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CHAPTER IlI

CULTIVATION OF GEMMATIMONADETES
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Abstract

Bacteria from the phylum Gemmatimonadetes have resisted cultivation
despite their ubiquity in soil. The goal of this study was to cultivate more
representatives from this phylum for future study to gain insight into their
potential ecological role(s). Soil sampled from till and no-till cotton plots at the
University of Tennessee Research and Education Center (REC) in Jackson,
Tennessee. The soils were incubated at constant moisture for 67 days. Whole
soil, macro-aggregate and micro-aggregate size fractions were used as inoclula
and incubated under microaerophillic (2.5% O, and 5% CO,) or aerobic
atmospheric conditions for 12 weeks. The plates were screened for the presence
of Gemmatimonadetes by plate-wash PCR and all colonies on positive plates
were further screened by direct PCR. Over 100 putative Gemmatimonadetes
isolates were obtained and among these strains Gmat50, Gmat59 and Gmat410,
were confirmed to be Gemmatimonadetes via 16S rRNA gene sequencing.
Sequence analysis revealed that the 16S rRNA gene of Gmat50 and Gmat410
were 93% and 95% identical, respectively, to soil isolate Ellin5290. The closest
cultivated relative of Gmat59 was Ellin7146 with an identity of 88% over the
1,289 bp 16S rRNA gene fragment analyzed. Gemmatimonadetes was
successfully cultivated under both aeration conditions but was more frequently
detected on plates incubated aerobically. Plates inoculated with tilled soil yielded
more frequent detection of Gemmatimonadetes than plates inoculated with no-till

soil. Cultivability was improved by extended incubation time but not by reduced

71



oxygen concentration and elevated CO,. These results are consistent with a
predominantly aerobic niche and homogenous distribution of

Gemmatimonadetes at the aggregate scale.

Introduction

It is estimated that 0.1 to 1% of bacteria from mesotrophic and oligotrophic
environments are typically enumerated using the viable plate count method- the
standard for cultivating and isolating bacteria (Staley and Konopka, 1985). The
use of solid media over liquid serial dilution enrichment prior to cultivation on
plates has been more successful for isolating a broader range bacterial phyla
and for the isolation of lineages with few cultivated representatives (Schoenborn
et al., 2004).

The vast majority of bacteria in the environment resist cultivation. One
possible cause is the inability to identify and provide all the essential growth
factors and nutrients that are likely present in complex environments (Stewart,
2012). This includes nutrients, atmospheric conditions, pH, electron acceptors,
and interactions with other organisms. Some bacteria are uncultivable because
they may be out competed by other bacteria in the culture (Davis et al., 2005;
Janssen et al., 2002; Joseph et al., 2003). Slow growers often go undetected due
to insufficient incubation time.

Researchers have made advances in cultivating bacteria from rarely
cultivated phyla and novel lineages by improving traditional cultivation methods.

The use of nontraditional media, like Dilute Nutrient Broth (DNB) solidified with
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gellan gum and media based on VL55, a more complete, basal salts media
supplements with vitamins and growth factors, have resulted in higher viable
counts and allowed the detection and isolation of members of rarely isolated taxa
(Davis et al., 2005). In contrast to nutrient rich media, VL55 medium was made
to mimic the lower concentration of inorganic ions in soil with sufficient ammonia
and phosphate ions for bacteria to produce sufficient biomass (Davis et al.,
2005). The combination of nontraditional media with an alternative solidifying
agent has lead to increased cultivation of bacteria from the environment. One
study was able to increase cultivation using a DNB solidified with agar and gellan
gum, resulting in cultivation of 5.2% and 7.5% of mean determined microscopic
cell count, respectively (Janssen et al., 2002). The gellan gum is a bacterial
polysaccharide derived from Sphingomonas ssp. used in place of agar as a
solidifying agent (Tamaki et al., 2009). In a comparison of solidifying agents,
researchers found that 44% of rarely cultivated taxa only grew on gellan solidified
media (Tamaki et al., 2009). It is not understood why some bacteria grew more
readily on gellan than agar but Gellan has advantages as a solidifying agent at
higher temperature incubations because of its higher melting point compared to
agar (Tamaki et al., 2009).

It is difficult to replicate an environment as complex as the soil. One way
to overcome this limitation is the use of semipermeable diffusion chambers
incubated in situ that allows all the nutrients and community interactions within
the environment without allowing cells to pass through the membrane (Stewart,
2012). Microscopic direct cell counts of microcolonies growing within the
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chambers had recovery rates of up to 40% for the initial inoculum as opposed to
standard petri plates which had a recovery rate of 0.05% (Stewart, 2012). Once
microcolonies formed with in the semipermeable chamber they could be further
isolated and propagated by inoculating new chambers (Stewart, 2012). In cases
where the bacteria are dominant in the environment yet resist cultivation; dilution
to extinction can be employed (Stewart, 2012).

Extended incubation time has also shown great promise in cultivating
rarely isolated bacteria. Rarely isolated groups grew significantly slower on all
media types than commonly isolated groups (Davis et al., 2005). Bacteria that
are rarely isolated may be naturally slow growers or have a long lag time. In one
study, 10-weeks of incubation was required to reach maximum colony
development (Janssen et al., 2002). Another study observed that the number of
colonies continued to increase past 12 weeks on VL55 based media (Davis et al.,
2005). Thirty-six percent of isolates appearing after 8 weeks belonged to rarely
isolated groups (Davis et al., 2005).

Co-culture dependent bacteria have evolved with the bacteria they depend
on. To separate dependent bacteria the factor causing the dependency must first
be discovered (Stewart, 2012). The dependency factor like a siderophore can be
incorporated into the growth medium allowing the bacteria to be isolated.
Changing the iron source from oxidized iron (Fe*") to soluble iron (Fe**) allows
bacteria to bypass the use of specific siderophores and has resulted in the

isolation of many rare bacteria (Stewart, 2012).
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The objective of this study was to examine factors that may influence the
cultivability of the phylum Gemmatimonadetes to gain further insight to their
potential ecological role(s) in terrestrial ecosystems. Based on previous
molecular surveys along moisture gradients and aggregate scale distribution
studies, as well as characteristics of strain KBS708, a Gemmatimonadetes strain
described in Chapter 1, it was hypothesized that plates incubated under
microaerophillic atmospheric conditions and inner-aggregate fractions used as

inoclula would enhance the cultivability of phylum Gemmatimonadetes.

Methods

Cultivation conditions

Samples taken on day 67 (the conclusion of the experiment) from
aggregate fractionation experiments described in chapter Il were also used for
cultivation studies. VL55 media with peptone (0.25 g/ L) amendment and 1.5%
noble agar was prepared and amended with cyclohexamide to inhibit fungal
growth. The plates were inoculated in triplicate with 100 I from the 10, 107,
and 10°° dilutions. The spread plates were incubated at 25°C for 12 weeks under
microaerophillic (2.5% O, and 5% CO,) or aerobic conditions resulting in a total

of 56 initial primary spread plates.

Plate wash-PCR

After incubation, plate-wash PCR was performed on one plate from each

group of triplicates (Stevenson et al., 2004). This was achieved by flooding plates
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with 2 mL of MicroBead Solution from the MoBio Ultraclean® Microbial DNA
Extraction Kit, followed by swabbing the agar surface with sterile cotton swabs to
suspend bacteria from the colonies and 500 pL of the resulting cell suspensions
were placed into MicroBead Tubes from the MoBio UltraClean® Microbial DNA
Isolation Kit, according to the manufactures protocol. PCR of DNA extracts was
performed using the Gemmatimonadetes specific primer G1G3-637f (5'-
GAATGACGTAGAGATCC-3’) and universal 16S rRNA gene primer 907r (5’-
CCGTCAATTCMTTTRAGTTT-3’) to identify the plates that had colonies from
clade 1 and/or 3 of the phylum Gemmatimonadetes (see Chapter Il). The PCR
protocol consisted of an initial heating at 95°C for 30 seconds followed by 40
cycles of denaturation at 95°C for 5 seconds, annealing at 53°C for 20 seconds
and extension at 72°C for 20 seconds, and a final extension step at 72°C for 3
minutes. Positive amplification was determined by visualization PCR products
using agarose gel electrophosesis. Gels with bands located between 300-200
base pairs like the positive control prepared from KBS708, indicated the samples

originated from plates with positive Gemmatimonadetes colonies.

Isolation and identification

Replicate plates of those plates that tested positive for the presence of
Gemmatimonadetes were selected as candidates to further isolate new strains of
Gemmatimonadetes. Individual colonies were given a strain number (cataloged),
picked and inoculated into single wells of a 96-well plate containing VL55 media

supplemented with peptone and incubated under aerobic or microaerophillic
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conditions accordingly. Direct PCR of the resulting cultures was preformed when
sufficient growth was observed in all of the wells. This was achieved by adding
12.5 uL of Takara Premix Taq, 1 yL of 10 uM G1G3-637f primer, 1 uL of 10 uM
907r primer, 5.5 pL of water, and 5 pL of liquid culture. The reaction conditions
consisted of heating at 95°C for 10 minutes followed by 40 cycles of denaturation
at 95°C for 30 seconds, annealing at 53°C for 30 seconds and extension at 72°C
for 30 seconds, followed by a final extension step at 72°C for 5 minutes.

Positive wells and the respective original colony were isolated on VL55
1.5% noble agar plates amended with peptone and cyclohexamide. Isolates
were allowed to incubate up to 12 weeks and subsequently screened with
additional direct PCR using the Gemmatimonadetes specific primers. When co-
cultures were found during the incubation, they were separated onto different
plates until each isolate appeared pure. Each colony grown was described in
detail by the size, color, form, elevation, margin, surface, and opacity under the
microscope and to the naked eye. This information was logged into a
spreadsheet and used to differentiate the previously screened bacteria.

Gemmatimonadetes positive isolates underwent direct PCR using 1 uL
each of the universal 16S rRNA primers (10 uM 8R and 10 yM 536R), 25 uL of
Takara Premix Taq, 5 uL of culture, and 18 pL of water. The reaction consisted
of 95°C for 10 minutes followed by 40 cycles of 95°C for 45 seconds, 50°C for 45
seconds and 72°C for 90 seconds, ending in 72°C for 10 minutes. The reaction
was confirmed successful by the presence of a band about 500 base pairs long
as determined using gel electrophoresis. The PCR product was then cleaned
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using the Wizard® SV Gel and PCR Clean-Up System (Promega) according to
manufactures protocols and sequenced at the University of Tennessee Molecular
Biology Recourse Facility. Confirmation of the isolation of a member of the
phylum Gemmatimonadetes was conducted by a BLAST homology search
through the National Center for Biotechnology Information.

Isolates were grown in liquid culture under aerobic conditions, preserved
in 15% glycerol, and stored at -80°C. DNA was extracted from the isolates using
the MoBio UltraClean® Microbial DNA Isolation Kit according to the manufactures
protocol. The full 16S rRNA gene was amplified using universal primers, 8F and
1392R 25 uL of Takara Premix Taq, 5 uL of culture, and 18 pL of water. The
reaction consisted of 95°C for 10 minutes followed by 40 cycles of 95°C for 45
seconds, 50°C for 45 seconds and 72°C for 90 seconds, ending in 72°C for 10
minutes. The PCR product was then cloned using the Promega pGEM®-T Easy
Vector System according to the manufactures protocol. The plasmid was isolated

using the Promega Wizard® SV Minipreps DNA Purification System.

Phylogentic tree

Full 16S rRNA sequences from the isolates were compiled other known
isolates and 181 uncultured sequences greater than 1200 bp using the Browser
from the Ribosomal Database Project from Michigan State University. E. Coli
was used as the out-group for the phylogenetic tree. All sequences were
uploaded into the “One Click” phylogeny analysis program on the Phylogeny.fr

website. The alignment was done by MUSCLE program (Dereeper et al., 2008;
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Edgar, 2004). The Gblocks program was used to remove poorly aligned positions
and divergent regions (Castresana, 2000; Dereeper et al., 2008; Edgar, 2004).
Maximum-Likelihood phylogeny with bootstrapping was used to assemble the
phylogentic tree (Anisimova and Gascuel, 2006; Castresana, 2000; Dereeper et

al., 2008; Edgar, 2004; Guindon et al., 2010).

New Isolates

Isolates were inoculated in triplicate in VL55 liquid medium with peptone
amendment and incubated at room temperature and shaking at 120 rpm. Cell
growth was measured by absorbance at 600 nm and plotted over time to
determine growth rate. The growth curve was plotted as absorbance over time.
To determine the growth rate constant, the logarithm of the absorbance was

plotted over time and the slope was taken.
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Results

Plate wash PCR with Gemmatimonadetes specific primers indicated that
Gemmatimonadetes was present on 21 of 36 plates (Table 3).
Gemmatimonadetes was positively detected more often on plates inoculated with
tilled soil than plates made from no-till soil. There was no difference in the total
number of colonies on the plates based soil tillage management. Aerobic
incubation had more positively identified plates than those incubated under
microaerophillic conditions. There were a greater number of total colonies on
plates incubated under aerobic conditions than on plates incubated under

microaerophillic conditions.

Table 3 Plate wash PCR with Gemmatimonadetes specific primers. Positive (+) indicates that
Gemmatimonadetes colonies were present on the plate. Negative (-) indicates that no reaction
occurred.

. Aggregate Dilution Series
Incubation Management Size X107 1x10° 1x10°

Whole - + +
Till Macro + - +
. - Micro - + -
Microaerophillic Whole - - -
No-Till Macro + + -
Micro + - -
Whole + + +
Till Macro + + +
. Micro + + -
Aerobic Whole n - -
No-Till Macro + - -
Micro + + +
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The trends seen in plate wash PCR testing were also seen during the
screening of individual colonies on the replicate plates (Table 4). On average,
there were more positively identified colonies on aerobic plates than on
microaerophillic plates (11.8% and 6.3%, respectively). Plates inoculated with
tilled soil had more positive colonies than plates inoculated with no-till soil (9.7%

and 7.0%, respectively).
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Table 4 Direct PCR screening of all colonies with Gemmatimonadetes specific primers. Total colonies are the total colonies on the plate.
Total G1G3 is the total number of colonies that amplified using the Gemmatimonadetes specific primers. %G1G3 detected is the percentage
of Total G1G3 divided by total colonies. ND, not determined.

Incubation Management Aggregate Size Dilution Plate Total Colonies | Total G1G3 %G1G3 Detected
5 B 91 0 0
Whole 1x10 C 88 3 3
1x10° B 12 1 8
Til C 18 2 11
. . 6 B 20 6 30
Microaerophillic Macro 1x10 C 18 1 6
. 5 B 100 2 2
Micro 1x10 C 114 0 0
i 5 B 78 1 1
No-Till Macro 1x10 C 60 1 >
5 E 92 4 4
Whole 1x10 F 117 0 0
1x10° E 17 1 6
F 31 1 3
i 5 E 114 ND ND
il Macro 1x10 F 135 14 11
. 6 E 35 7 20
Aerobic 1x10 = 35 2 11
; -5 E 117 52 44
Micro 1x10 = 109 7 6
. E 200 22 11
1x10°
. . F 117 ND ND
No-Till Micro e E >200 ND ND
F 29 4 14
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Positively identified bacteria were picked directly from the original spread
plate for microaerophillic growth instead of inoculating from the positive well that
the Gemmatimonadetes was detected in from 96-well plate. Many of the
microaerophillic cultures were difficult to purify, occurring predominantly as co-
cultures, of Gemmatimonadetes growing in the presence of a yellow bacterium or
a spreading iridescent bacterium. A majority of the putative cultures were lost
when attempting to isolate a pure culture. After some time fungal contamination
became a primary concern. Thus, 2 mg/L of cyclohexamide was used to inhibit
fungal growth. A number of plates were ultimately lost to fungal contamination. It
seemed that some fungi were resistant to cyclohexamide, because the plates
had fungal growth present within two days of inoculation. The cyclohexamide
may have also been degraded by the light and was ineffective at inhibiting fungal
growth; therefore, the plates were stored in the dark to prevent photodegradation.

Of the remaining plates, four putative Gemmatimonadetes isolates were
brought into culture under microaerophillic conditions. The one characteristic that
the isolates had in common was their pink color, which set them apart from the
other bacteria on the plate. In other cases there were multiple pink colonies, a
dissecting microscope was used to determine differences between colonies that
appeared to be the same to the naked eye. The way the light passed through
colonies that appeared the same to the naked eye looked like different colors

under the microscope.
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Isolate Gmat50 was isolated from tilled soil macro-aggregates at the 10°°
dilution incubated under microaerophillic atmospheric conditions. The strain
Gmat50 was 93% identical based on the 1,224 bp 16S rRNA gene fragment to its
nearest cultivated relative Ellin5290 isolated from a rotationally grazed pasture
soils at the Dairy Research Institute, Ellinbank, Victoria Australia (Joseph et al.,

2003). The natural log of growth rate constant was 0.22.

0.12
. ?

0.08 /

0.06 /

0.04

0.02
0 ._'_._M T T T T T 1

0 2 4 6 8 10 12 14 16 18 20 22
Time (Day)

o
=
_|

Absorbance at 600 nm

Figure 20 Growth curve of strain Gamt50 in VL55 liquid medium with peptone amendment under
aerobic conditions on a shaking incubator at 120 rpm. Each point shows the mean and standard
deviation of triplicate cultures.

Gmatb9 was isolated from plates originally inoculated with macro
aggregate size fraction of conventionally managed (tilled) soil and incubated at

room temperature under microaerophillic conditions. Based on the 1,313 bp
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sequence of the 16S rRNA gene, strain Gmat59 is 89% identical to its nearest
cultivated relative Ellin7146 isolated from a control paddock soil at the Dairy
Research Institute, Ellinbank, Victoria, Australia (Davis et al., 2005). Strain
Gmat59 had the fastest growth rate of the isolates, reaching full growth in liquid

culture in 12 days (Figure 17). The natural log of growth rate constant is 0.53.
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Figure 21 Growth curve of strain Gamt59 in VL55 liquid medium with peptone amendment under
aerobic conditions on a shaking incubator at 120 rpm. Each point shows the mean and standard
deviation of triplicate cultures.

Gmat410 was isolated from plates inoculated with the micro-aggregate
size fraction of conventionally managed (tilled) soil and incubated at room
temperature under microaerophillic conditions. Isolate Gmat410 appeared pink in

liquid culture. Strain Gmat410 had a max identity of 95% to its nearest cultivated
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relative Ellin5290 isolated from a rotationally grazed pasture soils at the Dairy
Research Institute, Ellinbank, Victoria Australia (Joseph et al., 2003). Strain
Gmat50 had a similar growth rate to Gmat410, but Gmat410 grew to a greater
cell density (Figure 16 and Figure 18). The natural log of growth rate constant is

0.23.
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Figure 22 Growth curve of strain Gamt410 in VL55 liquid medium with peptone amendment
under aerobic conditions on a shaking incubator at 120 rpm. Each point shows the mean and
standard deviation of triplicate cultures.

Gmat210 isolated was from plates originally inoculated with conventionally

managed (tilled) soil and incubated at room temperature under microaerophillic
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conditions. This was the only isolate of the four that flocculated in liquid culture,
but not to the same extent as KBS708.

Phylogenetic analysis of the isolates that were sequenced places all of
them in the same clade as the previously cultured members of this phylum
(Figure 19). The new isolates are less divergent from the Ellin5220, Ellin5290,

and Ellin7146 isolates than the other isolates in this phylum.

Aerobic 96-well plates took longer to incubate for enough growth to test
using direct PCR than microaerophillic. The positively detected wells were
closely clustered on the plates suggested there may have been some false
positives due to cross-contamination of the wells. Fungal contamination was
evident in many of the aerobically incubated plates so the concentration of
cyclohexamide was increased from 2 mg/L to 100 mg/L. Aerobic isolates were
screened as they grew to rule out the fast growing bacteria first and then slower

growing isolates as they grew.

Discussion

Despite acquisition of four new isolates from microaerophillically incubated
plates, it appeared that microaerophillic conditions did not enhance the overall
cultivation of bacteria from the phylum Gemmatimonadetes. On average, there
were more positively identified colonies on aerobic plates than on
microaerophillic plates (11.8% and 6.3% of total colonies, respectively). Plates

inoculated with till soil had more positive colonies than plates inoculated with no-
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till soil (9.7% and 7.0% of the total colonies, respectively). Tillage treatment was
not found to be a statistically significant factor in the distribution of
Gemmatimonadetes in soils based on molecular detection, but it appears to be
an important factor for cultivability. This may be because Gemmatimonadetes is
more accessible in tilled soil than in no-till soil which may give clues as to where

this bacteria lives in soil.

Gemmatimonas aurantiaca T-27, the first cultivated member of the
Gemmatimonadetes, was isolated from activated sludge in an anaerobic-aerobic
batch reactor and was discovered to possess phosphorous removal capabilities
via intra-cellular accumulation of polyphosphate (Zhang et al., 2003). The first
soil strains (Ellin5220, Ellin5301 and Ellin7146) were isolated from rotationally
grazed pasture at the Dairy Research Institute, Ellinbank, Victoria, Australia
(Joseph et al., 2003). This study used sonication in addition to VL55 based
media and extended incubation time to enhance the overall cultivability of soil
bacteria yielding three new strains of Gemmatimonadetes (Joseph et al., 2003).
Davis et al. (2005) examined the influence of growth media, inoculum size, and
incubation time on the cultivation and isolation of soil bacteria. They found that
members of rarely isolated groups appeared mostly after 2 months of incubation
(Davis et al., 2005). The growth medium VL55 and dilute nutrient broth were
found to be the best choices for isolating soil bacteria (Davis et al., 2005). Isolate

Ellin5290 was isolated on dilute nutrient broth medium with gellan solidifying
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agent from a control paddock at the Dairy Research Institute, Ellinbank, Victoria,

Australia (Davis et al., 2005).

The broader ecological role of bacteria within the phylum
Gemmatimonadetes remains an open question. The research set out to assess
the aggregate scale distribution, aeration requirements, and resilience to
moisture stress of Gemmatimonadetes using culture-dependent and —
independent approaches. In this study, extended incubation time,
microaerophillic conditions, and aggregate size distribution were the primary
variables that were adjusted to improve the cultivability of Gemmatimonadetes.
Based on the results of this research and previous work of others, we can
conclude that the phylum is diverse, perhaps as diverse as the Proteobacteria
and Actinomycetes, and includes slow-growing heterotrophic bacteria with
versatile metabolism with respect to the range of organic substrates utilized as
carbon and energy sources. Efforts to cultivate new members of the phylum
yielded aerobes and microaerophillic members but neither facultative nor obligate
anaerobes were identified. KBS 708 and Gemmatimonas aurantiaca T-27 have
very large genome sizes with rather high GC-content but currently it is not known
if these are common traits throughout the phylum. DeBruyn et al. (2011)
determined that all environmental sequences from a wide array of environments
and the limited number of sequences from the cultivated strains form three
distinct clades within the phylum Gemmatimonadetes. During this study, four

new members of the phylum were isolated and determined to be phylogenetically
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distinct from those previously reported though all currently cultivated strains lie
within clade 1 of the phylum. At present there are no known cultivated strains
within clades 2 and 3. Like strain KBS708, these new strains all exhibited slow
growth rates and a pink color, and in one case a flocculating growth habit in liquid
culture. Further characterization of these isolates will undoubtedly lead to a better
understanding of the genetic potential and the ecological role of the phylum and

possibly provide clues to improve isolation techniques.

The aggregate scale distribution of Gemmatimonadetes remains unclear
though some evidence suggesting an enrichment in the relative abundance
within intra-aggregate spaces was obtained consistent with the previous findings
of Mummey et al. (2003). This is also in keeping with the notion that some
members are microaerophillic. Though some microaerophiles or at least
microaerotolerant, strains were obtained, overall the cultivation studies did not
indicate that microaerophily was a predominant lifestyle among members of the
phylum. Moisture manipulation via wet/dry cycling resulted in a clear decrease in
the relative abundance of Gemmatimonadetes in soil suggesting an inability or
lack of resilience to rapid changes in moisture content. These findings were in
contrast to those of Aanderud and Lennon (2011) that showed
Gemmatimonadetes responded rather quickly to addition of moisture to dry soils.
However, soils held in an air-died state for extended periods of time exhibited
consistently higher relative abundances of Gemmatimonadetes than in soils held

at 75% of field capacity suggesting members of the phylum are well adapted to
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resist moisture limitation. These findings agree well with those of Drees et al.
(2006) that showed a consistent increase in the relative abundance of
Gemmatimonadetes along a moisture gradient increasing from wet to dry in the

Atacama Desert in Chile.

In conclusion, the results presented in this thesis represent the first
detailed investigation of the ecology of terrestrial Gemmatimonadetes. The large
collection of isolates obtained is a significant contribution to this end and will

provide a strong foundation upon which future studies can be built.
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CONCLUSION

The relative abundance of Gemmatimonadetes was greater in whole soll
than in micro- or macro-aggregates. These results are difficult to interpret. For
the relative abundance to decrease in the inter-aggregate fractions suggests the
Gemmatimonadetes were preferentially lost during the fractionation process or
other taxa were enriched in the aggregate fractions. Thus, the aggregate-scale
distribution of Gemmatimonadetes remains an open question and further
investigation will be needed. Gemmatimonadetes were not enriched by dry/wet
cycling treatments. It was believed that Gemmatimonadetes would be resilient to
moisture stress; however, constant moisture conditions were preferred over
moisture cycling conditions. The relative abundance of Gemmatimonadetes was
highest in the dry control soils. The higher relative abundance observed in the
dry control samples is consistent with the results reported by DeBruyn et al.
(2011) where the relative abundance of Gemmatimonadetes was inversely
correlated with moisture. These results suggest that Gemmatimonadetes are

well adapted to persist in arid conditions.

The cultivation study was largely successful due to the cultivation of four
new isolates under microaerophillic incubation. In addition, 113 putative isolates
under aerobic incubation remain to be confirmed and characterized. Although the
cultivation of isolates was not completed, observation of plate growth
characteristics was informative. For example, many of the pink colonies

examined resulted in positive amplification of 16S rRNA gene fragments using
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Gemmatimonadetes-specific primers suggesting that production of this pink
pigment maybe a widely conserved phenotype among members of
Gemmatimonadetes. Plates incubated under microaerophillic conditions did not
appear to enhance the cultivability, but aerobic incubation and inoculation from
tilled soil seemed to result in more frequent cultivation of Gemmatimonadetes.
The future characterization of these new isolates will lead to an improved
understanding of the role of this phylum in the soil ecosystem, and it will broaden

the approaches used to cultivate Gemmatimonadetes.
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Table 5 Aggregate size analysis relative abundance of Gemmatimonadetes based on qPCR
analysis with Gemmatimonadetes specific primers and universal 16S rRNA primers.

Time | G1G3SQ | 16SSQ | %

Management | Aggregate | Sample | (days) Mean Mean G1G3
No-Till Whole 1 0 7.86E+04 | 8.46E+05 | 9.29
No-Till Whole 2 0 4.80E+04 | 8.10E+05 | 5.92
No-Till Whole 3 0 1.38E+05 | 1.58E+06 | 8.72
No-Till Whole 1 17 1.20E+05 | 1.48E+06 | 8.11
No-Till Whole 2 17 1.90E+05 | 2.26E+06 | 8.40
No-Till Whole 3 17 2.72E+05 | 4.09E+06 | 6.65
No-Till Whole 1 43 1.47E+05 | 1.50E+06 | 9.84
No-Till Whole 2 43 2.07E+05 | 1.99E+06 | 10.37
No-Till Whole 3 43 3.49E+05 | 3.87E+06 | 9.03
No-Till Whole 1 66 8.56E+04 | 1.08E+06 | 7.89
No-Till Whole 2 66 1.12E+05 | 1.35E+06 | 8.24
No-Till Whole 3 66 1.64E+05 | 1.68E+06 | 9.76
Till Whole 1 0 6.37E+05 | 6.28E+06 | 10.14
Till Whole 2 0 1.45E+05 | 1.53E+06 | 9.46
Till Whole 3 0 2.69E+05 | 2.71E+06 | 9.91
Till Whole 1 17 3.56E+05 | 2.69E+06 | 13.25
Till Whole 2 17 6.29E+05 | 4.01E+06 | 15.69
Till Whole 3 17 4.34E+05 | 2.56E+06 | 16.96
Till Whole 1 44 7.62E+05 | 5.31E+06 | 14.34
Till Whole 2 44 3.55E+05 | 3.86E+06 | 9.19
Till Whole 3 44 2.92E+05 | 3.60E+06 | 8.10
Till Whole 1 67 7.13E+04 | 9.15E+05 | 7.79
Till Whole 2 67 6.97E+04 | 8.12E+05 | 8.59
Till Whole 3 67 1.11E+05 | 1.38E+06 | 8.04
No-Till Macro 1 0 1.88E+05 | 2.73E+06 | 6.87
No-Till Macro 2 0 2.10E+05 | 4.97E+06 | 4.22
No-Till Macro 3 0 1.41E+05 | 3.49E+06 | 4.05
No-Till Macro 1 43 2.00E+05 | 3.05E+06 | 6.55
No-Till Macro 2 43 1.86E+05 | 3.64E+06 | 5.11
No-Till Macro 3 43 1.70E+05 | 3.00E+06 | 5.66
No-Till Macro 1 66 7.37TE+04 | 1.39E+06 | 5.29
No-Till Macro 2 66 7.31E+04 | 7.24E+05 | 10.09
No-Till Macro 3 66 3.65E+04 | 1.58E+06 | 2.31
Till Macro 1 0 4.67E+05 | 7.99E+06 | 5.85
Till Macro 2 0 2.37E+05 | 4.10E+06 | 5.79
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Table 5 continued. ND is not determined.

Time [ G1G3SQ | 16SSQ
Management | Aggregate | Sample | (days) Mean Mean %G1G3
Till Macro 3 0 3.58E+05 | 5.26E+06 6.81
Till Macro 1 44 2.73E+05 | 4.12E+06 6.64
Till Macro 2 44 2.17E+05 | 3.91E+06 5.56
Till Macro 3 44 1.89E+05 | 3.79E+06 4.97
Till Macro 1 67 1.06E+05 | 2.08E+06 5.09
Till Macro 2 67 6.46E+04 | 1.20E+06 5.39
Till Macro 3 67 9.25E+04 | 1.82E+06 5.1
No-Till Micro 1 0 8.02E+04 | 2.32E+06 3.46
No-Till Micro 2 0 9.65E+04 | 2.10E+06 4.59
No-Till Micro 3 0 1.07E+05 | 2.63E+02 | 40521
No-Till Micro 1 43 1.26E+05 | 2.41E+06 5.23
No-Till Micro 2 43 2.17E+05 | 3.16E+06 6.87
No-Till Micro 3 43 2.38E+05 | 4.08E+06 5.83
No-Till Micro 1 66 3.12E+04 | 6.94E+05 4.49
No-Till Micro 2 66 4.44E+04 | 1.00E+06 4.44
No-Till Micro 3 66 6.93E+04 | 1.33E+06 | 5.22
Till Micro 1 0 2.13E+05 | 2.05E+06 10.4
Till Micro 2 0 1.90E+05 | 2.58E+06 7.35
Till Micro 3 0 3.20E+05 | 4.47E+06 7.16
Till Micro 1 44 2.92E+05 | 5.23E+06 | 5.59
Till Micro 2 44 6.33E+04 | 0.00E+00 ND
Till Micro 3 44 2.19E+05 | 3.08E+06 7.12
Till Micro 1 67 5.42E+04 | 6.56E+05 8.26
Till Micro 2 67 4, 70E+04 | 5.00E+05 9.4
Till Micro 3 67 5.95E+04 | 8.81E+05 6.75
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Table 6 Aggregate size analysis Type 3 Test of Fixed Effects of all factors excluding analysis of

day 17.

Type 3 Tests of Fixed Effects
Effect Num DF | DenDF | FValue | Pr>F
Management 1 34 7.09 0.0117
Aggregate 2 34 25.05 <.0001
Management*Aggregate 2 34 2.96 0.0655
Time 2 34 0.62 0.5436
Management*Time 2 34 1.98 0.1541
Aggregate*Time 4 34 0.67 0.6183
Management*Aggregate*Time | 4 34 0.78 0.5432

Table 7 Aggregate size analysis Effect=Management Method=LSD (P<0.05) Set=1 excluding

analysis of day 17.

: . Standard | Letter

Obs | Management | Aggregate | Time | Estimate Error Group
1 No-Till _ 6.4209 0.3125 B
2 Till _ 7.5980 0.3125 A

Table 8 Aggregate size analysis Effect=Aggregate Method=LSD (P<0.05) Set=2 excluding

analysis of day 17.

Obs | Management | Aggregate | Time | Estimate Stélrnrc;?rd éf;heg
3 Macro _ 5.6306 0.3725 B
4 Micro _ 6.2522 0.4023 B
5 Whole _ 9.1456 0.3725 A
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Table 9 Aggregate size analysis Effect=Management*Aggregate Method=LSD (P<0.05) Set=3

excluding analysis of day 17.

Obs | Management | Aggregate | Time | Estimate Stélrr:g?rd éf;heg
6 No-Till Macro _ 5.5722 0.5268 C
7 | No-Till Micro _ 4.9061 0.5690 C
8 No-Till Whole _ 8.7844 0.5268 AB
9 Till Macro _ 5.6889 0.5268 C
10 | Till Micro _ 7.5983 0.5690
11 | Till Whole _ 9.5067 0.5268 A

Table 10 Aggregate size analysis Effect=Time

Method=LSD (P<0.05) Set=4 excluding analysis

of day 17.
: . Standard | Letter
Obs | Management | Aggregate | Time | Estimate Error Group
12 0 6.8897 0.3877 A
13 44 7.3531 0.3877 A
14 67 6.7856 0.3725 A

101




Table 11 Aggregate size analysis Effect=Management*Time Method=LSD (P<0.05) Set=5

excluding analysis of day 17.

Obs | Management | Aggregate | Time | Estimate Sté‘rnrg?rd éregheg
15 | No-Till 0 5.6828 0.5690 C

16 | No-Till 44 7.1656 0.5268 ABC

17 | No-Till 67 6.4144 0.5268 BC

18 | Till 0 8.0967 0.5268 A

19 | Til 44 7.5406 0.5690 AB

20 | Till 67 7.1567 0.5268 ABC

Table 12 Aggregate size analysis Effect=Aggregate*Time Method=LSD (P<0.05) Set=6

excluding analysis of day 17.

Obs | Management | Aggregate | Time | Estimate Stérnrg?rd éfottueg
21 Macro 0 5.5983 0.6452 B
22 Macro 44 5.7483 0.6452 B
23 Macro 67 5.5450 0.6452 B
24 Micro 0 6.1642 0.7213 B
25 Micro 44 6.1658 0.7213 B
26 Micro 67 6.4267 0.6452 B
27 Whole 0 8.9067 0.6452 A
28 Whole 44 10.1450 0.6452 A
29 Whole 67 8.3850 0.6452 A
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Table 13 Aggregate size analysis Effect=Management*Aggregate*Time Method=LSD (P<0.05)
Set=7 excluding analysis of day 17.

Obs | Management | Aggregate | Time | Estimate Sté‘rnrg?rd cl;‘fgteg

30 | No-Till Macro 0 5.0467 0.9124 D

31 | No-Till Macro 44 5.7733 0.9124 CD
32 | No-Till Macro 67 5.8967 0.9124 CD
33 | No-Till Micro 0 4.0250 1.1175 D

34 | No-Till Micro 44 5.9767 0.9124 CD
35 | No-Till Micro 67 4.7167 0.9124 D

36 | No-Till Whole 0 7.9767 0.9124 ABC
37 | No-Till Whole 44 9.7467 0.9124 A
38 | No-Till Whole 67 8.6300 0.9124 AB
39 | Til Macro 0 6.1500 0.9124 BCD
40 | Till Macro 44 5.7233 0.9124 CD
41 | Till Macro 67 5.1933 0.9124 D

42 | Till Micro 0 8.3033 0.9124 ABC
43 | Till Micro 44 6.3550 1.1175 BCD
44 | Till Micro 67 8.1367 0.9124 ABC
45 | Till Whole 0 9.8367 0.9124 A
46 | Till Whole 44 10.5433 0.9124 A
47 | Till Whole 67 8.1400 0.9124 ABC
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Table 14 Aggregate size analysis Type 3 Test of Fixed Effects of whole soil only at all time

points.

Type 3 Tests of Fixed Effects

Effect Num DF | Den DF | FValue | Pr>F
Management 1 50 18.12 <.0001
Time 3 50 7.41 0.0003
Management*Time | 3 50 4.22 0.0097

Table 15 Aggregate size analysis Effect=Management Method=LSD (P<0.05) Set=1 whole soil

only at all time points.

Obs | Management | Time | Estimate Standard Letter
Error Group

1 No-Till _ 6.7975 0.4590 B

2 Till _ 9.5605 0.4590 A

Table 16 Aggregate size analysis Effect=Time Method=LSD (P<0.05) Set=2 whole soil only at

all time points.

Obs | Management | Time | Estimate Stélrnrcci)?rd é—fgbe;
3 0 6.9933 0.5407 B
4 17 11.5100 | 0.9086 A
S 44 7.4272 0.5407 B
6 67 6.7856 0.5246 B
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Table 17 Aggregate size analysis Effect=Management*Time Method=LSD (P<0.05) Set=3 whole
soil only at all time points.

Obs | Management | Time | Estimate Stélrnrg?rd éregheg
7 No-Till 0 5.8900 0.7869 C

8 No-Till 17 7.7200 1.2850 BC

9 No-Till 44 7.1656 0.7419 BC

10 No-Till 67 6.4144 0.7419 BC

11 Till 0 8.0967 0.7419

12 Till 17 15.3000 1.2850 A

13 Till 44 7.6888 0.7869 BC

14 Till 67 7.1567 0.7419 BC
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Table 18 Moisture study table of the relative abundance of Gemmatimonadetes based on gPCR
analysis with Gemmatimonadetes specific primers and universal 16S rRNA primers.

Time Corrected
Management | Treatment | Sample | (days) | %G1G3 %G1G3
Till Dry Wet 1 0 0.084 2.98
Till Dry Wet 2 0 0.076 2.71
Till Dry Wet 3 0 0.094 3.36
Till Dry Wet 1 14 0.111 3.94
Till Dry Wet 2 14 0.192 6.85
Till Dry Wet 3 14 0.037 1.32
Till Dry Wet 1 17 0.088 3.15
Till Dry Wet 2 17 0.032 1.13
Till Dry Wet 3 17 0.053 1.89
Till Dry Wet 1 31 0.205 7.31
Till Dry Wet 2 31 0.203 7.23
Till Dry Wet 3 31 0.145 5.15
Till Dry Wet 1 34 0.044 1.57
Till Dry Wet 2 34 0.053 1.87
Till Dry Wet 3 34 0.017 0.60
Till Dry Wet 1 48 0.070 2.51
Till Dry Wet 2 48 0.055 1.94
Till Dry Wet 3 48 0.009 0.33
Till Dry Wet 1 51 0.050 1.78
Till Dry Wet 2 51 0.044 1.57
Till Dry Wet 3 51 0.015 0.53
Till Dry Wet 1 65 0.023 0.81
Till Dry Wet 2 65 0.008 0.30
Till Dry Wet 3 65 0.002 0.08
Till Dry Wet 1 68 0.002 0.06
Till Dry Wet 2 68 0.002 0.05
Till Dry Wet 3 68 0.002 0.06
Till Wet 1 0 0.248 8.82
Till Wet 2 0 0.230 8.19
Till Wet 3 0 0.293 10.44
Till Wet 1 14 0.001 0.03
Till Wet 2 14 0.001 0.05
Till Wet 3 14 0.006 0.20
Till Wet 1 17 0.060 2.13
Till Wet 2 17 0.073 2.61
Till Wet 3 17 0.035 1.25
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Table 18 continued.

Time Corrected
Management | Treatment | Sample (days) %G1G3 %G1G3
Till Wet 1 31 0.036 1.27
Till Wet 2 31 0.031 1.09
Till Wet 3 31 0.045 1.61
Till Wet 1 34 0.08 2.86
Till Wet 2 34 0.056 2.00
Till Wet 3 34 0.051 1.80
Till Wet 1 48 0.112 3.99
Till Wet 2 48 0.065 2.33
Till Wet 3 48 0.13 4.63
Till Wet 1 51 0.142 5.07
Till Wet 2 51 0.156 5.54
Till Wet 3 51 0.127 451
Till Wet 1 65 0.132 4.71
Till Wet 2 65 0.17 6.04
Till Wet 3 65 0.131 4.65
Till Wet 1 68 0.155 5.50
Till Wet 2 68 0.118 4.19
Till Wet 3 68 0.176 6.27
Till Dry 1 0 0.134 4.77
Till Dry 2 0 0.062 2.19
Till Dry 3 0 0.116 414
Till Dry 1 14 0.123 4.40
Till Dry 2 14 0.124 4.42
Till Dry 3 14 0.085 3.02
Till Dry 1 17 0.126 4.48
Till Dry 2 17 0.131 4.68
Till Dry 3 17 0.159 5.68
Till Dry 1 31 0.148 5.29
Till Dry 2 31 0.135 4.80
Till Dry 3 31 0.127 451
Till Dry 1 34 0.074 2.65
Till Dry 2 34 0.071 2.51
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Table 18 continued.

Time Corrected
Management | Treatment [ Sample (days) %G1G3 %G1G3
Till Dry 3 34 0.227 8.09
Till Dry 1 48 0.13 4.63
Till Dry 2 48 0.158 5.64
Till Dry 3 48 0.183 6.52
Till Dry 1 51 0.093 3.32
Till Dry 2 51 0.154 5.48
Till Dry 3 51 0.136 4.86
Till Dry 1 65 0.092 3.28
Till Dry 2 65 0.116 411
Till Dry 3 65 0.162 5.75
Till Dry 1 68 0.282 10.05
Till Dry 2 68 0.138 4.93
Till Dry 3 68 0.139 4.96
No-Till Dry Wet 1 0 0.151 5.38
No-Till Dry Wet 2 0 0.085 3.02
No-Till Dry Wet 3 0 0.14 4.98
No-Till Dry Wet 1 14 0.368 13.11
No-Till Dry Wet 2 14 0.495 17.63
No-Till Dry Wet 3 14 0.328 11.69
No-Till Dry Wet 1 17 0.188 6.69
No-Till Dry Wet 2 17 0.084 2.99
No-Till Dry Wet 3 17 0.056 1.99
No-Till Dry Wet 1 31 0.032 1.14
No-Till Dry Wet 2 31 0.01 0.37
No-Till Dry Wet 3 31 0.045 1.61
No-Till Dry Wet 1 34 0.019 0.66
No-Till Dry Wet 2 34 0.007 0.26
No-Till Dry Wet 3 34 0.02 0.71
No-Till Dry Wet 1 48 0.034 1.21
No-Till Dry Wet 2 48 0.023 0.83
No-Till Dry Wet 3 48 0.028 0.99
No-Till Dry Wet 1 51 0.003 0.11
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Table 18 continued.

Time Corrected
Management | Treatment | Sample | (days) | %G1G3 %G1G3
No-Till Dry Wet 2 51 0.001 0.02
No-Till Dry Wet 3 51 0.018 0.64
No-Till Dry Wet 1 65 0.153 5.46
No-Till Dry Wet 2 65 0.111 3.95
No-Till Dry Wet 3 65 0.2 7.11
No-Till Dry Wet 1 68 0 0.02
No-Till Dry Wet 2 68 0.001 0.04
No-Till Dry Wet 3 68 0 0.01
No-Till Wet 1 0 0.227 8.07
No-Till Wet 2 0 0.128 4.54
No-Till Wet 3 0 0.082 2.93
No-Till Wet 1 14 0.049 1.76
No-Till Wet 2 14 0.107 3.81
No-Till Wet 3 14 0.076 2.72
No-Till Wet 1 17 0.234 8.32
No-Till Wet 2 17 0.218 7.78
No-Till Wet 3 17 0.131 4.66
No-Till Wet 1 31 0.148 5.28
No-Till Wet 2 31 0.29 10.34
No-Till Wet 3 31 0.159 5.68
No-Till Wet 1 34 0.096 3.42
No-Till Wet 2 34 0.109 3.89
No-Till Wet 3 34 0.073 2.60
No-Till Wet 1 48 0.089 3.18
No-Till Wet 2 48 0.093 3.30
No-Till Wet 3 48 0.133 4.74
No-Till Wet 1 51 0.219 7.81
No-Till Wet 2 51 0.17 6.04
No-Till Wet 3 51 0.245 8.71
No-Till Wet 1 65 0.243 8.66
No-Till Wet 2 65 0.167 5.94
No-Till Wet 3 65 0.272 9.69
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Table 18 continued.

Time Corrected
Management | Treatment | Sample (days) %G1G3 %G1G3
No-Till Wet 1 68 0.01 0.36
No-Till Wet 2 68 0.012 0.42
No-Till Wet 3 68 0.001 0.04
No-Till Dry 1 0 0.001 0.05
No-Till Dry 2 0 0.008 0.28
No-Till Dry 3 0 0.004 0.14
No-Till Dry 1 14 0.131 4.68
No-Till Dry 2 14 0.007 0.23
No-Till Dry 3 14 0.009 0.32
No-Till Dry 1 17 0.006 0.20
No-Till Dry 2 17 0.003 0.12
No-Till Dry 3 17 0.005 0.19
No-Till Dry 1 31 0.014 0.51
No-Till Dry 2 31 0.015 0.55
No-Till Dry 3 31 0.574 20.45
No-Till Dry 1 34 0.164 5.84
No-Till Dry 2 34 0.236 8.41
No-Till Dry 3 34 0.222 7.92
No-Till Dry 1 48 0.976 34.75
No-Till Dry 2 48 0.484 17.24
No-Till Dry 3 48 0.478 17.04
No-Till Dry 1 51 0.187 6.66
No-Till Dry 2 51 0.228 8.11
No-Till Dry 3 51 0.305 10.86
No-Till Dry 1 65 0.363 12.92
No-Till Dry 2 65 0.391 13.92
No-Till Dry 3 65 0.561 19.98
No-Till Dry 1 68 0.248 8.84
No-Till Dry 2 68 0.472 16.83
No-Till Dry 3 68 0.227 8.10
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Table 19 Correction to moisture study standard curve.

Management | Treatment | qzis, | sample | SNEP | SPLEY | Thean | s Dev | %0165 | %0163 | % EMOT
Till Dry Wet 0 2 31725 1459 | 895042 43481 3.54 0.094 -97.35
Till Dry Wet 31 3 24077 2134 | 346412 | 137841 6.95 0.145 -97.91
Till Dry Wet 65 1 53570 3196 | 1687869 | 103637 3.17 0.023 -99.28
Till Wet 0 3 47780 1351 917153 121951 5.21 0.293 -94.38
Till Wet 14 1 91370 15382 | 4488399 | 2313236 2.04 0.001 -99.95
Till Dry 0 3 184774 42261 | 4805708 538217 3.84 0.116 -96.98
Till Dry 14 1 47694 10449 849581 362620 5.61 0.123 -97.81
Till Dry 17 1 42808 5555 | 1139931 | 319667 3.76 0.126 -96.64
Till Dry 31 2 49666 2834 | 1195265 34617 4.16 0.135 -96.75
Till Dry 65 2 14557 600 | 257556 13756 5.65 0.116 -97.95
No-Till Dry Wet 14 2 46924 16569 657630 235388 7.14 0.495 -93.06
No-Till Dry Wet 17 2 18811 3165 237913 38023 7.91 0.084 -98.94
No-Till Dry Wet 31 2 32806 9771 | 1139307 | 479819 2.88 0.010 -99.65
No-Till Dry Wet 31 3 80350 7302 | 1562670 | 295671 5.14 0.045 -99.12
No-Till Wet 17 2 8627 1419 | 137899 28305 6.26 0.218 -96.52
No-Till Wet 17 3 37637 12347 836965 140084 4.50 0.131 -97.09
No-Till Wet 34 2 201371 31378 | 3449556 | 993368 5.84 0.109 -98.13
No-Till Dry 0 3 23482 8762 505834 78557 4.64 0.004 -99.91
No-Till Dry 14 2 78045 24458 | 2318113 784430 3.37 0.007 -99.79
No-Till Dry 17 ,| eo2684| 153370 | 2707 7039422 0.84 0.003| -99.64
No-Till Dry 31 1 30624 9615 | 830041 42120 3.69 0.014 -99.62
No-Till Dry 34 2 83963 21459 | 2015562 38430 4.17 0.236 -94.33
No-Till Dry 51 3 57362 4172 | 1032504 57889 5.56 0.305 -94.51
No-Till Dry 65 1 49556 6554 | 1807062 51474 2.74 0.363 -86.76
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Table 20 Moisture study Type 3 Test of Fixed Effects.

Type 3 Tests of Fixed Effects
Effect Num DF | Den DF | F Value | Pr > F
Management 1 16 3.46 0.0813
Treatment 2 16 4.10 0.0365
Management*Treatment | 2 16 0.55 0.5894
Time 8 16 0.55 0.8030
Management*Time 8 16 0.74 0.6596
Treatment*Time 16 16 1.52 0.2071

Table 21 Moisture study Effect=Management Method=LSD(P<.05) Set=1

Obs | Management | Treatment | Time | Estimate Sté?r%?rd é?gﬁg
1 |No-Till _ 5.5856 0.7526
2 |Till _ 3.6052 0.7526

Table 22 Moisture study Effect=Treatment Method=LSD(P<.05) Set=2

Obs | Management | Treatment | Time |Estimate Stg?r(la:rd é?;tfg
3 Dry _ 6.5605 |0.9218 A
4 Dry Wet _ 2.8460 |0.9218
5 Wet 4.3796 |0.9218 AB
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Table 23 Moisture Study Effect=Management*Treatment Method=LSD(P<.05) Set=3

Obs | Management | Treatment | Time | Estimate Stg?rc(l)a;rd éfgﬁ;
6 | No-Till Dry _ 8.3375 1.3036 A
7 | No-Till Dry Wet _ 3.4303 1.3036
8 | No-Till Wet _ 4.9889 1.3036 AB
9 |Til Dry _ 4.7836 1.3036 AB
10 |Till Dry Wet _ 2.2618 1.3036 B
11 |Till Wet _ 3.7702 1.3036 B
Table 24 Moisture study Effect=Time Method=LSD(P<.05) Set=4
Obs | Management | Treatment | Time |Estimate Stgrr}r(la;rd é?gﬁg
12 0 4.2765 1.5966 A
13 14 4.4543 1.5966 A
14 17 3.3291 1.5966 A
15 31 4.6769 |1.5966 A
16 34 3.2021 1.5966 A
17 48 6.4337 1.5966 A
18 51 4.5349 1.5966 A
19 65 6.5201 |1.5966 A
20 68 3.9307 1.5966 A
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Table 25 Moisture study Effect=Management*Time Method=LSD(P<.05) Set=5

Obs | Management | Treatment | Time | Estimate Stg?rc(l)a:rd éfgﬁg
21 | No-Till 0 3.2644 2.2579 AB
22 | No-Till 14 6.2170 2.2579 AB
23 | No-Till 17 3.6597 2.2579 AB
24 | No-Till 31 5.1024 2.2579 AB
25 |No-Till 34 3.7439 2.2579 AB
26 |No-Till 48 9.2532 2.2579 AB
27 | No-Till 51 5.4413 2.2579 AB
28 | No-Till 65 9.7366 2.2579 A
29 |No-Till 68 3.8515 2.2579 AB
30 | Till 0 5.2886 2.2579 AB
31 |Till 14 2.6917 2.2579 B
32 |Till 17 2.9986 2.2579 AB
33 | Till 31 4.2514 2.2579 AB
34 |Till 34 2.6603 2.2579 B
35 |Till 48 3.6142 2.2579 AB
36 |Till 51 3.6284 2.2579 AB
37 |Till 65 3.3035 2.2579 AB
38 |Till 68 4.0100 2.2579 AB
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Table 26 Moisture study Effect=Treatment*Time Method=LSD(P<.05) Set=6

Obs | Management| Treatment | Time | Estimate Stg?rc(l)a;rd éfgﬁg
39 Dry 0 1.9270 2.7653 BCDE
40 Dry 14 2.8437 2.7653 BCDE
41 Dry 17 2.5572 2.7653 BCDE
42 Dry 31 6.0176 2.7653 ABCDE
43 Dry 34 5.9004 2.7653 BCDE
44 Dry 48 14.3041 2.7653 A
45 Dry 51 6.5487 2.7653 ABCDE
46 Dry 65 9.9937 2.7653 AB
47 Dry 68 8.9524 2.7653 ABCD
48 Dry Wet 0 3.7370 2.7653 BCDE
49 Dry Wet 14 9.0905 2.7653 ABC
50 Dry Wet 17 2.9730 2.7653 BCDE
51 Dry Wet 31 3.8003 2.7653 BCDE
52 Dry Wet 34 0.9444 2.7653 CDE
53 Dry Wet 48 1.3016 2.7653 CDE
54 Dry Wet 51 0.7743 2.7653 DE
55 Dry Wet 65 2.9517 2.7653 BCDE
56 Dry Wet 68 0.04163 2.7653 E
57 Wet 0 7.1656 2.7653 ABCDE
58 Wet 14 1.4288 2.7653 CDE
59 Wet 17 4.4573 2.7653 BCDE
60 Wet 31 4.2129 2.7653 BCDE
61 Wet 34 2.7616 2.7653 BCDE
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Table 26 continued.

Standard | Letter

Obs | Management | Treatment | Time | Estimate Error Group
62 Wet 48 3.6954 2.7653 | BCDE

63 Wet 51 6.2816 2.7653 | ABCDE

64 Wet 65 6.6148 2.7653 | ABCDE
65 Wet 68 2.7982 2.7653 | BCDE
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