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Antibiotic resistance hotspots are found everywhere in environmental compartments that 
are subjected to anthropogenic pressure, such as agricultural fields. A factor that may 
impact the antibiotic resistance genes (ARGs) and microbiomes in the environment is the 
water quality used to irrigate the crops. We wanted to study this impact in crop 
microbiomes and ARGs profiles by collecting plants and soil samples from agricultural 
fields near Barcelona, Spain, differing in the source of water they use for irrigation: 
groundwater, rainwater, or river water impacted by TWW effluents. ARGs sul1, tetM, qnrS, 
blaCTX-M-32, blaOXA-58, mecA, blaTEM were quantified by qPCR, along with bacterial 16s rDNA and 
the integrase gene intl1, as proxies for bacterial abundance and anthropogenic pollution, 
respectively. intl1 is putatively implicated in the dissemination of antibiotic resistance [1]. 
We also used high throughput sequencing, to in order to be able to study the 
microbiomes in the different crops’ fields, and plant parts.  
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Our data suggest that the use of reclaimed water in agriculture influenced the 
microbiomes and distribution of ARGs. In addition, other possible variables (soil 
composition, aeration, fertilization regime) may decisively influence microbiomes and ARG 
contents. Further research is being performed to assess the influence of the quality of the 
irrigation water at mesocosmos scale.
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Methods

Soil and plant samples were collected in  tomato fields near Barcelona (Fig. 1). The 
tomatoes’ fields control zone was located in the Littoral Mountains west of Llobregat delta 
(West of Barcelona, Spain). It was irrigated with with groundwater and/or rainwater, and 
fertilized with horse manure. Zone 2 and Zone 3 were located in the Llobregat low valley, 
receiving water from channels fed by treated wastewater (TWW), and chemical fertilizers 
were applied when needed. Tomatoes’ plants were not collect at the Zone 3. A pooled 
library of 16s rDNA amplicons from soil, tomatoes samples were prepared for sequencing 
with an Illumina MiSeq 300. Quality control of the sequences was done using FastQC [2], 
Trim Galore![3], and dada2 package[4] in R environment (version 3.4.0). Microbiome 
analyses were performed with the R packages phyloseq [5], vegan [6], mixOmics [7].

Figure 2:  Bi-plot corresponding to  a PCA. Sample scores are represented as triangles (Zone 1), circles (Zone 2).  Red, green, Blue and 
purple symbols correspond to , Roots, leaves, and Soil respectively. (B) Bi-plot corresponding to  a PCA. Sample scores are 
represented as circles (Zone 1), triangles (Zone 2). yellow, green, brown, and darkgreen symbols correspond to Roots, Leaves, leaves, 
soil, and fruits respectively. ARGs element loadings are represented by the element name and an arrow. 

Figure 1: map with the agricultural fields were soil, broad beans and tomatoes plants were collected. There were two control zones, 
one for each crop. Tomatoes’ plants were not collected in Zone 3.

Z1 samples were associated to high  proportions of Enterobacteriaceae 
and Flavobacteriaceae

The largest OTU group related to Z2 samples was the 
Pseudomonadacea family

intl1, sul1, and tetM showed with strong positive  correlations with a small 
subset of mostly abundant bacterial families (Pseudomonadaceae, 
Moraxellaceae, Enterobacteriaceae)

bla
CTX-M-32

 , which showed a strong correlation with a relatively minor family, 
Aeromonadaceae, and weaker, but significant direct associations with 
another cluster of five bacterial families. In this case, most of these families 
were associated to the control zone.

Figure 4: Correlation between genetic element abundance and microbiome compositions. Heatmaps represent Spearman correlation 
matrices between the abundance of genetic elements  (represented as copies per bacterial 16S rDNA copy in each sample) and prevalence 
of OTUs  families, as relative proportion of the total sequences found in each zone and plant part

Figure 3: The two bi-plots (loadings and scores) correspond to PLS-DA models based on (A) Z1 versus Z2 sampling zones and (B) aerial plant  parts 
(fruits, leaves) versus underground samples (soil, roots). Radius of the grey circles  represent values of OTU families' relative abundance in log scale. 14: 
Comamonadaceae; 20: Enterobacteriaceae; 23: Flavobacteriaceae; 38: Moraxellaceae;52:Pseudomonadaceae

ARGs more abundant in soil 
and roots

tetM, mecA, only detected in 
Z2, while bla

CTX-M-32 
was only 

detect at Z1

intl1 strongly correlated with 
sul1, tetM and bla

TEM

The first model (Fig. 5A) shows that only four families with high prevalence 
(Comamonadaceae, Enterobacteriaceae, Moraxellaceae, and 
Pseudomonadaceae), were associated to underground samples, whereas aerial 
plant parts associated to a large number of less prevalent OTU families
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