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Supplementary material

Table S1. Mean water-filled pore space (WFPS %) values across different cropping phases. Means (n=4) + (SD).

Cover crop Sugar beet Winter wheat
phase phase phase
G18  Fallow 60.1 (23.9) 53.2(20.1) 80.4 (17.1)
Winter rye 55.2 (24.1) 54.3(21.8) 79.1 (15)
Saia oat 54.4 (24.2) 53.5(20.5) 78.9 (15.2)
Spring vetch 56.8 (23.1) 53.2(20) 78.9 (15.6)
H18  Fallow 66.4 (21) 48.1(12.3) 69.5 (9.8)
Winter rye 65.3 (24.5) 47.6 (14.6) 72.2 (83)
Saia oat 64.1 (24.5) 45.9 (13.9) 717 (9.1)
Spring vetch 68.2 (23.4) 48 (13.6) 725 (83)
G19  Fallow 68.6 (27) 47.1(13.9) 69.8 (9.8)
Winter rye 65.6 (17.9) 46.9 (15.2) 70.1 (11)
Saia oat 63.2 (18) 46.9 (14.6) 70.7 (10.7)
Spring vetch 63.4 (15.9) 459 (14.4) 70 (12.6)
H19  Fallow 73.1(10.5) 53.8 (11.3) 69.1 (11.7)
Winter rye 75.3 (12.5) 54.2 (13.6) 702 (11.3)
Saia oat 74.1 (13.5) 53.4(14.7) 67.4 (10.8)
Spring vetch 76 (11.1) 52.8 (14.1) 68.7 (12.7)
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Table S2. Topsoil mineral nitrogen (SMN) levels [kg N ha'] at key stages within the crop rotation. Means (n=4 for individual trials, n=16
for averages across all site-years; except for rye in the sugar beet and winter wheat phases n=12) + (SD). Significant differences among
treatments within each phase are indicated by lowercase letters (p<0.05).

SMN [kg N ha™]

Cover crop phase

Sugar beet phase

Winter wheat phase

Trial  Treatment Sep Oct Nov Jan Feb Apr May Sep Nov Mar
Fallow 80 (8) 130 (16) 141 (51)a 17 (4) 33(5)a 29(2)a 178 (47) 26(23) | 66(8) 13(2)
618 Winter rye 81(30) 121 (7) 14(3)b 16 (3) 35(12)ac  30(8)a 156 (11) 14 (7) 60 (11) 12(2)
Saia oat 94 (6) 139 (46) 31(2)b 34 (11) 95 (16) b 57 (14)b 159 (10) 13 (4) 72(18) 13(2)
Spring vetch 85 (5) 130 (29) 66 (10) b 28 (5) 55(3)¢c 48 (10) ab | 247 (74) 15(3) 69 (15) 12(2)
Fallow 27 (8) 50 (7) 54 (7)a 5(1)ab 8(2)a 13(4)a 155 (167) 5(2) 37(29) 7()
His Winter rye 27(7) 67 (26) 5(0.4)b 2(1)a 7(1)a 4(2)b 176 (58) 3(0) 20 (4) 5()
Saia oat 33(7) 57 (6) 5()b 4(2)ab  15(1)b 13(4)a 144 (60) 4(1) 23(12) 7(2)
Spring vetch 29 (1) 62 (17) 25(14)c 6(2)b 15(4)b 19(2)a 188 (75) 9(7) 16 (7) 4(1)
Fallow 58 (14) 98 (10) 107 (38)a 38(22)  39(25) 20(2) 120 (84) 20 (4) 42(10) 29(8)
619 Winter rye 52(20) 40(13) 31(16)b 19 (4) 24 (2) 18 (5) 168 (72) 28 (4) 59 (9) 30 (4)
Saia oat 42(10) 129(119) 38(11)b 34(14) 49(14) 20 (2) 119 (80) 27 (13) | 51(11) 32(7)
Spring vetch 49 (15)  78(16) 45(13) b 29 (9) 33(10) 26 (5) 100 (33) 24 (4) 62(10) 27 (4)
Fallow 33(3) 59 (9) 32@)a 8(3) 9(4)a 14 (1) ab 159 (57) 10 (7) 38(19) 8(2)
H19 Winter rye 26 (8) 39 (6) 5()b 6(2) 6(2)a 4(1)a 198 (115) 11 (9) 52(32) 7(2)
Saia oat 37(12) 45(7) 7 (1) bc 12 (8) 207 b 14 (6) ab 220 (76) 7(3) 48(53) 5(1)
Spring vetch 40 (5) 51 (14) 10(4)c 8 (6) 11(3)a 16 (10) b 156 (40) 7(2) 44 (34) 7(6)
Fallow 49 (23) 84 (35) 83(53) a 18 (17) 23(19)ab  19(7) 153 (92) 15(14) | 46 (21) 14(10)
Mean Winter rye 46 (29) 67 (37) 14 (13) b 11(9) 18 (14)a 14 (12) 177 (70) 10 (8) 44 (25) 8(4)
Saia oat 52 (27) 92 (72) 20(16) b 20(16) 45(34)b 26 (20) 160 (68) 13(11) | 48(32) 14(11)
Spring vetch  51(23) 80 (36) 37(24)b 19 (13) 29 (19)ab 27 (15) 173 (76) 14 (8) 48 (27)  13(10)
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Table S3. Mean topsoil mineral nitrogen (SMN) values across different cropping phases for the different treatments. Means (n=4 for
individual trials, n=16 for averages across all site-years; except for rye in the sugar beet and winter wheat phases n=12) + (SD). Significant
differences among treatments within each phase are indicated by lowercase letters (p<0.05).

SMN [kg N ha™]

Cover crop Sugar beet Winter wheat R
phase phase phase Entire trial
Fallow 80.5(56.5)a 96 (72.5) 39.7 (22.5) 731 (58.1) a
cis Winterrye  41.1(33.2)b  89.3 (62.4) 35.9 (20.1) 51.4 (45)b
Saia oat 64.9 (39.3)c 95.3 (61.5) 38.9 (23.9) 65.2 (46.9)a
Spring vetch 74 (43.3) ac 106.5 (82.5) 415 (25.8) 73 (56.9)a
Fallow 32.1(21.8)a  41.9 (64.3) 14.3 (12) 31 (39.2)
H1s Winter rye 13.5(185)b 55.3 (80.7) 135 (5.7) 25.6 (48.9)
Saia oat 18.4(15.3)b 47 (62) 135 (7.1) 25.6 (37.6)
Spring vetch  27.2(17.4)a  52.8 (67.6) 13 (7.5) 31.4 (41)
Fallow 61.3(36.3) a 56.5 (60.6) 39.7 (14) 54.1 (42.7)
19 Winterrye  31.2(14.8)b  89.4 (77.4) 55.1 (22.1) 55.9 (51.9)
Saia oat 50.2 (45.8) a 61.9 (60.5) 45.9 (19.8) 52.8 (46.4)
Spring vetch 44 (17.8) ab 59.8 (43.9) 50.9 (29.3) 50.8 (31.6)
Fallow 26.9(19)a 68.2 (94.4) 21.3 (14.2) 38.1 (57.6)
Hio Winterrye  14.3(156)b  66.6 (66.9) 21.7 (17.1) 32.3 (45.5)
Saia oat 19.8(175)ab  68.3(91.8) 19.7 (20.8) 34.7 (57.5)
Spring vetch  22.5 (16.9) a 62.4 (58.3) 23.1 (19) 34.9 (39.8)
Fallow 483 (412)a  62.4(75.8) 28.4 (19.4) 47.4 (51.8) a
Mean Winter rye 23.9(24.3)b 67.7 (72.4) 23.3(17.8) 34.6 (45.1)b
Saia oat 36.4(36.7)c 65.2 (72) 29.3(23) 43 (49.6) c
Spring vetch  40.4 (32.2) a 66.8 (65.1) 31.9(26.4) 45.9 (45.4) ac
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Table S4. Cumulative N2O emissions across different cropping phases and entire trial (~18 months). Means (n=4 for individual trials, n=16
for averages across all site-years; except for rye in the sugar beet and winter wheat phases n=12) + (SD). Significant differences among
treatments within each phase are indicated by lowercase letters (p<0.05).

N,O-N [kg ha!]

Cover crop Sugar beet Winter wheat N
phase phase phase Entire trial
Fallow 0.41(0.12) a 0.38(0.14)ab 05 (0.13)ab 1.3(0.32)
18 Winter rye 0.46 (0.32) a 147 ()b 0.25 (0.05) a 2.18 (1.34)
Saia oat 1.5 (0.47) b 0.3(0.21)a 0.76 (0.22)ab  2.56 (0.3)
Spring vetch 0.58 (0.33) a 0.4 (0.11) ab 0.77 (0.41) b 1.76 (0.25) 50
Fallow 0.11 (0.04) a 0.3(0.22)a 1.43 (0.34) 1.85(04)a
His Winter rye 0.22 (0.12) a 425(3.12)b 0.78 (0.58) 5.24 (2.65) a
Saia oat 0.67 (0.32) b 0.78 (0.25) a 1.6 (1.74) 3.05(1.83) a
Spring vetch 0.22 (0.16) a 0.49 (0.06) a 0.99 (0.55) 1.7 (0.6) b
Fallow 0.44 (0.33) ab 0.76 (0.46) 1.85 (1.01) 3.06 (1.55)
619 Winter rye 0.32(0.04) a 2.94(2.2) 1.95 (1.44) 5.21 (2.53)
Saia oat 0.46 (0.18) ab 0.79 (0.18) 0.99 (0.38) 2.24(0.33) 55
Springvetch  0.91(0.34) b 1.01 (0.24) 0.73 (0.17) 2.65 (0.17)
Fallow 0.18 (0.09) 0.55(0.21) a 3.45 (2.3) 4.92 (2.16)
H19 Winter rye 0.19 (0.07) 459 (3.23) b 1.19 (0.98) 6.58 (4.92)
Saia oat 0.46 (0.48) 0.37(0.18) a 2.08 (1.99) 4.25 (4.63)
Spring vetch 0.22 (0.12) 0.74 (0.46) a 5.18 (6.86) 6.59 (7.08)
Fallow 0.29 (0.22) a 0.5(0.31)a 1.81 (1.58) a 2.6 (1.71)
Mean Winter rye 0.3(0.19) ab 3.44 (2.81)b 0.74 (0.72) b 4.46 (2.98) 60
Saia oat 0.78 (0.56) b 0.56 (0.3)a 1.36 (1.32) ab 2.69 (1.36)
Spring vetch 0.49 (0.38) ab 0.66 (0.34) a 1.92 (3.65) a 3.07 (3.8)

Table S5. Regression coefficients from a linear mixed-effects model assessing the relationship between N2O flux rates and soil
characteristics, along with the impact of different CC treatments during various cropping phases and across the entire trial. Significant effects
are highlighted in bold. Significance levels are denoted by asterisks (*p<0.05, **p<0.01, ***p<0.001). Standard errors are provided in
parentheses. The model includes effects of CC treatments (rye, oat, and vetch); soil Nmin, WFPS, and soil temperature as fixed effects,
along with a random effect for site-year. R-squared values for conditional fits (R2c) and standard deviations (SD) for intercepts across site-
years and observations are also listed. The number of observations included in each phase and for the entire trial are specified.

Winter rye

Saia oat

Spring vetch

Soil mineral nitrogen (SMN)
Water-filled pore space (WFPS)
Soil temperature

(Intercept)

R%c

Number of Observations

Cover crop phase

Sugar beet phase

Winter wheat phase

Entire trial

0.023 (0.05)
0.326 (0.047)***
0.154 (0.047)***
0.032 (0.031)
0.144 (0.022)***
0.194 (0.023)***
0.53 (0.137)*
0.229

1365

0597 (0.043)***
0.193 (0.043)***
0.208 (0.042)***
0.022 (0.014)
0.508 (0.025)***
0.101 (0.029)***
0.811 (0.071)***
0.38

1546

-0.299 (0.058)***
-0.062 (0.057)
-0.105 (0.058)
0.275 (0.061)***
-0.34 (0.039)***
0.165 (0.048)***
1576 (0.109)***
0.288

1014

0.174 (0.033)***
0.174 (0.033)***
0.095 (0.032)**
0.128 (0.013)***
0.109 (0.016)***
0.077 (0.016)***
0.752 (0.06)***
0.079

3925
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Table S6. Fitted crop specific parameter to describe depth distribution of root carbon (Cw) for cover crops (equation 3, Gale und Grigal),
derived total root carbon and share of root carbon in top soil on total root carbon

Cover crop B Cw 2018 Cw 2019 share of Cy, in  share of Cy in
0-20cm [%]  0-30cm [%]

Saia oat 0.95 0.34 0.23 64 79
Spring vetch 0.95 0.16 0.14 64 79
Winter rye 0.93 0.51 0.35 77 89

75 Table S7. Averaged carbon input (t C ha al) of the control scenario (no cover crops) for crop rotations CR1 and CR2

Crop rotation  Site Cingnoot  Cinrget ~ Cinger  CiNotal
CR1 Géttingen 2.57 142 0.16 4.15
CR2 Gottingen 3.08 1.44 0 451
CR1 Hohenheim  2.32 1.29 0.16 3.76
CR2 Hohenheim  2.83 1.32 0 4.15

Table S8. Averaged carbon input from cover crop residues in (t C ha) for a profile depth of 0-30 cm.

Cin Variable Cover crop Géttingen Hohenheim
CiNghoot Saia oat 0.94 0.96
CiNghoot Spring vetch 0.82 0.7
Cingnoot Winter rye 1.16 1.28
Cinyeot Saia oat 0.3 0.3
CiNyoot Spring vetch 0.14 0.12
Cinroot Winter rye 0.5 0.54
Cingota Saia oat 1.24 1.26
Cingotal Spring vetch 0.96 0.82
CiNtal Winter rye 1.66 1.82
CiNnshoot Carbon input from above ground biomass, averaged measurements per site
80 Cine  Tomcamoninpu e b en octshootraos
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Figure S1. Accumulative depth distribution of root carbon for the Géttingen site. Fitted functions (equation 3, continuous lines) to describe
the accumulative distribution of carbon in root biomass with depth using observed root carbon (points)



