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SUPPLEMENTARY MATERIALS AND METHODS

Soil collection and drought treatments

Soils were collected in Selside, Yorkshire Dales (54.17 N, 2.34 W), from four
independent plots (replicates). Turf was removed (2-3 cm), and topsoil collected from
3-10 cm depth. Main soil characteristics are shown in Table S1. Soils were sieved (4
mm mesh) and divided into pots (8 cm height, 8 cm diameter, and 170 ml volume),
filled to mimic the mean field bulk density (0.82 g cm-3). Pots were incubated at 18 °C,
30% air relative humidity, and kept at 65% water holding capacity (WHC), which
correspond to ~40% volumetric water content. After 3 weeks of stabilisation, drought
treatments were applied by different watering regimes until they reached the target
soil moisture: control treatments received 100% of the water loss, mild drought
treatments received 2/3, intermediate intensity drought received 1/3 and intense
drought received no water. Pots were watered every other day with autoclaved MiliQ
water. Soil moisture was evaluated gravimetrically. Target soil moisture was calculated
using historical data of soil moisture (1991-2020) in England, made available by the
CCl SM project [28, 29]. Minimum annual values of soil moisture were fitted to an

extreme value distribution (Gumbel distribution) with the package “extRemes” [30].

Drought lasted 2 weeks followed by 2 weeks of recovery when pots were slowly
rewetted to optimum moisture (65% WHC), by adding the appropriate amount of water
(by weight). Drought was repeated up to 3 times depending on the drought frequency
treatment. Control pots were always kept at 65% WHC. Fig. S1a summarizes the
evolution of WHC. WHC capacity was affected by the drought treatments (Fig. S1b),

so after each drought cycle, WHC was re-evaluated. The decrease of moisture



retention capacity of soils after repeated drought has previously been documented (4,

5).

Microbial sequences analysis

The quality of sequences was assessed using FASTQC (9). Primers were removed
using cutadapt (10) (fungi) or obitools (11) (bacteria). Low quality areas at the end of
the reads were trimmed using truncLen= ¢(275,200) (fungi) or truncLen= ¢(260,180)
plus 10 additional nucleotides at the beginning of forward reads (bacteria). Sequences
were analysed using the DADAZ2 pipeline (12) with default parameters, except maxEE
for fungi which was set to 4 in each direction. After filtering and de-noising steps 77%
(fungi) or 44% (bacteria) of the reads were retained, and 4,227 (fungi) or 16,924
(bacteria) amplicon sequence variants (ASV) were identified. Taxonomic identification
was performed by IDTAXA taxonomic classification method in DECIPHER (13)
package using UNITE reference database
(sh_general_release_dynamic_s 01.12.2017.fasta) for fungi and SILVA database
(SILVA_SSU r138_December2019.RData) for bacteria. Database was refined by four
consecutive steps. 1) Renormalization to counteract the problem of tag-switching (14):
for the abundant ASVs (= 100 reads), eliminate the reads of the samples
corresponding to a cumulative frequency of less than 3% for each particular ASV. 2)
Lulu algorithm to reduce the number of erroneous ASVs and achieve more realistic
biodiversity metrics (15), setting the minimum ratio at 2 for fungi and minimum match
at 99% for bacteria, and the rest parameters set as default. The election of these
parameters was based on the results of the mock community sample. 3) Minimal
abundance filtering, by removing any reads that represent < 0.02% abundance in each

sample. 4) Blank correction, where ASVs were removed if the total abundance in



blanks divided by the total abundance in sample was greater than 10%, in each
particular ASV. Finally, only fungi or bacteria sequences were retained. For fungal
database, other eukaryotic reads that were removed represented the 0.01% of the
reads. For bacteria, taxa unclassified at domain level represented the 2.83% of the
reads, Archaea reads represented the 0.004% and chloroplast sequences
represented the 0.01%. All of them were removed. Final databases contained 2,760
ASVs and 4,316,693 reads for fungi, and 7,313 ASVs and 2,383,395 reads for
bacteria. Sampling depth varied from 25,873-53,007 (mean 36,275) reads in fungi
and 12,595-58,150 (mean 19,937) reads in bacteria, and it was equally distributed
among drought treatments. Rarefaction curves were plotted using the rarecurve
function in “vegan” (16), and these indicated that sampling depth was sufficient for all

samples, plateauing at around 7,500 reads.

Soil enzymes

B-glucosidase (GLC), cellobiohydrolase (CBH), xylosidase (XYL), N-
acetylglucosaminidase (NAG) and acid phosphatase (PHO) were measured
photometrically according to Jackson et al. 2013 (17), with modifications. 3.75 g of
sieved soil was suspended in 5 mL of sodium acetate buffer (50 mM, pH 5.0). 150 pl
of soil slurry were introduced into a 96-well deepwell block and mixed with 150 ul of a
saturating substrate solution: 25 mM pNP-B-glucopyranoside for GLC, 2 mM pNP-£-
D-cellobioside for CBH, 25 mM pNP-B-xylopyranoside for XYL, 5 mM pNP-N-acetyl-
B-D-glucosaminide for NAG and 5 mM pNP-phosphate disodium salt hexahydrate for
PHO. Plates were incubated at 18 °C for 0.5 h (PHO), 1.5 h (GLC), 3.5 h (XYL and
NAG) or 4 h (CBH) under continuous shaking. Blocks were centrifuged (2900 g, 5

min), 100 pl of the supernatant pipetted into transparent 96-well plates and mixed with



200 pl of 50 mM NaOH solution. Absorbance was measured at 405 nm in a plate
reader (EZ400 Research, Biochrom, Germany) and corrected for soil and substrate

colouration. Reported activity is the mean of four analytical replicates.

Urease (URE) was measured by the optimised high throughput method (18) without
modifications. Briefly, 4 g soil was suspended in 10 ml of sodium acetate buffer (50
mM, pH 5.0) to create a slurry. 0.25 ml of soil slurry was extracted under continuous
stirring and placed into deep-well blocks. Each well received 0.1 ml of 80 mM urea
solution. Substrate blanks (only urea solution and buffer, no soil slurry) and soll
controls (only soil slurry and buffer, no urea solution) were added. Blocks were
incubated at 18 °C for 2 h under continuous shaking. After incubation, 1 ml of 2 M KClI
was added to each well (to extract available ammonia) and blocks were shaken for a
further 30 min. Blocks were then centrifuged (2900 g, 5 min), and 75 pl of the
supernatant were pipetted into transparent 96-well plates and mixed with 75 ul of
water. Ammonia concentration was evaluated by Berthelot reaction (Krom, 1980), and
absorbance at 650 nm was measured in a microplate reader (EZ400 Research,
Biochrom, Germany). Urease activity was expressed as uyg N-NHs* h™" g™ dry soil)

and reported activity is the mean of four analytical replicates.

Phenoloxidase (POX) and peroxidase (PER) activiies were measured
photometrically following Sinsabaugh & Linkins 1988 (19) method, with modifications.
0.25 g of soil were suspended in 25 ml of sodium acetate buffer (50 mM, pH 5.0). 0.4
ml of soil slurry were extracted under continuous shaking and mixed (1:1) with a 20
mM L-3,4-dihydroxyphenylalanin (.-DOPA) solution in a deep-well block. Blocks were
shaken for 10 min and centrifuged (2900 g, 5 min). 250 ul of the supernatant were
pipetted into transparent 96-well plates. For peroxidase activity, wells additionally

received 10 yl of a 0.3% H202 solution. Absorbance was measured at 450 nm in a



plate reader (EZ400 Research, Biochrom, Germany) at the starting time point (to), after
1.5 h (t1 for PER) and after 20 h (t1 for POX) at 18 °C. Enzyme activity was calculated
from the difference in absorption between the two time-points divided by L-DOPA
molar extinction coefficient (7.9 umol* (20)). For PER activity, POX activity was

subtracted. Reported activity is the mean of three analytical replicates.

Nutrient pools

Dissolved organic carbon (DOC) and dissolved organic nitrogen (DON) were
evaluated in water extracts (5 g soil in 28 ml MiliQ water) and plant available nitrogen
(ammonium and nitrate) were evaluated in KCI extracts (2.5 g soil in 12.5 ml 1M KCI).
In both cases, soil with extracting solutions were horizontally shaken at 200 rpm for 30
minutes and filtered through Whatman n° 42 filter papers (KCl extracts) or 0.45 uym
syringe filters (H20 extracts). N pools were measured in AA3 HR Auto Analyser (Seal
Analytical, UK) while C pools were measured in 5000A TOC-L analyser (Shimadzu,
Japan). Plant available P was extracted with acetic acid solution (1 g soil + 25 ml 2.5%
acetic acid) and detected by molybdate colorimetry using AA3 HR Auto Analyzer (Seal

Analytical, UK).

Organic P was estimated by evaluation of available phosphate before and after
sample ignition (22). Two portions of dry soil (2 g) were weighed. One of them was
burned at 550°C for 4 h in a furnace. Afterwards, both samples were extracted with 50
ml 0.5 M H2SOu4 by horizontally shaking at 120 rpm for 16 h. Extracts were filtered
(Whatman No. 42) and phosphate was evaluated by the ascorbic acid method (22).
After sample neutralization with NaOH, the colour reaction was carried out and the
amount of blue was evaluated by absorbance at 880 nm in a CLARIOstar plate reader

(BMG Labtech, Germany).



Microbial biomass C and N was measured using the fumigation—extraction
techniques (23, 24). 2.5 g of fresh soil were fumigated with CHCIs for 24 h. Soluble C
and N were extracted from the fumigated and from un-fumigated samples with 12.5 ml
0.5 M K2SO0a4. Soil + extracting solution were shaken and filtered (Whatman No. 42)
and total C and N were analysed in TOC and AA, respectively. Microbial C and N flush
(difference between fumigated and un-fumigated samples) were converted to

microbial biomass using kec factor of 0.35 (25) and ken factor of 0.54 (23).

Microbial P was estimated with the hexanol fumigation and extraction with anion-
exchange membranes method (26). Membrane strips (1 x 4 cm) were prepared by
shaking in 0.5 M NaHCOs. For each sample, three portions of fresh soil (2 g) were
weighed into 50 ml tubes: unfumigated, fumigated and spiked samples. In each tube,
30 ml deionized water and three anion-exchange membrane strips were added.
Fumigated samples received 1 ml of hexanol while spiked samples received 1 ml of a
20 mg ml' P solution. All tubes were shaken for 24 h. The membranes were then
removed and rinsed with deionized water and phosphate recovered by shaking for 1
h in 20 ml of 0.25 M H2SOs4, with detection at 880 nm by automated molybdate
colorimetry using AA3 HR Auto Analyzer (Seal Analytical, UK). Microbial phosphorus
were calculated as the difference between the fumigated and un-fumigated samples,
corrected by the sorption percentage (spiked samples) and transformed using a kep

factor of 0.40 (27).

Statistical analyses

All statistical analyses were done in R v4.0 (32). To evaluate microbial community
structure, we investigated alpha diversity, community structure with ordination

analyses, proportion of different taxa and functional guilds (only for fungi) and we



performed indicator species analysis. Due to the issues associated with using rarefied
or relative abundance data for diversity tests and differential abundance analyses (33),
different approaches or data transformations were applied for each analysis (specified

below).

Alpha diversity was calculated estimating the unobserved diversity (34). Richness
was estimated with “breakaway” package (35) and Shannon index with “DivNet”
package (36). Community structure was explored with a variance stabilization
transformation (VST) of data, using “DeSeq2” package (37). PERMANOVA analyses
using Euclidean distance of transformed data were performed to evaluate differences
among drought treatments, with soil as random factor, using adonis function in “vegan”
package (16). To better visualise the effects of the drought treatments, a correction to
eliminate the soil effect was performed with removeBatchEffect function in “limma”
package (38). A PCA analysis was then performed in the corrected database using
“vegan” (16). To predict functional guilds and trophic modes from the fungal taxonomic
data we used FUNGuild (39). Only those assignments considered highly probable or
probable were used, while possible assignments were discarded. Assignments with
multiple and contradictory guilds to the same taxa were also discarded. In average,
29.1% of the taxa (774 ASVs) were assigned and used in this analysis. Of those, 82
were assigned to order level, 158 to family level and 534 to genus level. For relative
abundance graphs, only taxa (phylum, order or family) with relative abundances >1%

across all samples were plotted.

Indicator species analysis was performed using multipatt function in the
“‘indicspecies” package (40) to identify bacterial and fungal taxa associated with
drought and control treatments. We tested for indicator taxa depending on the intensity

of drought, comparing the control treatment with the most intense drought and some



specific combinations (control+mild, control+mild+intermediate, and
intermediate+intense drought). Prior to analysis, ASVs were agglomerated at genus
level using tax_glom in “phyloseq” package (41), and libraries were normalised using
cumulative sum scaling (CSS) (42), using phyloseq_transform_css function in
‘metagMisc” package (43). CSS-normalised abundance heatmaps were produced

using plot_heatmap function in “phyloseq” (41).

Resistance and resilience of soil functions were evaluated with a linear regression
analysis between the value of the variable under drought and time after drought (in
weeks). We used relative data in percentage (i.e., value drought pot/value control pot
x 100), and we performed individual analyses for each of the nine drought intensity
and drought frequency combinations. The value of the intercept was used as a
resistance index (RS), as it represents the relative difference of the drought treatment
with the control just after drought. RS can be directly interpreted as the % change
compared to the control treatment. Additionally, we used the value of the slope as a
resilience index (RL). This value was adjusted depending on the direction of change
after drought with the formula: if intercept < 100, then RL = slope; if intercept > 100,
then RL = —slope. Thus, a positive RL indicates a recovery of the system; variables in
drought pots are getting more similar to those in control pots. On the other hand, RL
= 0 reflects no change (no resilience), with drought pots showing the same difference
with the control ones that what it was at the end of the drought. Moreover, a negative
RL can be interpreted as delayed response to drought or a continuous negative effect
even when the perturbation has finished, as negative RL mean a bigger difference
with the control over time than what it was at the end of the drought. RL values can be

directly interpreted as percentage recovery/change per week.



Soil functional data (soil extracellular enzymes and nutrient pools) were analysed
with a non-metric multidimensional scaling (NMDS) ordination analysis, performed
with the function metaMDS in “vegan” (16), using relative data (value/average of the
control at each sampling date). Multifunctionality index (44) was calculated with all the
soil enzymatic activities, which represent the organic matter decomposition capacity
of soils. Data were standardised by z transformation separately for each sampling
time, which removed overall differences between harvest time points (45).
Subsequently, the average of all standardised values was used as the

multifunctionality index.

The effects of drought intensity and frequency in all variables were analysed by
linear mixed effect models (LME) with drought intensity and frequency as fixed factors
and soil replicate as random factor, with /me function in “nmle” package (46). To obtain
a balanced design, control pots were removed from the analysis. Normality of the
residuals and homoscedasticity were confirmed with Anderson-Darling test and
Levene test, respectively. If needed, natural logarithmic or square root transformations
were applied. If the assumptions were still not met, Kruskal-Wallis test was performed
instead. P values after multiple comparisons (for bacterial and fungal taxa) were

adjusted with the Benjamini-Hochberg adjustment (47, 48) using p.adjust function.
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Table S1. Main soil chemical characteristics. Variables measured after pot experiment setup but before drought treatments. Mean +
standard deviation are shown (n=4). OM: organic matter content measured by loss on ignition. DOC: dissolved organic carbon, DON:
dissolved organic nitrogen, TOP: total organic phosphorus, Cy,.: microbial carbon, Ny.: microbial nitrogen, P,.: microbial phosphorus.

Variable Value

pH 6.11 £0.08
OM (%) 8.89 +£0.07
Plant available NH,* (mg Kg™' dry soil) 8.09+1.28
Plant available NO; (mg Kg™ dry soil) 6.20 + 1.40
Plant available PO,*> (mg Kg™' dry soil) 1.83+0.64
DOC (mg Kg™' dry soil) 49.28 + 4.45
DON (mg Kg™' dry soil) 5.52+1.73
TOP (mg Kg™' dry soil) 556.37 + 58.29
Chmic (Mg Kg™' dry soil) 1348.4 £ 259.4
Nric (Mg Kg'" dry soil) 172.0 £ 35.9

Pumic (Mg Kg™' dry soil) 182.5+34.7




Table S2. Effects of drought intensity, drought frequency, and harvest time point on soil bacterial and fungal taxa, analysed by linear
mixed models with soil as random factor. F values and significance levels are given as *<0.05; **<0.01; ***<0.001; ": not significant.

Intensity (I) Frequency (F) Time point (T) IxF IxT FxT IXFxT
Bacterial Phylum
Proteobacteria 39.68 *** 3.68 * 2013  *** 1.14 1171 049 ™ 024 ™
Acidobacteriota 120.61  *** 185 35.69 096 ™ 471 * 125 ™ 158
Verrucomicrobiota 199 295 ™ 2415 *** 141 ™ 091 ™ 3.10 * 133 ™
Actinobacteriota 3.58 * 406 * 240 ™ 0.63 ™ 6.81 *** 122 094 ™
Firmicutes 11.45  *** 046 ™ 404 * 120 ™ 1.08 076 ™ 056 ™
Myxococcota 206.27 *** 228 ™ 347.20 352 * 2421 182 146 ™
Bacteroidota 61.64 *** 154 ™ 62.34 079 ™ 447 * 119 ™ 094 ™
Planctomycetota 028 ™ 192 102.26  *** 0.16 ™ 156 "™ 032 ™ 234 *
Chloroflexi 1212 *** 194 s 129 047 ™ 10.20 *** 161 0.70 ™
Fungal Phylum
Ascomycota 16.46  *** 6.24 ™ 0.07 ™ 573 *** 172 036 "™ 075 ™
Basidiomycota 427 * 206 ™ 346 * 163 " 052 ™ 122 024 ™
Mortierellomycota 9.77 141 144 3.03 * 5.27 114 1.03
Chytridiomycota 8.18 ¥ 030 ™ 556 ** 0.36 ™ 010 ™ 3.05 * 129 ™




Table S3. Effects of drought on soil extracellular enzyme activities and soil nutrients analysed by linear mixed models with drought intensity
(I) and frequency (F) as fixed factors and soil as random factor. It is also shown if transformation to meet model assumptions was needed
(Ln = natural logarithm transformation, Sqrt= square root transformation). Significant results are highlighted in bold. GLC: B-glucosidase,
CBH: cellobiohydrolase, XYL: xylosidase, NAG: N-acetylglocasiminidase, PHO: acid phosphatase, URE: urease, POX: phenoloxidase,
PER: peroxidase, DOC: dissolved organic carbon, DON: dissolved organic nitrogen, TOP: total organic phosphorous, Cy.: microbial

carbon, Np.: microbial nitrogen, P,.: microbial phosphorus.

After drought (t1) Six months after drought (t4)
Variable Intensity (1) Frequency (F) IxF Intensity (1) Frequency (F)
F p F p F p F p F p F p

GLC 67.58 <0.001 8.62 0.002 8.19 <0.001 50.44 <0.001 0.83 0.449 0.44 0.779
CBH 44.29 <0.001 5.07 0.015 6.18 0.002 49.93 <0.001 2.31 0.121 0.95 0.455
XYL 49.03 <0.001 1.94 0.166 5.01 0.004 21.47 <0.001 1.06 0.363 0.43 0.787
NAG 34.43 <0.001 13.60 <0.001 6.85 <0.001 19.13 <0.001 1.12 0.342 1.18 0.344
PHO 32.69 <0.001 20.20 <0.001 5.70 0.002 8.03 0.002 11.43 <0.001 0.43 0.782
URE 0.28 0.757 3.51 0.046 3.31 0.027 35.91 <0.001 0.61 0.554 0.94 0.451
POX 0.14 0.872 2.84 0.078 0.88 0.493 0.54 0.589 1.59 0.226 0.35 0.840
PER 0.90 0.419 5.34 0.012 1.61 0.203 0.13 0.877 2.85 0.078 1.81 0.160
NH,* 165.39 <0.001 33.77 <0.001 7.39 <0.001 23.35 <0.001 2.51 0.102 0.58 0.683
NOz 1.00 0.382 2.18 0.135 2.40 0.078 7.45 0.003 0.14 0.871 2.33 0.085
PO* 17.09 <0.001 6.12 0.007 0.91 0.472 1.36 0.274 0.98 0.391 0.28 0.889
DOC 38.76 <0.001 3.81 0.037 1.56 0.219 Ln 1.32 0.285 1.03 0.371 0.94 0.459
DON 16.68 <0.001 0.14 0.867 1.55 0.219 Ln 0.17 0.848 0.27 0.765 1.37 0.274
TOP 0.06 0.945 0.02 0.983 0.27 0.892 2.58 0.096 0.13 0.882 1.33 0.286
Chmic 15.66 <0.001 4.02 0.031 2.38 0.080 7.87 0.002 0.77 0.474 0.88 0.493
Nmic 22.02 <0.001 0.77 0.474 1.79 0.164 12.34 <0.001 0.06 0.944 0.93 0.464
Prmic 15.86 <0.001 2.38 0.114 0.75 0.570 42.82 <0.001 0.43 0.654 1.18 0.343 Sart
pH 20.42 <0.001 5.43 0.011 2.20 0.099 11.10 <0.001 0.63 0.542 1.30 0.297
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Fig. S1 Experimental design summary. a, Schematic representation of the different drought levels, including 3 intensity levels, 3 frequency levels,
and a control soil. b, Timeline showing the start of the experiment, the drought period and the harvests after drought. The different measurements
done at each individual time point are represented as: a C,N,P cycle = soil nutrient pools and enzymes, a phylogenetic tree = fungal and bacterial DNA
sequencing, and growth curves = microbial growth and respiration rates.
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Fig. S3 Microbial community structure. Data based on 16S (bacteria) and ITS2 (fungi) amplicon sequencing an summarised by drought intensity
and frequency (x1: 1 event, x2: 2 events, x3: 3 events) treatments. a,b, Community structure evaluated by principal component analysis of VST
transformed data, without removing soil effect. Significance of PERMANOVA analysis evaluating the effects of drought intensity (l), frequency (F) and
sampling time (T), with soil as random factor, is shown in each graph: *p<0.05, **p<0.01, ***p<0.001. Differences in data dispersion (dd) among
groups is also shown (": non-significant). Variance explained by soil is 9.9% for bacteria (a) and 18.4% for fungi (b). c-g, Relative abundance of
different microbial taxa depending on drought treatment and sampling time. Data = mean of 4 replicates. Only taxa with relative abundances >1%
across all samples are plotted. Fungal guild data extracted from FUNGuild database. Significance of linear mixed models evaluating the effects of
drought treatment for each sampling time with soil as random factor, is shown to the right of each taxa name as -p>0.05,*p<0.05. sg = subgroup.



Bacteria

7obia O, lineage IV

mild

G Candidaius Paricasdibacter
Elusimicrobia C. lineage lla
0. Chlamydiales
C. Bacteroidia
Elusimicrobiota C. Lineage Il
Tepidisphaerales F. CPla-3
Ktedonobacteraceae G. G12-WMSP1
ammaproteobacteria O. CCD24
Chioroflexi C. OLB14
Chlamydiales F. cvES
Sphingobacteriales F. AKYH767
Pedosphaeraceae G. SH3-11
Chioroflexi C. JG30-KF-CM66
G. Lacunisphaera
Bacteria P. FCPU426
F. Simkaniaceae
Hyphomonadaceae G. SWB02
Cytophagales
G. Rhodovastum

Control +

Nitrosomonadaceae G, GOUTAS
Pedosphaeraceae G. DEV008
G. Pedosphacra

G. Terrimonas

Chloroflexi C. AD3

G. Parafilmonas
Acidobacteriota C. Subgroup 11
Acidobacteriae O. Subgroup 15

G. Fimbriimonas Abundance
Sphingobacteriales F, CWT CU03-E12
G. Roseisolibacter
Rhizobiales F. Amb-165-1323

Burkholderiales F. TRA3-20

Gammaproteobacteria O. JG36-T2T-191

G. Paludibaculum

Ktedonobacteraceae G. HSB OF53-F07

Planctomycetota C. OM190

Kryptoniales F. BSV26

C. Vermicomicrobiae

F. Geobacteraceas

G. Pajaroellobacter

Polyangiales F. Blrii41

G. Anaeromyxobacter

G. Flavobaceriu

Nitrospirota C. 4-29-1

Microscillaceae G. OLB12

Vicinamibacieria O. Subgroup 17

Rhizobiales F. A0839

F. Vicinamibactoracoae

.

. 64
16
4

Control + mild + intermediate

F. Gemmatimonadaceae
Nitrosomonadaceae G. MND1
Verrucomicrobiae O. $-BQ2-57

. Nitrospira

Nitrosomonadaceae G. Ellin6067
Pedosphaeraceae

Acidobacteriota C. Subgroup 5

F. Chitinophagacea
Nitrosomonadaceae G. mlel-7

P. Acidobacteriota

Rhizobiales F. KF-JG30-B3
Acidobacteriota C. Subgroup 22

G. Haliangium

Pedosphaeraceae G. ADurb.Bin063-1
Gammaproteobacteria O. KF-JG30-C25
G. Bryobacter

G. Puia

F. Micropepsaceae

D. Bacteria

Pedosphaeraceae G. Ellin516

0. Burkholderiales

Burkholderiales F. A21b
Candidatus Solibacter

0. Acidobacteriales

Acidobacteriae O. Subgroup 2

0. Candidatus

G. Edaphobacter

G. Paenibacillus

4 G. Streptomyces
G. Sphingomonas

Intense

F. Microbacteriaceae =
4 F. Micrococcaceae
G

Intense +
Interm

Control Mild Mild Mild Interm. Interm. Interm. Intense Intense Intense
x1 x2 x3 x1 x2 x3 x1 x2 x3

Fungi

Control

G. Acidomelania

G. Glarea

0. Sebacinales

F. Glomeraceae

P. Rozellomycota

G. Hygrocybe

P. Ascomycota

G. Archaeorhizomyces
O. Rhizophydiales

G. Geoglossum

0. Geoglossales

4 G. Clavaria
F. Clavariaceae

G. Glutinoglossum

0. Onygenales

F. Herpotrichiellaceae
G. Trichoglossum

C. Eurotiomycetes

0. Chaetothyriales
G. Mortierella

Abundance

Control
+ mild

Control + mild + interm.

Control Mild Mild Mild Interm. Interm. Interm. Intense  Intense Intense
x1 x2 x3 x1 x2 x3 x1 x2 x3

Fig. S4 Indicator species analysis. Heatmaps showing cumulative sum scaling (CSS) normalised abundances of soil bacteria (a) and fungi (b)
indicator taxa identified for different drought intensity and frequency (x1: 1 event, x2: 2 events, x3: 3 events) treatments. Only taxa significant at p <
0.001 (bacteria) or p < 0.01 (fungi) are shown. Data agglomerated at genus level for analysis. ASVs unassigned at genus level, show the name of the
lowest assigned taxonomical rank (P=Phylum, C=Class, O=Order, F=Family, G=Genus). Interm. = intermediate.
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Fig. S6 Effects of drought on soil enzyme activities. Data after drought (a-h) and after 6 months afterwards (i-p), summarised by drought intensity
and frequency (x1: 1 event, x2: 2 events, x3: 3 events) treatments. Significance of linear mixed models evaluating the effects of drought intensity (1)
and frequency (F), with soil as random factor, is shown in each graph: *p<0.05, **p<0.01, ***p<0.001. Values = mean % standard error, n=4. GLC: (-
glucosidase, CBH: cellobiohydrolase, XYL: xylosidase, NAG: N-acetylglocasiminidase, PHO: acid phosphatase, URE: urease, POX: phenoloxidase,
PER: peroxidase.
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Fig. S7 Effects of drought on soil nutrients, microbial biomass and pH. Data after drought (a-j) and after 6 months afterwards (k-t), summarised
by drought intensity and frequency (x1: 1 event, x2: 2 events, x3: 3 events) treatments. Significance of linear mixed models evaluating the effects of
drought intensity (1) and frequency (F), with soil as random factor, is shown in each graph: *p<0.05, **p<0.01, ***p<0.001. Values = mean + standard
error, n= 4. DOC: dissolved organic carbon, DON: dissolved organic nitrogen, TOP: total organic phosphorous, C,.: microbial carbon, N,.: microbial
nitrogen, P,.: microbial phosphorus.
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Fig. S8 Moisture dependence of bacterial and fungal growth and respiration depending on drought history. IC,, represents the moisture
level (in % water holding capacity) at which growth and respiration rates are reduced by 10%. Drought intensity and drought frequency had no
significant effects on these variables. Drought frequency x1=1 event, x2=2 events, x3=3 events. Mean + SD (n=4) and individual data points shown
as open circles.
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