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Abstract

The holobiont concept of plants treats plants with their associated microbiomes that
mostly consist of the fungi and bacteria as a single unit. Previous studies have shown the central
role of microbiomes for plant health and performance, while also gighig that the dynamic
nature of the microbiomes can be affected by various biotic and abiotic factors that can rapidly
change microbiome functionality. In the past two decades, development of novel technologies
has substantially advanced research methedd to study plant and microbiome interactibns
thus allowing for better identification of factors that shape microbiomes. Although effects of
agricultural and production management on the plant, plant microbiomes andgdaaiated
soils are relativig well understood, effects of practical tools commonly employed in
conservation agriculture remain largely unknown. Conservation agriculture management aims to
achieve sustainable plant growth and productivity while minimizing active management such as
fertilization, tillage, and soil movement. As a result of this lack of active management,
conservation agriculture regimes promote the use of practical tools such as variety and planting
density choices to achieve sustainable conservation goals The resesrched in this thesis
aims to evaluate effects of conservation agriculture management on bacterial and fungal
communities associated with soil and roots of four varieties of the native-s&ason perennial
grass Panicum virgatum L. (a.k.a. switchgasiiplly planted at two different densities and
growing under conservation agriculture conditions in southeastern Mississippi. To also assess the
temporal dynamics, we repeatedly sampled switchgrass roots and associated soils approximating
a log2 time sees for a total of six times during one growing season, starting from within a week
from the first leaf emergence in early spring to-fost in late fall. A smalkscale pilot study

comparing DNA isolation kits (Phire Plant Direct PCR vs. PowerSoil DNat®n kits)



confirmed that, although the direct extraction and amplification kits provide -®ffestive and
expedient alternative to the more commonly used PowerSoil kits, the direct kits do not produce
comparable community views from all plant tissu@ur studies of switchgrass microbiomes
highlight that, while bacterial and fungal communities in roots and soils are temporally dynamic
and shift compositionally during the growing season, planting densities have no strong overall
effect on microbiomeichness, diversity, or composition, and that if microbiomes associated

with four switchgrass varieties differed among switchgrass varieties, they did so only in the
beginning of the growing season. Indicator taxon analyses identified many bacterialgaid fun
taxa in soil and roots that represent potential variety specific taxa in the early season and
temporally dynamic taxa. Similar to the biotic attributes, the soil chemistry was minimally
affected by switchgrass variety choice or planting density, ajtheome temporal dynamics

were observed. These findings indicate that in the hierarchy of tested factors, seasonal dynamics
are the strongest driver of switchgrass microbiomes and soil chemistry. The seasonal dynamics
overwhelm the effects of conservatiagriculture management choices, as shown here for choice
of switchgrass variety and planting density. Notwithstanding and based on our indicator taxon
analyses that identified putative plant symbionts and pathogens-artsabiting nitrogen fixing
taxa,careful variety choices can potentially facilitate mindful microbiome manipulations to

support the sustainable switchgrass productivity
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Chapterl-I nt roducti on

Plants are no longer considered as single organisms, but as a holobiont system of the
planthostand its associated microbial communitieat together form and function as a discrete
ecological unitMicrobial communities associated with the plant, also calladtpnicrobiome
mostly consist of fungi and bacteria that play a vital role in plant dpuednt and fithess
(Mendes et al 2013; Vandenkoornhuyse et al. 2015). Many scientists have focused on
understating the plaimhicrobiome interactions, dynamics, and functionality for the potential
informed system management to improve overall plant hgadtigrmance, and sustainable
productivity (Kim et al. 2012; Ray et al. 2015). With the continued technological improvements,
many toolshave been developed to study plamtrobiome.Currently,one of the common tools
to dissect the plardssociated micradl communities is the use Next Generation Sequencing
(NGS) (e.g., Cai et al. 2017, Fuentes et al. 2020, Rodrigues et al. 2017, Wand & Sugyama 2020).
NGS technologies have allowed for generation of microbial sequence data from plant tissues and
plantasso@ted soils and have therefore revolutionized our way of studying microbial diversity,
richness, and community composition. Although these NGS tools are expedient and cost
efficient, the nucleic acid isolation still represents a bottleneck and usuallyeequbstantial
monetary and time investments. While many tools have become available to acquire microbial
DNA, the data produced using different materials, protocols, and reagents are less studied and
may come with a range of potential biases or resuibhcongruent conclusions (Zinger et al.

2019). For plant microbiome studies, NGS library preparation biases have been described for
example forhizosphere bacteria (Haro et al. 2021). Although studies that compare sequence

library preparation tools fordeterial data, there is a lack of knowledge on how different DNA



extraction methods may affect fungal community data characterizing communities in different
plant tissues.

Direct microbial DNA extraction and amplification tools designed for plant tissees a
costefficient and expedient alternatives to the commonly used nucleic acid isolation systems. In
Chapter 1, we test if direct extraction and amplification kits (e.g., Phire Plant Diredt PCR
ThermoFisher Scientific) can perform comparably in genggdtingal MiSeq metabarcode data
to the more common conventional DNA isolation kit (PowerSoil DNA Isolation IQtagen,

Hilden, Germany) from different plant tissues.

In Chapter3, we dissected the microbiomef thePanicum virgatuni. (switchgrass)
growing under conservation agriculture management conditions. Plant microbiomes are
dynamic,and a range of abiotic and biotic factors can change the composition and functionality
of the microbial community in very short periods of time. A better understguodithe
switchgrass microbiome dynamics can help in finding ways for informed microbiome
management to achieve desired sustainable conservation goals. Conservation agriculture
management aims to achieve sustainable plant growth and biomass produceomiwinilizing
active management such as fertilization and till&geause ofhe lack of active management
guided by the conservation agriculture principles, some practical tools are commonly employed
in conservation agriculture management including chaiacgop cultivar or planting density
potential factorshatshap the plan microbiome-owever the effect of those factors on the
plant microbiome is understudied and poorly understood. In addition, only limited data are
available to characterize the switchgrass microbiome seasonal dynamics in the course of the
growing season. The second chaptethaf thesis aimed to evaluate effects of switchgrass

variety and planting density on the chemistry of soils underneath switchgrass grown under



conservation agriculture management as well as on bacterial and fungal communities in roots
and soil. Additiondl, samples collected six times over the course of a growing season permitted
characterization of the temporal dynamics of soil chemistry as well as of microbiomes in soils
and switchgrass roots.

Ongoing technologicgirogreskeeps opening horizons of theds that can be used to
study planimicrobiome interactions and dynamics. These studies further our understanding of

the effects of factors affecting plant assodatecrobial communities and soil environment.
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Chapter2-Per f or mance comparison of di

amplify kits: promising tool t
Abstract

Nextgeneration sequencing (NGS) of fungal DNA metabarcode amplicons has
revolutionized our abilitieto study fungal communities in a wide range of habitats including
plant tissues. Although these NGS tools are expedient aneéftiognt, the nucleic acid
isolation usually requires substantial monetary and time investment. With the growing interest in
NGS, many tools have become available on the market for acquiring microbial DNA. However,
the effect of these approaches on the evaluation of fungal communities remains unexplored and
can result in a range of potential biases. We aimed to compare sbdigdlet microbial DNA
extraction and amplification tools designed for plant tissues with those more commonly used for
DNA extraction from plant tissues. We sampled leaves and roots from a common prairie plant,
Schizachyrium scopariuichx.) Nash(little bluestem), from four grassland plots at two
different times for a total of eight samples and compared direct extraction and amplification kits
(Phire Plant Direct PCR ThermoFisher Scientific, Wilmington, Delaware; E.Z.N.A. Plant
Directi Omega Bietek, Narcoss, Georgia; Extratt-Amp i Invitrogen, Carlsbad, California)
with a conventional DNA isolation kit (PowerSoil DNA Isolation KiQiagen, Hilden,
Germany). Pilot experiments indicated that all four systems permitted PCR amplification of the
ITS2 regon using fITS7 and ITS4 primers, but Phire system seemed to produce amplicons most
consistently. Therefore, we selectbe Phire Plant Direct PCR kit for the further comparson
with thecommonly used MoBio Extraction kit. We analyzed pairs of ITS2 Mitegries

generated with the two systems and amplified with identical reagents under identical reaction

0]
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conditions. Both systems produced amplicons for fungal metabarcode analyses and provided
comparable community data for root samples but not for leaples. We conclude that direct

extract and amplification systems can provide a-frgamdly alternative to the commonly used
systems lowering the cost and expediting the sample processing. However, further protocol
modifications might be necessary to ast@ comparable richness/diversity metrics from

different plant tissues and, consequently, comparable ecological conclusions. Although fungal
DNA extracted from the same plant roots and leaves using direct extraction and amplify kits may
differ in DNA yield, community coverage, and composition, this study suggests that these tools
bear a promise for expedient amplicon generation from plant tissues whilst also highlighting the
importance of the consistency in the research methods and the awareness ai p&ses

among various studies.
Introduction

Over the past decade, the number of studies on-ptstciated bacteria and fungi
(collectively called plant microbiomes) has dramatically increased. Similar to the human
microbiome, plant microbiomes are cpasitionally and functionally diverse impacting the
health of the hogiSanchezCafiizare®t al. 2017J. For example, while some members of the
plant microbiome can improve growth and increase plant stress tolerance, others can cause
diseasergviewed inWhite et al. 2019). Understanding the important roles microbiomes play in
plant performancés essentialor developing new management strategies for effective
microbiome manipulation to support sustainable agriculture (Busby et al. 2017). The interest in
plant microbiomes has concurrently accelerated the development of tools for studying
microbiomes as well as development of marketable products to meet the increasing demand for

microbiome applications or microbial biofertilizers.



MiSeq, llluminas integratd next generation sequencing (NGS) platform, is a commonly
used tool to analyze microbiomes that inhabit plant tissues (e.g., Cai et al. 2017; Fuentes et al.
2020; Rodrigues et al. 2017; Wand & Sugyama 2020). Like some other NGS tools, MiSeq
technology iexpedientcostefficient,and easy to implement. It is the most widely used NGS
tool to study plant microbiomes, partly as a result of the length of pan@deads that
conveniently cover bacterial and fungal metabarcode markers. However, stepscide pre
sequencing can be complex and introduce biases that may alter either coverage, diversity or
composition of the sequence data used to characterize the target communities. Among these steps
is nucleic acid extraction, for which many tools are availabhléodays market. Commercially
available kits can vary substantially in user convenience, cost, and time needed for sample
processing. For example, a variety ofcatled direct extraction kitee(g, Phire Plant Direct
PCR Kiti ThermoFisher ScientifiaVilmington, DE; ExtraciN-Amp Plant PCR Kii Sigma
Aldrich, St. Louis, MO; or, Tissue Direct PCR KitOmega BieTek, Norcross, GA) designed
for direct PCR amplification of DNA from plant tissues, provide an attractive alternative to more
commonly used draction systems (e.g., MoBio PowerSoil DNA Isolation KNMoBio
Laboratories, Carlsbad, CA or E.Z.N.A. Plant/Soil DNA Kit®mega BieTek, Norcross, GA).
Unfortunately, variability of the DNAsolationkits and lack of method standardization can
becomean issue for the acquired sequence datarticularly their comparability (Zinger et al.
2019). For plant microbiome studies, NGS library preparation biases have been described for
rhizospehere bacteria (Haro et al. 20ZI)hough studies that comparegseence library
preparation tools for bacterial data, there is a lack of knowledge on how different DNA

extraction methods may affect fungal community data associated with different plant tissues. As



a result, there is a need to compare data acquireduaftey different DNA isolation Kits,
especially for different plant compartments.

Given the substantial promise of expedience andeffistency that direct tissue PCR
tools offer, we aimed to systematically evaluate how different DNA extraction methods compare
when used to dissect fungal communities inhabiting plant tissues. To@mulekige, no study
has compared fungal data generated using different extraction kits inlaysaie experiment.
Our primary objectives were to (1) evaluate compatibility direct PCR kits for generating fungal
MiSeq data; (2) compare the performancerd such direct PCR kit to a more commonly
employed DNA isolation kit; and, (3) examine the effect of the plant tissue on how the different
DNA extraction kits perform. Better understandofchow available coseffective and expedient
DNA isolation and amdon generation tools is critical to ensure compatible data generation and

key to successful exploration of the plant microbiome systems.



Materials and methods

Study sites and sampling

We sampledchizachyrium scopariufMichx.) Nash (little bluestem) & and root
tissues at two prairie sites in Northeastern Kansas, USA in the summer of 2018 during early and
late in the growing season. We selected one prairie site in eastern Kansas (Anderson County
Prairies near Welda, KS; EKS:380'- 95° 16")and one in north central Kansas (Konza Prairie
Biological Station; KPBS: 396' - 96° 36'). The two sites differ in their mean annual
precipitation: EKS receives an annual averageddfomm and KPBS an annual average of
838mm. At each site, we located tadjacent plots measuring 20m x 50m for a total of four
whole plots. At each corner of each whole plot, we locate& tlseopariunplant closest to the
cornerand excavated the whole plant with a transplant sh@twel four plants sampled from
each wholelot were considered subsamples and, thus, the whole plot is the experimental unit.
To avoid soil contamination on the foliar tissues, we first sampled several leaves with dissecting
scissors, placed the sampled leaves in a Ziploc bag and stored theoolarawith ice. To
ensure that onl§. scopariunmoots were sampled, only roots attached to identifiable tillers were
excised with dissecting scissors, cleaned from loose soil, and placed in a Ziploc bag and stored in
a cooler with ice. All sampled plahssues were stored on ice until transfer within eight hours to
a-20°C freezer where stored until further processing. The tissues were sampled once early
(May/June) and once late (September) in the growing seas®&@$ plBts were sampled on May
15" and ; September 20 EKS plots on June’and again September 19th. This resulted in 32

total pairs of leaf and root samples from four whole plots sampled twice.



Pilot experiment

Several kits were tested for the direct amplification of the fungal metates¢mm the
plant tissuesSchizachyrium scopariunoot and leaf samplegsere selected for the experiment.
One fine root and one leafere randomly selected from each 32 plants atadad of six 3mm
leaf disks and six 5mm root segments waredomlyexcised with the sterile Ted Pella Biopsy
Punches (Ted Pella Inc., Redding, CA). Two leaf disks and two root segments were randomly
assigned to one of the three direct extract and amplify systems: 1) Phire Plant Diréct PCR
ThermoFisher ScientifiaVilmington, Delaware; 2) E.Z.N.A. Plant DirettOmega Bietek,
Narcoss, Georgia; and, 3) Extr&¢tAmp i Invitrogen, Carlsbad, California. The DNA from
each plant tissue was extracted fol PGRwing the
amplification of thd TS2 region using fITS7 and ITS4 primers with identical conditions (see
below for the reaction conditiondAll three systems produced visible amplicons, although Phire
seemed to produce amplicons most consisteA#a result, we chose Phire Plant Dire@R
system for the direct comparison with the commonly used MoBio PowerSoil DNA Isolation Kit
(MoBio Laboratories, Inc., Carlsbad, CA, USA).
DNA extraction, PCR amplification, and sequencing

Schizachyrium scopariuneot and leaf samples were thawed and prepared for PCR
amplicon generation. A total of sBmmleaf disks angix 5 mmroot segments/ere excised
with sterileTed Pella Biopsy Punch atitkree of eachandomly assigned to one of the two
extraction systemsither MoBio PowerSoil DNA Isolation Kit dPhire Plant Direct PCR Kit
resulting in pairs of leaf samples extracted by either of the two methods. Total DNA was
extracted following the manufacturerso protoc

extracts were eluted in a total of 100l of elution buffer, DNA yields were low and left
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unnormalized for metabarcode amplicon generation. The Phire extractions were conducted in
50ul volumes of dilution buffer and tissues crushed with sterile fine pmic¢psas instructed in
t he manuf actRDNA&mmihe supplotevelsamples was pooled to one
representing the whole plot, for a total of eight leaf and root samples extracted using one of the
two extraction systems for a total of 16 individeatracts for each of leaves and roots. The
extracted DNAs were ibld diluted (16-102) in sterile molecular grade water and the dilutions
consistently producing amplicons (3)0n pilot reactions were selected for production of
metabarcode amplicorsr sequencing. Positive and negative controls were included for yield
and contamination checks. Molecular grade RISAd DNAfree HO was used ahe regative
control. Saccharomyces cerevisiagsused as a positive control

We chose the Internal Trangmed Spacer (ITS) of the ribosomal RNA génghe
proposed universal fungal barcode (Schoch et al. 20fdt)our analyses. We used the fITS7
(Ihrmark et al. 2012) and 1TS4 (White et al. 1990) primers with unique 12bp barcodes ideach 5
end in 50 pl PCReactions. The volumes and final concentrations of reagents were as follows:
10 pl forward and reverse primer (1 uM), 10 uL template DNA, 5 pl dNTP (200 uM), and 0.25
ML (1/2 unit) Phire Green Hot Start Il DNA polymerase (ThermoFisher Scientific, Waltham,
MA), 10 pL of Phire 5X HF Buffer with 7.5 mM Mg@Eland 14.5 uL molecular grade water.
The PCR reactions began with an initial denaturing step for 3C°€)@8d were followed by 30
cycles (root samples) or 35 cycles (leaf samples) of 10 s of denat@®hig);(30 s of annealing
(54°C); 1 min of extension (7Z); andconcluding with a 10 min final extension (132.
Amplification of PCR contaminants was determined by a negative PCR control in which
templates were replaced with dgP Each sample was P&inified in triplicate and 20 pL of

each amplicon was combined into one per experimental unit. The pooled 60 ul amplicons were
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purified using the Ma@ind RXNPure Cleatup system (Omega Bibek Inc., NorCross, GA)
following a modified manufacturer protooetcept fora 1:1 ratio of PCR product tnagnetic
beadsolution and two rinse steps with 80% ethanol. Following cleanup, a total of 250 ng of
amplified DNA per sample was pooled into one. Because the negative controls yielded DNA
guantity measurements simmuilto the elution buffer alone, the entire elution volume from the
cleanup (40pl) was included. Illumina adapters and indices were added using four PCR cycles,
KAPA Hyper Prep Kit (Roche, Pleasenton, CA USA), and 0.5ug starting DNA. The library was
sequened (2 x 300 cycles) using the Illumina MiSeq Personal Sequencing System at the
Integrated Genomics Facility (Kansas State University, Manhattan KS USA). The sequence data
are available through the Sequence Read Archive under BioProject PRINA714089; BegSamp
SAMN18287696SAMN18287815.
Sequencalata processing

The sequence data were processed using the mothur pipeline (v. 1.44.3; Schloss et al.
2009) following the MiSeq standard operating protocol to generate ASV (Amplified Sequence
Variant) data. Irbrief, the sequence data were extracted from the panddfastq files and
contiged. Sequences with more than 1 bp difference with the primers, without an exact match to
the samplespecific identifiers, or with long homopolymers (maxhomop=9) were omittiee
sequences were truncated to the length equal of the shortesfuailify read (237 bp excluding
primers and sampispecific identifiers), prelustered (Huse et al. 2008), and potential chimeras
identified (UCHIME; Edgar et al. 2011) and removede Temaining sequences were assigned
to taxon affinities using the Naive Bayesian Classifier (Wang et al. 2007) and the UNITE
taxonomy referencenftp://unite.ut.ee/repository.phidljalg et al. 2013). Noitarget reads

(those with no match in the UNIT&uratedNSD orassigned to Protista and Plantae) were
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removed from further analyses. The quasitreened sequences were assigned to ASVs. Rare
ASVs represented by fewer than ten reads were removed (aftetgb@3 sequences or 7.0% of
the total yield and 68,246 ASVs or 94.5% of the total number of ASVs) as potential artifacts
(Brown et al. 2015; Oliver et al. 2015). To estimate richness and diversity, we iteratively (100
iterations) calculated observed(§ and extrapolated (Chaol) OTU richness, diversity
(Shannono€h=-dBnweg) si apnd evenness (OhDnY¥nNoés equ
with the data subsampled to 12,5@#juences per sample, as recommemd&dhring et al.
(2011) b avoid biased comparisons of diversity and richness estimators in samples with unequal
sequence yields.
Data analysis

The leaf (N = 16) and root (N = 16) disks for MoBio and Phire extractions were excised
from the same tissues and are thus inherentlegaks a result, the richness and diversity
estimators from samples extracted with the two systems were compared using the non
parametric, paired Wilcoxon tests that are based on simple signed rank scores; in case of ties,
average ranks were used. To vigeand infer compositional differences in the fungal
community composition, we estimated pairwise B€&yrtis distances andsualizedthese data
Principal Coordinates Analyses (PCoA). The community data acrossxthaction systems
were compared usingnonparametric permutational analog of traditional analysis of variance
(PERMANOVA). We also tested whether the variability in the fungal communities from the two
extraction systems was homogeneous using betadispr. All data analyses were conducted using
packages in Rvegan (Oskanen et al. 2020), indicspecies (De Caceres & Legendre 2009), ape

(Paradis & Schliep 2019), Ime4 (Bates et al. 2RStudio(v 4.0.2 R Core Team; 2020)
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Results

General data description

We analyzed a total of 1,254,848 high qiyasiequences assigned to a total of 3,958
ASVs. MoBio extractions yielded a total of 503,874 sequeh@2,432 from leaves (30,304 N
9,984; meari\st.dev per sample) and 261,441 from roots (32,688,934), whereas the Phire
extractions yielded a total of 750,974 sequeiicé®3,607 from leaves (52,95147,793) and
327,367 from roots (40,9202p,124). The MoBio extracted sequence data were assigned to total
of 2,165 ASVs from leaves (695T4; mean €\l dev.) and 2,180 ASVs from roots (6630)
and the Phire extracted sequence data were assigned to 2,298 ASVs from leavel88G¢hd
2,194 ASVs from roots (575 183). Overall, despite the greater sequence yields from Phire
extracted samples,émumber of ASVs was marginally higher in leaf samples extracted with
MoBio than with Phire (Wilcoxon Signed Rank Test W13.0, P = 0.0703). In contrast, the
number of ASVs recorded from root samples did not differ between the two systems (Wilcoxon
Signaed Rank Test W =11.0, P = 0.1484

The sequence data were strongly dominated by the Phylum Ascomycota in both leaves
(451,384 sequences or 67.7%; 1,786 or 21.9% of leaf ASVs) and roots (382,111 or 64.9%; 1,743
ASVs and 61.2% of root ASVs), followed by tRéylum Basidiomycota (203,541 or 30.6%
sequences and 859 or 30.0% ASVs in leaves and 195,330 or 33.2% sequences and 845 or 30.0%
in roots). Other phyla were infrequent accounting for less than 1.6% of all sequence data,
although contributing a substantralmber of ASV (326 ASVs and 8.2%). A small proportion of
sequences remained unclassified (3,276 or 0.26% sequences; 36 or <1% ASVs). The leaf and
root sequence data were distributed across 408 and 401 fungal genera, respectively. Genera in

Mycosphaerellagae (Dissoconium 50,636 sequences or 7.6% and Ramicloridium 50,229
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sequences or 7.5%) and Bionectriaceae (ljuhya 41,775 sequences or 6.2%) dominated the leaf
communities, whereas Mycosphaerellaceae (Dissoconium 41,039 sequences or 7.0%),
Bionectriaceae (ljhya 40,937 sequences or 7.0%) and Xylariaceae (Anthostomella 38,515
sequences or 6.5%) dominated root communities.

The two methods resulted in some different richness and diversity estimates in leaves
(Figure 21). ExtrapolatedChao 1 richness was higharleaf samples extracted with MoBio (W
=17 18; P = 0.0078), whereas the observeshdSichness was only marginally higher (W 4.4,

P = 0.0547) in those samples. Neither diversity(\WW =1 1; P = 0.9453) nor evenness{{EW

= 2; P = 0.8438) diffekbetween the leaf samples processed through the two protocols. The
richness and diversity estimators for the root samples seemed less sensitive to the processing
protocols. Only extrapolative Chaol richness differed between the two protocols and was highe
in samples processed with MoBio (WE5; P = 0.0391), whereas others did not differ (W < 11;

P > 0.1484).

Consistent with the richness and diversity analyses,-A#fredcommunities in leaves
appeared more sensitive to sample processing protocolththemin roots (Figure. 2.2). Th&o
sample processing protocols resulted in distinct communities in leaves=(E.85; P = 0.003;
R?=0.12), but not in roots (r4= 1.15; P = 0.255; R= 0.08). Further, there was no difference
between the commugidispersion as inferred from the median distance from the estimated
community centroid (betadispr: P > 0)05

Discussion

Metabarcode analyses of fungal communities using NGS tools is-aftexdive, fast,
and easy to implement tool to estimate fungaédiity across a wide range of ecosystems and

habitats (Song at al. 2015). Though generating fungal metabarcode data is rather straightforward,
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it involves many steps that can introduce bias (Zinger et al. 2019). In this study, we compared a
direct extracand amplify kit with a more commonly used and more elaborate DNA isolation
kits. A wide range of the DNA extraction kits and protocols exist and can become a source of
bias, compromising the quality of acquired NGS data and leading to variability iryeeblo
conclusions. For example, several studies have described the effect of the DNA extraction
method on generated fungal sequence data from soils (Song et al. 2015, Woodhall et al. 2012),
fungal tissues in pure culture (Jang et al. 2010, Fredricks22@8), blood (Menu et al. 2021)
or environmental samples (Hermans et al. 2018). However, the effect of the choice of DNA
acquisition tool on the characterization of fungal communities from different plant tissues has
remained poorly understood

To our knavledge, our study is the first to compare the Prire Plant Direct PCR system
with the more commonly used PowerSoil® DNA Isolation kit and subsequent fungal
metabarcode marker amplification from different plant compartments. Overall, both Phire and
MoBio DNA systems produced DNA that could be used for metabarcode analysis. However, our
analyses indicated that MoBio captured greater fungal richness, but not diversity, in plant roots
and leaves. Further, analyses of the community composition indicated thatdanmgnunities in
roots were similar between the extraction systems, whereas the fungal communities associated
with plant leaves differed
The tissue issue

Though Phire and MoBio DNA extraction systems produced DNA that could be used for
metabarcode analysis, the sample tissue of different plant compartments greatly influenced the
generated data. We can only speculate on the causes of the olsféevedcesand we

hypothesize that the minimal plant tissue homogenization using the Phire Plant Direct PCR kit is
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likely the primary source dhelowerfungal ASV richness in roots and leaves as well as
differences in the composition of foliar fungal communitigse DNA extraction using Phire kit
is quick and only requires mechanical cell lysis through crushing the tissues with sterile fine
point forceps. In contrast, cell lysis with MoBio includes both chemical cell lysis using
negatively charged detergent sadidodecyl sulfate (SDS) combined with rigorous mechanical
homogenization using a vortex at maximum speed for 10 minutes. While leaf samples processed
with MoBio kit were uniformly homogenized, we found it challenging to achieve the same
consistency and leV of tissuenomogenizatiomusingthe Phire kit protocol. It is likely that
MoBio disruptsthe loosely adhering particles and small fungal colonies in leaves better, whereas
plant tissues processed with Phire were poorly homogenized followimgathefactureis
instructions. As a result, the small colonies of foliar endophytes or pathogens that may be
confined to a single host cellay havaemained undetected using the Phire system.

Previous studies have demonstrated the necessity of tissuedroratigpn by bead
beating due to its ability to break down the plant material and therein associated fungi with thick
chitinous cell walld resulting in higher fungal DNA quantities and greater fungal diversity and
richness following rigorous homogenizatii (Cheng et al. 2016, Griffiths et al. 200As a
result, we recommend including a bead beating step to the DNA extraction process to achieve
even plant tissue homogenization as webetterbreak down and release of fungal nucleic
acids. Users shoultiowever, be aware that extended bead beating protocols, while improving
tissue homogenization, also tend to fragment DNA and may compromise thieagsgiired

DNA for some platforms that require long templdieg., NanoPore, PacBio)
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Differences in proccedures and resources required

Metabarcode amplicon generation using tissues processed through MoBio PowerSoil or
Phire Plant Direct PCR systems differ substantially in procedures, cost, and time required.
Although DNA isolation with PowerSoil has a repiga of generating high quality DNA from
challenging samples, it is rather costly and requires substantially more time than Phire. The Phire
kit is quick and only requires aliquoting buffer solution and tissue crushing with forceps.
However, following theé’hire protocol, manual homogenization of plant tissues allows
processing only one sample at the time, a substantial time investment if the experiment includes
a large number of samples. Processing a large nuofisamples this way may also decrease
consigency between samples. In contrast, the number of samples that can be homogenized
simultaneously using the MoBio kit depends on the vortex microtube accessory, permitting up to
24 samples at the time, and tissue homogenization tends to be consisterdlbitresamples.
Note that 96wnell homogenization tools are also available for MoBio systems. Following the cell
lysis, MoBio sample processing protocol requires an additional five steps to acquire, isolate and
purify nucleic acids, whereas Phire sampely required dilution prior to the PGR
amplification. In addition, compared to MoBio PowerSoil kit, the Phire kit requires purchase of
no additional polymerasgreatly decreasing the cumulative expenses, especially in studies with
large numbers of samge

Our comparison of a direct DNA extraction and amplification kit with the more
commonly used MoBio DNA extraction kit suggests that the direct kit is a promising tool for
generating metabarcode data for fungal communities from plant root tissues dedecaser
friendly alternative due to its low cost and expedience in sample processing. However, we

recommend that users consider the aims of their studies. Modifications and adjustment in the
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extraction protocols might be necessary to generate dai@ éhedmparable in richness/diversity
metrics among different plant tissues and result in sound ecological conclusions. We propose
including mechanical a bead beating cell lysis in the Phire sample processing protocol to
improve tissue homogenization anéitkfore improve the comparability of fungal community

richness/diversity metrics as well as community composition in plant leaves
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Figure 2.2.

PCoA of Leaf and Root Fungal ASV Communities

Principle Coordinate Analysis (PCoA) ordination across Axis 1 (14.4% variance) and Axis 2
(7.8% variane) of the two MiSeq libraries generated with the Phire and MoBio extraction kits.
Thetwo sample processing protocols resulted in distinct communities in leayes (E85; P =
0.003; R=0.12), but not in roots (k4= 1.15; P = 0.255; R= 0.08).
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Chapter3-Seasonal dynamics of Panicun
bacterial and fungal communities

density effects

Abstract

Conservation agriculture management aims to achieve sustainable plant growth and
productivity while minimizing active management such as fertilization, tillage, and soil
movement. We analyzed bacterial and fungal communities associated with soil and roots of four
varieties of the native warseason perennial graBanicum virgatuni. (a.k.a. switchgass)
initially planted at two different densities and growing under conservation agriculture conditions
in southeast Mississippi. Switchgrass has been championed for conservation agriculture because
of its broad geographical distribution arsl high performance on marginal or kgproductivity
agricultural lands. Because of this potential, there is an increasing interest in understanding how
to exploit switchgrass microbiome to improve the crop performance. The microbiome
including bacteriard fungi inhibiting soil and plant tissuéss important for switchgrass health
and performance. However, the microbiome is dynamic and can be affected by various biotic and
abiotic factors that can rapidly change its functionality. Thus far, only lirdiéal are available
on the microbiome seasonal dynamics during the growing season and plant development. Here,
we aimed to evaluate the effects of four switchgrass varieties and their planting densities on the
soil chemistry and microbiomes in a commondgar experiment that minimizes the
environmental variation and its impacts on microbiome. To also assess the temporal dynamics,
we repeatedly sampled switchgrass roots and associated soils approximatfrizelsgries

for a total of six times during orgrowing season, starting from within a week from the first leaf
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emergence in early spring to grest in late fall. We extracted the total DNA and MiSeq

analyzed bacterial (v4 of the 16S ribosomal RNA gene) and fungal (Internal Transcribed Spacer
2 (ITS2 of the ribosomal RNA repeat) metabarcode markers. We tested for variety, planting
density, and temporal effects on switchgrass associated soil chemistry as well as on bacterial and
fungal communities in roots and soil. In general, our data indicatetabtgrial and fungal
communities were temporally dynamic and shifted during the growing season, whereas the
switchgrass varieties and their planting densities minimally affected the associated bacterial or
fungal community richness and their community pasition. If any variety effects were

present, they occurred mainly early in the growing seasothin the first few weeks since leaf
emergence. Indicator taxon analyses aiming to identify taxa underlying the early season
compositional differences amotige varieties identified putative pathogens and potential

beneficial members of the microbiome among others, suggesting that varieties may differ in their
disease susceptibility and ability to attract beneficial commensals or mutualists during the early
growing season. Similar to the biotic attributes, the soil chemistry was minimally affected by
switchgrass variety or planting density, although some temporal dynamics could be observed
there as well. These data suggest that variety choices may enableaiimof microbiomes

with minimal disease susceptibility and select microbiome components that support the
sustainable switchgrass productivity. These data contribute towards a better understanding of

interactions among plants and their associated mienods as well as their seasonal dynamics.
Introduction

Panicum virgatum L(switchgrass) is a perennial wageason grass adapted to a variety
of habitats and climates. It is native to North America and distributed throughout the contiguous

United States eept west of the Rocky Mountains and north of 55° N latitude. Switchgrass
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grows in natural systems such as prairies and steppes but is also grown in managed systems in
pastures or for hay production and as an ornamental. Because of its perennial lifeglycle,
tolerance to biotic and abiotic stress, and adaptation to an extensive geographical range,
switchgrass is broadly used for conservation agriculture and grown to provision a range of
ecosystem services. These ecosystem services iriclhutteare notimited to1 soil, water and

wildlife conservation, carbon sequestration and restoration of nutaedtwatedimited

marginal lands (Follett et al. 2012; Skinner 2012; Werling et al. 2014). Additionally, switchgrass
is used as a cellulosic feedstock liawenergy production due to its high yield quality and

potential, particularly on marginal lan@dogel et al. 2002; Mitchell et al. 2008; Liebig et al.

2008.

Wide geographical range of the switchgrass in North America has resulted into two
phenotypicallyand genotypically distinct ecotypes, whose genotypic diversity has facilitated
switchgrass breeding (Caster 2012; Zalapa et al. 2011; Zhang et al. 2011). North American
upland ecotype varieties are more adapted to the northern geographical ranges,thereas
lowland ecotypes are more common in southern regions. Due to the genetic diversity and the
variety of valuable economic and agriculture switchgrass functions, switchgrass breeding
programs have developed a number of varieties with different streogii®ductivity available
on todayods mar ket.

Switchgrass varieties differ in growth habit, climate range tolerance, biomass yield and
potential disease tolerance (Lowry et al. 2014; Rodrigues et al. 2017; Zalapa et al. 2011; Zhang
et al. 2011). Furthermer some evidence exists for differences in the nutrient use among
switchgrass varieties, a trait particularly important in nutrient limited environments typical of the

marginal lands (Sawyer et al. 2019). In addition to exploring the phenotypic and denotyp
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variation among switchgrass varieties, the interest in interactions between the switchgrass host
and its microbiomé the switchgrass holobiont systénmas increased and been a topic of

interest for many scientists (Jesus et al. 2010, 2016; Kleczewaki2012; Mao et al. 2011,

2013, 2014Mendes et al. 2021 haudhary et al. 2012; Hargreaves et al. 2015; Rodrigues et al.
2017; Wright & Turhollow 201Q)Plant holobiont is a complex symbiotic relationship between

the planthost and its microbiota mostly bacteria and fungi, whose cells outnumber the number
of plant cells Mlendes et al. 20)3Plant microbiomes are involved in many processes vital to

the plant and range from beneficial to pathogenic in their nature (Rodrigues et al. 2017; Vacher
et al. 2016). However, plant microbiome is dynamic and caaffbeted by a variety of biotic

and abiotic factors that can rapidly change its composition, diversity, and functionality (Chen et
al 2019; Grady et al. 2019; Ghimire et al. 2011; Rodrigues et al. 2017). Several studies have
explored switchgrassiicrobiomeinteractions in efforts to find factors potentially driving the
microbial community assembly (reviewed in Hestrin et al. 2021). These studies often conclude
that mindful switchgrass microbiome manipulation has the potential to enhance plant growth and
productivity (Kim et al. 2012; Ray et al. 2015), reduce the plant abiotic stress (Wang et al. 2016),
facilitate nutrient intake (Clark et al. 2005), improve disease resistance and pest suppression
(Emery et al. 2017) and even provide ecosystem servicesiabgernbnservation such as

carbon sequestration and maintenance of soil biodivéitamberlain & Miller 2012)

Although host genotypes may control the microbiome assembly and its composition (Rodrigues
et al. 2017), to date the effect of conspecific varieties is mostly considered minor and not a
primary factor in shaping the microbial communities. Rather, itasehvironmental variation
attributable to differences among sites that has been highlighted as the foremost control of the

microbiome composition. For example, Brodsky et al. (2019), Hargreaves et al. (2015), Jesus et
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al. (2016), Whitaker et al. (2018) sdrved that switchgrass microbiome composition is more
strongly controlled by abiotic soil characteristics that overwhelmingly mask the plant species or
genotype effest Although the site characteristics appear to be the primary drivers of the
switchgrassmicrobiome assembly and composition, it has remained unclear whether and how
switchgrass varieties may affect the plant microbiome. Therefore, we compared four switchgrass
varieties in a sicdy-side common garden field experiment to elucidate how theties may

affect the switchgrasassociated microbiomes.

In addition to plant varieties or genotypes, agricultural management choices can
substantially influence physical and chemical soil properties as well as microbial activity and
community compositionAs a perennial crop thriving with minimal inputs on marginal lands,
switchgrass is often grown under conservation agriculture management regimes. The core
concept of conservation agriculture is to enhance sustainable plant productivity, whilst
minimizing active management including-tilage regimes, using crop residue as the winter
soil cover after the annual harvest, and omission of any inorganic NPK fertilization (Hoorman et
al 2009). While there is some research effort to determine the manageraetst eff
switchgrass microbiomes (see Grady et al. 2019;-3acith & Jackson 2018, 2020; Oates et al.
2016), some practical toolgarticularly those commonly employed in conservation agriculture
have remained unexplored. Planting density is one tquiadimote sustainable conservation
agriculture with potential impacts on microbiomes and their management (Li & Du 2011;
Malmberg & Smith 1982; Marquard et al. 2009; Samih et al. 2008; Stachovéa 2013). Plants
growing in different densities are exposed @ different levels of UV stressoil, and leaf
wetness level as well as different levels of intraspecific competition for nutrients, light, and

space. The withkstand environment or changes in plant physiology resulting from different
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stand densities madirectly or indirectly shape microbial communities. Considering the planting
density as a management tool is a potential key to a successful conservation agriculture practice.
Unfortunately, only few studies have focused on the effects of this managanaetite on the
plant microbiome€.g, Cavaliery et al. 2020; Harker et al. 2003; Lay et al. 2018).

Minimal soil disturbance and omission of any inorganic NPK fertilizers are among the
main principles of conservation agriculture management. Becauseruoirtimal active
management, natural processes and temporal dynamics can drive the microbiome assembly and
compositional shifts over time. Seasonal variability in environmental factors such as changes in
mean temperature or soil moisture as welt@aciding changes in host physiology during its
development may alter plant C inputs into the soil system and can shape microbial communities
(Chen et al. 2019; DeBruyn et al. 2017; Kramer et al. 2013; Lewandowski et al. 2015; Lauber et
al. 2013). Although somédiglies have emphasized the importance of a seasonality on
switchgrass microbiome composition (Chen et al. 2019; Rodrigues et al. 2017), comprehensive
analyses of temporal dynamics of biotic and abiotic factors associated witgriosia
switchgrass are itgely lacking. To fill this knowledge gap, we sampled switchgrass roots and
associated soils six times over one growing season; within one week from the first leaf
emergence in the spring to grest in late fall to elucidate both the effects of varidigices as
well as their planting densities and temporal dynamics of soil chemistry and switehgrass
associated microbiomes.

A better understanding of plant microbiome dynamics in the plant rhizosphere is critical
for sustainable conservation agriculture andtainable crop production. We present a unique
broad investigation of switchgrassot andrhizosphere microbiomes combining an investigation

of temporal dynamics and assessing the effects of varieties as well as the densities in which they
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were initialy planted. Further, we investigated the soil chemistry and its dynamics during one
growing season and compared how switchgrass varieties and their planting densities may affect
the dynamics of the soil chemistry. Our three primary objectives were tedllipée differences

in soil characteristics plus in the composition and diversity of bacterial and fungal communities
in soil or rhizospheres associated with four switchgrass varieties; (2) explore hewaridgbw

density plantings may impact switchgrasgrobiomes and soil chemistrgnd(3) examine the
seasonal dynamics of the soil chemistry and switchgassgciated microbiomes below ground.

We hypothesized that switchgrass variety choices, planting density and seasonal dynamics would
shape fungal ahbacterial communities as well as impact soil chemistry characteristics. Given
the important role of the plafissociated microbiomes in the plant performance and soil nutrient
cycling, our research offers an insight into plamtrobiome interactions, amderstanding of

factors that drive switchgrass microbiomes, and how these relationships are influenced by time
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Materials and methods

Site description

We utilized an established conservation agriculture experiment located at the Center for
Conservation Research, Alcorn State University, Lorman,31$ & 9 0 N 1L AjN5 NjBhe nj W
soil at the site is Mephis Silt Loam- composed of thermic silt and clay, and the climate is
within the humid subtropical zone with mean annual precipitation of 1,473mm almost evenly
distributed through the year and mean annual temperature of 18.4°C. The climate is
characterize by the absence of the severe winter (Novernidegbruary) with a minimal chance
of snow and hot long summers (M&a$eptember) with average temperatures 14°C and 31°C,
respectively. The growing season typically extends from the late February to late idoweith
a mid-July peak.

The switchgrass experiment was established
Conservation Research Station in Lorman, MS. Since its establishment, the experiment has been
continuously managed under conservation agricuttanglitions. The management regime
mimics natural systems through cultivating a switchgrass cover crop continuously, minimizing
soil disturbance, omitting any inorganic NPK fertilization and using the crop residue as the
winter soil cover after annual hast§Hoorman et al 2009
Switchgrass varieties

A total of four switchgraswvarietieshavebeenmaintainedunderthe conservation
agriculturemanagemergince2012.Thevarietieswereselectedrom morethanadozenbased
on high andreliablegerminationas well asperformancet the experimentasite. All four
varietiesin our experimentarelowlandecotypesThevarietyd A | awasrédeasedn 1978by

the PlantMaterialsCenterof the United StatesDepartmentf Agriculture NaturalResources
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ConservatiorCenter(USDA-NRCS)in Knox City, Texas.lt is adaptedhroughouimostof the
U.S.andprimarily usedfor livestockfeed,soil stabilizationwildlife conservatiorandbiofuel
source(USDA-NRCS,2012).Varieties6 B o Ma antd6eC ool wenegodperativelydeveloped

by the USDA Agricultural Researctservice(USDA-ARS) andthe North CarolinaAgricultural
ResearclService North CarolinaStateUniversity,andreleasedn 2006and2009,respectively
(Burnsetal 2008;Burnsetal 2010).6 B o Ma ant6eC 00l wenege@ectedor their high
biomassanddry matteryield. Variety6 K a n was#ebelopecollaborativelyby the USDA-
NRCS,KansasAgricultural ExperimentStationandUSDA-ARS andreleasedn 1963.0 Kan |l o w®o
is commonlyusedfor erogon control,aslivestockfeed,andin wildlife conservatioraswell as
for biofuel (USDA-NRCS2011).During thegrowing seasontheseswitchgrasyarietiescan
reachup to 3min height,andmuchof therootbiomasgesidesn thetop 30cmin soil. The
biomassproductiondepend®n thegrassvariety. For example amongthefour varietiesselected
for this experimentAlamo andColony canproducethe greatesbiomasswith Alamo yielding
26.67tonsof dry matterha® a' andColonyyielding up to 30.22tonsha? at. The othertwo
varietiestendto yield less:BoMaster23.99tonsha? a' andKanlow 25.54tonsha* a* of dry
biomasgVance2015).

Experimental design

Our experimental design consists of four replicate blocks in a randomized complete block

split-plot design with four full plots split into two subplots. Each full plot within a block includes
one of four switchgrass lowland varieties (Alamo, Bo Master, Colony, or Kanlow) initially
planted in two densities (HDiPhigh density planting or LDP low density planting with 12.7

and 10.2 cm between plants, respectivelwith each subplots measuring 4.6 m long and 0.46m
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wide. As per this design, each experimental block includes eight treatment combinations (4
varieties x 2 densities) with four replicdtlocks for a total of 32 experimental unijisgure 2.1)
Soil and root sampling and soil properties (soil chemistry analysis)

The soils and roots were sampled six times during the 2018 growing season (March to
November). The first sampling (Week 1; Marthth) was scheduled within a week after the first
leaf emerge of all the grass varieties in the spring. One of the varieties (BoMaster) was delayed
compared to other varieti#svas just starting to emerge at the first sampl®ampling was
repeated baseapproximately on a log2 schedule: Week 2 (March 23); Week 4 (April 5th);

Week 8 (April 30th); Week 16 the midseason (June 24th); and week 38 (November 29th). The
last sampling (Week 38) was scheduled one week before the averdgesptine. Acrosshe

six sampling events, we collected 192 root and 192 soil samples for a total of 384 samples (32
experimental units * 6 times * 2 plant compartments (soil and roots)).

We sampled three 15 cm x 5 cm solil cores adjacent to a plant within each subplot. The
three soil cores were composited into one and manually mixed. Roots were manually separated
from the homogenized samples and washed in water immediately after collecting. Root and soll
samples were placed in plastic-#gqek bags and transported on icehe laboratory at Alcorn
State University, where they were placed in a 4°C refrigerator until the next day (~15 hours).
During the following day, the root samples were divided into two aliquots: 1) for storage as a
frozen archive ir20°C at Alcorn State hlversity and 2) for shipping on dry ice to Kansas State
University for microbial community analyses. The soil samples were divided into five aliquots:
1) for analyses of soil chemistry; 2) for phospholipid fatty acid (PLFA) assays to estimate

microbial bomass; 3) for extracellular enzyme activity (EEA) assays; 4) for a frozen archive
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stored in-20°C at Alcorn State University; and 5) for shipping on dry ice to Kansas State
University for microbial community analyses
Solil properties

Thealiquotreserved for soil chemistry analyses Wasdivided totwo. Onealiquotwas

sentto Kansas State Universi§oil TestingLaboratory ywww.agronomy.k

state.edu/services/soiltesting/here it was further divided for analyses of total N% and total

C%, and NH4+Total N% and total C% were measured by dry combustion method using a

LECO TruSpec CN combustion analyzer (LECO, St. Joseph, MI) on weight percent basis from a

0.15gof prepared soilNH4+ was extracted by single KCI method using 2g of séiother
aliguotwasshippedto Waypoint Analytical (Memphis, TNy)here it was furthedividedfor
analysis of soil pH, P, K, Mg, Ca, OM, CEC, % cation saturations and.NBOB pH was
measured sing saturation paste methosingl1:1 soil and wateratio. P, K, Ca, and Mgvere
determined usinghodified Mehlich method (Mehlich 184). Cadmium reduction was used for
nitrate procedure (Gelderman and Beegle 1998) andthrs@parate channel in flow analyzer to
measure these ions simultaneou€ine gram of dry soil was used to estimate OM content
through loss on ignition as described iontbs and Nathan (1998)he four cations Ca 2+, Mg
2+, K+, Na Hwereextracted with 1 M ammonium acetate, pH m@asured by ICP
Spectrometry using 29 of soil. @Zationsaturatios werecalculated usingmeq of cation/CEC) x
100formula.
Phospholipid Fatty Acid (PLFA) analyses

One soil aliquot was used for to estimate PLFAs biomarketstal of 5g of freeze drie
soil per sample were incubdts a mixture of methanol:chloroform:citrate buffer with the ratio

2:10.67 Bligh& Dy er 1959; Fr ost egae r dbugelcBipecasgiliCh
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S21 SPE columns (Sign#sdrich, St. Louis, Missouri, USA) we isolated phospholipids based
on the polarity of the compound from the chloroform ph8aeples werg¢hensaponified and
sulfuric acid added tmcorporatea methyl group to biomarkers. Fatty acid methyl esters
(FAMESs) were then analyzed using Gas Chromatograph {GBgrmo Scientific Trace GC
ISQ mass spectrometer (Thermo Fisher Scientific, Waltham, Massachusetts, USA DS
MS column gas chromatograph. The Bacterial acid methyl ester mix (BAME, Matreya 1114,
Matreya LLC,Pleasant Gap, Pennsylvania, USA) and the intenedhyl nonadecanoate
standard were used to identify soil extract FAME peaks and quantify the aofidim each
peakSel ect soi | PLFAs were classified as descri
Brant et al. 2006): bacteria:1x9, 16:1x5, 17:1x9, i17:0, al17:0, cy17:0, 18:1x7, eyitd:0),
Grani bacteria (cy17:0, 16:1x9c, 17:1x9c, 18:1x7c, eptl9:0), Gram+ bacteria (i14:0, i15:0,
al5:0, i16:0, i17:0, and al7:@y, actinobacteria (10Mel16:0, 10Mel17:0, and 10Me18r()
fungi (18:2x6,9), arbuscular mycorrhiZ&iM) fungi (16:1x5) andontarbuscular mycorrhizal,
i.e., otherfungi (difference betwen fungi and arbuscular mycorrhizal fungi
Extracellular Enzyme Activity assays(EEAS)

One soil aliquot was used to estimatdl EEAs. A 1 ml subsample was dried at 75°C for
48 hours to determine soil dry weight. For EEAS, we used four differentrpimogphenol (pNP)
l inked assays to measur e t-dqileuaacdiiddada e(sb @), ph
acetylglucosaminadase (NAG) and cellobiohydrolase (CBH) enzymes as descidbekision et
al. (2013). In short, the soil aliquot was passed thought a 2 mm sieve. A total of 8g of soil was
vortexed with 8mL of 50 mM acetate buffer (pH 5.8.5) in a sterile 15 mL centrifuge tube. A
total of 150ul of each homogenized soil slurry wasediately transferred into six wells in a

row per sample of the 9&eepwell plateOnecontrols were added at the end of each fava
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total of two controls per rowTwo plates with 12 samples per plate were required for each
enzyme assay faach of tle six sampling everst

pNP-linked substrate was prepared individually for each enzyme. We used 5mM pNP
phogphate 5mM pNR b- glucopyranoside2mM pNR b-N-acetylglucosaminidand 2mM pNP
cellobiosidein 50 mM acetate buffer mixed in 15 mL sterile cenggguubes. A total of 150ul of
pNP substrate or 150ul acetate buifeghe sample contral were transferred into the substrate
and control wells for each sample. Enzyme pl a
incubation: Phos for 30 minutds,Gor 60 minutesNAG for 120 minutes an@BH for 180
minutes. The incubatl substrateserecentrifugedat 5,000 x g for 5 mim the room
temperatureTo stop the extraction react®atotal 100l of the supernatant from each well
were transferred ta 96-well microplate with 10 ul 1M NaOH and 190yl of distilled water.
NaOHincreaseshe pH thus inhibiting the reaction and enhancing the color of the pNP released
during the reaction. The EEAs were recorded on a microplate reader (Synergy HT Microplate
Reade; BioTek Instruments, Winooski, VT) at 410nm. The final absorbance was determined as
a difference between the absorbances of the sample assay erghthef two control$o
determine the conversion factor of absorbance to umole of pNP in each enzyosedypNP
linked reference substrates in 50mM acetate buffer with three concentrations ranging from 0.025
mM to 1 mM; pNP concentration in the 300uL was estimated based on the concentrations in the
standard curve and multiplied by 0.3. The conversion factor represents a slope in the curve
between the absorbance and pNP concentration (umole) in each enzynoardaeienzyme
activity was determined by dividing the final absorbance with the incubation time, sample dry

mass and the conversion factor
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DNA extraction and Next generation sequencing

For microbial community analyses, aliquots of the sampled rootsagisdrvere shipped
to Kansas State University on dry ice and store@@tC until processed further. Root samples
were ground by hand in liquid nitrogen using autoclstegilized mortars and pestles. Mortars
and pestles were-serilized in autoclave f@0 min at 121°C between samples. DNA was
extracted from ~0.25g of ground rootsfmm ~0.25¢g ofthawed and homogenized soil using a
MoBio PowerSoil DNA Isolation Kit (MoBio Laboratories, Inc., Carlsbad, CA, USA) as per the
manuf act ur er 6tedimpartasat ob1O@ul of tlee kiteluteoh hwffer. The DNA vyield
was measured using a Nanodrop ND2000 spectrophotometer (Thermo Scientific, Wilmington,
Del awar e, USA) and normalized to 2 ng/ eelL. Pos
detect contammiation during the sample processing. We u&accharomyces cerevisiasa
fungal positive control anBscherichia colasa bacterial positive control. Molecular grade
RNA- and DNAfree HO was used as a negative control

The normalized templates were P@Riplified using bacterial and fungal forward and
reverse primers with 12bp barcodes. For fungi, we targeted Internal Transcribed Spacer 2 (ITS2)
using forward fITS7 (Ihrmark et al. 2012) and reverse ITS4 (White et al. 1990) primers. For
bacteria, we tarded the variable region v4 of the small subunit of the ribosomal RNA gene
using forward 515f and reverse 806r primers (Caporaso et al. 2011). All PCR reactions were
performed in triplicate 50¢elL reactions. Each
temd ate, 200 &M of each deoxynucl eotide, 1 Omol
Green HF PCR buffer (Thermo Scientific, Wil min
grade water and 0.5 units of the proofreading Phusion Green Hot Start {Fidejlty DNA

polymerase (Thermo Scientific, Wilmington, Delaware, USA). PCR amplification was
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performed using Eppendorf MasterCyclers (Eppendorf, Hamburg, Germany). The bacterial PCR
conditions included an initial denaturation at 98°C for 30 s, followeBiObgycles with

denaturation at 98°C for 10 s, annealing for 30 s at 50°C, extension for 1min at 72°C, with final
extension for 10 min at 72°C. Positive and negative controls were included in every PCR
amplification. The fungal PCR cycle conditionsreidentical except for the 54°C annealing
temperature. Positive and negative controls were included in every PCR amplification.

All PCR products were visualized by agarose gel (1.5%) electrophoresis to ensure the
successful amplification and correct amplicaresi The triplicate amplicons were combined into
one per experimental unit and cleaned using Omegalatp RXNPure Plus system
following a modified manufacturer protocol usihd ration of magnetic beads to the PCR
volume and two rinse steps with 80%atol. The cleaned product was quantified using
Nanodrop ND2000 spectrophotometer (Thermo Scientific, Wilmington, Delaware, USA) and
200ng of bacterial and fungal amplicons from each experimental unit pooled separately for
sequencing. llluminapecific prmers and adapters were added in four PCR cycles with KAPA
Hyper Prep Kit (Roche, Pleasenton, CA USA) and 0.5ug starting DNA. Libraries were
sequenced (2 x 300 cycles) using Illumina MiSeq Personal Sequencing System at the Integrated
Genomic Facility at Kasas State University.

Sequence data processing

A total of 21,605,332 bacterial and 12,597,100 fungalsaguencew/ere processed
using the mothur pipeline (.38.Q Schloss et al. 2009) as per the MiSeq standard operational
protocol (Kozich et al. 20)3vhere possibleSequences were extracted from paked .fastq
files, contiged and any sequences with ambiguous bases, sequences with more than 1lbase pair

(bp) mismatch with primer and any mismatches to the sasmdeific 12 bp molecular
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identifiers (MDs), or homopolymers longer than 9 bp were omitted. fidgslted in a total of
13,481,728 bacterial and 11,691,826 fungal sequences

We aligned bacterial sequences against SILVA (v; Y8thaz et al. 2014) reference and
pre-clusteredchearidentical (>99% similar) sequences (Huse et al. 2008) to minimize potentially
erroneous reads. The sequences were screened for chimeras using UCHIME algorithm (Edgar et
al. 2011) and putative chimeras were removed. The remaining sequences werd assigra
using the Naive Bayesian Classifier (Wang et al. 2007) and the RDP training set (v. 10; Cole et
al. 2014) with 51% threshold. Any sequences assigned to mitochondria, chloroplast, Archaea
were removed. The remaining sequence data were cluste@s at 97% similarity level
using the nearest neighbor algorithm. OTUs that were detected in the negative control or rare
OTUs represented by fewer thar0¥@ads(<0.0001% of all retained sequence datahe
dataset were removed

As reliable alignment of ITS2 data is challengitigg fungal sequences were truncated to
the length equal of the shortest highality read (236 bp excluding primer and MIDEje
>99% similar sequences were qmlastered (Huse et al. 2008hecked for ptential chimeras
using UCHIME algorithm (Edgar et al. 201dnd ptative chimeras were removed. The
remainingsequences wegssigned to the Operational Taxonomic Units (OTUs) at 97%
similarity andclustered using vsearch (Rognes et al. 20R&)re OTUgfewer than 10 or
contributing less than 0.0001#the dataset) and those that were detected in the negative
controls were removed from the further analysis. Remaining OTUs were assigned to taxon using
the Naive Bayesian Classifier (Wang et al. 2007)latefnational Nucleotide Sequence

Databasé reference database (UNITE) (Koljalg et al. 2013). Nemget OTUs which did not
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match the UNITE dataset or were assigned to groupside of the Kingdom of Fungi were
removed

We iteratively (100 iterationssémated bacterial and fungal richness and diversity for
each sample using mothur (v. 1.38.0; Schloss et al. 2009inimize biases resulting from
differences in sequencing depths among the libraries, we rarefied the bacterial and fungal data to
2 750 ad 10 000 sequences per sampdspectivelyas recommended in Gihring et al. (2012).
To determine how well our sampling represente
coverage (the ratio between singleton OTUs and total number of OTUs in &}ahopdstimate
richness and diversity we estimated observedy(8nd extrapolated (Chaol) OTU richness,
Shannon 6 sH),candewnnssiEf).y (
Data analysis

Bacterial and fungal richness and diversity data wetealmsformed prior to analyses
because of nenormality and heteroscedasticity. We analyzed our data to specifically address
following three questiong:irst, to test the overall effects of the plangidensity and variety, we
analyzed soil chemistry as well as bacterial richness(S Chao | ), diwendsi ty (
evenness(B®) using mixed effect models where fABIlI ock
as random effects. Inthese analyse¥ ar i et yo was included as a fi:
ADensityd nested wit hi n-pibtdesign.Sedoydin additontac c oun't
testing for the overall management effects, we also aimed to test if management choices differed
at any of tle six sampling points. In these analyses, each time of sampling was analyzed
separately wusing mixed effects models with AV
fixed effects and ATErd ovedtso ainzed to @elucidatetech@om ef f ect .

dynamics in our study system. Although these analyses focused specifically on temporal
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component of our study, the mixed effect models included fixed and random effects similar to
those in our second set of anailmnged sas baunt addi t
fixedlineare f f ect al ong with its interactioonsanwd th i
Bl ocko as a random effect.

To visualize the soiland rootinhabiting bacterial and fungal communities we calculated
Bray-Curtis dissmilarity matrices and visualized these data using principal coordinate analysis
(PCoA). To test for the effect of management choices (variety and density) on the composition of
these communities, we used permutational multivariate analysis of variancel iNER/A)
and, to test for community dispersion and differences in community heterogeneity, we used
dispersion analyses (betadisper). These analyses were consistent with the three strategies
described above. First, we analyzed these data with a simplembdalt 1 ncl uded Avar
Adensityd nested within variety. Second, we r
separately for each of the six sampling time points. Third, we amended the models from the first
anal yses with At i reeporakdiynareics of the admrhuaitesiis theaccourse h e
of our 38week sampling. To identify those root and soil fungi and bacteria that were
disproportionally more abundant in one treatment than in others, we analyzed these data for
indicators for each week divariety using the multipatt functio® € 0.001) of thendicspecies
package in RDe Cacere& Legendre2009) Bacterial indicators in roots and soils were
characterized on the phylum level, whereas fungal indicators were characterized on the family
levd.

Following the community analyses, we aimed to identify those environmental factors
correlated with the soil bacterial and fungal community data using the@rdig dissimilarity

matrices PCoA and plotted the environmental vectors onto a PCoA ordinatig the enfit
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function of the vegan package in(R 2.57; Oksanen et al. 2020h these analyses, we
included soil pH, NH*, NOs, total N%, total C%, C:N, organic matter %, P, K, Ca and Mg

Results

We analyzed soil chemistry and bacterial amtyal communities in the switchgrass
roots and soils. After removal of poor quality, chimeric and rare sequences the final dataset
included 7,148,883 bacterial and 11,477,980 fungal sequences distributed across 9,360 and 2,490
OTUs, respectivelyand repesenting 2,386 + 1,164 bacterial OTUs an@82,+ 8,099
sequences from switchgrass roaisl4,506 + 914 bacterial OTUs an@4,598+ 11,072
sequences from switchgrassils or 262+ 108fungalOTUs and31,590+ 18,387 sequences
from switchgrass roo@nd851+ 268bacterial OTUs and 2818+ 13,694 sequences from
switchgrass soils
Overall soil property responses
Our analyses of four switchgrass varieties and two planting densities on the soil
chemistry revealed no strong variety ¢6< 2.66; P >0.0608) or any planting density(fo<
1.27; P > 0.2969) effects when analyzed by the repeated measures across the six sampling times
(Table 3.). Only soil magnesium differed marginally among the varietiesd¥ 2.66; P =
0.0608), a result attributibto low concentration in plots planted with Kanlow compared to
highest in plots planted with Alamo. Similar to soil chemistry, we observed no variety or
planting density effects on either soil PLFAs (Varietyad< 0.74;P > 0.5355; Density: 420<
1.08; P > 0.3774) or EEAs (Varietys ko< 0.29; P > 0.8306; Densitys ko< 0.42; P > 0.7955) in

the repeated measures analysis across the six sariplasy(Table3.2 and Table 33
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Soil property responses to management choices at different time points

We further tested for variety and planting density effects separately for each of the six
sampling times during the growing season. These analyses indicated that if any variety and/or
planting density effects occurred, they did so exclusively early igrtheing season (weeks 1
8). In general, these analyses suggested that switchgrass variety and planting density effects on
soil wereminimal. Further, although we observed some variety effects on several soil parameters
that we recorded, these effects weog consistently specific to any one variety (Tahlkand
Figure 3.2.

The greatest number of abiotic attributes varied among the management choices in the
first sampling (week 1) when soil pH, K(ppm), Mg(ppm), total K%, Ca%, H% and K:Mg varied
among tle switchgrass varieties (Tal8€l). For example, soil pH under BoMaster (pH = 5.93 £
0.05) in week 1 was lower than under Colony (pH = 6.1 = 0.16) or Kanlow (pH=6.13 + 0.12)
(Fs,21=6.65;P = 0.0025). Some of the varieties differedatal C% , K(ppm)and K:Mg ratio
when grown in HDP or LDP in week 1 (Tald€el). For example, K(ppm) was higher when
associated with BoMaster (KE51.5 + 28.45) and Kanlow (149.75 + 28.03) growing under
HDP compared to Alamo (110.0 £ 32.54) and Colony (104.0 = 1442%R3.54; P = 0.032)
growing under the same density. After week 1, we observed no evidence for any density effects.
In contrast to the planting densities that did not vary after the first sampling, a few abiotic
variablesstill varied among the switchgragarieties. Switchgrass varieties differed in Ca(ppm)
and K:Mg ratio in the second sampling (week 2) (T&blg. Soil Ca(ppm) under Colony in
week 2 was higher than under Kanlow /= 3.28; P = 0.041). The K:Mg ratio in week 2 was
lower under Alamo compared to BoMastes /= 5.40; P = 0.007) (Tabl@1). Further, H(%)

varied in week 4 among varietiesgr= 3.36; P=0.038), although the pairwise comparisons of
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provided no suppofor differences among the varieties (P > 0.23). Finally, Ca% was higher
when in soils under Alamo and BoMaster than Kanlow in week & 65.39; P = 0.007). Later
in the growing season, after week 8, there was no evidence for any switchgrass ffadtstye
the soil chemistry.

Planting densities differed in neither soil PL&#erred microbial biomasses nor EEAs.
In contrast, PLFAs varied among the switchgrass variety, but did so only in the first half of the
growing season (weeks 2, 4 and 16) (€&2). Switchgrass varieties differed in total bacterial
(Fs,21=3.48; P = 0.030) and total fungak@r= 6.19; P = 0.004) biomass as well as in F:B ratio
(Fs21=5.72; P = 0.005) in week 2 (Tal8€2). The differences in total fungal biomass were
atributable to differences in nemycorrhizal fungi, as the AM fungi did not differ. Total
bacterial biomass in soil under Kanlow was lowest and lower than that under Colony3Pable
In contrast, total fungal biomasssoil was highest under Kanlow a@migher than that under
Colony. These differences were attributable to the biomass einyoarrhizal fungi, whose
biomass was greatest under Kanlow and higher than that under Alamo or Colony. In contrast to
the noamycorrhizal fungi, the switchgrass veties did not vary in their PLF#kferred AM
fungus biomass. The differences in total bacterial and fungal biomarkers resulted in subsequent
differences in the F:B ratio that was higher under Kanlow than under Alamo. In addition, soils
under the variety Bdaster had a higher total fungal biomass than Colony and higher F:B ratio
than Alamo. In week 4, total bacterial biomassz{= 3.88; P = 0.023) and that of actinomycetes
(Fs,21=5.07; P = 0.009) differed among the varieties (T8l Similar to week?, total
bacterial biomass was lowest under Kanlow and differed from that under BoMaster.
Actinomycete biomass in week 4 was lower under variety BoMaster and differed from Colony

and Kanlow. In week 8, we observed no evidence for differences intifEked microbial
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biomasses among the switchgrass varieties. In week 16, total fungal biomass varied again among
the varieties (521= 4.07; P = 0.020). In contrast to week 2, when soils under Colony had the
lowest fungal biomass, in week 16, total fungaht&ss was highest under Colony and higher
than that under Alamo (Tabl8.2). While we never observed any differences in soil EEAs
between the planting densities, the EEAs varied among the varieties but only in weghk 6 (F
3.22; P = 0.040) (Tablg.3). Soils under Kanlow had low EEAs overall. Under Kanlow, CBH
activity was | ower than under any of the othe
Alamo and Colony, and phosphatase activity was lower than under Alamo 8lgble
Temporal dynamicsof the soil properties
To test for temporal dynamics in soil chemistry, PLFAs and EEAS, we explored general
trends using mixed effect model ANOVAs with A
fixed effect. Then, to better focus on where distinct déffiee occur during the growing, we used
pairwise comparisons with fAtimed as a categor
Our analyses of soil chemistry highlighted that soil pkth($=40.22; P < 0.001}ptal
N% (F1,173= 10.40; P < 0.002)ptd C% (F,173= 16.36; P < 0.001), C:N ratio {k73=9.73; P <
0.002), P(ppm) (F173=53.13; P < 0.001) and K(ppm)1(f73=56.81; P < 0.001) declined over
time, whereas Nk (F1,173=17.68; P < 0.001) and®$ (F1,173=8.60; P < 0.004increased over
time (Figure 3.3. Inthe pairwisepodst oc t ests of the categorical
higher in weeks 1, 2, 4 and 8 than in weeks 16 and 38 (P < 0.012). In addition, pH in week 8 was
lower than in weeks 1 and 4 (P < 0.023). Tot# Neclined in the last sampling point (week 38)
compared to weeks 1, 4, 8 and 16 (P < 0.044), but not week 2 (P = 0.079). Total C% in soil was
higher in weeks 2, 4, 8 than in week 1 (P < 0.021), and lower in week 38 than weeks 1,4, 8 and

16 (P < 0.002), hunot week 1 (P = 0.349). Similar to total C%, C:N rateshigher in weeks 2,
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4, 8, and 16 (P < 0.002) compared to week 1 and lower in week 38 cortgpesaglier in the
growing season (2, 8, and 16) (P < 0.007), except week 1 (P = 0.563). P (ppregntration
in late growing season (weeks 16 and 38) was lower than in early growing season (weeks 1, 2, 4
and 8) (P < 0.001), and lower in week 8 than week 2 (P < 0.003). Soil K (ppm) was highest in
week 2, higher than at any other time during the sedson0(0025). Conversely, soil K (ppm)
was lowest late in the fall (week 38) and lower than any time earlier in the season (P < 0.035).
Soil NHs* was lower in the beginning of the growing season (weeks 1 and 2) than later in the
growing season (weeks 8, &6d 38) (P > 0.038), and soil MHn week 1 was also lower than
in week 4 (P = 0.008). In addition, soil NHn week 16 was higher than in weeks 4 (P = 0.006)
and 8 (P = 0.027). Soil®k decreased towards the middle of the season and was lower in weeks
4, 8 and 16 than in the first two weeks of the season (weeks 1 and 2) or the last week of the
season (week 38) (P < 0.040). It is interesting to note the decline in soil pH and soil
macronutrients (P and K) and the contrasting increaséafahd NH* over the timethatlikely
reflect the balance between the seasonal immobilization by plants and microbial communities
and the microbial mineralization. While we observed no strong evidence for density effects for
any of the tested soil chemistry variablesifs< 2.40; P > 0.052), soil pH differed among
varieties (B173< 4.23; P > 0.007) in these broader analyses. The pairwise comparisons among
varieties indicated that soil planted with Colony had higher soil pH than varieties Alamo (P =
0.048) and BoMast (P = 0.003), and soil planted with variety BoMaster had lower pH than
those planted with variety Kanlow (P = 0.020). It is interesting to note that Colony is also highest
yielding variety which might explain its impact on the soil chemistry.

AnalysesoP LFAs with ATimeod as a continuous fiXx

(F1,173= 12.54; P < 0.001) an@ram bacteria % (Ei73= 28.48; P < 0.001) decreased over the
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growing season, whereas PLfi#erred total fungal biomass k3= 6.19; P = @M14) and F:B

(F1,173= 12.70; P < 0.001) increased over time. No increase or decre@sanm-bacteria,

actinobacteria, or AM fungi % were observed across the growing season<(2.56; P >

0.111) (Figire 3.3. Similar to the analyses tdmporal dynamics in soil chemistry, we

performed the pairwise comparisons of the wee

dissect the temporal dynamicsgreater detailPairwise comparisons revealed that total bacteria

% week 1 was lower conaped to weeks 4, 8 and 16 (P < 0.083)am bacteria % was higher in

a week 4 than in weeks 1, 2, 8, 16 and 38 (P < 0.001), and lower in weeks 16 and 38 than in

weeks 1 and 8 (P < 0.048). In contrast vitam: bacteria, % ofsram+bacteria in week 4 was

lower compared to weeks 1, 2, 8, 16 and 38 (P < 0.@ramn+bacteria % was also lower in

week 1 compared to weeks 2, 8, 16 and 38 (P < 0.001). Actinobacteria % in week 4 was higher

than in weeks 1, 2, 8, 16 and 38 (P < 0.001). Actinobacteria in weekd &lgo lower than in

weeks 12 and 8 (P < 0.003). Total fungi % in week 4 was lowen tither weeks during the

growing season (P < 0.011), and in week 8 was also lower than in weeks 1, 2, 16 and 38 (P <

0.028). AM fungi (%) was lowest in week 4 (P <@1) and highest in week 16 and differed

from the other weeks (P < 0.001). In addition, AM fungi % was also higher in week 8 than in

week 1 (P <0.001). Similar to AM fungi, F:B ratio was lowest in week 4 and lower than weeks

1, 2,8, 16 and 38 (P < 0.00While week 8 was also lower than weeks 1, 2, 16 and 38 (P <

0.001). We observed no strong evidence for variefy76R 2.36; P > 0.074) or densityqf73<

1.71; P > 0.152) effects or interactions with time for any of the tested PLFAS variables.
Theamal yses of EEAs that included fithe tempor

=10.45; P < 0.002) and NAG {[73=6.77; P = 0.010) enzymes declined in soil over the growing

season, whereas Phos (£3=3.08; P = 0.081) and CBH {k73=2.31; P = 0.130) didot decline
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or increase over time (Rige 3.4 . I n the pairwise comparisons b
than weeks 1, 4, 16 and 38 (P < 0.001). In addifio®, week 4 was lower thain weeks 1, 16
and 38 (P < 0.003yyhereas it was higher imeek 1 hanin weeks 16 and 38 (P < 0.002). Similar
to bG, NAG was highest in week 2 (P < 0.044)
rest of the season. In addition, NAG during weeks 1 and 8 was higher than in weeks 16 and 38 (P
< 0.001). Phos was Her in weeks 1, 2, 8, 16 and 38 compared to week 4 (P < 0.001), while
Phos in weeks 2 and 8 was also higher than in weeks 16 and 38 (P < 0.001). Similar to other
tested soil enzymes, CBH was lower in week 4 compared to other weeks (P < 0.012). In addition,
CBH in week 8 was higher than in weeks 1, 2, 16 and 38 (P < 0.001), while also higher in week
38 compared to weeks 2 and 16 (P < 0.018). We observed no strong evidence for the variety
(F3,173< 0.87; P > 0.458) or density4F3< 0.95; P > 0.43%ffect or interactions with timfor
any of the tested EEAs
Overall responses of soiland root- inhibiting bacterial and fungal richness and
diversity

To focus on the effects of management choices on the bacterial and fungal communities,
we analyzed observd®ory and extrapol ative (Chawhbnd ri chne
evenness (B in roots and soils using mixed models with time as a random effect. These
analyses provided no evidence for variety or plantiegsity effects on the richness and
diversity metrics for bacteria or fungi in switchgrass roots or soil (Tadlend Table 3)5
Soil- and root-inhibiting bacterial and fungal diversity at different time points

To dissect the dynamics of bacterial anddgal communities during the growing season,
we analyzed richness, diversity, and evenness separately at each of six time points. Similar to the

analyses of soil chemistry, responses to management choices in bacterial richness and diversity
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were rare andxelusive to early growing season (TaBld). Soil bacterial extrapolated (Chaol)
(Fs,22= 3.59; P = 0.03), but not observed{$ (Fs21= 1.21; P = 0.33) richness varied among the
varieties in week 2. Bacterial extrapolative richness was higher inuswiés Alamo than under
Kanlow (P=0.036). We observed no strong evidence for planting density effects for any of the
estimated bacterial richness or diversity metrics in soil at any of the six time paints: (FE68;
P > 0.19). Similar timavise analges of bacteria inhabiting the switchgrass roots revealed no
strong evidence of variety {k1< 2.79; P > 0.07) or planting densitys@r< 2.63; P > 0.06)
effects on bacterial richness or diversity metrics. Similar to bacteria, the switchgrass vatiety a
planting density effects on the fungal richness and diversity were observed only in the beginning
of the season (Tab®b5). Analyses of fungal communities associated with soil and roots
revealed that Kanlow had lower observedngSand extrapolated spies richness (Chaol) as
wel | as di v enq)thanther arites in week26V¥e observed no strong evidence
for planting density effects on fungal richness or diversity estimates in seik(B.17; P >
0.108) or roots (F21< 2.61; P > (D64) across the season. An exception was the marginal effect
of density in roots where HDP in variety Alamo differed from LDP in BoMaster in a week 8 (P =
0.044).
Temporal dynamics of microbial richness and diversity

To elucidate the tempordi/namics of the soil and root microbial richness and diversity,
we used mi xed models ANOVAs with ATimeo inclu
These analyses highlighted the temporal dynamics in the bacterial and fungal richness and
diversity n the course of a growing season. Bacterial richness) (8 soil (F,171=160.24 P <
0.001) and roots (im=53.66P <0.00lps wel | as diversitiy= (Shanno

82.82 P < 0.001) and roots {fk70= 33.59 P < 0.001) declined in the course of the growing
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season (Figre 3.5. To better identify where these temporal dynamics emerged from, we used a
categdirmealefif ect i n pair whocaealysesindraed thatsoih s . T h e
bacterial richnss and diversity in the last sampling in late fall (week 38) were lower than in any
time point before (P < 0.001). In addition, soil bacterial richness in week 16 was lower than in
week 1 (P=0.020) and in week 4 (P = 0.001). Bacterial richness in rodéta growing season
(weeks 8, 16 and 38) was lower than in early growing season (weeks 1, 2 and 4) (P < 0.023).
Bacterial diversity in roots was higher in early season (weeks 1, 2 and 4) than in week 8 (P <
0.015) and was higher in week 2 than in weekPL& 0.003) and week 1 (P = 0.033). Similar to
soil bacteria, bacterial diversity in roots was lowest in the last sampling in late fall (week 38) and
lower than that any time earlier in the growing season (P = 0.003), except far8\(€ek
0.429) and 16P = 0.714).
Similar to bacteria, fungal richnessi flo= 69.06 P < 0.001) and diversity in soil {kxo
=16.99 P = 0.010) declined over time (kg 3.9. In the pairwise pogtoc tests of the
categorical ATiIi meodo ef f ercitweekslo2and sfthamigveeék 16 (Pc h n e
< 0.004), and lower in the last sampling (week 38) than any time earlier in the growing season (P
< 0.002). Like fungal richness in soil, fungal diversity in sthe end of the growing season
(week 38) was lowethan any time earlier in the growing seasor: (R0384). In contrast to
bacteria and soil fungi, fungal richness in roots increased ove(fma&= 15.47; P < 0.001)
(Figure 3.9. This was largely attributable to the high fungal richness in aitt® end of the
growing season (week 38) that was higher than any time earlier in the growing season (P
0.044). Although there was no strong evidence for temporal effeci® £0.20 and P= 0658
for root fungal diversity across the season i

pairwise comparisons of t he fungaltdeegsayrinirootawas i Ti me
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lower inweek 16 tharmn weeks 1, 2, 8 and 38 (P < 0.014yt not week 4 (P = 0.128).
Additionally, fungal diversity in roots was higherweek 4 thann weeks 1 (P = 0.003) and 38
(P = 0.01}).Corroborating our other analyses, the richness and diversity responses to varieties or
their planting densities weresle nt when oO0Ti meo was included as
We observed no strong support for switchgrass variety effects on bacterial ricrspgsn (S
either soil (k,174= 1.12; P = 0.241) or roots{k7s= 0.64; P = 0.589). This was also true fo
bacterial di wgimseil(Biys=14%;P e 0.24pamdreotss(frs= 0.22; P =
0.881). Similar to bacteria, neither fungal richnessg3n soil (F3,163= 0.34; P = 0.797) or roots
(Fs,173= 0.08; P = 0.97) nor diversity in soil{fs3= 0.87; P =0.459) or roots{k7s= 0.16; P =
0.922) varied among the switchgrass varieties. Consistent with our overall analyses, these
analyses provided no support for planting density effects on bacterial or fungal richness and
diversity. Neithetbacterial richness in soil {k74a= 0.37; P = 0.832) or roots{krs= 0.52; P =
0.722) nor diversity in soil @z74= 0.28; P = 0.888) or roots{krs= 0.12; P = 0.975) varied
between the two planting densities. Again, fungal responses were cangiditehose of
bacteria and neither fungal richness in soiligg= 1.51; P = 0.202) or roots{k73= 0.19; P =
0.945) nor diversity in soil @fe63= 0.87; P = 0.486) or roots{k73= 0.36; P = 0.840) were
affected by the planting density
Overall responses of soiland root-inhibiting ba cterial and fungal community
composition

To understand whether varieties or planting density affect assembly of bacterial and
fungal communities in soil and roots, we compared the communities pooled aergsstime
points. These analyses provided no evidence for a planting density effect either in bacterial

communities associated with soik(fs2= 1.066; P = 0.271) and rootss(fs2= 0.77; P > 0.995) or
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fungal soil (R,181= 0.85; P = 0.873) and roas,181= 0.83; P = 0.97) communities in
switchgrass. However, in contrast to our analyses of richness and diversity, bacterial and fungal
communities in roots and soil varied among the varieties. Differences among the varigties (F
= 2.682; P = 0.00Wvere attributable to soil bacterial communities inhabiting soil underneath
BoMasterthat weredistinct from those underneath Colonyd{P 0.018) and from those
underneath Kanlow @ = 0.04). Indicator taxon analyses identified a large number of irdgca
for the switchgrass varieties. Of the totahdb soil bacterial indicators, a majority was
associated with BoMaster&8), whereas fewer werassociated witiColony () and Kanlow

(77) and nonavith Alamo (Table A.1)Majority of soil bacterialndicatorOTUs were assigned

to Acidobacteriag7), Actinobacteria46) and Proteobacterid§9). Theseindictors included
nitrogen fixing taxd 2 Nitrospirales (phylum Nitrospiraéndicatorsassociated with BoMaster
(1) and Kanlow {) as well ag! Rhizobiaks (phylum Proteobacteria) indicators for BoMaster
(2), Colony (1) and Kanlowl)) (Table A.1) The varieties also variedqfs2= 1.29; P = 0.038) in
their root bacterial community composition. Despite this variety effect, the FDR adjusted
pairwise compasons identified no pairs of varieties that differeeu{® 0.167).

Indicator taxon analyses identified a smaller, compared to soil, number of bacterial
indicators for the switchgrass varieties in roots. Of the total of 37 root bacterial indicators, a
mgority was associated with Colony (19), whereas fewer were associated with BoMaster (13),
Kanlow (4) and Alamo (1) (Table A.2).

Fungal communities in soil also differedmpositionallyamong the varieties §fs1=
1.29; P = 0.038). Thegshfferences were attributable to distinct soil fungal communities
underneath Kanlow and Alamos= 0.012)or BoMaster (Rqj= 0.042) as well as those

underneattBoMaster and Colony @ = 0.009). Our indicator taxon analyses identified a total of
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30 fungal indicators in switchgrass soil, includifayr for Alamo, six for BoMaster andineand
elevenfor Colony and Kanlowrespectively (Tablé.3). Exampleof these indicators include a
common sodHinhabitingMortierella sp. (PhylumZygomycotad and leafpathogerPhaeosphaeria
sp. (Phylum Ascomycota) associated with Kanlow and representatives of the arbuscular
mycorrhizal Glomeromycota that hawlo indicatoss for variety BoMaster anane indicator for
Colony. Also, fungal communities in switchgrass rootfeced among the varieties {ks1=
1.45; P = 0.002). Fungal communities inhabiting Kanlow roots differed from those inhabiting
Alamo (P = 0.012). The indicator taxon analyses revealed only a tetialinficators alll
representing BoMaster including@AM fungusindicator offamily Glomeraceaélable A.4)
Soil- and root-inhibiting bacterial and fungal community analysisby week

In generalpacterial and fungal communities associated with roots and soilsl varie
compositionally among varieties only in the beginning of the season (from weeks 1 to 4), except
for root bacterial communities that showedvaoiety effectat any timeduringthe growing
season (k2324< 0.92; P > 0.07)n contrast to the early season variety effects, we observed no
evidence foplantingdensity effector root or soil-inhabitingcommunities, excegor a
planting density effect on soil bactdr@mmmunitiesn week 8 (F1,24< 0.92; P > 0.04).ndicator
taxonanalyses identiéd taxa thatdiffered inweek 8and included OTUsepresenting
Acidobacteria (10), Bacteroidetes (4) and Proteobacterig Tab)e A.5) Soil bacterial
communitiediffered amongarietiesin weeks 1 (k23=1.73; P = 0.017) and 2{k»=1.41; P =
0.025). Pairwise comparisons indicated thaveek 1BoMasterdiffered fromAlamo and
BoMaster different fronColonyandKanlow. Howevey after the FDRcorrection for naltiple
comparisons resulted in only marginal differences among varieties (P >Sin@iigr to the week

1, soil bacteriakommunitesdiffered among switchgrass varietiesweek 2when communities
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in soils underneatBoMaster differed from Alamo and Kaw. Againafter the correction for
multiple comparisons varieties were not different from each other ( P = OW8@&)Jso observed
a switchgrassariety effect of in the soil fungal communities during week 265 1.48; P =
0.012), with nasignificant difference in varietiesfter adjustment (P > 0.0540he root fungal
communitiediffered among thearieiesin weels 2 (F3.24=1.415; P = 0.004) and 44§
=1.633; P = 0.001rungal communities iBoMastermrootsdifferedcompositionally fom Alamo
(P = 0.@8) and Kanlow (P #6.018) during week 2Indicator taxon analysed communities in
week 2identified two indicators associated with BoMaster, both representing the AM fungus
family Glomeraceae. In a weekmot-inhabiting fungal communities associated vKizinlow
differed from those associated withlamo (P = 0.006pr Colony (P = 0010) with only two
indicators representing phyluAscomycotaandassociateavith Kanlow. (TableA.6).
Temporal dynamics of theroot and soil bacterial and fungal communities

Analyses of the temporal dynamicd bacterial and fungal communitiesthe roots and
soil were consistent for density, variety, and teffects The mixed effects analyses of PCoA
axis scores that includédTi me 0 as a IprovidednostrongewWdendeforettfef e ¢ t
plantingdensityeffect on soil bacterial (k177=1.249; P = 0.081), root bacteriak{z7z=0.917;
P = 0.713), soil fungal gh76=0.949; P = 0.612)r root fungal (k176=0.891; P = 0.059)
communitiesa resultconsistent with minimal planting density effects on soil chemistry and/or
bacterial and fungal richness and diversity. Although our broader analysis sugossbed
variety effect on bacteri@lommunities irsoil (Fs,177= 3.15;P = 0.001) and ros{Fs177= 1.14;P
= 0.004)or fungalcommunities irsoil (F3,176= 1.19;P = 0.001) and ros{Fs,176= 1.57;P =
0.001), these results were not consistently supported in pairwise compdeadnsf the four

switchgrass varieties differed in bacterial communities in(Bod 0.03), but not in roots (P
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0.157). Fungal communities soil underneathiKanlow differedfrom other varieties: Alamo &g
= 0.012), BoMaster (= 0.012) and Colony @ = 0.006),whereadungal communities in
roots diffeedonly between Kanlow and Alamo 4= 0.012).

We used PCoA axiscoresasfixed linear termdn our mixedeffecs modelsto identify
general trends ordination spaceverthegrowingseasonThe firstPCoA (F1,171= 64.09; P <
0.001)andsecondPCoA (F1,171= 20.32; P < 0.001axisscores characterizirgpil bacterial
communitesdecreased over time, suggestangyadualdirectionalshift in the ordination space.
In a similar manner, fir’CoAaxis scoregharacterizingaot bacterialcommunitiesncreased
over thegrowingseasor{F1,171= 53.60; P < 0.001whereasio such lineatrends were obvious
for the secondPCoA axis scoregFi.171= 1.93 P=0.167 (Figure A.1) First PCoA axiscores
characterizing soifungal communitiesleclinedover time(F1,10=31.03 P< 0.00]), whereas
the secondPCoAaxisscoredid soonly marginaly (F11o=5.27; P = 0.022 First PCoA axis
scoredor the svitchgrassootfungalcommunityincrease¢F1,10= 20.32; P < 0.001 whereas
those of seconBCoAaxisdeclined(Fi1n=92.20; P < 0.001(Figure A.2).

Ouranalysesighlighted avery strongemporaleffect on thébacterial and fungal
community compositiomssociated with switchgrassils and roots. In pairwise comparisons,
bacterial and fungal communities in roots and soils at each sampling time differed after FDR
correction Dispersioranalysis of the soil bacterial communities provided no evidence for
community convergence or digance over time (P = 0.8yand two planting densities
0.50%). In contrast, our analyses suggested marginal variety effedd (46) indicating that
Kanlow hosted more heterogeneous (divergent) soil bacterial communities than the Colony.
Dispersionanalyses of the root bacterial communities provided no consistent evidence for

convergence or divergence between planting densities (P 8) @id varieties (B 0.17).
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However, root bacterial community dispersion vaoedr thegrowing season (R 0.001).
Weeks 1 and thore dispersedompared to weeks 4 and 8 suggesting bacterial community
convergence towards the peak growing seaSwnilarly to bacteriafungal community
dispersion analys provided no evidence focommunityconvergence or divergenéar
switchgrass plantindensities (= 0.89)) in soil and roots (B 0.310)or among switchgrass
varieties (P= 0.39) in soil or (P = 0.31) in roots. However Jike root bacteria, these analyses
indicated a greater soil fungal commundigpersion (K 0.001) early in the growing season:
dispersion in week 1 was greater than in week 8, and week 2 was greater than weeks 4 and 8
suggestingommunityfiltering from amoreheterogeneous commun#arly in the growing
seasonSimilar to fungalcommunities in soilfoot fungal communities week 1were more
dispersedhanin weeks 2, 4, and 8, artdose inweek 2 had greater dispersion thhase in
weeks4 and 8

We used indicator taxon analysis to identify soil and root fungi and bacter@rdva
the observed temporal differences. Species indicator analysis revealed tot8l7dbdcterial
indicator OTUs in soil@ = 0.001)(Table A.7) The number of indicators increased over the
growingseasorirom 71 indicators in week 1 to 814 indicatamsveek 38. These indicators
represented mainly the bacterial phyla Actinobacteria (104), Acidobacteria (151), Protobacteria
(253) and Planctomycetes (118). Root bactenanmunitieshadfewerbacterial indicator$800)
with peaks in number ahdicatorOTUs in weeks 1 (313) and 16 (243pble A.8) Similar to
soil, majority of root indicator bacteria belonged to Acidobacteria (71), Actinobacteria (196),
Proteobacteria (271) and Planctomycetes (96). Soil (218)and232) fungal indicators had

similar distribution during the season with peaks in numbers of indicator OTUs in week 38 with
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102 fungal indicators in soil and 206 in roots. Tindicatorsrepresentedainly Ascomycota
(soil 30, roots 68) and Basidionota (soil 49, roots 87)Table A9 and Table\.10).
Soil chemistry correlations with microbial communities

To understand the correlations between soil microorganisms and soil chemistry
characteristicsve performed the environmental fit analy@tsgure A3). Although a few soill
factors correlated with soil fungal community ordination gNHP = 0.001; F P = 0.004; Ca
P =0.009; Ki P =0.001; C:N P =0.026), their correlation coefficients (r2) were generally
very low with the highest correlation-@fficient (7%) for Ca. The environmental correlates
appear more driven by the early (week8) Vs late (weeks 16 38) season division (Fige 3.9.
Soil bacteria had a larger number of correlatesi(ftH= 0.001; NH"T P = 0.001; total N% P
= 0.001; otal C%1 P =0.001; C:N P =0.001; OM% P =0.001; Ca P =0.001;Ki P =
0.001; P P = 0.001). Interestingly, the three correlates with highest correlation coefficients
were all carbon related: total C% with a correlation coefficient of 20.5% anh @Ml total C:N
with coefficients of 19% and 18%, respectively. PCoA visualization revealed that bacterial soil

factors mostly correlated with weeks 4 andFgygre 3.7.
Discussion

We aimed to evaluate how abiotic and biotic attributes vary over onergyeeason
among four switchgrass varieties planted in two different densities and maintained under the
conservation agriculture principles. Our data indicate that switchgrass varieties and their planting
densities minimally affect soil chemistry or bacéand fungal communities in soil or
switchgrass roots, particularly when compared to the temporal dynamics over a growing season.

Our findings suggest that the temporal dynamics have a greater effect on the switchgrass
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microbiome and its assembly thantde management choices that our research targeted
(planting density and varietips
Soil chemistry responses

Although our analyses overall suggested minimal effects of switchgrass varieties or
planting densities on soil chemistry, various soil attribuiferdd in the early growing season.
Any observed differences among the varieties in the early growing season were no longer
obvious beyond eight weeks after the leaf emergence. Although our data do not permit
identification of the mechanisms that bestlakpthese observations, we hypothesize that these
early season differences are attributable to differences in the timing of leaf emergence and
corresponding initiation of the plant metabolic activity in the spring. These early season
developmental differeces likely play a role in our observed differences in soil abiotic attributes.
For example, variety ABoMastero was |l ast to e
than other varieties (Mandyam and Kazarina personal observation), thus léatyimg its
metabolic activity and rhizodeposition later tiaeothervarieties Our data on the soil
chemistry dynamics support this hypothesis: after two weeks, soils planted with BoMaster had
higher P, Ca, and K concentrations than those planted with other varieties, likely attributable to
the delay in nutroenfThepephkembyaliBeMalsy eseas o]
activity and their disappearance before the peak growing season lend further support to our
hypothesis. Developmental differences in biological activittheswitchgrass varieties have
been observenh other studies (Chen et al. 2019; Ghimire et al. 2011; Rodrigues at al. 2017).
However, these metabolic differences seem inconsistent throughout the plant development. For
example, in a greenhouse experiment, Rodrigues et al. (2017) observed thatittees@uble

amino acid abundances differed among two varieties at six weeks, but not earlier (at 1.5 weeks)
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or later (16 weeks). Like other variegpecific traits such as differences in survival and
productivity among others (Sanderson et al. 1999teCas al. 2003, 2004, 2007), differences in
the early season performance reflect the underlying differences in the variety genetic
background. However, the fact that differences were not observed later in the course of the
growing season in our study mesflect the minimal effect that varieties may have on the abiotic
soil characteristics

The abiotic and biotic soil characteristics varied temporbliytrient availability in soil is
affectedby biotic factors such as plant and microbial activity andatmetism (Binkley et at.
1998)as well ady abiotic factors such as soil moisture (Mitchell et al. 1982)an examplef
temporal varihility, the two plant available N sources (NFnd NQ") varied during the
growing season and increased in the coafgke growing season. Our observations corroborate
those of others (Casals et al. 1995; Amos et al. 2015): plant available N sources vary during the
growing season likely reflecting microbial soil N transformations. In our experiment, s@fil NH
was highesin the middle of the growing season likely correlating with conditions favorable to
ammonification (high moisture and high temperature in the summeadldition, we observea
plateaun NH4* andanincrease in N® concentrationn our last samplingt week 38 These
observations are in line with the conceptual model of soil N cycle by Schimel and Bennett (2004)
describing the planticrobe competition for available N and likebflecthigh mineralization of
N from thesenescemlantbiomasghatmaintainedmicrobial activityduring minimal plant
metabolic activityandresuledin N mineralizationat the @d ofthe growing season

Seasonal variability aénvironmentatonditions,e.g, precipitation,may affectmicrobial
communiy biomass and astity. We observedn unexpectedly loiEEAsand fungaPLFA

biomass measures in weekid contrastwe observe no corresponding changes in soil
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chemistry or bacterial and fungapha diversity and community compositianthat timeln
searchor possibé explanatiog weacquired and analyzdlle weather data
(https:/lwww.weather.gov/wrh/Climate?wfo=jatdowever we did not observany strong
evidence for weather anomalie$or drought in particulari thatmighthelp explainthelow
PLFA-inferred fungal biomass aride corresponding loEEAs(Gi f | &kab201%). The
local NRCS weather station reportedtmm precipitation fivedays beforeheweek 4sampling
and24-mm pecipitation in the day of the samplinig.is unlikely thatthis precipitationnvould
explain the unexpectedly low PLFASIdEEAS estimates

Our experiment is analogous to so called common garden experiments; all our
switchgrass varieties were grown adjadergach otheand thus under identical environmental
condtions in a spliplot design wherein spatial blocking aimed to minimize the variability in soil
characteristics and environmental conditions. Even though the experiment had been in place for
six years at the time of sampling and should highlight the yaaied management effects, our
data strongly suggests that soil nutrients vary temporally, but less so amitciggrasvarieties
or their planting densities
Microbial responses

Similar to soil chemistry, we observed no strong evidence for an overall variety or
planting density effects on the microbiome richness and divensstyitchgrass roots or
associated soils. Although richness and diversity were not impacted, varietes digtinct
bacterial and fungal communities corroborating results of others (Emery et al. 2018; Rodrigues et
al. 2017; Reuvillini et al. 2019), who concludtithat varietiecould affect root and soil microbial

communities. As the richness and diversityevenaffected, the compositional differences are
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likely attributable to species rank reordering among the varieties (see Avolio et al. 2019; Collins
et al. 2008; Cleland et al. 2013)

In general, our observed communities matched compositionally those reported for
switchgrass by others (Chen et al. 2019; Reuvillini et al. 2019; Singer et al. 2019 and Brodsky et
al. 2019). Bacterial communities in soils were dominated by Phyla Actinoiaacter
Acidobacteria, Bacteroides, Proteobacteria and Planctomycetes and donmmatgsby
bacterial phyla Acidobacteria, Bacteroides, Proteobacteria, Firmicutes corroborating previous
reports (Chen et al. 2019; Grady et al. 2019; He et al. 2017; Mad2614; Revillini et al.

2019; Singer et al. 2019). Similar to bacteria, our fungal communities were similar to those
reported previously (Brodsky et al. 2019; Rodrigues et al. 2017; Singer et al. 2019) and
composed primarily of classes Agaricomyceteghidieomycetes and Sordariomycetes in
switchgrassassociated soils and roots

We also utilized indicator taxon analyses to identify bacteria and fungi that may have

been disproportionately more abundant with one switchgrass variety compared to others. These

analyses identified a large number of potential indicators. The two lowest yielding varieties
ABoMastero and fiKanl owd that appeared most
chemistry also tended to have a higher number of bacterial and fudgaltars(Table A.1 and
Table A.2).These indicators included bacteria assigned to taxa representing potential nitrogen
fixers (Rhizobia) and fungi assigned to phylum Glomeromycota representing the AM fungi as
well as putative pathogens (Mycosphearellakén together, these observations suggest that
varieties may host microbiomes that positively or negatively affect variety performance and/or
nutrient acquisition. Based on these indicator taxon analyses, some varieties may potentially

serve as superior pdidates for sustainable conservation agriculture because they may attract
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beneficial microbes, require lesser nutrient inputs and/or differ in their disease susceptibility
(Lowman et al. 2016; Roley et al. 2019), whereas others may be more suscepiuietial or
fungal antagonists

Soil and root microbial community richness and diversity as well as composition were
temporally dynamic. Our studies primarily tested hypotheses on the effects of switchgrass
varieties and their planting densities and reifiungal nor bacterial community richness or
diversity strongly responded to these management choices. Although richness and diversity
metrics were minimally affected by the variety choices, bacterial and fungal community
composition seemed to differ anpthe varieties in the broader analyses that also addressed the
temporal dynamics. This was not true for planting densities which did not affect the bacterial or
fungal community in these analyses. Closer analyses of the variety effects suggested that the
observed differences were minimal and mainly inconsistent. However, it is interesting to note
that similar to overall community responses, the differences among varieties were mostly
attributabletothelow i el di ng variety AKanl ow

Whilst the variety oplanting density choices may have had small impacts on the root
and soil inhabiting bacterial and fungal communities, their richness and diversity, as well as their
composition were dynamic during the growing season. In general, richness and diversdy tend
to decline over the season except for root fungi whose richness increased over the season.
Interestingly, the number of indicators generally increased toward the end of the season
suggesting a seasonal change of the microbial communities and its i@sshuiationsWe also
oftenobserved general linerendsin the PCoA axis scores that suggest gradualsshithe

community composition supporting the greatest differences between early and late season.
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Other studies have reported large seasondkshiplantassociated bacterial and fungal
communities. For example, Chen et al. (2019), Rodrigues et al. (2017) and Sawyer et al. (2019)
concludedhat the seasonal variation in switchgrass microbiome is a result of the combination of
the abiotic enviromental changes as well as seasonal changes in the plant metabolic and
biochemical activity. However, our findings are in contrast with Carson et al. (2019) who
observed no community trajectory in the ordination space over the greeasgn bubtbserved
very strongtreatment effectsef prescribed burning and fertilization (N addition) in tallgrass
prairie systemWe hypothesize that in hierarchy of the factors shaping microbial communities
our management effects were minor and masked by the strong teahmaalics, contrasting
the strong treatment effects reported in a study by Carson et al. (2019) in which 30 years of
nitrogen addition masked the subtle temporal dynamics of fungal communities.

We also expected that switchgrass varieties would differdeafp in their soil and root
microbiomes such that in switchgrass microbiomes can change temporally over the growing
season and vary across varieties (Ghimire et al. 2011; Rodrigues et al. 2017). However, similar
to our soil chemistry results, of thoseeks across the season that we targeted, the differences in
planting densities were minimal or absent, whereas the effect of varieties on the microbial
richness and diversity metrics as well as microbial communities were raobsedednly at
the begining of the season. The indicator taxon anedysonfirm the microbiatommunitydata
and reflect that varigtsare similar in composition and hateverindicators toward the end of
the season, supporting the soil chemistry hypothesis that varietigsodgiffan the initial
developmental stage.

References

Abubaker, S. (2008). Effect of Plant Density on Flowering Date, Yield and Quality Attribute of
Bush Beans (Phaseolus Vulgaris L.) under Center Pivot Irrigation Sy&tearican

66



Journal of Agricultural and Biological
Scienceg. https://doi.org/10.3844/ajabssp.2008.666.668

Avolio, M. L., Forrestel, E. J., Chang, C. C., La Pierre, K. J., Burghardt, K. T., & Smith, M. D.
(2019). Demystifying dominant specidgtps://doi.org/10.1111/nph.1578%ew
Phytologist,223(3), 11061126.https://doi.org/https://doi.org/10.1111/nph.15789

Binkley, D., & Giardina, C. (1998). Why do Tree Speddfect Soils? The Warp and Woof of
Treesoil InteractionsBiogeochemistry42(1), 89
106.https://doi.org/10.1023/A:1005948126251

Bligh, E. G., & Dyer, W. J. (1959). A rapid method of total lipidragtion and purificationCan
J Biochem Physio37(8), 911917.https://doi.org/10.1139/05099

Brant, J. B., Myrold, D. D., & Sulzman, E. W. (2006). Root controls on soil microbial
community structure in fest soilsOecologia 148(4), 650
659. https://doi.org/10.1007/s004416-04027

Broadbent, F.E. (1965). Organic Matter, Methods of Soil Analysis. Part 1, Physical and
Mineralogical Methods. Ameran Society of Agronomy Monograph No. 9. pp. 1397
1400.https://doi.org/10.2134/agronmonogr9.2.c41

Brodsky, O. L., Shek, K. L., Dinwiddie, D., Bruner, S. G., Gill, A. S., Hoch, J. M., . . . MeGu
K. L. (2019). Microbial Communities in Bioswale Soils and Their Relationships to Soil
Properties, Plant Species, and Plant PhysiolBgyntiers in Microbiology:10, Article
2368.https://doi.0g/10.3389/fmicb.2019.02368

Burns, J. c. , Godshal k, E. B., & Timothy,
[https://doi.org/10.3198/jpr2007.02.0094crddurnal of Plant Registiians,2(1), 3%
32. https://doi.org/https://doi.org/10.3198/jpr2007.02.0094crc

Burns, J. c. , Godshal k, E. B., & Timothy,
Switchgrasshttps://doi.org/10.3198/jpr2009.12.0722crapurnal of Plant
Registrations4(3), 189194.https://doi.org/https://dadrg/10.3198/jpr2009.12.0722crc

Baath, E., & Anderson, T. H. (2003). Comparison of soil fungal/bacterial ratios in a pH gradient
using physiological and PLFRased techniqueSoil Biology and Biochemistry35(7),
955-963. https://doi.org/https://doi.org/10.1016/S063817(03)001548

Caporaso, J. G., Lauber, C. L., Walters, W. A., Beeygns, D., Huntley, J., Fierer, N., . ..
Knight, R. (2012). Ultrehigh-throughput microbial commmity analysis on the lllumina
HiSeq and MiSeq platform$sme Journalg(8), 1621
1624.https://doi.org/10.1038/ismej.2012.8

Carson, C. M., Jumpponen, A., Blair, J. M., & Zeglin, L. H. (2019). Soil fuogamunity

changes in response to letegm fire cessation and N fertilization in tallgrass
prairie. Fungal Ecology41, 4555. https://doi.org/10.1016/}.funeco.2019.03.002

67


https://doi.org/10.3844/ajabssp.2008.666.668
https://doi.org/10.1111/nph.15789%5d.
https://doi.org/https:/doi.org/10.1111/nph.15789
https://doi.org/10.1023/A:1005948126251
https://doi.org/10.1139/o59-099
https://doi.org/10.1007/s00442-006-0402-7
https://doi.org/10.2134/agronmonogr9.2.c41
https://doi.org/10.3389/fmicb.2019.02368
https://doi.org/10.3198/jpr2007.02.0094crc%5d.
https://doi.org/https:/doi.org/10.3198/jpr2007.02.0094crc
https://doi.org/10.3198/jpr2009.12.0722crc%5d.
https://doi.org/https:/doi.org/10.3198/jpr2009.12.0722crc
https://doi.org/https:/doi.org/10.1016/S0038-0717(03)00154-8
https://doi.org/10.1038/ismej.2012.8
https://doi.org/10.1016/j.funeco.2019.03.002

Casals, P., Romanya, Cortina, J., Fons, J., Bode, M., & Vallejo, V. R. (1995). Nitrogen supply
rate in Scots pine (Pinus sylvestris L.) forests of contrasting slope a3jaexttand
Soil, 168(1), 6773. https://doi.org/10.1007/BF00029314

Casler, M. D. (2012). Switchgrass Breeding, Genetics, and Genomics. In A. Monti
(Ed.),Switchgrass: A Valuable Biomass Crop for Enefigy. 2953). Springer
London.https://doi.org/10.1007/978-4471-29035_ 2

Casler, M. D., & Boe, A. R. (2003). Cultivar x Environment Interactions in Switchgrass
[https://doi.org/10.2135/cropsci2003.2226top Science43(6), 2226
2233.https://doi.org/https://doi.org/10.2135/cropsci2003.2226

Casler, M. D., Vogel, K. P., Taliaferro, C. M., Ehlke, N. J., Berdahl, J. D., Brummer, E. C., . ..
Mitchell, R. B. (2007). Latitudinal and Longitudinal Adaptation of Switchgrass
Populations ittps://doi.org/10.2135/cropsci2006.12.0780jop Science47(6), 2249
2260.https://doi.org/https://doi.org/10.2135/cropsci2006.12.0780

Casler, M. D., Vogel, K. P., Taliaferro, C. M., & Wynia, R. L. (2004). Latitudinal Adaptation of
Switchgrass Populationbtfps://doi.org/10.2135/cropsci2004.2930top
Scienced4(1), 293303. https://doi.org/https://doi.org/10.2135/cropsci2@®80

Chamberlain, J. F., & Miller, S. A. (2012). Policy incentives for switchgrass production using
valuation of normarket ecosystem servicé&nergy Policy, 48, 52636.

Chaudhary, D. R., Saxena, J., Lorenz, N., Dick, L. K., & Dick, R. P. (2012). MarBbofiles
of Rhizosphere and Bulk Soil Microbial Communities of Biofuel Crops Switchgrass
(<i>Panicum virgatum</i> L.) and Jatropha (<i>Jatropha curcas</ixApplied and
Environmental Soil Scienc2012, 906864https://doi.org/10.1155/2012/906864

Chen, H., Yang, Z. K., Yip, D., Morris, R. H., Lebreux, S. J., Cregger, M. A., . .. Schadt, C. W.
(2019). Onetime nitrogen fertilization shifts switchgrass soil microbiomes within a
context of larger spati and temporal variatioflos One14(6), Article
€0211310https://doi.org/10.1371/journal.pone.0211310

Clark, R. B., Baligar, V. C., & Zobel, R. W. (2005). Response of mycorrhizal switchigrass
phosphorus fractions in acidic sdlommunications in Soil Science and Plant
Analysis,36(9-10), 13371359.https://doi.org/10.1081/cs200056950

Cleland, E. E., Collins, S. L., Dickson, T. L., Fer, E. C., Gross, K. L., Gherardi, L. A., . ..
Suding, K. N. (2013). Sensitivity of grassland plant community composition to spatial vs.
temporal variation in precipitatiom{tps://doi.org/10.1890/:2006.1].Ecology,94(8),
16871696.https://doi.org/https://doi.org/10.1890/1P06.1

Cole, J. R., Wang, Q., Fish, J. A., Chai, B., McGarrell, D. M., Sun, Y., . .. Tiedje, J. M. (2014).

Ribosomal Database Project: data and tools for high throughput rRNA anhllysisic
Acids Res42(Database issue), D68&32.https://doi.org/10.1093/nar/gkt1244

68


https://doi.org/10.1007/BF00029314
https://doi.org/10.1007/978-1-4471-2903-5_2
https://doi.org/10.2135/cropsci2003.2226%5d.
https://doi.org/https:/doi.org/10.2135/cropsci2003.2226
https://doi.org/10.2135/cropsci2006.12.0780%5d.
https://doi.org/https:/doi.org/10.2135/cropsci2006.12.0780
https://doi.org/10.2135/cropsci2004.2930%5d.
https://doi.org/https:/doi.org/10.2135/cropsci2004.2930
https://doi.org/10.1155/2012/906864
https://doi.org/10.1371/journal.pone.0211310
https://doi.org/10.1081/css-200056950
https://doi.org/10.1890/12-1006.1%5d.
https://doi.org/https:/doi.org/10.1890/12-1006.1
https://doi.org/10.1093/nar/gkt1244

Collins, S. L., Suding, K. N., Cleland, E.,Batty, M., Pennings, S. C., Gross, K. L., ... Clark,
C. M. (2008). RANK CLOCKS AND PLANT COMMUNITY DYNAMICS
[https://doi.org/10.1890/01646.1].Ecology,89(12), 3534
3541.https://doi.org/https://doi.org/10.1890/0646.1

Combs, S.M. and Nathan, M.V. (1998) Soil Organic Matter. In: Brown, J.R., Ed., Recommended
Chemical Soil Test Procedures for the North Central Region, Ri@fcation No. 221,
Missouri Agricultural Experiment Station, Columbia, MO;53.

da C. Jesus, E., Susilawati, E., Smith, S. L., Wang, Q., Chai, B., Farris, R., . . . Tiedje, J. M.
(2010). Bacterial Communities in the Rhizosphere of Biofuel Crops Groviviavginal
Lands as Evaluated by 16S rRNA Gene PyrosequeBa#snergy Researci3(1), 20
27.https://doi.org/10.1007/s1218%990737

De Caceres, M., Legendre, P., & Moretti, M. (2010). Improwtticator species analysis by
combining groups of sitesftps://doi.org/10.1111/j.1600
0706.2010.18334.xPikos,119(10), 1674
1684.https://doi.org/https://doi.org/10.1111/j.160006.2010.18334.x

Edgar, R. C., Haas, B. J., Clemente, J. C., Quince, C., & Knight, R. (2011). UCHIME improves
sensitivity and speed of chimera detectBminformatics,27(16), 294
2200.https://doi.org/10.1093/bioinformatics/btr381

Emery, S. M., Kinnetz, E. R., Beldereske, L., Stahlheber, K. A., Gross, K. L., & Pennington,
D. (2018). Low variation in arbuscular mydaizal fungal associations and effects on
biomass among switchgrass cultivddg®mass and Bioenerg$19, 503
508. https://doi.org/https://doi.org/10.1016/j.biombioe.2018.12.01

Emery, S. M., Reid, M. L., BeDDereske, L., & Gross, K. L. (2017). Soil mycorrhizal and
nematode diversity vary in response to bioenergy crop identity and fertiliz&linival
Change Biology Bioenerg®(11), 16441656.https://doi.org/10.1111/gcbb.12460

Follett, R. F., Vogel, K. P., Varvel, G. E., Mitchell, R. B., & Kimble, J. (2012). Soil Carbon
Sequestration by Switchgrass and- N Maize Grown for BioenergyBioEnergy
Research5(4), 866875.https://doi.org/10.1007/s12188.2-9198y

Frostegard, A., & Baath, E. (1996). The use of phospholipid fatty acid analysis to estimate
bacterial and fungal biomass in s@iology and Fertility of Soils22(1), 59
65. https://doi.org/10.1007/BF00384433

Gamalero, E., Berta, G., Massa, N., Glick, B. R., & Lingua, G. (2008). Synergistic interactions
between the ACC deaminapeoducing bacterium Pseudomomagida UW4 and the
AM fungus Gigaspora rosea positively affect cucumber plant grdvetims Microbiology
Ecology,64(3), 459467.https://doi.org/10.1111/j.1578941.2008.00485.x

Gelderman, R.and Beegle D. (1998) Nitratditrogen. In: Recommended chemical soil test
procedures for the north central region. North Central Regional Publication No.

69


https://doi.org/10.1890/07-1646.1%5d.
https://doi.org/https:/doi.org/10.1890/07-1646.1
https://doi.org/10.1007/s12155-009-9073-7
https://doi.org/10.1111/j.1600-0706.2010.18334.x%5d.
https://doi.org/10.1111/j.1600-0706.2010.18334.x%5d.
https://doi.org/https:/doi.org/10.1111/j.1600-0706.2010.18334.x
https://doi.org/10.1093/bioinformatics/btr381
https://doi.org/https:/doi.org/10.1016/j.biombioe.2018.10.012
https://doi.org/10.1111/gcbb.12460
https://doi.org/10.1007/s12155-012-9198-y
https://doi.org/10.1007/BF00384433
https://doi.org/10.1111/j.1574-6941.2008.00485.x

221(Revised), 1998. University of Missouri Agricultural Experiment Station, Columbia,
MO. p. 17 20.

Ghimire, S. R., & Craven, K. D. (2011). Enhancement of Switchgrass (Panicum virgatum L.)
Biomass Production under Drought Conditions by the Ectomycorrhizal Fungus Sebacina
vermifera.Applied and Environmental Microbiology,7(19), 7063
7067.https://doi.org/10.1128/aem.05225%

Gihring, T. M., Green, S. J., & Schadt, C. W. (2012). Massively parallel rRNA gene sequencing
exacerbates the potential for biased community diversity comparisons due to variable
library sizesEnviron Microbiol,14(2), 285290. https://doi.org/10.1111/j.1462
2920.2011.02550.x

Gonzalezlopez, J., Martineztoledo, M. V., Rodelas, B., Pozo, C., & Salmer(i99ak).
PRODUCTION OF AMINGACIDS BY FREELIVING HETEROTROPHIC
NITROGEN-FIXING BACTERIA. Amino Acids,8(1), 15
21. https://doi.org/10.1007/bf00806540

Grady, K. L., Sorensen, J. W., Stopnisek, N., Guittar& Shade, A. (2019). Assembly and
seasonality of core phyllosphere microbiota on perennial biofuel diapste
Communicationsl0, Article 4135https://doi.org/10.1038/s4146¥19-119744

Grubbs, F. E. (1969). PROCEDURES FOR DETECTING OUTLYING OBSERVATIONS IN
SAMPLES.Technometrics]11(1), 2&. https://doi.org/10.2307/1266761

Hargreaves, S. K., Williams, R. J., & Hofmockel, K. S. (2015). Envirortatd-iltering of
Microbial Communities in Agricultural Soil Shifts with Crop Growiios One10(7),
Article e0134345https://doi.org/10.1371/journal.pone.0134345

Hestrin, R., Lee, M. R., Whaker, B. K., & PetRidge, J. (2021). The Switchgrass Microbiome:
A Review of Structure, Function, and Taxonomic Distributi®hytobiomes
Journal,5(1), 1428. https://doi.org/10.1094/pbiomxl-20-0029Hi

Hoorman, J., Sundermeier, Islam, R., & Reeder, R. (2009). Using Cover Crops to Convert to No
till. Crops and Soils}2, 313.

Hou, S., He, H., Zhang, W., Xie, H., & Zhang, X. (2009). Determination of soil amino acids by
high performance liguidhromatographelectro spray ionizatiecmass spectrometry
derivatized with BaminoquinolytN-hydroxysuccinimidyl carbamat&alanta,80(2),

440-447 .https://doi.org/10.1016/].talanta.2009.07301

Howard Skinner, R., Zegadazarazu, W., & Schmidt, J. P. (2012). Environmental Impacts of
Switchgrass Management for Bioenergy Production. In A. Monti (Bevjtchgrass: A
Valuable Biomass Crop for Ener@yp. 129152). Springer
London.https://doi.org/10.1007/978-4471-29035 6

Huse, S. M., Dethlefsen, L., Huber, J. A., Welch, D. M., Relman, D. A., & Sogin, M. L. (2008).
Exploring Microbial Diversity and Taxonomy Using SSU rRNA Hypervariable Tag

70


https://doi.org/10.1128/aem.05225-11
https://doi.org/10.1111/j.1462-2920.2011.02550.x
https://doi.org/10.1111/j.1462-2920.2011.02550.x
https://doi.org/10.1007/bf00806540
https://doi.org/10.1038/s41467-019-11974-4
https://doi.org/10.2307/1266761
https://doi.org/10.1371/journal.pone.0134345
https://doi.org/10.1094/pbiomes-04-20-0029-fi
https://doi.org/10.1016/j.talanta.2009.07.013
https://doi.org/10.1007/978-1-4471-2903-5_6

SequencingPlos Genetics4(11), Article
e1000255https://doi.org/10.1371/journal.pgen.1000255

Ihrmark, K., Bodeker, I. T. M., Cruklartinez, K., Friberg, H., Kubartova, A., Schenck, J., . . .
Lindahl, B. D. (2012). New primers to amplify the fungal ITS2 regiemaluation by
454-sequencing of artificial and natural communitiésms Microbiology
Ecology,82(3), 666677.https://doi.org/10.1111/j.1578941.2012.01437.X

JachSmith, L. C., & Jackson, R. D. (2018).addition undermines N supplied by arbuscular
mycorrhizal fungi to native perennial grassesil Biology & Biochemistry, 116, 148
157.https://doi.org/10.1016/j.s0ilbio.2017.10.009

JachSmith,L. C., & Jackson, R. D. (2020). Inorganic N addition replaces N supplied to
switchgrass (Panicum virgatum) by arbuscular mycorrhizal fitagilogical
Applications,30(2).https://doi.org/10.1002/eap.2047

Jesus, E. d. C,, Liang, C., Quensen, J. F., Susilawati, E., Jackson, R. D., Balser, T. C., & Tiedje,
J. M. (2016). Influence of corn, switchgrass, and prairie cropping systems on soil
microbial communities in the upper Midwest of the United St&éshal Crange
Biology Bioenergy8(2), 481494 .https://doi.org/10.1111/gcbb.12289

Ker, K., Seqguin, P., Driscoll, B. T., Fyles, J. W., & Smith, D. L. (2012). Switchgrass
establishment and seeding year productiontmimproved by inoculation with
rhizosphere endophytdBiomass & Bioenergy7, 295
301.https://doi.org/10.1016/j.biombioe.2012.09.031

Kleczewski, N. M., Bauer, J. T., Bever, J. D., Clay, & Reynolds, H. L. (2012). A survey of
endophytic fungi of switchgrass (Panicum virgatum) in the Midwest, and their putative
roles in plant growthiFungal Ecology5(5), 521
529.https://doi.org/https://doi.org/10.1016/j.funeco.2011.12.006

Klindworth, A., Pruesse, E., Schweer, T., Peplies, J., Quast, C., Horn, M., & Gloeckner, F. O.
(2013). Evaluation of general 16S ribosomal RNA gene PCR primers for classical and
nextgeneratiorsequencingpased diversity studieblucleic Acids Researcd,1(1),

Article el.https://doi.org/10.1093/nar/gks808

Koljalg, U., Nilsson, R. H., Abarenkov, K., Tedersoo, L., Taylor, A. F. S., Bahram,.M., .
Larsson, K. H. (2013). Towards a unified paradigm for sequbased identification of
fungi. Molecular Ecology22(21), 52715277 .https://doi.org/10.1111/mec.12481

Kozich, J. J., Westcott, S. L., Baxt N. T., Highlander, S. K., & Schloss, P. D. (2013).
Development of a duahdex sequencing strategy and curation pipeline for analyzing
amplicon sequence data on the MiSeq lllumina sequencing pla#qmph Environ
Microbiol, 79(17), 51125120.https://doi.org/10.1128/aem.01043

Langille, M. G. I., Zaneveld, J., Caporaso, J. G., McDonald, D., Knights, D., Reyes, J. A, . ..
Huttenhower, C. (2013). Predictive functional profiling of microbial comtmesusing

71


https://doi.org/10.1371/journal.pgen.1000255
https://doi.org/10.1111/j.1574-6941.2012.01437.x
https://doi.org/10.1016/j.soilbio.2017.10.009
https://doi.org/10.1002/eap.2047
https://doi.org/10.1111/gcbb.12289
https://doi.org/10.1016/j.biombioe.2012.09.031
https://doi.org/https:/doi.org/10.1016/j.funeco.2011.12.006
https://doi.org/10.1093/nar/gks808
https://doi.org/10.1111/mec.12481
https://doi.org/10.1128/aem.01043-13

16S rRNA marker gene sequenddature Biotechnology31(9), 814
+. https://doi.org/10.1038/nbt.2676

Lea, P. J., Sodek, L., Parry, M. A. J., Shewry, R., & Halford, N. G. (2007). Asparagine in
plans. Annals of Applied Biology150(1), 226. https://doi.org/10.1111/}.1744
7348.2006.00104.x

Ledgard, S. F., & Steele, K. W. (1992). BIOLOGICAL NITROGHENATION IN MIXED
LEGUME GRASS PASTURES.Plant and Soil141(12), 137
153.https://doi.org/10.1007/bf00011314

Lesuffleur, F., Paynel, F., Bataille, Np., Le Deunff, E., & Cliquet, -B. (2007). Root amino
acid exudation: measurement of higfflux rates of glycine and serine from six different
plant speciesPlant and Soil294(1-2), 235246.https://doi.org/10.1007/s111MD7-
9249x

Li, A., Niu, K., & Du, G. (2011). Resource availtityi, species composition and sown density
effects on productivity of experimental plant communitéant and Soil344(1), 177
186.https://doi.org/10.1007/s111@1 1-07386

Li, X., Rui, J., Mao)Y., Yannarell, A., & Mackie, R. (2014). Dynamics of the bacterial
community structure in the rhizosphere of a maize cultvail. Biology &
Biochemistry,68, 392401. https://doi.org/10.101640ilbio.2013.10.017

Liebig, M. A., Schmer, M. R., Vogel, K. P., & Mitchell, R. B. (2008). Soil Carbon Storage by
Switchgrass Grown for BioenerggioEnergy Researcii(3), 215
222.https://doi.orgl0.1007/s1215908-90195

Lodwig, E. M., Hosie, A. H. F., Bordes, A., Findlay, K., Allaway, D., Karunakaran, R., . . .
Poole, P. S. (2003). Amiracid cycling drives nitrogen fixation in the legume
Rhizobium symbiosidNature,422(6933), 722/ 26. https://doi.org/10.1038/nature01527

LopezBucio, J., Campoe€uevas, J. C., Hernand€alderon, E., Velasqueé&ecerra, C., Farias
Rodriguez, R., MaciaRodriguez, L. |., & ValenciCantero, E. (2007). Bacillus
megatenum rhizobacteria promote growth and alter-system architecture through an
auxinrand ethylenendependent signaling mechanism in Arabidopsis thalisiodecular
PlantMicrobe Interactions20(2), 207217 https://doi.org/10.1094/mprAOC-2-0207

Lowman, S., KimDura, S., Mei, C., & Nowak, J. (2016). Strategies for enhancement of
switchgrass (Panicum virgatum L.) performance under limited nitrogen supply based on
utilization of NHixing bacterial @dophytesPlant and Soil405(1-2), 47
63. https://doi.org/10.1007/s111@1 526400

Lowry, D. B., Behrman, K. D., Grabowski, P., Morris, G. P., Kiniry, J. R., & Juenger, T. E.
(2014). Adaptationbetween Ecotypes and along Environmental Gradients in Panicum
virgatum.The American Naturalist,83(5), 682692. https://doi.org/10.1086/675760

72


https://doi.org/10.1038/nbt.2676
https://doi.org/10.1111/j.1744-7348.2006.00104.x
https://doi.org/10.1111/j.1744-7348.2006.00104.x
https://doi.org/10.1007/bf00011314
https://doi.org/10.1007/s11104-007-9249-x
https://doi.org/10.1007/s11104-007-9249-x
https://doi.org/10.1007/s11104-011-0738-6
https://doi.org/10.1016/j.soilbio.2013.10.017
https://doi.org/10.1007/s12155-008-9019-5
https://doi.org/10.1038/nature01527
https://doi.org/10.1094/mpmi-20-2-0207
https://doi.org/10.1007/s11104-015-2640-0
https://doi.org/10.1086/675760

Lozupone, C., Lladser, M. E., Knights, D., Stombaugh, J., & Knig. (2011). UniFrac: an
effective distance metric for microbial community comparidgeme Journal5(2), 169
172.https://doi.org/10.1038/ismej.2010.133

Lozupone, C. A., Hamady, M., Kelley, S. & Knight, R. (2007). Quantitative and qualitative
beta diversity measures lead to different insights into factors that structure microbial
communitiesApplied and Environmental Microbiology3(5), 1576
1585.https://doi.org/10.1128/aem.01996

Malmberg, C., & Smith, H. (1982). Relationship between Plant Weight and Density in Mixed
Populations of Medicago Sativa and Trifolium Prate@kos,38(3), 365
368.https://doi.org/10.2307/3544678

Mao, Y., Li, X., Smyth, E. M., Yannarell, A. C., & Mackie, R. I. (2014). Enrichment of specific
bacterial and eukaryotic microbes in the rhizosphere of switchgrass (Panicum virgatum
L.) through root exudate&nviron Microbiol Rep,6(3), 293
306.https://doi.org/10.1111/1758229.12152

Mao, Y., Yannarell, A. C., Davis, S. C., & Mackie, R. . (2013). Impact of different bioenergy
crops on Ncycling bacterial and archalecommunities in soiEnvironmental
Microbiology, 15(3), 928942.https://doi.org/10.1111/j.1462920.2012.02844.x

Mao, Y., Yannarell, A. C., & Mackie, R. I. (2011). Changesl#Transforming Archaea and
Bacteria in Soil during the Establishment of Bioenergy CrBjss Onep(9), Article
e24750https://doi.org/10.1371/journal.pone.0024750

Maposse, I. C., D. I. Bransp$. E. Sladden, and D. D. Kee. 1995. Biomass yields from eight
switchgrass varieties in Alabama. p. 138. In Agronomy Abstracts. ASA, Madison, Wis

Marquard, E., Weigelt, A., Roscher, C., Gubsch, M., Lipowsky, A., & Schmid, B. (2009).
Positivebiodiversityi productivity relationship due to increased plant density
[https://doi.org/10.1111/j.1365745.2009.01521 .x]lournal of Ecology97(4), 696
704.https://doi.org/https://doi.org/10.1111/j.13@%45.2009.01521 .x

Masella, A. P., Bartram, A. K., Truszkowski, J. M., Brown, D. G., & Neufeld, J. D. (2012).
PANDAseq: PAiredeND Assembler for lllumina sequoees.Bmc Bioinformatics,13,
Article 31.https://doi.org/10.1186/147210513-31

McDonald, D., Price, M. N., Goodrich, J., Nawrocki, E. P., DeSantis, T. Z., Probst, A., . ..
Hugenholtz, P. (2012). Aimproved Greengenes taxonomy with explicit ranks for
ecological and evolutionary analyses of bacteria and arclsaea.Journal6(3), 610
618. https://doi.org/10.1038/isme}.2011.139

Mendes, R., Gasdva, P., & Raaijmakers, J. M. (2013). The rhizosphere microbiome:
significance of plant beneficial, plant pathogenic, and human pathogenic
microorganismsiFEMS Microbiol Rev37(5), 634663.https://abi.org/10.1111/1574
6976.12028

73


https://doi.org/10.1038/ismej.2010.133
https://doi.org/10.1128/aem.01996-06
https://doi.org/10.2307/3544678
https://doi.org/10.1111/1758-2229.12152
https://doi.org/10.1111/j.1462-2920.2012.02844.x
https://doi.org/10.1371/journal.pone.0024750
https://doi.org/10.1111/j.1365-2745.2009.01521.x%5d.
https://doi.org/https:/doi.org/10.1111/j.1365-2745.2009.01521.x
https://doi.org/10.1186/1471-2105-13-31
https://doi.org/10.1038/ismej.2011.139
https://doi.org/10.1111/1574-6976.12028
https://doi.org/10.1111/1574-6976.12028

Mehlich, A. (1984). Mehlich 3 soil test extractant: A modification of Mehlich 2
extractantCommunications in Soil Science and Plant Analysig12), 1409
1416.https//doi.org/10.1080/00103628409367568

Miller, H. J., Henken, G., & Vanveen, J. A. (1989). VARIATION AND COMPOSITION OF
BACTERIAL-POPULATIONS IN THE RHIZOSPHERES OF MAIZE, WHEAT, AND
GRASS CULTIVARS.Canadian Journal of Microbiolog85(6), 656
660. https://doi.org/10.1139/m8906

Mitchell, M. J., Burke, M. K., & Shepard, J. P. (1992). Seasonal and spatial patterns of S, Ca,
and N dynamics of a Northern Hardwood forest ecosydémgeochemistry17(3), 165
189. https://doi.org/10.1007/BF00004040

Mitchell, R., Vogel, K. P., & Sarath, G. (2008). Managing and enhancing switchgrass as a
bioenergy feedstochitps:/doi.org/10.1002/bbb.106BRiofuels, Bioproducts and
Biorefining, 2(6), 530539. https://doi.org/https://doi.org/10.1002/bbb.106

Oates, L. G., Duncan, D. S., Gelfand, I., Millar, N., Robert&rR., & Jackson, R. D. (2016).
Nitrous oxide emissions during establishment of eight alternative cellulosic bioenergy
cropping systems in the North Central United States
[https://doi.org/10.1111/gchb?268].GCB Bioenergy8(3), 539
549. https://doi.org/https://doi.org/10.1111/gcbb.12268

Oksanen,). Guillaume Blanchet, Michael Friendly, Roeland Kindt, Pierre Legendre, Dan
McGlinn, Peter R. Minchin, R. B. O'Hara, Gavin L. Simpson, Peter Solymos, M. Henry
H. Stevens, Eduard Szoecs and Helene Wagner (2020). vegan: Community Ecology
Package. R package version-Z.thttps://CRAN.Rproject.org/package=vegan

Quaye, A. K., Volk, TA., & Schoenau, J. J. (2015). Seasonal Dynamics of N, P, and K in an
Organic and Inorganic Fertilized Willow Biomass Systé&mpplied and Environmental
Soil Science2015, 471248https://doi.org/10.1152015/471248

Revillini, D., Wilson, G. W. T., Miller, R. M., Lancione, R., & Johnson, N. C. (2019). Plant
Diversity and Fertilizer Management Shape the Belowground Microbiome of Native
Grass Bioenergy Feedstocks [10.3389/fpls.2019.01Et8htiers in PlanScience 10,
1018.

Rodrigues, R. R., Moon, J., Zhao, B., & Williams, M. A. (2017). Microbial communities and
diazotrophic activity differ in the roatone of Alamo and Dacotah switchgrass
feedstocksGlobal Change Biology Bioenerg9(6), 1057
1070.https://doi.org/10.1111/gcbb.12396

Rognes, T., Flouri, T., Nichols, B., Quince, C., & Mahé, F. (2016). VSEARCH: a versatile open
source tool for metagenomid3eerJ4, e2584https://doi.org/10.7717/peer|.2584

Roley, S. S., Xue, C., Hamilton, S. K., Tiedje, J. M., & Robertson, G. P. (2019). Isotopic
evidence for episodic nitrogen fixation in switchgrass (Panicum virgaturBdail).

74


https://doi.org/10.1080/00103628409367568
https://doi.org/10.1139/m89-106
https://doi.org/10.1007/BF00004040
https://doi.org/10.1002/bbb.106%5d.
https://doi.org/https:/doi.org/10.1002/bbb.106
https://doi.org/10.1111/gcbb.12268%5d.
https://doi.org/https:/doi.org/10.1111/gcbb.12268
https://doi.org/10.1155/2015/471248
https://doi.org/10.1111/gcbb.12396
https://doi.org/10.7717/peerj.2584

Biology and Biochemistryl29 90
98. https://doi.org/https://doi.org/10.1016/j.s0ilbio.2018.11.006

Sanderson, M. A., Reed, R. L., Ocumpaugh, W. R., Hussey, M. A., Van Esbroeck, G., Read, J.
C.,...Hons, FM. (1999). Switchgrass cultivars and germplasm for biomass feedstock
production in TexasBioresource Technolog,7(3), 209
219.https://doi.org/https://doi.org/10.1016/S098824(98)00132L

Sawyer, A., Staley, C., Lamb, J., Sheaffer, C., Kaiser, T., Gutknecht, J., . . . Rosen, C. (2019).
Cultivar and phosphorus effects on switchgrass yield and rhizosphere microbial
diversity. Applied Microbiology and Biotechnology,03(4), 1973
1987.https://doi.org/10.1007/s00288L8-9535y

Schimel, J., & Bennett, J. (2004). Nitrogen mineralization: Challenges of a changing paradigm
[Review]. Ecology,85(3), 591602. https://doi.org/10.1890/68002

Schloss Patrick, D., Westcott Sarah, L., Ryabin, T., Hall Justine, R., Hartmann, M., Hollister
Emily, B., . . . Weber Carolyn, F. (2009). Introducing mothur: Gfeunrce, Platform
Independent, Comunity-Supported Software for Describing and Comparing Microbial
CommunitiesApplied and Environmental Microbiology5(23), 7537
7541.https://doi.org/10.1128/AEM.015409

Singer, E., Bonnette, J., Kaley, S. C., Woyke, T., & Juenger, T. E. (2019). Plant compartment
and genetic variation drive microbiome composition in switchgrass roots
[https://doi.org/10.1111/1758229.12727]EnvironmentaMicrobiology Reports11(2),
185-195. https://doi.org/https://doi.org/10.1111/172829.12727

Stachovsg, T., Fibich, P., & Lepg, J. (2013).
effects.Journal of Plant Ecolog¥(1), 2:11. https://doi.org/10.1093/jpe/rts015

USDA-NRCS. Rel ease brochure for O6Kanl owd switch
Manhattan (KS): USDANaturalResources Conservation Service, Manhattan PMC.

USDA-NRCS. Rel eased brochure for ifAl amod switch
E. OBudo Smith Pl ant Materials Center. Kn o x

U.S. Department of Energy. (2011). U.S. Bili®don Update: Biorass Supply for a Bioenergy
and Bioproducts Industry. R.D. Perlack and B.J. Stokes (Leads), ORNROIIW224.
Oak Ridge National Laboratory, Oak Ridge, TN. 227p.

Vacher, C., Hampe, A., Porté, A. J., Sauer, U., Compant, S., & Morris, C. E. (2016). The
Phyllosphere: Microbial Jungle at the Pla@timate InterfaceAnnual Review of
Ecology, Evolution, and Systematies](1), 224. https://doi.org/10.1146/annurev
ecolsys121415032238

Vogel, K P., Brejda, J. J., Walters, D. T., & Buxton, D. R. (2002). Switchgrass biomass
production in the Midwest USA: Harvest and nitrogen managergnbnomy
Journal 94(3), 413420.https://doi.org/10.234/agronj2002.0413

75


https://doi.org/https:/doi.org/10.1016/j.soilbio.2018.11.006
https://doi.org/https:/doi.org/10.1016/S0960-8524(98)00132-1
https://doi.org/10.1007/s00253-018-9535-y
https://doi.org/10.1890/03-8002
https://doi.org/10.1128/AEM.01541-09
https://doi.org/10.1111/1758-2229.12727%5d.
https://doi.org/https:/doi.org/10.1111/1758-2229.12727
https://doi.org/10.1093/jpe/rts015
https://doi.org/10.1146/annurev-ecolsys-121415-032238
https://doi.org/10.1146/annurev-ecolsys-121415-032238
https://doi.org/10.2134/agronj2002.0413

Wang, B., Seiler, J. R., & Mei, C. (2016). A microbial endophyte enhanced growth of
switchgrass under two drought cycles improving leaf level physiology and leaf
developmentEnvironmental and Experimental Botardy2, 100
108. https://doi.org/10.1016/j.envexpbot.2015.09.004

Wang, Q., Garrity, G. M., Tiedje, J. M., & Cole, J. R. (2007). Naive Bayesian classifier for rapid
assignment of rRNA sequences into the hawterial taxonomyApplied and
Environmental Microbiology73(16), 52615267.https://doi.org/10.1128/aem.0006Z

Werling, B. P., Dickson, T. L., Isaacs, R., Gaines, H., Gratton, C., Gross, K. Landis, D. A.
(2014). Perennial grasslands enhance biodiversity and multiple ecosystem services in
bioenergy landscapeBroceedings of the National Academy of Sciences of the United
States of Americal11(4), 16521657.https://doi.org/10.1073/pnas.1309492111

Whitaker, B. K., Reynolds, H. L., & Clay, K. (2018). Foliar fungal endophyte communities are
structured by environment but not host ecotype in Panicum virgatum
(switchgrass)Ecology,99(12), Z03-2711.https://doi.org/10.1002/ecy.2543

White, T., Bruns, T., Lee, S., Taylor, J., Innis, M., Gelfand, D., & Sninsky, J. (1990).
Amplification and Direct Sequencing of Fungal Ribosomal RNA Genes for
Phylogenetics. In (Vol. 31, pp. 31522).

Wright, L., & Turholl ow, A. (2010) . Switchgra
history of the proces®&iomass and Bioenerg84(6), 851
868. https://doi.org/https://doi.org/10.1016/j.biombioe.2010.01.030

Yilmaz, P., Parfrey, L. W., Yarza, P., Gerken, J., Pruesse, E., Quast, C., . .. Gléckner, F. O.
(2014). The -SpeviAeandi WAhYg Tree Project (L
frameworksNucleic Acids Researcd2(D1), D643
D648.https://doi.org/10.1093/nar/gkt1209

Zalapa, J. E., Price, D. L., Kaeppler, S. M., Tobias, C. M., Okada, M., & Casler, M. D. (2011).
Hierarchical classification afwitchgrass genotypes using SSR and chloroplast
sequences: ecotypes, ploidies, gene pools, and culfivegsretical and Applied
Genetics122(4), 805817.https://doi.org/10.1007/s001Z¥10-1488 1

Zhang, Y., Zalapa, J. E., Jakubowski, A. R., Price, D. L., Acharya, A., Wei, Y., ... Casler, M. D.
(2011). Posglacial evolution of Panicum virgatum: centers of diversity and gene pools
revealed by SSR markers and cpDNA sequer@eretica139(7), 93-
948.https://doi.org/10.1007/s107d8L1-9597-6

Gi f | §lk Wetr@sky, T., Howe, A., & Baldrian, P. (2016). Microbial activity in forest soil
reflects the changes in ecosystem properties betaigamer and winter
[Article]. Environmental Microbiology18(1), 288301.https://doi.org/10.1111/1462
2920.13026

76


https://doi.org/10.1016/j.envexpbot.2015.09.004
https://doi.org/10.1128/aem.00062-07
https://doi.org/10.1073/pnas.1309492111
https://doi.org/10.1002/ecy.2543
https://doi.org/https:/doi.org/10.1016/j.biombioe.2010.01.030
https://doi.org/10.1093/nar/gkt1209
https://doi.org/10.1007/s00122-010-1488-1
https://doi.org/10.1007/s10709-011-9597-6
https://doi.org/10.1111/1462-2920.13026
https://doi.org/10.1111/1462-2920.13026

Tables andfigures

Figure 3.1.

Experimental Desigrof Panicum virgatum Plotocated in Alcorn State University Biological
Station

Experimental design
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Table 3.1.
Soil Chemistry Table

Soil Superscripts after each soil chemistriyi etayd abV)e £ YjiDe mdgdi
(D[V]) wherein ADensityo is nested within variety. Dangr ees o
4 for fADensity[Variety]o numerator wit h uBetastheagdora effsctiotfiesef r e e d o
model. Caps are pairwise differences based on Studm#stlowet ase | etters are fAslice effectso
within the variety. N@ is often below detection level and questionable. Thisies particularly in the beginning of the growing
seassomns = P O O0.05; * = 0.05 > P O O0.01; ** = 0.01 > P O 0.0012
ALAMO BOMASTER COLONY KANLOW

HDP LDP HDP LDP HDP LDP HDP LDP
WEEK 1
pH V) DV(es) 5.08+0.10%%%  6.03:0.0882 503:0.082 593:0082 6.03t0.15ca O-1801TBC o 0 homa  61gr0.1Fe
DQNHS;*;')}'WENPSE’M) 5.38+0.712 5.5+0.62'2 5.28+0.52 5.75+0.19'2 6.28+2.66'2 5.63+1.13'*  5.68+0.6"2 5.45+1.44\2

- V(ns)
Ef\(,])(ﬁsg\l (Ppm) 1.75+1.5002 1.50+1.000 2.0£1.1502 1.25+0.502 1.25+0.5"%  1.75+0.96'2  5.25+5.32\2 1.75+0.96'2

op V(NS)
TOTAL N % 0.12:00P  013:0.0°*1  0.13:0.0%2 0.13:00F° 013:0022 0.12:0.02° 0142002  0.1340.01

Total C % vis) a a a a a a b a
BIVI 0.90+0.03" 0.83+0.05" 0.85:0.10"*  0.79£0.04% 0.82+0.04'®  0.78+0.07®  0.94%0.13*  0.76+0.06"

.N| V(NS)
-DI—[VO](-,L—QLC'N 7.37+0.522 6.72+1.032 6.69+0.76'2  6.35+0.6%'2 6.64+0.94'2 6.89+1A2 6.83+0.95'2 5.84+0.52\2
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OM (%) V(ns)

A 200£0.082  193t0.1"2  195+0.24' 185:0.06'2 198+0.10°* 1.85:0.2%2 21+0.29'2  1.83+0.36\
V(NS)
P BEM) 288:4.27%  31.0:6.08 V24T g0io9ma 2005480 2675:2.990 3175:3500  27.2562.63
K (ppm) VOOMO) 1100432562 97.5¢17.4Fa  Lo1-528.45 111.254135 104.0+14.72 7,15 gpca 149.75229.03 145,55 gea
V(NS)
i (BPM) 7765457408 (902580668 70566 440 768451630 754450.73e  [1925*300L g60 08 0za 7377543508
V()
Mg (pprm) 1307581328 oo ci1iga  gpgugrzes 120754685 LIGTSHASP ioiom. 1pgiogpa 1122561181
gec Mea:1000) g 251052  6.23:0.58°  6.28:0.387 6.15:0.3F° 500:029° 55510172 6.08:030° 5620292
K (%sat) V©) 4.48+1.042 4.0 a a a Ba Ba a a
DVi(ns) A48+1. .05+0.72* 6.23+t1.43F2 4.65+0.682 4.53+0.74 4.95+0.7% 6.33+1.1C° 4.9+0.93
0 V()
CALSAT) 62.15:0.6%°  63.88:0.68°2 60.142.48'2 6243+1.3° 63.93:3.3%° 64.78+1.3%8° 62.68:1.74° 65.93+3.0P°
0, V(ns)
Mg (6say 17.43:0522  17.23:05@a L713t0.54 1638118 o000 ope 1775:180% 16.88+0.740  16.68+123°
0 V()
H (6SAT) 156341272 14.85+054ca 16:35t05Z 16.65:09F 5, 5qea 126404300 143500970 125s2.42
C C
K:Mg V®IOMO  0.26:0.08'2  0.24x0.0sa  0-37¥0.08¢  0.282002° 0.0 nama  (2810.026% 0.38:0.0F°  0.30+0.06°
CAMG VN9
S 3570122 3.71:0.14'3  352:0.23'@ 3.83:0.358° 3880372 3.68+0.39 37240192  3.97:0.40'3
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WEEK 2

pHY9DM() 60520062  6.030.1°° 6030267 6.05:013\° 6.03:0.1°°  6.03+0.05 598:0.15%  59+0.20°
NN EPM) - 611372 6.08:2.30%  7.2:0.27°°  6.83:3.66\° 5.75:099° 6.05:1859° 61:0.87°%  7.48+2.29
- V(ns)
NOSN (PPM)™ 5 oss150e  15:0.58'c 225418  275:1.782 1.75:0.96'% 175:05'°  175:0.5'2  45:451e
of V(NS)
TOTAL N % 0.12:00P2  012:)0.0%2 0150082 0.12:00F° 0.12:00F2 0.13:0.0* 0.12:0.0F%  0.11%0.022
Total C % ) a a a a Aa a a a
Jotal 0.92:0.08'%  095:0.16'2 11740232 104:0122 091:0.1°%  101:0.17° 086015  0.86£0.08
N V(NS)
ToraL e 7.7+046'%  7.714507°%  7.99+1.52% 8.45:0.66'2 7.58:0.692 807+1°°  7.47:0582  7.64:0.423
OM (%) V9
om ¢ 208:0.1°2 2055024  2.3:045'%  2.18:0.33%2 1030282 2:022°°  2:0.16°2  1.95:0.193
V(NS)
P BEM) 317516087 2625:58%7 3625:0.67 o 0054 g5oiggge  3275:528 30515260 3146°
V(ns)
K (ppm) 132.25817.28 10 ope 185758585 oo 0o g, 154251663 13875:30.36 170584618  134.75:36.22
CA(PPM)V)  7205:78.73% 7755+42.91° 744.75:72.3 796.75:659 7955:58.4F 7865:73.8F 679.75+161.2 676.75:151.1
D[V](NS) a a AB a AB a a a Aa Aa
Mg (ppm) ¥ 124.25+16.5 130.25:19.9 112.75+19.77 123.75:22.91

D[V](ns)

126.75+3.42

129.25+13.42

Aa

Aa

127.5£32.3%
a

135.5+13.77
a

Aa

Aa
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cec(meq:100g)

gec(mea: 59310442 61510442  6.18:0.66\% 648:0.53% 638:0.79% 6.33:05P° 57:+1.152  575:1.33a
K (%Sat) V(nS) a a a a a a a a
K (s 575:1.0P% 46055 7681852 7.3:228'%  605:212° 5581342 7.83:253°  6.38:2.5¢"

0 V(NS)
A LeSAT) 614562302  6315:2.1pa 003527 BLSBIBAT o) 70,4 75a G215:0.360 50.28:4. 0 50,0578
Mg(%sat) V(nS) a a a a a a a a
Mo 17.88+1.432  17.5:0.7° 16.8+1.34° 16.7+1.28'% 16.45:2.17°% 17.94145\°  16.83£3.67° 18.20:2.87

0 V(NS)

HORSAT) 14.735059¢ 15031462 14.8:4.022 1438 140300 000 146510802 16.03:2547 16.63£4.52%
K:Mg VIPM0 03250032 026:003°  045:0.18%  043:0.°°  0.36:0.09°2 031:008°% 046:0.0782 0.35:0.10%°
CAIMG V049
st 346:0.40'  3.62602P2  363:047° 3713045 3.90:0.8%% 35:0412  3.67:088°  3.32:068°
WEEK 4
pHYEIDMIS  595:01h%  6.03:0.17%  508+0.15'2 6:008°°  598:0.%  6.13:013° 618:017°  6.15:0.26\2
NHANEPM) 743000 6456122 86:324%  7.55:1.37° B8.33:2.34°  698:06'° 7441662  7.3:1.36'°

- V(ns)
NO=N (ppm) 14042 1.25+0.5'2  1+0Aa 1.75+0.96'2 15142 15+0.58'a  1x0A@ 1x0Aa

on V(NS)

TOTEL N % 0.13:0.0P2 0120022 01240022 0.14:0.0%2 012:00%2 013:00P2 012:00%2  0.1240.0P2

DIVI(NS)
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Total C % V)

i 0.99+0.08'2  1.01:0.17°2  0.91+0.272 0.97:0.09'@ 1.02+0.14'@  0.97+0.132  0.96£0.052  0.89:0.122
TOTALCN Y2 640,562 8.19+0.62'a  7.33:t1.08'a 7.17:+0.37% 8.46:0.537 7.57+0.79a  8.02+0.99a  7.31+1.0Pa
oML 215+0.1A%  21+035'a  2+0.41A2  213+0.132 215:0.3P8 21+0.18'% 240082 1.98+0.242
P (PPM)*0 287542782  30.75:35ga oL25%388 54,5710 sgonrasPe 3151833 3325:620°  30.75:7.272
DK[VEE'S”"V("S) 1115002 5a 1337552718 0 0, 113553201 110258457 154552857 12075:3531 133.25:33.84
CA(PPM)Y'9  876.75+101.63 819.25:80.28 811254632 g7 ccos 813750498 808.75:438 839545587 g0 0y s
II;/[IVQ];(n(SF))pm)V(”S) |a7io7gRe 1355116340 124p1o6pe 13B2BHIBT ooooq. 1455:192% 10575:637  1255+13.48
cec(meq:1000) 593107602  6.58:0.48'%  4.9:31%7  67:043%  6.43:0.44° 658:025° 6.45:0200%  6.3:0.24°
K (esat) o 4150942  518:0.84'a  4.15:0.242 44+139°2 475:169'2 6.05:1.3%2 525:1432  54+1.41°a
CASATI ™ 30841140  62.25:1822 0339258 431641 30 6338:1.66° 6145:1.07% 65.185.1% 651546
Mg (%esay) v 16.4+2 242 17156122 1615£L57 17.1550.68 1600, g 18484068 16.85:1.322  16.6+1.64°
H(SAT) 0 1622.27°2 153300.9pa 10088238 5o, 00ma 155840972 13.65:1.8%° 12.38:2537 13.08+3.64%
K:Mg V) DMIns) 0,260,142 0.3:0.03'2  0.26:0.022 0.26:0.00'2 0.3:+0.122  0.33:0.09'2  0.31:0.07@  0.33+0.08'a

82



CA:MG VNS)

N 3.91:053°  364:023°  3.96:0.45'% 3.60:0.0%° 3.9240.35'2 3.39:0532 3.9:0.59'2  3.97+0.65'2
WEEK 8
pH V) D1VIS) 6.00:0.14%  59:024'2  588:0.1°% 50:014° 583:0.052 6.03:0.1°°  6.05:0.13%  6.03+0.15'
NHoN(PPM) 91514862 65311180 7.65£1.64° 8.35:2.507 7.43:094°7 693:0.64° 973:416°  7.28£0.537
_ V(ns)
NON (PPM)™™ 1 2540502 1204 140%e 125052 1:07@ 1407e 15¢14e 1407e
0/ V(NS)
TOTAL N % 013:0.022  012:0.022  013:0.0%2 0130032 01240022 0.12+¢0.0P2 0.13:0.022  0.1102
Total C % V() a a a a a a a a
o 1140362 0960122  0.95:0.13@ 1.17+0.46'2 0095:0.18'% 0.89:0.152 1.020.16'2  0.84:0.12
N VINS)
JOTAL CN 8.47+1.38%  801:03%2  7.4#0.91°%  8.72+¢1.65\% 7.85:0.34%  7.34:0.43°  7.84:0.88%  7.4740.77°
OM (%) V()
Sl 228:0.7P%  168:0532  2:026°° 2284061 203:0.39%  1.85:0.08'2  2+0.29°° 1.75£0.17%
V(NS)
P (BPM) 28.5:8.27%  26:374a  2925%388 8251666 55,57 4pa pposigeee 3147167 26.75:5.74°
V(ns)
K (ppm) 120.5:45.218 105.5:30.622 1775175 10854317 g gy pga 120.75448.09 1212548163 55,05 73
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CA (PPM) V(NS)

CA (P BAO.T5155.92 gog o sge  TBB.75863.8 ooy oo oq, B55.75:426 840.75:30.25 B30.5:60.67  844.25:115.8
Mg (opm)“) 1457542632 1312541684 oo, zgs 144582204 o0 4pa 1302581407 100 cicgas 100s60320
cec(meq:1000) g 7510447  6.93:0.38'7  6.4:037°  6.98:0.5%° 68:057  6.6:039°°  6.48:03%°  6.45:0.68°
e (e S 46+1.81A2  3.09+1.12a  47+0543  3.98+1.233 353:+148a  473:1.88% 4.8+127%  4.08+1.02°
CAGSAD YD 6> 3543392 eo7apape  OLSSHLET OL88HA2S oy 5,5 gaa 63752204% o600 782  653:36P0
Ma(6sa) ™™ 17 910 15a  1578+15Ps  163:0422 L7813 y5igi0ma 164361072 160560242 1615609
HOOSAT) Y™ 15 1g408s  17.68+45ma L7-25¥182 17184269  1g 49,1 30 1514124% 14.3:1587  14.85:2.35°
K:Mg V9I0M(s)  0.26+0.02  0.25:0.08'@  0.29+0.04° 0.23+0.07% 0.23+0.1"%  0.20+0.1P% 03+0.08%  0.25:0.07%
CAMG 0 353:054° 410,200 3.78:02% 3.63:0.46'° 4.16:0.227 3.9+037°%  4.04:022°  4.06+0,392
WEEK 16

pH V(1s) DIVI(ns) 57+¢0.142  585:0.132  585:0.17% 59+0.12%  5.88:02P% 593+0.1A%  588:0.3%  585:0.13\2
NHeN(PPM) 92gi007s  83ss0.7gta 098457 go3ip33a gg3i313e  1025:5.06° 11.08:7.28%  8.05+1.43%
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NO3-N (ppm) V()

DIVI(s) 1+072 1x072 1072 1x072 1+072 1+072 1+0”a 1+07a
04 VI(NS)
TOTAL N % 0.14:0.022  0.13:0.02°  0.12:0.0%% 0.11+0.0%% 0.13:0.022 0.12¢0.03@ 0.16:0.08'®  0.12+0.012
Total C % V() a a a a a a a a
oa 1.22¢0.342 0830192  0.76:0.07% 0.74:0.08% 0.96:0.352 0930322 124+0.76'2  0.85:0.16
.\ V(NS)
TOTALCN 8.50+1.4%2  6.55:0532  6.50:068'% 6.6:0.45'  755:187%  7.49:064%  7.324144°F  7.12¢13P°
OM (%) V9
S 2.33:0.52%  175:03Pa  165:0.13% 1.65:0.06'° 1.88:0.44° 185:0.4°  10+03%%  1.88:0.224
V(NS)
P (BEM) 255:8.6682  2075:2.8'@  205:3.pa  227585.08 1qo0. 4 9pa 20516280 25251588 19+5.48
V(ns)
K (ppm) J0:2143%  46.25:115ps SO5ETES GTTBLINIS opiion. BOTEISBOY oo, on, 507542337
CA(PPM)Y(NS 7397517238 762.75:71.2% 746.25:43.8 B804.25:37.7 77175353 766.25:71.8 728.75:76.6 "
D[V](NS) a a Aa Aa a a a 768+57.2
V(ns)
g ppm) 104.25¢1158  159:7pa 847544823 11g.9g3s 118418022 114.5:16.92 103.25:6.ga L0H25+11.32
gec(mea:1009) g, 290 5.88:0.258'  5.83:0.09% 6.25:0.24'% 6.05:0.3'*  6£0.66*2 5.73:0.382  5.95:0.26'
K (%Sat) vis) A a a a a a a a a
YA 3+0.93 205:0572  22:0.35'2  28:157°2 2.28:0.86'% 3.38:2.17% 35:1.48'2  2.55:0.93
0 V(NS)
A LSAT) 6155:345¢  e4.8:33pa  OH08H416 B4ISHLEE oo o5 g 06a 640363580 63.63:4.98° 64.55:3.86°
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0, V(ns)
Mg (%esat) 14.48+1.42%  1545:072a 1533137 1583074 405, g 158810797 150561172 14.550.97%
0 V(NS)
FICRSAT) 213382712 17.03:2.87a 1803288 o0 gga  1763:4%c  16.65:1.432 18.28:506° 18.13+2.79
AaA
K:Mg Vm9I0MS  02140.072  0.13+0.042  0.15+0.02a O80LN 4 5,00ms 02140132 023:0.0%c  0.18+0.08@
CA:MG VNS
N 4.29+0.542  4.2+0.20a 4.22+0.58'2 40740222 4.01+0.722 4.05:+0.352  424+0.242  4.4620.46'3
WEEK 38
pH V(rs) DIvi(ns) 5.78+0.08'2  5.93:0.222  578+0.1*2 573+0.05'2 578+0.182 5950132 585:0.442  6.05+0.29
NH4-N (PPM) a a a a a a A a a
VS oINS 8.38+7.13 7.13+1.03 9.141.78%2  7.25+2.8%2 7.75:15P2  10.1¢7.3P2  8.03+3.0Y 10.2+4.58
_ V(ns)
NO=N (ppm) 2.25+2 5\a 1.25+0.5'a 3512002  25+191a  475+35%2 275:+0.5'a  225+18%2  2.5+1.20°a
04 VI(NS)
TOTALN% 0.12+0.022  0.1+0.01Aa 0.11+0.02 0.12+40.02@ 0.12+0.02  0.12+#0.0%@  0.11+0.0A2  0.11+0.0%2
T0t3.| C % Vins) a a a Aa a a a a
o) 0.85£0.28" 0.76£0.08" 0.75£0.03'2  0.7+0.1 0.7620.2* 0.82:0.282  0.76+0.122  0.78+0.09"
N V(NS)
TOTAL C:N 71140922 7.49+0.922  6.7:0.5°2  593:0.68'2 6.43+1.17% 6.98+1.7P2  6.91+0.542  7.11+0.75'a

D[VIINS)

86



OM (%) V(ns)

oM ¢ 1736039\ 163:0.17°  16:0.14% 15310132 1650142  168:036'® 168:0.15%  1.63:0.1"°
P (PPM)V(NS) a a a a a a a a
P e 25510182 2325:6.982 2433022  225:37% 214535'%  235:830  25:374°  23+455
V(ns)
K {ppm) 785:37%  72.25:17.842 80x13.93e (291074 goi319pa  T6253LIS 45,05 4. 78.75:24.38
CA(PPM)Y™  10515:5256 1130.25:75.07 1038.75:43 10005:124 1065254105 1016.5:38.84 1111x100.58 10515£45.99
DI[V](NS) a Aa a Aa Aa Aa a Aa
V(ns)
Mg (ppm) 121.25:8.77% 1365¢14.642 127+40ge 1205¢169 128254153 151 950 17421460 1185:11.84
cec(meq:1000) g o504  838:042°  8.03:0.3F2 7.85:0.9P° 828+11P2 751016  858+1.38%  7.6:0.54%
K (%Sat) e 2 Aa a a a a a a a
K (s 48+1.7 22510692 25810542 243:0.772 283+11%° 26:1.04°  313+16°  2.65:0.85
0 V(NS)
O (SAT) 65.33:0.07°  67.533.842 0478163 37,0085 6api246n  67.78:253% 6558183  60.445.13a
0, V(ns)
Mg (%esat) 1255+0.6'¢  1358+10ga 13188056 13458103 15 00.0 00 134510862 1233:0.82  12.98+0.79
H(%SAT) VINS) a a a Aa a a a a
RS 10.53:0.832  16.98:4.392 10.6:216\® 2038:1°®  1063:342° 16.35:2.02° 18.95:8.32° 14.9+4.89
K:Mg V090N 0,240,142 0.17:0.082  0.2:0.04°  019:0.07% 0.23:0.092 020082  025:0122  0.2£0.05'
CAIMG V049
S 522026'2  4.99:0.25'2  4.9240.16\® 4.76:0.38'% 5:036°2  505:0.3P° 535:082°  5.37:0.62%
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Table 3.2.
PLFAs Table.

Relativeabundances of bacteria and fungi (% of total nmol/g) and fungi to bacteria ratio (F:B) in soils of four Panicum virgatum
cultivars (Alamo, Bomaster, Colony, and Kanlow) grown under conservation agriculture management after being sown in high (HDP
or low (LDP) seeding densities (mean * standard deviation). Select soil PLFAs were classified as bacteria (15:0 iso, 15:0 anteiso,
15:0, 16:0 iso, 16:1x7c, 16:0 10Me, 17:0 iso, 17:0 anteiso, 17:0 cyclo, 17:0, 18:1x7c, 18:0 10Me, 19:0 cyclo), Granbaetgaii e

(), Gram positive bacteria (), and actinobacteria () or fungi (18:2x6,9), arbuscular mycorrhizal fungi () and otherTiagi ().

estimates were followed from one week after the first leaf emergence and periodically to the end of the growing se¢atairofor a

38 weeks. The superscript following each estimator summarizes the mixed effects ANOVA results for a model with fixed effects

AVarietyo (V) fADensity[ Variety] o D[V] and ABl ocko ad4 a
degrees freedom for numerator for ADensity[ Variety] 6o wi t h
data (N/A). For each estimat e, t htestconparieonsokcsltrarg, teetloiveyadetters n d i
identify differences in planting densities for tHFa001=RI ti
Alamo Bomaster Colony Kanlow
HDP LDP HDP LDP HDP LDP HDP LDP

Week 1

All Bacteria VoM (09 92 2541 53a  92.20+1.24a 92.33+1.3ga 92.07+14g\a 204158 o) ggi1 gga 91.2043.09°  91.4442.80°
Grami V() OV (1) 37.74+8.83% 36.62¢7.000% 37.39+8.32% 367746500 01957220 465,0 aga 38.96:7.88"  36.54:7.12°
Grams+V(09) DV (19 37.37+5.03% 38.2284.022 3757+4582 37.83:37pa S/98E3BL oo s 36.63:4.090  37.17:3.16°

i (ns) DIV]
ﬁg““"myceteg 17.1442.52% 17.45+1.932 17.3843.342 17.47+2072 L1-883238 10 0., gga 15698274 17.73:1.75
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All Fungi V09P0M(s)  696+1.30°2  6.74+0.872 6.75+0.93'2 6.99+1.14°2  6.96+1.152 7.10+1.642 7.30+2.15°a 7.00+1.56"2
AM Fungi V™DV () 4,830,982  4.65:0.79°2  4.64:0.88'% 5.0620.64°2  4.79:+0.77°% 4.78:0.85°2 4.93+1.15°8 4.92+1.042
Fungi V) DM (1) 2.13:0.47°2 2.00:0.212 21130432 1.94+0532 217:0.77°8 2.33+1.03'2 2.37+1.02*2 2.08+0.61A2
F:B V(') DIV () 0.09£0.02*2  0.09£0.01*2  0.09£0.02*2  0.1#¥0.02*2  0.10:0.02*2 0.10:0.03*2  0.10+0.03°2 0.100.03"2
Week 2

Al Bacteria oM 9 92.24£103° 02743036 9L70:0.90° 9279:05¢° 9353:09F o) g0y opa 9139156 91.85+1.09
Grami V(os) DIV (rs) 33.80+120'% 33.88£0.38'2 331840972 3340+2.4ga 031807 941,07 4 34.842253 33124371
Gram-+ V(1) DVI (1) 40.9130.18' 41.3430.642 41.03:0.8842 4193158 2010476 5915, gza 40942085 41.12:1.18
ﬁs‘ftmomyceteg(mmm 17.44+1.4%2 17.524087% 17.50¢1.18'2 17.37:0.64a 17128802 15015 gpa 15612226° 17.6122.21°
All Fungi V)PV () 6.78+0.40°88 6.93+0.37B@ 7.42+0.91C2 6.77+0.40P°2 504+0.8°2  6.66:0.85°2 7.67+0.7F2 7.780.76°2
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AM Fungi V) DM (s) 4 96+0.15*2  5.05+0.30"2  5.07+0.08*2 5.13+0.25"2  4.68+0.65'2 4.94+0.58"2 5.14+0.84*2 5.20+0.3%"2
Fungi V(") BIVI (ns) 1.82+0.5*2  1.88+0.30°2 2.35+0.86"82 1.64+0.30"82 1.26+0.20® 1.72+0.60"* 2.53+0.47°2 2.58x1.1282
F:B V(") DIVl (ns) 0.09+0.01”B2 0.09+0.01"B2 0.10+0.018¢2 0.09+0.01¢2 0.08+0.01"2 0.09+0.01"2 0.10+0.01°@ 0.11+0.0X?2
Week 4

All Bacteria V) oM () ?4'28&'97\‘3 a94.24J;1.29“B e es0ls A oal Ao a93.9io.85c‘*B a94.17io.65‘\3 ?2.5911.75‘\ ?4.1710.50‘\
Gramii V(ns) DV (ns) 46.86£3.61'2 4584+1.872 44.11+4.17h2 43.83+1.03‘2 21’5'721“2'29\ 46.09+1.98'2 37'8312'61A 36'1312'82\
Gram+V(ns) BV (ns) 33.36£2.33'2 33.96x1.21°2 35.45+2.422 35.70+0.94'2 34'3511'77\ 34.8+1.58'2 51'8112'08\ 5’4'5711'92\
ﬁgtmomyceteg(ﬂmm }4'0611'67\8 5%4'4411'00\8 15.59+1.582 15.22+1.17B2 53'8&(0'86\ 13.29+1.23°2 52'9612'23\ 53'4810'82\
All Fungi V9IDM () 4 29+1 3502 4.62+1.22*2  4.17+0.84°2  4.29+0.98"2  4.55+1.122 4.39+0.56'2 5.78x1.7°2  4.42+1.2302
AM Fungi V) DM ®s)  370+0.20"2  3.80+0.32*2  3.45+0.3"2  3.89+0.29"2  4.00+0.19"® 4.07+0.16"2 3.75+0.22*2 3.670.48"2
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Fungi V() OV (ns) 2.34+0.00°® 1.65:0.332 144+0.13'2 1.63+0.00°2 2.18+0.00°2 1.29+0.00°2 2.7+0.824%  3.00+0.00°2
F:B V0s) DIV () 0.06:0.022  0.06+0.02*2 0.05:0.01*2 0.05:0.0°2  0.06:0.02°2 0.06:0.0°2 0.07+0.02*2 0.06+0.02*2
Week 8

All Bacteria VoM (09 91 50+3.16'2 02.65:0.67° 92.62+1.642 92.99:068a 229185 o) g0 7pa 93082087 92314133
Grami V() DM (ns) 35.66:2.85'% 35.06+1.32 34.23:049'2 34.95+1.862 o22%133 g55p07ga 36664228 35.96:1.32
Grams+V(s) DV () 30.44+1.97% 40.06:0.822 41.14+1.862 40342069 994105 401640 9ga 40.50:0.63  39.60+1.71
ActinomyceteS™ ™ 15 1010 10a 1753:1.800 172661038 17732588 L0200 1751, g 15926336 16.66£1.92
All Fungi V09IOM(s) 58141 448  537+0.18°2 555+1.13'2 520+0.15'2  599+124°% 546:0.30°2 53120342 5.89+1 24
AM Fungi V09IBM(9) 50140572 537+0.182 501:0.1142 520:0.15°2  540+0.242 5.46+0.30°2 5310343 530401242
Fungi V) DM (ns) 3.20:0.00°2  N/A 215:002  N/A 2.35:0.0002  NJ/A N/A 2.36+0.000 2
F:B V0s) DIV (9 0.08:0.022 0.07+0.00°2 0.08+0.02*2 0.07+0.00°2  0.08+0.01°2 0.07+0.00°2 0.07+0.0142 0.080.02*2
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Week 16

All Bacteria V09 oM () 91 5240.872 92.28+0.17% 92.43:0.47% 01.86:121% 91.66+1.3'2 90.07+1.84a J1-311.69° 91.15+1.06°
Grami V(rs) PV (1) 33.26+216'% 31.86+1.50'% 30.49:058° 3165:1.6 s or3Ot30F 5y poiz e 32861251 32.56:2.28
Grams+ V(09 DV (9 4056£157% 4071+1.32% 41.17+1558° 4ls14sra  H1HLIT g 55,0 gpa 40495107 403720.96
ActinomyceteSt M 17 71,1 s 107140930 207741720 19.22:2.0a  SOLTELIE 47 35,50 0a 17968243 45,05 1
Al Fungi VOOM®9 65641172  636:0.45'2  6.49+4114°%2 7.08+106°% 7.05¢12° 830+0.96%2 7.26s1 3ea [ 621.32°
AM Fungi ¥"9PM () 576+0.26'*  5.81:0.3*2  5.90:0.57°% 6.04+0.39'*  5.93+0.36'® 6.11:0.49'* 6.15:0.7A%  6.48+0.82\
Fungi V() OV (ns) 158+0.49*%  1.10£0.05'® 1.18+0.16® 138:0.37°% 15:0.6*°  228+1.35'2 148+0.72'2 153+0.42¢
F:B V(9 DV (9 0.09:0.02%  0.09+0.01%  0.09+0.02*2 0.10£0.0/"®  0.10:0.02* 0.11#0.01"%  0.10+0.02*¢ 0.11x0.02?
Week 38
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All Bacteria VoM 09 90.78+1.232 92.1140.92°2 91541 03\a 08-83#45.8F 9207112 o) 50, 1 e 91.20+15F  92.08+1.07
Grami V() OV (1) 34.11+133% 33.50:2.332 33641322 33142049 9373224 o) oo.5 g 33.7722.38  32.18:0.83
Gram:+V(rs) DIVl (1) 30.47+1.400% 41.226228'2 39.94+1.18'2 39.87+1.3ga 039155 950,90 gpa 4045:L5F 40472024
ﬁg“”omycetegmsﬂ’m 172141222 17.3142.50'2 17.97+1.78'2 18.76s1.0te 18312088 15 .0,) gpa 17.08£1.82° 10.43+1.03
All Fungi V09)OM(9)  7.88+0.91A%  6.83:0.60°%  7.08+0.44°% 518+3.46'c  7.02+1.01% 8.36+1.21A% 7.72+1.66°% 6.94+0.79
AM Fungi V9oM () 51040352  520:0.41°%  4.96:0.44® 503:021°2 502+0.36** 501+0.34% 543:0.91°32 5074055
Fungi V() OV (ns) 2.78:0.88"  1.63:0.19"@ 2.13+0.61A% 1.88:0.4%2 200:0.72% 3.34+1.37% 220+0.76°2 1.87+0.49\°
F:B V(9) DIVI (9 0.1130.0"%  0.09+0.0%2 0.10:0.01*2 0.09+0.00°%  0.10:0.022 0.11#0.02@ 0.10+0.02*2 0.10+0.01A%
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Table 3.3.
EEAs Table

Extracellular enzyme activities (umottty* dw) in soils of four Panicum virgatum cultivars (Alamo, Bomaster, Colony, and Kanlow)
grown under conservation agriculture management after being sown in high or low seeding densities (mean * standardTldheviation)
parameters were followed from one wester the first leaf emergence to the end of the growing season for a total of 38 weeks. The
superscript following each estimator summarizes the mixed
ADensity[Variety$)oaDidhdamdefiBeotkwi ah 3 degrees freedom f
for numerator for ADensity[Variety] o with 21 degr eceindicatd fr

pair wi s e-teStcamgresons d aultivers, the lowercase letters identify differences in planting densities for that cultivar. ns =
p O 0.05; * = 0.05 > P OO0O.02; ** = 0.01 > P O 0.001; *xx
Alamo Bomaster Colony Kanlow
HDP LDP HDP LDP HDP LDP HDP LDP
Week 1

Cellobiohydrolas¢/™PM  0.044+0.003 0.041+0.006 0.069+0.037 0.051+0.012 0.047+0.006 0.033+0.011 0.094+0.064 0.049+0.019

(ns) Aa Aa Aa Aa Aa Aa Aa Aa

. 0.265+0.027 0.239+0.057 0.362+0.155 0.277+0.051 0.284+0.036 0.243+0.03* 0.476+0.282 0.279+0.041
B-Glucosidase/"s) PV (ns) a

Aa Aa Aa Aa Aa Aa Aa

B'N'II inidasirs  0-179%0.029 0.147+0.024 0.189+0.069 0.180£0.042 0.179+0.036 0.161:0.036 0.225:0.112 0.168+0.012
g[?/]e(f}sl)g ucosaminidas Aa Aa Aa Aa Aa Aa Aa Aa
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(18) DIV] () 1.098+0.119 1.123+0.174 1.367+0.395 1.165+0.262 1.257+0.397 1.018+0.097 1.313+0.317 0.98+0.097*
Phosphatasé Aa Aa Aa Aa Aa Aa Aa a
Week 2
Cellobiohydrolas&®)PM  0.059+0.013 0.058+0.023 0.089+0.043 0.062+0.025 0.045+0.013 0.059+0.021 0.082+0.029 0.065+0.035
(ns) Aa Aa Aa Aa Aa Aa Aa Aa
. (ns) DIV] (ns) 0.340+0.046 0.385+0.14' 0.543+0.232 0.393+0.108 0.268+0.054 0.362+0.095 0.483+0.186 0.475+0.202
B-Glucosidase' Aa a Aa Aa Aa Aa Aa Aa
B-N- inidasin 0.208+0.036 0.22+0.048" 0.280+0.107 0.209+0.068 0.155#0.051 0.220+0.055 0.245+0.097 0.217+0.096
g[g:/]e(?sl)lglucosamlnldas Aa a Aa Aa Aa Aa Aa Aa
(ns) D[V] (ns) 1.403+0.156 1.327+0.26° 1.468+0.358 1.309+0.279 1.213+0.217 1.510+0.227 1.401+0.435 1.391+0.438
Phosphatasé Aa a Aa Aa Aa Aa Aa Aa
Week 4
Cellobiohydrolase&/®s) bV 0.015+0.010 0.010+0.006 0.013+0.0%# 0.011+0.004 0.021+0.016 0.016+0.008 0.017+0.007 0.019+0.011
(ns) Aa Aa a Aa Aa Aa Aa Aa
0.124+0.093 0.081+0.028 0.096+0.012 0.136+0.057 0.110+0.034 0.139+0.060 0.169+0.089

B-Glucosidasé/(s) DIV (ns)

Aa

Aa

0.112+0.07
a

Aa

Aa

Aa

Aa

Aa
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B-N-

. ns) 0.044£0.023 0.023+0.006 0.046+0.021 0.035+0.0¥* 0.046+0.017 0.043+0.013 0.047+0.015 0.054+0.023
g[?/]e(?gglucosammldas Aa Aa Aa a Aa Aa Aa Aa
(ns) D[V] (ns) 0.300+£0.131 0.152+0.055 0.247+0.066 0.215+0.04* 0.315+0.033 0.289+0.123 0.287+0.128 0.288+0.070
Phosphatasé A Aa A@ a Aa Aa Aa Aa
Week 8
Cellobiohydrolase¢/™) PV 0.142+0.162 0.091+0.028 0.088+0.028 0.104+0.071 0.096+0.058 0.075+0.029 0.111+0.042 0.096+0.042
(ns) Aa Aa Aa Aa Aa Aa Aa Aa
B-Glucosidase/(s) bvi (ns) 2550010.356 /(3.6140010.058 /9338110'032 /(3.6143410.191 2542210.104 2;39310.113 0.5+0.191A 2 2;44210.122
B-N- il inidagirs  0-1960.081 0.185:0.042 0.173+0.018 0.192+0.079 0.167+0.025 0.177+0.039 0.221%0.054 0.237+0.109
g[?/]e(f?s/)g ucosaminidas Aa Aa Aa Aa Aa Aa Aa Aa
(%) DIVI (1) 1.535+0.418 1.436+0.153 1.385+0.096 1.648+0.47 1.321+0.162 1.332+0.151 1.357+0.26" 1.287+0.148
Phosphatasé Am An A@ a Aa Aa a Aa

Week 16
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i (*) DIV]

(Cn:S()elloblohydrolasé’ ('3.2109010.041 (83;105510.018 0.07+0.082 0.06+0.04 2 ('3.2108910.053 2.304510.021 2503810.009 2503110'007

. *) D] (ns) 0.307£0.104 0.237+0.077 0.223+0.129 0.205£0.128 0.277+0.112 0.181+0.059 0.168+0.083 0.164+0.071
B-Glucosidasé’ ca ca ABa ABa BCa BCa Aa Aa
B-N- inidasin 0.135+0.036 0.118+#0.032 0.128+0.056 0.096+0.033 0.144+0.053 0.106+0.022 0.102+0.020 0.085+0.01"
g&e(?sl)lglucosamlnldas Aa Aa Aa Aa Aa Aa Aa a

) DIV] (ns) 1.441+0.365 1.068+0.104 1.158+0.524 0.924+0.204 1.22+0.25*® 1.086+0.2*® 1.041+0.188 0.921+0.098

Phosphatasé‘ Ba Ba Aa Aa a a Aa Aa
Week 38
Cellobiohydrolas&/(®s) bV 0.044+0.034 0.033+0.017 0.034+0.009 0.027+0.009 0.035+0.019 0.048+0.04' 0.034+0.001 0.052+0.042
(ns) Aa Aa Aa Aa Aa a Aa Aa

ey DV s 0-244£0.123 0.196+0.038 0.19+0.03%*  0.154+0.037 0.189+0.042 0.245:0.132 0.223+0.062 0.249+0.087
B-Glucosidase' Aa Aa a Aa Aa Aa Aa Aa
B-N- 0.129+0.055 0.126+0.042 0.116+0.011 0.111+0.019 0.108+0.031 0.124+0.069 0.119+0.017 0.149+0.059

acetylglucosaminidasé"s)
D[V] (ns)

Aa

Aa

Aa

Aa

Aa

Aa

Aa

Aa
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(ns) DIV] (ns) 1.202+0.296 1.229+0.267 1.179+0.195 1.047+0.071 1.100+0.161 1.079+0.270 1.152+0.131 1.180+0.164
Phosphatasé‘ Aa Aa Aa Aa Aa Aa Aa Aa
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Figure 3.2.

Soil Chemistry Seasonal Dynamics

The parametergA) Soil pH (B) NHs* (C) NOs (D) Total N% (E)Total C% (F) C:N

were followed from one week after the first leaf emergence to the end of the growing season for

a total of 38 weeks. The superscript followach estimator summarizes the mixed effects

ANOVA results for a model with fixed effects
D[ V] interactions and ABlocko as a random ef
> P O 0.001pP *** = 0.001 >
A)
Week 1 Week 2 Week 4 Week 8 Week 16 Week 38
651 =1 HDP
LDP
o
= 6.0+ I
=]
1 | I ﬂ
Week (W) ** § | l
Variety (V) * [
Density[Variety] (D[V])"®
554 wxyns
W x D[V] "
& F St & a o‘é \0”x & & & \04‘ & a o‘a \°~‘X & a o‘\* \d‘x & & o@' \°$
vs’; o“@" F S v;‘; &‘@" Rt v{; &‘gf’ Rl ‘;’; o‘@" Rl v;’; o\x{f" Rl \,5:’ 0‘@” &
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Week 2 Week 4 Week 8 Week 16 Week 38

Week 1

Week (W) **
Variety (V) "

wxvns

W x D[V] "

= HDP

=1 LDP

B) 251

20+ Density[Variety] (D[V])"®

100







































































































































































































































































































































































































































