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Abstract
Soil microbial communities depend on pH, texture, and available nutrients. Ashe juniper (Juniperus ashei) is encroaching on live oak (Quercus
virginiana) savannas. Litter differences may alter soil microbial communities and therefore the ability of the soil ecosystem to cycle nutrients. The
objective was to determine whether soil microbial communities differ under the canopies of Ashe juniper and live oak. At each of three transects
we collected four surface soil samples under live oak canopy, overlapping canopies of live oak and Ashe juniper, under Ashe juniper canopy, and
in grass away from the trees. We characterized soils by pH, texture, calcium carbonate equivalence, total nitrogen, and total carbon. Microbial
communities were analyzed using massively parallel DNA sequencing and analyzed within QIIME using Kruskal-Wallis ANOVA, Mann-Whitney U,
and Spearman’s rank correlations. Prokaryotic communities differed along the transect, while fungal communities did not. Soil pH increased from
live oak to grass. Trends in taxa were mostly associated with vegetation, pH, and CCE. Many prokaryotic genera associated with soil properties
were important nutrient cyclers. Many fungal genera associated with pH and vegetation were mycorrhizal fungi, suggesting a plant-specific
relationship.
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Introduction
Soil microbial communities are affected by a number of
biotic and abiotic factors including pH, nitrogen (N), carbon
(C), and vegetation. Soil pH is one of the primary influences
on microbial communities. Soil chemical properties, especially
pH, rather than spatial effect, land use, climate, or soil physical
properties, explain the largest amount of variance in microbial
communities [1]. Soil pH impacts microbial and fungal diversity,
but temperature and latitude do not, and greater diversity is
found where soil pH is more basic [2]. Additionally, Arbuscular
mycorrhizal communities are dependent on pH, carbonate
content, base saturation, and phosphorus [3].
In addition to pH, nutrient availability impacts microbial
communities. Microbial biomass is directly related to soil organic
carbon content [4,5]. Not surprisingly, spatial distribution
of denitrifying organisms within a field is related to nitrates,
dissolved organic C, and dissolved organic N [6].
While pH and nutrients can individually impact distribution
and abundance of microbial communities, these factors can
also have a synergistic effect. Soil pH affects the availability
of nutrients. Wetter climates tend toward greater base cation
leaching, acidity, and fungi:bacteria ratios [7]. With less
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moisture available for leaching, soil pH and base cation content
are typically greater.

Vegetation also impacts soil microbial communities. Globally,
microbial communities are impacted by biome and belowground
plant net primary production [8] while soil microbial community
composition varies with ecosystems [2]. For example, ratios of
fungi:bacteria are lower in grasslands due to differences in pH
and moisture. While both plants and soils impact soil microbial
communities [5], grassland type plays a major role in explaining
variability in soil microbial communities of grasslands [9]. When
considering both biotic and abiotic habitats, the predictive fit
of models in grazing pastures improves when plant traits are
included [7], and microbial communities can be quite plantspecific [10]. Given that plants and soil microbes are intricately
related, we would expect that changing one would alter the
other. Microbial communities can be shaped by the presence of
species-specific root exudates, which can provide C and growth
factors for auxotrophic organisms [11].
In Texas, Ashe juniper (Juniperus ashei) has been overtaking
savannas previously dominated by live oak (Quercus virginiana).
This is a major management concern for water-limited Texas
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rangelands, because interception and loss of precipitation by
Ashe Juniper canopies is among the highest of the dominant
vegetation types across Texas rangelands [12,13]. Ashe juniper
has an advantage over live oak due to greater leaf area for a
similar sized tree [14]. Similar to grassland type influences
mentioned previously, the different litter inputs between Ashe
juniper (coniferous) and live oak (deciduous) may support
different microbial communities. In arid climates, resource
islands created by shrubs influence both microbial abundance
and community structure [15-17]. In semi-arid climates, the
presence of woody species encroaching in a grassy landscape
could also lead to variation of soil microbial communities.
The encroachment of woody vegetation on a historically
grassy landscape could indicate ecosystem changes below
ground, as well as above, since the soil microbial community is
subject not only to exudates from the vegetation roots but also
litter, and because soils under trees tend toward lower pH. Both
prokaryotic and fungal communities would likely be altered as a
result of the change in fungi: bacteria ratios between forests and
grasslands [8] and with moisture [7]. The aggregate ability of the
microbial community to cycle nutrients and impact soil organic
matter (SOM), and therefore C turnover, also may change.

Litter input chemistry is influential on microbe-driven soil
processes such as humification and N mineralization [18]. Oak
species are allelopathic, and able to hinder plant growth and
germination of acorns underneath the canopy drip line via root
and leaf allelopathy, as well as root competition [19]. Tannins
have been identified as the compounds most likely responsible
for allelopathy [20]. However, soil microbes break down
allelopathic chemicals, which likely allows other plants to grow
in and around oaks [20,21].

Determining if Ashe juniper supports a principally different
microbial community might provide a window to controlling
savanna invasion. Identifying that a principally different
microbial community is supported in the presence of Ashe juniper
might lead to questioning if Ashe juniper is simply immune to the
allelopathic compounds produced by live oaks, or if establishment
of Ashe juniper at the ecotone between live oak and grassland
allows a microbial community under the Ashe juniper canopy an
advantage in degrading the live oak allelopathic compounds and
thereby lead to enhanced competition for resources under the
now shared canopy. No research has yet examined the potential
allelopathic effect of Quercus sp. on Juniperus sp.
The primary objectives of this study were to determine
whether soil prokaryotic and fungal communities change along
a vegetative transect of grass, Ashe juniper, live oak, and identify
any specific taxon for future investigations. We predicted that
the composition of fungal and prokaryotic communities would
change along the vegetative transect, and that soil properties,
such as pH, calcium carbonate equivalence (CCE), N, and C,
would be associated with the change. Without these initial
characterizations of the microbial community, nutrient cycling
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impacts on woody species invasions such as Ashe juniper
into savanna range lands will remain stunted. With a better
understanding of the soil below ground savanna rangeland, soil
health and potential consequences for rangeland productivity
might be better understood.

Methods

Study area
The study site was located in Erath County, Texas USA (N32°
12.264’ W98° 05.515’). The juniper and live oak association
typically occurs on a limestone shelf. These soils tend to be
shallow and have high levels of carbonates. Three transects of
live oaks, Ashe juniper, and grass were identified. All transects
were from areas mapped as Maloterre consociation (loamy,
carbonatic, thermic Lithic Ustorthent) [22].

The transects consisted of 4 locations: under the live oak
canopy, under the area that live oak and Ashe juniper overlap,
under the Ashe juniper canopy, and in the grass with no tree
canopy. For each location along the transect, one pit was
excavated to determine the depth of the surface horizon. The
surface horizon was sampled by aggregating samples from
across the excavation at three additional locations within 2m of
the first sample excavation, ensuring that all samples were under
the appropriate vegetation canopy, for a total of four aggregated
samples at each of the four points along the three transects. For
all soils, only bulk soil was analyzed. Samples were air-dried,
carbonate masses were removed by forceps, and the soil was
ground to pass through a 2mm sieve.

Soil characterization

Soil pH was determined by 1:1 soil:water using an Accument
Research AR20 pH meter (Fisher Scientific International,
Pittsburgh, Pennsylvania; [23]). Soil texture was determined
by the pipette method after chemical dispersion with sodium
hexametaphosphate [23,24]. CCE was determined using a
modified method [23,25]. Total N and total carbon (TC) were
determined using the Dumas method [23,26] dry combustion
as a percentage (Elementar Vario Macro CN analyzer, Hanau,
Germany). Organic carbon (OC) was calculated by subtracting
CCE carbon from TC.

Microbial community composition

Deoxyribonucleic acid (DNA) was extracted using 300
mg subsamples of soil following the protocol of QIAGEN
DNeasy PowerSoil kit. Prokaryotic 16S amplicons were
generated using primers 519F (5’-CAGCMGCCGCGGTAA-3’)
and 785R (5’-GACTACHVGGGTATCTAATCC-3’) that amplified
the V4 region [27,28]. Fungal amplicons were generated
using
primers
(5’-GTGAATCATCGAATCTTTG-3’)
and
(5’-TCCTCCGCTTATTGATATGC-3’) that amplified the fungal ITS2
region. The concentration of DNA was determined using a Qubit®
2.0 fluorometer with a Qubit® dsDNA HS Assay Kit according to
manufacturer’s instructions (Life Technologies, Carlsbad, CA).
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The DNA was normalized from each sample to a concentration of
5ng/μl before subsequent analysis.

Raw sequencing reads were processed with a combination of
QIIME [29], USEARCH [30], and custom python scripts. UCLUST
[30] was used to pick referenced-based Operational Taxonomic
Units (OTUs) at 97% similarity. A representative set of prokaryotic
sequences was compared to the Greengenes 13.8 reference
sequence database [31] to assign taxonomy. A representative
set of fungal sequences was compared to the UNITE 7.0 fungal
reference sequence database [32] to assign taxonomy. OTUs
composed of only one sequence were removed. The sequencing
dataset was rarified to an equal sequencing depth by randomly
subsampling sequences from each sample without replacement
in order to provide even measures of microbial alpha- and betadiversity and to have equal sequencing depth for the production
of all figures, tables, and statistical analyses.

Statistical Analysis

Prokaryotic and fungal datasets were analyzed separately.
Diversity was calculated using unweighted unifrac distance
matrices [33]. OTU diversity was measured using Shannon
diversity Index and OTU richness. Differences in microbial
community diversity were statistically analyzed with KruskalWallis ANOVA and Spearman’s rank correlation using QIIME
[34,35]. Bray-Curtis distance was used to ordinate microbial

community data with Principle Coordinates Analysis (PCoA).
Differences in communities by vegetation were tested with
PERMANOVA using the adonis function and betadisp of the
package Vegan in R [36]. Mann-Whitney U tests were used to
conduct direct comparisons between two conditions or groups.
ANOVAs were used to test for significant differences in the soil
properties, and the range was determined with average and
standard deviation [37]. Bonferroni-adjusted p-values were
used in all genomic statistical analyses.

Results And Discussion
Soil properties

Soil properties were not all similar along the transects (Table
1). Soil pH and CCE were associated with vegetation, but not N,
TC, and OC. Soil pH was highest in the grass and lowest under the
oak canopy. Soil pH is typically higher in prairies and grasslands
than forested ecosystems [38]. Despite the patchy habitat and
similar soil forming factors, the pattern held true. Increased
additions of fulvic organic acids under deciduous oak canopies
are likely responsible for reduced pH at these sites [20]. CCE
was also highest in the grass, perhaps, in part, enhanced by drier
conditions away from the shade provided by trees. However, the
overlapping canopy of oak and juniper had the lowest CCE, even
though there was no statistical difference between the oak and
the juniper soil CCE.

Table 1: Mean and standard deviation of soil properties along vegetation transects of grass, Ashe juniper, and live oak. Different superscript
letters indicate significance (p < 0.05).
Vegetation

pH (1:1)

CCE %

N%

Total C %

OC %

Grass

7.9±0.2a

40.58±18.03a

0.48±0.09

11.68±3.72

6.82±2.14

7.6±0.2b

28.23±11.51b

0.65±0.22

11.59±4.53

8.27±3.67

Ashe Juniper

7.8±0.1b

Live Oak

7.4±0.3c

Oak/Juniper

39.18±16.22a

30.75±12.61ab

We expected soil N and OC variation along the vegetation
transect due to the change in organic inputs from deciduous and
coniferous trees and grasses as OC and total N tend to be lower
in forests than prairies [38]. Though this study did not detect a
significant difference, it should be noted that the OC content of
samples was variable.

0.56±0.09
0.54±0.18

12.26±3.26
10.81±3.77

7.55±2.42
7.15±2.76

Vegetation influence on prokaryotic communities

Prokaryotic communities

A total of 47 samples were sequenced with 1,628,504
sequence reads remaining in the dataset following quality
filtering measures. There were 33,927 ± 30,180 sequences
per sample and samples were rarified to 3,031 sequences per
sample for the purpose of comparison. After OTUs with only
one sequence were removed, there were 6,780 OTUs. The most
abundant phyla were Acidobacteria (23%), Proteobacteria
(19%), Actinobacteria (16%), Crenarchaeota (11%), and Plancto
mycetes (7%). Twelve OTUs were present in every sample.
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Figure 1: Average relative abundance of 10 most common
prokaryotic phyla along a vegetation transect of grass, Ashe juniper,
and live oak.
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We anticipated that microbial communities may change
gradually along the transition from live oak to Ashe juniper to
grass. The community composition along the transect was not
uniform. While samples taken from grass and under the juniper
canopy have communities very similar to each other, these are
distinct from communities from samples taken under the oak
and the combined oak and juniper canopy. The soil under the
combined canopy has a unique composition, and has a more even
distribution of phyla (Figure 1).
Table 2: Mean and standard deviation of diversity and richness of soil
prokaryotic communities along a vegetation transect of grass, Ashe
juniper, and live oak. Different superscript letters indicate significance
(p < 0.05).
Diversity/
Richness

Grass

Ashe
Juniper

Juniperoak

Live Oak

Observed
Species

757.2
±95.4a

764.5
±111.6a

476.1
±155.8b

497.4
±145.8b

Shannon Index

8.2±0.3a

8.3±0.4a

6.9±1.0b

7.2±0.7b

Table 3: Significant differences of location (PERMANOVA) and
dispersion (Variance) of prokaryotic and fungal soil communities along
a vegetation transect of grass, Ashe juniper, and live oak. Different
letters represent significant differences (p <0.05).
Prokaryotic (16S)

Grass

Ashe
Juniper

Oak
Juniper

Live Oak

Fungal (ITS)

PERMANOVA

Variance

PERMANOVA

Variance

A

A

A

AB

A

B

B

A

B

C

C

C

B

C

C

BC

OTU diversity, as measured by Shannon Index and
OTU richness was lower in live oak and juniper-oak than
in Ashe juniper and grass (p<0.05) (Table 2). We expected
the area of overlapping canopies, juniper-oak, might have a
microbial community reflecting both Ashe juniper and live
oak communities. Surprisingly, juniper-oak diversity was
significantly lower than Ashe juniper, and more similar to
live oak. The lower diversity under live oak could be due to
allelopathic compounds suppressing some organisms. We
interpret this lower diversity under the juniper-oak canopy to
mean that allelopathic compounds, such as tannins, from oak
exudates and leaf litter might remain a strong influence in the
soil under the overlapping canopy, reducing the diversity of the
microbial community [20]. Additionally, looking at beta diversity
with PCoA, we expected to see samples cluster by vegetation, and
juniper-oak samples to be similar to both Ashe juniper and live
oak samples. However, using PERMANOVA, juniper-oak and live
oak samples were significantly different from Ashe juniper and
grass samples (p<0.05) (Figure 2). Again, this is interpreted as
an influence exerted by the live oak. Additionally, the microbial
communities were more variable in grass and Ashe juniper
communities than live oak and juniper-oak (p<0.05) (Table 3).

Four phyla: TM7, Firmicutes, Armatimonadetes, and
Gemmatimonadetes were associated with vegetation based on
Kurskal-Wallis ANOVA (p<0.05). The change in relative abundance
was not uniform among the phyla. TM7 and Armatimonadetes
decreased from grass to live oak, while Firmicutes was highest
under Juniper-oak, based on Mann-Whitney U comparisons.
Gemmatimonadetes decreased from Ashe juniper to juniperoak, but was not different between grass and live oak (Table 4).
With all four phyla, relative abundance between grass and Ashe
juniper was similar, and the relative abundance between juniperoak and live oak were similar. While live oak seems to exhibit
an influence that generally persists under the shared juniperoak canopy, we interpret greater abundance of Firmicutes and
decrease in Gemmatimonadetes abundance under the shared
juniper-oak canopy to mean that juniper encroachment may
impact some prokaryotes, but not all.
Table 4: Mean and standard deviation of abundance of four prokaryotic
phyla along a vegetation transect of grass, Ashe juniper, and live oak.
Different superscript letters indicate significance (p < 0.05).
Vegetation

TM7

Firmicutes

Armmatiminadetes

Gemmatimonadetes

Grass

3.3±2.8a

9.2±7.6a

8.8±
4.6a

27.8±
10.9ab

3.4±
4.0bc

13.5±
16.2b

Ashe
juniper

Figure 2: PCoA of prokaryotic soil comunities along a vegetation
transect of grass, Ashe juniper, and live oak. Ellipses represent 95%
CI.

004

5.8±7.8a

Juniper-oak

0.5±0.9b

Live oak

0.1±0.3b

20.4±
40.5ac

7.3±
4.4ab

140.3±
150bc

2.0±
2.0c

266.3±
279.5b

31.8±
19.0a

16.6±
19.7ab
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When considering prokaryotic genera, thirty-four were
significantly associated with vegetation based on KurskalWallis ANOVA (p < 0.05). Many of those genera are important
biogeochemical cyclers with mixed trends. For example,
Variovorax (Proteobacteria phyla), a nitrate-reducer [39],
decreased in abundance from grass to live oak, while
Pseudomonas (Proteobacteria phyla), a denitrifier [40],
increased from grass to live oak. While we did not find significant
variation in total N along the vegetation transect, the change
in abundance of these genera may indicate a change in the
dominant forms of N along the transect. Although characterizing
the relative amounts of the various forms of N was beyond the
scope of this study, this study suggests that characterization of
N forms is a likely line of inquiry for future transects studies on
these semi-arid rangelands. We can deduce from these trends
that moisture shifts along the transect are reflected in the
relative shift in community organisms. Since denitrification is
an anaerobic process, it follows that the moisture status from
the more arid grass to the shadier and lower evapotranspiration
live oak site fits the community trend, and nitrate reduction, an
aerobic process, represents a reciprocal trend.

Soil pH and C influence on prokaryotic communities

The relative abundance of five phyla: Armatimonadetes,
FBP, Firmicutes, TM7, and Cyanobacteria were significantly
associated with pH based on Spearman’s rank correlation,
with mixed trends (p<0.05). Armatimonadetes, FBP, and TM7
had a positive relationship with pH, while Firmicutes and
Cyanobacteria had a negative relationship with pH. Thirty genera
were significantly associated with pH based on Spearman’s rank
correlation (p<0.05), 17 of which were also associated with
vegetation, corresponding with the shift in pH along the transect.
Four phyla: Crenarchaeota, Gemmatimonadetes, Nitrospirae,
and Fibrobacteres were significantly associated with CCE based
on Spearman’s rank correlation (p<0.05). All but Nitrospirae
had a positive relationship with CCE. At a lower taxonomic level,
twenty-seven genera, including Candidatus nitrososphaera, an
ammonia-oxidizing organism [41], and Flavobacterium, were
significantly associated with CCE based on Spearman’s rank
correlation (p<0.05). Flavobacterium is involved in C cycling as
it has the potential to break down poly-aromatic hydrocarbons
[42].
Many genera were significantly associated with multiple
parameters. For example, there were prokaryotes that were
significant with vegetation, pH, and CCE. We have shown that
both pH and CCE increased from live oak to grass, likely resulting
from the change in leaf litter deposition and amount, moisture
content, and metabolism differences. As pH is inextricably related
to CCE, it is intuitive that abundance of responsive taxa would be
highly overlapped between the two parameters, and related to
vegetation. Fifteen genera were associated with both vegetation
and pH. Three genera were associated with both vegetation and
CCE, and two genera were associated with all three parameters.
Despite the large overlap, there were still 14 genera that were
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only associated with vegetation, indicating that plant specific
exudates and leaf litter composition may have a unique influence
on soil prokaryotic communities.

Fungal communities

A total of 40 samples were sequenced with a total of 859,945
sequence reads remaining in the dataset following quality
filtering measures. There were 17,916±17.059 sequences
per sample and samples were rarified to 1,478 sequences per
sample for the purpose of comparison. After OTUs with only one
sequence were removed, there were 1,176 OTUs. No OTUs were
present in more than 65% of samples. Unlike the prokaryotes,
two phyla made up 99% of all sequences (Ascomycota, 76%, and
Basidiomycota, 23%).

Vegetation influence on fungal communities

We expected fungi to be more diverse under woody
canopy ecosystems than grasslands [8]. Along the transect,
we expected the grass and, to some extent, the Ashe juniper to
act as a grassland and the juniper-oak and live oak to act as a
forest. Even though the sampling areas were relatively small,
studies have shown that small patches of vegetation can act as
resource islands and impact soil microbial communities [1517]. Therefore, we predicted a change in fungal diversity along
the transition from live oak to Ashe juniper to grass. Although
we did see a change in diversity in prokaryotes, there were no
differences in fungal diversity in terms of Shannon Indices or
species richness (p>0.05). However, we did detect patterns in
community structure through PCoA (Figure 3). Similar to the
prokaryotes, the fungal samples clustered by vegetation, with
Ashe juniper and grass samples significantly different from
Juniper-oak and live oak (Table 3).

Figure 3: PCoA of fungal soil comunities along a vegetation
transect of grass, Ashe juniper, and live oak. Ellipses represent 95%
CI.

Three phyla: Basidiomycota, Ascomycota, and Glomeromycota
were significantly associated with vegetation based on KruskalWallis ANOVA (p<0.05) (Figure 4). Ascomycota and Glomeromycota
decreased from grass to live oak, and Basidiomycota increased
from grass to live oak. Four genera: Alternaria (Ascomycota),
an unidentified genus within the Mycosphaerellaceae family
(Ascomycota), Rhizophagus (Glomeromycota), and an unidentified
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genus within the Glomeraceae family (Glomeromycota) were
significantly associated with vegetation based on Kruskal-Wallis
ANOVA (p<0.05) (Table 5). While Alternaria is a highly diverse
genus that is hard to generalize, oak and juniper-oak sites were
significantly different from the grass and juniper sites. Rhizophagus
and Glomeraceae, both arbuscular mycorrhizae, were highest in
grass, suggesting plant-specific interactions. Although previous
studies have documented associations of Rhizophagus with both
monocot and dicot crops suggesting low plant specificity [43-45].
We believe that in these savannah rangelands future investigations
might confirm that these arbuscular mycorrhizae enable grass
vigor which is a goal in rangelands Three phyla: Basidiomycota,
Ascomycota, and Glomeromycota were significantly associated
with pH based on Spearman’s rank correlation (p<0.05).
Ascomycota and Glomeromycota increased with pH, while
Basidiomycota decreased. The changes in relative abundance
of these phyla are associated with both pH and vegetation, and
show consistent patterns. Ascomycota and Glomeromycota had
the greatest relative abundance with high pH and in grass. As
grass had the highest pH along the transect, it is unclear whether
pH, vegetation, or both impact the abundance of fungal phyla.
Six genera: an unidentified genus within Ascomycota, Inocybe,
Aureobasidium, Alternaria, and an unidentified genus within
Agariaceae (Basidiomycota) were significantly associated with
pH Spearman’s rank correlation (p < 0.05). All genera, except for
Inocybe, an ectomycorrhizal fungus, increased with pH [46-53].

Figure 4: Average relative abundance of 4 most common fungal
phyla along a vegetation transect of grass, Ashe juniper, and live
oak.

Table 5: Mean and standard deviation of abundance of four fungal
genera along a vegetation transect of grass, Ashe juniper, and live
oak. Different superscript letters indicate significance (p<0.05).
Vegetation

Alternaria

Mycosphaerellaceae

Rhizophagus

Glome_
raceae

Grass

83.9±160.9a

0.0±0.0a

1.9±3.1a

17.6±40.1a

Oak/Juniper

2.7±5.7b

0.0±0.0a

0.0±0.0a

0.0±0.0a

Ashe Juniper

Live oak

006

46.9±90.0a
8.1±
27.7b

6.5±13.7a

0.0±0.0a

0.0±0.0a

0.0±0.0a

2.1±2.6a

0.0±0.0a

One phylum, Glomeromycota, was positively associated
with CCE based on Spearman’s rank correlation (p<0.05). Three
genera: Alternaria, Tuber, and an unidentified genus within
Glomeraceae, were significantly associated with CCE based
on Spearman’s rank correlation (p<0.001). While Tuber was
negatively related to CCE, Alternaria and Glomeraceae were
positively related.

Conclusion

We predicted that soil microbial communities would change
along a vegetative transect of grass, Ashe juniper overlapping
canopy, and live oak. As expected, a larger number of prokaryotic
OTUs (6,780) were detected than fungal OTUs (1.176). Within
the prokaryotes, grass and Ashe juniper had higher diversity
and species richness than juniper-oak and live oak, while both
prokaryotes and fungi displayed community structures related
to plant canopy and soil properties. The grass site is presumed
to be drier, and slightly more alkaline. Most essential nutrients
are less mobile in more alkaline conditions. Interception and
mobilization by a more robust fungal component in the Texas
rangeland grass sites might be better characterized to facilitate
more informed soil health recommendations. Additionally,
future transects in this system should include characterization of
available water holding capacity, actual water status seasonally,
and availability of micronutrients.
In all comparisons of taxa with vegetation, juniper-oak and
live oak were always similar, while Juniper-oak and Ashe juniper
were sometimes different, suggesting that the oak may have a
stronger influence on the soil microbial community under the
overlapping canopy than the juniper. The encroachment of Ashe
juniper on live oak savannahs does not appear to affect the relative
abundance or diversity of microbial communities underneath
the live oak canopy. However, there were differences between
live oak and Ashe juniper, suggesting that the belowground
community is more variable beyond the limit of the oak canopy.

We found that across the relatively short distance of the
transect, there was a decrease in pH and calcium carbonate
equivalence from grass to live oak. The increase of organic acids
from yearly deposits of deciduous leaves under the juniperoak and live oak likely contributed to the change in soil pH
and decreased carbonates. Soil pH and calcium carbonate
equivalence were also the main influences on both fungal and
prokaryotic communities.
Many phyla and genera of prokaryotic and fungal
communities were significantly associated with more than one
parameter. As many soil properties are related to one another,
such as pH and calcium carbonate equivalence, it is intuitive
that we would observe overlapping correlations. However, this
overlap was not perfect, suggesting that every soil property has
some unique influence on soil microbial communities.

Many of the prokaryotic genera that were associated with
vegetation and soil properties were important biogeochemical
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cyclers. The change in these organisms, particularly those
that change with vegetation, could indicate a change in the
soil’s ability to cycle N and C under an invading plant, such as
Ashe juniper. Meanwhile, many of the fungal genera that were
associated with vegetation and soil properties indicated a likely
difference in mycorrhizal symbioses.

This study suggests that, in addition to soil moisture status,
future research should examine the variation of prokaryotes
and fungi across other vegetation transects and characterize the
different forms of N, OC, and micronutrients. If the Ashe juniper
and live oak soil microbial communities have different nutrient
cycling capabilities, future studies should examine the impact
on biogeochemical cycling and potential consequences for
rangeland productivity, carbon sequestration, and soil health. As
sequence databases become more complete and our knowledge
of soil microorganisms grow, we can gather more knowledge
about biogeochemical cycling and the microorganisms that drive
it.
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