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Vegetative and generative parameters:
[image: C:\Users\jschaefa\Documents\Arbeit_Wiss_MA\Versuchsauswertung\Leaf_area_2017-2019\Grafiken_LA\M5_LA_paper.png]
Figure S1. Development of leaf area [m2] per meter of canopy for cv. Riesling trained in Vertical Shoot Positioning (VSP ●) and Semi-Minimal-Pruned Hedge (SMPH) with non-thinned control (SMPH ■), shoot thinning (SMPH ST ▼), biotechnological thinning (SMPH GA ♦) and bunch thinning using a harvester (SMPH BT ▲) during growing season 2017-2019. Arrows (green=VSP, blue=SMPH) indicate times of trimming. Error bars are representing ± SD.
[image: C:\Users\jschaefa\Documents\Arbeit_Wiss_MA\Versuchsauswertung\Versuchsauswertung_2019\BFV_2019\Grafiken_BFV\BFV_M5_2017-2019_paper_BFV2meth_new.png]
Figure S2. Leaf area to fruit weight-ratio [cm2 g-1] for cv. Riesling trained in Vertical Shoot Positioning (VSP ■) and Semi-Minimal-Pruned Hedge (SMPH) with non-thinned control (SMPH ■), shoot thinning (SMPH ST ■), biotechnological thinning (SMPH GA ■) and bunch thinning using a harvester (SMPH BT ■) in the years 2017-2019. Different letters within the years indicate statistically significant differences between the treatments. P-values: 2017: p=0.034, 2018: p=0.002, 2019: p=0.073. Error bars are representing ± standard deviation.


Phenological timings and treatment deviation of cv. Riesling 2017-2019:

Table S1. Calculated Growing Degree Days (GDD >0°C, starting 1st of March) and corresponding day of the year (DOY) for reaching full bloom (E-L number: 23) and pre-veraison (E-L number: 33) in VSP and SMPH training system with shoot thinning (SMPH ST), biotechnological thinning (SMPH GA) and bunch thinning using a harvester (SMPH BT) of cv. Riesling between 2017 and 2019.
	
	
	2017
	2018
	2019
	2017-2019

	Growth stage
	Treatment / Deviation
	GDD
	DOY
	GDD
	DOY
	GDD
	DOY
	GDD
	DOY

	Full bloom
	VSP
	1226
	160
	1100
	151
	1264
	165
	1197
	159

	(E-L number: 23)
	Δ to VSP
	0
	0
	0
	0
	0
	0
	0
	0

	
	Δ to SMPH 
	-20
	-1
	-27
	-1
	-76
	-4
	-41
	-2

	
	SMPH
	1246
	161
	1127
	152
	1340
	169
	1238
	161

	
	Δ to VSP
	20
	1
	27
	1
	76
	4
	41
	2

	
	Δ to SMPH 
	0
	0
	0
	0
	0
	0
	0
	0

	
	SMPH GA
	1270
	162
	1123
	151
	1357
	170
	1250
	161

	
	Δ to VSP
	44
	2
	23
	0
	93
	5
	53
	2

	
	Δ to SMPH 
	24
	1
	-4
	-1
	17
	1
	12
	0

	
	SMPH BT
	1242
	161
	1114
	151
	1319
	168
	1225
	160

	
	Δ to VSP
	16
	1
	14
	0
	55
	3
	28
	1

	
	Δ to SMPH 
	-4
	0
	-13
	-1
	-21
	-1
	-13
	-1

	
	SMPH ST
	1268
	162
	1097
	150
	1322
	168
	1229
	160

	
	Δ to VSP
	42
	2
	-3
	-1
	58
	3
	32
	1

	
	Δ to SMPH 
	22
	1
	-30
	-2
	-18
	-1
	-9
	-1

	Pre-veraison
	VSP
	2318
	213
	1985
	194
	2034
	202
	2112
	203

	(E-L number: 33)
	Δ to VSP
	0
	0
	0
	0
	0
	0
	0
	0

	
	Δ to SMPH 
	-61
	-3
	-89
	-4
	-129
	-5
	-93
	-4

	
	SMPH
	2379
	216
	2074
	198
	2163
	207
	2205
	207

	
	Δ to VSP
	61
	3
	89
	4
	129
	5
	93
	4

	
	Δ to SMPH 
	0
	0
	0
	0
	0
	0
	0
	0

	
	SMPH GA
	2449
	220
	2131
	201
	2142
	206
	2241
	209

	
	Δ to VSP
	131
	7
	146
	7
	108
	4
	128
	6

	
	Δ to SMPH 
	70
	4
	57
	3
	-21
	-1
	35
	2

	
	SMPH BT
	2609
	228
	2192
	203
	2231
	209
	2344
	213

	
	Δ to VSP
	291
	15
	207
	9
	197
	7
	232
	10

	
	Δ to SMPH 
	230
	12
	118
	5
	68
	2
	139
	6

	
	SMPH ST
	2432
	219
	2029
	196
	2118
	205
	2193
	207

	
	Δ to VSP
	114
	6
	44
	2
	84
	3
	81
	4

	
	Δ to SMPH 
	53
	3
	-45
	-2
	-45
	-2
	-12
	0






Ripening timings and treatment deviation for target TSS of cv. Riesling 2017-2019:

Table S2. Calculated Growing Degree Days (GDD >0°C, starting 1st of March) and day of the year (DOY) for reaching quality wine of origin (14.1 °Brix) and cabinet wine (18.2 °Brix) in VSP and SMPH training system with shoot (SMPH ST), Gibberellic acid (SMPH GA) and bunch thinning (SMPH BT) of cv. Riesling between 2017 and 2019.
	
	
	2017
	2018
	2019
	2017-2019

	TSS
	Treatment / Deviation
	GDD
	DOY
	GDD
	DOY
	GDD
	DOY
	GDD
	DOY

	14.1 °Brix
	VSP
	2853
	241
	2765
	227
	2836
	239
	2818
	236

	wine of 
	Δ to VSP
	0
	0
	0
	0
	0
	0
	0
	0

	origin
	Δ to SMPH 
	-107
	-7
	-176
	-8
	-103
	-5
	-129
	-7

	(moderate TSS)
	SMPH
	2960
	248
	2941
	235
	2939
	244
	2947
	242

	
	Δ to VSP
	107
	7
	176
	8
	103
	5
	129
	6.67

	
	Δ to SMPH 
	0
	0
	0
	0
	0
	0
	0
	0

	
	SMPH GA
	2918
	245
	2919
	234
	2922
	243
	2920
	241

	
	Δ to VSP
	65
	4
	154
	7
	86
	4
	102
	5

	
	Δ to SMPH 
	-42
	-3
	-22
	-1
	-17
	-1
	-27
	-2

	
	SMPH BT
	2928
	246
	2906
	233
	2922
	243
	2919
	241

	
	Δ to VSP
	75
	5
	141
	6
	86
	4
	101
	5

	
	Δ to SMPH 
	-32
	-2
	-35
	-2
	-17
	-1
	-28
	-2

	
	SMPH ST
	2873
	242
	2889
	233
	2904
	242
	2889
	239

	
	Δ to VSP
	20
	1
	124
	6
	68
	3
	71
	3

	
	Δ to SMPH 
	-87
	-6
	-52
	-2
	-35
	-2
	-58
	-3

	18.2 °Brix
	VSP
	3141
	261
	3019
	239
	3107
	254
	3089
	251

	Cabinet wine
	Δ to VSP
	0
	0
	0
	0
	0
	0
	0
	0

	(elevated TSS)
	Δ to SMPH 
	-154
	-11
	-352
	-19
	-301
	-19
	-269
	-16

	
	SMPH
	3295
	272
	3371
	258
	3408
	273
	3358
	268

	
	Δ to VSP
	154
	11
	352
	19
	301
	19
	269
	16

	
	Δ to SMPH 
	0
	0
	0
	0
	0
	0
	0
	0

	
	SMPH GA
	3219
	267
	3284
	254
	3336
	269
	3280
	263

	
	Δ to VSP
	78
	6
	265
	15
	229
	15
	191
	12

	
	Δ to SMPH 
	-76
	-5
	-87
	-4
	-72
	-4
	-78
	-4

	
	SMPH BT
	3190
	265
	3251
	252
	3319
	268
	3253
	262

	
	Δ to VSP
	49
	4
	232
	13
	212
	14
	164
	10

	
	Δ to SMPH 
	-105
	-7
	-120
	-6
	-89
	-5
	-105
	-6

	
	SMPH ST
	3170
	263
	3286
	254
	3441
	276
	3299
	264

	
	Δ to VSP
	29
	2
	267
	15
	334
	22
	210
	13

	
	Δ to SMPH 
	-125
	-9
	-85
	-4
	33
	3
	-59
	-3






Maturity and yield parameters:
Table S3. Mean values and standard deviation (SD) of cv. Riesling maturity parameters during ripening (shortly prior to harvest date of VSP) of VSP and SMPH training system with different thinning treatments across the years 2017-2019 (± SD).
	
	Treatment
	P-values 

	Parameter
	VSP
	SMPH
	SMPH GA
	SMPH BT
	SMPH ST
	Vintage
	Treatment
	Vintage*
Treatment

	Yield [t ha-1]
	13.82 c 
± 4.25
	22.27 a
± 4.60
	18.19 b
± 6.24
	13.96 c
± 2.80
	14.89 c
± 5.22
	p<0.001
	p<0.001
	p<0.001

	Yield per vine [kg]
	3.32 c 
± 1.02
	5.34 a
± 1.10
	4.37 b
± 1.50
	3.35 c
± 0.67
	3.57 c
± 1.25
	p<0.001
	p<0.001
	p<0.001

	Total soluble solids [°Brix]
	19.60 a
± 0.98
	17.29 c
± 0.39
	17.99 b
± 0.31
	18.16 b
± 0.63
	17.96 b
± 0.72
	p<0.001
	p<0.001
	p<0.001

	Reducing sugars 
[g L-1]
	187.97 a
± 11.71
	160.79 c
± 5.84
	169.92 b
± 3.50
	171.35 b
± 7.23
	168.49 b
± 7.57
	p<0.001
	p<0.001
	p=0.003

	Extract 
[g L-1]
	211.57 a
± 11.28
	184.84 c
± 4.49
	193.01 b
± 3.56
	194.93 b
± 7.23
	192.67 b
± 8.26
	p<0.001
	p<0.001
	p<0.001

	Total acidity 
[g L-1]
	11.73 ab
± 2.42
	12.27 a 
± 2.05
	11.98 ab
± 2.05
	11.39 b
± 2.62
	11.35 b
± 2.11
	p<0.001
	p=0.002
	p<0.001

	Tartaric acid 
[g L-1]
	6.85 d
± 0.63
	7.54 a
± 0.62
	7.19 bc
± 0.53
	7.35 ab
± 0.71
	7.02 cd
± 0.56
	p<0.001
	p<0.001
	p<0.001

	Malic acid 
[g L-1]
	5.38 a
± 2.09
	5.17 ab
± 1.91
	5.24 ab
± 1.84
	4.59 c
± 2.28
	4.82 bc
± 1.90
	p<0.001
	p<0.001
	p=0.018

	Tartaric to: Malic ratio
	1.43 c
± 0.46
	1.61 bc
± 0.49
	1.49 bc
± 0.41
	1.88 a
± 0.68
	1.62 b
± 0.48
	p<0.001
	p<0.001
	p=0.009

	TSS to TA ratio
	1.75 a
± 0.46
	1.44 d
± 0.24
	1.54 cd
± 0.26
	1.67 ab
± 0.37
	1.63 bc
± 0.30
	p<0.001
	p<0.001
	p<0.001

	pH-value
	2.89 a
± 0.06
	2.77 c
± 0.04
	2.80 bc
± 0.05
	2.84 ab
± 0.05
	2.83 ab
± 0.07
	p=0.849
	p=0.004
	 p=0.094

	N-OPA [mg L-1]
	76.89 a
± 22.40
	54.67 b
± 21.60
	60.33 b
± 18.32
	66.33 ab
± 17.12
	56.11 b
± 14.51
	p<0.001
	p<0.001
	p=0.357




Table S4. Mean values and standard deviation (SD) of cv. Riesling maturity parameters at harvest of VSP and SMPH training system with different thinning treatments across the years 2017-2019 (± SD).
	
	Treatment
	P-values 

	Parameter
	VSP
	SMPH
	SMPH GA
	SMPH BT
	SMPH ST
	Vintage
	Treatment
	Vintage*
Treatment

	Yield [t ha-1]
	13.82 c 
± 4.25
	22.27 a
± 4.60
	18.19 b
± 6.24
	13.96 c
± 2.80
	14.89 c
± 5.22
	p<0.001
	p<0.001
	p<0.001

	Yield per vine [kg]
	3.32 c 
± 1.02
	5.34 a
± 1.10
	4.37 b
± 1.50
	3.35 c
± 0.67
	3.57 c
± 1.25
	p<0.001
	p<0.001
	p<0.001

	Total soluble solids [°Brix]
	20.02 a
± 1.47
	19.03 b
± 0.99
	19.56 ab
± 1.35
	19.99 a
± 1.19
	19.41 ab
± 1.35
	p<0.001
	p=0.0123
	p=0.0333

	Reducing sugars 
[g L-1]
	192.68 a
± 17.55
	181.84 b
± 11.55
	187.73 ab
± 15.30
	192.83 a
± 13.64
	186.05 ab
± 15.36
	p<0.001
	p=0.0182
	p=0.0313

	Extract 
[g L-1]
	216.43 a
± 17.04
	204.98 b
± 11.46
	211.10 ab
± 15.58
	216.11 a
± 13.74
	209.36 ab
± 15.60
	p<0.001
	p=0.0119
	p=0.0335

	Total acidity 
[g L-1]
	11.82 a
± 3.04
	10.88 b
± 2.29
	10.73 b
± 2.47
	9.99 c
± 2.75
	10.47 bc
± 2.57
	p<0.001
	p<0.001
	p<0.001

	Tartaric acid 
[g L-1]
	6.95 b
± 1.11
	7.27 ab
± 1.06
	7.06 ab
± 1.20
	7.30 a
± 1.40
	7.02 ab
± 0.94
	p<0.001
	p=0.02
	p<0.001

	Malic acid 
[g L-1]
	5.30 a
± 2.37
	4.08 b
± 1.71
	4.06 b
± 1.94
	3.34 c
± 1.89
	3.97 b
± 1.87
	p<0.001
	p<0.001
	p<0.001

	Tartaric to Malic ratio
	1.51 
± 0.52
	2.03 
± 0.78
	2.08 
± 1.00
	2.74 
± 1.36
	2.05 
± 0.75
	p<0.001
	p=0.147
	p=1.000

	TSS to TA ratio
	1.83
± 0.64
	1.82
± 0.37
	1.90
± 0.40
	2.11
± 0.48
	1.95
± 0.49
	p<0.001
	p=0.476
	p=0.940

	pH-value
	2.94
± 0.15
	3.00
± 0.09
	2.97
± 0.09
	3.02
± 0.10
	3.05
± 0.15
	p<0.001
	p=0.432
	p=0.843

	N-OPA [mg L-1]
	86.00
± 17.86
	85.33
± 27.91
	86.11
± 26.87
	95.89
± 24.50
	81.56
± 21.23
	p<0.001
	p=0.071
	p=0.198



Yield cv. Riesling 2017-2019

Table S5. Mean values and standard deviation (± SD) of yield [t ha-1] of cv. Riesling trained in VSP and SMPH training system with shoot thinning (SMPH ST), biotechnological thinning (SMPH GA) and bunch thinning using a harvester (SMPH BT) between 2017 and 2019. Delta Δ indicates yield deviation in percent compared to VSP and SMPH. Range R explains absolute changes in yield compared to the previous vintage. Coefficient of variation (CV) indicates alternate bearing effects. Different letters indicate statistically significant differences between the treatments.
	Vintage
	Parameter
	VSP
	SMPH
	SMPH GA
	SMPH BT
	SMPH ST

	2017
	yield [t ha-1]
	10.33 c
	23.13 a
	18.17 ab
	17.00 ac
	11.40 bc

	p=0.012
	± SD
	± 0.82
	± 3.66
	± 0.91
	± 0.78
	± 0.63

	
	Δ VSP [%]
	0.00
	+123.80
	+75.88
	+64.49
	+10.30

	
	Δ SMPH [%]
	-55.32
	0.00
	-21.41
	-26.50
	-50.71

	
	R 2016 [t ha-1]
	1.08
	0.43
	1.81
	0.51
	

	2018
	yield [t ha-1]
	19.12 ab
	26.58 a
	24.89 a
	13.94 b
	21.06 ab

	p=0.002
	± SD
	± 2.44
	± 1.29
	± 3.69
	± 1.30
	± 4.34

	
	Δ VSP [%]
	0.00
	+38.98
	+30.16
	-27.11
	+10.13

	
	Δ SMPH [%]
	-28.05
	0.00
	-6.34
	-47.55
	-20.75

	
	R 2017 [t ha-1]
	8.79
	3.45
	6.72
	3.06
	9.66

	2019
	yield [t ha-1]
	12.00 b
	17.10 a
	11.51 b
	10.96 b
	12.21 b

	p=0.006
	± SD
	0.42
	0.75
	2.67
	1.29
	1.91

	
	Δ VSP [%]
	0.00
	+42.53
	-4.06
	-8.70
	+1.75

	
	Δ SMPH [%]
	-29.84
	0.00
	-32.69
	-35.94
	-28.61

	
	R 2018 [t ha-1]
	7.12
	9.47
	13.38
	2.98
	8.85

	
	
	
	
	
	
	

	2017-2019
	Sum yield [t ha-1]
	41.46
	66.81
	54.58
	41.89
	44.67

	2017-2019
	R [t ha-1]
	8.79
	9.47
	13.38
	6.04
	9.66

	2017-2019
	CV [%]
	34
	22
	37
	22
	36



[image: C:\Users\jschaefa\Documents\Arbeit_Wiss_MA\Versuchsauswertung\Reifemessungen_2017-2019\Grafiken_Reifemessungen_vs._Mostproben\TSS_vs._Yield_last_common+juice_paper.png]
Figure S3. Correlation between yield [t ha-1] and total soluble solids (TSS) [°Brix] for cv. Riesling at same date during ripening period (A) and at harvest (B) where Vertical Shoot Positioning (VSP ●) was harvested earlier compared to SMPH training system. Treatments of SMPH were non-thinned control (SMPH ■), shoot thinning (SMPH ST ▼), biotechnological thinning (SMPH GA ♦) and bunch thinning using a harvester (SMPH BT ▲). Harvest in SMPH was conducted 10 days (2017), 20 days (2018) and 22 days (2019) later than in VSP. Error bars are representing ± SD. 
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Figure S4. Correlation between malic acid and tartaric acid concentration [g L-1] for cv. Riesling at same date during ripening period (A) and at harvest (B) where Vertical Shoot Positioning (VSP ●) was harvested earlier compared to SMPH training system. Treatments of SMPH were non-thinned control (SMPH ■), shoot thinning (SMPH ST ▼), biotechnological thinning (SMPH GA ♦) and bunch thinning using a harvester (SMPH BT ▲). Harvest in SMPH was conducted 10 days (2017), 20 days (2018) and 22 days (2019) later than in VSP. Error bars are representing ± SD. 









Microclimate cv. Riesling 2018-2019:

Table S6. Mean values and standard deviation (± SD) of average daytime temperatures [°C] and relative humidity [%]) in the bunch zone of VSP and within the canopy of SMPH trained cv. Riesling vines with shoot thinning (SMPH ST), biotechnological thinning (SMPH GA) and bunch thinning using a harvester (SMPH BT) during ripening of VSP and in the extended ripening period of SMPH across 2018 and 2019. Different letters indicate statistically significant differences between the treatments.
	
	
	Treatment
	P-values 

	Vintage/
Period
	Parameter
	VSP
	SMPH
	SMPH GA
	SMPH BT
	SMPH ST
	Vintage
	Treatment
	Vintage*
Treatment

	2018
Ripening of VSP
(15.08.-19.09.)
	Temperature [°C]
	19.2
± 0.1
	19.4
± 0.2
	19.4
± 0.1
	19.6
± 0.2
	19.3
± 0.1
	
	p=0.107
	

	
	Relative Humidity [%]
	66.8
± 2.4
	66.6
± 0.3
	64.6
± 1.9
	64.7
± 0.2
	66.6
± 0.2
	
	p=0.230
	

	2018
Extended ripening of SMPH
(24.09.-10.10.)
	Temperature [°C]
	
	12.9
± 0.9
	12.8
± 0.9
	12.8
± 0.6
	12.4
± 0.3
	
	p=0.810
	

	
	Relative Humidity [%]
	
	73.4
± 3.7
	71.5
± 1.6
	72.5
± 1.9
	75.9
± 0.9
	
	p=0.116
	

	2019
Ripening of VSP
(15.08.-17.09.)
	Temperature [°C]
	19.0
± 0.1
	19.1
± 0.1
	19.0
± 0.1
	19.3
± 0.1
	19.1
± 0.2
	
	p=0.136
	

	
	Relative Humidity [%]
	67.8
± 2.6
	67.7
± 0.6
	66.3
± 2.3
	66.5
± 0.8
	67.4
± 2.4
	
	p=0.793
	

	2019
Extended ripening of SMPH
(18.09.-09.10.)
	Temperature [°C]
	
	12.0
± 0.1
	12.0
± 0.1
	12.1
± 0.1
	11.9
± 0.1
	
	p=0.235
	

	
	Relative Humidity [%]
	
	80.1
± 1.3
	78.0
± 2.8
	78.4
± 1.5
	80.5
± 3.1
	
	p=0.511
	

	2018-2019
15.08.-harvest of VSP
	Temperature [°C]
	19.1 b
± 0.2
	19.2 ab
± 0.2
	19.2 ab
± 0.2
	19.4 a
± 0.2
	19.2 ab
± 0.2
	p<0.001
	p=0.005
	p=0.901

	
	Relative Humidity [%]
	67.3
± 2.3
	67.3
± 0.7
	65.5
± 2.1
	65.6
± 1.1
	67.0
± 1.6
	p=0.030
	p=0.181
	p=0.987

	2018-2019
harvest of VSP-
harvest of SMPH
	Temperature [°C]
	
	12.3
± 0.7
	12.4
± 0.7
	12.5
± 0.6
	12.1
± 0.3
	p=0.001
	p=0.635
	p=0.917

	
	Relative Humidity [%]
	
	77.4
± 4.2
	74.7
± 4.1
	75.5
± 3.6
	78.2
± 3.2
	p<0.001
	p=0.052
	p=0.863
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