Table S1: Parameters of CAL-P distribution in different datasets for model calibration as listed in Table 2 and 3 (Leave-one-out Cross Validation, CV). For dataset abbreviations, see Table 1
	Sample set 
	N
	CAL-P (mg kg-1)
	Skewness
	Kurtosis

	 (sub-set)
	
	Minimum
	Maximum
	Mean
	Median
	
	

	DI
(DI-I)
(DI-II)
(DI-III)
(DI-IV)
(DI-V)
(+FYM)
(–FYM)
(+mineral P)
(–mineral P)
	120
24
24
24
24
24
60
60
80
40
	15
18
23
23
15
17
53
15
50
15
	275
275
235
222
234
196
275
163
275
142
	116
123
121
121
112
105
154
78
143
63
	107
111
108
109
104
96
160
86
135
54
	0.356
0.472
0.317
0.223
0.380
0.190
-0.121
0.067
0.279
0.666
	-0.687
-0.458
-0.805
-0.992
-0.831
-0.918
-0.948
-0.972
-0.834
-0.354

	PO
	67
	82
	216
	140
	136
	0.404
	-0.945

	KA
(KA-1)
(KA-2)
(KA-3)
(KA-4)
	210
69
32
77
32
	34
58
98
72
34
	274
105
274
206
64
	103
81
174
117
47
	92
81
166
108
46
	1.204
0.137
0.506
0.842
0.852
	1.454
-0.684
-0.480
-0.010
1.691

	HI
	42
	3
	49
	19
	15
	0.703
	-0.553

	ME
	38
	47
	177
	79
	68
	1.732
	3.983

	GÖ
	110
	8
	164
	55
	52
	0.851
	0.803



Table S2: Parameters of CAL-P distribution in different sample sub-sets from the locality Klein-Altendorf (KA) for model calibration (Leave-one-out Cross Validation, CV) and prediction (independent test-set validation, P) as listed in Table 4. For dataset abbreviations, see Table 1
	Reference
	Step
	Sample sub-set
	N
	CAL-P (mg kg-1)
	Skewness
	Kurtosis

	line No.
	
	
	
	Minimum
	Maximum
	Mean
	Median
	
	

	1 & 13
	CV
	KA-1–3
	124
	58
	256
	111
	94
	1.316
	1.503

	2 & 14
	P
	KA-1–3
	54
	65
	274
	118
	98
	1.486
	1.805

	3 & 15
	CV
	KA-1 & KA-2
	101
	58
	274
	110
	88
	1.526
	1.499

	4 & 16
	P
	KA-3
	77
	72
	206
	117
	108
	0.842
	-0.010

	5 & 17
	CV
	KA-1 & KA-3
	146
	58
	206
	100
	92
	1.355
	1.472

	6 & 18
	P
	KA-2
	32
	98
	274
	174
	166
	0.506
	-0.480

	7 & 19
	CV
	KA-2 & KA-3
	109
	72
	274
	134
	125
	1.018
	0.720

	8 & 20
	P
	KA-1
	69
	58
	105
	81
	81
	0.137
	-0.684

	9 & 21
	CV
	KA-2
	32
	98
	274
	174
	166
	0.506
	-0.480

	10.1
	P
	KA-3
	77
	72
	206
	117
	108
	0.842
	-0.010

	10.2 & 22
	P
	KA-3(e)
	32
	98
	274
	174
	166
	0.506
	-0.480

	11 & 23
	CV
	KA-3
	77
	72
	206
	117
	108
	0.842
	-0.010

	12.1 & 24
	P
	KA-2
	32
	98
	274
	174
	166
	0.506
	-0.480

	12.2
	P
	KA-2(f)
	26
	98
	203
	156
	160
	-0.305
	-0.795





Table S3: Parameters of CAL-P distribution in different sample sets for model calibration (Leave-one-out Cross Validation, CV) and prediction (independent test-set validation) as listed in Table 5. For dataset abbreviations, see Table 1
	Reference
	Step
	Sample set
	N
	CAL-P (mg kg-1)
	Skewness
	Kurtosis

	line No.
	
	
	
	Minimum
	Maximum
	Mean
	Median
	
	

	1
	CV
	KA
	210
	34
	274
	103
	92
	1.204
	1.454

	2
	P
	PO
	67
	82
	216
	140
	136
	0.404
	-0.945

	3
	P
	DI
	120
	15
	275
	116
	107
	0.356
	-0.687

	4
	P
	HI
	42
	3
	49
	19
	15
	0.703
	-0.553

	5
	P
	ME
	38
	47
	177
	79
	68
	1.732
	3.983

	6
	P
	PO –FYM
	35
	82
	200
	122
	114
	0.952
	0.075

	7
	P
	DI –FYM 
	60
	15
	163
	78
	86
	0.067
	-0.972

	8
	P
	DI +mineral P
	80
	50
	275
	143
	135
	0.279
	-0.834

	9
	CV
	KA +10 samples 
from DI +mineral P
	220
	34
	274
	105
	93
	1.117
	1.101

	10
	P
	DI +mineral P 
–10 samples
	70
	51
	275
	144
	138
	0.317
	-0.813

	11
	CV
	KA, DI, HI, ME
	410
	3
	275
	96
	88
	0.748
	0.321

	12
	P
	PO
	67
	82
	216
	140
	136
	0.404
	-0.945

	13
	CV
	KA, DI, HI, ME
+8 samples PO
	418
	3
	275
	97
	88
	0.727
	0.275

	14
	P
	PO -8 samples
	59
	84
	216
	141
	136
	0.356
	-1.005



Table S4: Testing MIRS model transferability between localities: results of model calibration (leave-one-out cross-validation, CV) on large datasets from different calibration localities and prediction (P; test-set validation) for a single hold-out field (complete dataset of each field). For annotations, see Tables 2–4. Statistical parameters for the sample sets are listed in Tab. S3
	
	Step
	Sample
Sub-set
	N
	Factors
	R²
	RMSECV
	RMSEP
	RPD
	model
[slope; intercept]
	Perfor-mance

	One locality calibration; without spiking

	1
	CV
	KA
	210
	10
	0.915
	13.8
	
	3.43
	0.925; 7.49
	A

	2
	P
	PO (all)
	67
	
	0.637
	
	59.0
	0.64
	0.693; -11.5
	C

	3
	P
	DI (all)
	120
	
	0.494
	
	74.0
	0.83
	0.759; 83.4
	C

	4
	P
	HI
	42
	
	0.056
	
	122
	0.10
	1.150; 104
	C

	5
	P
	ME
	38
	
	0.049
	
	120
	0.22
	0.310; 168
	C

	6
	P
	PO –FYM
	32
	
	0.537
	
	52.9
	0.65
	0.511; 30.3
	C

	
	P
	DI –FYM
	60
	
	0.326
	
	56.1
	0.70
	0.610; 72.4
	C

	8
	P
	DI +mineral P
	80
	
	0.568
	
	56.4
	0.94
	0.884; 55.1
	C

	One locality calibration; spiked sample set

	9
	CV
	KA +10 samples from DI +mineral P
	220
	10
	0.904
	14.9
	
	3.23
	0.904; 9.87
	A

	10
	P
	DI +mineral P 
–10 samples
	70
	
	0.487
	
	45.5
	1.18
	0.677; 26.5
	C

	Multiple locality calibration; without spiking

	11
	CV
	KA, DI, HI, ME
	410
	10
	0.753
	27.7
	
	2.01
	0.778; 21.0
	A

	12
	P
	PO
	67
	
	0.491
	
	51.1
	0.74
	0.468; 31.0
	C

	Multiple locality calibration; spiked sample set

	13
	CV
	KA, DI, HI, ME +8 samples PO
	418
	10
	0.726
	29.4
	
	1.90
	0.771; 21.6
	B

	14
	P
	PO -8 samples
	59
	
	0.491
	
	27.2
	1.35
	0.433; 72.7
	C



