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Results
General soil parameters
At all sites the pH tends to increase with soil depth; however, this is only significant for the mineral + organic P treatment for Dahlem (Tab. S1). Treatments mostly did not affect soil pH. With depth, the C and N stocks significantly decreased in Dahlem, and C stocks significantly decreased in Freising Dürnast. Even though not statistically tested, both total C and N stocks tend to decrease with soil depth in Bad Lauchstädt too. A treatment effect was only visible for treatments receiving organic P fertilizer with significantly higher total C stocks compared to the control and mineral P application in the topsoil in Dahlem, and a trend of increasing C and N stocks for Bad Lauchstädt. The total P stocks were generally lower in subsoils for all sites and treatments.
In order to estimate the risks of dissolved P loss from the soil, we also have estimated the DPS for all experimental sites based on the oxalate extractable P (POX), Al (AlOX), and Fe (FeOX) stocks (Fig. S1). The DPS in the topsoils of all treatments in Dahlem were significantly higher than those in the deeper soil layers. This trend was also mostly observable for Freising Dürnast and Bad Lauchstädt, but only in some cases significant due to large standard deviations in Freising Dürnast (Fig. S1). Treatment effects were most pronounced in Dahlem, with significantly higher DPS after mineral and combined mineral + organic P application compared to the control for the topsoil, as well as the first (30-50 cm) and second (50-70 cm) subsoil layer. In Bad Lauchstädt the DPS was greatest for the combined mineral + organic P treatment followed by the organic and then by the mineral treatment in the topsoil. In the upper subsoil layer the DSP for combined mineral + organic P treatment was also greatest, while in the deepest layer clear trend in DPS could be observed.

Discussion
Influence of fertilization on C and N stocks
Increasing C and N soil stocks due to farmyard manure application (Dahlem and Bad Lauchstädt, both organic fertilization as well as mineral + organic fertilization) (Tab. S1) were already described in the literature (Körschens et al. 1998; Glæsner et al. 2019). Fertilization using green manure (Dürnast) did not lead to the accumulation of total C in the soil (Tab. S1). That is comparable to the results of Koch et al. (2018) studying the long-term experimental site in Rostock with 16 years of compost application (mainly green waste from a composting plant). Only fertilization with farmyard manure significantly increased C stock, while fertilization with green manure solely (Freising Dürnast) did not lead to higher C stocks. That implies that animal manure is more effective in building soil C than green manure, possibly due to the presence of more humified and recalcitrant C forms in animal manure (Liu et al. 2013) facilitation an accumulation of C in the soil.

Table S1: Details about long-term experimental fields studied. 
	Long-term experiment
	Test design. sampling date. ID & replicates
	Sampling depths 
[cm]
	Bulk den-sities
[g cm-3]
	Sampled treatments
	 P fertilization
	N and K fertilization 
	Specifications
	Crop rotation
	Adaptations
	Literature

	 Dahlem
(52°28'02"N 13°17'49"E)

Start: 1923

Soil group:
Albic Luvisols
	five factorials, not randomized Split Plot / Strip design

October 2015 

BDa_D3

3 replicates
	0 - 30
	1.74
	control 
	no P fertilization
	1969 - 2013: 
annual N application 
100 kg ha-1 (wheat) and 
60 kg ha-1 (rye, oats), 
K application 100 kg ha-1 (wheat) and 83 kg ha-1 (rye, oats)
since 2014: 
N application 120 kg ha-1 (maize) and 80 kg ha-1 (rye), 
K application 120 kg ha-1 (maize) and 100 kg ha-1 (rye)
	treatments were ploughed (28 cm depth); all treatments were limed

FYM = fresh matter
	1969 - 2013: winter wheat. winter rye, winter wheat, oats
since 2017: maize for silage, winter rye


	1939: 
factor organic fertilization introduced
1967: 
factor crop rotation introduced 
2013: 
subdivision, 3 replicates; 
crop rotation changed to maize, winter rye; 
reduction of P level to 20 kg ha-1 yr-1
	(Krzysch, 1992; Wu et al. 2020)


	
	
	30 - 50
	1.70
	
	
	
	
	
	
	

	
	
	50 - 70
	1.77
	organic fertilization
	FYM: 30 t ha-1 yr-1 (average 20 kg P ha-1 yr-1)
	
	
	
	
	

	
	
	70 - 90
	1.84
	
	
	
	
	
	
	

	
	
	
	
	mineral fertilization
	1969 - 2013:
TSP: 28 kg P ha-1 yr-1 (wheat) and 22 kg P ha-1 yr-1 (rye. oats)
from 2014: 
TSP: 20 kg P ha-1 yr-1
	
	
	
	
	

	
	
	
	
	combination mineral & organic fertilization 
	FYM: 30 t ha-1 yr-1
 (average 20 kg P ha-1 yr-1)
TSP: 24 kg P ha-1 yr-1

	
	
	
	
	

	Freising Dürnast
(48°24'17"N
11°42'4"E)

Start: 1978
 
Soil group:
Cambisol
	randomized block design
 
October 2015 
P002

3 replicates
 
	0 - 30
	1.43
	control 
	no P fertilization
	N applications 115 kg ha-1 yr-1

K20 applications 200 kg ha-1 *3 yr
 
	all treatments received liming for target level (pH 6.5)

green manure = harvest residues left on the field 
	since 2014:
spring barley, winter wheat, potato, winter wheat, maize 

	 
	(Zicker et al. 2018)

	
	
	30 - 60
	1.54
	organic fertilization
	green manure: crop remains left on field
	
	
	
	
	

	
	
	60 - 90
 
	1.61
 
	
	
	
	
	
	
	

	
	
	
	
	mineral fertilization
	SP: 43 kg P ha-1 yr-1
	
	
	
	
	

	
	
	
	
	combination mineral & organic fertilization 
	green manure: crop remains left on field
SP: 43 kg P ha-1 yr-1
	
	
	
	
	

	Bad Lauchstädt 
(51°23'35"N 11°52'45"E)	
Start: 1902
 
Soil group:
Haplic Chernozem
	Strip design 
 
September 2015 

V120: stripes
6, 7, 8

no replicates,
but subplot sampling

	0 - 30
	1.57
	control 
	no P fertilization
	Level of mineral fertilization is adjusted to the progress of breeding and the level of FYM. Since 1995 wheat 100 kg ha-1 N with FYM, 80 kg ha-1 N without FYM, beets 170 and 150, barley 80 and 60, potatoes 140 and 120 kg ha-1 resp. K every 2 years since 1981 230, 110, and 50 kg ha-1 for without, 20 t ha-1, and 30 t ha-1 FYM, resp.
	treatments were ploughed (28 cm depth); straw and beet leaf are taken away from the field.


	1902 - 2014: sugar beet, spring barley, potato, winter wheat
	1981: 
min-P fertilizer dose was reduced, 
crop rotation 
since 2015:
silage maize, spring barley, silage maize, winter wheat
	(Merbach and Körschens 2002; Merbach and Schulz 2013; Medinski et al. 2018; UFZ (2020))


	
	
	30 - 60
	1.36
	organic fertilization 
	FYM: 30 t ha-1 *2 yr 
(with an average of 
26 kg ha-1 P
	
	
	
	
	

	
	
	60 - 90
 
	1.40
 
	
	
	
	
	
	
	

	
	
	
	
	mineral fertilization (NPK)
	TSP: 30 kg P ha-1 yr-1
	
	
	
	
	

	
	
	
	
	combination mineral & organic fertilization 
	FYM: 30 t ha-1 *2 yr
TSP: 6 kg P ha-1 yr-1

	
	
	
	
	

	Rostock
(54° 3'41"N
12°5'56"E)
 
Start: 1998

Soil group:
Stagnic Cambisol
	randomized block design
 
April 2015 

Stover Acker
3 replicates
 
	0 – 30
30 - 60
60 - 90
	1.02
1.22
1.31
	control 
organic fertilization

mineral fertilization
combination mineral & organic fertilization
	no P fertilization
green waste:                      24 kg P ha-1 yr-1
TSP: 22 kg P ha-1 yr-1
green waste + TSP:
48 kg P ha-1 yr-1

	N deficiencies were equilibrated if required.
 
	compost = green waste from garden n landscape residue
	Please see Requejo and Eichler-Löbermann (2014) for details on crops since 1998
	 
	(Requejo and Eichler-Löbermann 2014; Koch et al. 2018)



[bookmark: _GoBack]Table S2: Total P stocks for three different soil depths (0-30 cm, 0-60 cm, and 0-90 cm), P budgets, as well as the percentage deviation of the theoretical P stocks after P addition (mineral P, organic P, mineral + organic P) from the theoretical P stock of the control for four different long-term experimental sites (Dahlem, Freising Dürnast, Bad Lauchstädt, Rostock). Theoretical values were calculated by adding the measured P stocks to the P budgets. P budgets of Rostock were obtained from (Zicker et al. 2018) and of Bad Lauchstädt from (Medinski et al. 2018).
	 
	P stocks
	P budget
	Deviation

	
	0-30 cm
	0-60 cm
	0-90 cm
	
	0-30 cm
	0-60/70 cm
	0-90 cm

	 
	[kg ha-1]
	
	[cm]

	Dahlem
	 
	 
	 
	 
	 
	 
	 

	Control
	2139
	4051
	5532
	-29
	
	
	

	Mineral P
	2301
	4052
	5256
	-8
	6
	0
	-5

	Organic P
	1999
	4209
	5558
	-7
	-7
	3
	0

	Mineral + organic P
	1812
	3416
	4654
	 6
	-17
	-16
	-16

	Freising Dürnast
	
	
	
	
	
	
	

	Control
	2737
	4894
	7142
	-1105
	
	
	

	Mineral P
	4082
	6278
	8648
	324
	-3
	-1
	1

	Organic P
	2885
	5195
	7587
	-1131
	9
	8
	8

	Mineral + organic P
	3542
	5820
	8589
	342
	13
	10
	14

	Bad Lauchstädt
	
	
	
	 
	 
	 
	 

	Control
	2161
	3633
	5018
	-1569
	
	
	

	Mineral P
	3577
	5348
	6911
	1299
	-39
	-22
	-15

	Organic P
	3504
	5461
	7216
	214
	-12
	1
	6

	Mineral + organic P
	4938
	7732
	9652
	2921
	-46
	-8
	2

	Rostock
	
	
	
	
	
	
	

	Control
	1890
	3034
	3828
	-434
	
	
	

	Mineral P
	2239
	3521
	4720
	-74
	0
	4
	12

	Organic P
	2704
	4178
	5184
	-87
	20
	23
	24

	Mineral + organic P
	2556
	4201
	5532
	295
	-3
	13
	23






Table S3: Soil pH and total elemental stocks of the samples of the four studied treatments (control, mineral P, organic P, mineral + organic P) for different depths for three different long-term experimental sites (Dahlem, Freising Dürnast, Bad Lauchstädt) with ± standard deviation (SD). Different uppercase letters indicate significant differences among treatments within each soil depth and lowercase letters indicate significant differences among depths within each treatment (P<0.05) (n=3).
	
	
	pH(CaCl2)
	
	C/N
	
	Total C
	
	Total N
	
	Total P
	
	Total Mn
	
	Total Fe
	
	Total Al
	
	Total Ca
	
	Total Mg
	

	Management
	Depth [cm]
	[-]
	
	[t ha-1]
	
	[kg ha-1]
	
	[t ha-1]

	Dahlem
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Control
	0-30
	6.9 ± 0.2
	A
	15  ± 2.3
	
	194 ± 92
	aA
	12470 ± 4560
	a
	2139 ± 883
	a
	1805 ± 49
	a
	54.8 ± 44.8
	
	61.8 ± 52.1
	
	10.2 ± 6.3
	
	10.6 ± 9.2
	b

	
	30-50
	7.1 ± 0.1
	A
	14.1  ± 0.5
	
	152  ± 138
	a
	10664 ± 9547
	ab
	908 ± 377
	b
	630 ± 49
	b
	38.2 ± 6.8
	A
	44.0 ± 8.9
	A
	5.6 ± 1.7
	
	7.9 ± 1.3
	a

	
	50-70
	7.1 ± 0.1
	
	12.1  ± 0.6
	
	68  ± 18
	b
	5676 ± 1569
	b
	1003 ± 266
	b
	957 ± 117
	b
	59.7 ± 4.1
	
	64.9 ± 7.7
	
	8.0 ± 1.8
	
	11.7 ± 1.1
	b

	
	70-90
	7.1 ± 0.1
	
	12.3  ± 1.7
	
	68  ± 30
	b
	5418 ± 1569
	b
	1482 ± 400
	a
	1310 ± 223
	b
	36.5 ± 25.7
	
	42.2 ± 32.5
	
	7.1 ± 3.2
	
	7.0 ± 6.0
	ab

	Mineral P
	0-30
	6.7 ± 0.1
	A
	14.9  ± 1
	
	197  ± 105
	aA
	13760 ± 8144
	a
	2301 ± 303
	a
	1697 ± 111
	a
	26.2 ± 3.1
	a
	32.2 ± 2.3
	a
	6.9 ± 0.4
	
	4.7 ± 0.6
	a

	
	30-50
	7.0 ± 0.0
	A
	13.8  ± 1.8
	
	130  ± 126
	a
	9116 ± 8864
	ab
	861 ± 255
	b
	801 ± 243
	b
	35.1 ± 25.6
	abA
	46.2 ± 31
	aA
	5.8 ± 2.1
	
	7.2 ± 4.7
	ab

	
	50-70
	7.0 ± 0.2
	
	11.8  ± 0.5
	
	45  ± 11
	b
	3784 ± 1718
	b
	891 ± 251
	b
	954 ± 80
	b
	59.2 ± 5.2
	b
	74.6 ± 2.3
	b
	7.5 ± 0.4
	
	12.3 ± 0.8
	b

	
	70-90
	7.0 ± 0.2
	
	14  ± 0.7
	
	42  ± 14
	b
	3698 ± 1555
	b
	1204 ± 210
	b
	1197 ± 298
	ab
	46.6 ± 24.2
	ab
	49 ± 26.3
	a
	9.6 ± 3.5
	
	9.4 ± 5.4
	ab

	Organic P
	0-30
	6.7 ± 0.2
	A
	16.3  ± 3
	a
	339 ± 62
	aB
	22704 ± 3584
	a
	1999 ± 215
	a
	1924 ± 177
	a
	28.9 ± 1.8
	a
	31.9 ± 2.8
	a
	7.9 ± 0.1
	
	5.1 ± 0.1
	ab

	
	30-50
	6.9 ± 0.1
	B
	15.7  ± 2.6
	a
	81  ± 23
	b
	5934 ± 2048
	b
	1031 ± 455
	b
	798 ± 279
	b
	15.6 ± 0.4
	bB
	16.1 ± 2.7
	bB
	3.1 ± 0.6
	
	2.6 ± 0.1
	a

	
	50-70
	6.9 ± 0.1
	
	20.1  ± 10.6
	ab
	69  ± 13
	b
	5848 ± 1324
	b
	1178 ± 251
	b
	833 ± 84
	b
	37.3 ± 14.8
	ab
	42.8 ± 21.5
	a
	5.7 ± 1.2
	
	7.4 ± 3.1
	b

	
	70-90
	7.0 ± 0.1
	
	11.1  ± 1.5
	b
	79  ± 12
	b
	5590 ± 649
	b
	1349 ± 81
	b
	1248 ± 230
	ab
	31.9 ± 20.1
	ab
	38.1 ± 23.9
	a
	6.2 ± 1.2
	
	6.2 ± 4.3
	ab

	Mineral +
	0-30
	6.8 ± 0.1
	aB
	15.2  ± 2.5
	ab
	340 ± 48
	aB
	21500 ± 5713
	a
	1812 ± 116
	a
	1951 ± 340
	a
	27.7 ± 3.7
	a
	31 ± 3.9
	
	7.7 ± 2.5
	
	4.9 ± 0.2
	

	organic P
	30-50
	7.1 ± 0.1
	bA
	14.4  ± 0.8
	a
	73  ± 14
	b
	4730 ± 1273
	b
	553 ± 67
	b
	976 ± 190
	b
	16.2 ± 2.2
	bB
	21.2 ± 1.5
	B
	4.5 ± 0.7
	
	3.5 ± 1.2
	

	
	50-70
	7.1 ± 0.1
	b
	12.8  ± 3.2
	ab
	41  ± 16
	b
	2580 ± 1611
	b
	1051 ± 335
	bc
	1070 ± 276
	b
	41.8 ± 27.1
	ab
	49.5 ± 32.7
	
	6.7 ± 3
	
	8.6 ± 6.1
	

	
	70-90
	7.1 ± 0.2
	
	11.7  ± 1.3
	b
	48 ± 2
	b
	4386 ± 516
	b
	1238 ± 122
	c
	1193 ± 190
	b
	30.9 ± 21.9
	ab
	41.3 ± 34.3
	
	5.9 ± 2.3
	
	6.6 ± 5.3
	






Table S3 continued: Soil pH and total elemental stocks of the samples of the four studied treatments (control, mineral P, organic P, mineral + organic P) for different depths for three different long-term experimental sites (Dahlem, Freising Dürnast, Bad Lauchstädt) with ± standard deviation (SD). Different uppercase letters indicate significant differences among treatments within each soil depth and lowercase letters indicate significant differences among depths within each treatment (P<0.05) (n=3).
	
	
	pH(CaCl2)
	
	C/N
	
	Total C
	
	Total N
	
	Total P
	
	Total Mn
	
	Total Fe
	
	Total Al
	
	Total Ca
	
	Total Mg
	

	Management
	Depth [cm]
	[-]
	
	[t ha-1]
	
	[kg ha-1]
	
	[t ha-1]

	Freising Dürnast
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Control
	0 - 30
	6.2 ± 0.4
	
	7.3 ± 0.8
	
	41 ± 2
	a
	5395 ± 2218
	
	2500 ± 625
	
	3297 ± 69
	
	93.9 ± 3.3
	
	93.1 ± 2.7
	A
	13.2 ± 1.8
	A
	18.9 ± 1.2
	A

	
	30 - 60
	6.5 ± 0.2
	
	7.6 ± 0.8
	
	30 ± 2
	b
	3836 ± 1586
	
	2582 ± 370
	
	3660 ± 487
	
	98.4 ± 16
	
	97.2 ± 23.6
	
	11.4 ± 3
	
	19.3 ± 4.5
	

	
	60 - 90
	6.4 ± 0.3
	
	6.8 ± 0.7
	
	22 ± 1
	c
	3158 ± 1422
	
	2222 ± 353
	
	3711 ± 494
	
	114.6 ± 17.3
	
	99.8 ± 24.7
	A
	11.2 ± 2.2
	A
	20.4 ± 5.9
	

	Mineral P
	0 - 30
	6.3 ± 0.2
	
	7.2 ± 1
	
	39 ± 2
	a
	5118 ± 2426
	
	3192 ± 1342
	
	3477 ± 266
	
	109.5 ± 2.8
	
	109.2 ± 1.8
	A
	16.4 ± 2.1
	a
	21.8 ± 1
	A

	
	30 - 60
	6.6 ± 0.4
	
	6.5 ± 1.3
	
	22 ± 1
	b
	3237 ± 1371
	
	2722 ± 607
	
	3904 ± 28
	
	100.1 ± 5.1
	
	97.7 ± 5.6
	
	11.7 ± 0.9
	b
	19.7 ± 1.1
	

	
	60 - 90
	6.4 ± 0.2
	
	6.9 ± 1.1
	
	26 ± 2
	c
	3632 ± 1887
	
	2695 ± 955
	
	3397 ± 1091
	
	114.2 ± 24.6
	
	117.9 ± 36.5
	A
	12.6 ± 2.2
	b
	23.4 ± 6
	

	Organic P
	0 - 30
	6.1 ± 0.3
	
	7.8 ± 1
	
	42 ± 2
	a
	5271 ± 2148
	
	2723 ± 807
	
	3886 ± 891
	
	101.9 ± 9.4
	
	123.7 ± 28.1
	B
	15.3 ± 3.3
	
	20.8 ± 2.4
	A

	
	30 - 60
	6.7 ± 0.4
	
	6.8 ± 1.3
	
	24 ± 2
	b
	3364 ± 1681
	
	2530 ± 466
	
	3526 ± 218
	
	103.6 ± 16.7
	
	121.7 ± 35
	
	13.5 ± 2.9
	
	20.7 ± 3.6
	

	
	60 - 90
	6.2 ± 0.2
	
	6.6 ± 1
	
	25 ± 2
	b
	3657 ± 1608
	
	2356 ± 319
	
	3294 ± 441
	
	115.8 ± 26.9
	
	137.2 ± 40.5
	A
	13.8 ± 2.6
	
	24.4 ± 6.5
	

	Mineral +
	0 - 30
	6.2 ± 0.1
	
	7.5 ± 0.8
	
	37 ± 2
	a
	4855 ± 2287
	
	2856 ± 756
	
	3074 ± 215
	
	108.1 ± 4.4
	
	138.7 ± 19.3
	B
	17.4 ± 2.4
	B
	22.2 ± 2.4
	B

	organic P
	30 - 60
	6.2 ± 0.4
	
	7.4 ± 1.1
	
	28 ± 2
	b
	3580 ± 1578
	
	2976 ± 971
	
	3392 ± 226
	
	109.8 ± 3.2
	
	133.8 ± 17.1
	
	14.9 ± 1.4
	
	22.8 ± 1.7
	

	
	60 - 90
	6.5 ± 0.2
	
	7 ± 1.3
	
	24 ± 2
	b
	3302 ± 1563
	
	2840 ± 803
	
	3759 ± 1442
	
	119.9 ± 23.9
	
	135.6 ± 5.3
	B
	14.8 ± 0.7
	B
	24.7 ± 5.2
	






Table S3 continued: Soil pH and total elemental stocks of the samples of the four studied treatments (control, mineral P, organic P, mineral + organic P) for different depths for three different long-term experimental sites (Dahlem, Freising Dürnast, Bad Lauchstädt) with ± standard deviation (SD). Different uppercase letters indicate significant differences among treatments within each soil depth and lowercase letters indicate significant differences among depths within each treatment (P<0.05) (n=3).
	
	
	pH(CaCl2)
	
	C/N
	
	Total C
	
	Total N
	
	Total P
	
	Total Mn
	
	Total Fe
	
	Total Al
	
	Total Ca
	
	Total Mg
	

	Management
	Depth [cm]
	[-]
	
	[t ha-1]
	
	[kg ha-1]
	
	[t ha-1]

	Bad Lauchstädt
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Control
	0 - 30
	6.0 ± 0.1
	
	13  ± 0
	
	72 ± 0
	
	5357 ± 38
	
	2161 ± 140
	
	2612 ± 14
	
	92.5 ± 0.4
	
	105.9 ± 0.5
	
	20.9 ± 0.1
	
	15.5 ± 0.1
	

	
	30 - 60
	6.9 ± 0.8
	
	28  ± 1
	
	64 ± 1
	
	2332 ± 67
	
	1472 ± 81
	
	1713 ± 24
	
	70.6 ± 0.6
	
	79.7 ± 0.4
	
	115.8 ± 1.2
	
	23.2 ± 0.2
	

	
	60 - 90
	7.4 ± 0.1
	
	73  ± 1
	
	84 ± 1
	
	1165 ± 21
	
	1385 ± 293
	
	1565 ± 7
	
	62.9 ± 0.3
	
	61 ± 0.2
	
	232.2 ± 0.7
	
	35.6 ± 0.3
	

	Mineral P
	0 - 30
	7.6 ± 0.1
	
	14  ± 0
	
	93 ± 2
	
	6857 ± 196
	
	3577 ± 190
	
	2895 ± 23
	
	97.9 ± 0.6
	
	111.8 ± 0.5
	
	20.9 ± 0.1
	
	15.6 ± 0.1
	

	
	30 - 60
	5.2 ± 0.1
	
	13  ± 0
	
	62 ± 1
	
	4660 ± 76
	
	1771 ± 147
	
	1834 ± 14
	
	70.1 ± 0.6
	
	72.6 ± 0.6
	
	17.5 ± 0.1
	
	11.6 ± 0.1
	

	
	60 - 90
	5.8 ± 0.5
	
	11  ± 0
	
	25 ± 1
	
	2177 ± 55
	
	1563 ± 169
	
	1648 ± 16
	
	75.6 ± 0.5
	
	74.3 ± 0.5
	
	19.3 ± 0.2
	
	13.2 ± 0.1
	

	Organic P
	0 - 30
	6.4 ± 0.6
	
	12  ± 0
	
	100 ± 1
	
	8092 ± 177
	
	3504 ± 262
	
	2509 ± 13
	
	82.5 ± 0.4
	
	89.4 ± 0.4
	
	24.3 ± 0.1
	
	14.5 ± 0.1
	

	
	30 - 60
	7.1 ± 0.0
	
	17  ± 1
	
	71 ± 2
	
	4279 ± 21
	
	1957 ± 124
	
	2244 ± 16
	
	83.2 ± 0.3
	
	99 ± 0.3
	
	87.5 ± 0.8
	
	20.7 ± 0.2
	

	
	60 - 90
	7.0 ± 0.0
	
	47  ± 4
	
	90 ± 3
	
	1910 ± 104
	
	1755 ± 131
	
	1589 ± 26
	
	68.7 ± 0.3
	
	67.4 ± 0.4
	
	234.8 ± 1.3
	
	33 ± 0.2
	

	Mineral +
	0 - 30
	7.2 ± 0.3
	
	12  ± 0
	
	109 ± 4
	
	9296 ± 357
	
	4938 ± 436
	
	2610 ± 31
	
	90.9 ± 0.9
	
	106.6 ± 0.8
	
	27.5 ± 0.3
	
	15.3 ± 0.2
	

	organic P
	30 - 60
	7.4 ± 0.1
	
	12  ± 0
	
	66 ± 1
	
	5753 ± 97
	
	2794 ± 116
	
	2192 ± 15
	
	77.8 ± 0.4
	
	87.4 ± 0.6
	
	21 ± 0.1
	
	13.4 ± 0.1
	

	
	60 - 90
	7.6 ± 0.0
	
	16  ± 0
	
	52 ± 2
	
	3215 ± 102
	
	1920 ± 166
	
	1953 ± 16
	
	75.4 ± 0.4
	
	83.4 ± 0.5
	
	65.6 ± 0.7
	
	17.9 ± 0.1
	







Table S4: Stocks of P pools determined by sequential extraction of the four studied treatments (control, mineral P, organic P, mineral + organic P) for different depths for three different long-term experimental sites (Dahlem, Freising Dürnast, Bad Lauchstädt) with ± standard deviation (SD). Values in parentheses (%) represent the proportions of individual P pools on total P stocks. Different uppercase letters indicate significant differences among treatments within each soil depth and lowercase letters indicate significant differences among depths within each treatment (P<0.05) (n=3).
	Management
	depth
	Resin-P
	 
	NaHCO3-Pi
	 
	NaHCO3-Po
	 
	NaOH-Pi
	 
	NaOH-Po
	 
	H2SO4-P
	 
	Residual-P

	Dahlem
	[cm] 
	[kg ha-1]

	Control
	0-30
	182 ± 32 (9)
	a
	147 ± 2 (7)
	aA
	143 ± 39 (7)
	 
	369 ± 219 (17)
	a
	70 ± 42 (3)
	A
	313 ± 11 (15)
	a
	914 ± 781 (43)

	
	30-50
	76 ± 9 (8)
	b
	49 ± 3 (5)
	b
	77 ± 52 (8)
	
	58 ± 43 (6)
	b
	43 ± 13 (5)
	
	113 ± 8 (12)
	b
	493 ± 398 (54)

	
	50-70
	89 ± 23 (9)
	b
	51 ± 3 (5)
	b
	117 ± 13 (12)
	
	77 ± 34 (8)
	b
	44 ± 5 (4)
	
	219 ± 32 (22)
	c
	406 ± 189 (40)

	
	70-90
	73 ± 12 (5)
	b
	73 ± 32 (5)
	b
	142 ± 36 (10)
	A
	71 ± 36 (5)
	b
	22 ± 10 (2)
	 
	435 ± 100 (29)
	a
	665 ± 399 (45)

	Mineral P
	0-30
	261 ± 29 (11)
	a
	331 ± 83 (14)
	aB
	212 ± 66 (9)
	a
	164 ± 135 (7)
	ab
	179 ± 90 (8)
	a
	378 ± 59 (16)
	 
	777 ± 410 (34)

	
	30-50
	169 ± 95 (20)
	ab
	66 ± 20 (8)
	b
	134 ± 57 (16)
	a
	68 ± 53 (8)
	ab
	90 ± 34 (11)
	a
	170 ± 69 (20)
	
	163 ± 143 (19)

	
	50-70
	128 ± 35 (14)
	b
	66 ± 21 (7)
	b
	80 ± 18 (9)
	b
	117 ± 15 (13)
	a
	43 ± 14 (5)
	b
	239 ± 82 (27)
	
	217 ± 202 (24)

	
	70-90
	77 ± 16 (6)
	c
	91 ± 41 (8)
	b
	23 ± 5 (2)
	cB
	77 ± 5 (6)
	b
	8 ± 4 (1)
	c
	416 ± 124 (35)
	 
	512 ± 106 (42)

	Organic P
	0-30
	171 ± 32 (9)
	a
	135 ± 14 (7)
	aA
	151 ± 21 (8)
	
	267 ± 38 (13)
	a
	253 ± 40 (13)
	aB
	281 ± 20 (14)
	a
	741 ± 148 (37)

	
	30-50
	91 ± 19 (9)
	b
	43 ± 10 (4)
	b
	155 ± 60 (15)
	
	105 ± 23 (10)
	bc
	43 ± 21 (4)
	b
	121 ± 19 (12)
	b
	473 ± 479 (46)

	
	50-70
	79 ± 20 (7)
	b
	49 ± 4 (4)
	b
	141 ± 53 (12)
	
	86 ± 4 (7)
	b
	58 ± 9 (5)
	b
	138 ± 24 (12)
	b
	628 ± 202 (53)

	
	70-90
	127 ± 24 (9)
	ab
	52 ± 3 (4)
	b
	104 ± 26 (8)
	 
	137 ± 1 (10)
	c
	51 ± 7 (4)
	b
	274 ± 22 (20)
	a
	605 ± 40 (45)

	Mineral + 
	0-30
	223 ± 27 (12)
	a
	324 ± 41 (18)
	aB
	124 ± 43 (7)
	 
	137 ± 134 (8)
	 
	176 ± 164 (10)
	 
	383 ± 71 (21)
	a
	446 ± 130 (25)

	organic P
	30-50
	110 ± 6 (20)
	b
	72 ± 9 (13)
	b
	81 ± 15 (15)
	
	56 ± 41 (10)
	
	43 ± 10 (8)
	
	119 ± 15 (22)
	b
	72 ± 13 (13)

	
	50-70
	118 ± 18 (11)
	b
	69 ± 31 (7)
	b
	82 ± 26 (8)
	
	67 ± 57 (6)
	
	40 ± 38 (4)
	
	213 ± 105 (20)
	a
	462 ± 423 (44)

	 
	70-90
	100 ± 41 (8)
	b
	49 ± 28 (4)
	b
	83 ± 33 (7)
	 
	43 ± 33 (3)
	 
	38 ± 23 (3)
	 
	258 ± 112 (21)
	a
	668 ± 349 (54)




Table S4 continued: Stocks of P pools determined by sequential extraction of the four studied treatments (control, mineral P, organic P, mineral + organic P) for different depths for three different long-term experimental sites (Dahlem, Freising Dürnast, Bad Lauchstädt) with ± standard deviation (SD). Values in parentheses (%) represent the proportions of individual P pools on total P stocks. Different uppercase letters indicate significant differences among treatments within each soil depth and lowercase letters indicate significant differences among depths within each treatment (P<0.05) (n=3).
	Management
	depth
	Resin-P
	 
	NaHCO3-Pi
	 
	NaHCO3-Po
	 
	NaOH-Pi
	 
	NaOH-Po
	 
	H2SO4-P
	 
	Residual-P

	Freising Dürnast
	[cm] 
	[kg ha-1]

	Control
	0 - 30
	196 ± 162 (8)
	
	99 ± 85 (4)
	
	72 ± 10 (3)
	a
	368 ± 153 (15)
	
	475 ± 220 (19)
	
	781 ± 366 (31)
	
	508 ± 246 (20)

	
	30 - 60
	182 ± 94 (7)
	
	98 ± 45 (4)
	
	46 ± 9 (2)
	b
	415 ± 103 (16)
	
	540 ± 520 (21)
	
	878 ± 170 (34)
	
	422 ± 386 (16)

	
	60 - 90
	114 ± 59 (5)
	
	72 ± 25 (3)
	
	40 ± 17 (2)
	b
	354 ± 79 (16)
	
	189 ± 135 (8)
	
	820 ± 214 (37)
	
	633 ± 125 (28)

	Mineral P
	0 - 30
	329 ± 355 (10)
	 
	156 ± 164 (5)
	 
	71 ± 23 (2)
	a
	553 ± 274 (17)
	 
	574 ± 175 (18)
	 
	873 ± 470 (27)
	 
	636 ± 148 (20)

	
	30 - 60
	255 ± 171 (9)
	
	148 ± 76 (5)
	
	43 ± 24 (2)
	b
	559 ± 158 (21)
	
	185 ± 104 (7)
	
	878 ± 227 (32)
	
	653 ± 336 (24)

	
	60 - 90
	297 ± 269 (11)
	 
	147 ± 111 (5)
	 
	52 ± 21 (2)
	ab
	510 ± 231 (19)
	 
	219 ± 86 (8)
	 
	856 ± 289 (32)
	 
	613 ± 40 (23)

	Organic P
	0 - 30
	173 ± 136 (6)
	
	84 ± 68 (3)
	
	85 ± 18 (3)
	a
	428 ± 158 (16)
	
	855 ± 660 (31)
	
	671 ± 299 (25)
	
	426 ± 434 (16)

	
	30 - 60
	203 ± 72 (8)
	
	113 ± 35 (4)
	
	49 ± 14 (2)
	b
	501 ± 100 (20)
	
	191 ± 85 (8)
	
	886 ± 146 (35)
	
	587 ± 110 (23)

	
	60 - 90
	130 ± 50 (6)
	
	76 ± 25 (3)
	
	65 ± 18 (3)
	ab
	387 ± 66 (16)
	
	273 ± 42 (12)
	
	705 ± 172 (30)
	
	719 ± 52 (31)

	Mineral + 
	0 - 30
	207 ± 182 (7)
	 
	91 ± 75 (3)
	 
	65 ± 7 (2)
	a
	417 ± 169 (15)
	 
	607 ± 133 (21)
	 
	674 ± 374 (24)
	 
	793 ± 151 (28)

	organic P
	30 - 60
	284 ± 234 (10)
	
	149 ± 119 (5)
	
	45 ± 9 (2)
	ab
	527 ± 192 (18)
	
	271 ± 81 (9)
	
	1030 ± 253 (35)
	
	671 ± 125 (23)

	
	60 - 90
	260 ± 187 (9)
	 
	137 ± 75 (5)
	 
	37 ± 22 (1)
	b
	524 ± 142 (18)
	 
	261 ± 120 (9)
	 
	868 ± 151 (31)
	 
	753 ± 184 (27)







Table S4 continued: Stocks of P pools determined by sequential extraction of the four studied treatments (control, mineral P, organic P, mineral + organic P) for different depths for three different long-term experimental sites (Dahlem, Freising Dürnast, Bad Lauchstädt) with ± standard deviation (SD). Values in parentheses (%) represent the proportions of individual P pools on total P stocks. Different uppercase letters indicate significant differences among treatments within each soil depth and lowercase letters indicate significant differences among depths within each treatment (P<0.05) (n=3).
	Management
	depth
	Resin-P
	 
	NaHCO3-Pi
	 
	NaHCO3-Po
	 
	NaOH-Pi
	 
	NaOH-Po
	 
	H2SO4-P
	 
	Residual-P

	Bad Lauchstädt
	[cm] 
	[kg ha-1]

	Control
	0 - 30
	92 ± 3 (4)
	
	67 ± 1 (3)
	
	58 ± 27 (3)
	
	237 ± 21 (11)
	
	313 ± 12 (14)
	
	611 ± 53 (28)
	
	784 ± 17 (36)

	
	30 - 60
	13 ± 19 (1)
	
	31 ± 19 (2)
	
	11 ± 7 (1)
	
	16 ± 22 (1)
	
	23 ± 33 (2)
	
	847 ± 6 (58)
	
	532 ± 49 (36)

	
	60 - 90
	0 ± 0 (0)
	
	6 ± 8 (0)
	
	22 ± 31 (2)
	
	0 ± 0 (0)
	
	0 ± 0 (0)
	
	1213 ± 6 (88)
	
	144 ± 27 (10)

	Mineral P
	0 - 30
	451 ± 45 (13)
	 
	256 ± 6 (7)
	 
	49 ± 48 (1)
	 
	613 ± 34 (17)
	 
	419 ± 4 (12)
	 
	777 ± 47 (22)
	 
	1011 ± 19 (28)

	
	30 - 60
	132 ± 11 (7)
	
	76 ± 3 (4)
	
	39 ± 1 (2)
	
	249 ± 9 (14)
	
	295 ± 15 (17)
	
	565 ± 16 (32)
	
	417 ± 8 (24)

	
	60 - 90
	133 ± 110 (9)
	 
	27 ± 28 (2)
	 
	40 ± 9 (3)
	 
	87 ± 6 (6)
	 
	82 ± 18 (5)
	 
	782 ± 42 (50)
	 
	412 ± 30 (26)

	Organic P
	0 - 30
	493 ± 3 (14)
	
	172 ± 70 (5)
	
	92 ± 72 (3)
	
	446 ± 32 (13)
	
	292 ± 11 (8)
	
	1266 ± 105 (36)
	
	743 ± 93 (21)

	
	30 - 60
	162 ± 77 (8)
	
	87 ± 1 (4)
	
	46 ± 0 (2)
	
	133 ± 22 (7)
	
	123 ± 22 (6)
	
	929 ± 112 (47)
	
	477 ± 29 (24)

	
	60 - 90
	70 ± 43 (4)
	
	41 ± 5 (2)
	
	14 ± 5 (1)
	
	0 ± 0 (0)
	
	0 ± 0 (0)
	
	1154 ± 19 (66)
	
	477 ± 34 (27)

	Mineral + 
	0 - 30
	797 ± 0 (16)
	 
	353 ± 2 (7)
	 
	44 ± 16 (1)
	 
	588 ± 8 (12)
	 
	450 ± 203 (9)
	 
	1805 ± 19 (37)
	 
	901 ± 191 (18)

	organic P
	30 - 60
	458 ± 52 (16)
	
	161 ± 6 (6)
	
	33 ± 6 (1)
	
	319 ± 15 (11)
	
	248 ± 51 (9)
	
	896 ± 38 (32)
	
	679 ± 58 (24)

	
	60 - 90
	95 ± 7 (5)
	 
	93 ± 10 (5)
	 
	33 ± 2 (2)
	 
	96 ± 9 (5)
	 
	59 ± 8 (3)
	 
	939 ± 41 (49)
	 
	605 ± 30 (32)





Table S5: Stocks of double-lactate (DL) P and calcium-acetate-lactate (CAL) P of the four studied treatments (control, mineral P, organic P, mineral + organic P) for different depths for three different long-term experimental sites (Dahlem, Freising Dürnast, Bad Lauchstädt) with ± standard deviation (SD). a For values without SD only for one replicate P stocks could have been quantified.
	 
	 
	Dahlem
	 
	 
	Freising Dürnast
	Bad Lauchstädt

	Treatment
	Depth
	PDL
	PCAL
	Treatment
	Depth
	PDL
	PCAL
	PDL
	PCAL

	
	[cm]
	[kg ha-1]
	
	[cm]
	[kg ha-1]

	Control
	0-30
	219 ± 38
	201 ± 13
	Control
	0-30
	451 ± 167
	181 ± 98
	120 ± 5
	34 ± 5

	
	30-50
	56 ± 8
	63 ± 18
	
	30-60
	213 ± 51
	57 ± 23
	
	16 ± 3

	
	50-70
	29a
	38 ± 27
	
	60-90
	190 ± 34
	51 ± 22
	
	13 ± 4

	
	70-90
	50 
	22 ± 11
	Mineral P
	0-30
	394 ± 355
	221 ± 60
	515 
	213 ± 8

	Mineral P
	0-30
	453 ± 36
	403 ± 43
	
	30-60
	200 ± 2
	37 ± 6
	121 ± 5
	50 ± 3

	
	30-50
	187 ± 86
	188 ± 60
	
	60-90
	200 
	63 
	55 ± 6
	18 ± 3

	
	50-70
	140 ± 62
	142 ± 75
	Organic P
	0-30
	389 ± 123
	96 ± 42
	1164 ± 102
	572 ± 25

	
	70-90
	92 ± 40
	38 ± 27
	
	30-60
	207 ± 32
	39 ± 3
	187 ± 6
	56 ± 8

	Organic P
	0-30
	233 ± 11
	204 ± 10
	
	60-90
	169 
	25 
	32 
	15

	
	30-50
	90 ± 30
	81 ± 13
	Mineral +
	0-30
	508 ± 74
	200 ± 35
	2002 ± 57
	866 ± 226

	
	50-70
	57 ± 24
	63 ± 19
	organic P
	30-60
	209 ± 31
	37 ± 2
	791 ± 57
	387 ± 66

	
	70-90
	68 ± 31
	75 ± 23
	
	60-90
	182 ± 18
	51 ± 7
	177 ± 42
	43 ± 8

	Mineral +
	0-30
	392 ± 71
	362 ± 21
	 
	
	
	
	
	

	organic P
	30-50
	111 ± 19
	120 ± 26
	 
	
	
	
	
	

	
	50-70
	78 ± 16
	91 ± 18
	 
	
	
	
	
	

	 
	70-90
	20 ± 18
	61 ± 37
	 
	 
	 
	 
	 
	 



Table S6: Crop yields for every site for the year of soil sampling.
	Treatment
	Dahlem
	Freising Dürnast
	Bad Lauchstädt
	Rostock

	
	yield [dt ha-1]

	Control
	5.78 ± 0.17
	129.4 ± 18.9
	26.5 ± 0.7
	104.9 ± 1.8

	Mineral P
	5.54 ± 0.27
	129.3 ± 11.8
	56.2 ± 0.8***
	110.7 ± 0.7**

	Organic P
	6.40 ± 0.52
	130.0 ±   6.9
	59.5 ± 0.8***
	122.3 ± 2.1***

	Mineral + Organic P
	6.74 ± 0.48*
	121.7 ± 11.4
	65.2 ± 3.6***
	119.2 ± 3.3***


Crops were: winter rye (Dahlem), maize (Freising Dürnast), spring barley (Bad Lauchstädt), and maize (Rostock); harvested products: for cereals (winter rye, spring barley) only grains, for maize whole plants (cut 10 cm above the soil); n=3;  * P<0.05, **P<0.01, ***P<0.001



Table S7: Fitting parameters obtained by fitting the Mitscherlich equation (y=yzero + a(1-e-bx) to experimental data. 
	P-test
	Soil depth
	yzero+ a
	b
	n
	R2
	Pcrit

	 
	[cm]
	 
	 
	 
	 
	

	PDGT
	0-30
	96.05
	0.48
	48
	0.61
	10

	[µg L-1]
	0-60
	96.46
	0.29
	48
	0.54
	15

	
	0-90
	96.66
	0.23
	48
	0.33
	18

	PCAL
	0-30
	96.86
	0.02
	48
	0.55
	160

	[kg ha-1]
	0-60
	96.78
	0.20
	48
	0.37
	267

	
	0-90
	92.37
	0.01
	48
	0.00
	285

	PDL
	0-30
	99.49
	0.01
	47
	0.39
	282

	[kg ha-1]
	0-60
	95.63
	0.06
	48
	0.35
	270

	 
	0-90
	9237
	0.00
	48
	0.00
	317


yzero + a = the maximum yield reached with the highest P application calculated with the model; Pcrit = the critical P values defined as the soil P value associated with 95% relative yield, modeled with the Mitscherlich curve on data for all sites and crops. 
[image: Macintosh HD:Users:n.siebers:Desktop:Aktuelle Manuskripte:In Bearbeitung:1 Dauerversuche ISP 1 (Nina):Figures:Fig 5_DPS.jpg]
Fig S1: Degree of phosphorus saturation (DPS) for the long-term experimental sites Dahlem, Freising Dürnast, and Bad Lauchstädt in different soil depths. Numbers in the bars represent oxalate extractable P (Pox) stocks (kg ha-1) for the respective depth and treatment. Different lowercase letters indicate significant differences among treatments within each soil depth (P<0.05), while different uppercase letters indicate significant differences among depths within each treatment (P<0.05). Error bars represents standard deviation of the mean (n=3). No statistical analysis could be conducted for samples from Bad Lauchstädt as no field replicates were available.


Fig S2. NMR spectra of the spiking experiment using the sample C30-40 (Freising Dürnast, min + org. P, 0-30 cm).


Fig S3. NMR spectra of the spiking experiment using the sample C31-41 (Freising Dürnast, min + org. P, 30-60 cm).




Fig S4. NMR spectra of Dahlem soils with and without fertilization.

 
Fig S5: NMR spectra of Freising Dürnast soils with and without fertilization. 

 
Fig S6. NMR spectra of Bad Lauchstädt soils with and without fertilization. 
 
Fig S7. The monoester region of NMR spectra of Dahlem soils with and without fertilization. 


Fig S8. The monoester region of NMR spectra of Freising Dürnast soils with and without fertilization. 
 
Fig S9. The monoester region of NMR spectra of Bad Lauchstädt soils with and without fertilization.
[image: Macintosh HD:Users:n.siebers:Desktop:Aktuelle Manuskripte:Eingereicht 2020:1 Dauerversuche ISP 1 (ESEU):Revision ESEU:XANES spectra suppl Paper.tif]
Fig S10. P K-edge XANES spectra.
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