11. Nodule data from Lubbock location. Counts cm according to management (A) and
cover crop selection (B), and % active nodulation according to management (B) and cover crop
selection (D). Bars with the same letter indicate that Fisher’s LSD is not significantly different at
p = 0.05. Bars indicate standard error of the mean.

At Vernon, however, plots treated with a winter fallow experienced lower nodule counts
than cover crop treatments. Additionally, plots under organic management experienced

significantly greater nodule counts than conventional or fallow treatments (Figure 12).
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Figure 12. Nodule data from Vernon location. Counts cm according to management (A) and
cover crop selection (B), and % active nodulation according to management (B) and cover crop
selection (D). Bars with the same letter indicate that Fisher’s LSD is not significantly different at
p = 0.05. Bars indicate standard error of the mean.

Vernon plots that had the rye or rye/vetch cover crop treatment did not differ from each
other in terms of nodule counts, but nodule counts from both were significantly greater than the
fallow. However, conventional management and rye/vetch cover crop treatments both resulted in
significantly lower percent active nodulation than the fallow, and there was an interaction where
organic rye/vetch experienced significantly lower percent active nodulation than organic rye
(Table 11). Organic peanuts at Vernon were not inoculated with Bradyrhizobium, so nodulation
was more likely to be influenced by soil environmental factors. Results support previous

conclusions drawn from the Vernon NAG data that the rye/vetch cover crop treatment is
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beginning to improve plant available N, as this could explain why percent active nodulation

under the organic rye/vetch was lower than the fallow and organic rye at Vernon.

Organic Seeding Rates

Additional organic plots were included in this study to investigate whether cover crop
seeding rate would result in significantly different soil health outcomes for each cover crop
selection. Rye, radish, rye/vetch, and rye/vetch/radish each included two different seeding rates
(Table 13). Differences in cover crop herbage mass were only noted at the Lubbock location
(Table 14), and there was a cover crop by rate interaction where greater herbage mass was
available under the high rye/vetch/radish treatment compared to the low rye/vetch/radish
treatment (p = 0.025). There were commonly rate by event or cover crop interaction for
indicators of biological activities, but biological activities under high seeding rates were not
consistently greater than low seeding rates (Table 14). No other differences in herbage mass
were reported according to seeding rate from any of the other treatments. Peanut yield differed
according to cover crop seeding rate only at Lubbock (p = 0.038), and yields from plots treated
with a lower cover crop seeding rate were greater than those from plots treated with a higher
cover crop seeding rate, but the difference was quite small (4095 kg ha* compared to 4092 kg
hal). Previous research indicated that soil biological activities under cover cropped systems may
be positively influenced by cover crop residue biomass (Thapa, 2021). Although this current
study did find elevated cover crop herbage mass under high seeding rates for rye/vetch/radish
treatment at Lubbock, no other consistent benefit to cover crop herbage mass or biological
activity was reported for high seeding rates, as has previously been the case with similar studies

(Haramoto, 2019).
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Table 13. Organic seeding rates.

Organic Cover Crop Seeding rate (kg ha'l)
Rye 33.63

*Rye 100.88

Radish 11.21

*Radish 33.63

Rye/Vetch 28.02/5.6

*Rye/Vetch 84.06/16.81
Rye/Vetch/Radish 28.02/3.36/2.24
*Rye/Vetch/Radish 84.06/10.09/6.73

* Indicates high seeding rates. These were only included in the organic seeding rate investigation,
when they were compared against the standard, lower seeding rate



Table 14. ANOVA results comparing recommended organic cover crop seeding rates to elevated
seeding rates at Lubbock and Vernon

Lubbock Vernon

cover % cover %

yield . . temp CO, CMIN BG NAG  yield . . temp CO, CMIN BG NAG
biomass moist biomass moist

Effect p-values

Rate 0.038 0.088 0.055 0464 0.074 0536 0373 0305 0.663 0348 0.510 0.847 0463 0.798 0975 0.594
Cover 0293 0.004 0409 0983 0327 0672 0377 0559 0208 0.084 0978 0902 0.821 0.004 0.031 0.347

p—
Eg::l 0.121 0.025 0334 0557 0.037 0676 0769 0590 0771 0.188 0220 0.787 0740 0.755 0.759 0.007
Event n/a n/a  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.099 n/a n/a  <0.0001 <0.0001 <0.0001 <0.0001 0.031 0.001
g:::lt n/a n/a 0.327 0787 0.079 0231 0232 0.008 n/a n/a 0.653 0.382 0953 0.004 0214 0.349
Cover*

Event n/a n/a 0997 0802 0894 0733 0510 0.010 n/a n/a 0.822 1 1 0.148 0.141 0391
Cover*

Rate* wa wa 0.954 0.802 0966 0.893 098l 0.223 wa na 0.901 0946 0992 0.029 0.743 0.761
Event

Depth n/a n/a n/a n/a n/a  <0.0001 <0.0001 <0.0001 w/a n/a n/a n/a n/a  <0.0001 <0.0001 0.736

g:;h wa na na  wa nfa 0.672 0285 0404 wa nfa  wa na  na 0318 0.608 0.745
Cover™
Depth n/a n/a n/a n/a n/a 0.653 0.683 0.149 n/a n/a n/a n/a n/a 0.016 0.689 0.887
Cover*

Rate* n/a n/a n/a n/a n/a 0319 0552 0686 n/a n/a n/a n/a n/a 0.475 0486 0.828
Depth

Cover*
Event* 1n/a n/a n/a n/a n/a 0.209 0833 0550 n/a n/a n/a n/a n/a 0.393  0.597 0950
Depth

Rate*
Event* 1n/a n/a n/a n/a n/a 0.965 0254 0.409 n/a n/a n/a n/a n/a 0.083 0.841 0448
Depth
Cove*
Rate*
Even*
Depth

wa wa wa na n/a 0.995 0514 0.945 wa na n/a n/a n/a 0.698 0.974 0.969

Significance at p = 0.05
Significant p-values in bold

See Table 1 for seeding rates
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PLFAs

At Vernon, no depth interaction was apparent, so both depths were analyzed together
(Table 15). Data for Lubbock were again pooled for both depths, but there were depth
interactions for parameters such as Fungi:Bacteria ratios, so these were graphed according to

depth (Table 16).

Both sites saw generally greater levels of PLFA markers under ORG, along with
interactions which typically indicated that PLFA quantities for single cover crop selections were
lower under CON compared to ORG (Table 17, Table 18). Elevated total PLFAS typically
correspond to microbial biomass and can therefore be used as microbial biomass estimates
(Willers et al., 2015; Zelles et al., 1995). Since microbial communities often respond positively
to manure applications and other organic inputs, results are in accordance with both Zhang et al.
(2012) and Hammesfahr et al (2008). The Lubbock location had not received fertilizer or
composted manure since 2019, so elevated microbial biomass estimates from PLFA data may be
indicative of long-term effects of manure on microbial communities which may be less apparent

under other parameters such as CMIN or enzyme activities.

Table 15. ANOVA results for Vernon PLFAs. Fallow excluded to allow for interactions.

. . Total
Effect AMF G- Fungi G+ Actino PLFA Fungi/. GHG-
K] Bacteria

pmol g soil

p-values
Cover 0.187 0.149 0.155 0.545 0.828 0.213 0337 0.114
manage 0.015 0.156 0.874 0.0001 0.0004 0.024 0.163 <.0001
cover*manage 0.032 0.073 0.672  0.004 0.026 0.024 0987 0.044
manage*depth 0.591 0.720 0.593 0.258 0451 0.836 0.747  0.320
cover*depth 0.704 0.294 0.176  0.450 0.253 0.239 0367 0.247

cover*manage*depth0.710 0.414 0804 0.640 0.676 0.697 0945 0.067
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Table 16. ANOVA results for Lubbock PLFAs. Fallow excluded to allow for interactions.

. . Total
Effect AMF G- Fungi G+ Actino PLFA Fungi/- GHG-
1 Bacteria

pmol g soil

p-values
cover 0.076 0.034 0.468 0.401 0.274 0.039 0.649 0.744
manage <.0001 0.0005 0.054 <.0001 <0.0001 <.0001 0.001 0.341
cover*manage 0.020 0.027 0.223 0.662 0.512 0206 0.302 0.214
manage*depth 0.006 0.378 0.061 0.163 0.002 0.158 0.008 0.195
cover*depth 0.045 0.097 0.863 0323 0.261 0.243 0.533 0978

cover*manage*depth0.399 0.331 0.014 0.906 0.268 0.463 0.003 0.282

At the Vernon location, a management by cover interaction occurred for total PLFAs and
PLFA indicators associated with AMF, G+ bacteria, and actinomycetes (Table 17). Results
indicate that organic radish and rye/vetch/radish plots contained significantly greater microbial
biomass estimates in terms of pmol of total PLFAS than organic rye/vetch, conventional rye, and
conventional radish treatments. Additionally, PLFA markers for actinomycetes were greater
under ORG radish, ORG rye, and ORG rye/vetch/radish compared to CON rye and CON radish
(p = 0.026). PLFA markers for G+ and AMF were also greater under ORG rye, ORG radish, and
ORG rye/vetch/radish compared to CON rye and radish (p = 0.004 and 0.032, respectively).
There were no differences in fungi, G-, or Fungi:Bacteria ratio estimates. However, the Vernon
location did see elevated G+/G- under ORG, which was unexpected and opposite to conclusions
of previous reports (Zhang et al., 2012). Changes in G+/G- ratios tend to indicate change in
environmental stress, although there is debate over whether high or low ratios indicate greater
stress (Gukert et al., 1986; Keynan and Sandler, 1983; Pennanen et al., 1996). Ratios could also

be indicative of carbon sources that are most prominent in the system. Fanin et al. (2019)
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suggests that high G+:G- ratios indicate complex carbon sources while low ratios indicate

simple, cellulose-derived sources. The Vernon location typically had low G+:G- ratios under

CON, and these plots also experienced high levels of cover crop herbage mass. Since composted

manure was not applied until after PLFA collections, results likely reflect high herbage mass

availability under CON at Vernon.

Table 17. PLFA results at VVernon.

Management Cover Total AMF G- G+ Fungi Actino Fungi: G+:G-
Crop PLFAs Bacteria
1 .
pmol g soil
Rye  21611=  760% 5023  5460mc 721 3124% (.14 1.71a
Radish 24858 830 5870 62832 1002 32558 0.16 1.63
Organic Rye/Vetch 17561%  (38be 4156 4404cde 651 2607hcde (.15 1.72a
Rye/Vetch
YOV 559912 g79a 7225 5499% 1751 3033 .19 138
/Radish
Rye  10025b  624be 4947 41794 876 24914 0.16 1.35
Radish  15900¢  470¢ 3977  3537e 581 2180¢ 0.19 1.38b
Conventional  pue/vetch 21140 6380 5343 4630bd 1076  2716b%d (.19 1.37
Rye/Vetch
YOV 50770ae 736 5187 4502bcde 1411 2575eke 021 1.30
/Radish
Managem
ent 0.024  0.015  0.156 00001 0.874  0.0004 0.163 <0.0001
Cover
p-values Crop 0213 0187 0149 0545 0155 0828 0337 0114
Interacti
weractio 0024 0032 0073 0004 0672 0026 0987  0.044
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Lubbock results indicated that greater microbial biomass estimates for total PLFAs, G+
and actinomycete indicators were available under ORG compared to CON (Table 18). This was
similarly the case for AMF and G- PLFAs, but there were management by cover interactions as
well — specifically for the CON rye/vetch treatment, which saw greater PLFA levels for these

parameters than other CON cover crop treatments.

Unlike Vernon, there were no differences in G+:G- ratios at Lubbock. However, there
were lower Fungi:Bacteria ratios under ORG management and the CON rye/vetch treatment at
the 0-10 cm depth, indicating a community shift to greater bacteria prevalence (Table 18, Figure

13), opposite to previous reports (Hammesfahr et al, 2008).

Table 18. PLFA results at Lubbock.

Management Cover Crop Total AMF G- G+ Fungi Actino Fungi: G+:G-
PLFAs Bacteria

pmol g_1 soil

Rye 269262 993a 72562 52864 1243 46052 (0.17¢ 143
Radish n/a n/a n/a n/a n/a n/a n/a n/a

Organic  Rye/Vetch 26418ab 946a 69661 53702 1411 46381 (.18  1.55

Rye/Vetch ) 1520 9550 6500 5245 1081 45672 0.17¢  1.55
/Radish : :
Rye 21336c 673¢  5397¢  4031c 1401  3785" 0213 1.52
Radish n/a n/a n/a n/a n/a n/a n/a n/a

Conventional Rye/Vetch 24015» 831b 6796a  4482bc 1409 4028b  0.193b 135

Rye/Vetch

/Radish 21095¢ 638¢ 5667b¢  3874c 1468 3616  0.202» 147

Management <0.0001 <0.0001 0.0005 <0.0001 0.054  <0.0001 0.001 0.341
p-values Cover Crop  0.039 0.076 0.034 0401 0468 0274 0.649 0.744

Interaction 0206  0.020 0.027 0662 0223 0512 0302 0214
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Figure 13. Fungi:Bacteria PLFA ratios Lubbock according to management and cover crop
selection (n = 3). Depths 0-10 cm (A) and 10-20 cm (B) analyzed separately. Radish removed due
to cover crop failure. Bars with the same letters indicate that Fisher’s LSD are not different at p =
0.05. Bars indicate standard error of the mean.
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Conclusions

Results focus on the first year of transition to organic management and identify emerging

trends in soil health that may become more prominent with time.

Markers of change in soil health were best examined as a whole to identify trends. In situ
respiration, CMIN, and enzyme activities all indicated some form of difference in soil health
based on management, cover crop use, or both. Soil respiration appeared to be sensitive to
organic inputs, regardless of the source, but results were also influenced by soil moisture and
temperature. BG and CMIN appeared to respond positively to recent composted manure
applications — as evidenced by elevated ORG results at Vernon when compared to CON and
fallow. NAG appeared to be sensitive to changes in the system based on cover crop selection,

and results were supported to an extent by both CMIN and nodulation data.

Differences in biological activities between organic and conventional management
systems are driven primarily by inputs (Santos et al., 2012; Nautiyal et al., 2010; Clark, 1998).
Previous studies have reported that inclusion of organic amendments such as manure stimulates
BG enzyme activity (Gianfreda, 2005; Zhang et al., 2015a; Zhang et al. 2015b). However, since
Lubbock — which had received composted manure in 2019 — did not experience such trends
according to management, these results may be somewhat ephemeral. Given that it is notoriously
difficult to build SOM in semi-arid regions due to the hot, dry nature of the climate, it is all the
more likely that differences between management systems may be less apparent in years when

composted manure is not applied, but future monitoring is needed to confirm this.

This study also builds on previous reports of elevated biological activities under plots

with a cover crop when compared to winter fallow (Daryanto et al. 2018; Kim et al. 2020) and
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suggests that this may begin as early as one rotation after cover crop implementation in semi-arid
regions. Results are supported primarily by in situ respiration, BG, and to a more limited extent,
NAG and CMIN. These are indicative of microbial activities, and since microbes are drivers of
nutrient cycling (Schoonover and Crim, 2015; Acosta-Martinez, 2004), results have long-term

implications for nutrient availability.

There were limited differences in biological activities according to cover crop selection.
Results from NAG activities at both sites may indicate that the rye/vetch treatment has begun to
contribute to NMIN in the system. When legumes — such as vetch — begin to recruit rhizobia for
nodulation, rhizobia produce Nod factors composed of lipo-chitin oligosaccharides, which
contain chitin compounds (Dupont et al., 2012). NAG may therefore have acted upon residues
associated with these, but this remains to be tested. The September collection also saw elevated
CMIN under rye/vetch at Lubbock (0-10 cm). Since CMIN is associated with NMIN
(Franzluebbers, 2020), this offers further supporting evidence that rye/vetch may have begun to
contribute to N in the system. Finally, at VVernon, percent active nodulation was depressed under
ORG rye/vetch compared to ORG rye, which may have been due to legume sanctions if the
rye/vetch treatment was contributing to organic N (Kiers et al., 2003). The exact drivers of
observed nodulation patterns at Lubbock and Vernon are still somewhat unclear, but available N

levels — including N-availability from rye/vetch treatment — could have influenced results.

Finally, this study sought to investigate whether cover crop seeding rate could result in
higher cover crop biomasses and biological activities. Previous research has indicated that cover
cropped systems with high cover crop biomasses experience more soil biological activity than
those with lower levels of biomass residue (Thapa, 2021). However, there was little evidence

that elevated seeding rate resulted in greater biomass than recommended seeding rate, and
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differences according to biological activities based on seeding rates were limited. Results suggest

that increased spending on higher cover crop seeding rates is likely unnecessary.

This study reports preliminary data from what will be a long-term organic study, and
biological indicators provide evidence that C and N in this particular system have already begun
to respond to inputs from composted manure and cover crop residues, but elevated seeding rates
— specifically those used in this study — are unlikely to provide the biomass required to initiate
greater biological responses. Future studies may wish to investigate cover crop biomasses and
soil health responses under even lower seeding rates to determine if further cost savings from
cover crop seed application are feasible while still maintaining soil health benefits. Finally, yield
losses did not occur under organic peanut compared to conventional peanut during the first year
of transitioning to organic management. Therefore, this study provides farmers in semi-arid
regions with valuable data on what to expect from soil health and yield when transitioning to

organic management.
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CHAPTER 3
FUTURE DIRECTIONS

Results reported here represent preliminary data from what will be a long-term study of
soil health with regards to organic management and cover crop selection in a semi-arid region.

Thus, further monitoring of sites will occur.

Additional parameters not mentioned in this study will be of special interest. For
example, data on weed pressures, nitrate/ammonia, soil moisture at multiple depths, and PLFAs
were collected but not presented. Cover crop selections have been noted to provide varying
benefits based on each of these parameters, and together, they will provide further context to the
results of this study. Over time, data from presented parameters and additional parameters will
allow farmers to make informed choices on ideal cover crop selections when transitioning to

organic management.

Results suggest that the rye/vetch treatment has begun to contribute to organic N in the
system — possibly due to the breakdown of rhizobia Nod factors by chitinases. However,
confirming this was beyond the scope of this study, and although previous experiments have
observed the breakdown of Nod factors by various chitinases (Schultze, et al., 2001; Perret et al.,
2000), it is unclear to what extent this may contribute to organic N. Therefore, future studies
should be conducted to quantify this. Nod factors could be a little-discussed source of organic N.
Alternatively, if the breakdown of Nod factors has a minute contribution to organic N, caution

should be taken in interpreting these results.

Finally, there was little evidence that elevated seeding rates in organic plots corresponded
to elevated cover crop herbage mass and biological activities. However, previous studies have

noted that seeding rates may influence herbage mass and soil biological activity, and that this can
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vary year to year (Thapa, 2021, Brennan and Boyd, 2012, Haramoto, 2019). Further monitoring
will be needed to confirm the value of elevated cover crop seeding rates at improving soil health
in this region. Future monitoring may also wish to investigate soil health contributions of lower

seeding rates in the event that an economic benefit may be derived from these.
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