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Table S1 Description of sites, trial setup and references as well as calculated results from long-term trials with phosphorus (P) 
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1 S 0.5 

– 

3.0 

- 1 4.5 

– 

6.0 

0.59 

– 

1.60 

8.2 

– 

9.1 

526 

- 

592 

-0.1689 0.0157 0.27** 10.8 4.4 

DL 

28 4 - 

15 

Arab-Con 7 sites of E DE DE Kerschberger 

& Marks 

(1974) 

2 Sl - 

lS 

2.0 

– 

9.3 

 - 2 4.9 

– 

6.8 

0.48 

– 

1.32 

7.7 

– 

8.8 

551 

- 

687 

-0.0122 0.0073 0.47*** 1.7 4.9 

DL 

31 8 - 

17 

Arab-Con 8 sites of E DE DE Kerschberger 

& Marks 

(1974) 

3 S - 

lS 

0.5 

– 

9.3 

 - 1 - 

2 

4.5 

-

6.8 

0.48 

– 

1.60 

7.7 

– 

9.1 

526 

- 

687 

-0.0172 0.0076 0.45*** 2.3 DL 59 4 - 

17 

Arab-Con 15 sites of E DE DE Kerschberger 

& Marks 

(1974) 

4 SL - 

sL 

10.0 

– 

17.4 

 - 3 4.7 

– 

7.2 

0.77 

– 

3.19 

7.7 

- 

8.8 

528 

- 

876 

-0.0047 0.0086 0.72*** 0.5 2.8 

DL 

40 5 - 

17 

Arab-Con 10 sites of E DE DE Kerschberger 

& Marks 

(1974) 

5 L 16.6 

– 

24.8 

 - 4 5.8 

– 

7.2 

1.02 

– 

1.94 

7.7 

– 

9.1 

488 

- 

692 

0.0974 0.0091 0.69*** -10.7 3.0 

DL 

39 6 - 

18 

Arab-Con 10 sites of E DE DE Kerschberger 

& Marks 

(1974) 

6 L - 

T 

24.0 

– 

41.0 

 - 5 5.3 

– 

7.2 

0.83 

– 

2.37 

7.5 

– 

8.4 

513 

- 

760 

-0.0624 0.0098 0.85*** 6.4 2.8 

DL 

12 6 - 

7 

Arab-Con 3 sites of E DE DE Kerschberger 

& Marks 

(1974) 

                    

7 S bis 

5 

  1         -0.1215 0.0152 0.80*** 8.0 4.6             

7.1 S 4.0 10 1 5.4 1.97  - 750       25.4 DL 16 5 - 

6 

Arab-Con 4 sites NW DE DE Wulff (1996) 

7.2 S 5.0 21 1 5.3 0.54 8.2 527        - DL 21 28 Arab-Con Müncheberg DE Smukalski & 

Rogasik 

(1992) 
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7.3 S 3.1   1 4.9 4.80 7.8 750       6.2 DL 12 12 Arab-Con Lentförden DE Köhnlein & 

Knauer 

(1965) 

7.4 S 2.7   1 5.0 0.57 8.7 514        - CAL 5 34 Arab-Con Thyrow DE Baumecker et 

al. (1992) 

7.5   3.0 

– 

5.0 

  1 5.2 

– 

5.5 

1.28- 

3.19 

 - 750       3.8 DL 6 10 Arab-Con Düshorn, 

Hodenhag 

DE Römer et al. 

(1999) 

                    

8 l`S 5.0 

– 

12.0 

  2         -0.0361 0.01 0.52*** 3.6 3.7             

8.1 l`S 7.0   2 5.0  -  -  -       1.2 DL 7 6 Arab-Con 9 sites PL Kesik (1988) 

8.2 l`S 6.5 

– 

10.8 

 2 6.1  - 7.5 

– 

8.3 

540 

- 

645 

     7.8 DL 14 9 Arab-Con Misitz, Spröda DE Albert (1976) 

8.3 l`S 6.3   2 6.0 1.00 8.3 540        - DL 3 20 Arab-Con Spröda DE Ansorge et al. 

(1988) 

8.4 l`S 7.0 

– 

11.0 

6 - 

39 

2 5.1 

– 

6.4 

 - 7.9 

– 

10.7 

640 

- 

790 

     2.4 DL 32 6 - 

8 

Arab-Con 8 sites W DE DE Munk (1975) 

8.5 l`S 5.0 

– 

12.0 

  2 4.0 

– 

4.3 

 - 9.5 892       2.8 DL 9 12 

- 

15 

Arab-Con 9 sites W DE DE Stocker & 

Gericke 

(1967) 

8.6 l`S 6.3 31 2 6.3 1.28 8.3 540        - DL 15 31 Arab-Con Spröda DE Albert (2000) 

8.7 l`S 6.5   2 5.8 0.99 8.4 540 

- 

690 

      - DL 12 6 Arab-Con Spröda DE Jauert & 

Ansorge 1976 

8.8 l`S 6.5   2 5.5 

– 

6.0 

0.90 8.8 547 

- 

669 

      - DL 24 14 Arab-Con Spröda DE Anonymous 

(1992) 

8.9 l`S 10.0   2 6.2  - 7.8 752       4.6 DL 16 13 Arab-Con Hohenschulen bei 

Kiel 

DE Köhnlein 

(1976) 

8.10 l`S 5.0 

– 

7.0 

26 2 5.3 1.00 8.8 547        - 8.0 

DL 

6 6 Arab-Con Spröda DE Beckmann & 

Kolbe (2003) 

8.11 l`S 4.0 

– 

8.0 

4 - 

10 

2 5.0 2.10 9.2 850        - 5.9 3 60 Arab-Con Hannighog, 

Dülmen 

DE Jate & 

Lammel 

(2022) 

                    

9 lS 12.0 

– 

  3         -0.0065 0.0107 0.74*** 0.6 3.5             
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17.0 

9.1 lS 15.6   3 5.1  - 8.0 560        - DL 17 5 Arab-Con Canitz DE Albert (1976) 

9.2 lS 12.8 28 3 6.0 1.51 9.0 467       12.3 DL 3 42 Arab-Con Halle, Feld D DE Stumpe et al. 

(1994) 

9.3 lS 10.8   3 6.1  - 7.5 645       11.4 DL 10 9 Arab-Con Miesitz I DE Albert (1980) 

9.4 lS 17.0 30 3 7.0 1.16 8.6 600       9.8 DL 4 8 Arab-Con Göttingen DE Munk (1975) 

9.5 lS 8.0 

– 

13.0 

28 

- 

70 

3 5.8 

– 

7.1 

1.10 

-1.40 

8.3 

– 

8.8 

619       -4.1 CAL 15 5 - 

12 

Arab-Con Dorstadt, 

Wittingen 

DE Jungk et al. 

(1993), 

Wendt (1991) 

9.6 lS 6.4 

– 

15.1 

9 - 

34 

3 5.4 

– 

6.8 

 - 7.3 

– 

9.3 

702 

- 

1030 

     1.6 DL 19 5 Arab-Con 4 sites W DE DE Munk & 

Bärmann 

(1971) 

9.7 lS - 

sL 

15.0 

– 

25.0 

   3 - 

4 

5.3  - 9.5 873       -1.3 DL 10 9 Arab-Con Essen-Bredeney DE Gericke & 

Bärmann 

(1964) 

9.8 lS 15.0 

– 

19.0 

35 3 6.3 2.90 

– 

3.50 

3.6 600        - 6.4 

AL 

6 16 Arab-Con Apelsvoll NO Korsaeth & 

Eltun (2008) 

                    

10 sL, 

uL 

17.0 

– 

25.0 

  4         0.1243 0.01 0.52*** -12.4 3.2             

10.1 sL  24.9   4 5.0 

– 

5.3 

 - 7.2 670       -15.3 DL 24 5 - 

9 

Arab-Con Schönbrunn DE Albert (1976, 

1980, 1998) 

10.2 sL  28.3   4 6.8  - 7.5 645        - DL 24 5 Arab-Con Miesitz II DE Albert (1976) 

10.3 sL  21.5   4 6.1 

– 

6.8 

1.97 

– 

2.20 

8.3 

– 

8.8 

490 

- 

700 

      - DL 4 9 Arab-Con Lauchstädt, 

Heiligenstock 

DE Schilling & 

Witter (1965) 

10.4 sL  25.0   4 6.1 

– 

7.5 

0.99  - 600 

- 

650 

     -5.4 CAL 15 16 

- 

29 

Arab-Con 3 sites W DE DE Fritsch (1986) 

10.5 uL 27.1 68 4 6.0 1.10 9.6 567        - DL 5 18 Arab-Con Unterpleichfeld DE Bucher 

(1977a, b) 

10.6 uL 15.0 

– 

17.0 

  4 7.0 1.39 8.5 657       -15.6 DL 20 12 

- 

20 

Arab-Con Höckelheim bei 

Northeim 

DE Hauschildt 

(1985) 

10.7 sL 21.6   4 6.4 1.57 8.7 500       -13.3 DL 10 6 Arab-Con Wengelsdorf DE Kerschberger 

& Richter 

(1988) 
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10.8 sL 25.0   4 6.1 0.72 7.5 703       -8.1 DL 10 26 

- 

29 

Arab-Con Weihenstephan, 

Pettenbrunn 

DE Amberger 

(1984) 

10.9 uL 25.0   4 5.0 

– 

6.0 

1.20 7.5 703       -11.6 DL 10 10 Arab-Con Pettenbrunn DE Amberger et 

al. (1971) 

10.10 sL 20.0   4 6.5 1.16 8.8 905        - CAL 5 25 Arab-Con Alpenvorland, 

Linz 

AT Mraczek 

(1979) 

10.11 uL 20.4 34 

- 

72 

4 4.7 

– 

5.2 

0.93 8.2 621 

- 

660 

      - CAL 12 9 Arab-Con Elben, 

Niederbeisheim 

DE Grass & Heyn 

(1980) 

10.12 sL 25.0   4 5.8  - 9.7 682       -17.3 DL 4 6 Arab-Con 10 sites W DE DE Albersmann 

& Gericke 

(1967) 

10.13 sL 17.0 

– 

25.0 

  4 5.6 

– 

7.1 

 - 8.4 

– 

8.7 

612 

- 

667 

     -13.4 CAL 8 8 - 

18 

Arab-Con 2 sites NW DE Baumgärtel 

(1996) 

10.14 uL 25.0   4 6.6 

– 

7.4 

 - 9.8 703 

- 

730 

      - CAL 10 7 - 

9 

Arab-Con 3 sites W DE DE Fischer 

(1996) 

10.15 sL 21.5   4 6.1 

– 

6.8 

1.97 

– 

2.20 

7.0 

– 

8.6 

490 

- 

700 

     -6.8 DL 8 9 Arab-Con Lauchstädt, 

Heiligenstock 

DE Bergmann & 

Witter (1965) 

10.16 uL 25.0   4 6.0 

– 

6.3 

 - 8.3 640 

- 

669 

     -12.5 CAL 12 8 - 

10 

Arab-Con Grebenstein, 

Dörnhagen 

DE Schaumberg 

& Heyn 

(1996) 

10.17 uL 14.0 

– 

20.0 

75 

- 

84 

4 7.0 1.10 

- 

1.29 

8.8 

– 

9.0 

619 

- 

747 

     -9.6 CAL 20 12 Arab-Con Börry, Broistedt DE Jungk et al. 

(1993), 

Wendt (1991) 

10.18 uL 12.1 

– 

25.7 

23 

- 

47 

4 4.9 

– 

6.4 

 - 7.3 

– 

9.3 

642 

- 

757 

     -12.5 CAL 15 5 Arab-Con 3 sites W DE DE Munk & 

Bärmann 

(1971) 

10.19 sL 21.0   4 6.2 2.03 7.5 850        - DL 8 17 Arab-Con Puch DE Bachthaler & 

Wagner 

(1971) 

10.20 sL 9.0 

– 

14.0 

22 4 6.6 0.99 8.7 558       -18.0 DL 16 13 Arab-Con Seehausen DE Schönmeier 

& Schiefer 

(1992) 

10.21 sL 22.0   4 6.2 1.80 

– 

2.33 

8.7 484       -9.3 DL 12 31 Arab-Con Bad Lauchstädt DE Köppen 

(1997) 

10.22 uL 14.8 80 4 5.2 1.91 8.0 600        - DL 15 31 Arab-Con Methau DE Albert & 

Menge (2001) 
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11 t`L`- 

T 

over 

25.0 

  5         -0.0963 0.0077 0.46*** 10.0 – 

12.5 

5.0            

11.1 t`L 25.2 47 5 7.5 1.45 9.5 498       8.1 CAL 8 9 Arab-Con Wien AT Hösch & 

Dersch (1998)  

11.2 sL - 

tL 

20.0 

– 

40.0 

  5 5.5 

– 

6.5 

 -  -  -       6.7 DL 13 6 Arab-Con 21 sites PL Kesik (1988) 

11.3 sL - 

t`L 

17.0 

– 

25.0 

  5 6.7  - 9.0 600       6.0 DL 9 9 Arab-Con Meckenheim, A DE Poletschny et 

al. (1968) 

11.4 t`L 25.0 63 5 6.5 1.28 8.1 705       7.6 DL 14 18 Arab-Con Rauischholzhausen DE Boguslawski 

& Lieres 

(1997)  

11.5 t`L 17.0 

– 

25.0 

  5 6.0  - 9.0 600       13.9 DL 3 9 Arab-Con Meckenheim, B DE Poletschny et 

al. (1968) 

11.6 uL - 

t`L 

25.0   5 6.4  - 8.7 787       18.5 CAL 4 10 Arab-Con 7 sites SW DE Mokry (1996) 

11.7 uL - 

t`L 

25.0   5 6.3  - 8.2 669       20.0   6 8 Arab-Con Grebenstein DE Schaumberg 

& Heyn 

(1996) 

11.8 Ut 22.0 70 5 6.8 1.22 8.5 667       10.9 CAL 4 5 Arab-Con Derneburg DE Jungk et al. 

(1993), 

Wendt (1991) 

11.9 uL - 

tL 

16.0 

– 

37.3 

27 

- 

36 

5 5.6 

– 

6.9 

 - 7.3 

– 

9.3 

759 

- 

832 

     15.8 DL 20 4 Arab-Con 4 sites W DE DE Munk & 

Bärmann 

(1971) 

                    

12 lS 16.4 17 3 5.2 0.99 7.8 607   0.81*** 0.0 – 

1.6 

OL 7 13 Arab-Con Taastrup DK Van der Bom 

et al. (2017) 

13 lS 8.3 

– 

9.2 

33 2 - 

3 

7.5 1.45 

– 

1.91 

6.7 696 0.026 0.0078 0.90*** -3.3 5.0 

DL 

7 38 Arab-Con Kuusiku EST Loide (2019) 

14 lS 14.0 34 3 5.8 

– 

6.2 

2.44 4.5 600 0.0026 0.0061 0.76*** -0.4 2.9 

AL 

17 13 Arab-Con Moystad NO Riley et al. 

(2007) 

15 l`S 5.0 

– 

7.0 

10 

- 

14 

2 5.5 0.60 7.9 520 -0.0066 0.0026 0.48* 2.5 2.9 

DL 

8 25 Arab-Con Skierniewice PL Blake et al. 

(2000) 

16 uL 21.0 68 4 6.2 2.09 8.7 484 0.1353 0.0096 0.55*** -14.1 4.2 

DL 

12 30 

- 

Arab-Con Bad Lauchstädt, 

Static fertilization 

DE Ansorge 

(1965), 
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34 Wechsung 

(1990), Blake 

et al. (2000)  

17 uL 23.4 68 4 - 

5 

7.9 1.00 9.0 725   0.53(*) -7.5 5.0 

OL 

5 30 Arab-Con Rothamsted, 

Broadbalk 

GB Blake et al. 

(2000) 

18 uL 20.0 52 4 - 

5 

7.1 0.80 

– 

1.10 

9.0 725   0.96*** -3.3 0.6 

OL 

5 90 Arab-Con Rothamsted, 

Exhaustion land 

GB Johnston & 

Poulton 

(2019) 

19 uL 20.0 52 4 - 

5 

7.1 0.80 

– 

1.10 

9.0 725 0.0364 0.0058 0.94*** -6.3 0.6 

OL 

12 6 Arab-Con Rothamsted, 

Exhaustion land 

GB Johnston & 

Poulton 

(2019) 

20 uL 17.0 

– 

25.0 

50 

- 

65 

4 6.6 

– 

7.4 

 -  - 694 

- 

790 

0.0258 0.0049 0.78** -5.3 1.6, 3.9 

CAL 

6 9 Arab-Org Carlsberg, 

Abtweiler 

DE Emmerling 

(2005)  

21 L 13.8 70 

- 

80 

4 5.8 

– 

6.3 

1.10 

– 

1.30 

8.6 711 0.0399 0.0117 0.79*** -3.4 3.0, 4.5 

DL 

12 16 Arab-Org Roda DE Meyer et al. 

(2021)  

22 L 15.4 73 4 5.5 

– 

5.9 

1.22 9.8 641 0.0482 0.0054 0.91*** -8.9 1.7 

DL 

8 12 Arab-Org Roda DE Farack et al. 

(2021) 

23 L 15.4 73 4 5.5 

– 

5.9 

1.22 9.8 641 0.0074 0.0005 0.56* -10.0 1.5 

CAL 

8 12 Arab-Org Roda DE Farack et al. 

(2021) 

24 L 15.4 73 4 5.5 

– 

5.9 

1.22 9.8 641 0.0081 0.0005 0.38* -12.0 CAL 12 12 Arab-Org Roda DE Farack et al. 

(2021) 

25 L 15.4 73 4 5.5 

– 

5.9 

1.22 9.8 641 0.0663 0.0052 0.66** -12.8 1.7 

DL 

12 12 Arab-Org Roda DE Farack et al. 

(2021) 

26 L 15.0 

– 

18.0 

77 

- 

80 

4 5.7 

– 

6.2 

0.97 

– 

1.22 

8.4 693 0.0121 0.0063 0.92*** -1.9 4.3 

DL 

9 14 Arab-Org Methau DE Kolbe (2022) 

27 L 15.0 

– 

18.0 

77 

- 

80 

4 5.7 

– 

6.2 

0.97 

– 

1.22 

8.4 693 0.0256 0.0065 0.97*** -3.9 4.3 

DL 

12 14 Arab-Org Methau DE Kolbe (2022) 

27.1 L         0.97 

– 

1.22 

    0.0182 0.0063 0.94*** -2.9 DL 21 14 Arab-Org Methau DE Kolbe (2022) 

28 Sl 5.0 

– 

7.0 

26 2 4.8 

– 

5.0 

0.70 

– 

0.90 

8.8 547 -0.017 0.0124 0.86*** 1.4 5.3 

DL 

9 12 Arab-Org Spröda DE Kolbe (2022) 

29 Sl 5.0 

– 

26 2 4.8 

– 

0.70 

– 

8.8 547 -0.0393 0.0174 0.30(*) 2.2 4.9 

CAL 

8 12 Arab-Org Spröda DE Kolbe (2022) 
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7.0 5.0 0.90 

30 sL, 

uL 

18.0 35 3 - 

4 

6.3 2.90 

– 

3.50 

3.6 600 0.08 0.0141 0.88** -5.7 AL 6 14 Arab-Org Apelsvoll NO Korsaeth 

(2012) 

31 lS 10.0  2 6.1 1.14 

– 

1.27 

11.2 772  -  - 0.39* 5.0 12.3 

CAL 

12 7 Arab-Con Forchheim  DE Landes 

(2003) 

32 uL 23.0 30 

- 

40 

4 6.0 1.26 

– 

1.41 

10.0 881 0.0603 0.0068 0.66** -8.9 7.5 

CAL 

11 7 Arab-Con Pforzheim DE Landes 

(2003) 

33 uL 30.0 67 5 6.6 1.40 8.4 778 -0.0147 0.003 0.90(*) 4.9 1.3 

CAL 

3 29 Arab-Con Rottenhaus AT Lindenthal 

(2000) 

34 uL 30.0 68 5 6.0 

– 

7.5 

1.00 

– 

2.00 

9.7 735 -0.0244 0.006 0.56* 4.1 8.4 

CAL 

6 11 Arab-Con Heidfeldhof DE Reimer et al. 

(2023), Ruser 

(2025) 

35 sL 15.0  3 - 

4 

5.4 2.44 6.3 867 -0.0032 0.0032 0.94*** 1.0 2.0 

DL 

11 23 Arab-Con Lauterbach DE Reichelt 

(1993) 

36 sL 15.0  3 - 

4 

5.4 2.44 6.3 867 0.017 0.0057 0.83*** -3.0 1.9 

DL 

22 23 PGrass-Con Lauterbach DE Reichelt 

(1993) 

37 t'L 25.2 47 4 - 

5 

7.5 1.47 9.5 489 -0.0551 0.0068 0.88*** 8.1 CAL 8 9 Arab-Con Fuchsenbigl AT Hösch & 

Dersch (1997) 

38 sL 21.6  4 6.4 1.57 8.7 500 0.0398 0.0101 0.90*** -3.9 3.3 

DL 

10 6 Arab-Con Wengelsdorf DE Kerschberger 

& Richter 

(1985, 1988) 

39 sL 15.0 

– 

25.0 

 3 - 

4 

6.6  - 8.6 518   0.99** 3.3 8.9 

CAL 

4 10 PGrass-Con Iden DE Riehl (2010), 

Greiner et al. 

(2007) 

40 sL 15.0 

– 

25.0 

 3 - 

4 

6.4  - 6.5 618 -0.0307 0.0058 0.96* 5.3 2.9 

CAL 

4 9 PGrass-Con Hayn DE Riehl (2010), 

Greiner et al. 

(2007) 

41 L - 

T 

25.0 

– 

35.0 

 4 5.9  - 7.1 760 0.1122 0.0086 0.96** -10.3 1.9 

CAL 

4 9 PGrass-Con Heßberg DE Riehl (2010), 

Greiner et al. 

(2007) 

42 uL 15.0 

– 

25.0 

50 3 - 

4 

6.1  - 5.9 842 -0.0382 0.0125 0.99*** 3.1 5.3 

CAL 

4 10 PGrass-Con Oberweißbach DE Riehl (2010), 

Greiner et al. 

(2007) 

43 sL 17.0 

– 

25.0 

 4 5.3  - 7.4 722 0.088 0.0103 0.87* -8.5 4.4 

CAL 

4 8 PGrass-Con Chistgrün DE Riehl (2010), 

Greiner et al. 

(2007) 

44 sL 17.0 

– 

25.0 

 4 5.2  - 6.5 879   0.98** -12.5 2.5 

CAL 

4 9 PGrass-Con Forchheim  DE Riehl (2010), 

Greiner et al. 

(2007) 

45 Mo  -  6 = 5.6  - 9.0 514 0.519 0.0375 0.98*** -13.8 8.4 8 10 PGrass-Con Paulinenaue DE Riehl (2010), 
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4 CAL Greiner et al. 

(2007) 

46 Mo  -  6 = 

4 

6.2 29.0 8.7 520 0.2223 0.0232 0.67** -9.6 8.1 

DL 

13 19 PGrass-Con Paulinenaue DE Hertwig et al. 

(2017), 

Käding et al. 

(2003) 

47 sL 17.0 

– 

25.0 

 4 6.0  - 7.0 1000 0.0669 0.0217 0.95*** -3.1 3.4 

CAL 

5 10 PGrass-Org (Aulendorf) 

Alpenvorland, 

Baden-

Württenberg 

DE Elsässer  et al. 

(1998) 

48 sL - 

L 

17.0 

– 

25.0 

 4 5.0 

– 

7.1 

 - 6.8 

– 

9.5 

798 

- 

1581 

0.8962 0.038 0.38* -20.0 DL 9 4 PGrass-Con Deggingen, 

Mühbrook, Bichl 

DE Würtele 

(1975) 

49 lS -  

sL 

15.0 

– 

25.0 

 4 5.3 

– 

5.8 

 - 6.8 

– 

7.4 

880 

- 

950 

0.5109 0.0253 0.28* -20.2 1.8, 1.6 

DL, 

CAL 

18 5 - 

15 

PGrass-Con Vorwalde, Egg, 

Lockenhöhe, 

Dahlem, u. a. 

DE Stocker & 

Gericke 

(1967), 

Rieder (1997) 

50 sL, 

uL 

17.0 

– 

25.0 

 4 4.5 

- 

5.0 

3.00 8.2 428 0.0164 0.0021 0.88* -7.8 0.6 

Mehlich 

III 

4 55 PGrass-Con Velka Luka SL Vargova et al. 

(2020) 

51 sL, 

uL 

22.0 29 4 6.4  - 10.4 1057 0.1362 0.0109 0.97** -12.5 4.0 

Morgan- 

P 

4 17 PGrass-Con Site 1 IR Sheil et al. 

(2016) 

52 lS -  

sL 

16.0 33 3 - 

4 

6.2  - 10.4 1057 0.0914 0.01 0.92* -9.1 3.1 

Morgan- 

P 

4 17 PGrass-Con Site 2 IR Sheil et al. 

(2016) 

53 lS 10.0 20 2 - 

3 

5.5 1.23 8.5 774 0.0741 0.0221 0.98** -3.4 4.4 

DL 

4 11 FVeg-Con Osnabrück DE Niemann & 

Alt (1969) 

54 tL 34.0 24 5 5.5 

– 

6.3 

4.43 

– 

5.86 

10.0 870 -0.0381 0.0104 0.97*** 3.7 2.3 

Sodium 

bicarbo-

nate 

7 16 PGrass-Con Hillsborough GB Christie 

(1987) 

55 uL 23.0 54 4 5.8 

– 

6.6 

4.20 

– 

4.90 

6.9 811 0.0769 0.0148 0.97*** -5.2 4.2 

CAL 

5 20 PGrass-Con Rengen DE Schellberg et 

al. (1999) 

                    

56 uL     5         -0.067 0.004 0.42*** 16.8 9.6             

56.1 uL 27.0 30 

- 

50 

5 7.4 1.44 

– 

1.67 

10.5 808        - 11.0 

CAL 

12 7 Arab-Con Weiherbach DE Landes 

(2003) 

56.2 utL 26.0 65 

- 

5 6.6 1.37 

– 

10.0 880       15.0 8.2 

CAL 

12 7 Arab-Con Stockach DE Landes 

(2003) 
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70 1.53 

                    

57 sL 18.0 42 4 7.5 1.10 9.4 529 0.0315 0.0032 0.87*** -9.8 3.5 

CAL 

11 29 Arab-Con Fuchsenbigl AT Lindenthal 

(2000) 

57.1 sL 16.0 36 4 5.3 1.00 6.8 661               Arab-Con Zwettl AT Lindenthal 

(2000) 

                    

58                 -0.1081 0.0225 0.39*** 4.8 7.1             

58.1 S 5.0   1 4.8  - 9.7 547        - 6.0 

DL, 

CAL 

8 9 Arab-Org Paulinenaue DE Belkner 

(2025), 

Belkner & 

Wacker 

(2019) 

58.2 S 5.3   1 6.6 1.00 10.2 626        - 6.1 

CAL 

30 4 Arab-Org Darmstadt DE Abele (1987) 

58.3 S 4.5   1 6.1 1.17 7.9 964        - 5.2 

AL 

4 4 Arab-Org Jyndevad DK Olesen et al. 

(2000, 2002, 

2005, 2007) 

58.4 S 3.0 

– 

4.0 

20 1 6.1 0.60 

– 

0.63 

8.9 545        - 8.8 

CAL 

2 13 Arab-Org Güterfelde DE Dittmann & 

Zimmer 

(2008), Adam 

& Zimmer 

(2025) 

58.5 S 4.0   1 6.5 0.55 8.4 533        - 8.5 

CAL 

1 29 Arab-Org Müncheberg DE Reckling et 

al. (2015), 

Reckling 

(2026) 

58.6 S 4.0   1 5.6 0.70 8.8 557        - DL  6 13 FVeg-Con Großbeeren DE Fröhlich & 

Schröder 

(1972) 

58.7 S 0.11 0.4 1 5.2 0.87 8.8 557        - DL 7 7 FVeg-Con Großbeeren DE Baumann 

(1964) 

                    

59 l`S 5.0 

– 

12.0 

  2         -0.0473 0.0124 0.53*** 3.8 6.6             

59.1 Sl 5.0 

– 

7.0 

26 2 4.8 

– 

5.0 

0.70 

– 

0.90 

8.8 547       2.2 5.3 

DL 

12 12 Arab-Org Spröda DE Kolbe (2022) 

59.2 l`S 9.0   2 6.5 2.2 7.3 704        - 3.9 

AL 

1 12 Arab-Org Foulum DK Mikkelsen 

(1999) 
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59.3 l`S 8.8 13 2 6.5 2.29 7.3 704        - 5.4 

AL 

3 4 - 

8 

Arab-Org Foulum DK Askegaard et 

al. (2004), 

Olesen et al. 

(2007) 

59.4 l`S 8.8 13 2 6.5 2.30 7.3 704        - 5.4 

AL 

6 21 Arab-Org Foulum DK Notaris et al. 

(2021), Harbo 

et al. (2022) 

59.5 l`S 6.0 

– 

8.0 

  2 6.1 0.64 

– 

0.86 

9.1 542        - 10.6 

DL 

2 11 

- 

19 

Arab-Org Gülzow DE Gruber 

(2013), 

Gruber & 

Thamm 

(2004a, b) 

59.6 l`S 5.0 

– 

12.0 

  2 6.5 0.80 8.4 533        - 8.8 

CAL 

1 29 Arab-Org Müncheberg DE Reckling et 

al. (2015), 

Reckling 

(2026) 

                    

60 lS 12.0 

– 

17.0 

  3         -0.0002 0.005 0.57*** 0.0 4.2             

60.1 lS 16.0 

– 

18.0 

34 3 6.5 

– 

6.9 

1.32 8.8 706        - 7.9 

CAL 

2 12 Arab-Org Trenthorst DE Ohm et al. 

(2017) 

60.2 lS 14.3 

– 

17.1 

37 3 6.3 1.62 9.0 800        - 1.6, 

CO2-

Extr., 

Isotopen-

Extr. 

13 22 

- 

40 

Arab-Org Therwil CH Tagmann et 

al. (2001), 

Fliessbach et 

al. (2024)  

60.3 lS 14.7 

– 

17.4 

 3 5.8 0.99 9.3 743        - 7.7 

CAL 

2 8 Arab-Org Boschheide, 

Organic Farm 

DE Nolte (1989) 

60.4 lS 15.5 12 3 7.4 1.01 7.8 626        - 3.1 

AL 

4 4 - 

8 

Arab-Org Flakkebjerg DK Askegaard et 

al. (2004), 

Olesen et al. 

(2005, 2007) 

60.5 lS 13.5   3 5.7 

– 

6.1 

2.71 7.3 764        - 1.0 

AL 

3 20 Arab-Org Bjärröd SE Kirchmann et 

al. (2007) 

60.6 lS 7.0 

– 

9.0 

23 

- 

28 

3 5.8 2.85 

– 

3.47 

5.8 1631        - 2.3 

AL 

5 7 Arab-Org Tingvoll Research 

Farm 

NO Rittl et al. 

(2023) 

60.7 lS 12.0 40 

- 

3 5.3 0.87 9.5 700        - 5.8 

DL 

4 9 Arab-Org Wiesengut DE Zaller & 

Köpke 
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50 (2004), 

Dietrich et al. 

(2024) 

                    

61 sL, 

uL 

17.0 

– 

25.0 

  4         0.0982 0.0185 0.77*** -5.3 -    

-6.0 

5.0            

61.1 uL 17.0 

– 

25.0 

50 

- 

65 

4 6.6 

– 

7.4 

 -  - 694 

- 

790 

      - 1.2, 1.9 

DL 

6 9 Arab-Org Carlsberg, 

Abtweiler 

DE Emmerling 

(2005)  

61.2 sL, 

uL 

22.0 

– 

25.0 

  4 6.4 

– 

6.7 

1.33 11.8 792        - 6.1 

CAL 

4 20 Arab-Org, 

FVeg-Org 

Köln-Auweiler DE Hof-Kautz 

(2019) 

61.3 sL, 

uL 

15.0 

– 

30.0 

  4 5.5 

– 

6.3 

1.22 

– 

1.45 

9.0 542        - 4.2 

CAL 

4 10 Arab-Org Köllitsch DE Bauer & 

Jäckel (2015) 

61.4 uL 17.0 

– 

25.0 

50 

- 

65 

4 6.5 0.90 10.4 706        - 4.0 

CAL 

4 13 Arab-Org Dottenfelderhof DE Spiess et al. 

(2010) 

61.5 uL 22.0 70 4 7.0 1,30 

– 

1.50 

9.1 469        - 10.3 

CAL 

3 7 Arab-Org Bernburg DE Debruck & 

Koch (2004) 

61.6 uL 18.5 80 4 6.8 1.04 10.0 553        - 7.6 

CAL 

16 7 Arab-Org Frankenhausen DE Möller et al. 

(2026) 

                    

62 t`L - 

T 

over 

25.0 

  5         -0.0907 0.0096 0.43*** 9.4 – 

10.6 

5.8            

62.1 t`L  29.0 

– 

32.0 

67 

- 

72 

5 6.5 

– 

7.5 

1.26 9.3 654        - 6.8 

CAL 

3 11 Arab-Org Glattbacher-Hof DE Schulz (2012) 

62.2 t`L  28.7 68 5 6.0 

– 

6.8 

1.20 9.5 670        - CAL 11 9 Arab-Org Glattbacher-Hof DE Petzoldt 

(2015) 

62.3 lU 13.0 83 4 - 

5 

6.6 1.29 8.5 629        - CAL 4 4 Arab-Org Neu-Eichenberg DE Schmidt 

(1997) 

62.4 t`L  20.0 

– 

30.0 

51 

- 

59 

5 6.0 

– 

7.1 

1.16 

– 

2.00 

11.1 675        - 4.1 

CAL 

6 20 Arab-Org Müllheim DE Anonymous 

(2017)  

62.5 t`L  20.0 

– 

25.0 

  4 - 

5 

6.0 1.38 5.6 585        - 11.5 

AL 

6 10 Arab-Org Tartu EST Keres et al. 

(2020) 

62.6 t`L  25.0   5 6.5 1.18 8.8 700        - 4.6 9 6 Arab-Org Kleinhohenheim DE Mathes 
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– 

35.0 

– 

7.5 

– 

1.40 

CAL (2023)  

62.7 utL 35.0 50 

- 

70 

5 7.5 1.45  - 584        - 2.0 

OL? 

1 6 Arab-Org Norfolk, ADAS GB Cormack 

(1999) 

62.8 tL 35.0 

– 

45.0 

30 

- 

50 

5  - 1.62 10.6 610        - 1.4 

OL? 

2 7 - 

8 

Arab-Org Berkshire, EFRC GB Stopes et al. 

(1996) 

62.9 T 69.6   5 7.1 2.53 7.2 720        - 4.9 4 7 Arab-Org Ensmad, Organic 

farm 

DE Bauer (1992) 

62.10 t`L  25.0 52 4 - 

5 

5.8 

– 

6.0 

3.30 

– 

4.00 

5.6 785        - 11.0 

AL 

16 6 Arab-Con As NO Uhlen & 

Tweitnes 

(1995) 

                    

63       1         -0.1283 0.0243 0.54** 5.3 10.1             

63.1 S 2.0   1 5.7 2.03 8.3 540       6.3 4.7 

DL 

3 15 PGrass-Con Paulinenaue DE Kerschberger 

et al. (1998) 

63.2 S 5.0   1 5.4 1.74 9.3 800        - 19.0 

AL 

6 6 - 

7 

PGrass-Org Heino NI Baars (2002) 

63.3 S 3.0   1 4.3 

– 

5.0 

 - 9.0 597        - 6.6 

DL 

1 4 PGrass-Con Brockzetel  DE Würtele 

(1975) 

                    

64       3         0.0055 0.0185 0.92*** -0.3 6.6             

64.1 lS 7.0 

– 

14.0 

23 

- 

29 

3 5.8 5.26 

– 

6.41 

5.8 1631        - 2.3 

AL 

5 8 PGrass-Org Tingvoll, Research 

Farm 

NO Rittl et al. 

(2023) 

64.2 lS 16.0 41 3 5.5 2.93 8.8 706        - 17.0 

CAL 

1 10 PGrass-Org Trenthorst DE Ohm et al. 

(2017) 

64.3 lS  12.0 

– 

17.0 

   3 - 

4 

5.3  - 6.8 950        - 0.5 

DL 

4 6 PGrass-Con Egg, Bayern DE Rieder (1974) 

                    

65       4         0.0993 0.0055 0.36* -18.1 3.4             

65.1 sL, 

uL 

17.0 

– 

25.0 

  4 5.8  - 7.0 900        - 2.3 

DL 

6 10 PGrass-Con Vorwaldes, Bavar. 

Forest 

DE Rieder (1997) 

65.2 sL, 

uL 

17.0 

– 

25.0 

  4 5.8  - 7.4 880        - 4.5 

DL 

4 5 PGrass-Con Lockenhöhe, 

Dahlem 

DE Fischer 

(1996) 
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66       5         -0.2936 0.049 0.84*** 6.0 12.8             

66.1 L - 

T 

35.0 

– 

45.0 

  5 7.0  - 7.9 550       0.2 12.8 

CAL 

4 7 PGrass-Con Wechmar DE Riehl (2010), 

Greiner et al. 

(2007) 

66.2 lT 45.0 

– 

65.0 

  5 7.0  - 11.0 630       9.4   14 12 PGrass-Con Hockenheim 

(Baden) 

DE Gericke & 

Eichler 

(1965)  

66.3 lT 50.0   5 4.2 

– 

5.1 

 - 8.4 782        - DL 3 4 PGrass-Con Infeld DE Würtele 

(1975) 

                    

67 lS 5.0 

– 

17.0 

  2 - 

3 

        0.0143 0.0133 0.31*** -1.1 6.1             

67.1 lS 5.5 26 

- 

39 

2 - 

3 

6.0 0.58 

– 

1.00 

8.4 751        - 5.9 

DL 

8 7 Arab-Con Balcyny PL Adamiak et 

al. (2002) 

67.2 lS 8.0 23 2 - 

3 

6.3 1.51 9.2 467        - 4.0 

DL 

12 24 Arab-Con Halle, Rey A, B, C DE Stumpe et al. 

(1990) 

67.3 lS 8.0 23 2 - 

3 

5.5 

– 

6.5 

1.51 9.2 500        - 8.5 

DL 

4 47 Arab-Con Halle, Rey Monok. DE Herbst et al. 

(2018) 

 



15 
 

Table S2 Description of sites, trial setup and references as well as calculated results from long-term trials with potassium (K) 
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M
) 

(%
 D
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1 S up to 

5.0 

  1         -0.1318 0.0059 0.44*** 10.0 

– 

22.3 

7.0            

1.1 S  3.0   1  - 0.46 

– 

0.93 

8.5 – 

8.8 

526 - 

606 

      - DL 5 9 - 16 Arab-

Con 

5 sites E DE DE Kerschberger 

& Richter 

(1992), 

1.2 S 3.0   1  -  -  - 550       15.0 DL 31   Arab-

Con 

sites in E DE DE Kerschberger 

& Richter 

(1993) 

1.3 S 4.0   1 5.4 1.10 

– 

3.19 

 790       52.9 DL 16 3 Arab-

Con 

4 sites in NW 

DE 

DE Schulz (1994) 

1.4 S 3.1   1 4.9 4.80 8.7 750        - DL 12 10 Arab-

Con 

Lentförden DE Köhnlein & 

Knauer (1965) 

1.5 S 2.7   1 5.0 0.57 8.7 514        - CAL 8 34 Arab-

Con 

Thyrow DE Baumecker et 

al. (1992) 

1.6 S 3.0   1 5.5 3.00 9.0 857        - DL 3 13 Arab-

Con 

Oldenburg DE Nieschlag 

(1959) 

1.7 S 3.0   1 5.5 0.90 9.6 550 - 

640 

     9.6 DL 13 14 Arab-

Con 

Speyer DE Siegel & Rasp 

(1982) 

1.8 S 5.0 21 1 5.3 0.54 8.2 527        - DL 21 28 Arab-

Con 

Müncheberg DE Smukalski  & 

Rogasik 

(1992) 

                    

2 l`S 5.0 – 

12.0 

  2         0.0399 0.0043 0.65*** -5.0 - 

-9.3 

11.8            
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2.1 l`S 11.4   2 5.6 0.84 7.8 750        - DL 12 7 Arab-

Con 

Schaedtbek DE Köhnlein 

(1981) 

2.2 l`S 6.3 31 2 6.3 1.28 8.3 540        - DL 15 31 Arab-

Con 

Spröda DE Albert & 

Menge (2001) 

2.3 l`S 6.3 31 2 6.1 1.00 8.3 540       -39.7 DL 5 9 Arab-

Con 

Spröda DE Albert (1976) 

2.4 l`S 7.0   2 6.5 0.93 

– 

1.10 

9.0 563       -3.1 DL 16 9 Arab-

Con 

Seehausen DE Hoberück 

(1978) 

2.5 l`S 6.6 25 2 5.6 1.00 8.1 603       -7.4 DL 20 13 Arab-

Con 

Biestow DE Schulz (1990) 

2.6 l`S 10.8   2 6.1  - 7.5 645       -4.3 DL 10 9 Arab-

Con 

Miesitz DE Albert (1976) 

2.7 lS 12.0   2 - 3 6.5 1.49 9.2 201       -4.0 DL 4 32 Arab-

Con 

Halle, Field C DE Garz et al. 

(1999) 

                    

3 lS 12.0 

– 

17.0 

 3         0.1465 0.0046 0.58*** -28.0 

- -

31.8 

11.5            

3.1 lS 12.0   3 6.5 1.49 9.2 501       -27.8 DL 17 37 Arab-

Con 

Halle, Field K DE Garz et al. 

(1999) 

3.2 lS 7.0 31 3 5.8 0.99 8.4 540        - DL 12 6 Arab-

Con 

Spröda DE Jauert & 

Ansorge 

(1976) 

3.3 lS 12.0 

– 

17.0 

 3 5.6  -  - 643 - 

770 

     40.4 CAL 8 11 Arab-

Con 

2 sites in S 

DE 

DE Hege & 

Offenberger 

(1998) 

3.4 lS 9.0 10 3 6.3 1.00 9.3 747       -40.8 DL 4 20 Arab-

Con 

Rinkerode DE Orlovius 

(1989) 

3.5 lS 12.0 

– 

13.5 

63 - 

72 

3 6.0 1.62 8.8 770        - DL 8 12 - 

25 

Arab-

Con 

Melle DE Vetter & 

Klasink (1977) 

3.6 lS 13.0 33 3 6.2 1.50 9.2 501       -21.3 DL 4 25 Arab-

Con 

Halle DE Stumpe et al. 

(1989) 

                    

4 sL, 

uL 

17.0 

– 

25.0 

 4         0.5229 0.007 0.45*** -74.7 15.7             

4.1 L 16.0   4 5.1  - 8.0 560       -224 DL 17 5 Arab-

Con 

Canitz DE Albert (1976) 

4.2 L 25.0   4 5.3  - 7.2 670       -75.0 DL 10 9 Arab-

Con 

Schönbrunn DE Albert (1980) 
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4.3 uL 15.0 80 4 5.2 1.91 8.0 600        - DL 15 31 Arab-

Con 

Methau DE Albert & 

Menge (2001) 

4.4 uL 14.8 80 4 5.2 1.91 8.4 693        - DL 3 30 Arab-

Con 

Methau DE Albert & 

Lippert (1997)  

4.5 uL 20.0 

– 

21.0 

75 - 

76 

4 6.9 – 

7.1 

1.10 

– 

1.28 

8.3 – 

9.3 

542 - 

657 

     -50.0 DL 2 8 - 25 Arab-

Con 

Geldersheim, 

Geroldshausen 

DE Bucher & 

Bihler (1981) 

4.6 sL - L 20.0 

– 

25.0 

 4   0.64 

– 

1.86 

7.7 – 

8.8 

551 - 

762 

      - DL 15 6 - 17 Arab-

Con 

13 sites E DE DE Kerschberger 

& Richter 

(1992), 

4.7 sL 21.6   4 6.4 1.57 8.7 500       -112 DL 5 6 Arab-

Con 

Wengelsdorf DE Kerschberger 

& Richter 

(1985) 

4.8 sL 20.0   4 6.4  - 8.9 775       -16.0 CAL 4 10 Arab-

Con 

6 sites S DE DE Mokry (1998) 

4.9 sL 20.0   4 6.5 1.16 8.8 905        - DL 5 25 Arab-

Con 

Linz AT Mraczek 

(1979) 

4.10 sL 7.0 – 

14.0 

22 4 6.6 0.87 8.7 558       -108 DL 8 9 Arab-

Con 

Seehausen DE Rehbein et al. 

(1976) 

4.11 sL 15.0   3 - 4 5.7 3.42 6.3 855       -63.4 DL 25 8 Arab-

Con 

Lauterbach DE Reichelt 

(1993) 

4.12 uL 17.0 

– 

25.0 

  4 6.4 1.91 7.9 927       -87.7 CAL 6 21 Arab-

Con 

Puch DE Diez & Krauss 

(1997) 

4.13 L 17.0 

– 

25.0 

  4 5.8 – 

7.0 

 -  - 657 - 

800 

      - CAL 20 10 - 

14 

Arab-

Con 

 5 sites in S 

DE 

DE Hege & 

Offenberger 

(1998) 

4.14 L 17.0 

– 

25.0 

 4 5.6 – 

6.6 

 - 9.0 625        - DL 10 16 Arab-

Con 

Meckenheim DE Kick & 

Poletschny 

(1974) 

4.15 sL 22.0   4 6.2 2.03 8.7 484        -   4 7 Arab-

Con 

Bad 

Lauchstädt 

DE Köppen et al. 

(1990) 

4.16 sL 22.0   4 6.2 1.80 

– 

2.33 

8.7 484       -150   12 31 Arab-

Con 

Bad 

Lauchstädt 

DE Köppen (1997) 

4.17 sL 19.0 

– 

27.0 

  4    - 7.6 – 

9.4 

580 - 

765 

      - CAL 18 7 - 9 Arab-

Con 

6 sites  DE Orlovius 

(1996) 

4.18 L 15.0   4    -  -  -       -53.5 DL 4 15 Arab-

Con 

12 sitesN DE DE Früchtenicht 

(1992)  

                    

5 t`L - 

T 

25.0 

– 

 5         0.0157 0.0059 0.53*** -2.7 - 

-4.0 

15.2            
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65.0 

5.1 Ut 25.0 65 - 

83 

5 6.0 – 

6.3 

 - 8.3 640 - 

669 

     -17.7 CAL 8 13 Arab-

Con 

Grebenstein 

Dörnhagen 

DE Schaumberg & 

Heyn (1998)  

5.2 t`L  28.0   5 6.2 1.94  - 750       -8.2 CAL 2 8 Arab-

Con 

Gröben DE Vogl & 

Niederbudde 

(1984) 

5.3 t`L  25.0   5    -  - 750       -41.7 CAL 12 13 Arab-

Con 

Himstedt, 

Hasede 

DE Orlovius 

(1992)  

5.4 t`L - 

tL 

30.0 

– 

44.0 

  5    - 7.3 – 

8.4 

583 - 

742 

      - CAL 12 5 - 7 Arab-

Con 

4 sites DE Orlovius 

(1996) 

5.5 tL 43.0 21 5 6.4 1.48 9.3 747       -37.7 DL 4 20 Arab-

Con 

Rinkerode DE Orlovius 

(1989)  

5.6 utL 30.0   5 6.5  - 7.9 946        - DL 7 20 Arab-

Con 

Landsberg DE Schön et al. 

(1976) 

5.7 t`L 28.4   5 6.8  - 7.5 645       23.9 DL 24 5 Arab-

Con 

Miesitz DE Albert (1976) 

5.8 t`L - 

T 

25.0 

– 

65.0 

 5 5.5 – 

6.9 

 - 8.4 – 

8.8 

612 - 

806 

      - CAL 23 4 - 9 Arab-

Con 

6 sites N DE DE Baumgärtel 

(1998) 

5.9 t`L  25.2 47 5 7.5 1.45 9.5 498        - CAL 8 9 Arab-

Con 

Wien AT Hösch & 

Dersch (1998)  

5.10 L 25.0 63 5 6.5 1.28 8.1 705       -30.9 DL 14 18 Arab-

Con 

Rauisch-

holzhausen 

DE Boguslawski 

& Lieres 

(1997)  

5.11 T 69.6   5 7.1 2.53 7.2 720       11.6 DL 4 7 Arab-

Org 

Ensmad DE Bauer (1992)  

                    

6 lS 8,3 - 

9,2 

33 2 - 3 7.5 1.45 

– 

1.91 

6.7 696 0.04 0.0031 0.79*** -12.9 6.1 

DL 

7 38 Arab-

Con 

Kuusiku EST Loide (2019) 

7 lS 14.0 34 3 5.8 – 

6.2 

2.44 4.5 600 0.1991 0.0066 0.66*** -30.2 5.5 

AL 

16 13 Arab-

Con 

Moystad NO Riley et al. 

(2007) 

8 l`S 5.0 – 

7.0 

10 - 

14 

2 5.5 0.60 7.9 520 -0.0027 0.0003 0.39* 9.0 6.2 

DL 

7 25 Arab-

Con 

Skierniewice PL Blake et al. 

(1999) 

9 uL 23.4 68 4 - 5 7.9 0.90 

– 

3.40 

9.0 725 7.5023 0.3692 0.93*** -20.3 OL 12 10 - 

71 

Arab-

Org 

Rothamsted, 

Barley, 

Clover, Grass 

GB Johnston & 

Goulding 

(1990) 

10 L 15.0 

– 

17.0 

 4 7.0 1.39 8.5 657 0.2007 0.0039 0.97** -51.5 7.5 

DL 

4 22 Arab-

Con 

Höckelheim DE Beisecker et 

al. (1988) 

11 L 15.4 73 4 5.5 – 1.22 9.8 641 0.0914 0.0019 0.36* -48.1 4.8 12 12 Arab- Roda DE Farack et al. 
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5.9 CAL Org (2021) 

12 lU 13.0 83 4 - 5 6.6 1.29 8.5 629 0.1274 0.01 0.92* -12.7 CAL 4 4 Arab-

Org 

Neu-

Eichenberg 

DE Schmidt 

(1997) 

13 sL, 

uL 

17.0 35 3 6.3 2.90 

– 

3.50 

3.6 600 0.0426 0.0051 0.88** -8.4 AL 6 10 Arab-

Org 

Apelsvoll NO Korsaeth 

(2012) 

14 lS 14.3 

– 

17.1 

37 3 - 4 6.3 1.62 9.0 800 0.1558 0.0033 0.82** -42.0 

- -

47.2 

7.0 

CO2-

Extr., 

Isotopen-

Extr. 

8 40 Arab-

Org 

Therwil CH Fliessbach et 

al. (2024)  

15 L 15.0 

– 

18.0 

77 - 

80 

4 5.7 – 

6.2 

0.97 

– 

1.22 

8.4 693 0.207 0.0039 0.93*** -53.1 15.5 

DL 

21 14 Arab-

Org 

Methau DE Kolbe (2022) 

15.1 L 15.0 

– 

18.0 

 4   0.97 

– 

1.22 

    0.1307 0.0029 0.95*** -45.1   9   Arab-

Org 

Methau DE Kolbe (2022) 

15.2 L 15.0 

– 

18.0 

 4   0.97 

– 

1.22 

    0.2531 0.0044 0.97*** -57.5   12   Arab-

Org 

Methau DE Kolbe (2022) 

16 Sl 5.0 – 

7.0 

26 2 4.8 – 

5.0 

0.70 

– 

0.90 

8.8 547 -0.0824 0.0073 0.73*** 11.3 16.2 

DL 

21 12 Arab-

Org 

Spröda DE Kolbe (2022) 

17 Sl 5.0 – 

7.0 

26 2 4.8 – 

5.0 

0.70 

– 

0.90 

 547 -0.0586 0.0059 0.87*** 9.9 16.2 

DL 

9 12 Arab-

Org 

Spröda DE Kolbe (2022) 

17.1 Sl 5.0.- 

7.0 

  2   0.70 

– 

0.90 

    -0.0827 0.0097 0.79*** 8.5   12   Arab-

Org 

Spröda DE Kolbe (2022) 

18 S 5.3  1 6.6 1.00 10.2 626 -0.0317 0.0044 0.23** 7.2 6.2 

CAL 

36 4 Arab-

Org 

Darmstadt DE Abele (1987) 

19 lS - 

sL 

15.0 

– 

25.0 

 3 - 4 5.3  - 9.5 873 0.1795 0.0033 0.99*** -54.4 DL 10 9 Arab-

Con 

Essen-

Bredeney 

DE Gericke & 

Bärmann 

(1964) 

20 Us 2.2 72 4 7.5 1.60 9.1 495 0.1312 0.0026 0.62** -50.5 25.3 

Ammo-

nium 

acetate 

7 21 Arab-

Con 

Location A CS Balik et al. 

(2020) 

21 tL 4.4 77 4 - 5 5.9 1.06 8.2 573 0.007 0.0037 0.95** -2.0 - 

-5.0 

23.0 

Ammo-

nium 

acetate 

6 21 Arab-

Con 

Location D CS Balik et al. 

(2019) 

22 sL 20.0  4 7.2 1.80 8.5 1042 0.0139 0.0006 0.77** -23.2 1.3 8 18 Arab- Zürich CH Hausherr et al. 
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– 

25.0 

- - 

50.0 

CO2-

Extr., 

Isotopen-

Extr. 

Con (2007) 

23 t`L - 

lT 

32.9 -

52.5 

 5 6.2 – 

7.3 

2.46 

– 

4.94 

9.3 – 

10.0 

954 - 

1363 

0.0259 0.0008 0.82*** -32.4 17.3, 9.7, 

18.8, 

Ammo-

nium 

acetate 

10 25 - 

47 

Arab-

Con 

Changins, 

Ellighausen, 

Oensingen 

CH Fontana et al. 

(2022) 

24 uL 30.0 68 5 6.0 – 

7.5 

1.00 

– 

2.00 

9.7 735 0.1447 0.0078 0.70* -18.6 19.3 

CAL 

6 11 Arab-

Con 

Heidfeldhof DE Reimer et al. 

(2023), Ruser 

(2025) 

25 sL 15.0  3 - 4 5.4 2.44 6.3 867 0.1983 0.0068 0.90*** -29.2 18.3 

DL 

11 23 Arab-

Con 

Lauterbach DE Reichelt 

(1993) 

26 t'L 25.2 47 4 - 5 7.5 1.47 9.5 489 0.9388 0.0069 0.85*** -136 CAL 8 9 Arab-

Con 

Fuchsenbigl AT Hösch & 

Dersch (1997) 

27 sL 21.6  4 6.4 1.57 8.7 500 0.8203 0.0075 0.98** -109 11.7 

DL 

10 6 Arab-

Con 

Wengelsdorf DE Kerschberger 

& Richter 

(1985, 1988) 

28 sL, 

uL 

17.0 

– 

25.0 

 4  -  - 6.8 – 

9.4 

560 - 

850 

0.8133 0.0082 0.90*** -99.2 DL, 

CAL 

8 4 Arab-

Con 

Sites of Lower 

AT 

AT Köchl (1984) 

29 sL 15.0 

– 

25.0 

 3 - 4 6.6  - 8.6 518 0.6543 0.0082 0.95* -79.8 12.0 

CAL 

4 10 PGrass-

Con 

Iden DE Greiner et al. 

(2007), Riehl 

(2010) 

30 sL 15.0 

– 

25.0 

 3 - 4 6.4  - 6.5 618 0.6856 0.009 0.98** -76.2 8.2 

CAL 

4 9 PGrass-

Con 

Hayn DE Greiner et al. 

(2007), Riehl 

(2010) 

31 L - T 25.0 

– 

35.0 

 4 5.9  - 7.1 760 0.5524 0.0051 0.96** -108 4.3 

CAL 

4 9 PGrass-

Con 

Heßberg DE Greiner et al. 

(2007), Riehl 

(2010) 

32 sL 17.0 

– 

25.0 

 4 5.3  - 7.4 722 0.1709 0.0054 0.97** -31.7 9.2 

CAL 

4 8 PGrass-

Con 

Chistgrün DE Greiner et al. 

(2007), Riehl 

(2010) 

33 sL 17.0 

– 

25.0 

 4 5.2  - 6.5 879 0.2795 0.0036 0.86* -65.0 

- -

77.6 

6.8 

CAL 

4 9 PGrass-

Con 

Forchheim  DE Greiner et al. 

(2007), Riehl 

(2010) 

34 Mo  -  6 = 4 5.6 – 

6.2 

 - 9.0 514 0.6033 0.0183 0.41** -33.0 10.5 

DL, 

CAL 

14 10 - 

19 

PGrass-

Con 

Paulinenaue DE Riehl (2010), 

Hertwig et al. 

(2017) 

35 Mo  -  6 = 4 6.0 29.0 8.7 527 0.9824 0.0136 0.81* -72.2 9.4 

DL 

5 19 PGrass-

Con 

Paulinenaue DE Käding & 

Werner (1997) 

36 sL, 17.0  4 5.8  - 7.0 900 0.57 0.0046 0.74* -124 8.7 6 10 PGrass- Vorwaldes, DE Rieder (1997) 
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uL – 

25.0 

DL Org Bavar. forest 

37 lS 7.0 – 

14.0 

23 - 

29 

3 5.8 5.26 

– 

6.41 

5.8 1631 0.2503 0.0052 0.89* -48.1 5.0 

AL 

5 8 PGrass-

Org 

Tingvoll, 

Research farm 

NO Rittl et al. 

(2023) 

                    

38 S up to 

5.0 

  1         -0.0348 0.0041 0.37** 8.5 – 

12.0 

6.8            

38.1 S 3.0 – 

4.0 

20 1 6.1 0.60 

– 

0.63 

8.9 545        - 7.9, 7.2 

DL, 

CAL 

5 8 - 14 Arab-

Org 

Güterfelde DE Dittmann & 

Zimmer 

(2008), Adam 

& Zimmer 

(2025) 

38.2 S 5.0   1 4.8  - 9.7 547        - 5.1 

DL, 

CAL 

4 9 Arab-

Org 

Paulinenaue DE Belkner & 

Wacker 

(2019), 

Belkner (2025) 

38.3 S 4.5   1 6.1 1.17 7.9 964        - 4.3 

AL 

7 4 - 8 Arab-

Org 

Jyndevad DK Olesen et al. 

(2000, 2002, 

2005, 2007), 

Askegaard et 

al. (2003) 

38.4 S 4.0   1 6.5 0.55 8.4 533        - 9.7 

CAL 

1 29 Arab-

Org 

Müncheberg DE Reckling et al. 

(2015), 

Reckling 

(2026) 

                    

39 l`S 5.0 – 

12.0 

  2         0.0547 0.007 0.21** -7.8 11.8             

39.1 l`S 6.0 – 

8.0 

  2 6.1 0.64 

– 

0.86 

9.1 542        - 13.5 

DL 

3 11 - 

19 

Arab-

Org 

Gülzow DE Gruber (2013), 

Gruber & 

Thamm (2004) 

39.2 l`S 5.0 – 

7.0 

26 2 4.8 – 

5.0 

0.70 

– 

0.90 

8.8 547        - 9.1 

CAL 

5 5 Arab-

Org 

Spröda DE Kolbe (2022) 

39.3 l`S 11.6   2 - 3 5.8 1.00 9.3 743        - 12.1 

CAL 

1 8 Arab-

Org 

Boschbeide, 

Organic farm 

DE Nolte (1989) 

39.4 l`S 9.0   2  - 2.20 7.3 704        - 7.6 

AL 

1 12 Arab-

Org 

Foulum DK Mikkelsen 

(1999) 

39.5 l`S 8.8 13 2 6.5 2.29 7.3 704        - 5.7 

AL 

13 4 - 5 Arab-

Org 

Foulum DK Askegaard et 

al (1999), 

Askegaard & 
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Erikson (2000, 

2002) 

39.6 l`S 8.8 13 2 6.5 2.29 7.3 704        - 12.9 

AL 

2 8 Arab-

Org 

Foulum DK Olesen et al. 

(2005, 2007) 

39.7 l`S 8.8 13 2 6.5 2.30 7.3 704        - 13.1 

AL 

6 21 Arab-

Org 

Foulum DK Notaris et al. 

(2021), Harbo 

et al. (2022) 

39.8 l`S 9.0 – 

10.0 

21 2 5.6 – 

6.6 

3.40 8.2 – 

8.6 

551 - 

742 

      - 15.7, 

14.4 

AL 

2 18 Arab-

Org 

Östra 

Ljungby, 

Önnestad 

SE Andrist-

Rangel et al. 

(2007) 

39.9 l`S 5.0 – 

12.0 

  2 6.5 0.80 8.4 533        - 16.5 

CAL 

1 29 Arab-

Org 

Müncheberg DE Reckling et al. 

(2015), 

Reckling 

(2026) 

                    

40 l`S 5.0 – 

12.0 

  2         -0.0435 0.0045 0.57*** 9.7 17.8             

40.1 l`S 3.2 37 2 5.3 1.30 7.7 666        - 23.7 

Ammo-

nium 

acetate 

6 21 Arab-

Con 

Location C CS Balik et al. 

(2020) 

40.2 l`S 5.8 44 2 5.1 1.38 7.0 665        - 20.7 

Ammo-

nium 

acetate 

6 21 Arab-

Con 

Location B CS Balik et al. 

(2019, 2020) 

40.3 l`S 5.0 – 

7.0 

26 2 5.3 1.00 8.8 547        - 18.5 

DL 

6 6 Arab-

Con 

Spröda DE Beckmann & 

Kolbe (2003) 

40.4 l`S 4.0 – 

8.0 

 4 - 

10 

2 5.0 2.10 9.2 850        - 8.3 2 60 Arab-

Con 

Hannighog, 

Dülmen 

DE Jate & 

Lammel 

(2022) 

                    

41 lS 12.0 

– 

17.0 

 3         0.1144 0.0082 0.41*** -14.0 14.9             

41.1 lS 12.0 40 - 

50 

3 5.3 0.87 9.5 700        - 21.4 

DL 

1 9 Arab-

Org 

Wiesengut DE Zaller & 

Köpke (2004), 

Dietrich et al. 

(2024) 

41.2 lS 14.7 

– 

17.4 

 3 5.8 0.99 9.3 743        - 17.2 

CAL 

1 8 Arab-

Org 

Boschbeide, 

Organic farm 

DE Nolte (1989) 

41.3 lS 15.5 12 3 7.4 1.01 7.8 626        - 10.0 4 4 - 8 Arab- Flakkebjerg DK Askegaard et 
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AL Org al. (2004), 

Olesen et al. 

(2005, 2007) 

41.4 lS 13.5   3 5.7 – 

6.1 

2.71 7.3 764        - 5.3 

AL 

3 20 Arab-

Org 

Bjärröd SE Kirchmann et 

al. (2007) 

41.5 lS 16.0 29 3 5.6 1.40 8.6 656        - 13.2 

AL 

2 18 Arab-

Org 

Bollerup SE Andrist-

Rangel et al. 

(2007) 

41.6 lS 7.0 – 

9.0 

23 - 

28 

3 5.8 2.85 

– 

3.47 

5.8 1631       -29.2 5.1 

AL 

5 7 Arab-

Org 

Tingvoll 

Research farm 

NO Rittl et al. 

(2023) 

41.7 Us 5.4 68 3 - 4 6.5 1.20 7.7 493       -14.4 18.1 

Ammo-

nium 

acetate 

6 21 Arab-

Con 

Location E CS Balik et al. 

(2020) 

41.8 lS 15.0 

– 

19.0 

35 3 6.3 2.90 

– 

3.50 

3.6 600        - 28.6 

AL 

4 16 Arab-

Con 

Apelsvoll NO Korsaeth & 

Eltun (2008) 

                    

42 sL, 

uL 

17.0 

– 

25.0 

 4         0.1338 0.0018 0.33*** -74.3 14.5             

42.1 lS - 

sL 

15.0 

– 

25.0 

  3 - 4 5.3  - 9.5 873       -54.4   10 9 Arab-

Con 

Essen-

Bredeney 

DE Gericke & 

Bärmann 

(1964) 

42.2 L 15.0 

– 

18.0 

77 - 

80 

4 6.0 1.25 8.6 672        - 11.4 

DL 

6 6 Arab-

Con 

Methau DE Beckmann & 

Kolbe (2003) 

42.3 uL 23.0 30 - 

40 

4 6.0 1.26 

– 

1.41 

10.0 881        - 24.4 

CAL 

6 7 Arab-

Con 

Pforzheim DE Landes (2003) 

42.4 sL, 

uL 

21.0 68 4 6.2 1.50 

– 

1.70 

8.7 484        - 12.5 

DL 

5 36 Arab-

Con 

Bad 

Lauchstädt, 

Static 

fertilization 

DE Blake et al. 

(1999) 

42.5 sL, 

uL 

21.0 68 4 6.2 2.09 8.6 480        - 9.6 

DL 

8 42 Arab-

Con 

Bad 

Lauchstädt, 

Static 

fertilization 

DE Ansorge 

(1966), 

Körschens & 

Pfefferkorn 

(2001) 

                    

43 sL, 17.0  4         0.0933 0.0032 0.16** -29.2 9.8             
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uL – 

25.0 

43.1 L 15.4 73 4 5.5 – 

5.9 

1.22 9.8 641        - 5.3 

DL 

11 12 Arab-

Org 

Roda DE Farack et al. 

(2021) 

43.2 sL, 

uL 

22.0 

– 

25.0 

  4 6.4 – 

6.7 

1.33 11.8 792        - 14.9 

CAL 

4 20 Arab-

Org, 

FVeg-

Org 

Köln-

Auweiler 

DE Hof-Kautz 

(2019) 

43.3 sL, 

uL 

15.0 

– 

30.0 

 4 5.5 – 

6.3 

1.22 

– 

1.45 

9.0 542        - 4.2 

CAL 

3 10 Arab-

Org 

Köllitsch DE Bauer & 

Jäckel (2015) 

43.4 L 13.8 70 - 

80 

4 5.8 – 

6.3 

1.10 

– 

1.30 

8.6 711        - 8.0 

DL 

12 16 Arab-

Org 

Roda DE Meyer et al. 

(2021)  

43.5 uL 22.0 70 4 7.0 1.30 

– 

1.50 

9.1 469        - 19.4 

CAL 

1 7 Arab-

Org 

Bernburg DE Debruck & 

Koch (2004) 

43.6 uL 18.5 80 4 6.8 1.04 10.0 553        - 13.0 

CAL 

5 8 Arab-

Org 

Frankenhau-

sen 

DE Möller et al. 

(2026) 

43.7 uL 17.0 

– 

25.0 

50 - 

65 

4 6.5 0.90 10.4 706        - 4.0 

CAL 

1 13 Arab-

Org 

Dottenfelder-

hof 

DE Spiess et al. 

(2010) 

                    

44 t`L      5         -0.0037 0.0067 0.53*** 0.6 16.0             

44.1 t`L  29.0 

– 

32.0 

67 - 

72 

5 6.5 – 

7.5 

1.26 9.3 654        - 11.1 

CAL 

3 11 Arab-

Org 

Glattbacher-

Hof 

DE Schulz (2012) 

44.2 t`L  20.0 

– 

30.0 

51 - 

59 

5 6.0 – 

7.1 

1.16 

– 

2.00 

11.1 675        - 9.9 

CAL 

4 20 Arab-

Org 

Müllheim DE Anonymous 

(2017)  

44.3 t`L  20.0 

– 

25.0 

  4 - 5 6.0 1.38 5.6 585        - 14.6 

AL 

7 10 Arab-

Org 

Tartu EST Keres et al. 

(2020) 

44.4 t`L  25.0 

– 

35.0 

  5 6.5 – 

7.5 

1.18 

– 

1.40 

8.8 700        - 12.1 

CAL 

8 6 Arab-

Org 

Kleinhohen-

heim 

DE Mathes (2023)  

44.5 utL 35.0 50 - 

70 

5 7.5 1.45  - 584        - 17.5 

OL? 

1 6 Arab-

Org 

Norfolk, 

ADAS 

GB Cormack 

(1999) 

44.6 tL 35.0 

– 

45.0 

30 - 

50 

5  - 1.62 10.6 610        - 7.3 

OL? 

5 7 - 8 Arab-

Org 

Berkshire, 

EFRC 

GB Stopes et al. 

(1996) 

44.7 T 69.6   5 7.1 2.53 7.2 720        - 23.8 2 7 Arab- Ensmad, DE Bauer (1992) 
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Org Organic farm 

44.8 t`L  25.0 52 4 - 5 5.8 – 

6.0 

3.30 

– 

4.00 

5.6 785       -65.9 11.3 

AL 

16 18 Arab-

Con 

As NO Uhlen & 

Tweitnes 

(1995) 

44.9 utL 26.0 65 - 

70 

5 6.6 1.40 

– 

1.60 

10.0 880        - 23.6, 

29.2 

CAL 

17 7 Arab-

Con 

Stockach, 

Weiherbach 

DE Landes (2003) 

                    

45 sL 15.0 

– 

25.0 

 3 - 4 6.6  - 8.6 518 0.6543 0.0082 0.95* -79.8 12.0 

CAL 

4 10 PGrass-

Con 

Iden DE Greiner et al. 

(2007), Riehl 

(2010) 

46 sL 15.0 

– 

25.0 

 3 - 4 6.4  - 6.5 618 0.6856 0.009 0.98** -76.2 8.2 

CAL 

4 9 PGrass-

Con 

Hayn DE Greiner et al. 

(2007), Riehl 

(2010) 

47 L - T 25.0 

– 

35.0 

 4 5.9  - 7.1 760 0.5524 0.0051 0.96** -108 4.3 

CAL 

4 10 PGrass-

Con 

Heßberg DE Greiner et al. 

(2007), Riehl 

(2010) 

48 L - T 35.0 

– 

45.0 

 5 7.0  - 7.9 550   0.99** -20.0 13.8 

CAL 

4 10 PGrass-

Con 

Wechmar DE Greiner et al. 

(2007), Riehl 

(2010) 

49 sL 17.0 

– 

25.0 

 4 5.3  - 7.4 722 0.1709 0.054 0.97** -31.7 9.2 

CAL 

4 10 PGrass-

Con 

Chistgrün DE Greiner et al. 

(2007), Riehl 

(2010) 

50 sL 17.0 

– 

25.0 

 4 5.2  - 6.5 879   0.86* -65.0 

- -

77.6 

6.8 

CAL 

4 10 PGrass-

Con 

Forchheim  DE Greiner et al. 

(2007), Riehl 

(2010) 

51 Mo  -  6 = 4 5.6  - 9.0 514 0.5238 0.0235 0.67* -22.3 10.9 

CAL 

6 10 PGrass-

Con 

Paulinenaue DE Greiner et al. 

(2007), Riehl 

(2010) 

52 Mo  -  6 = 4 6.2 29.0 8.7 520   0.37* -45.0 

- -

64.2 

10.5 

DL 

13 19 PGrass-

Con 

Paulinenaue DE Käding et al. 

(2003), 

Hertwig et al. 

(2017) 

53 sL, 

uL 

17.0 

– 

25.0 

 4 5.8  - 7.0 900 0.57 0.0046 0.74* -124 8.7 

DL 

6 10 PGrass-

Con 

Vorwaldes, 

Bavar. Forest 

DE Rieder (1997) 

54 lS 7.0 – 

14.0 

23 - 

29 

3 5.8 5.26 

– 

6.41 

5.8 1631 0.2503 0.0052 0.89* -48.1 5.0 

AL 

5 8 PGrass-

Org 

Tingvoll, 

Research 

Farm 

NO Rittl et al. 

(2023) 

55 lS 10.0 20 2 - 3 5.5 1.23 8.5 774 0.3529 0.0094 0.99*** -37.5 10.8 

DL 

4 11 FVeg-

Con 

Osnabrück DE Niemann & 

Alt (1969) 

56 sL 17.0  4 5.3 –  - 8.0 – 491 - 0.5961 0.0108 0.98*** -55.2 12.7 5 5 FVeg- Rosenow, DE Linke et al. 
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– 

25.0 

7.4 9.0 589 DL Con Cunnersdorf, 

Blösien 

(1983) 

57 tL 34.0 24 5 5.5 – 

6.3 

4.43 

– 

5.86 

10.0 870 0.8713 0.0173 0.98*** -50.4 6.3 

Ammo-

nium 

acetat 

6 16 PGrass-

Con 

Hillsborough GB Christie (1987) 

58 uL 23.0 54 4 5.8 – 

6.6 

4.20 

– 

4.90 

6.9 811 0.026 0.0008 0.78(*) -32.5 5.6 

CAL 

4 20 PGrass-

Con 

Rengen DE Schellberg et 

al. (1999) 

                    

59                 -0.1326 0.0051 0.17(*) 26.0 8.2             

59.1 S 2.0   1 5.7 2.03 8.3 540       21.0 5.5 

DL 

7 10 - 

15 

PGrass-

Con 

Paulinenaue DE Kerschberger 

et al. (1998) 

59.2 S 5.0   1 5.4 1.74 9.3 800        - 10.8 

AL 

6 6 - 7 PGrass-

Org 

Heino NI Baars (2002) 

                    

60                 1.7066 0.0187 0.96*** -80.0 

- -

91.3 

11.9            

60.1 lS  12.0 

– 

17.0 

 3 - 4 5.3  - 6.8 950        - 6.6 

DL 

4 6 PGrass-

Con 

Egg, Bayern DE Rieder (1974) 

60.2 sL 15.0   3 - 4 5.4 2.44 6.3 867        - 17.2 

DL 

12 23 PGrass-

Con 

Lauterbach DE Reichelt 

(1993) 

                    

61                 0.6584 0.009 0.52*** -73.2 10.5             

61.1 uL 15.0 

– 

25.0 

50 3 - 4 6.1  - 5.9 842        - 6.0 

CAL 

4 10 PGrass-

Con 

Oberweiß-

bach 

DE Greiner et al. 

(2007), Riehl 

(2010) 

61.2 lS  12.0 

– 

17.0 

 3 - 4 5.3  - 6.8 950        - 6.6 

DL 

4 6 PGrass-

Con 

Egg, Bayern DE Rieder (1974) 

61.3 sL 15.0   3 - 4 5.4 2.44 6.3 867        - 17.2 

DL 

22 23 PGrass-

Con 

Lauterbach DE Reichelt 

(1993) 

61.4 sL 17.0 

– 

25.0 

  4 6.0  - 7.0 1000       -53.9 12.6 

CAL 

5 10 PGrass-

Org 

(Aulendorf) 

Alpenvor-

land, Baden-

Württenberg 

DE Elsässer et al. 

(1998) 

61.5 sL 17.0 

– 

25.0 

  4 6.0  - 7.0 1000        - 10.8 

CAL 

2 10 PGrass-

Con 

(Aulendorf) 

Alpenvor-

land, Baden-

DE Elsässer et al. 

(1998) 
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Württenberg 

61.6 sL, 

uL 

17.0 

– 

25.0 

  4 4.5 

5.0 

3.00 8.2 428        - 9.7 

Mehlich 

III 

4 55 PGrass-

Con 

Velka Luka SL Vargova et al. 

(2020) 

                    

62 lS 5.0 – 

17.0 

  2 - 3        0.3932 0.0088 0.31*** -44.7 11.5             

62.1 lS 16.4 17 3 5.2 0.99 7.8 607        - OL 4 13 Arab-

Con 

Taastrup DK Van der Bom 

et al. (2017) 

62.2 lS 8.0 23 2 - 3 6.3 1.51 9.2 467        - 10.1 

DL 

11 24 Arab-

Con 

Halle, Rey A, 

B, C 

DE Stumpe et al. 

(1990) 

62.3 lS 8.0 23 2 - 3 5.5 – 

6.5 

1.51 9.2 500        - 14.3 

DL 

3 47 Arab-

Con 

Halle, Rey 

Monok. 

DE Herbst et al. 

(2018) 

62.4 lS 5.5 26 - 

39 

2 - 3 6.0 0.58 

– 

1.00 

8.4 751        - 10.2 

DL 

8 7 Arab-

Con 

Balcyny PL Adamiak et al. 

(2002) 
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Table S3 Description of sites, trial setup and references as well as calculated results from long-term trials with magnesium (Mg) 
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1 S 1.0 – 

4.0 

  1         -0.022 0.0027 0.18** 8.2 3.1             

1.1 S 1.0 – 

4.0 

  1 5.2 – 

5.7 

0.52 – 

1.13 

7.5 – 

8.0 

540 - 

600 

     1.8 CaCl2 20 3 - 6 Arab-Con 4 sites in E 

DE 

DE Kerschberger 

(1992)  

1.2 S 5.0   1 5.0 – 

5.2 

0.64 - 

0.99  

8.0 – 

8.2 

600 - 

630 

     16.6 CaCl2 8 7 Arab-Con Strohkirchen, 

Mihla 

DE Kerschberger 

& Richter 

(1991) 

1.3 S 3.0   1 5.5 0.9 10.1 550 - 

640 

      - CaCl2 18 14 Arab-Con Speyer DE Siegel & Rasp 

(1982) 

                    

2 l`S 5.0 – 

12.0 

 2         0.0181 0.0109 0.68*** -1.7 – 

2.0 

3.1            

2.1 l`S 8.0   2 4.2 – 

4.5 

 - 8.3 580       0.0 – 

6.0 

  11 4 Arab-Con Klitzschen DE Bruchholz 

(1963) 

2.2 l`S 3.0 – 

7.0 

  2 5.5 – 

5.8 

0.75 – 

0.81 

8.0          -   6 6 Arab-Con 2 sites E DE DE Reiche & 

Pfleger (1983) 

2.3 l`S 8.0   2 5.0  - 8.4 533        - CaCl2 16 7 - 15 Arab-Con 1 site E DE DE Görlitz (1973) 

2.4 l`S 6.5   2 5.8 0.99 8.4 540       -7.5 CaCl2 10 6 Arab-Con Spröda DE Jauert & 

Ansorge 

(1976) 

2.5 l`S 4.0 – 

10.1 

 2 5.5 – 

6.0 

0.52 – 

1.13 

7.0 – 

8.3 

540 - 

600 

     1.0 CaCl2 5 3 - 6 Arab-Con 4 sites in E 

DE 

DE Kerschberger 

(1992)  

2.6 l`S - 

lS 

10.0 – 

18.0 

  2 - 3 5.3 – 

6.2 

 - 8.0 – 

8.6 

551 - 

589 

     5.0 5.5 

CaCl2 

3 4 FVeg-Con Rosenow, 

Wilmersdorf, 

DE Linke et al. 

(1983) 
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Cunnersdorf  

                    

3 lS 14.0 34 3 5.8 – 

6.2 

2.44 4.5 600 0.1347 0.0221 0.91*** -6.1 5.1 

AL 

13 13 Arab-Con Moystad NO Riley et al. 

(2007) 

4 lS 16.6  4 7.1 1.73 8.6 476 0.0871 0.0042 0.98*** -20.7 CaCl2 12 6 Arab-Con Schafstädt DE Jauert & 

Ansorge 

(1976) 

5 L 15.0 – 

17.0 

 4 7.0 1.39 8.5 657 0.1255 0.0079 0.93* -15.9 3.4 

CaCl2 

4 22 Arab-Con Höckelheim DE Beisecker et 

al. (1988) 

6 L 15.4 73 4 5.5 – 

5.9 

1.22 9.8 641 0.1259 0.0093 0.68** -9.6 - 

-13.5 

9.5 

CaCl2 

8 12 Arab-Org Roda DE Farack et al. 

(2021) 

7 L 15.4 73 4 5.5 – 

5.9 

1.22 9.8 641   0.89* -13.8 9.7 

CaCl2 

4 12 Arab-Org Roda DE Farack et al. 

(2021) 

8 L 15.4 73 4 5.7 – 

5.8 

1.10 9.8 632   0.97(*) -0.3 - 

-3.0 

11.2 

CaCl2 

3 7 Arab-Org Roda DE Müller et al. 

(2022) 

9 lS 14.3 – 

17.1 

37 3 6.3 1.62 9.0 800 0.013 0.0134 0.69** -1.0 - 

-3.0 

CO2-

Extr., 

Isotopen-

Extr. 

8 26 Arab-Org Therwil CH Tagmann et al. 

(2001), 

Fliessbach et 

al. (2024)  

10 L 15.0 – 

18.0 

77 - 

80 

4 5.7 – 

6.2 

0.97 – 

1.22 

8.4 693 0.029 0.0056 0.78*** -5.2 9.5 

CaCl2 

21 14 Arab-Org Methau DE Kolbe (2022) 

11 L 15.0 – 

18.0 

77 - 

80 

4 5.7 – 

6.2 

0.97 – 

1.22 

8.4 693   0.78*** -7.2 9.5 

CaCl2 

21 14 Arab-Org Methau DE Kolbe (2022) 

12 L 15.0 – 

18.0 

77 - 

80 

4 5.7 – 

6.2 

0.97 – 

1.22 

8.4 693 0.034 0.0072 0.79*** -4.7 8.6 

CaCl2 

9 14 Arab-Org Methau DE Kolbe (2022) 

13 L 15.0 – 

18.0 

77 - 

80 

4 5.7 – 

6.2 

0.97 – 

1.22 

8.4 693 0.0265 0.0049 0.81*** -5.4 10.4 

CaCl2 

11 14 Arab-Org Methau DE Kolbe (2022) 

13.1 Sl 5.0 – 

7.0 

26 2 4.8 – 

5.0 

0.70 – 

0.90 

8.8 547 -0.0144 0.0033 0.66*** 4.4 4.9 

CaCl2 

21 12 Arab-Org Spröda DE Kolbe (2022) 

14 Sl 5.0 – 

7.0 

26 2 4.8 – 

5.0 

0.70 – 

0.90 

8.8 547 -0.0148 0.0031 0.70*** 4.8 5.4 

CaCl2 

12 12 Arab-Org Spröda DE Kolbe (2022) 

15 uL 30.0 68 5 6.0 – 

7.5 

1.00 – 

2.00 

9.7 735   0.85*** -3.6 11.1 

CaCl2 

6 11 Arab-Con Heidfeldhof DE Reimer et al. 

(2023), Ruser 

(2025) 

16 lS 10.0 20 2 - 3 5.5 1.23 8.5 774   0.96** -6.5 3.4 

CaCl2 

4 11 FVeg-Con Osnabrück DE Niemann & 

Alt (1969) 

                    

17                 -0.054 0.0046 0.41*** 11.7 4.3             

17.1 S 5.3   1 6.6 1.00 10.2 626 -0.0451 0.0048 0.43* 9.4 CaCl2 9 4 Arab-Org Darmstadt DE Abele (1987) 

17.2 S 3.0 – 

4.0 

20 1 6.1 0.60 – 

0.63 

8.9 545        - 7.4 

CaCl2 

8 13 Arab-Org Güterfelde DE Dittmann & 

Zimmer 
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(2008), Adam 

& Zimmer 

(2025) 

17.3 S 4.5   1 6.1 1.17 7.9 964        - 2.9 

AL 

4 4 - 8 Arab-Org Jyndevad DK Olesen & 

Askegaard 

(2000), Olesen 

et al. (2002, 

2005, 2007) 

17.4 S 4.0   1 6.5 0.55 8.4 533        - 4.0 

CaCl2 

1 29 Arab-Org Müncheberg DE Reckling et al. 

(2015), 

Reckling 

(2026) 

17.5 S 5.0 21 1 5.3 0.54 8.2 527        - 3.2 

CaCl2 

5 18 Arab-Con Müncheberg DE Smukalski & 

Kundler 

(1984) 

17.6 S 2.7 14.2 1 5.0 0.58 8.6 520        - 3.9 

CaCl2 

8 19 Arab-Con Thyrow DE Schnieder 

(1990), 

Baumecker et 

al. (2009) 

                    

18                 -0.0022 0.0068 0.59*** 0.3 4.6             

18.1 Sl 5.0 – 

7.0 

26 2 4.8 – 

5.0 

0.70 – 

0.90 

8.8 547     0.62** 3.9 5.2 

CaCl2 

9 12 Arab-Org Spröda DE Kolbe (2022) 

18.2 l`S 6.0 – 

8.0 

  2 6.1 0.64 – 

0.86 

9.1 542        - 8.2 

CaCl2 

2 11 - 

19 

Arab-Org Gülzow DE Gruber & 

Thamm 

(2004), Gruber 

(2013) 

18.3 l`S 5.0 – 

12.0 

 2 6.5 0.80 8.4 533        - 6.2 

CaCl2 

1 29 Arab-Org Müncheberg DE Reckling et al. 

(2015), 

Reckling 

(2026) 

18.4 lS 10.0   2 6.1 1.14 – 

1.27 

11.2 772        - 1.7 

CaCl2 

6 7 Arab-Con Forchheim  DE Landes (2003) 

18.5 l`S 10.0 6 2 5.8 0.73 – 

0.81 

9.0 725        - 1.5 5 8 Arab-Con Woburn GB Mattingly 

(1974), 

Mattingly et 

al. (1974) 

                    

19 l`S 5.0 – 

12.0 

 2         0.0081 0.0154 0.72*** -0.5 3.1             

19.1 l`S 8.8 13 2 6.5 2.30 7.3 704        - 3.1 

CaCl2 ? 

6 21 Arab-Org Foulum DK Notaris et al. 

(2021), Harbo 
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et al. (2022) 

19.2 l`S 8.8 13 2 6.5 2.29 7.3 704        - 3.1 

CaCl2 ? 

4 4 Arab-Org Foulum DK Olesen et al. 

(2000), 

Askegaard et 

al. (2004) 

                    

20 lS 12.0 – 

17.0 

 3         0.1812 0.0403 0.60*** -4.5 3.5             

20.1 lS 15.5 12 3 7.4 1.01 7.8 626        - 3.0 

CaCl2 ? 

4 4 - 8 Arab-Org Flakkebjerg DK Askegaard et 

al. (2004), 

Olesen et al. 

(2005, 2007) 

20.2 lS 7.0 – 

9.0 

23 - 

28 

3 5.8 2.85 – 

3.46 

5.8 1631        - 3.7 

AL ? 

5 7 Arab-Org Tingvoll 

Research 

farm 

NO Rittl et al. 

(2023) 

20.3 lS 7.0 – 

14.0 

23 - 

29 

3 5.8 5.26 – 

6.41 

5.8 1631        - 4.0 

AL ? 

4 8 PGrass-Org Tingvoll, 

Research 

farm 

NO Rittl et al. 

(2023) 

20.4 lS - 

sL 

17.4   3 6.3 1.91 9.3 560        - CaCl2 2 7 Arab-Con Wengelsdorf DE Kerschberger 

& Richter 

(1991) 

20.5 lS 12.5   3 6.8 0.87 9.8 635        - CaCl2 5 30 Arab-Con Dikopshof DE Gross (1983), 

Holz (1983) 

20.6 lS 5.5 26 - 

39 

2 - 3 6.0 0.58 – 

1.00 

8.4 751        - 3.4 

CaCl2 

5 7 Arab-Con Balcyny PL Adamiak et al. 

(2002) 

                    

21 sL, 

uL 

    4         0.1242 0.0089 0.61*** -11.9 

- -

14.0 

8.7            

21.1 sL, 

uL 

22.0 – 

25.0 

 4 6.4 – 

6.7 

1.33 11.8 792        - 11.4 

CaCl2 

4 17 Arab-Org, 

FVeg-Org 

Köln-

Auweiler 

DE Hof-Kautz 

(2019) 

21.2 sL, 

uL 

15.0 – 

30.0 

 4 5.5 – 

6.3 

1.22 – 

1.45 

9.0 542        - 11.2 

CaCl2 

2 10 Arab-Org Köllitsch DE Bauer & 

Jäckel (2015) 

21.3 uL 17.0 – 

25.0 

50 - 

65 

4 6.5 0.90 10.4 706        - 3.9 

CaCl2 

3 13 Arab-Org Dottenfelder-

hof 

DE Spiess et al. 

(2010) 

21.4 uL 23.0 30 - 

40 

4 6.0 1.26 – 

1.41 

10.0 881        - 3.8 

CaCl2 

8 7 Arab-Con Pforzheim DE Landes (2003) 

21.5 L 13.8 70 - 

80 

4 5.8 – 

6.3 

1.10 – 

1.30 

8.6 711        - 10.0 

CaCl2 

8 16 Arab-Org Roda DE Meyer et al. 

(2021)  

21.6 uL 23.0 54 4 5.8 – 

6.6 

4.20 – 

4.90 

6.9 811        - 12.1 

CaCl2 

5 11 PGrass-Con Rengen DE Schellberg et 

al. (1999), 

Hejeman et al. 
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(2010) 

                    

22 t`L - 

T 

over 

25.0 

 5         0.0689 0.0112 0.46*** -6.2 5.9             

22.1 tL 29.7   5 7.0 1.86 8.2 550       3.4 CaCl2 3 7 Arab-Con Kösnitz DE Kerschberger 

& Richter 

(1991) 

22.2 lU 13.0 83 4 - 5 6.6 1.29 8.5 629       1.4 CaCl2 3 4 Arab-Org Neu-

Eichenberg 

DE Schmidt 

(1997) 

22.3 t`L  20.0 – 

30.0 

51 - 

59 

5 6.0 – 

7.1 

1.16 – 

2.00 

11.1 675        - 6.1 

CaCl2 

6 20 Arab-Org Müllheim DE Anonymous 

(2017)  

22.4 uL 27.0 30 - 

50 

5 7.4 1.44 – 

1.67 

10.5 808        - 4.3 

CaCl2 

7 7 Arab-Con Weiherbach DE Landes (2003) 

22.5 utL 26.0 65 - 

70 

5 6.6 1.30 – 

1.53 

10.0 880        - 5.8 

CaCl2 

7 7 Arab-Con Stockach DE Landes (2003) 

22.6 t`L 34.0 24 5 5.9 4.43 – 

5.86 

10.5 895       -8.5 7.4 

CaCl2 

7 46 PGrass-Con Hills-

borough, 

Northern 

Ireland 

GB Holland et al. 

(2025) 

 

List of abbreviations and symbols 

 

1) Soil types: soil types: S: sand; l`S: poor loamy sand; Us: sandy silt; lS, SL: high loamy sand; lU, Ut: clayey silt; utL: silty clay loam;  sL: 

sandy loam; uL: silty loam; L: loam; t`L: slightly clayed loam; tL: clayed loam; lT: loamy clay; T: clay; Mo: moor. 

2) Methods of soil analyses: DL: double lactate;  CAL: calcium acetate-lactate; AL: ammonium lactate; OL: sodium bicarbonate; CaCl2: 

calcium chloride. 

3) Cultivation systems: Arab-Con: Conventional arable farming; Arab-Org: Organic arable farming; PGrass-Con: Conventional permanent 

grassland; PGrass-Org: Organic farming permanent grassland; MoGrass-Con: Conventional farming peatland permanent grassland; FVeg-

Con: Conventional farming field vegetables; FVeg-Org: Organic farming field vegetables.  

4) Cardinal directions: N: north; E: east; W: west; S: south. 

5) Country: AT: Austria; CS: Czech Republic; DK: Denmark; EST: Estonia; DE: Germany; IR: Ireland; NL: Netherlands; NO: Norway; PL: 

Poland; SL: Slovakia: SE: Sweden: CH: Switzerland: GB: United Kingdom. 
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