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A B S T R A C T

Promoting the forage Lotus tenuis is an appealing alternative to meet the needs for cattle production in
the Flooding Pampa region, Argentina. This agricultural practice requires herbicides application to
remove plant species competing with L. tenuis. The use of chemical compounds, in addition to the
removal of native vegetation, eventually may change the diversity of other ecosystem components such
as bacterial communities. The objectives of this work were to examine the effect of L. tenuis promotion on
the bacterial community composition and on specific water-related soil variables, and to detect specific
bacterial taxa responding to the L. tenuis promotion. In order to achieve these objectives, here we studied
three different rangeland sites of the Flooding Pampa region. At each site, two paddocks were compared,
one managed to promote the forage legume L. tenuis, and the other lacking of management history and
hence, covered by natural grasses. To asses bacterial diversity we used 454-FLX pyrosequencing
technology of the V4 region of the 16S rRNA gene, on genomic DNA extracted from soil samples. We
obtained 135.918 sequences, representing 3187 Operational Taxonomic Units (OTUs) distributed in 12
phyla and 45 classes. Overall, the main identified components of the bacterial community at the Phylum
level were Acidobacteria, followed by Verrucomicrobia, Planctomycetes and Chloroflexi. Our results
suggest that 5-6 years of land use with L. tenuis promotion does not affect the microbial community
structure in this ecosystem. NMDS ordination in two dimensions based on Bray–Curtis distances and
PERMANOVA test did not show differences in bacterial community composition between paddocks
promoted or not with L. tenuis, although differences among sites were detected. In parallel, Pearson’s
correlation analysis suggested that L. tenuis promotion would indirectly affect members of classes
Acidobacteria and Anaerolineae, through altering water-related soil properties.
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1. Introduction

The Flooding Pampa is a vast region (90,000 km2) of the Buenos
Aires Province (Argentina), with about 70% of the area occupied by
rangelands, 15% of which are used for mixed agricultural and
livestock managements (rearing and wintering). Prominent
features of this region are the recurrence of floodings and low
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soil fertility, what precludes the maintenance of cultivated
pastures or crops (Sierra and Montecinos 1990; Soriano et al.,
1992). As result, summer activities of cattle breeding such as
rearing, wintering or dairy are often affected by the lack of forage
quantity and quality (Rojas et al., 2011). This deficiency is
compensated in some cases with sorghum or soybeans-derived
forage, which is highly expensive and dependent on the matching
between rains occurring during the growing season and the
phenological period in that water is required by plants.

Promotion is defined as an agricultural practice consisting in
removing competition from weeds and resident pastures using
herbicides, so that the species of interest grows and fully develops.
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This practice has been experimentally used by Thom et al. (1993)
to study the effect of herbicide on paspalum control and
the growth and persistence of perennial ryegrass and white
clover (Trifolium repens L.) plants over 5 years. The promotion
of Lotus tenuis, a naturalized species with high forage value
that reaches its maximum biomass in summer is currently
being tested as alternative to overcome forage deficiency in
this season. L. tenuis is a perennial legume that became
naturalized in vast areas of the Flooding Pampa (Escaray et al.,
2012). This species is characterized by a high capacity for natural
reseeding, and the ability to withstand the water deficit that often
occurs from late spring through summer, offering plenty of high
quality forage.

L. tenuis is uncompetitive during the first stages of implanta-
tion, therefore, the application in winter of glyphosate (2-
(phosphonomethyl) glycine, a post-emergence herbicide) removes
broad leaf weeds, improving L. tenuis implantation, and hence,
increasing its dominance.

Soil quality and fertility (major issues for sustaining livestock
production in range management) greatly relay on soil bacterial
communities (Gans et al., 2005), which may be impacted by
herbicides (Lupwayi et al., 2009; Lancaster et al., 2010; Barriuso
and Mellado, 2012; Cycón et al., 2013; Aguayo et al., 2014; Tang
et al., 2014) and changes in botanical composition (Greacen and
Sands 1980; Mulholland and Fullen, 1991; White et al., 2000). Also,
livestock grazing may indirectly alter bacterial community
composition, by increasing bulk soil density (Ford et al., 2013)
and by reducing water infiltration (Blackburn et al., 1982; McCalla
et al., 1984) and soil water retention, or water content (Carrero-
González et al., 2012; Lei et al., 2012). On other hand, there may be
an inverse relationship between the infiltration rate and bacteria,
due to microbial growth and/or mechanical clogging (Rubol et al.,
Fig.1. Sampling sites for Flooding Pampa datasets. Soil samples were obtained in three di
different land uses were studied: natural grass cover (nat) and promotion with L. tenuis an
per site-land use combination, each consisting of 25 pooled soil cores.
2014; Muirhead et al., 2006). Interestingly, L. tenuis plants present a
highly developed tap root that allows a deeper soil exploration,
which has been related to the improvement of soil water
infiltration after several years of L. tenuis cultivation (Criado,
2014). On these bases, in this work we defend the hypothesis that
the management with L. tenuis promotion alters soil bacterial
communities, by affecting soil water-related properties.

We expect to gain knowledge on whether L. tenuis promotion
affects diversity and community structure of soil bacteria,
regardless of whether the effect is due to the herbicide-induced
L. tenuis dominance or to herbicides themselves. This information
could be useful to decide about the sustainability of this
agricultural management before it becomes a common agronom-
ical practice in the Flooding Pampa.

High-throughput pyrosequencing has emerged in the last
years as a less labor intensive alternative method to examine
highly diverse bacterial communities in different soils (Cristea-
Fernström et al., 2007; Huse et al., 2007; Liu et al., 2007; Roesch
et al., 2007; Sundquist et al., 2007; Dowd et al., 2008). In this
work, three natural grass-based rangelands sites of the Flooding
Pampa, continuously grazed by similar cattle charges were
studied. Massive pyrosequencing of the V4 region of the 16S
rRNA gene was used to examine the structure and diversity of the
bacterial communities in paired paddocks with two different land
uses: L. tenuis promotion with herbicides and natural grassland.
Our objectives in this study were: (1) to examine the effect of L.
tenuis promotion on the bacterial community composition and on
the soil variables infiltration rate, water content and bulk density,
and (2) to detect specific bacterial taxa responding to the L. tenuis
promotion. In order to achieve these objectives, the bacterial
taxonomic composition and diversity was analyzed and compared
among different sites and land-management.
fferent sites: Manantiales 1 (M), Manantiales 2 (T) and La Bellaca (L). In each site, two
d herbicides (lot). For sequencing purposes, three soil replicates per site were taken
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2. Materials and methods

2.1. Study sites characteristics

Soil samples were obtained from three representative sites
located at the Flooding Pampa area of Chascomús (Buenos Aires,
Argentina: Manantiales 1 [(M) S 35�450010, W 58�020220]; La Bellaca
[(L) S 35�350550’, W 57�560440’]; Manantiales 2 [(T) S 35�450390, W
58�030380.] Twenty kilometers separate (L) from (T) and (M),
whereas the last two sites are at a 1 km of distance from each other
(Fig. 1).

Soil samples were collected in November 2013 from neighbor-
ing paddocks (100 � 50 m, approximately) subjected to one of the
two following types of land use: natural cover (nat) or L. tenuis
promotion with herbicides (lot). Samples were named by the initial
of each site followed by land use (e.g.: Mlot; Mnat, etc.).

All paddocks held 5 years of similar cattle grazing charge since
November to March. Topography was similar among sites, with
plain or concave relief. The soils studied in this research were
Natraquoll, characterized by an A1 horizon with 3.5% organic
carbon and 0.22 mg kg�1 of extractable Fe, and by a nitric B2t
horizon at 17 cm of depth, with 53.3% clay content (Striker et al.,
2005).

2.2. Herbicides treatment

L. tenuis promotion was achieved by the application of
glyphosate (N-(phosphonomethyl) glycine; 3.5 l/ha), followed by
two applications of 2,4 DB(4-(2,4-dichlorophenoxy) butyric acid, 1
l/ha) and a single dose of Quizalofop-p-ethyl(Ethyl(R)-2-[4-(6-
chloro-2-quinoxalyloxy)phenoxy]propionate; 1.2 l/ha), in six or
five annual cycles from June to August. Non-promoted (nat)
paddocks received no management or agrochemicals since 1970.
No fertilizer was applied in any case. After 4 or 5 years of herbicides
application, plant species composition in promoted paddocks
shifted, and L. tenuis became the dominated species, whereas in
paddocks where no herbicide was ever applied, plant community
was represented by native species and naturalized forages such as
Festuca arundinacea, Lolium multiflorum, Ambrosia tenuifolia,
Esporobolus indicus, Paspalum vaginatum and L. tenuis.

2.3. Samples collection

There were three soil replicates per site-land use combination.
Each soil replicate was a composed sample consisting of 25 pooled
soil cores. Soil cores were taken with a borer (20 cm length � 7 cm
diam) every 10 m. Soil replicates were introduced into separated
plastic bags and immediately transferred to the laboratory, where
they were sieved through a 2 mm mesh and used for nucleic acid
extraction. Genomic DNAs for PCR and pyrosequencing procedures
were stored at �20C�.

2.4. Soil DNA extraction, PCR and pyrosequencing

Total DNA for amplicon sequences libraries was obtained from
a 0.25 g aliquot of each soil replicate using PowerSoil DNA
isolation kit (MO BIO Laboratories, Inc, CA, USA) following
manufacturer’s instructions. DNA quality and concentration in
each sample was evaluated by spectrophotometer (Synergy TM
H1, BIOTEK) and 1.5% agarose gel electrophoresis. Amplicon
libraries were prepared on the base of the V4 hyper variable
region of the 16s rDNA gene. This region has been proposed by the
Ribosomal Database Project Data for diversity data collection,
using 454-Roche technology (Olsen et al., 1992). Universal
primers 515F: 50 GTGCCAGCMGCCGCGGTAA 30 and 806R: 50

GGACTACVSGGGTATCTAAT 30 were used and a re-amplification
was performed to include the Roche 454 sequencing A and B
adaptors and a nucleotide “multiple identifier” (MID) to sort
samples. The PCR mixture (final volume 25 ml) contained 2.5 ml
FastStart High Fidelity 10� Reaction Buffer (Roche Applied
Science, Mannheim, Germany), 20 ng of template DNA, 0.4 mM
of each primer, and 1.25 U FastStart High Fidelity Enzyme Blend
(Roche Applied Science), and 0.2 mM dNTPs. The PCR conditions
were 95 �C for 5 minutes for initial denaturalization, followed by
95 �C for 45 s, 57 �C for 45 s, 72 �C for 60 s in 30 cycles, and a final
elongation step at 72 �C for 4 min. Two negative control reactions
containing all components except for the template were
performed. Libraries were purified using Agencourt AMPure XP.
Purified PCR product was sequenced on a Genome Sequencer FLX
(Roche Applied Science) using Titanium Chemistry according to
the manufacturer's instructions. Analyses were performed at
INDEAR (Argentina) genome sequencing facility.

2.5. Sequencing data analysis

Amplicon sequences were analyzed using the Quantitative
Insights into Microbial Ecology (QIIME) pipeline, version 1.8.0.
Package (Caporaso et al., 2010). Sequences were demultiplexed
and trimmed by quality using a split_libraries.py script from
QIIME, and clustered into Operational Taxonomic Units (OTUs)
using the pick_otus.py script and Uclust (Edgar, 2010) at 97%
similarity. The most abundant sequence from each cluster was
chosen as a representative. All representative sequences were
aligned with the PyNAST method (Caporaso et al., 2010). The
sequences from this study are available in GenBank under the
Project accession code PRJNA2855990. Taxonomical identities
were assigned to each representative sequence with the RDP
classifier using the Greengenes Database update (McDonald et al.,
2012), using a 50% bootstrap confidence. Singletons and
unclassified sequences were removed from the obtained OTU
table. Rarefaction curves of observed OTUs versus the number of
sequences were generated with PAST 3.06 (Hammer et al., 2001).
For further analyses, the final OTU table was normalized by
sumbsampling down to the lowest number of reads, in order to
correct for possible biases introduced by unequeal sequencing
efforts (Vegan package (Oksanen et al., 2012), R environment
(www.r-project.org)).

2.6. Diversity and statistical analyses

To compare OTUs diversity across the treatments, the Shannon
diversity index (Shannon and Weaver, 1949) and Simpson index
(Magurran, 1998) were calculated. The richness was estimated via
extrapolation from observed patterns using the Chao-1 approach
(Hughes et al., 2001). To test the hypothesis of “no differences in
bacterial community composition (BCC) between treatments”, we
performed Hotelling paired comparisons on a-diversity indexes
(p < 0.05, Hotelling, 1951).

For b-diversity analysis, the normalized OTU matrix was
Hellinger transformed (Legendre and Gallagher, 2001) and then
analyzed by computing the abundance weighted Bray–Curtis
distances (Bray and Curtis, 1957) between samples at the 97%
similarity OTU level, using Past 3.06 (Hammer et al., 2001).
Patterns in the obtained similarity matrix were explored using
nonmetric multidimensional scaling (NMDS) (Clarke and Green,
1988). Goodness of fit to the similarity matrix was assessed by
using Kruskal stress formula 1 (Legendre and Legendre, 1998).
Permutational MANOVA (PERMANOVA) (Clarke,1993) was applied
with 999 permutations to test the hypothesis of “no differences
among sites”. Vegan package (Oksanen et al., 2012) in the R
environment (R Development Core Team, 2013).

http://www.r-project.org


Fig. 2. Rarefaction curves of the number of observed OTUs vs the number of sequences per sample, for the three replicates of each site-land use combination: (a)
Manantiales 1 (M), (b) La Bellaca (L) and (c) Manantiales 2 (T). ; dashed and solid lines correspond to natural grass cover (nat) and promotion with L. tenuis and herbicides
(lot), respectively.
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Fig. 4. Simpson index of dominance for the 18 site and land use combinations,
based in 97% similarity of 16S rRNA gene sequences.

Fig. 5. Richness Chao 1 index for the 18 site and land use combinations, based in
97% similarity of 16S rRNA gene sequences.
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2.7. Measurement of soil physical variables.

Water content (WC) and apparent bulk density were measured
in four soil cores (9 cm length � 6 cm diam) per site-land use
combination (Blake and Hartge, 1986). Each sample was immedi-
ately weighted and oven dried (105 �C). Water content and bulk
density of soils were measured as:

Water contentð%Þ ¼ ðsoil fresh weight � soil dry weightÞ
soil dry weight

� �

� 100

Bulk densityðg cm�3Þ ¼soil dry weight
soil volume

For infiltration rate measurements, 5 m2 of sampling points
were first cleaned by trimming the vegetation. A ring infiltrometer
of 19 cm diam was introduced into the soil (without disturbing the
soil surface), at a 10 cm penetration depth (Luters and Salazar,
1999). First, water was poured into the infiltrometer to moisten the
soil. Then, additional water was added to a ponding depth of 10 cm.
After 10 min and 1 h of infiltration, the ponding depth was
measured again. With this data the infiltration rate was calculated
as:

Infiltration rateðcm=min or hÞ ¼ ðinitial ponding depth
� final ponding depthÞ=min or h

In order to investigate the relationship between soil physical
variables and obtained patterns in BCC, NMDS axis scores were
correlated with each soil physical variable using the Spearman
Rank Order correlation coefficient. In addition, Pearson’s correla-
tions were performed between these measured soil variables and
abundance of the different bacterial and archaeal classes.

3. Results

3.1. Analysis of alpha and beta diversity

We obtained 135.918 filtered sequences from the 18 studied
samples, with a 336.43 (S.D. = 40) bp average length, totalizing
45.7 Mb. Filter parameters were set to reject reads that had mean
quality score <20. The mean number of sequences per sample was
4967,17. Initially, OTUs number was 4656, but it decreased to 3187
after singletons removing and normalization. The rarefaction curve
for OTUs (3% of dissimilarity) versus number of samples was not
asymptotic, suggesting that the surveying effort did not cover the
full extent of taxonomic diversity (Fig. 2).

The Shannon, Simpson and Chao1 indexes ranged from 4.29 to
5.13, 0.01 to 0.04 and 257 to 655, respectively (Figs. 3–5 ).
Fig. 3. Shannon index for the 18 site and land use combinations, based in 97%
similarity of 16S rRNA gene sequences.
According to the multivariate Hotelling test, there were not
differences in a-diversity between promoted (lot) and non
promoted plots (nat).

The NMDS ordination in two dimensions based on Bray–Curtis
distances showed that (M) samples grouped separately from those
of the other two sites, suggesting that they harbored a distinct
bacterial community (Fig. 6). In contrast, samples from (L) and (T)
partially overlapped, and there was not clear separation between
“lot” and “nat” samples. The PERMANOVA test analysis with 999
permutations for significance of Bray–Curtis distances revealed
differences among sites, but not between land uses (F = 3.2658;
p > 0001).
Fig. 6. Ordination by non parametric multidimensional scaling (NMDS) based in
Bray–Curtis distances for the 18 samples. (1S, 2S and 3S = Mnat; 1C, 2C and
3C = Mlot; 4S, 5S and 6S = Lnat; 4C, 5C and 6C = Llot; 6S, 7S and 8S = Tnat, and 6C, 7C
and 8C = Tlot) (Stress = 0.05703946).



Table 1
Relative abundance (%) of phyla at each evaluated site-land use combination,
according to 16S rDNA sequences classified by Greengenes database.

Domain Phylum Manantiales 1 La Bellaca Manantiales 2

Mnat Mlot Lnat Llot Tnat Tlot

Archaea Euryarchaeota 1.77 3.44 3.39 2.95 3.34 3.28
Crenarchaeota 0.28 0.53 0.14 0.12 0.40 0.27

Bacteria Acidobacteria 24.47 40.96 39.30 36.46 40.20 38.47
Verrucomicrobia 3.53 5.56 17.98 24.16 20.31 19.17
Planctomycetes 10.07 19.85 13.07 13.44 14.89 14.71
Chloroflexi 5.26 9.55 9.19 7.10 7.29 6.85
SPAM 4.92 4.98 3.12 3.14 3.21 4.31
Other Bacteria 2.82 7.60 5.76 2.04 2.41 2.47
Armatimonadetes 0.36 0.89 1.40 1.99 1.11 1.60
Synergistetes 0.66 1.21 1.57 1.12 1.21 1.27
Proteobacteria 1.19 1.67 0.70 0.80 0.81 1.74
Actinobacterias 0.27 0.47 0.85 0.73 0.94 0.94
Spirochaetes 0.44 0.28 0.22 0.43 1.36 0.77

Obtained 16S sequences were classified according Greengenes database
(McDonald et al., 2012).
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3.2. Taxonomical analysis

The RDP classifier assigned obtained sequences to 13 Phyla and
48 classes (Supplementary material. Table 1), whereas unclassified
taxa represented 0,002% of the total OTUs.

Overall, the main identified components of the bacterial
community at the Phylum level were Acidobacteria, Verrucomi-
crobia, Planctomycetes and Chloroflexi, in that order (Fig. 7;
Table 1). Remaining Phyla were less abundant, although ubiqui-
tous.

As a trend, our results showed that the land use did not
significantly affect the abundance of OTUs affiliated to the most
abundant Phyla, and that the relative abundance of some of the
most abundant Phyla varied according with the site. This is the case
of Verrucomicrobia presented at a higher relative abundance in (L)
and (T) than in (M) (Table 1). OTUs belonging to identified classes
with relative abundances >1% in any sample, that were shared by
all sites-land use combinations accounted for 86–99% of the
classified sequences (Table 2). The most abundant classes were
Phycisphaerae, Chloracidobacteria, Acidobacteria and Planctomy-
cea, in that order.

3.3. Soil physical variables

Infiltration rates were similar among non-promoted sites,
whereas the (Tlot) site showed a lower infiltration rate than (Llot)
and (Mlot) (Table 3). Lower WC and higher apparent soil density
where also found in (T), comparing with (L) and (M). Promotion
with L. tenuis consistently increased soil infiltration rates at 10 min
in the three sites, and raised this rate at 1 h in (L) and (M). The water
content was decreased by L. tenuis promotion in the three sites, in
accordance with infiltration rates results, whereas the L. tenuis
promotion induced different variations on bulk density, according
with the site: increased in (M), diminished in (T) and did not
change in (L).

The Spearman rank order coefficient showed no correlation
between NMDS scores and soil physical variables (p < 0.05).
Besides, no correlation between these variables and classes
abundance was found, excepting for few, less frequent classes,
as is the case of Ktedonobacteria, Soilbacteres, Opitutales, Acid-
obacteria, Anaerolineae, FFCH6980 and RB25 (Table 4).

4. Discussion

Increasing plant and livestock production are major targets for
pasture-based systems, where bacteria are key components of
numerous geochemical processes supporting production. Here we
studied the bacterial diversity in six different site-land use
combinations, in a relatively reduced area of the Flooding Pampa,
the main region for cattle production in Argentina. Our results
showed that L. tenuis promotion with herbicides did not show a
significant influence on soil bacterial community structure,
suggesting that it did not generate a selection pressure (e.g.: by
reducing bacterial resources) capable of driving a change in
bacterial community composition, towards a new community
adapted to the new environmental condition. This result is
congruent with studies where glyphosate was applied to cotton
(Barriuso and Mellado, 2012) and maize (Barriuso et al., 2010,
2011), and with other works, in which reduction in plant diversity
did not necessarily led to a reduction of the detected bacterial
diversity (Kowalchuk et al., 2002; Grüter et al., 2006; Köberl et al.,
2011; Zul et al., 2007). This information suggests that continuous L.
tenuis promotion would be a sustainable practice that could be
spread in the Flooding Pampa without significantly endangering
the bacterial soil community. However, it is also possible that 5 or 6
years of this land use have not provided enough time for the
bacterial community to reach a new equilibrium and therefore,
further similar studies should be undertaken for longer periods.

Even though (M), (T) and (L) sites were relatively close to each
other and shared the same climatic fluctuations, these sites
presented different soil BCCs, as shown by the the NMDS with site
(M) separating from the other two sites (Fig. 6). These sites also
presented different soil structure in terms of water infiltration rate,
water content and apparent bulk density (Table 3). Taken together,
these results agree with the notion that the Flooding Pampa
presents small topographic differences that determine important
changes in soil characteristics (Ghersa et al., 2007).

To our knowledge, this work constitutes the first attempt to
characterize and compare the structure of bacterial community in
soils of the Flooding Pampa region. Our results revealed that the
assemblages of bacterial species here found would be less rich and
diverse than those reported for other rangeland systems, using
similar techniques (Will et al., 2010; Castro-Silva et al., 2013).
However, it is possible that our surveying effort did not cover the
full extent of taxonomic diversity, as suggested by the OTUs
rarefaction curve (Fig. 2).

Phyla found as the most dominant in this work, Acidobacteria,
Verrucomicrobia, Planctomycetes and Chloroflexi were previously
also reported as dominant in a survey of the global soil bacterial
community based on libraries of 16S rRNA genes (Janssen, 2006).
Our results differed from that survey with respect to the
contributions to soil bacterial communities by different phyla.
For example, Verrucomicrobia are reported to make up an average
of 7% in soil bacterial communities (Janssen, 2006), whereas in this
work, Verrucomicrobia reached averaged abundances as high as
24%, reinforcing the view that this group is more abundant in
grasslands (Vandekerckhove et al., 2000, 2002; Wagner and Horn,
2006). On the other hand, members of the Phylum Planctomycetes
are quite widely distributed in marine and hypersaline habitats
(Fuerst, 1995). The ecosystem under study in this work is
characterized by recurrent flooding (Sierra and Montecinos,
1990) and salinization of soil surface horizons, in connection with
flood-drought cycles (Lavado and Taboada 1988). Therefore,
recurrent flooding might also explain the relatively higher
abundance of members affiliated to Planctomycetes found in this
work (10–19.85%), compared with their contribution to libraries
from soil bacterial communities (0–7.8%; Janssen, 2006) and other
pasture-base systems (Acosta-Martinez et al., 2010; Will et al.,
2010). Likewise, the high abundance registered for members of
Acidobacteria (24.5–41%) reinforces the idea that recurrent flood-
ing would be a major determinant of bacterial diversity in the



Table 2
Relative abundance (%) of identified taxa at the class level (percent of all detected OTUs belonging to each taxon).

Domain Phylum Class M L T

nat lot nat lot nat lot

Archaea Crenarchaeota C2 0,06 0,01 0,01 0,00 0,00 0,01
Thaumarchaeota 0,62 0,51 0,13 0,12 0,40 0,26

Euryarchaeota Non classified 0,00 0,00 0,03 0,00 0,05 0,00
Halobacteria 1,16 0,79 1,29 0,74 1,02 0,42
Methanobacteria 2,72 2,28 1,65 1,96 1,78 2,56
Methanomicrobia 0,04 0,10 0,07 0,00 0,25 0,07
Thermoplasmata 0,08 0,27 0,35 0,24 0,25 0,22

Bacteria Acidobacteria Non classified 1,67 0,95 0,69 0,87 0,95 0,85
Acidobacteria 19,79 18,63 6,92 4,74 12,13 9,43
Chloracidobacteria 13,55 19,74 29,87 26,90 25,32 25,15
iii1-8 1,56 1,30 1,72 3,51 1,85 3,10
MVS-40 0,29 0,27 0,16 0,41 0,12 0,04
RB25 0,06 0,09 0,08 0,02 0,06 0,00
Soilbacteres 0,06 0,04 0,00 0,13 0,00 0,02
Sva0725 0,02 0,02 0,00 0,03 0,02 0,00

Verrucomicrobia Non classified 0,00 0,01 0,01 0,00 0,00 0,00
Methylacidiphilales 0,00 0,00 0,00 0,01 0,00 0,08
Opitutales 0,07 0,07 0,05 0,18 0,10 0,10
Spartobacteria 1,72 1,43 15,96 21,57 16,42 11,07
Verrucomicrobiae 4,82 3,93 1,82 2,12 3,66 2,47

Planctomycetes agg27 2,32 2,18 0,44 0,39 1,40 0,79
C6 0,32 0,23 0,00 0,03 0,00 0,00
FFCH393 0,04 0,04 0,02 0,03 0,00 0,00
Kueneniae 0,02 0,01 0,00 0,00 0,00 0,00
Phycisphaerae 19,17 19,78 13,05 13,41 14,31 14,67
Planctomycea 10,25 9,36 7,22 7,07 7,23 7,07
PW285 0,10 0,23 0,08 0,05 0,00 0,10
vadinHA49 0,20 0,26 0,00 0,00 0,00 0,01

Chloroflexi Non classified Chloroflexi 0,00 0,00 0,01 0,04 0,07 0,03
Anaerolineae 6,22 6,20 3,32 1,76 2,22 1,64
Bljii12 0,11 0,03 0,10 0,26 0,13 0,21
Chloroflexi 0,03 0,18 0,15 0,22 0,16 0,43
Chloroflexi-4 0,01 0,05 0,01 0,00 0,00 0,12
Ktedonobacteria 0,22 0,18 0,03 0,44 0,00 0,47
RA13C7 0,00 0,00 0,00 0,00 0,01 0,00
SOGA31 2,66 1,17 3,54 3,13 3,13 2,33
Thermomicrobia 0,68 0,70 0,69 0,51 0,70 0,65
TK17 0,79 0,89 0,83 0,39 0,70 0,29

Armatimonadetes SJA-176 0,10 0,06 0,00 0,13 0,00 0,06
Actinobacteria Actinobacteria 0,50 0,47 0,85 0,73 0,94 0,94
Proteobacteria Alphaproteobacteria 0,48 0,43 0,14 0,40 0,34 0,79

Betaproteobacteria 0,35 0,32 0,22 0,22 0,23 0,34
Deltaproteobacteria 0,76 0,50 0,19 0,15 0,15 0,00
Gammaproteobacteria 0,31 0,28 0,03 0,28 0,15 0,54
Non classified Proteobacteria 0,00 0,04 0,00 0,00 0,00 0,00

SPAM 0319-6G9 5,69 4,79 3,00 3,06 3,11 4,26
FFCH6980 1,14 0,19 0,12 0,08 0,10 0,05

Spirochaetes Brachyspirae 0,45 0,27 0,22 0,43 1,36 0,58
Leptospirales 0,04 0,01 0,00 0,00 0,00 0,19

Synergistetes Synergistia 1,17 1,21 1,57 1,12 1,21 1,27

M: Manantiales 1; L: La Bellaca; T: Manantiales 2; lot and nat mean L. tenuis promotion and natural grass, respectively.

Table 3
Water infiltration rate at 10 min and 1 h, water content and aparent bulk density.

Site Land use Infiltration rate after 10 min (cm/10 min) Infiltration rate after 1 h (cm/1 h) Water content Aparent bulk density

(L) lot 2.57 a � 0.98 9.5 a � 3.81 328 b � 7.7 0.92 d � 0.02
nat 0.2 b � 0.12 1.01 b � 0.33 385 a � 3.9 0.98 d � 0.01

(M) lot 2.85 a � 0.41 10.9 a � 1.66 314 b � 8 1.08 c � 0.02
nat 0.08 b � 0.002 0.7 b � 0.35 396 a � 4.3 0.91 d � 0.03

(T) lot 2.93 a � 0.59 2.7 b � 0.51 189 d � 18.4 1.18 b � 0.02
nat 0.13 b � 0.02 0.2 b � 0.04 268 c � 7.1 1.37 a � 0.06

Means (�EE; N = 4) with the same letter within each column are not significantly different (Duncan, P < 0.05). M: Manantiales 1; L: La Bellaca; T: Manantiales 2; lot and nat
mean L. tenuis promotion or natural grass, respectively.

A.S. Nieva et al. / Applied Soil Ecology 98 (2016) 83–91 89
study area, as these bacteria are well adapted to tolerate
fluctuations in soil hydration (Ward et al., 2009).
Despite the lack of significant changes in BCC due to L. tenuis
promotion, the Pearson’s correlation analysis between edaphic
variables that were affected by L. tenuis promotion (Table 4) and



Table 4
Significant Pearson’s correlations between measured soil physical variables, and
relative abundance of bacterial classes.

Soil physical variables Bacterial classes n Pearson p-value

Aparent bulk density Soilbacteres 18 �0.48 0.04
Infiltration rate (10 min) Ktedonobacteria 18 0.47 0.05
Infiltration rate (1 h) Ktedonobacteria 18 0.69 0

Soilbacteres 18 0.63 0.01
Opitutales 18 0.48 0.04
Acidobacteria 18 �0.47 0.05

Water content Anaerolineae 18 0.50 0.03
FFCH6980 18 0.51 0.03
RB25 18 0.47 0.05
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bacterial classes, suggests an indirect influence of this land on
specific bacterial taxa. Among such correlations, it is worthy to
note the negative relationship between the class Acidobacteria and
the infiltration rate (1 h). This, along with our result showing that L.
tenuis promotion increased the infiltration rate (1 h, Table 3) would
indicate that Acidobacteria were negatively impacted by this land
use. It is known that pH is the most prominent environmental
factor correlating with acidobacterial abundance in soils (Naether
et al., 2012). In particular, low pH has been related with higher
proportions of Acidobacteria (Mannisto et al., 2007; Griffiths et al.,
2011; Jones et al., 2009). Taken together, this information along
with results obtained in the present work, invite us to hypothesize
that pH could be higher in the rhizosphere of L. tenuis plants,
comparing with native grasses. On other hand, the positive
correlation between the Anaerolineae class and water content, is in
agreement with results presented by the relative abundance in
Hollow soils, compared with hummock soils (Deng et al., 2014).

5. Conclusions

Further research is still needed in order to establish a link
between L. tenuis effects on soil physico-chemical properties and
observed changes in relative abundance of the above mentioned
bacterial classes. Besides, future studies should be performed to
determine whether other environmental soil variables, besides
water content (like pH, organic matter, electric conductivity, etc.)
play key roles in structuring bacterial populations in this
economically important area. Also, shotgun sequencing analysis
would be welcome in order to assess the ecological role of L. tenuis
promotion on the functionality of bacterial communities.
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