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Supplementary File 1: Measurement of soil physicochemical characteristics
Total soil carbon (Ctot) and nitrogen (Ntot) were determined from air-dried, milled soil (< 2 mm) using a FLASH 2000 Elemental analyzer (Thermo Scientific, Waltham, MA). Soil pH was measured in a 1:5 dH2O suspension. For total soil P (Ptot), 300 mg of soil was burned (550°C, 3 h, Nabertherm B400), the ash being digested in 10 mL 13% HNO3 (1:4) and analysed using ICP-OES. Ammonium acetate extractable P (PAAE) was determined calorimetrically after ammonium lactate and acetic acid extraction (Egnér et al., 1960). Soil water content (soil WC) was measured after drying at 105°C for 24 h.

Supplementary File 2: Metabarcoding and Bioinformatic analysis
Soil DNA extracts were quantified using a PicoGreen dsDNA quantification assay (Invitrogen, Carlsbad, CA), on a Cary Eclipse spectrophotometer (Varion Inc., Palo Alto, CA),  and diluted to a concentration of 5 ng/ µl with sterile dH2O. Fungal ITS2 regions were PCR-amplified using primers ITS3 (5’-CAHCGATGAAGAACGYRG-3’) and ITS4 (5’-TCCTSCGCTTATTGATATGC-3’) (Tedersoo et al., 2014), while bacterial 16S V3-V4 regions were amplified with primers 341F (5’-CCTAYGGGDBGCWSCAG-3’) and 806R (5’-GGACTACNVGGGTHTCTAAT-3’) (Frey et al., 2016). For Fluidigm Access Array multiplexing (Fluidigm, San Francisco, USA), forward primer carried a CS1 adapter, and reverse primers a CS2. PCR amplification conditions followed Mayerhofer et al. (2017), with modifications: 20 μl reactions and 35 amplification cycles. Reactions were run in quadruplicate, pooled, and sequenced at the Génome Québec Innovation Center (Montréal, Canada) on a Illumina Miseq v3 platform (PE-300, Illumina Inc. San Diego CA).
The bioinformatic analysis of high-throughput sequencing data was performed following that reported in Longepierre et al., 2021, using DADA2 instead of vsearch for quality control and ASV inference. phiX sequences were removed using Bowtie2 (version 2.3.5.1), and primer sequences were removed using Cutadapt (version 2.8) (Martin, 2011). DADA2 (version 1.22.0) was used for trimming and sequence quality filtering discarding sequences containing ambiguous base pairs and discarding sequences with a maximum expected error above 1 (Callahan et al., 2016). For prokaryotes, forward reads were trimmed at a quality score of 7 or to 250 bp, while reverse reads were trimmed to at least 225 bp to remove low quality sequence tails. ASV inference and sequence merging with default parameters was performed using DADA2. ASVs with sequence read lengths of <300 bp (prokaryotes) and <150 bp (eukaryotes) were removed to exclude short length sequence artifacts, and de novo chimeras were removed using vsearch (version 1.2.11) (Rognes et al., 2016). Target verification, which is the removal of sequences without ribosomal patterns, was done using metaxa2 (version 2.2.3) for prokaryotes (Bengtsson-Palme et al., 2015), and ITSx (version 1.1.3) for eukaryotes (Bengtsson-Palme et al., 2013). Taxonomic classification of ASV centroids was performed using an RDP classifier in MOTHUR (version 1.47.0) (Schloss et al., 2009), with the SILVA ribosomal RNA gene database (version 138) for prokaryotic ASVs (Quast et al., 2012) and UNITE (version 7.2) for fungal ASVs (Abarenkov et al., 2010).  Bacterial and fungal ASV α–diversity measures were calculated using the ‘summary.single’ command in MOTHUR. Sequencing depth differences were normalized via iterative (10,000x) subsampling to the lowest sample size (21,675 for bacteria and 19,673 for fungi, Figure S2).

Supplementary File 3: qPCR conditions
Reactions were run on a 7300 Real-Time PCR system (Applied Biosystems, Germany) with 25 µl volumes containing 12.5 µl SYBR Green® Master Mix (Thermo Fischer Scientific, USA), primers (Metabion, Germany), 0.5 µl BSA (3%, Sigma-Aldrich, Germany), and DEPC-treated water. Primer sequences, annealing conditions, and full thermal cycling profiles are provided in Table S1. Serial plasmids (101 to 107 gene copies µl-1) were used for standard curve calculations, with pre-experiment inhibition tests determining the optimal sample dilution as 1:64. Reaction efficiencies were calculated as E = (10 (-1/slope) -1) x 100, with all reactions having an efficiency >80%. The R2 of each qPCR reaction was >99%. Furthermore, a dissociation step was added after each run to perform melting curve analysis in order to test the specificity of the qPCR products, with the correct size of amplified products tested further by running random samples on a 1% agarose gel. The gene copy number per gram of dry soil was then calculated for each of the studied genes. 

Supplementary File 4: Phospholipid fatty acid analysis
PLFA (phospholipid fatty acids) and NLFA (neutral lipid fatty acids) analyses were used to quantify microbial groups, after the soils were first freeze-dried (Frostegård et al., 1993). Lipids were extracted with chloroform:methanol:citrate buffer (1:2:0.8 v/v/v) and separated into neutral lipids, glycolipids and phospholipids on silica columns using chloroform, acetone and methanol, respectively. Phospholipids and neutral lipids were methylated, and fatty acid methyl esters identified via gas chromatography with flame ionization detection (GC-17A, Shimadzu). An internal standard (19:0) enabled quantification.
14

Table S1: Primer set and thermal profile for the 16S rRNA gene to quantify bacteria as well as the functional genes involved in soil P and N transformation used in this study.
	Functional group
	Protein 
	Target gene
	Calibration standard source
	Thermal profile
	Forward primer
	Reverse primer
	Reference

	Total bacteria
	16S ribosomal RNA
	16S-rRNA
	Pseudomonas putida
	45s/95°C, 45 s/58 °C, 45s/72°C
	FP 16S
5'-GGTAGTCYAYGCMSTAAACG-3'

	RP 16S
5'-GACARCCATGCASCACCTG-3'

	Bach et al. 2002

	P turnover
	
	
	
	
	
	
	

	
	Alkaline phosphatase
	phoD
	Bradyrhizobium japonicum
	20 s/95 °C, 60 s/60 °C, 30 s/72 °C
	phoD-F
5'-TGTTCCACCTGGGCGAYWMIATHT AYG-3'
	phoD-R
5'-CGTTCGCGACCTCGTGRTCRTCCCA-3'
	Eder et al., 1996


	
	Phosphonoacetaldehyde hydrogenase
	phnX
	Salmonella enterica DSM 17058 (DSMZ)
	
	phnX-F
5'-CGTGATCTTCGACtGGGCNGGNAC-3'
	phnX R
5'-GTGGTCCCACTTCCCCADICCCAT NGG-3'
	McGrath et al., 2013


	
	
	phoN
	Salmonella enterica DSM 10062

	
	phoN_FW
5'-GGAAGAACGGCTCCTACCCIWSNGGNC A-3'
	phoN_RW
5'-CACGTCGGACTGCCAGTGIDM IYY RCA-3'
	Rossolini et al. 1998


	
	6-phytase/acid phosphatase
	appA
	E. coli DSM 30083 (DSMZ)
	
	appA-F
5'-AGAGGGTGGTGATCGTGATGMGIC AYG GNR T-3'
	appA-R
5'-GCCTCGATGGGGTTGAAIADNGGR TC-3'
	Golovan et al., 2000


	
	Quinoprotein glucose dehydrogenase
	gcd
	Salmonella enterica DSM 17058
	
	
	
	

	
	Phosphate specific transporter
(periplasmic phosphate-binding protein)
	pstS
	
	
	pstS-F
5'-TCTACCTGGGGAAGATCACAAARTGGR AYG A-3'
	pstS-R
5'-TGCCGACGGGCCAITYNWC-3'
	Hsieh and Wanner  2010


	N cycle
	
	
	
	
	
	
	

	
	Dinitrogenase reductase subunit of the nitrogenase
	nifH
	Sinorhizobium meliloti 30136
	45 s/94 °C, 45 s/55 °C, 45 s/72°C
	nifH-f-Rosch
5'-AAAGGYGGWATCGGYAARTCCACCAC-3'
	nifH-r-Rosch
5'-TTGTTSGCSGCRTACATSGCCATCAT-3'
	Rösch et. al., 2002

	
	Ammonia monooxygenase α-subunit (ammonia-oxidizing bacteria)
	AOB
	Fosmid colne 54d9
	45 s/94 °C, 30 s/60 °C, 45 s/72 °C
	amoA 1F
5'-GGGGTTTCTACTGGTGGT-3'
	amoA 2R
5'-CCCCTCKGSAAAGCCTTCTTC-3'
	Rotthauwe et al., 1997

	
	Ammonia monooxygenase α-subunit (ammonia-oxidizing archaea)
	AOA
	Nitrosomonas sp.
	45 s/94 °C, 45 s/55 °C, 45 s/72 °C
	19F
5'-ATGGTCTGGCTWAGACG-3'
	CrenamoA616r48x
5'-GCCATCCABCKRTANGTCCA-3'
	Leininger, et al., 2006

	
	Nitrite reductase
	nirS
	Pseudomonas stutzeri
	45 s/94 °C, 45 s/57 °C, 45s/72°C
	nirS cd3af
5'-GTSAACGTSAAGGARACSGG-3'
	nirSR3cd
5'-GASTTCGGRTGSGTCTTG A-3'
	Michotey et al. (2000)
Throbäck et al. (2004)

	
	Nitrite reductase
	nirK
	Azospirillum irakense DMS 11586
	30 s/95°C, 30 s/58 °C, 30 s/72 °C
	nirK 876
5'-ATYGGCGGWCAYGGCGA-3'
	nirK 5R
5'-GCCTCGATCAGRTTRTGG-3'
	Henry et al. (2004)
Braker et al. (1998)

	
	Bacterial chitinase group A
	chiA
	Streptomyces griseus
	30 s/95 °C, 30 s/60 °C, 60 s/72 °C
	chiA-r
5'-CSGTCCAGCCGCGSCCRTA-3'
	chiA-f
5'-GACGGCATCGACATCGATTGG-3'
	Xiao et al. 2005













Table S2: Mean values in measured soil physicochemical variables (a) under the different fertiliser applications (Unfert, PK, NPK and NNPK) and cutting frequencies (2 and 3 cuts). Shown is the difference in terms of pHH2O (pH), total % soil carbon (Ctot), nitrogen (Ntot) and phosphorus (Ptot) and soil ammonium acetate extracted phosphorus (PAAE, mg/g). Also shown are the measured Landolt plant indicator values (b) for continentality (K), light (L), soil moisture (F), pH preference (W), soil nitrogen (R), nutrient availability (N), humidity (H) and salinity (D). Statistical inference is based on a linear mixed-effects model and denotes the effect of fertilization, cutting and the interaction between fertilization and cutting. Shown is the F – value for each variable and the interaction and the average standard error (SE) across the eight treatments. Significance codes: ‘***’ p ≤ 0.001 ‘**’ p ≤ 0.01 ‘*’ p ≤ 0.05.
	
	Fertilisation
	Cutting frequency
	Fertiliser*Cutting frequency
	SE
	Unfert/2
	Unfert/3
	PK/2
	PK/3
	NPK/2
	NPK/3
	NNPK/2
	NNPK/3

	(a).Soil
	
	
	
	
	
	
	
	
	
	
	
	

	pH
	3.847
	2.353
	0.052
	0.421
	4.87
	5.07
	5.81
	6.06
	4.79
	5.02
	5.05
	5.43

	Ctot
	1.548
	1.319
	0.475
	0.496
	4.58
	5.01
	4.88
	4.97
	4.49
	4.42
	4.43
	4.73

	Ntot
	1.720
	1.170
	0.195
	0.036
	0.39
	0.41
	0.43
	0.45
	0.39
	0.39
	0.41
	0.43

	Ptot
	4.261
	0.202
	0.209
	9.307
	31.38
	34.49
	50.35
	54.39
	42.79
	46.90
	51.39
	47.60

	PAAE
	12.922**
	31.619***
	6.986*
	0.724
	1.59
	1.61
	8.05
	4.90
	4.85
	3.56
	4.59
	3.41

	(b).Landholt
	
	
	
	
	
	
	
	
	
	
	
	

	Landholt_T
	2.226
	4.500
	0.088
	0.041
	3.36
	3.34
	3.43
	3.41
	3.43
	3.41
	3.48
	3.44

	Landholt_K
	3.080
	0.660
	0.576
	0.064
	3.10
	3.16
	2.96
	2.96
	2.94
	2.94
	2.96
	2.95

	Landholt_L
	0.765
	8.971*
	2.244
	0.049
	3.61
	3.66
	3.53
	3.65
	3.54
	3.56
	3.59
	3.60

	Landholt_F
	15.570**
	3.860
	1.288
	0.049
	2.76
	2.71
	3.05
	2.98
	3.05
	3.05
	3.07
	3.07

	Landholt_W
	6.990
	0.868
	0.894
	0.080
	1.57
	1.67
	1.38
	1.40
	1.46
	1.41
	1.33
	1.39

	Landholt_R
	23.375***
	4.194
	2.036
	0.053
	3.26
	3.39
	3.00
	3.00
	2.98
	3.00
	2.99
	3.00

	Landholt_N
	57.561***
	0.006
	1.588
	0.073
	2.99
	2.90
	3.54
	3.52
	3.70
	3.73
	3.76
	3.83

	Landholt_H
	2.108
	0.012
	4.033
	0.025
	3.11
	3.13
	3.05
	3.08
	3.11
	3.07
	3.07
	3.05

	Landholt_D
	10.751**
	0.409
	0.169
	0.119
	2.19
	2.20
	2.59
	2.50
	2.61
	2.59
	2.61
	2.59





Table S3: Treatment means (± SE) in bacterial (a) and fungal (b) alpha diversity measures, observed distinct microbial taxa (observed), Chao1 richness estimation (Chao1), Shannon and Inverse Simpson diversity indexes. Also shown are the treatment means (nmol g-1) of the fatty acid biomarkers for total bacteria (Bacteria, sum of i15:0, a15:0, 15:0, i16:0, 16:1ω9, i17:0, a17:0, 17:0, 17:1ω8, cy17:0, 18:1ω7, cy19:0 PLFA), fungi (Fungi, sum of 16:1ω5, 18:1ω9, 18:2ω6 PLFA), gram positive (G+, sum of i14:0, i15:0, i16:0 PLFA), gram negative (G-, sum of 16:1ω7c, cy17:0, 18:1ω7, cy19:0 PLFA), Actinobacteria (Actinobacteria, sum of 10Me16:0, 10Me17:0, 10Me18:0 PLFA) and for saprotrophic fungi (Fungi 18:2ω6 SF) and arbuscular mycorrhizal fungi (Fungi 16:1ω5 AMF). Finally, the alpha diversity measures for the plant community (d), the Shannon, Simpson and Inverse Simpson diversity indexes and plant species richness (Species richness) are shown. Shown is the F – value for each variable and the interaction and the average standard error (SE) across the eight treatments. Significance codes: ‘***’ p ≤ 0.001 ‘**’ p ≤ 0.01 ‘*’ p ≤ 0.05.























	
	Fertilization
	Cutting frequency
	Fertilization*Cutting frequency
	SE
	Unfert/2
	Unfert/3
	PK/2
	PK/3
	NPK/2
	NPK/3
	NNPK/2
	NNPK/3

	(a).Bacteria
	
	
	
	
	
	
	
	
	
	
	
	

	Observed
	2.385
	1.617
	4.149*
	97.067
	2259
	2454
	2627.00
	2452
	2454
	2567
	2517
	2582

	Chao1
	1.173
	3.626
	7.022*
	104.684
	2568
	2817
	2958.00
	2751
	2773
	2938
	2823
	2901

	Shannon
	4.051
	0.862
	0.566
	0.096
	6.46
	6.54
	6.73
	6.67
	6.51
	6.58
	6.58
	6.65

	Inverse Simpson
	4.257*
	0.712
	0.103
	18.624
	116.90
	121.23
	153.62
	154.65
	111.45
	121.25
	118.09
	130.91

	(b).Fungi
	
	
	
	
	
	
	
	
	
	
	
	

	Observed
	0.952
	1.392
	0.459
	36.668
	526
	536
	552.00
	516
	555
	518
	509
	495

	Chao1
	1.896
	1.222
	0.340
	41.548
	582
	588
	609.00
	564
	624
	594
	554
	541

	Shannon
	0.098
	0.106
	0.586
	0.525
	4.33
	4.63
	4.28
	4.44
	4.59
	4.22
	4.50
	4.11

	Inverse Simpson
	0.054
	0.039
	0.427
	22.129
	29.18
	34.34
	18.92
	37.19
	35.09
	31.33
	38.40
	26.50

	(c).PLFA
	
	
	
	
	
	
	
	
	
	
	
	

	PLFA_Total
	3.971
	1.248
	1.176
	46.841
	534.57
	559.49
	529.06
	541.83
	503.19
	476.29
	417.26
	498.92

	PLFA_Bacteria
	2.159
	0.507
	0.872
	25.657
	278.53
	293.34
	276.02
	277.29
	268.66
	251.69
	231.89
	265.14

	PLFA_Fungi
	6.869
	2.881
	1.968
	9.189
	100.76
	103.58
	97.83
	102.75
	93.38
	90.06
	67.12
	90.36

	Bacteria G+
	2.093
	0.048
	1.421
	5.534
	49.23
	52.64
	60.99
	55.64
	51.51
	48.65
	47.50
	54.38

	Bacteria G-
	4.684
	0.775
	0.848
	15.571
	168.35
	177.22
	157.58
	160.37
	150.99
	142.05
	127.86
	149.43

	Actinobacteria
	2.491
	3.298
	0.920
	3.501
	38.68
	41.52
	37.35
	40.53
	36.44
	35.42
	31.83
	38.05

	Fungi 18:2ω6 SF
	6.7517*
	8.5384*
	2.0169
	3.396
	23.42
	24.25
	26.20
	30.15
	24.43
	26.78
	13.53
	24.14

	Fungi 16:1ω5 AMF
	5.969*
	48.907***
	1.135
	8.094
	32.21
	55.14
	44.28
	59.50
	21.23
	53.51
	16.52
	46.49

	(d) Plants
	
	
	
	
	
	
	
	
	
	
	
	

	Species richness
	47.991***
	0.413
	0.723
	2.321
	33
	36
	24.00
	23
	22
	22
	18
	19

	Shannon
	31.810***
	5.286
	0.441
	0.730
	2.80
	2.97
	2.73
	2.80
	2.51
	2.57
	2.32
	2.38

	Simpson
	25.283***
	4.266
	0.180
	0.009
	0.92
	0.93
	0.92
	0.93
	0.90
	0.91
	0.88
	0.89

	Inverse Simpson
	25.335***
	4.194
	0.187
	0.011
	1.09
	1.07
	1.08
	1.08
	1.12
	1.10
	1.14
	1.13




Table S4: Results of the distance based linear model (DISTLM) to assess the relationship between multivariate bacterial (a) fungal (b) and plant (c) community structure and selected environmental variables via Euclidian distance. Selected variables were those (non-correlated) variables which displayed a significant correlation to principal co-ordinates of each community structure as measured by the ‘envfit’ function. Shown is the degrees of freedom (df), the sum of squares (SS), the coefficient of determination (R2), the F – value (F) and the p – value (p). Explanations on variable names can be found in the legend of Tables 1 and 2.

	
	
	df
	SS
	R2
	F
	p

	(a).Bacteria
	
	
	
	
	
	

	Variable
	pH
	1
	9550
	0.120
	3.952
	<0.001

	
	PAAE
	1
	10992
	0.138
	4.548
	<0.001

	
	Ctot
	1
	5156
	0.065
	2.133
	0.0218

	
	Ptot
	1
	2730
	0.034
	1.129
	0.262

	
	Landolt_N
	1
	4183
	0.053
	1.731
	0.056 

	
	Fungi 16:1ω5 AMF
	1
	3933
	0.049
	1.627
	0.075

	
	AOA
	1
	3518
	0.044
	1.456
	0.111

	
	nifH
	1
	3041
	0.038
	1.258
	0.177

	
	nirS
	1
	2360
	0.030
	0.977
	0.397

	
	AOB
	1
	2597
	0.033
	1.074
	0.300

	
	Residual
	13
	31418
	0.395
	
	

	
	Total
	23
	79477
	1.000
	
	

	(b).Fungi
	
	
	
	
	
	

	
	pH
	1
	8168
	0.110
	3.708
	<0.001

	
	PAAE
	1
	8285
	0.112
	3.761
	<0.001

	
	Ctot
	1
	3364
	0.045
	1.527
	0.0745

	
	Ptot
	1
	3609
	0.049
	1.639
	0.0543

	
	Landolt_N
	1
	7980
	0.108
	3.623
	<0.001

	
	nifH
	1
	2230
	0.052
	1.737
	0.0377

	
	AOA
	1
	3827
	0.030
	1.013
	0.373

	
	PhoD
	1
	2697
	0.036
	1.224
	0.186

	
	Ptst
	1
	2825
	0.038
	1.283
	0.1663

	
	AOB
	1
	2344
	0.032
	1.064
	0.346

	
	Residual
	11
	28635
	0.387
	
	

	
	Total
	23
	73965
	1.000
	
	

	(c) Plant
	
	
	
	
	
	

	
	PAAE
	1
	0.735
	0.242
	7.944
	0.001

	
	AOA
	1
	0.400
	0.132
	4.321
	0.016

	
	PhoD
	1
	0.052
	0.017
	0.560
	0.639

	
	Residual
	20
	1.850
	0.609
	
	

	
	Total
	23
	3.036
	1.000
	
	







Table S5: Plant indicator species were detected across fertilizer treatments (Unfert, PK, NPK and NNPK) and cutting frequency (2 and 3 cuts). Indicator plant species were defined as IndVal > 0.7, P ≤ 0.05. Shown is the plant indicator presence across fertilizer and cutting frequency combination, with 1 = present and 0 = absent.
	Indicator Plant
	Unfert/2 
	Unfert/3
	PK/2 
	PK/3
	NPK/2
	NPK/3
	NNPK/2
	NNPK/3
	IndVal

	Briza media
	1
	1
	0
	0
	0
	0
	0
	0
	1.000***

	Luzula campestris
	1
	1
	0
	0
	0
	0
	0
	0
	1.000***

	Carex montana
	1
	1
	0
	0
	0
	0
	0
	0
	1.000***

	Carex flacca
	1
	1
	0
	0
	0
	0
	0
	0
	1.000***

	Sanguisorba minor
	1
	1
	0
	0
	0
	0
	0
	0
	0.999***

	Helictotrichon pubescens
	1
	1
	0
	0
	0
	0
	0
	0
	0.942**

	Colchicum autumnale
	1
	1
	0
	0
	0
	0
	0
	0
	0.924**

	Brachypodium pinnatum
	1
	1
	0
	0
	0
	0
	0
	0
	0.816*

	Leontodon  hispidus
	1
	1
	0
	0
	0
	0
	0
	0
	0.816*

	Potentilla recta
	0
	1
	0
	0
	0
	0
	0
	0
	1.000**

	Vicia sepium
	0
	0
	1
	0
	0
	0
	0
	0
	0.989**

	Lathyrus pratensis
	0
	0
	1
	1
	0
	0
	0
	0
	0.906*

	Lotus corniculatus
	1
	1
	0
	1
	0
	0
	0
	0
	0.940**

	Cynosurus cristatus
	1
	1
	1
	1
	0
	0
	0
	0
	0.866*

	Taraxacum officinale
	0
	0
	1
	1
	1
	1
	0
	0
	0.942*

	Poa trivialis
	0
	0
	0
	0
	1
	1
	1
	1
	0.922*

	Plantago lanceolata
	1
	1
	1
	1
	0
	1
	0
	0
	0.853*

	Lolium perenne
	0
	0
	1
	1
	1
	1
	0
	1
	0.853*

	Heracleum sphondylium
	1
	1
	1
	1
	1
	0
	0
	1
	0.968*

	Poa pratensis
	0
	0
	1
	1
	1
	1
	1
	1
	0.990**









Figure S1: Graphical layout of the split plot blocked experimental design detailing the experimental treatments, fertilizer application Control (Unfert), PK, NPK and NNPK and cutting frequency (2 and 3 cuts). Also shown is the plot number (1-24) and a 3 digit code with the first number detailing the cutting frequency, the second digit the fertilizer treatment (Unfert =1, PK=2, NPK=3 and NNPK=4) and the final digit detialing the block (1-3).
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Figure S2: Sampling depth of both fungal (left) and bacterial (right) communities, as shown using rarefaction curves. The red lines indicate the minimal number of sequences of a sample.
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