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Abstract. Climate change inereasesis increasing the frequency of droughts andfollowed by heavy rainfall events-in temperate
i i , with

ekimatesregions
petentialimportant consequences for preferentialwater flow, nitrogen transport-ef-water-and-inorganie-nitrogen-speeies—the
. redox dynamics-ef-the-seil, and microbial eommunityactivity
in leamy—floodplain soils. Fe—this—end—we—ceondueted—We investigated these coupled responses in a field experiment
stlatingon a fine-textured arable Gleysol after-a prolonged summer drought. A simulated heavy rainfall event applynewas

pplled using isetepteathy— H%—eﬂﬂehed—DZO labeled water en-2

irrigation with non-labeHedlabeled water. 50-em-deep-seil-Soil cores to 50 cm depth were collected from irrigated and dry

control plots at-different-time points{on-days0,-6/8andt4over 14 days and analysedanalyzed for soil nitrate-and-ammenitm
water content, seil-water—content;-“H-0°H_signaturesenrichment-of seilwater, nitrate and ammonium masses,; microbial

bacterial community composition based on DNA and RNA, as=well-asand extracellular enzyme activities. Furthermeore;In situ
redox potentials were recerded-n-sitamonitored along the soil profile-en-diryand-irrigated-plots—Whereasthe-irrisation-water
of. Within two hours after the simulated heavy rainfall-event, labeHedlabeled #rigation-water had penetrated-tereached at least
50 cm deep-into-thesotl-alengdepth, indicating rapid preferential flow paths-after-onlytwe-heursthrough drought-induced
shrinkage cracks. Despite-this-deep-water-infiltration;-ammenium-and-This was accompanied by a significant decline in nitrate
valuesmass in the topsoil without nitrate accumulation masses-did-net-inerease-at 50 cm depth, suggesting nitrate whereas

apid-nitrate-transport beyondbelow the investigated profile.

ammemum—wh&elﬁs—m{hekﬂmﬁebﬂﬁkseﬂs—é&%te—sﬂeﬂg—lamelv o immesedbeesblemen bk beonpe o leone s
~and increased significanthyronly in the tepseHuppermost
soil laye {Oé%m)ﬁ—respeﬂﬁeteﬂwemﬂg—ef—th%dw—seﬂ—H consistent with a short-term rewetting-induced mineralization
pulse—i-e—the B
reeurrent. During-Ssubsequent moderate irrigation -deses—residedmest-newly-added-water remained-was retained mainly in
. likely because the

the topsoil-ay
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shrinkage cracks preseﬂ%akth%begmﬂmge#ﬂa&expeﬁmenkhad closedﬂafaﬂel—th%msmkredeaepeﬁemb&kdreppeé after

initial wetting. Redox potentials declined-from
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directly measured. —thesepatterns-should be-interpreted-as-evidence for redox-associated-changes-in-inorganic nitrogen-pools
rather than-direet process—rate-estimates—Mierebial-Bacterial community composmon remained stable at both DNA and RNA

levels, whereas-4

for rapid nitrate displacement through preferential flow pathways, transpert-efnitrate-dissipationinte-the-subsotlthroughfine-
textured-floodplain-seils—potentially bypassing nitrogen retention in the biologically active topsoil and eventuallyinereasing

the-riskefnitrate transfer to the-underlying-aquifer—Ourstudy-also-showed-that-thedeeper soil layers or shallow groundwater.
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1 Introduction

Floodplains are biogeochemically active interfaces between terrestrial and aquatic systems and play an important landseape

compartments—when—it-eomes—to-role in nitrogen retention and turnover (bairetal;2009: Venterink—et-al2003)Often;
Hfloedplain-sots-are-(Lair et al.. 2009; Venterink et al., 2003). Their soils are often exposed to recurrent inundation-anéd-€ry

p%ed%%&ey—a#%mﬂ&eneed—by—a#emaﬂng— drying, and fluctuations in groundwater levels-throughout-the-year (Baldwin

slevel, which cause pronounced shifts in

These redox fluctuations regulate the dominant pathways of inorganic nitrogen transformation (Baldwin and Mitchell, 2000;

Hefting et al., 2004). Organic matter mineralization releases ammonium, which may accumulate under reducing conditions
butisnitrifiedor be oxidized to nitrate under exidizingoxic conditions. Ynder+redueing-Conversely, nitrate is reduced under

low-oxygen conditions, aitrate-is-mainly denitrifiedthrough denitrification to NoON2O and NaN» via nitrite and NO-nitric

oxide. Thus, floodplain soils are hotspots of nitrogen transformation, but the balance between nitrogen retention, gaseous loss,

and leaching depends strongly on hydrological connectivity and redox dynamics.
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indueed-by-heavyrainfall-folowingasummer-drought Climate change is expected to increase the frequency and intensity of

weather extremes, including droughts and heavy rainfall events, in temperate regions of Central Europe (Coumou and

Rahmstorf, 2012; Horton et al., 2016; Perkins et al., 2012). Heavy rainfall following summer drought can trigger rapid

hydrological and biogeochemical responses, particularly in fine-textured, loamy soils. During drought, shrinkage cracks may

form and create preferential flow paths that allow water, dissolved solutes, and particle-associated compounds to bypass much

of the soil matrix and move rapidly into deeper soil layers (Beven and Germann, 2013; Jarvis et al., 2016; Nimmo, 2021). Such

preferential flow has been shown to enhance the vertical transport of nutrients and agrochemicals during subsequent rainfall

events (Bronswijk et al., 1995; Kelly and Pomes, 1998; Schlogl et al., 2022). For inorganic nitrogen, this process is particularly

relevant because ammonium and nitrate differ strongly in mobility. Ammonium is retained by sorption to negatively charged

mineral surfaces, especially clay minerals, whereas nitrate is weakly sorbed and can therefore be transported with percolating

and infiltrating water (Blume et al., 2016). Heavy rainfall after drought may therefore decouple the vertical redistribution of

water, nitrate, and ammonium, with potential implications for nitrogen retention in the soil profile and nitrate transfer to deeper

soil layers or groundwater.

In addition to physical transport, rewetting of dry soil can stimulate short-lived pulses of microbial activity and

nitrogen mineralization, commonly referred to as the Birch effect. This effect describes the transient release of inorganic

nitrogen after rewetting, as observed in both laboratory and field studies (Birch, 1958, 1960; Cui and Caldwell, 1997). It is

commonly attributed to microbial cell lysis, the mineralization of dead microbial biomass, and the decomposition of

osmoregulatory compounds released during rewetting (Fierer and Schimel, 2002; Jarvis et al., 2007; Saetre and Stark, 2005;

Unger et al., 2010). In the field, this pulse can last several days, with the strongest nitrogen release often occurring within the

first few days after rewetting (Cui and Caldwell, 1997). However, after the initial rewetting pulse. inorganic nitrogen pools

may increasingly reflect the combined effects of continued mineralization, nitrification, denitrification, microbial

immobilization, and transport. Distinguishing these processes from pool-size data alone is challenging, particularly under field

conditions where water flow and redox conditions vary strongly with depth and time.

Microbial communities mediate most nitrogen transformation processes in soils, but their responses to drought and

rewetting are complex. Soil microbial communities can adapt to repeated drying-rewetting cycles, depending on the frequency,

intensity, and duration of such disturbances (Armstrong et al., 2016; Fierer et al., 2003; Veach and Zeglin, 2020). Floodplain

soils may therefore show contrasting responses: microbial activity may respond rapidly to rewetting, whereas community
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composition may remain comparatively stable over short time scales because of spatial heterogeneity, dormancy, or prior

exposure to fluctuating environmental conditions (Moche et al., 2015; Rinklebe et al., 2006). Combining microbial community

analyses with extracellular enzyme activities can therefore help distinguish whether drought-rewetting primarily affects

microbial activity or also leads to detectable shifts in community composition.

Despite extensive knowledge on preferential flow, the Birch effect, redox-dependent nitrogen transformations, and

microbial responses to wetting and drying, these processes are rarely investigated together under realistic field conditions. In

particular, it remains difficult to determine how heavy rainfall after summer drought simultaneously affects (i) the depth

distribution of newly infiltrated water, (ii) the redistribution of nitrate and ammonium, (iii) the development of redox conditions

along the soil profile, and (iv) microbial community composition and activity. This integrated perspective is needed because

drought-induced preferential flow may rapidly transport nitrate beyond the biologically active topsoil, while subsequent soil

wetting may alter redox conditions and microbial activity in ways that affect inorganic nitrogen pools over the following days.

The objective of this study was therefore to assess how a simulated heavy rainfall event after summer drought affects water

infiltration, inorganic nitrogen redistribution, redox dynamics, and microbial responses in a fine-textured floodplain soil;)

and-aetivity-. Specifically, we aimed to (i) quantify the depth distribution of infiltrating water after heavy rainfall using D2H,0-

labeledlabeled irrigation water, (ii) assess whether nitrate and ammonium differ in their vertical redistribution after rewetting,

(ii1) evaluate how in situ redox potentials develop during subsequent moderate irrigation and how these dynamics relate to

inorganic nitrogen pools, and (iv) determine whether microbial community composition and extracellular enzyme activities

respond to rewetting over a 14-day period. To this end, we conducted a field experiment simulating-a-one-hourheavyrain
on a Gleysol thatexhibitedwith pronounced drought-induced
shrinkage cracksﬁ'lﬁer—summer—éfeught—ﬂ}%wa{er—ef—the A one-hour simulated heavy rainfall event with D2H.O-
labeHedlabeled water was
infiltration-depth-and-distribution-followed by recurrent moderate irrigation with non-labeHedlabeled water. We monitored
depth-resolved in situ redox potentials-tusingpermanenthy-installed sensersand-toek, collected soil cores to 50 cm depth from
irrigated and dry control plots on day 0, -etwe-hours-atterthe-heavyrainfall simulation;en-day 6/8, and-en day 14—Fhesoi
samples-were-analyzedforvertical changes-in, and analysedanalyzed soil water content, in-isotopied’H signatures (8*H)-of the

pore water,-# extractable ammonium and nitrate-cencentrations,in, total fand active microbial community composition based

on DNA-level and aetive (RN A-level)-mierobial- community-compeosition;as-well-as-in, and extracellular enzyme activities.

2 Materials and Methods
2.1 Study site

The study site is located in the Ammer valley floodplain, apprex-approximately 7 km Westwest of Tiibingen—n—SW,
southwestern Germany (48.521266° N, 8.972687° E, 394 m a.s.l.). The Ammer catchment ef+iverAmeris situated in the
South German Escarpment in—thewithin geological units of the Middle and Upper Triassic. The westwestern part of the
catchment lies within the Muschelkalk unit, whereas the eastern part lies within Keuper units, which mesthymainly consist of
terrestrial sediments; such as sand—mud—ersandstones, mudstones, and dolostones (Geyeretal;204H:-Grathweohletal; 2043

(X} > EE)

(Geyer et al., 2011; Grathwohl et al., 2013; Martin et al., 2020; Schwientek et al., 2013). The floodplain swithcontaining the
study site liesis located in the eastern part of the catchment and is definedbordered by Keuper hills atits-seutherato the south
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and nerthera—+imnorth. The hydrostratigraphy swithinof the floodplain comprises, from bottom to top:, Keuper rocks as
basement, an aquifer mainly smadecomposed of gravel and clay (gravel aquifer), a regional aquitard (lower clay aquitard), a
confined aquifer madecomposed of ealeifereuscalcareous tufa sediments (tufa aquifer)), and anetheran upper regional aquitard

(upper clay aquitard) Martin-et-al52020)(Martin et al., 2020). The upper-elayaquitard-comprises-the-investigated soil—On

developed within the upper clay aquitard, which is, on average, itis-2 m thick and consists of fine-grained, clay--mineral-rich

alluvial sediments derived from the surrounding Keuper hills. The bettemhalflower part of this aguiferaquitard is water—-
saturated throughout the year. The soils are eharaecterizedclassified as Gleysols;showingthe- and show typical gleyic properties
suehas-eelor, including visually distinguishable reduced and oxidized horizons (Appendix A} {Martin-et-al2020)1tn; Martin
et al., 2020). The 50 cm soil cores collected in this study sampled only the Ah and Go horizons. Although the site is

geomorphologically part of the Ammer floodplain, the Ammer currently flows in a regulated riverbed. Regular overbank

flooding of the investigated area is therefore unlikely under present study-the-ceres-of50-em-depth-onbysampled-the Ahand

the-Ge-horizenconditions. This information is relevant for interpreting microbial responses to drying—rewetting and flooding-

related redox fluctuations.

The soil has-an-organic matter content-{, quantified as total organic carbon (TOC),fer; methodological details seein
Appendix By-ef), was 2-2.5 wt% in the upper 15 cm and efapproximately 1 wt% atbetween 15 teand 50 cm depth-(Appendix
B)Jthas-auniferm-seil. Soil texture ef was relatively uniform within the upper 50 cm, with 11 + 4 wt% efsand, 56 £ 6 wt%
ofsilt, and 32 + 4 wt% ef-clay within-the-upper50-em-(Appendix C;; determined afteraccording to DIN EN ISO 17892-4).
FhesoilSoil pH wvaried-between-ranged from 7.0 andto 7.3 and was determined on six samples from irrigated plots, with two
samples each from seil-depths—of0-10-em, 20-30-em, and 40-50 cm_depth, after stirring the samplesoil ina 1 : 1 (v : w)

mixmixture with deionized water for 30 min.

The experiment was conducted on aplet-ef-arable land after the harvest of summer barley harvest-and after a
prolonged summer dry period during-summer{(see-Section-Meteorological-Conditions(see Sect. 2.2 for meremeteorological
details-belew). Information abeut-theon previous land use ef-theplot-was provided by persenal-communication—with-the
farmer:. During winter 2018/492019, before ereppingthe cultivation of summer barley, a catch crop (consisting of radish and

mustard) was planted and in-FEebruary2049-this-sreenmanure-was-incorporated into the soil with a cultivator- in February
2019. The plot was fertilized with horse manure in winter 2018/492019 and with calcium ammonium nitrate fertilizer (27 %
N) in spring 2019. During barley cultivation—ef—summer—barley, the herbicide Ariane-C (aetive—ingredients:was applied,
containing 100 g L Elarexypyr—' fluroxypyr (as Methylheptylestermethylheptyl ester, 144 g L)), 80 g L*Clopyralid+"
clopyralid, and 2.5 g L*Elerasulam)-was-applied_' florasulam.

2.2 Meteorological conditions

The climate in-theregion-ofat the experimental site is temperate oceanic, with a long-term mean annual precipitation of 718

mm and a mean annual temperature of 9.4 °C {for the period 1981-2010+German-meteorological serviee{Dwed);2024)-

Erem- (German Meteorological Service (DWD), 2024). Meteorological data were retrieved from a weather station in Tiibingen

-Unterjesingen (48 52950° N, 8.98380° E, 439 m a.s.l5.). located close to the actual-experimental-study site}meteerelogical

(Agrarmeteorologie Baden-Wirttemberg, 2021:

Appendix D). The experiment was conducted from 16 to 30 July 2019. aDuring the two weeks preceding experimentalthe

start; of the experiment, daily temperatures swel-abevecxceeded 20 °C deminated-on all but two days, and three moderate

rainfall events occurred-{, with 9.1, 5.1, and

33.1 mm_precipitation, respectively)-, according to the classification of the American Meteorological Society (2012).
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During the experiment, athe minimum night-time temperature efwas 10.2_°C-was-reached-duringnight-{night, with
an average +7-7°C)-and-a-maximum-night-time temperature of 36:317.7 °C-during. The maximum daytime (daytemperature
was 36.3 °C, with an average daytime temperature of 24.5_°C)-On-. Temperatures exceeded 25 °C on 12 days;-temperatares

=25°C- and 30 °C on six efthese-temperatures=30°C-were-measured-days. Following the FAO guideline{AHen-etal-1998);
(Allen et al., 1998), the reference evapotranspiration ETe(ETo) for July 2019 was calculated as 4.2- mm- day*{see_' (Appendix

E). Because the experimental plots had been harvested before the experiment, ETo is used here as a meteorological reference

for details—en—the—ealenlationy—From16-toatmospheric evaporative demand rather than as a direct estimate of plot-scale

evapotranspiration.

Between 16 and 30 July 2019, two natural rainfall events occurred;: one on the-21 July from 02:00 to 05:00 amlocal
time (2.5 mm)), and aone heavy rainfall event from 26 July 68at 20:00 ps-to 27 July at 05:00 amlocal time (24.7 mm)~;
Appendix D). During both ef-these-events, the dry control plots were covered bywith plastic feilsfoil. However, during the
natural heavy rainfall event effrom 26 July-to 27 July, the plastic foil efcovering plot D2, where the redox probes were installed,

was removed by wind.

2.3 Experimental setup
2.3.1 Plot design

The plotexperimental design comprised nine plots that-were-arranged as a Latin Squaresquare with three different-treatments

Eehler—Verweis-nicht-gefunden)—Al-plots-were-of 224-m-(Fig. 1). Each plot had a lateral length of 2.4 m and was separated
from adjacent plots by 50 cm stripeste-alow-access_strips. Within each plot, a samphngareaef2 m xx 2 m inner sampling
area was defined to exelademinimize boundary effects. Three different-treatments were realizedestablished, but only two are
relevant for the present study-presented-here: (1) W-plots-were-artificialby-irrigated to-stmulate-plots (W), where a heavy rainfall
event (HRE) after a-dryperiod;-drought was simulated, and (ii) dry control plots (D-plets), which remained dry-and-served-as
eontrels:. The third treatment included thegl yphosat apphcatlon e#gkyphesa%%before irrigation—Results; results from these
icati _elsewhere (Schlogl et al., 2022; Wirsching

plots are presented i

etal., 2022).




250

255

260

265

270

275

280

F----- F----- r----- Plot treatments

2 W: Irrigation

D: Dry control

[ | G: Glyphosate and irrigation

o
A
s
=3

Plot dimensions
[ ] Outer dimensions: 2.4 m x 2.4 m

Inner sampling area: 2 mx2m

S
N
(9,
N

N [nstallations
e Redox probe (labelled 1 —5)
------------------ 4o Reference electrode (A and B)

G
W
2
W
O
W

Figure 1: Plot design and treatments in the field experiment. Nine plots of 2.4 m xx 2.4 m lateral length were arranged as a Latin
Squaresquare, and three treatments were realizedestablished in triplieates:triplicate. A heavy rainfall event was simulated aton day
0-and, followed by light daily irrigation fellewed-for 14 days on irrigated plots (W plots, blue). Dry control plots (D plots-, orange)
remained dry-and-served-as-eontrel. Glyphosate-treated plots— (G plots—(, grey) were-treated-with-received glyphosate before they
reeeived-the same rainfallirrigation treatment as the W plots. AnThe inner sampling area (dashed line) was defined to minimize
boundary effects. For-the in situ monitoring of redox potentials, redox sensors (red circles) were installed on plots W1, D2, and G2,
and two reference electrodes (black triangles A and B, wherewith B servedserving as eentrel-for-thea system_control) were installed

on plot G2 apprex—in—equidistanee—toapproximately equidistant from all redox sensors. (Figure adapted after—Schlogl-—et—al-
2622))from Schlogl et al. (2022).

2.3.2 Plot treatment

Irrigation teekplace-was conducted from the-16 to 31 July 2019, with the day of the simulated heavy rainfall event (16 July)

defined as day 0 (TOEehler—Verweisnichtsefunden); Fig. 2). All plots were covered for one week before the experiment
to guaranteeestablish dry initial conditions. The heavy rainfall event—, defined as 7.6 to 50 mm per—heurby—the
American-meteorological society(2042)h ™! according to the American Meteorological Society (2012), was simulated by
irrigation—withapplying 24.3- mm deionized water for-apprex-over approximately one hour withusing watering cans. The
irrigation water was tabeHedlabeled with deuterated water (B-6D-0) as a conservative hydrological tracer. Two htesslitres of
deuterated-waterD-0 (99.9 atom %, Carl Roth, Germany) were mixed with the1000 L irrigation water{1+000-1)-whichresulted,

resulting in an input 8*H&?H signature of 12 730 %o vs-relative to Vienna Standard Mean Ocean Water (VSMOW).
On days 1 to 10 and on day 14, light irrigation with non-B.O-abeledlabelledlabeled water was econduected—with—an
irrigationapplied at a rate of 5.2 mm day ™ '. This moderate recurrent irrigation was intended to keep the seilssoil moist-and-to

foree-, promote the closure of shrinkage cracks-to-investigate-the, and allow monitoring of the subsequent development ané
influenee—of in situ redox petential-enpotentials, inorganic nitrogen turpever—proeessespools, and en—the—microbial

eommunityresponses. Daily irrigation was paused from T11 to T13 due-tebecause of a natural heavy rainfall event on the
evening of T10 and engeingcontinued natural rain—falrainfall on T11 and T12. The Bdry control plots were covered with

greenhouse foil between T10 and T14 to prevent wetting by a-natural heavyrainfall-on-the-eveningof TH0-and-the following

three-daysrainfall. During the natural heavy rainfall event from 26 to 27 July, the plastic foil covering plot D2, where the redox

probes were installed, was removed by wind.
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Figure 2: Irrigation and sampling scheme. Irrigation (black bars;; bar length indicates intensity) included a simulated heavy rainfall
event (HRE) with D2O-labeledD.O-labelledlabeled water on day 0, followed by light daily irrigation en-with non-labeledlabeled
water on W plots. Natural precipitation is indicated by light--blue bars;+whieh and was excluded from D plots but not from W plots.
Sampling for inorganic nitrogen species (Nizor=N_inorg) and soil water content took place on days 0, 6, and 14 (black stars);samples).
Samples for analyses of 8*H-signatured’H signatures, microbial communities, and enzymesenzyme activities were retrievedcollected
on days 0, 8, and 14 (golden stars). (Figure adapted after-Seilogletal2022))from Schlogl et al. (2022).

2.3.3 Sampling

Samphne—Soil sampling was deneperformed with a stainless-steel soil corer (Humax, Hasli-Riiegsau, Switzerland). Fhe
soHSoil cores were retrieved—within—collected in PVC liners of 50 cm length and 3.5 cm diameter and were immediately

putplaced on dry ice. In the lab;-theylaboratory, cores were stored at -——80 °C ¢for microbiological analyses, enzyme analyses,
&*Hand 6°H analyses), and at -—21 °C (for inorganic nitrogen species)-until-further-analysis-The-analyses. Sampling holes in
the field were filled with bentonite.

Fhe-sampling-scheme-comprised-Two sampling schemes were used: one for (}-inorganic nitrogen species and soil water

content, and (i)one for soil pore—-water §*H3”H, microbial community structure, and seil-enzymes—{(Eehler:Verweisnicht
gefunden).extracellular enzyme activities (Fig. 2). For thesoil-water 3°H analysis-of seil-water-8°H, cores were takencollected

from W plots along shrinkage cracks. Additional samples-were-takencores from D plots were collected to determine the natural

8*H5°H background. Samples for inorganic nitrogen species, soil water content, and microbiological analyses were takenalso
collected from W and D plots along shrinkage cracks. The initial shrinkage cracks were marked before the first irrigation so

that their locations remained identifiable during later stages-efsampling.

Exact sampling positions within each plot were not recorded. However, all samples were taken from within the inner

sampling area and at least 20 cm away from plot borders to minimize boundary effects. Later samples were collected at least
10 cm away from previous sampling holes. Because the experiment;-their-eourseholes were filled with bentonite immediately
after coring, direct resampling of disturbed locations was still-reecognizable-avoided. Sample codes in-the-foeHowingtext-are

defined as follows: treatment ef therespeetive-plot-(dry fcontrol. Dj;; irrigated, W3)), followed by the respeetive-experimental
plot replicate number (1, 2, or 3) as—wel-asand the sampling time point T +number,—whereplus the aumber-expresses
theexperimental day. For example, W1T8 refers to the-irrigated plot W1 sampled aton day 8, swhilewhereas WTS8 refers

collectively to all three replicate-Wirrigated plots sampled on day 8.
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2.3.4 In situ monitoring of redox potentials

and depth-resolved changes in soil redox conditions after irrigation. Measurements were performed on one irrigated plot (W1)

with two independent redox sensors (sensersensors 1 and 2) and on aone dry control plot (plet-D2) with one redox sensor

(sensor 5HEehler—Verweisnicht gefunden)-; Fig. 1). Thus, redox measurements provide high-resolution temporal information
but were spatially limited to one irrigated and one dry control plot. The multilevel redox sensors (PaleoTerra, Oijen, Fhethe
Netherlands) svere-madeconsisted of fiberglassfibreglass and epoxy tubes and-were-with a total length of 1.20 m-length. Each
sensor hadcontained 10 platinum (PH-electrodes. For the-installation-efthesensers—wefirst-driled-a, vertical hole-holes were
drilled into the soil thatwas-with a diameter 2 mm smaller in-diameter-than that of the sensors;-se-that-after sensor-installation;
the_to ensure contact between the electrodes and the surrounding soil was—given—Fhen-the-sensersafter installation. Sensors

were installed in—a—waysuch that the firstuppermost electrode was placedpositioned 5 cm below ground level (bghand-the
further), with additional electrodes placed at 10 cm intervals bgkbelow the surface. Two Ag/AgCl reference electrodes (A and

B)-{; saturated KCl-sat:—£%; £’ = 0.199 V) were installed on plot G2-(Fehler:Verweis-nicht-gefunden)., approximately
equidistant from the redox sensors (Fig. 1). One of them-served-as-thereference electrode was used for the measurements, and

the ether-enesecond served as a eontrelfor-the-system control. The redox sensors and reference electrodes were installed on

15 July 2019-, one day before the start of the irrigation experiment. Measured redox potentials (Ej.eqs) are reported ws-relative

to the standard hydrogen electrode (SHE; £°E:” = 0 V; by definition) as Ey = Epeqs + Excisar. Measurement precision was = 10
mV. ThesensorsSensors and-the reference electrodes were connected to a data logger (Campbell SeientifeScientific, Logan,
Utah, USHUSA). which stered—therecorded redox potentials at 30-minute_min intervals throughout the experiment. The
characterization-of the-inln situ soil redox conditions witl-be-based-on-the-followingcategorization-(Mansfeldt;2003)-of were

classified according to Mansfeldt (2003) for £y values at circumneutral pH as follows: oxidizing (> +400 mV vs. SHE), weakly

reducing (+400 to +200 mV), moderately reducing (+200 to -——100 mV3), and strongly reducing (< -—100 mV).

2.3.5 Soil water content

For-the-assessment-of gravimetrieGravimetric soil water content enwas determined for 50 cm soil cores from irrigated (W)
and dry control (D) plots;-the-58-em-eores. Cores were ettdivided into 5 cm increments ef5-em-for 0—10 cm depth and into 10
cm increments e¥+0-em-for 10-50 cm depth. From these-inerementstripheates-efapproxeach increment, three aliquots of
approximately 1.5 g effield-wet-moist soil {sealepreeision0-00+-g)were weighed {smalpebbleswwererejeeted)-before and
after freeze-drying—Thegravimetrie-drying. Small pebbles were removed before weighing. Gravimetric water content (g g
1) was calculated as the ratio-of water loss relative to dry weight—The-soil mass. Soil water content of the-D plots on day 0

was used as the reference condition and is hereafter referred to as “the initial soil water content?.

2.4 Chemical and isotopic analyses
2.4.1 °H signature of soil water

The §°H°H signature of the-soil pore water was determined by H-OH,O(liquid)-H.O¢vaper)-H,O(vapeurvapor) equilibration
andfollowed by cavity ring-down laser spectroscopy (Picarro L2120-i and L2130-i}-(Wassenaaretal; 2008 To-thisend;
frozen; Wassenaar et al., 2008). Frozen core samples {eeresfrom WTO0/8A4, WT8, WT14, and DT0} were sliced #into 10 cm
segments-and-aliquots. Aliquots of 66-te—170 g efthese-segments-from each segment were deublebaggeddouble-bagged in 1
L Ziploc freezer bags and stored at 4 °C. Before analysis, the bags were filled with laboratory dry air and the-bags-were-stored
for 3-merean additional three days to let-theallow equilibration between pore water eguilibratewith-the-and headspace water

vaporvapeurvapor. Each analysis lasted up to 30 minutesmin, until the signal plateaued,—that—is;reached a stable
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eonditionsplateau within the expected measurement accuracy-werereached-(i-e-, defined as a standard deviation < 1.0 %o for
§*H5°H of the-water vaper)-vapeurvapor. The average signal over the lastfinal minute of the-analysis was recorded. After every
third sample, an internal standard ¢consisting of water efwith known isotopic composition in a freezer bag) was measured for
calibration. Theisetopielsotopic signatures are reported as-isetoperatiosrelative to the-international standard{Vienna Standard

Mean Ocean Water;—VSMOY (VSMOW) in delta notation in—%o—+6%o——={({(Rsample —Rstandard)/ Rstandara ) LOGOYas %o =
((R=sample — R=gtandard) / R=gtandara) * 1000, where R is the >H/'H isotope ratio *H/*H-of the sample and-theor standard, respectively.

For the-determination of 8*Hthe natural 5°H background values-on-coresfrom-in DTO cores, the upper-mestuppermost segment
was igneredexcluded to avoid eerruptionpotential contamination by wind drift or water vapervapeurvapor from irrigation.

Additionally,—the—eravimetrieGravimetric water content of each analyzedanalysedanalyzed segment was additionally

determined byfrom the weight difference before and after drying at 105 °C. These values were used for isotope mass--balance

calculations.

2.4.2 Water mass balance

A water mass balance was determinedcalculated to assessestimate how much of the total water input from irrigation ptasand
natural precipitation reeetvedwas stored within the sampled 0-50 cm soil profile on days 0, 6, and 14. Total water inputs to W

plots were 24.3 mm by day 0, é6-ard34-243-mm;-60.0- mm by day 6. and 115.0 mm;+espeetively)-on-W-plotsreached-the

leaching below 50-em-oeeurred: by day 14. The measured gravimetric soil water contents from WT0/6/44, WT6. WT14. and

DTO were converted to volumetric water contents using known bulk densities of #ndividualthe corresponding depth segments.

The change in water storage within each depth

changesegment was calculated andrelative to the nerease-ofinitial soil water content;+e- of the dry control plots on day 0 and

expressed as water volume per #

metre. The resulting water mass balance represents apparent water recovery within the sampled 0-50 cm soil profile. It does

not constitute a closed hydrological balance, because water loss by evaporation and drainage below 50 cm depth could not be

quantified directly from soil water content measurements alone. Potential losses below the sampled depth were therefore

evaluated indirectly using the 8*H isotope mass balance of the labelledlabeled heavy-rainfall water.

2.4.3 Isotope mass balance

The irrigation water efapplied during the simulated heavy rainfall event on day 0 (Irrurg.) was labeledlabelledlabeled with

D,0. A two-component (i-e-isotope-mass-balanee)mixing appreachmodel was used to calculate the fraction of Irryrg in every
+theach depth segment (fiw zi):

62Hzi - 62H0
Jiwz = 8°Hpyy — 6°Hy

where §°H.; is the measured isotope ratio in the i-th depth segment, 6H,,0°H—y is the isotope ratio of the simulated heavy--
rainfall eventirrigation water on day 0 (i-e-12- 730%0)-%o). and 6°H0°H— is the average natural background everage 6>Ho’H

of the-pore water before irrigation (i-e—(—47.6%0)Fortheealenlation-of -%o). To calculate the amount of frrprelrr_re in each
depth segment, the volumetric water content calculated as described in SeetionSect. 2.4.2 was multiplied by the fraction of

irrigation water fu/_1yzi.
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2.4.4 Extraction and analysis of inorganic nitrogen

Changes-in-the-eontent-ofExtractable inorganic nitrogen eompeounds-was analysedanalyzed to assess changes in nitrate and
ammonium alew-te-follew redoxtransformations—indueed-by—thepools after the simulated heavy rainfall event- and during

subsequent irrigation. Inorganic nitrogen was extracted from apprex-approximately 1.2 g-ef frozen soil aliquots with 12 mL 2

M KCI (p.a., Honeywell, Germany) prepared in ultrapure water (GenPure Pro UV-TOC, Thermo Fisher Scientific, Germany).
Samples were shaken for 30 minutesmin on a horizontal shaker (IKA, Germany) withat 160 motions perminute-(mpaymin_ '
and then centrifuged at room temperature for 15 min at 56065000 x g (centrifuge 5430 R, Eppendorf, Germany)-and-).
Extracts were filtered ¢through 0.2 um; regenerated cellulose;- filters (Sartorius, Germany)—Fhe-extracts-were-), stored at 4 °C
untilanalysis, and were-analyzedanalysedanalyzed within a maximum of 2two days.

Ammonium and nitrate concentrations were analyzed-in-these-extractsdetermined by continuous flow analysis (CFA)
using an AA3 HR AutoAnalyzer System fres-(Seal Analytical{, Germany). All chemicals used-were purehasedobtained from
Sigma--Aldrich, Germany, and were of ACS grade. Standard eurve range wascurves ranged from 0 to 7.5 mg N L™! for both
analytes;—giving—a and showed high linearity (R? between= 0.999-and—1.000). Nitrate determination—folowedthe-was
determined according to ISO- 13395-standard-methedology, where nitrate is reduced to nitrite by hydrazine;-whieh and then
reacts with sulfanilamide and NEDD fermingto form a pink complex;-whieh-is measured at 550 nm. PetentiallyNitrite present

nitrite—in the original sample iswas determined independently without hydrazine addition and subtracted from nitrate
eoneentration-concentrations. Ammonium was determined according to the—ISO- 11732—standard—methodelosy, where
i#ammonium reacts with salicylate and dichloroisocyanuric acid to form a blue complex which-is-measured at 660- nm. To
account for sienalshifts-dueto-thesamplepotential matrix (2-effects caused by 2 M- KCL;, standards for both nitrogen species
were also prepared in 2 M KCl-forbothnitrosenforms-.

2.4.5 Nitrate and ammonium mass balance

The-measuredMeasured nitrate and ammonium concentrations (mg N L™)~!) were corrected for baseline and blank values, and

the massmasses of nitrate and ammonium in the extraction solution waswere calculated. The original weightmass of the frozen

soil sample was corrected to dry weight-by-the-mass using gravimetric water content-and-the. The mass of ammonium-N and
nitrate-N per gram ef-dry soil was then calculated. IneludingUsing bulk density eftheseil-and the sample-volume at-different
depths-of theeach soil coresthe-mass-ef segment, ammonium-N and nitrate-N atmasses were calculated for each depth interval
and for the whele-entire 0-50 cm soil core-was-assessed-

2.5 Microbiological Analyses

2.5.1 Molecular Analysis

For molecular analysis of bacteria and archaea, soil cores were steredplaced on dry ice immediately after sampling—Sei-cores
were and stored at —80 °C in the fab-at—80°Claboratory until analysis. The-frezernFrozen cores were cut into depth segments
rangingfrom-seil-depthof 0—10-em, 20-30-em, and 40-50 cm using aan electric saw sterilized (with 2 % sodium hypochlorite

solutionj-eleetriesaw—Feornueleicacid-extractionrepresentative. Representative subsamples of 10—15 gy-efthe soil samples
were defrestedthawed at room temperature; and homogenized with a sterile spatula;and-finalduphieate. Duplicate aliquots

of 400 mg effrom each subsample were used for DNA extraction.

_DNA extraction-was eondueted-withextracted using the DNeasy PowerSoil Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. RNA was extracted using the-medification-ofaa modified commercial DNA extraction kitprotocol
according to Feurnieretal(2045)Tournier et al. (2015), combining the FastDNA SPIN™ kitKiit for se#Soil (MP Biomedicals)
andwith the RNaid® Kit (MP Biomedicals, LLC, Hiksiehlllkirch, France). Instead of the standard sweightsample mass of 0.25
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g, 0.5 g soil was used to increase the-mass—of RNA_yield. RNA was purified withusing the RNeasy Micro Kit (Qiagen).
Residual DNA was removed with BNAseDNase I, and the-RNA was reverse-transcribed to cDNA using the RevertAid RT

Reverse Transcription Kit (Thermo Scientific) with arandom hexamer primerprimers. A primer combination of 515F (5'-
GTGYCAGCMGCCGCGGTAA-3") and 806R (5'-GGACTACNVGGGTWTCTAAT-3'), annealnstotargeting the V4 region
of'the 16S rRNA gene. was used for gene-amplification; following the PCR protocol as-described by Pjevaeetal(2017).Pjevac
et al. (2017). Sequencing was performed on aan Illumina MiSeq platform (Illumina, San Diego, CA, USAY;) using a-v3;-600
evele chemistry with 600 cycles (2 x 300 bbp paired-end segueneesreads) in two separate runs.

Raw reads were processed in R ¢version 4.1.1;)-with using DADA?2 (=version 1.20.0), as outlined in-Calahan-etak
264 7-by Callahan et al. (2017). Amplicon Sequence-Variantssequence variants (ASVs) were inferred across all samples in

pooled mode-(details. Details on sequence trimming; and quality filtering is-eutlined-inPjevae-et-al(2617))are provided in
Pjevac et al. (2017). ASV sequences were subsequenthy-aligned and classified using SINA version 1.7.2 and the SILVA

database-SSU Ref NR 99 database release 138.1 usingwith default parameters. ASVs classified as arehaea—eukaryotes,

mitochondria, or chloroplasts, as well as ASVs not classified at the-domain level, were removed before downstream analysis.

ASVs classified as archaea were also removed from the dataset priertebefore downstream analysis; the resulting dataset

therefore represents bacterial 16S rRNA gene and transcript diversity. Statistical dataanalysis—wasanalyses were performed
within R, and plots were created using the-paeckage-ggplot2. Alpha and beta diversity indices were calculated (vegan)-and
compared_using vegan. Non-metric multidimensional scaling (NMDS) analysis-of-Adtehinsenbased on Aitchison distances

was used for ordination.

2.5.2 Extracellular Enzyme Activities

Potential activities of three sei—hydrolytic soil enzymes, i-e—B-glucosidase (BG), N-acetylglucosaminidase (NAG;
exochitinase}). and acid phosphatase (AP)). were measured fluorometrically withusing artificial substrates (Fian—et-al;
2023)(Tian et al., 2023). The following 4-methylumbelliferyl (MUF}-)-based substrates were used-to-measure-the-enzyme
aetivities: MUF-B-D-glucopyranoside for BG, MUF-N-acetyl-p-D-glucosaminide for NAG, and MUF-phosphate for AP. Soil
slurries (+:100-(w+v)-were prepared in 50 mM sodium acetate buffer (pH 5) at a soil-to-buffer ratio of 1 : 100 (w : v) and

dispersed by ultrasonication (with an energy input ~of approximately 350 J3-. Substrates were added to soil slurries in black
microplates in five analytical replicates and incubated in the dark for 180 min, with repeated measurements of sample
fluorescence. Microplates were read byusing a TECAN Infinite® M200 spectrophotometer at an excitation wavelength of 365
nm and an emission wavelength of 450 nm. Sample fluorescence was corrected for quenching, and theMUF concentrations ef

MUFEreleased by enzymatic activity were calibrated byrespeetiveusing standards added to the-soil slurries.

3 Results

3.1 Soil water eententdistribution and in situ redox potentials

rainfall event-water,JrryreThe simulated heavy rainfall event rapidly increased soil water storage throughout the sampled 0—
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50 cm profile, whereas the recurrent moderate irrigation applied thereafter was retained mainly in the upper soil layers (Fig.

3a). On day 0 (T0), 95.6 % of the applied irrigation water was recovered within the 0—50 cm profile. Apparent recovery of the

cumulative water input decreased to 50.3 % at T6 and 32.1 % at T14.

Two-
Water Mass Balance Isotope Mass Balance
recovery of total irrigation and precipitation in % recovery of HRE irrigation water in %
0 50 100 0 50 100
Wet TO i Wet TO | m0-10cm
E : !
-2 ; ; m10-20 cm
g i i
= Wet T6 i Wet T8 E m20-30 cm
= i i
g i | =30-40cm
o : :
Wet T14 i Wet T14 E 40-50 cm
(a) (b)

recovered-water—at-the-time poimts 10, T6,and-T14respeetively—A+T0,2 hours after the simulated heavy rainfall event,
54.2- % of the recovered #rigation-water was feundlocated in the topupper 10 cm-, while 19.9 % eftherecovered-water-was

feundoccurred at a10-30 cm depth ef10-30-em—A-substantial-fraction{and 25.9 %)-however—was% had already presentin
the-subseil{reached 30-50 cm depth)}—Alseat (Fig. 3a). At T6 and T14, more than 56-%half of the recovered #+igation-water
was feundagain located in the upper 10 cm. A

e s e o o e —at—l—@%@—em—depﬂa—éeefeased—eempafed—te—T@—At
Fé-and-TH4In contrast, only small fractions of the recovered water were found at 30-50 cm depth at T6 and T14 (4.7 % and

14.4 %, respectively)-were-found-at 30-—50-em-depth-

hiled L O Tttume ied_a *H label. the irrigati - he_followi I
cadbepninlallscons s nlabeledl) Thus, the =2 g 3 ia-an 3 ala a
I ;, IE El}id I]: I f'i E{}i t}}% Ssil E EE} EE}}F%}}E, t}}% f‘{ ElstiE{} Ef t}}% i% EE %i%d 2}{ IEIE %1, El{is t}}% Eli}ifti}t af Sii}it*lElt%d }i%E* ’ ii*i.{}fiill
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but-less-pronounced-compared-to-the-top10-eminitial heavy rainfall event caused rapid deep infiltration, whereas subsequent

moderate irrigation contributed mainly to water storage in the topsoil.

The isotope mass balance confirmed rapid redistribution of the D-O-labelledlabeled heavy-rainfall water throughout
the sampled soil profile (Fig. 3b). Recovery of the labeledlabeled heavy-rainfall water was 108 % at TO, 82 % at T8, and 63

% at T14. Recovery of more than 100 % result from slightly uneven irrigation intensity or confluence of the irrigation water

at the shrinkage crack sites where the samples were taken. At TO, 30 % of the recovered labeHedlabeled water was found in

the upper 10 cm, while the remaining labelledlabeled water was distributed relatively evenly across the deeper 10 cm depth

intervals, each containing 15-22 % of the recovered label. At T8 and T14, only 13 % and 4 %, respectively, of the recovered

labeledlabeled water remained in the upper 10 cm. The relative decrease in labeHedlabeled water recovery over time was

therefore strongest in the topsoil.

Water Mass Balance Isotope Mass Balance
recovery of total irrigation and precipitation in % recovery of HRE irrigation water in %
0 50 100 0 50 100
Wet TO i Wet TO | m0-10cm
£ : E
] . ®10-20 cm
g i i
S WetTe | Wet T8 i | =20-30cm
c i 1
g { | =30-40cm
= : :
Wet T14 i Wet T14 : 40-50 cm
(a) (b)

Figure 43: (a).

0 . . e 1dizi 400

gefunden) beg F 6 asy 0), oxidizing 00 ~SHE)-ata
depths—Water mass balance for days 0, 6, and 14 (T0, T6, and T14) in five 10 cm soil depth intervals. Recovery is shown relative to
the total water input from irrigation and natural rainfall received by the plots by each time point (Irr—wt; 100 % line). (b) Isotope
mass balance for days 0, 8, and 14 (T0, T8, and T14) in five 10 cm soil depth intervals. Recovery is shown relative to the amount of
D:0-labelledlabeled irrigation water applied during the simulated heavy rainfall event on TO (Irr—ure). The colour gradient from
dark to light blue indicates increasing soil depth from 0-10 to 40-50 cm.

strongly to

irrigation and showed pronounced variation with depth and time (Fig. 4). At the start of the experiment, redox conditions were

oxidizing throughout the monitored soil profile (> +400 mV vs. SHE). In the irrigated plot, redox potentials declined at all

monitored depths after the simulated heavy rainfall event. In the upper soil layers (5-20 cm below ground)), redox potentials

mostly deelinedshifted to reducing conditions within 24- h-afterthe-simulated-heavyrainfall.. In the subsoil (30—50- cm below

In situ redox potentials responded
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ground), the time-forredoxpotential-decline
and-thus;-enaveragewaslongerthaninthe top-setl-but-alse-was slower and more variable—; the time required to reach +200

mV ranged from one day at 30 cm depth in sensor 2 to six days at 30 cm depth in sensor 1.

At+1020-and 30-em-seil depthafter the firstAfter this initial decline, w
variations—in-the-redox potentials;ranging at 10, 20, and 30 cm depth showed strong temporal variation and also differed

between the two sensors installed in the irrigated plot. Values fluctuated between oxidizing and moderately reducing

conditions;-whereas-at-a-depth-of. At 40-t6—60 cm below-grounddepth, the deeline-efdecrease in situ-redox petentialspotential
after the-irrigation was more eonstant:

Espeeially-gradual and persistent. The strongest short-term fluctuations occurred at 10 cm depth in sensor 1(plet-W-5

oftheredox-petentials-between-, where redox potentials varied between weakly oxidizing and moderately reducing conditions

+200-mV-to—100-mVH)-Between-days10-and14;during the phase of recurrent irrigation. When daily irrigation ef52-mm-was

interrupted; between T10 and T14, redox potentials rese-wel-intoincreased again, reaching weakly reducing erto oxidizing

conditions even at

plets}-30-50 cm depth.

In the dry control plot, redox potentials remained oxidizing throughout most of the experiment (Fig. 4). The only

exception occurred between T10 and T14 at 10 and 20 cm depth, when the plastic foil covering plot D2 was removed by wind

during a natural heavy rainfall event.
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Figure 54: In situ redox potentials, reported as En at-pH7-in mV vs. SHE)-were, measured on plet-Wl-(irrigated plot W1 with
water;-sensor1-and-2)two sensors and on plet-D2(dry control; plot D2 with one sensor-5). Redox potentials are shown at depths-of
5,10, and 20 cm depth (panels (a}-te-(—c))) and at 30, 40, 50, and 60 cm depth (panels (d)-to-(—f))-Themeasurements). Measurements

started on experiment day T——1 and are presentedshown until T16. For plot W1, the time peints-ef-the-simulated heavy rainfall
event (HRE;: black triangle) and the steadysubsequent light irrigation events (blue crosses)_are indicated, and for all plots, the

natural heavy rainfall events (blue diamonds) are depicted-(panels-(a);-(b);-(d)-and-(e))indicated.

3.2 Nitregen-Cyelelnorganic nitrogen masses

Ammenium-The simulated heavy rainfall event affected ammonium and nitrate masses differently (Fig. 5). Ammonium mass
balanees—were-ealenlatedto—evaluate-increased only in the m&egeﬂ—se}u%%&aﬂspeft—aﬁd%&%mmever—ef—th%eweﬂﬂe%game
heuppermost soil inerganie-nitrogenbefore
hlayer after the-trrigation—thereforeindicates—the

top-rewetting, whereas nitrate mass decreased across the seil

upper part of the profile-

shortly after irrigation.
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Two hours after the simulated heavy rainfall event, ammonium {Fehler—Verweis-nicht gefundena)hadmass in the 0—
5 cm layer nearly doubled-in-the-tep-herizen{0—5-em);, increasing from 0.08 = 0.03- mg- N (BF0jin dry control plots at TO to

0.15+0.02 mg N 6% F0yin irrigated plots at TO (p < 0.05-OnW-plets-atO-S-em-depth;; Fig. 5a). In the same layer, ammonium
eententsmass further increased to 0.20 + 0.01- mg- N at T6 (p = 0.058_compared with WT0) and 0.3 + 0.2 mg N at T14 (p >

0.05)-_compared with WT0). Below 5 cm sei-depth, enly-minerchangesinseilammonium eontent-oceurredmasses changed
only slightly during the experiment;-the-sum-of. Consequently. total ammonium evermass in the entire-0-50 cm seil-profile
therefore-being—veryremained similar at+-DFO WO, WT8-and-WIF14(in irrigated plots across TO, T6, and T14, ranging
between 0.8— and 0.9 mg Ny

In dry control plots, total ammonium mass increased from 0.8 + 0.1 mg N at TO to 1.2 + 0.3 mg N at T14, although

this increase was not statistically significant (p > 0.05). The strongest relative increase occurred in the 0—5 cm layer, where

ammonium mass increased approximately three-fold (p < 0.05). At greater depth, ammonium mass increased by factors of 1.1

to 2.2, but these changes were not significant.

ammonium as mg N nitrate as mg N
0 1 2 0 1 2 3 4

DTO - 0.8+0.2mgN DTO it 1.2+0.1mgN depth

u0-5cm
WTO | 0.8+0.1mgN WTO H 0.8+0.1mgN ®5-10 cm
= 10-20 cm
WT6 =, 0.9+0.1mgN WT6 —H 1.3+0.6mgN #20-30 cm
30-40 cm
WT14 -k 09+0.3mgN WT14 F—+ 15x04mgN
40-50 cm
DT14 == — +— 12:03mgN DT14 kil 3'21;'11.2

(a) (b)

Figure 65: Mass balance of ammonium (panel-(a))) and nitrate (panel-(b))-(each), expressed as mg N per core segment), in eores
frem-dry control plots on days 0 and day-14 (orange bars;; DT0 and DT14) and exnin irrigated plots on days 0, 6, and 14 (blue
bars;; WT0, WT6, and WT14). CelerColour shading from dark to light symbelizesindicates increasing soil depth-ef-the—eore
segments—Displayed-are-the. Bars show means of three experimental-triplieates—and-theirreplicate plots, and error bars indicate
standard deviations. The-sums-ofTotal ammonium and nitrate eontents-together-with-their standard-errersmasses in each-the 0-50
cm eoreprofile are displayed-enshown to the right of the bars:stacked bars, together with standard errors.

Nitrate showed a contrasting pattern. Total nitrate mass in the whele0—50 cm profile Fehler—Verweis—snicht
gefundenb)-decreased by approximately one third sherthywithin two hours after irrigation-, from 1.2+ + 0.1-- mg- N in B¥0
ws-dry control plots at TO to 0.8 + 0.1 mg N in W0 -irrigated plots at TO (p <0.05; Fig. 5b). This decrease was mesthy-eaused
by-adriven mainly by losses from the upper soil layers. Nitrate mass decreased by approximately 40 % deerease-at both 0-5
em and 5-10 cm sei-depth (both- p- < 0.05) and anby 18 % deerease-at 10-20 cm depth (p > 0.05).-Frem—-WF0-to-WT4;

During the whele-prefilefollowing two weeks, nitrate mass almestin irrigated plots increased again. Total nitrate mass nearly
doubled from 0.8 + 0.1 mg N at WT0 to 1.5+ 0.4 mg N at WT14 (p <0.05). From WTO to WT6, nitrate mass increased at6—
S-em;5—+0-emand+0-—mainly in the upper 20 cm, while there-werenerelevant-changes below 20 cm depthwere small. From
WT6 to WT14, nitrate inereased-atmass increased in the 0—5 c¢cm layer and also below 20 cm depth, whereas nitrate masses at

5-10 and 10-20 cm depth decreased; however, these depth-specific changes were not significant.
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In dry control plots, total nitrate mass increased from 1.2 + 0.1 mg N at TO to 3.0 = 1.2 mg N at T14, but this increase

was not statistically significant (p > 0.05). The increase occurred mainly in the upper soil layers, with an approximately three-

fold increase at 0—5 cm and-below20-emand-deereased-depth (p > 0.05), a 2.4-fold increase at 5-10 cm depth (p <0.1), and
a 2.2-fold increase at 10-20 cm aH-depth (p > 0.05).

The-Microbial community composition showed high spatial variability but no clear separation between irrigated and dry

control plots over the 14-day experiment. After quality filtering, the 16S rRNA amplicon sequencingresulted—in-dataset
contained a mean rumberof 74617 401 reads per sample for DNA and 69706 970 reads per sample for RNA. Due-te-the

nee-of readsper-sample (DNA:min: 06, and RNA-min:8:-max: 18224} ~we scleetedBecause read

numbers varied strongly among RNA samples, only samples with at least 300 reads;-thereby were retained, reducing the RNA

dataset from 54 to 46 samples. TheseThe retained samples contained, on average1-334-different-Amplicon-Sequence-Variants,
1 334 amplicon sequence variants (ASVsHrichnessFehler—Verweisnicht gefunden):).

Alpha diversity of the active bacterial community, based on the RNA fraction, did not differ significantly between
dry control and irrigated plots (Fig. 6). Diversity indices tended to be slightly higher in dry control plots than in irrigated plots,
but this pattern was not statistically significant. Shannon diversity of the active community did not differ between treatments
(p=0.956).
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Figure 76: ObservedViolin plots of observed amplicon sequence variants (ASVs)<{: panel {a))) and-different alpha diversity indices
(panels (b);-(e)-and-(—d))) of mierebialactive bacterial communities (based on the RNA)-en fraction in dry control plots (orange) and
wateredirrigated plots (blue)-plots:). Differences between the-treatments were not significant (p > 0.05 i i
above violins).).

sample-plots—TheseilsAcross all samples, the bacterial communities were dominated by the-phyla-Proteobacteria (mean-17.4
%S+ 4.7%_%). Acidobacteriota (mean—14.5 %SB:+ 4.9%; %). Actinobacteriota (mean—13.5 %Sb:+ 7.43 %), and
Verrucomicrobiota (mrean:—11.5 %—SB:+ 5.2%_%). These were—the—mest-abundant-phyla independentremained dominant

irrespective of wetting;-seiltreatment, depth, and the-day-ofthe-experimentsampling time (Appendix EG). Ata-finertaxonomie
resolutionAt family level, Pedosphaeraceae (Verrucomicrobiota), unclassified Vicinamibacterales (Acidobacteriota),

Xiphinematobacteraceae (Verrucomicrobiota}), and Nitrosomonadaceae (Gammaproteobacteria) were the top—fourbacterial

families-found-threughoutallsamplesmost abundant groups, with the-mean relative abundances varying-betweenranging from
3.2 to 4.6-and-32 %.

Ordination of DNA- and RNA-based community composition showed no clear clustering by treatment or soil depth

(Fig. 7). This indicates that neither total nor active bacterial community composition changed consistently in response to

irrigation over the 14-day observation period.
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Figure 87: Non-metric multidimensional scaling plots of the-mierebialbacterial community composition (a)based on the-DNA-level

(a) and_RNA (b)-en-the RNA-level-at-three). Symbols indicate soil depths{depth: 0-10 cm:-dets; (circles), 2030 cm:- (triangless;),
and 40-50 cm:- (squares)-en-dry). Colours indicate dry control plots (orange) and irrigated plots (blue)-plots:).

Fhe-aetivities-oftheln contrast to community composition, extracellular enzymes-enzyme activities responded clearly

to irrigation and soil depth (Fig. 8). Activities of B-glucosidase, exochitinase, and acid phosphatase all decreased significantly
with_soil depth (p < 0.05)A(Eehler——Verweis—nichtgefunden)). B-glucosidase and exochitinase shewedactivities were
significantly higher aetivities—on—wetin irrigated plots than enin dry_control plots (p < 0.05), whereas the-activity-ef-acid

phosphatase activity did not respend-te-the-irrigationtreatmentdiffer between treatments (p > 0.05). Fime-period-Sampling
time after rewetting by-heavyrainfall-was not a significant factor for allany of the three enzymes (p <> 0.05)-indicating that

of treatinentand sot-depth-(p<0-05;-two-wayr-ANOVA)for). The stimulation of B-glucosidase and exochitinase refleets-that
the-wetting treatmenteffeet{stimulatien)by irrigation was strongest in tepseHs{0—-S-ennthe upper soil layer and declined with

depth-, as reflected by significant treatment x depth interactions for both enzymes (p < 0.05).
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Significant treatment effects are -indicated by asterisks (**** =p < 0,0001).

4 Discussion

4.1 WaterPreferential flow and selute-transportcontrasting nitrate and ammonium redistribution
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The combined water and isotope mass balances showed that the simulated heavy rainfall event caused rapid infiltration

throughout the sampled 0—50 cm profile. Two hours after irrigation, only about half of the recovered water was retained in the

upper 20 cm, whereas a substantial fraction had already reached deeper soil layers (Fig. 3a). The 8*H isotope mass balance

confirmed that D.O-labeledlabeled heavy-rainfall water was distributed across the entire sampled profile shortly after

irrigation (Fig. 3b). This rapid deep infiltration is consistent with preferential flow through the pronounced shrinkage-crack

network that formed in the fine-textured soil during the preceding drought period (Schlogl et al., 2022).

The hydrological response changed markedly after the initial wetting. During the subsequent phase of recurrent

moderate irrigation, the apparent recovery of total water input within the sampled profile decreased from 96 % at TO to 50 %

at T6 and 32 % at T14 (Fig. 3a). At the same time, newly added water was retained mainly in the upper soil layers. This pattern

indicates that the initial heavy rainfall event used open shrinkage cracks as preferential flow paths, whereas later moderate

irrigation occurred after crack closure and therefore infiltrated more slowly into the soil matrix. Because the plots had been

harvested before the experiment, water losses were likely driven mainly by evaporation and drainage below the sampled profile

rather than by plant transpiration. The calculated ETo of 4.2 mm day! therefore represents atmospheric evaporative demand

rather than plot-scale evapotranspiration. The stronger decline in labeledlabeled-water recovery from the uppermost 10 cm

compared with deeper layers further supports strong near-surface water loss after the initial event.
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Nitrate and ammonium responded differently to this hydrological redistribution. Nitrate mass decreased strongly in

the upper soil layers within two hours after the simulated heavy rainfall event, whereas ammonium mass did not show

comparable profile-level losses (Fig. 5). This contrast is consistent with the different mobility of the two inorganic nitrogen

species. Nitrate is weakly sorbed and can be transported rapidly with percolating and infiltrating water, whereas ammonium is

retained more strongly by cation exchange at negatively charged mineral surfaces. particularly clay minerals (Blume et al.,

2016). Thus, preferential flow after drought likely caused rapid vertical nitrate displacement, while ammonium remained

largely retained in the sampled soil profile.

The decrease in nitrate mass in the upper soil profile was not accompanied by a corresponding nitrate accumulation

at 3050 cm depth. This suggests that at least part of the displaced nitrate may have moved below the sampled 50 cm profile.

Alternative explanations, such as denitrification or plant uptake, are less likely to fully explain the immediate nitrate decrease.
Redox potentials were still oxidizing shortly after the simulated heavy rainfall event, and crops had been harvested before the
experiment. Microbial immobilization may have contributed, but the rapid timing and magnitude of the nitrate decrease are

more consistent with hydrological export along preferential flow paths. Nevertheless, because nitrate was not measured below

50 cm depth, nitrate transfer beyond the sampled profile should be interpreted as a likely but indirect inference.

The potential transfer of nitrate below the biologically active topsoil is relevant for groundwater quality, particularly

in fine-textured floodplain soils, where shrinkage cracks can bypass the soil matrix. The study site is underlain by a shallow

tufa aquifer below the upper clay-rich layer (Martin et al., 2020). If nitrate reaches such deeper zones repeatedly, its fate will

depend on the local redox status and denitrification capacity of the subsurface. Therefore, heavy rainfall following drought

may represent a short but important hydrological window during which nitrate can bypass retention and transformation in the

upper soil profile.

4.2 Inorganic nitrogen pools after rewetting: evidence for a short-term rewetting pulse and redox-associated nitrate

dynamics

The increase in ammonium mass in the uppermost soil layer shortly after irrigation is consistent with a rewetting-induced
mineralization pulse, commonly referred to as the Birch effect. Ammonium mass nearly doubled in the 0-5 cm layer within

two hours after the simulated heavy rainfall event (Fig. 5a). This response agrees with earlier observations that rewetting of

dry soils can cause a transient release of inorganic nitrogen through microbial cell lysis, mineralization of dead microbial

biomass, and decomposition of osmoregulatory compounds released during drought and rewetting (Birch, 1958, 1960; Fierer

and Schimel, 2002; Jarvis et al., 2007; Saetre and Stark, 2005: Unger et al., 2010). The simultaneous increase in B-glucosidase

and exochitinase activities supports the interpretation that rewetting rapidly stimulated microbial and enzymatic activity in the

topsoil. The increase in ammonium mass cannot solely be caused by atmospheric deposition (Appendix I).

Below 5 cm depth, ammonium masses changed only weakly in irrigated plots. Three, non-exclusive mechanisms may

explain this limited response. First, labile organic matter decreased with depth (Appendix B), reducing the potential for

rewetting-induced ammonium release. Second, ammonium may have been retained by sorption to clay minerals and partly
fixed in 2 : 1 clay interlayers, reducing its mobility and microbial accessibility (Buss et al., 2004; Cavalli et al., 2015). Third,

newly produced ammonium may have been balanced by microbial uptake or oxidation under locally oxic conditions. Because

gross nitrogen transformation rates were not measured, these mechanisms cannot be separated quantitatively.

Nitrate dynamics after the initial rainfall event were more complex. After the immediate decline in nitrate mass at TO,

total nitrate mass in irrigated plots increased again by T14 (Fig. 5b). This increase cannot be fully explained by atmospheric

nitrate deposition, which was small relative to the observed nitrate changes (Appendix J). Periods with higher redox potentials

may have favoured nitrification, whereas lower redox potentials may have favowred nitrate reduction. The redox records

27



910

915

920

925

930

935

940

945

support this interpretation qualitatively: redox potentials declined after irrigation but showed strong temporal variation,

particularly at 10-30 cm depth, and increased again during the interruption of daily irrigation between T10 and T14 (Fig. 4).

However, these data do not allow direct quantification of nitrification, denitrification, immobilization, or

mineralization rates. Therefore, we interpret the observed nitrate patterns as redox-associated changes in inorganic nitrogen

pools. not as direct evidence for a process-level switch in nitrogen cycling. This distinction is important because nitrate and

ammonium pool sizes integrate multiple simultaneous processes. including production, consumption, immobilization, and

transport. In addition, redox potentials were measured with high temporal resolution but only in one irrigated and one dry

control plot. The sometimes very marked differences in the sensors' responses can be caused, for example, by the highly uneven

distribution of dry cracks or remaining root fragments from the harvested plants. The redox data therefore provide valuable
mechanistic context, but spatial extrapolation to all replicate plots must remain cautious.
The strong spatial and temporal variability in nitrate and ammonium masses further highlights the difficulty of

inferring nitrogen process rates from pool-size data alone. Coefficients of variation (Appendix H) showed that inorganic

nitrogen distributions did not simply mirror the spatial pattern of the D,O&*H-labeHedlabeled water. While preferential flow

clearly governed rapid water redistribution during the initial event, nitrate and ammonium masses were also shaped by sorption,

biological transformations, and local soil heterogeneity. Thus, drought-induced cracks were important for rapid water and

nitrate displacement, but they were not the only control on inorganic nitrogen pool distributions during the subsequent 14 days.

The increase in ammonium and nitrate masses in dry control plots between TO and T14 also illustrates this interpretive
complexity. Because these plots remained dry for longer, continued drought may have intensified microbial stress and

contributed to organic matter and microbial biomass turnover, with subsequent accumulation of inorganic nitrogen. In addition,

evaporation may have promoted upward redistribution and concentration of dissolved nitrate in the upper soil layers. The

temporary plastic cover used to exclude natural rainfall may also have altered temperature and moisture conditions near the

soil surface. These explanations remain tentative, but they emphasize that inorganic nitrogen pools can change substantially

even without experimental irrigation.

Overall, the nitrogen data support two main conclusions. First, rewetting caused a rapid but spatially restricted
ammonium increase in the topsoil, consistent with a short-term Birch-effect response. Second, nitrate pools after the initial
event were associated with changing hydrological and redox conditions, but the underlying process rates cannot be resolved
without direct measurements of gross mineralization, nitrification, immobilization, and denitrification.

4.3 Microbial community composition and extracellular enzyme activities

Microbial responses to drought and rewetting differed between community composition and extracellular enzyme activity.

Bacterial community composition showed no consistent treatment-related separation at either the DNA or RNA level during

the 14-day experiment (Fig. 7). Alpha diversity of the active community also did not differ significantly between dry control

and irrigated plots (Fig. 6). These results indicate that the short-term rewetting event did not cause a detectable restructuring

of bacterial community composition at the taxonomic resolution captured by 16S rRNA amplicon sequencing.

The absence of a clear compositional response does not imply that microorganisms were inactive. In contrast, 3-

lucosidase and exochitinase activities increased significantly in irrigated plots, especially in the upper soil layer (Fig. 8). This

indicates that rewetting rapidly affected microbial activity or extracellular enzyme availability, even though community

composition remained comparatively stable. Such a decoupling between microbial activity and community composition is

plausible because enzyme activities can respond within hours to changes in water availability, substrate diffusion, cell lysis,

and microbial metabolic activation, whereas detectable shifts in community composition may require longer time scales or

stronger selective pressure.

Several factors may explain why microbial community composition remained stable. First, floodplain and arable soils
are highly heterogeneous at small spatial scales, and such micro-scale variability can mask treatment effects in community
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ordinations (Vos et al., 2013). Second, DNA can persist in soils as relic DNA or in dormant cells, which may obscure short-

term changes in the living community (Carini et al., 2016; Lennon et al., 2018). Although RNA was analyzed as a

proxy for the active community, rRNA-based community profiles may still reflect both activity and standing ribosome pools

rather than instantaneous growth or process rates. Third, the 14-day observation period may have been too short to detect

consistent taxonomic restructuring, particularly if the community response was mainly physiological.

The slightly higher RNA-based diversity indices in dry control plots than in irrigated plots were not statistically

significant and should therefore not be interpreted as evidence for selection of better-adapted taxa. Rewetting can impose

osmotic stress and can eliminate sensitive cells, while also stimulating dormant or rare taxa (Aanderud et al., 2015; Barnard et

al., 2013; Blazewicz et al., 2014; Schimel, 2018). However, our data provide stronger evidence for an activity response than

for compositional selection. Therefore, the microbial results are best interpreted as showing rapid functional activation after

rewetting without detectable community restructuring over the short experimental period.

This interpretation is consistent with the enzyme and nitrogen results. Increased B-glucosidase and exochitinase

activities after irrigation indicate enhanced potential for C and N acquisition from organic substrates and support the observed

short-term ammonium increase in the topsoil. In contrast, the lack of a clear microbial community shift suggests that the

immediate biogeochemical response was driven primarily by altered microbial activity, substrate accessibility, and physical—

chemical conditions rather than by major changes in bacterial community composition.

5 Conclusions

Heavy rainfall after summer drought caused rapid preferential infiltration through drought-induced shrinkage cracks in this
fine-textured floodplain soil. Within two hours, D-O-labelledlabeled water reached at least 50 cm depth, and nitrate mass

declined in the upper soil profile without accumulating in the sampled subsoil, suggesting possible nitrate transport below 50

cm. In contrast, ammonium was largely retained within the soil profile and increased only in the uppermost layer, consistent

with a short-term rewetting-induced mineralization pulse. Subsequent moderate irrigation was retained mainly in the topsoil,

most likely because shrinkage cracks had closed after initial wetting. Redox potentials declined strongly after irrigation and

were associated with later changes in nitrate pools, but these patterns cannot be interpreted as direct estimates of nitrogen

transformation rates. Microbial community composition remained stable at both DNA and RNA levels, whereas [3-glucosidase

and exochitinase activities increased after irrigation, indicating rapid functional activation rather than detectable community

restructuring. These findings show that heavy rainfall after drought can create a brief but important window for nitrate

displacement through preferential flow pathways. potentially bypassing nitrogen retention in the biologically active topsoil

and increasing nitrate transfer to deeper soil layers or shallow groundwater. The study, conducted under realistic field

conditions, demonstrated that the interaction of the processes under investigation is complex and that, for example, the exact

mechanisms of nitrogen cycling could not be adequately explained using the chosen approach. Future work should combine

tracer-based hydrology with direct measurements of gross nitrogen transformation rates to disentangle transport from microbial

nitrogen cycling during drought-rewetting events.
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Appendices

Appendix A: Soil profile in a soil core from the Ammer valley

(@)

Figure Al: (a) Photo of the upper 90 cm soil profile from a location 100 m NW’ of the study site. A 1.20 m deep core was retrieved
with a direct push probe (6610 DT, Geoprobe, Salina, Kansas, US), the core was cut in two parts lengthwise for better visibility of
the sediments and crosswise at 0.6 m for taking the photo. The missing 30 cm are due to core loss at the bottom of the core. Depth in
cm below ground level is depicted besides the core. The upper 70 cm of the core are of uniform red-brown color until at 71 cm the
color abruptly changes to grey marking the transition from the Go to the Gr horizon in this Gleysol. Maximum sampling depth of
the presented study was 50 cm, which was well within the Go horizon. (The photo is courtesy of S. Klingler and S. Martin.) (b) Photo
of a 50 cm soil core from the presented study (plot D1). The uniform red-brown color is visible through the plastic liner. (Figure
reproduced from Schlogl et al. (2022) with permission from the Royal Society of Chemistry.)

Appendix B: Soil organic matter

Determination of total organic carbon (TOC)

For the analysis of soil organic matter as total organic carbon (TOC), cores from plots D1-3 (Day 10) and from W1-3 (Day

14) were cut into the following segments: 0—5 cm depth, 5-15 cm, 15-25 cm, 25-35 cm, 35-45 cm, 45-50 cm. The

corresponding depth segments from all D plots and from all W plots, respectively, were combined and aliquots of 10 g of soil

were freeze-dried (CHRIST ALPHA 1-4, CHRIST, Germany) and were ground to a grain size of < 63 um with a planetary

ball mill. One 1 g aliquot of each sample was decalcified with 16 % aqueous HCI and subsequently washed with ultrapure
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water until reaching at minimum a pH of 5. The sample was again dried and then weighed to determine the amount of inorganic

carbon. Inorganic carbon was independently determined by acid titration of a second subsample to ascertain the decalcification.

The dried and decalcified subsample was analyzed for TOC in an elemental analyzer (Elementar vario EL, Elementar, Hanau,

Germany) with four replicate measurements per sample. TOC was then normalized to the initial dry weight of the sample and

expressed as weight%.

TOC in weight%
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Figure B1: Distribution of soil organic carbon (as TOC) in weight% in a 50 cm depth profile of the studied Gleysol on irrigated plots
after 14 days of irrigation (W plots, blue dots) and dry control plots (D plots, orange triangles). (Figure reproduced from Schlogl et
al. (2022) with permission from the Royal Society of Chemistry.)

Appendix C: Soil texture

Determination of soil texture

For the analysis of grain size distribution, cores from plots D1-3 (Day 10) and from W1-3 (Day 14) were cut into the following

segments: 0—5 cm depth, 5-15 cm, 15-25 cm, 25-35 cm, 35-45 c¢cm, 45-50 cm. The corresponding depth segments from all D

plots and from all W plots, respectively, were combined. For each depth segment, grain size analysis was conducted following

the German Standard (Din deutsches institut fiir normung e. v., 2017). Aliquots of 50 g per sample were sieved wet through

sieves of 2 mm, 1 mm and 125 um mesh size to separate the fraction smaller than 125 um. The fraction bigger than 125 um

was dried and sieved dry through sieves of 500 um, 250 um, and 125 pum. The fraction smaller than 125 pm was further

analyzed by sedimentation analysis using the integral suspension pressure method (ISP) (Durner et al., 2017) using a PARIO

device (Meter Group, Munich, Germany).
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Figure C1: Grain size distribution in weight% of clay (light grey), silt (dark grey), and sand (black). (a) and (b). Grain size
215 distribution in 50 cm soil profiles of the studied Gleysol on dry control plots (a) and irrigated plots (b). (¢). Mean values and standard

deviations (yellow bars) of the grain size distribution calculated from all samples and depths from dry and irrigated plots (n = 12).

The soil is a silty clay loam. (Figure reproduced from Schlogl et al. (2022) with permission from the Royal Society of Chemistry.)
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1220 Appendix D: Weather data

40 25

IS
1S
30 A 20 <
"s '1= —
n K c
O AR o \ o
N a| i, LA ®
£ 20 1 Al TR RIAAL 15 S
o “ TR} ,:\{' k] s ) G =
M . AL .
5 L at iR Y 5
Z ! i &
o F10 ¢
& S
2 IS}
=3
L 5 8
S
o
-0

2 XX 0

S N S S S S S S N NS

NN NI A P S P IS PSS S

N N N° N v Q@ % N N ~ N N* N* N7 DT T QT DT
Q LS A LN G LN LN AN Ny o N9 o Nt e
Irrigation  mmmm Precipitation Temperature  ----T floating mean, 24 h

Figure D1: Hourly data of temperature (T) in °C (light red line), natural precipitation (black bars) and irrigation (grey bars) in mm
and a 24 h floating mean of the temperature in °C for the period from 1 January 2019 until 31 July 2019 from the weather station
in Tiibingen-Unterjesingen. The experiment took place from 16 July 2019 until 30 July 2019. (Figure reproduced from Schlogl et al.
1225 (2022) with permission from the Royal Society of Chemistry)

Appendix E: Calculation of reference evapotranspiration ETo

The reference evaporation ETo was calculated according to FAO Irrigation and Drainage Paper No. 56 (Allen et al., 1998).

1230 Table E1: Data on temperature (T), relative humidity (RH) and global radiation (Rs) from the weather station in Tiibingen-
Unterjesingen used for the calculation of the reference evapotranspiration ETo for the period 1 to 31 July 2019

Parameter Measured value
Tmax in °C 36.3

Tmean in °C 20.4

Tmin in °C 6.9

RHmax in % 100.0

RHmean in % 68.7

RHmin in % 26.0

Rsin W m” 236.0

N
to

ETo in mm day™’
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Appendix F: Gravimetric soil water content

The methodology is described in the main text.

soil water content in g g
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235 Figure F1: Gravimetric oil water content in g g! on Dry (D) and irrigated (W) plots on Days 0, 6 and 14 (T0, T, T14). Mean values
and standard deviations of replicates from three experimental plots are shown. (Figure reproduced from Schlogl et al. (2022) with

permission from the Royal Society of Chemistry)
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Appendix G: Microbial community analysis

1240 Relative sequence abundance

The methodology is described in the main text.

. (a) : (b)

40 | 40
] . . Q
e E3 Bacteria_Proteobacteria Q
830 e B8 Bacteria_Acidobacteriota g3
c . E3 Bacteria_Actinobacteriota g t
3 B8 Bacteria_Verrucomicrobiota 2
::, E3 Bacteria_Planctomycetota Py
S50 . B Bacteria_Chloroflexi 259
] ', E3 Bacteria_Myxococcota ]
g . E3 Bacteria_ g
(%} E3 Bacteria_Bacteroidota (%]
o . B8 Bacteria_Desulfobacterota =~ 2
710 E3 Other g 10
[] ]
o o

0 0

0-10 20-30 40-50 Dry Water
Depth in cm Treatment

Figure F1: Relative sequence abundance of bacteria phyla in the studied soil sorted by depth (a) and treatment (b).
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Appendix H: Coefficients of variation of nitrate and ammonium masses on W plots

Coefficients of variation were calculated from mean values and standard deviations (n = 3) of nitrate and ammonium masses

along the soil profile.
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Figure G1: Coefficients of variation of ammonium (a) and nitrate (b) masses on W plots at Days T0, T6 and T14.
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Appendix I: Calculation atmospheric ammonium-N deposition

255 The atmospheric ammonium-N deposition on the cross-sectional area of an experimental soil core was calculated to evaluate

potential sources of ammonium increase observed in the topsoil. Weekly atmospheric ammonium fluxes averaged over one
year were taken from Beyn et al. (2014).

Table H1: Calculation of the atmospheric ammonium-N deposition on the cross-sectional area of a soil core with a diameter of 3.5
260 cm within one week.

Atmospheric ammonium-flux average over one vear Source: Beyn et al. 2014

in uM ammonium m™ per week

wet deposition 752
dry deposition 66.7
total 818.7
Molar mass

M(ammonium) in g mol’! 18.0386
M(N) in g mol! 14.007
cross sectional area sample core in m? 0.000962

total ammonium-flux average over one year

in pg ammonium m~2 per week 14768.20
in mg ammonium m per week 14.77
in pg ammonium-N m per week 11467.53
in mg ammonium-N m™ per week 11.47

on cross-sectional area of a sample core

in mg ammonium-N per week 0.01103
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Appendix J: Calculation atmospheric nitrate-N deposition

The atmospheric nitrate-N deposition on the cross-sectional area of an experimental soil core was calculated to evaluate

265 potential sources of nitrate increase observed in the topsoil. Weekly atmospheric nitrate fluxes averaged over one year were

taken from Beyn et al. (2014).

Table I1: Calculation of the atmospheric nitrate-N deposition on the cross-sectional area of a soil core with a diameter of 3.5 cm
within one week.

Atmospheric nitrate-flux average over one year Source: Beyn et al. 2014

in uM nitrate m per week

wet deposition 468.9
dry deposition 60.6
total 529.5
Molar mass

M(nitrate) in g mol’! 61.977
M(N) in g mol! 14.007
cross sectional area sample core in m? (radius = 3.5 cm) 0.000962

total nitrate-flux average over one year

in pg nitrate m~ per week 32816.82
in mg nitrate m? per week 32.82
in pg nitrate-N m~ per week 7416.71
in mg nitrate-N m per week 7.42

on the cross-sectional area of a sample core

in mg nitrate-N per week 0.0071
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