Supplementary data

Table S.1. Soil characteristics at Gladbacherhof, Klein Hohenheim and Heidfeldhof at 0 – 30 cm depth. The soil analyses were conducted using standardized procedures according to the VDLUFA Methodenbuch Band I: Die Untersuchung von Böden (VDLUFA, 1991).


	
	Unit
	Gladbacherhof
	Klein Hohenheim
	Heidfeldhof

	pH-value
	Log[H+]
	6.5
	6.4
	6.9

	Total N 
	%
	0.14
	0.12
	0.13

	C/N
	ratio
	9
	10.3
	9.3

	P2O5 
	mg kg-1
	60
	141
	125

	K2O
	mg kg-1
	150
	163
	152

	Mg 
	mg kg-1
	120
	110
	108

	Zn 
	mg kg-1
	2.2
	3.1
	2.7

	Soil organic carbon 
	%
	1.2
	1.17
	1.5
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Table S.2. Average and standard deviation of a) total protein and starch concentration and the concentration of their fractions b) relative protein and starch sub-fractions intensity for spring barley at different locations during the seasons I and II in response to different bacterial inoculation (E19T: occulated; ctrl: non occulated) and row spacing (15 cm and 50 cm). 
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	Season
	Location
	Treatment
	Protein concentration (%)
	Albumin/ globulin concentration
(mg/g flour)
	Hordein concentration
(mg/g flour)
	Glutelin concentration
(mg/g flour)
	Total starch concentration
(%)

	I

	Gladbacherhof
	Bacterial inoculation
	Ctrl
	10.81 ± 1.46
	24.08±3.12299
	44.64±5.52

	23.68±5.70

	60.14±2.51

	
	
	
	E19
	13.82 ± 1.78
	34.50±2.36

	56.71±3.13

	29.53±4.93

	69.87±1.47


	
	
	Row spacing
	15 cm
	11.82±2.77
	30.25±4.94
	49.71±9.09

	24.11±5.73

	64.87±6.25

	
	
	
	50 cm
	12.80±1.51
	28.32 ± 7.13
	51.64±6.21

	29.10±5.41

	65.13±4.85

	
	Klein Hohenheim
	Bacterial inoculation
	Ctrl
	10.50±0.52

	26.72±1.51
	53.77±9.21
	20.75±3.49
	59.71±2.89

	
	
	
	E19
	10.51±0.53

	26.19±2.13
	57.85±3.46
	19.27±3.39
	69.36±4.07

	
	
	Row spacing
	15 cm
	10.48±0.34

	26.57±1.41
	55.06±8.31
	18.66±3.92
	64.92±7.12

	
	
	
	50 cm
	10.53±0.66

	26.34±2.22
	56.57±6.00
	21.36±2.31
	64.15±5.22

	
	Heidfeldhof
	Bacterial inoculation
	Ctrl
	12.14±0.69

	28.65±1.81

	65.94±8.00

	29.65±5.86

	55.42± 4.28


	
	
	
	E19
	12.0±0.58

	26.17±3.79

	66.09±2.55

	28.74±3.04

	63.52± 2.07


	
	
	Row spacing
	15 cm
	12.03±0.64

	28.85±1.62

	64.99±5.77

	29.05±4.60

	59.01±6.79

	
	
	
	50 cm
	12.10±0.68

	25.78±3.55

	65.94±5.84

	28.44±4.35
	59.89± 4.08

	II
	Gladbacherhof
	Bacterial inoculation
	Ctrl
	10.73±0.65

	26.88±1.84

	53.19±1.82

	18.63±2.96

	55.50±5.27


	
	
	
	E19
	12.93±0.53

	32.74±2.02

	59.71±1.76

	26.85±2.25

	68.90±3.55


	
	
	Row spacing
	15 cm
	11.98±1.27

	29.20±3.33

	56.60±3.34
	22.01±5.29

	63.20± 8.62

	
	
	
	50 cm
	11.67±1.34
	30.42±3.89

	56.30±4.41

	23.46±4.82

	61.20±8.15

	
	Klein Hohenheim
	Bacterial inoculation
	Ctrl
	10.34±0.86

	28.37±1.64

	53.60±6.98

	22.49±5.41

	54.89±3.63


	
	
	
	E19
	12.34±0.58

	27.51±3.15

	57.45±3.91

	20.61±3.20

	66.70±4.99

	
	
	Row spacing
	15 cm
	11.35±1.18

	27.74±1.43

	54.15±5.59

	19.14±4.41

	60.66 ±8.19

	
	
	
	50 cm
	11.34±1.39

	28.13±3.30

	56.89±6.08

	23.96±2.98

	60.93±7.11


a)
	Season
	Location
	Treatment
	Albumin/ globulin- Protein Z
(%)
	C-Hordein
(%)
	B-Hordein
(%)
	Y-Hordein
(%)
	HMW-Glutelin
(%)
	LMW-Glutelin
(%)
	Amylose concentration
(%)

	I

	Gladbacherhof
	Bacterial inoculation
	Ctrl
	1.61±0.20
	47.54±4.64
	37.34±6.85
	15.12±8.53
	41.50±1.68
	58.50±1.68
	26.99±1.33

	
	
	
	E19
	2.23±0.10
	40.74±7.35
	36.78± 10.10
	22.48±8.26
	41.47±1.34
	58.53±1.34
	31.00±4.00

	
	
	Row spacing
	15 cm
	1.89±0.41
	46.85±6.51
	33.04±5.15
	20.11±6.78
	41.31±1.35
	58.69±1.35
	28.19±3.79

	
	
	
	50 cm
	1.95±0.31
	41.43±6.55
	41.08±9.25
	17.49±11.04
	41.66±1.65
	58.34±1.65
	29.80±3.34

	
	Klein Hohenheim
	Bacterial inoculation
	Ctrl
	1.14±0.23
	41.89±3.34
	40.07±3.95
	18.04±4.58
	38.60±3.00
	61.40±3.00
	22.43±1.53

	
	
	
	E19
	2.12±0.42
	50.45±4.75
	39.13±6.82
	10.42±8.29
	40.34±7.25
	59.66±7.25
	26.58±1.79

	
	
	Row spacing
	15 cm
	1.87±0.64
	47.14±6.76
	41.74±3.22
	11.13±5.61
	41.77±4.39
	58.23±4.39
	23.86 ±2.48

	
	
	
	50 cm
	1.39±0.49
	45.20±5.28
	37.47±6.47
	17.33±8.33
	37.16±5.64
	62.84±5.64
	25.15±2.88

	
	Heidfeldhof
	Bacterial inoculation
	Ctrl
	1.03±0.12
	46.84±6.64
	52.12±6.42
	1.03±0.59
	19.08±4.17
	80.92±4.17
	22.54±1.12

	
	
	
	E19
	2.03±0.29
	53.04±3.15
	46.45±3.47
	0.51±0.56
	21.19±8.85
	78.81±8.85
	28.34±2.38

	
	
	Row spacing
	15 cm
	1.52±0.57
	49.76±7.55
	49.10±7.42
	1.09±0.65
	17.36±6.17
	82.64±6.17
	24.74±3.05

	
	
	
	50 cm
	1.56±0.58
	51.22±2.12
	48.34±1.87
	0.44±0.45
	22.90±6.72
	77.10±6.72
	26.06±4.07

	II
	Gladbacherhof
	Bacterial inoculation
	Ctrl
	1.54±0.29
	48.35±4.72
	29.64±2.88
	16.60±5.70
	30.52±4.15
	64.87±8.95
	13.34±3.91

	
	
	
	E19
	2.59±0.37
	54.35±4.26
	30.20±2.32
	16.97±4.55
	39.52±3.66
	68.13±5.43
	23.87±3.86

	
	
	Row spacing
	15 cm
	2.13±0.70
	50.69±5.50
	29.94±2.79
	16.84±5.13
	35.37±6.32
	64.32±5.13
	18.16±8.87

	
	
	
	50 cm
	2.00±0.59
	52.01±5.45
	29.90±2.46
	16.73±5.18
	34.68±6.05
	68.67±8.85
	19.06±3.78

	
	Klein Hohenheim
	Bacterial inoculation
	Ctrl
	1.65±0.71
	42.67±3.16
	40.32±4.21
	17.01±5.69
	38.74±0.88
	61.26±0.88
	10.16±2.70

	
	
	
	E19
	3.21±0.25
	51.49±5.24
	38.05±5.41
	10.46±6.18
	43.71±1.94
	56.29±1.94
	25.55±2.96

	
	
	Row spacing
	15 cm
	2.18±1.08
	48.18±7.20
	40.61±3.68
	11.21±5.10
	40.71±2.51
	59.29±2.51
	16.53±8.61

	
	
	
	50 cm
	2.68±0.80
	45.98±5.23
	37.76±5.63
	16.26±7.38
	41.74±3.42
	58.26±3.42
	19.18±8.55


b)




Table S.3. Intercept values, strain E19T -inoculation effects, and location-specific interactions on protein and starch quality parameters of spring barley 
	
	Intercept*
	P-Value

	Total protein concentration (%)
	10.76
	

	E19-Inoculation
	+2.60
	0.001

	
	
	

	Albumin/globulin concentration (mg/g flour)
	25.47
	

	E19-Inoculation:Heidfeldhof
	-10.41
	0.001

	
	
	

	Hordein concentration (mg/g flour)
	48.91
	

	E19-Inoculation
	+9.28
	0.0007

	
	
	

	Glutelin concentration (mg/g flour)
	18.75
	

	Heidfeldhof
	+11.64
	2.06*10−5

	
	
	

	Albumin/globulin-protein Z (%)
	1.62
	

	E19-Inoculation
	+1.03
	0.0006

	
	
	

	B-hordeins (%)
	34.26
	

	Heidfeldhof
	+15.25
	0.002

	
	
	

	Y-hordeins (%)
	1.02
	

	E19-Inoculation:Klein Hohenheim
	-10.95
	0.0003

	
	
	

	HMW-glutelins
	36.27
	

	Heidfeldhof
	-18.49
	0.005

	
	
	

	LMW-glutelins
	60.35
	

	Heidfeldhof
	+21.86
	0.0001

	
	
	

	Amylose concentration (%)
	18.41
	

	E19-Inoculation
	+7.99
	0.009

	
	
	

	Total starch concentration (%)
	57.54
	

	E19-Inoculation
	+12.97
	1.65*10−10


*The intercept shows the starting value of the dependent variable when no treatments or factors are applied. It acts as a baseline for comparing the effects of other variables














Figure S.1. Monthly precipitation (mm) recorded at three field sites Klein Hohenheim, Gladbacherhof, and Heidfeldhof.
(a) Data for the year 2021; (b) Data for the year 2022.
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