A microbiome survey of Tokaj highlights viticultural terroirs in Mád and suggests soil microbial contribution to must polyphenol contents
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Supplementary figure S1
A hierarchically clustered heatmap was constructed on the basis of the organic and mineral contents of 43 bulk soil samples of the Mád vineyards. There were six distinct clusters identified according to the soil physicochemical properties (SPP): Cluster SPP1-Cluster SPP6.
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Supplementary table S1
Organic and mineral content of 43 soil samples from vineyards in Mád.

	Sample
name
	Soil pH 
(KCl)
	CaCO3 (m/m)%
	Organic matter (m/m)%
	Al-soluble P2O5 (mg/kg)
	Al-soluble K2O (mg/kg)
	Al-soluble Na (mg/kg)
	KCl-soluble Mg (mg/kg)
	KCl-soluble SO4-S (mg/kg)
	EDTA-soluble Mn (mg/kg)
	EDTA-soluble 
Zn (mg/kg)
	EDTA-soluble Cu (mg/kg)
	Al-plant available
(mg/kg)
	Ca-plant available (mg/kg)
	Co-plant available (mg/kg)
	Cu-plant available (mg/kg)
	Fe-plant available (mg/kg)
	Mn-plant available (mg/kg)
	Na-plant available (mg/kg)
	S-plant available (mg/kg)
	Zn-plant available (mg/kg)

	S1
	6.63
	0.148
	3.52
	223
	351
	45.2
	512
	18.1
	273
	4.77
	10.6
	16440
	4750
	8.70
	20.9
	16700
	410
	56.0
	203
	38.7

	S2
	6.86
	0.202
	3.18
	197
	332
	46.2
	431
	15.5
	296
	3.52
	11.1
	15986
	3866
	8.34
	20.0
	18100
	480
	57.9
	172
	40.0

	S3
	6.91
	0.223
	3.54
	242
	319
	44.1
	371
	17.2
	233
	3.57
	9.57
	12361
	2681
	6.61
	18.5
	16500
	360
	52.1
	195
	35.5

	S4
	6.74
	0.144
	3.06
	191
	331
	43.2
	395
	16.7
	454
	10.9
	28.4
	15750
	2638
	17.4
	43.5
	23500
	970
	50.0
	187
	50.3

	S5
	6.70
	0.156
	3.67
	389
	509
	55.4
	634
	28.3
	424
	11.5
	17.5
	18885
	3834
	13.5
	38.0
	23000
	820
	64.5
	327
	61.9

	S7
	6.57
	0.112
	3.51
	371
	519
	51.8
	492
	28.6
	559
	16.3
	41.2
	19220
	4463
	31.7
	63.4
	28267
	1314
	55.6
	330
	70.3

	S8
	6.55
	0.108
	3.12
	283
	567
	57.0
	671
	22.6
	291
	3.31
	8.03
	22640
	6580
	7.00
	22.4
	18400
	590
	66.7
	250
	40.6

	S9
	6.69
	0.142
	3.53
	322
	414
	51.3
	520
	19.5
	422
	8.25
	17.6
	13727
	3089
	11.0
	32.0
	21400
	690
	56.7
	229
	53.3

	S10
	6.63
	0.128
	3.21
	273
	323
	47.3
	411
	25.1
	368
	7.03
	11.9
	19059
	4082
	11.6
	25.4
	18700
	540
	53.3
	281
	46.5

	S11
	3.74
	< 0.100
	1.29
	113
	428
	21.0
	158
	71.3
	10.5
	2.11
	12.8
	23805
	1711
	1.02
	42.7
	10125
	71.0
	52.5
	2124
	35.6

	S12
	3.66
	< 0.100
	1.06
	70.1
	503
	37.3
	201
	46.0
	5.64
	1.58
	3.33
	26366
	1812
	2.35
	11.6
	10017
	49.4
	99.8
	1325
	26.2

	S13
	3.61
	< 0.100
	0.642
	49.3
	472
	66.0
	149
	26.0
	4.66
	0.901
	1.46
	27223
	2311
	0.647
	4.54
	8929
	37.4
	155
	726
	16.0

	S14
	4.68
	< 0.100
	1.78
	133
	290
	130
	238
	18.3
	10.3
	2.61
	6.79
	26663
	4207
	0.970
	19.2
	10953
	92.8
	331
	534
	41.7

	S15
	4.56
	< 0.100
	1.44
	70.1
	319
	198
	351
	7.81
	9.32
	2.69
	2.59
	30091
	14986
	2.08
	8.82
	10180
	70.9
	541
	221
	41.3

	S16
	4.19
	< 0.100
	0.802
	69.2
	255
	301
	279
	5.32
	13.4
	2.02
	2.02
	33681
	15267
	1.62
	6.32
	7118
	112
	755
	143
	34.0

	S17
	3.78
	< 0.100
	1.97
	112
	301
	43.1
	228
	13.8
	14.4
	2.92
	12.2
	28972
	2668
	2.33
	42.9
	17359
	95.4
	111
	387
	46.2

	S18
	3.59
	< 0.100
	2.61
	160
	341
	31.0
	231
	39.3
	11.0
	2.78
	12.7
	36533
	2457
	1.36
	37.2
	13796
	91.2
	90.1
	1069
	43.1

	S19
	3.49
	< 0.100
	1.66
	60.2
	480
	43.2
	258
	29.9
	7.23
	2.05
	1.09
	37015
	2649
	2.50
	3.60
	9540
	62.1
	119
	867
	32.0

	S20
	3.43
	< 0.100
	0.703
	48.7
	402
	49.2
	219
	14.5
	5.49
	1.78
	0.845
	38957
	2719
	1.67
	2.81
	8184
	48.1
	127
	420
	29.7

	S23
	3.57
	< 0.100
	1.77
	88.3
	342
	55.0
	302
	7.63
	20.3
	2.41
	3.03
	30599
	5513
	2.41
	7.87
	11592
	178
	134
	202
	39.0

	S24
	5.28
	< 0.100
	1.28
	42.3
	281
	55.2
	284
	3.25
	13.6
	1.78
	1.17
	31881
	12739
	1.10
	4.45
	7009
	133
	154
	105
	31.4

	S25
	4.95
	< 0.100
	2.01
	221
	131
	92.1
	326
	7.02
	270
	4.25
	4.45
	26059
	5592
	16.5
	16.5
	28492
	950
	248
	204
	65.6

	S26
	5.04
	< 0.100
	0.914
	49.6
	72.5
	124
	290
	5.02
	110
	2.88
	1.18
	27109
	8809
	15.5
	3.50
	25341
	538
	313
	138
	49.9

	S27
	5.66
	< 0.100
	0.869
	35.3
	53.6
	149
	245
	2.10
	58.4
	2.26
	0.887
	28750
	19521
	6.78
	2.47
	22636
	253
	382
	63.7
	35.9

	S31
	4.61
	< 0.100
	1.49
	230
	265
	40.0
	188
	14.3
	23.9
	3.95
	56.2
	22560
	2695
	3.98
	190
	19441
	197
	117
	415
	61.8

	S33
	4.83
	< 0.100
	2.22
	239
	330
	49.8
	222
	10.4
	41.2
	4.28
	39.3
	26271
	1769
	2.67
	118
	16063
	143
	75.8
	273
	45.4

	S38
	5.59
	< 0.100
	1.93
	253
	376
	61.0
	231
	11.2
	274
	7.27
	9.04
	36562
	4367
	8.97
	64.6
	16632
	813
	182
	337
	59.6

	S39
	5.34
	< 0.100
	1.81
	177
	160
	59.0
	251
	5.97
	243
	3.31
	9.87
	37530
	4401
	6.81
	20.8
	18761
	787
	156
	163
	55.5

	S40
	5.25
	< 0.100
	0.763
	159
	149
	55.1
	299
	5.24
	224
	3.18
	3.48
	38704
	4804
	6.19
	10.7
	22288
	751
	144
	156
	48.9

	S43
	4.64
	< 0.100
	1.55
	78.3
	196
	27.6
	181
	5.48
	20.8
	3.31
	22.5
	26240
	2040
	3.97
	66.2
	22537
	162
	56.5
	159
	48.8

	S46
	4.54
	< 0.100
	2.11
	175
	272
	28.3
	190
	13.6
	25.3
	4.09
	48.3
	21970
	2438
	6.47
	163
	20322
	209
	83.0
	385
	65.8

	S47
	4.96
	< 0.100
	2.21
	208
	191
	88.3
	331
	8.01
	440
	4.02
	6.08
	26757
	4440
	15.3
	20.3
	26576
	1050
	233
	227
	69.6

	S48
	5.11
	< 0.100
	1.64
	169
	129
	132
	272
	3.26
	286
	3.99
	2.27
	36060
	5328
	10.5
	7.40
	19216
	927
	332
	87.3
	64.0

	S50
	3.59
	< 0.100
	2.61
	160
	341
	31.0
	231
	39.3
	11.0
	2.78
	12.7
	36533
	2457
	1.36
	37.2
	13796
	91.2
	90.1
	1069
	43.1

	S51
	4.45
	< 0.100
	2.11
	138
	326
	43.0
	222
	21.0
	12.5
	2.55
	15.5
	28715
	2739
	1.62
	48.1
	12206
	103
	117
	614
	41.1

	S52
	4.44
	< 0.100
	1.85
	81.7
	331
	31.3
	231
	20.9
	10.2
	3.23
	3.75
	26676
	2198
	2.68
	12.72
	13057
	87.5
	94.4
	610
	48.6

	S53
	4.78
	< 0.100
	2.09
	116
	155
	69.9
	391
	4.02
	192
	3.51
	5.02
	16255
	2242
	11.9
	16.4
	29429
	804
	176
	110
	75.2

	S54
	4.57
	< 0.100
	1.92
	181
	221
	35.1
	169
	13.3
	21.3
	3.15
	22.8
	22740
	1864
	5.46
	76.0
	18742
	174
	90.9
	380
	54.6

	S55
	4.54
	< 0.100
	2.11
	175
	272
	28.3
	190
	13.6
	25.3
	4.09
	48.3
	21970
	2438
	6.47
	163
	20322
	209
	83.0
	385
	65.8

	S56
	4.63
	< 0.100
	2.05
	162
	214
	44.6
	171
	12.7
	19.4
	3.66
	25.7
	21774
	2034
	5.32
	86.5
	17958
	162
	115
	359
	58.3

	S57
	4.45
	< 0.100
	1.81
	169
	219
	33.5
	155
	19.3
	20.3
	3.41
	23.9
	21150
	1904
	3.48
	79.8
	28666
	161
	106
	528
	57.1

	S60
	5.45
	< 0.100
	1.56
	149
	211
	110
	381
	11.6
	261
	4.88
	7.40
	27179
	3818
	16.8
	22.6
	26580
	863
	293
	353
	73.3




Supplementary table S2
Soil ecosystem services provided by microorganisms. The nine different soil microbiome-associated ecosystem services were estimated based on the relative occurrence of microorganisms known to be involved in 1) improved soil aggregate formation, 2) production of antimicrobial agents, 3) siderophore production, 4) cellulose degradation, 5) production of antibiotics, 6) bioremediation, 7) nutrient mobilization, 8) plant growth stimulation, and 9) the production of phytohormone-like substances. The metabolic potential of these biological processes was classified into four evenly divided categories: 4-strong, 3-moderate, 2-weak, and 1-low.
	
	
Improved soil aggregate formation
	Production of antimicrobial agents
	Siderophore production
	Cellulose degradation
	Antimicrobial producing bacteria
	Bioremediation
	Nutrient mobilization
	Plant growth stimulation
	Production of phytohormone like substances

	
	g_Lactobacillus
	g_Penicillium
	g_Pseudomonas
	g_Pedobacter
	g_Pseudomonas
	g_Streptomyces
	g_Azotobacter
	g_Trichoderma
	g_Agrobacterium

	
	g_Pseudomonas
	g_Aspergillus
	s_Bacillus ssp.
	g_Chryseobacterium
	g_Nocardia
	g_Clostridium
	g_Flavobacterium
	g_Alcaligenes
	g_Rhizobium

	
	g_Kocuria
	
	s_B. polymyxa (Paenibacillus polymyxa)
	g_Flavobacterium
	g_Streptomyces
	g_Rhodococcus
	g_Bradyrhizobium
	g_Agrobacterium
	g_Bradyrhizobium

	
	g_Azotobacter
	
	g_Azospirillum
	g_Arthrobacter
	g_Actinomadura
	g_Pseudomonas
	g_Rhizobium
	g_Azospirillum
	g_Erwinia

	
	g_Arthrobacter
	
	s_Azotobacter vinelandii
	g_Paenibacillus
	s_Micromonospora sp.
	
	g_Azospirillum
	g_Arthrobacter
	g_Azospirillum

	
	g_Micrococcus
	
	 s_Bacillus subtilis
	g_Streptomyces
	s_Bacillus ssp.
	
	g_Caballeronia
	g_Herbaspirillum
	g_Azotobacter

	
	
	
	s_Pantoea allii
	g_Agromyces
	
	
	g_Burkholderia
	g_Erwinia
	g_Pseudomonas

	
	
	
	s_Rhizobium radiobacter
	g_Pseudomonas
	
	
	g_Paraburkholderia
	g_Enterobacter
	s_Bacillus ssp.

	
	
	
	
	g_Pseudoxanthomonas
	
	
	g_Pseudomonas
	g_Bradyrhizobium
	

	
	
	
	
	s_Micrococcus
	
	
	g_Sphingomonas 
	g_Rhizobium
	

	
	
	
	
	g_Stenotrophomonas 
	
	
	s_Bacillus ssp.
	g_Burkholderia
	

	
	
	
	
	
	
	
	f_Methylobacteriaceae
	g_Pseudomonas
	

	
	
	
	
	
	
	
	f_Nitrosomonadaceae
	g_Caulobacter
	

	
	
	
	
	
	
	
	f_Nitrospiraceae
	g_Chromobacterium
	

	
	
	
	
	
	
	
	f_Rhodanobacteraceae
	g_Flavobacterium
	

	
	
	
	
	
	
	
	f_Rhodospirillaceae
	g_Klebsiella
	

	
	
	
	
	
	
	
	f_Alteromonadaceae
	g_Mesorhizobium
	

	
	
	
	
	
	
	
	f_Methylococcaceae
	g_Micrococcus
	

	
	
	
	
	
	
	
	f_Rhodobiaceae
	g_Rhodococcus
	

	
	
	
	
	
	
	
	
	g_Serratia
	

	
	
	
	
	
	
	
	
	s_Lysinibacillus sphaericus
	

	
	
	
	
	
	
	
	
	s_Bacillus amyloliquefaciens
	

	
	
	
	
	
	
	
	
	s_Bacillus cereus
	

	
	
	
	
	
	
	
	
	s_Bacillus mycoides
	

	
	
	
	
	
	
	
	
	s_Bacillus subtilis
	

	
	
	
	
	
	
	
	
	s_Bacillus pumilus
	

	
	
	
	
	
	
	
	
	s_Bacillus thuringiensis
	

	
	
	
	
	
	
	
	
	g_Azotobacter
	

	
	
	
	
	
	
	
	
	s_Bacillus ssp.
	

	
	
	
	
	
	
	
	
	g_Chaetomium
	

	
	
	
	
	
	
	
	
	s_Botrytis cinerea
	

	
	
	
	
	
	
	
	
	s_Sclerotinia sclerotiorum
	

	
	
	
	
	
	
	
	
	s_Azotobacter vinelandii
	

	
	
	
	
	
	
	
	
	B. polymyxa (Paenibacillus polymyxa)
	

	S1
	1
	1
	1
	2
	2
	2
	3
	2
	1

	S2
	1
	1
	1
	1
	2
	2
	3
	2
	2

	S3
	1
	1
	1
	1
	1
	1
	4
	2
	1

	S4
	1
	1
	1
	1
	1
	1
	4
	2
	2

	S5
	1
	1
	1
	2
	2
	2
	3
	2
	1

	S6
	1
	1
	1
	2
	2
	2
	3
	2
	2

	S7
	1
	1
	1
	2
	2
	2
	4
	2
	2

	S8
	1
	1
	1
	2
	2
	2
	3
	2
	2

	S9
	1
	1
	1
	2
	2
	2
	3
	2
	2

	S10
	1
	1
	1
	2
	2
	2
	3
	3
	2

	S11
	1
	4
	1
	2
	3
	3
	2
	2
	2

	S12
	1
	2
	1
	2
	3
	2
	2
	3
	2

	S13
	1
	3
	1
	2
	2
	2
	2
	3
	3

	S14
	1
	3
	1
	2
	2
	2
	2
	3
	2

	S15
	1
	3
	1
	2
	2
	2
	2
	3
	2

	S16
	2
	1
	1
	3
	3
	3
	1
	2
	1

	S17
	1
	1
	1
	2
	2
	2
	2
	3
	3

	S18
	1
	2
	1
	2
	2
	2
	2
	3
	3

	S19
	1
	2
	1
	2
	3
	2
	2
	3
	2

	S20
	1
	1
	1
	2
	3
	3
	1
	3
	2

	S21
	1
	4
	1
	3
	3
	3
	2
	2
	2

	S22
	1
	1
	1
	2
	3
	3
	1
	2
	2

	S23
	4
	1
	1
	4
	2
	2
	1
	3
	1

	S24
	3
	1
	1
	4
	2
	3
	1
	3
	1

	S25
	1
	1
	1
	3
	4
	3
	1
	1
	1

	S26
	2
	1
	1
	3
	2
	2
	1
	3
	2

	S27
	2
	1
	1
	4
	3
	3
	1
	2
	1

	S28
	1
	1
	1
	3
	3
	3
	2
	2
	2

	S29
	1
	1
	1
	3
	3
	3
	1
	2
	2

	S30
	1
	1
	1
	4
	3
	3
	1
	2
	1

	S31
	1
	1
	1
	4
	4
	4
	1
	1
	1

	S32
	2
	1
	2
	2
	2
	2
	1
	4
	2

	S33
	1
	1
	1
	3
	3
	3
	2
	2
	2

	S34
	1
	1
	1
	1
	1
	1
	2
	4
	4

	S35
	1
	3
	1
	4
	4
	4
	1
	1
	1

	S36
	1
	1
	1
	4
	4
	4
	1
	1
	1

	S37
	4
	1
	1
	4
	3
	3
	1
	3
	1

	S38
	1
	1
	1
	4
	3
	3
	1
	2
	1

	S39
	1
	1
	1
	4
	3
	3
	1
	2
	1

	S40
	1
	1
	1
	3
	3
	3
	2
	2
	2

	S41
	1
	2
	1
	3
	4
	4
	1
	2
	2

	S42
	1
	1
	1
	1
	2
	2
	2
	4
	3

	S43
	1
	1
	1
	3
	4
	4
	1
	1
	1

	S44
	1
	1
	1
	1
	1
	1
	2
	4
	4

	S45
	1
	1
	1
	1
	1
	1
	3
	3
	3

	S46
	1
	1
	1
	4
	4
	4
	1
	1
	1

	S47
	1
	1
	1
	3
	3
	3
	2
	2
	1

	S48
	1
	1
	1
	3
	3
	3
	1
	2
	2

	S49
	1
	1
	1
	4
	4
	4
	1
	1
	1

	S50
	1
	1
	1
	1
	2
	2
	2
	4
	3

	S51
	1
	1
	1
	1
	1
	1
	2
	4
	3

	S52
	1
	1
	1
	1
	1
	1
	2
	4
	3

	S53
	2
	1
	3
	2
	2
	2
	2
	3
	2

	S54
	2
	1
	2
	3
	2
	2
	1
	3
	2

	S55
	2
	1
	1
	2
	1
	1
	2
	4
	2

	S56
	1
	1
	1
	2
	2
	2
	2
	4
	3

	S57
	1
	1
	1
	1
	1
	1
	4
	2
	1

	S58
	1
	1
	2
	2
	1
	2
	2
	4
	2

	S59
	2
	1
	4
	3
	2
	2
	1
	2
	2

	S60
	3
	1
	4
	2
	2
	3
	1
	1
	2
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