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Abstract
In Argentina, periurban agriculture is performed by farmers with inadequate training in the use of pesticides and chemical 
fertilizers, developing horticulture with serious soil deterioration. The aim of this work was to monitor bacterial diversity 
of a horticultural soil (S) and a reference soil (R) as quality index for the design of future restoration strategies. As crops 
changed together with the agrochemical applications, sample collection was before harvest for strawberries, post-harvest 
for red peppers, pre-harvest broccoli crop and of a resting soil in treatment with poultry litter as a fertilizing amendment. 
Bacterial diversity was analysed by the use of high throughput sequencing of the V1–V3 region of the 16S rRNA gene. 
Analysis of R soils seemed relatively constant in time, enriched in Alphaproteobacteria and Acidobacteria consistent with 
a reference to soil health. The effect of the intensive use of S soils was proved by differences in Chloroflexi, Bacteroidetes 
and Proteobacteria relative abundances. The main evidence of the alteration of S soils was the increase in Bacteroidetes and 
Betaproteobacteria. A weak recuperation trend of S soil microbiota was registered during a post-harvest inactive period. A 
strong influence of the soil use routine—consisting in high crop rotation and short time-rest cycles—on microbial community 
structure was verified. These results indicate the microbiota perturbation, caused by the intense use of periurban agriculture 
soils and will contribute for further actions to improve environment quality.

Introduction

Soil quality and structure are determinant factors for the 
equilibrium of the biodiversity in terrestrial ecosystems. 
Any disturbance from both natural and anthropogenic origin 
may cause changes in microbial communities, and hence, 
their role in the environment can be seriously altered. In 
the literature, many studies are focused on the description 
of the variations in microbial community composition and 
their correlation to functional roles [1–5]. In fact, there is 
limited information about the use of microbial diversity as 

an indicator of soil health, including after amendment appli-
cations [6, 7].

As a consequence of agricultural production, pesticides 
and chemical fertilizers are usually introduced in soils 
affecting soil quality, microbial activities and populations. 
Particularly, small-scale agriculture around large cities 
(periurban agriculture) is performed by farmers who gener-
ally count with few economical resources and, as receiving 
inadequate or no training in the use of agrochemicals, they 
are continuously exposed to consequent damage to their own 
health [8]. Even though the main objective of the farmers 
is to obtain high crop yields that are accomplished at short 
terms, the productivity and environmental health are not 
sustainable at long terms. This kind of agriculture presents 
problems that differ from extensive farming and causes a 
strong environmental impact not only by the intensive use of 
the land, but also by the practices applied. Agricultural soil 
research is mainly directed to the evaluation of the influence 
on soil quality of the different seeding strategies for soybean, 
wheat, sunflower or corn crops [9, 10]. Also, there are some 
reports related to microbial communities and soil quality 
of horticultural units based on monocultures for fruit pro-
duction [11] or vegetable rotations restricted to greenhouse 
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conditions [12, 13], but scarce information on periurban 
practices can be found in the literature.

Regarding Buenos Aires Metropolitan Area, small farm 
clusters (5 ha each or even smaller) are mostly located in the 
western districts as Moreno [14–16]. In this area, periurban 
horticulture and floriculture have been developed with high 
crop rotation together with an intensive and uncontrolled 
use of both pesticides and chemical fertilizers, evidencing 
serious soil deterioration [17].

Based on the hypothesis that native microbiota compo-
sition represents a soil quality indicator, the detection of 
microbial community alterations is crucial to contribute 
to the development of sustainable horticultural practices 
belonging to periurban areas. Then, the aim of this work 
was to monitor bacterial diversity of a horticultural soil (S) 
and a reference soil (R) to recover the information as a qual-
ity index for the design of future restoration strategies. This 
work represents an innovative microbiological assessment of 
periurban horticulture soils characterized by a long history 
in their intense use, crop rotation, agrochemical applications, 
since most of the bibliography compiles the information on 
agricultural soils belonging to extensive farming, especially 
in Argentina.

Materials and Methods

Sampling Area

Moreno District belongs to the western Buenos Aires Met-
ropolitan Area of which geographical location is shown in 
Fig. 1a. Western Buenos Aires Metropolitan Area soils´ 
classification corresponds to Order Mollisols, Suborder 
Udolls, Great Group Argiudolls, Subgroup Vertic Argiu-
dolls [17–19]. Particularly, the study area is characterized 
by a continuous production history of at least 20 years in 
case of S soils and without any activity during the same 
period in case of R soils. A physicochemical characteriza-
tion of soil was previously performed and is summarized in 
Table 1 [20]. Standard soil testing procedures were applied: 
organic matter by calcination of 5–10 g of soil at 430 °C, 
2 h; pH and conductivity in 1:5 in  H2O; total N by Kjedhal 
method and total P by Molybdo-vanado-phosphate method. 
From the obtained data, total C; C:N and C:N:P ratios were 
calculated [20].

Soil samples were taken in 2014, 2015 and 2016 from 
different sites of a farm belonging to Cuartel V area, Moreno 
District (Fig.1a). S (34°34′33.69″ S 58°48′49.71″ W) was a 
pre-harvest strawberry crop plot performed with mulching 
techniques in spring 2014, post-harvest bell pepper crop in 
fall 2015, pre-harvest broccoli crop in fall 2016 and a rest-
ing soil in treatment with poultry litter as fertilizing amend-
ment in spring 2016. R, a reference grassland close to the 

productive plots (34°34′39.31″ S 58°48′44.38″ W), was also 
sampled as control. Figure 1b illustrates the sampling area 
for each instance.

Soil Sampling

For each plot, 5 random 10 cm deep soil cores of 5 cm diam-
eter were collected in a sterile recipient. Once in the labora-
tory, soil cores were independently mortared. At least two 
independent composite samples were obtained then mixing 
500 mg of each core. Each composite sample was homog-
enized and stored at −80 °C until utilization.

Microbial Community Analysis

DNA Extraction and Sequencing

DNA extraction was performed from each homogenized 
sample using the MoBio PowerSoil DNA extraction kit 
(MoBio Laboratories Inc), following manufacturer proto-
col. DNA content was spectrophotometrically estimated 
(Nanodrop 2000 Thermo Scientific) and submitted to be 
sequenced by MR DNA (www.mrdna lab.com, Shallowater, 
TX, USA) on a MiSeq. Briefly, 16S rRNA gene V1–V3 vari-
able region was amplified using standard primers 27F and 
-519R and HotStarTaq Plus Master Mix Kit (Qiagen, USA). 
Amplification conditions were 94 °C for 3 min, 28 cycles 
of 94 °C for 30 s, 53 °C for 40 s and 72 °C for 1 min, after 
which a final elongation step at 72 °C for 5 min. Multiple 
samples were pooled together in equal proportions and were 
purified using calibrated Ampure XP beads. DNA library 
was prepared according to Illumina TruSeq DNA library 
preparation protocol.

Data Processing and Statistical Analysis

Raw sequences (NCBI BioProject ID: PRJNA658339) 
were processed by demultiplexing (used script: https ://
githu b.com/Agust inPar do/demul tiple x) and “amplicon 
sequence variant” (ASV) was obtained using DADA2 
package in R. Taxonomic identity was assigned to each 
ASV according to the SILVA database SSU r132 [21]. In 
this work, the analysis of the ASV table was adapted to 
the Bergey’s phylogenetic nomenclature, regarding some 
considerations. First, Epsilonbacteraeota (a new phylum 
according to Silva database) was considered as Epsilon-
bacteria, the Proteobacteria class. Then Betaproteobacte-
riales, included as a Gammaproteobacteria order in Silva 
database, was incorporated as Betaproteobacteria, the Pro-
teobacteria class. And last, regarding Rickettsiales class, 
some of the obtained ASV were labelled as Mitochon-
dria. To analyse if those ASV should be removed from de 
ASV table, the ten more abundant sequences labelled as 

http://www.mrdnalab.com
https://github.com/AgustinPardo/demultiplex
https://github.com/AgustinPardo/demultiplex
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Mitochondria were aligned using BLAST® (blastn, nr/nt 
collection). None of them evidenced similarity with mito-
chondrial DNA but showed highly scored alignments with 
uncultured Proteobacteria. To avoid missing information, 
those sequences were kept in the resulting ASV table.

Alpha and beta diversity were studied using QIIME1 
platform [22]. Rarefaction was carried out between 5000 
and 50,000 subsamples, and alpha diversity indexes 
(CHAO1, Shannon, Simpson and Dominance) were 
obtained at the iteration of 25,000.

For statistical analysis, Levene and Shapiro tests were 
performed in order to check for homoscedasticity and nor-
mality in the data. Alpha diversity indexes and taxonomic 
analysis by relative abundance calculations (%) were com-
pared by Student’s t test. For beta diversity, principal coor-
dinates analysis (PcoA) was created using the weighted 
version of the UniFrac metric distance. In order to maxi-
mize comparability with analysis of beta diversity, Bray-
Curtis distances were used to check for dissimilarities by 

Fig. 1  a Geographic location 
of sampling site, b Sampling 
sites belonging to the Cuar-
tel V periurban area soils. I: 
pre-harvest strawberry crop in 
spring 2014; II: post-harvest 
bell pepper in fall 2015; III: 
pre-harvest broccoli crop in 
fall 2016; IV: resting soil in 
treatment with poultry litter as 
fertilizing amendment (spring 
2016); V: reference grassland 
close to the productive plots; as 
illustrative, but not sampled VI: 
poultry litter and VII: pesticide 
formulation preparation area of 
the farm
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the non-parametric statistical test ANOSIM (Analysis of 
Similarities).

Results

Sequence Analysis and Microbial Community 
Structure

Microbial community was evaluated by the analysis of 
16S rRNA gene sequences as described in Materials and 

Methods. Obtained sequences were binned into 20,122 
unique ASVs to calculate diversity non-parametric estima-
tors (Fig. 2). Bacterial richness (CHAO1 index) showed 
a significant decrease (Student’s t test p = 0.00280) when 
poultry litter was used as soil amendment (S soil in spring 
2014–2016). No significant differences in CHAO1 index 
were observed in the reference soil. Diversity indexes (Shan-
non’s H index, Simpson) showed no significant differences 
between S and R soils.

To deepen the study on the microbiota differences 
between the samples, beta diversity was analysed. Figure 3 

Table 1  Summary of the soil 
physicochemical analysis 
performed by Di Schiena et al. 
[20]

R soils S soils

Spring 2014 Fall 2015 Spring 2014 Fall 2015

pH (1:5,  H2O) 5.3 ± 0.1 5.9 ± 0.1 7.6 ± 0.1 6.3 ± 0.1
Conductivity (mS/cm) 0.30 ± 0.01 0.32 ± 0.01 0.21 ± 0.01 0.29 ± 0.01
Organic matter (%) 12.3 ± 0.2 24.9 ± 0.3 4.9 ± 0.1 5.0 ± 0.1
Total C (%) 21.3 ± 0.3 43.0 ± 0.1 8.5 ± 0.1 8.7 ± 0.1
Total N (%) 0.41 ± 0.01 0.58 ± 0.01 0.17 ± 0.01 0.30 ± 0.01
Total P (%) 0.13 ± 0.01 0.28 ± 0.01 0.08 ± 0.01 0.11 ± 0.01
C:N 52 74 50 29
C:N:P 164:3:1 154:2:1 106:2:1 80:3:1
Copper (mg/kg) 10 ± 1 10 ± 1 17 ± 1 7 ± 1

Fig. 2  Alpha diversity non-parametric estimators for R and S soil samples
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shows a PCoA multidimensional diagram where R and S 
soils presented two different clusters (ANOSIM, R = 0.97 
and p < 0.001) despite the season and the year. One clus-
ter matched the R soils with no history of horticultural 
activities in the last 20 years, and the other cluster included 
the exploited S soils, confirming that soil use is the main 

component that affects the autochthonous microbiota and 
explained 21.35% of the variance along the first axis of the 
plot.

Bacterial Community Composition

When analysing phylum distribution across the samples 
(Fig. 4), R soils showed that Acidobacteria relative abun-
dance changed from 44.8% to 26.3% between spring 2014 
and fall 2015 (Student’s t test p = 0.023) and remained 
unchanged in 2016 despite the season. A different effect 
was observed in Actinobacteria relative abundance reveal-
ing non-significant shifts (3.7–10.3% between spring 2014 
and fall 2015 and 7.7–5.0% in fall and spring 2016 samples).

In S soils, the main observed difference is the increase in 
the Bacteroidetes proportion compared with R soil. In fall 
2015, bell pepper had already been collected and no use of 
the fertilizer was declared by farmers resulting in a decrease 
in Bacteroidetes relative abundance from 29.6% in S spring 
2014 to 13.0% in S fall 2015 and again increased to 21.5% 
in spring 2016.

The disturbance in soils caused by the already mentioned 
intense use could be also evidenced by an increase in Chlor-
oflexi proportion (Student’s t test p = 0.0003) (Fig. 4) and 
by Proteobacteria diversity when comparing S to R soils 
(Student’s t test p = 0.0376) (Figs. 5 and 6). R soils showed 
a high Alphaproteobacteria proportion (63% in spring 2014, 

Fig. 3  Beta diversity by PCoA analysis using the weighted version of 
the UniFrac metric distance

Fig. 4  Bacteria phylum diversity of R and S soils from each sampling 
campaign: spring 2014-R soils (R 2014), fall 2015-R soils (R 2015), 
fall 2016-R soils (R 2016f), spring 2016-R soils (R 2016s), spring 

2014-S soils (S 2014), fall 2015-S soils (S 2015), fall 2016-S soils (S 
2016f) and spring 2016-S soils (S 2016s). The graphic represents the 
average of two independent sequencing dataset
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73% in fall 2015, 66% in fall 2016 and 72% in spring 2016), 
particularly in the Order Rhizobiales, while in S soils, Alp-
haproteobacteria relative abundance was 15% in spring 

2014. Although Betaproteobacteria was the most abun-
dant class in this sample (55%), in fall 2015, S soil samples 
showed a significant decrease (Student’s t test p = 0.0312). 

Fig. 5  Proteobacteria class relative abundances in R and S soils from 
each sampling campaign: spring 2014-R soils (R 2014), fall 2015-R 
soils (R 2015), fall 2016-R soils (R 2016f), spring 2016-R soils (R 

2016s), spring 2014-S soils (S 2014), fall 2015-S soils (S 2015), 
fall 2016-S soils (S 2016f) and spring 2016-S soils (S 2016s). The 
graphic represents the average of two independent sequencing dataset

Fig. 6  Comparison of Proteobacteria order distribution between 
S and R soil samples from each campaign: spring 2014-R soils (R 
2014), fall 2015-R soils (R 2015), fall 2016-R soils (R 2016f), spring 
2016-R soils (R 2016s), spring 2014-S soils (S 2014), fall 2015-S 
soils (S 2015), fall 2016-S soils (S 2016f) and spring 2016-S soils (S 

2016s). Proteobacteria orders: Alphaproteobacteria (blue), Betapro-
teobacteria (orange), Gammaproteobacteria (green), Deltaproteobac-
teria (yellow) and Epsilonproteobacteria (red). The graphic represents 
the average of two independent sequencing data set
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Interestingly, although a recovery of Alphaproteobacteria 
proportion was observed in fall 2015 (35%), fall 2016 (32%) 
and spring 2016 (58%), the Order Rhizobiales still appeared 
at low percentages while comparing to Rhodospirillales 
(Fig. 6).

Focusing on S soils, Betaproteobacteria population’s 
deep analysis showed a predominance of the Order Burk-
holderiales (30% in spring 2014, 8% in fall 2015, 24% in fall 
2016 and 25% in spring 2016), in contrast to R soils where 
Nitrosomonadales was the most abundant order specially 
in spring 2014 and in fall 2015 (Fig. 6). The fall 2016 pre-
harvest broccoli crop soil analysis revealed a new increase 
in Betaproteobacteria, especially in Burkholderiales, while 
the poultry litter amendment during spring 2016 positively 
influenced Alphaproteobacteria relative abundance. How-
ever, Sphingomonadales and Rickettsiales proportions were 
higher than Rhizobiales in this case (Fig. 6).

Another evidence of perturbed soil is the presence of 
Epsilonproteobacteria in spring 2014-S soils, not registered 
in other samples (Fig. 6). Finally, no significant changes 
were detected in both Gamma and Deltaproteobacteria rela-
tive abundances that could infer other additional data for soil 
quality assessment.

Discussion

Different weather conditions, crop rotation, the absence of 
control in agrochemical applications and the use of amend-
ments of unknown nature are factors that contributed to 
deeply impact on the microbiota of these periurban horti-
culture soils. In this case, there was no available information 
about the types of agrochemicals and fertilizers used, the 
amounts applied and dates of application of each product, 
so the evaluation of soil quality mainly relied on the analysis 
of a combination of biological responses.

Regarding physicochemical characterization of sampled 
soils previously performed [20], main differences were 
found in organic matter-C:N values, conductivity and copper 
concentration. R soils showed low conductivities with the 
highest organic matter-C:N values. S-2014 soils evidenced 
high copper concentration related to the utilization of Cu-
based agrochemicals as the fungicide Cotacuatro®, which 
decreased in 2015 samples studies. Both R soils—spring 
2014 and fall 2015—showed low conductivities with the 
highest organic matter-C:N values. During fall 2015, notable 
amounts of leaf litter were observed in R soils, deriving an 
almost 20% increase in C:N ratio while compared to spring 
2014 samples. Changes in 1 pH unit were detected in S soils, 
correlated to the respective use. Being S a post-harvest soil 
in fall 2015, the observed tendency to acidic pH values as 
in R soils would represent signals to a slight soil restora-
tion [20]. Considering the fluctuations previously found in 

physicochemical characteristics of both R and S soils, differ-
ent microbial community responses were registered.

Acidobacteria was described as an oligotrophic phylum, 
and its relative abundance is strongly related with carbon 
content [23]. In agreement, the decrease observed in this 
phylum proportion was consistent with the variation of the 
physicochemical properties of R soils (Fig. 4), especially 
C content increment in fall 2015 (from 21.26% to 42.93%, 
Table 1 [20]). On the other hand, regarding Fierer et al. [23], 
Actinobacteria relative abundance variation did not correlate 
with C content and any trend of change in this phylum would 
not be related to this physicochemical characteristic. In this 
case, Actinobacteria distribution in R soils seemed relatively 
constant in time, as well as observed with an enriched Alp-
haproteobacteria proportion within Proteobacteria (Fig. 5), 
which provides a good reference of soil health.

The relative abundance of Bacteroidetes could be a 
consequence of the addition of poultry litter as fertilizing 
amendment in S spring 2014 and spring 2016 soils (Fig. 4), 
since this phylum represents one of the most abundant of the 
phyla usually found in its microbiota [24, 25]. The observed 
community shifts are probable related to the intensive and 
uncontrolled treatments applied by farmers concerned with 
constant productivity improvement according to their eco-
nomic needs.

The enrichment in Betaproteobacteria population 
detected in spring 2014—S soils (Fig. 5) could be also 
related to the metabolic diversity and the selection pres-
sure imposed: C:N:P was clearly unbalanced in spring 2014 
(106:2:1, Table 1 [20]). This selection pressure increased 
Burkholderiales relative abundance while compared with 
the other orders of this class (Fig. 6). In this same direction, 
Ancion et al. [26] detected an increase in Betaproteobacte-
ria population in stream biofilms when they were exposed 
to synthetic urban runoff moderately contaminated with 
Cu, Zn and Pb. By contrast, a higher N level and a better 
C:N:P ratio (80:3:1) were detected in fall 2015 (Table 1, 
[20]) probably associated with Alphaproteobacteria—spe-
cially Rhizobiales—relative abundance with a consequently 
decrease in Betaproteobacteria proportion (Fig. 6). These 
results are in agreement to those obtained by Hartman et al. 
[27] describing that Betaproteobacteria are highly abundant 
in agricultural soils, but their relative abundance decreases 
when the soil quality is restored. In fact, fall 2015-S soil 
samples showed a decrease of Betaproteobacteria (Student’s 
t test p = 0.0312) associated with their condition of being 
collected during an inactive period accompanied by an 
increase in autochthonous vegetation, which also contributed 
to acid pH restoration (7.6–6.3 Table 1, [20]). This apparent 
restoration was rapidly interrupted, consequence of inten-
sive crop rotation as in fall 2016 with broccoli production. 
Betaproteobacteria again increased enriched in Burkholde-
riales during this period, shifting to an Alphaproteobacteria 



345Microbiota Diversity Change as Quality Indicator of Soils Exposed to Intensive Periurban…

1 3

with Sphingomonadales and Rickettsiales predominance in 
spring 2016 (Fig. 6). This shift also proved the perturba-
tion level caused by the use declared (poultry litter) and 
undeclared amendments as Rhizobiales relative abundance 
remained unchanged.

Interestingly, Epsilonproteobacteria was detected in 
spring 2014-S soils (Fig. 6), class usually associated with 
waste treatment plant sludges and related to gut microbi-
omes [28]. Horticultural practices usually applying unknown 
origin amendments and using for irrigation untreated both 
surface and ground waters from suburban sources with high 
contamination levels could support this detection [29–32].

In this work, the evaluation of soils through microbio-
logical approaches gave a wide insight of the environmental 
perturbations that periurban agriculture could generate, not 
usually explored. Therefore, this study contributed to the 
knowledge of the problematic proving that microbial com-
munity composition operated as an indicator of soil health, 
becoming an excellent tool to plan further actions for the 
environment quality improvement.

Conclusions

In this work, the effect of intensive use of the horticultural 
soil was observed in a variation of the microbial diver-
sity compared with a reference healthy soil. The detected 
changes seemed to be also related to the soil use routine—
crop development period, harvest and soil rest times—since 
alterations on microbial community structure were verified. 
This knowledge will contribute to improve periurban soils 
usage leading to environmentally friendly and sustainable 
practices combined with high productivity.
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