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One sentence summary: Drying–rewetting cycles modulated the effects of sulfadiazine applied with manure on the soil bacterial community structure
but had only a negligible effect on the soil resistome.
Editor: James Tiedje

ABSTRACT

Naturally occurring drying–rewetting events in soil have been shown to affect the dissipation of veterinary antibiotics
entering soil by manure fertilization. However, knowledge of effects on the soil microbial community structure and
resistome is scarce. Here, consequences of drying–rewetting cycles on effects of sulfadiazine (SDZ) in soil planted with
Dactylis glomerata L. were investigated in microcosms. Manure containing SDZ or not was applied to the pregrown grass and
incubated for 56 days in a climate chamber. Water was either added daily or reduced during two drying events of 7 days,
each followed by a recovery phase. Total community DNA was analyzed to reveal the effects on the bacterial community
structure and on the abundance of sul1, sul2, intI1, intI2, qacE + qacE�1, traN and korB genes relative to 16S rRNA genes. 16S
rRNA gene-based DGGE fingerprints indicated that drying–rewetting cycles modulated the effects of SDZ on the bacterial
community structure in the soil. Furthermore, the SDZ treatment increased the relative abundance of sulfonamide
resistance and integrase genes compared to the control. However, this increase was not different between moisture regimes,
indicating that drying–rewetting had only a negligible effect on the selection of the resistome by SDZ in the manured soil.
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INTRODUCTION

Sulfadiazine (SDZ) is a veterinary antibiotic commonly used in
animal husbandry (Sarmah, Meyer and Boxall 2006). Because of
its high excretion rate and persistence in manure, it can reach
soils by manure fertilization where it was shown to influence
the structure and function of soil bacterial communities and
to increase the abundance and transfer of antibiotic resistance

genes (Jechalke et al. 2014a). In soil, the fate and effects of an-
tibiotic compounds can be influenced by several processes such
as microbial degradation, sorption or sequestration, which in-
fluence their bioaccessibility (Boxall et al. 2004; Sarmah, Meyer
and Boxall 2006; Du and Liu 2012; Jechalke et al. 2014a). Although
the extractability and thus putative bioaccessibility of SDZ de-
clines rapidly in soil, sequestration is a reversible process, and it
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was reported that small concentrations of SDZ can be detectable
for extended periods of time by mild extraction designated as
the ‘potentially bioavailable’ fraction (Förster et al. 2009; Schauss
et al. 2009; Zarfl, Klasmeier and Matthies 2009; Rosendahl et al.
2011). Furthermore, a recent study by Reichel et al. (2014) could
show that bioavailable SDZ fractions are strongly influenced by
the water regimes of the soil. The authors demonstrated for the
same experimental setup described in this study that in a soil
that undergoes frequent drying–rewetting cycles the bioavail-
able fraction of SDZ is larger than in control soils which were
hold under a constant water regime. It was suggested that the
dissipation of SDZ was accelerated in the permanently moist
soil due to a higher accessibility of polar sorption sites of soil
organic matter. These results were confirmed by the analysis
of Pseudomonas and Betaproteobacteria communities, which were
differing as a result of the different amounts of bioavailable SDZ
in the investigated treatments (Reichel et al. 2014). Furthermore,
for the experiment it was shown by Radl et al. (2015) that drying–
rewetting changed the response pattern of nitrifiers in soil to the
application of manure containing SDZ.

Since nutrients and other resources typically are sparsely
available in soil, microbial structure and activity is greatly in-
fluenced by plant roots which release nutrients by exudation,
secretion and leakage to the plant rhizosphere (Doornbos, van
Loon and Bakker 2012). Hence, the rhizosphere is considered to
be a hotspot of gene transfer which could be confirmed by previ-
ous studies showing a higher transfer frequency of sulfonamide
resistance genes in rhizosphere compared to bulk soil samples
(Kopmann et al. 2013; Jechalke et al. 2013c).

In this study, the influence of drying–rewetting cycles on the
effects of SDZ on bacterial community structure and resistome
in soil planted with Dactylis glomerata L. was investigated. To
this end, manure spiked with SDZ and unspiked manure was
applied to pots with pregrown plants, and the two treatments
were incubated in climate chambers for 56 days at constant tem-
perature. Water was either added regularly (constant moisture
regime, CMR) tomaintainmoisture conditions of about 30%–40%
of the maximum water holding capacity of the soil (WHCmax) or
reduced in two drying events of 7 days resulting in a reduction
of water contents to 10% WHCmax. Each drying event was fol-
lowed by a recovery phase of 21 days at about 40% WHCmax (dy-
namic moisture regime, DMR). Effects on bacterial community
structure as well as on the abundance of sulfonamide resistance
genes (sul1, sul2), class 1 and 2 integron integrase genes (intI1,
intI2) and the associated quaternary ammonium compound re-
sistance gene (qacE + qacE�1) were assessed. Furthermore, traN
and korB genes specific for LowGC-type and IncP-1 plasmids, re-
spectively, were quantified. These plasmid groups were previ-
ously shown to play an important role in the dissemination of
sulfonamide resistance in the agricultural environment (Heuer
et al. 2009, 2012; Jechalke et al. 2013c). Based on the observed in-
creased bioavailability of SDZ in the DMR compared to the CMR
treatment, we postulated an increase of resistance genes in the
DMR treatments.

MATERIALS AND METHODS
Experimental setup

The climate chamber experiment was carried out at the
Helmholtz Zentrum München, Germany, and was performed as
described previously (Reichel et al. 2014; Radl et al. 2015). In short,
88 pots (9 × 9 × 20 cm−3) were filled with 1.45 kg Luvisol top-
soil (dry mass) from an arable field located in Merzenhausen,

Germany, and sowed with D. glomerata L. After an 11-week in-
cubation in the greenhouse to obtain dense root masses, stock
solutions of SDZ were mixed with pig manure from the Agricul-
tural Experimental Station for Livestock Sciences Frankenforst
(University of Bonn, Germany), and thismixture ormanurewith-
out SDZ (control manure) was applied to the soil surface of each
pot, avoiding plant contamination. The amount of manure ap-
plied corresponded to typical agricultural praxis (30 m3 ha−1).
Manure parameters were described by Reichel et al. (2014). SDZ
was spiked to manure to reach final concentrations of 0 (SDZ 0)
or 4 mg kg−1 soil dry mass (SDZ 4). The pots (four replicates per
treatment and sampling) were incubated in climate chambers
with 70% humidity, 16 h daylight and a constant temperature
of 20 ± 1◦C. For the reproducibility of the experiment, the radia-
tionwasmeasured by a doublemonochromator system TDM300
(Bentham, Reading, UK), and the results were described in detail
by Reichel et al. (2014).

For the CMR, water was added daily to half of the pots (SDZ 0
and SDZ 4) to maintain stable soil moisture conditions (average
38% WHCmax). However, due to the growth of the plants, mois-
ture variations could not be avoided but never dried below 27%
WHCmax (Reichel et al. 2014). For the DMR, the remaining pots
were subjected to two 7-day periods (days 0–7 and 28–35)without
watering to achieve soil moisture of approximately 10%WHCmax

while avoiding the wilting point of grass, followed by a 21-day
period of daily watering to 40% WHCmax.

Sampling and total community DNA extraction

Soil samples were taken from the upper 5 cm after manure ap-
plication (day 0), after the drying periods (days 7 and 42) and dur-
ing/at the end of the rewetting periods (days 14, 28 and 56). Total
community DNAwas extracted and purified as described in Radl
et al. (2015) from 0.4 g soil. Total community DNA from manure
was extracted as described previously (Jechalke et al. 2013c).

Quantification of target genes

The sulfonamide resistance genes sul1 and sul2, the traN gene
specific for LowGC-type plasmids, intI1 and intI2 integrase genes
of class 1 and 2 integrons, respectively, korB of IncP-1 plasmids,
quaternary ammonium compound resistance genes qacE and
the qacE�1 variant as well as bacterial 16S rRNA genes (rrn) were
quantified by real-time PCR 5′-nuclease assays in a CFX96 real-
time PCR detection system (Bio-Rad, Hercules, CA) as described
previously (Heuer and Smalla 2007; Heuer et al. 2009; Barraud
et al. 2010; Jechalke et al. 2013a; Jechalke et al. 2014b). To normal-
ize differences in DNA extraction and amplification efficiencies
between samples, gene copieswere divided by the rrn gene num-
bers (relative abundance) and the results were log transformed.

PCR and DGGE

Amplification of bacterial 16S rRNA gene fragments from total
community DNA by PCR and separation of PCR products by de-
naturing gradient gel electrophoresis (DGGE) were performed as
described previously (Weinert et al. 2009). Bacterial primers used
(F984-GC, R1378) were described by Heuer et al. (1997).

Statistical analysis

After the alignment of the DGGE fingerprints, a Pearson correla-
tion was performed applying the GelCompar II R© program (ver-
sion 6.5, Applied Maths, Austin, TX). The resulting similarity
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Table 1. MANOVA of factors time after manure application, SDZ treatment, moisture regime and the respective interactions.

MANOVA F valuesa

Factor sul1 sul2 intI1 intI2 qacE + qacE�1 Total

SDZ treatment 4.72∗ 63.68∗∗∗ 4.51∗ 4.10∗ 3.89 28.87∗∗∗

Time 11.83∗∗∗ 28.50∗∗∗ 13.33∗∗∗ 24.53∗∗∗ 15.04∗∗∗ 5.23∗∗∗

Moisture regime 0.13 4.43∗ 0.11 6.25∗ 0.64 5.37∗∗

Treatment × time 2.27 6.06∗∗ 1.91 1.76 2.01 1.72∗

Treatment × regime 0.19 0.04 0.01 0.09 0 0.96
Time × regime 0.83 2.29 0.96 3.25∗ 1.61 3.05∗∗∗

Treatment × time × regime 2.4 3.32∗ 2.65∗ 1.28 2.71∗ 1.21

aF values are shown and significance is indicated by asterisks, with P < 0.05, P < 0.005 and P < 0.0001 indicated by ∗, ∗∗ and ∗∗∗, respectively.

matrix was used for permutation tests calculating the d-value
from the average overall correlation coefficients within the
groups minus the average overall correlation coefficients be-
tween samples from treatments to test for significant differ-
ences in community composition (Kropf et al. 2004). Ordination
by non-metric multidimensional scaling (NMDS) was performed
using R (version 3.2.1) and the package ‘vegan’ (version 2.3-0).

The Pearson product-moment correlations between the rela-
tive abundances of target genes (sul1, sul2, intI1, intI2 and qacE +
qacE�1) and time (days) were tested by means of the CORR pro-
cedure of the SAS 9.4 statistical package (SAS Institute Inc., Cary,
NC).

To evaluate the influence of the factors SDZ, time (as a cate-
gorical variable) and moisture regime on the relative abundance
of the dependent parameters sul1, sul2, intI1, intI2 and qacE +
qacE�1, a multivariate analysis of variance (MANOVA) was cal-
culated applying the procedure GLM of SAS 9.4 (SAS Institute
Inc.).

RESULTS
Relative abundance of target genes

Except traN and korB, whichwere predominantly below the theo-
retical limit of quantification (about 103 copies g−1 soil), all tested
genes were detected in TC-DNA from soil samples. On average,
the relative abundance of genes was higher in soil treated with
manure containing SDZ than in soil treatedwith controlmanure
(0.1 log units for sul1, intI1 and qacE+ qacE1; 0.2 log units for intI2;
0.6 log units for sul2) resulting in a significant overall SDZ effect
(Table 1, P < 0.0001). In particular, significant SDZ effects were
observed for the sulfonamide resistance genes sul1 and sul2 and
for the integrase genes intI1 and intI2 (Table 1, see also Table S1,
Supporting Information, for the parameter estimates). The fac-
tor time had a strong effect on the relative abundance of all tar-
get genes (Table 1) which significantly decreased over the course
of the experiment (Fig. 1, Table 2). Besides an overall effect of
the moisture regime on the relative abundance of target genes,
drying–rewetting cycles had a significant effect on sul2 and intI2
genes specifically (Table 1) which on average were 0.2 log units
more abundant in the CMR soils than in the DMR soils.

Except for sul1 and intI2, significant three-way interactions
were found between the factors SDZ, time and moisture regime
(Table 1). Significant two-way interactions were found between
the factors SDZ and time for sul2 and between time andmoisture
regime for intI2. For sul2 relative abundance, significant differ-
ences between treatments with and without SDZ were only ob-
served on days 14, 28 and 42 (Bonferroni adjusted t-test, P < 0.01)
with higher mean values in the SDZmanure-treated soil than in

the control manure soil. Significant differences between mois-
ture regimes for intI2 relative abundance were only observed on
day 7 (Bonferroni adjusted t-test, P< 0.01), where themean value
was higher for the DMR. Overall interactions were observed be-
tween the factors SDZ and time as well as time and moisture
regime. No significant interaction was observed between mois-
ture regime and SDZ treatment.

Considering the data of all treatments and timepoints, strong
positive correlations were found between the relative abun-
dance of sul1, intI1 and qacE + qacE�1 (correlation coefficient
≥0.96; Table 2). The correlation between relative gene abundance
and timewas negative and only significant for sul1, intI1 and qacE
+ qacE1 (P < 0.003, Bonferroni corrected).

DGGE analysis of bacterial community structure

The NMDS analysis gave a reasonable representation of the data
(stress of 0.121; Bray–Curtis distance index). Day zero soil finger-
prints clustered close to the manure fingerprints (Figs 2 and S1,
Supporting Information) and using the permutation test based
on similarity measures, no significant difference between soil
bacterial communities was observed (Table 3). Following the
course of the experiment, the NMDS distance to the manure
samples increased (Fig. 2). On day 7, the differences of the soil
bacterial communities between the treatments with and with-
out SDZ were higher in the CMR than in the DMR according to
the calculated d-values (Table 3), while there was a clear separa-
tion between the treatments with and without SDZ in the DMR
soils on the first two dimensions of the NMDS (Fig. 2). However,
the P-values were slightly higher than the Bonferroni adjusted
alpha level of 0.025. Furthermore, P-values ranging from 0.05 to
0.025 were calculated for differences between bacterial commu-
nities of the CMR and DMR soils for SDZ and control treatments.
On day 56, the differences in bacterial community structure be-
tween SDZ and control manure treated soils tended to decrease
but were still higher for the CMR. The same trend was observed
for the differences between the moisture regimes.

DISCUSSION

The MANOVA method revealed that SDZ applied with manure
to soil planted with D. glomerata L. increased the relative abun-
dance of sul1 and sul2 genes but also the relative abundance of
class 1 and 2 integron integrases compared to the control ma-
nure treatment (Table 1, Fig. 1). This is in linewith previous stud-
ies reporting an increase in the relative abundance of sul genes
in soil and rhizosphere following the application ofmanure con-
taining SDZ (Jechalke et al. 2014a). The relative abundances of
sul1, intI1 and the qacE gene with its qacE�1 variant were highly
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Figure 1. Time course of the relative abundance of SDZ resistance genes sul1 and sul2, intI1 and intI2 integrase genes of class 1 and 2 integrons, respectively, as well as
qacE + qacE�1 resistance genes in soil planted with D. glomerata L. Soils treated with manure with SDZ added or not are indicated by boxes connected by solid lines
and diamonds connected by dashed lines, respectively. Data points are connected by mere convenience and drying events are highlighted by gray background. Error

bars indicate standard deviations of three to four replicates.

correlated (Table 2), which suggests that sul1wasmainly located
on class 1 integrons within a 3′ conserved segment consisting of
the qacE�1 variant and sul1 that is characteristic for many clin-
ical class 1 integrons (Gillings 2014). However, compared to the
sul2 relative abundance, MANOVA showed higher P-values for
the influence of the factor SDZ treatment on sul1, intI1 and intI2
(P < 0.05 compared to P < 0.0001 for sul2, Table 1), and differ-
ences between SDZ treatment and control tended to be bigger
for the sul2 relative abundance (Fig. 1). This might indicate that
bacterial populations carrying sul2 resistance genes were more
severely affected by SDZ.

Significant overall SDZ effects on the sul2 relative abundance
were observed on days 14, 28 and 42 in both moisture regimes,
while on day 56 in the control of the CMR soil the relative abun-
dance of sul2 increased. This increasemight have been triggered
by other, so far unknown factors in the CMR soil without SDZ.

Remarkably, no significant interactions were observed be-
tween the factors SDZ and moisture regime for the tested genes
(Table 1), indicating that drying–rewetting had a negligible ef-
fect on the soil bacterial population’s response to the presence
of SDZ. This was surprising since the extractable SDZ fractions
were repeatedly larger in DMR relative to CMR soils (Reichel et
al. 2014), indicating a faster dissipation and a lower bioavailabil-
ity of SDZ in the permanently moist soil. Furthermore, it was
shown that drying and rewetting cycles can enhance microbial
biomass and activity, for example in surface and subsurface Cal-
ifornia grassland soils (Xiang et al. 2008), and that the application
of nutrients to the oligotrophic soil environment by manure or
root exudates is further supposed to enhance the effect of bacte-
riostatic antibiotics such as SDZ on horizontal gene transfer and
bacterial growth (Brandt et al. 2009). It was reported that only if
the water potential of the soils was previously reduced at least
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Table 2. Pearson correlation coefficients between abundance of target genes (relative to 16S rRNA genes) and time after manure application
(days).

Pearson correlation coefficienta

sul1 sul2 intI1 intI2 qacE + qacE�1 Time

sul1 1
sul2 0.81∗∗∗ 1
intI1 0.97∗∗∗ 0.80∗∗∗ 1
intI2 0.74∗∗∗ 0.85∗∗∗ 0.76∗∗∗ 1
qacE + qacE�1 0.96∗∗∗ 0.77∗∗∗ 0.96∗∗∗ 0.73∗∗∗ 1
Time −0.56∗∗∗ −0.59∗ −0.57∗∗∗ −0.67∗∗ −0.59∗∗∗ 1

aSignificance is indicated by asterisks, with P < 0.05, P < 0.01, P < 0.0001 indicated by ∗ , ∗∗ and ∗∗∗ , respectively.

Figure 2. Results of NMDS analysis based on Pearson correlations of background-

subtracted densitometric curves from DGGE analysis. Differences in bacterial
community structure are shown. CMR samples from days 0 (filled circle), 7
(filled triangle) and 56 (filled squares) are indicated in blue, DMR samples in or-
ange, while control treatments without SDZ application are indicated by open

symbols. Ellipses show the 95% confidence interval (four replicates) of control
(dashed line) and SDZ treatments (solid line). Two technical replicates for the
manure bacterial community are indicated by black circles.

3-fold compared to the constantly moist soil, a flush of respira-
tion was induced (Chowdhury et al. 2011). This was the case in
this study, where the soil moisture ranged from approximately
10% WHCmax in the dry phase to 40% WHCmax during the recov-
ery phase, compared to an average of 38% WHCmax during the
CMR (Reichel et al. 2014). Hence, due to the potentially higher
bioavailability of SDZ connected with an anticipated higher bac-
terial activity in the DMR soil during the recovery phase, big-
ger effects of the bacteriostatic SDZ were to be expected in
this moisture regime. Since this was not the case, probably the
observed differences in extractable SDZ between the moisture
regimes were not sufficient to obtain differences in relative gene
abundance that were big enough to be detectable by the qPCR
technique. Furthermore, it cannot be excluded that the drying
periods selected to avoid wilting of the grass were too short to
produce detectable effects.

Another explanation for themissing interaction between the
factors moisture regime and SDZ might be that the drying peri-
ods induced plant stress that led to a reduction in root exudation

Table 3. Percent difference (d-values) and respective P-values (Bon-
ferroni adjusted alpha level 0.025) of soil bacterial community struc-
ture based on Pearson correlations of background-subtracted densit-
ometric curves fromDGGE analysis (days 0, 7 and 56). Differences are
shown between the treatments manure (control) andmanure spiked
with SDZ (SDZ) for constant and dynamic moisture regimes (CMR
and DMR, respectively) and between the moisture regimes for each
treatment. For day 0, the difference betweenmanured soils with and
without SDZ is shown.

Day Treatment Comparison d-Value (%) P-Value

0 SDZ/control −0.9 0.68
7 CMR SDZ/control 13.9 0.03
7 DMR SDZ/control 3.8 0.14
56 CMR SDZ/control 8.5 0.14
56 DMR SDZ/control 1.5 0.32
7 SDZ DMR/CMR 15.0 0.03
7 Control DMR/CMR 10.0 0.03
56 SDZ DMR/CMR 13.1 0.03
56 Control DMR/CMR 6.1 0.11

and hence a successive reduction of bacterial activity. For exam-
ple, it was shown in a recent study that drying and rewetting re-
duced the rhizodeposition and total input of plant C inmicrobial
biomass and in the soil mineral phase, which was mainly due to
a reduction in plant biomass (Canarini andDijkstra 2015). There-
fore, this potential reduction in nutrient availability in the DMR
soil might have counteracted the presumed higher bioavailabil-
ity of the bacteriostatic SDZ by reducing the bacterial activity.
Thus, results may differ if samples from bulk soil are investi-
gated.

The results of the DGGE analysis showed a higher effect of
the treatment on the bacterial community structure for the CMR
than for theDMR soil as judged from the d-values (Table 3), while
a clear separation was apparent for the DMR soils between the
SDZ-treated and untreated samples in the first two dimensions
of the NMDS analysis (Fig. 2). Based on these results, it cannot be
clearly decided whether a reduced bacterial activity during the
time of drying counteracted the theoretically higher bioavailabil-
ity of SDZ. In tendency, this difference was less pronounced on
day 56 whichmight indicate that during the rewetting phase the
bacterial community recovered from the effects of the second
drying phase. Additionally, the moisture regime influenced the
bacterial community structure and the difference between the
regimes apparently was bigger in the SDZ than in the control
treatment (Table 3). Accordingly, a previous study by Reichel et al.
(2014) using the same samples observed significant interactions
between SDZ treatment and moisture regime for Pseudomonas
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but no interaction was found for Betaproteobacteria. Copiotrophic
species like those of the genus Pseudomonas are frequently re-
ported members of the rhizosphere bacterial community and
hence might have been affected by a reduction of nutrient avail-
ability (Van Overbeek and Van Elsas 1997). Furthermore, the ef-
fect of soil rewetting on bacterial communities was investigated
in great detail by Aanderud and Lennon (2011) using barcoded
pyrosequencing of 16S rRNA genes. They observed that rewet-
ting led to an increased relative recovery of Alpha-, Beta- and
Gammaproteobacteria but to a decreased recovery of Chloroflexi
and Deltaproteobacteria, which was speculated to be due to copi-
otrophic and oligotrophic behavior. However, it has to be consid-
ered that in the study of Reichel et al. (2014) shifts in the DGGE
fingerprints were analyzed based on band appearance or loss,
while in this study also the relative intensity of bands is consid-
ered which might have influenced the sensitivity in the detec-
tion of community changes. The impact of bacteria applied with
manure to soil on the bacterial community structure decreased
over the course of the experiment (Fig. 2), which is in line with
previous studies reporting thatmanure bacteria are typically not
well adapted to soil environmental conditions causing only tran-
sient effects on the soil bacterial community structure (Sengelov
et al. 2003; Heuer et al. 2008; Jechalke et al. 2013b; Ding et al. 2014;
Riber et al. 2014).

Manure bacteria are reported to be a reservoir of resistance
genes, frequently located on mobile genetic elements (Smalla
et al. 2000; Binh et al. 2008; Heuer, Schmitt and Smalla 2011;
Heuer et al. 2012; Zhu et al. 2013). Although bacteria applied with
manure are considered not to be persistent in soil, horizontal
gene transfer which is enhanced by manure application likely
relocated these resistance genes to the indigenous soil bacte-
rial community (Heuer and Smalla 2012; Musovic et al. 2014). Re-
markably, the abundance of the traN gene specific for LowGC-
type plasmids and korB of IncP-1 plasmids was predominantly
below the limit of quantification. These plasmid groupswere fre-
quently captured by exogenous plasmid isolation from manure
and manured soil and hence were proposed to play an impor-
tant role in the spread of antibiotic resistance in the agricultural
environment (Binh et al. 2008; Heuer et al. 2009, 2012; Jechalke et
al. 2014a). However, although these plasmids were readily trans-
missible to the bacterial recipients used in these studies, indi-
cating their importance for the spread of antibiotic resistance,
they are often scarce in soil (Heuer and Smalla 2012; Kopmann et
al. 2013). Furthermore, it cannot be excluded that other plasmid
groups that were not tested in this study might have played an
important role in the spread of antibiotic resistance within the
soil bacterial community. For example, it was reported that the
sul2 genes can be associated with IncQ and IncN plasmids and
were found to be located outside of class 1 integrons (Smalla et
al. 2000; Binh et al. 2008; Vinue et al. 2010).

In summary, the results indicated that drying–rewetting cy-
cles can modulate the effects of SDZ on the bacterial commu-
nity structure in soil planted with D. glomerata L. However, while
the SDZ treatment increased the relative abundance of sulfon-
amide resistance and integrase genes compared to the control,
no interaction was observed between the factors SDZ and mois-
ture regime, indicating that drying–rewetting cycles had a neg-
ligible effect on the selection of tested genes by the presence
of SDZ.

SUPPLEMENTARY DATA

Supplementary data are available at FEMSEC online.
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