Increasing crop rotational diversity can enhance cereal yields
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Supplementary Figure 1. Identity of functional richness levels. Distribution of crop functional groups
(C=cereal, B=broadleaf, LEG=legume, LEY= biennial or perennial ley) within each level of functional
richness, i.e., number of yield observations for each crop functional group included in the rotation, across the
whole dataset.
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Supplementary Figure 2. Relationship between species diversity (inverse Simpson's diversity index)
and functional richness (number of crop functional groups included in the rotation) across all
indicator crop datasets. The size of the circle is relative to the sample size (n) of yield observations for each
species diversity x functional richness combination.
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Supplementary Figure 3. Summary of the raw data used for our models. Distribution of mean-centred yields (calculated as the observed yield minus the
long-term within-site average across all crop rotational diversity (CRD) treatments for an indicator crop species) for each indicator crop group (a-c). We
modelled across CRD levels (species diversity based on the inverse Simpson's diversity index; x axis), sites (colours) at low (left panels) and high (right
panels) external N fertilisation and grouped by three different time periods (rows) in years (yr) since the beginning of each experiment. Mean yields (also
based on mean-centred yields per site, fertilisation, diversity and time periods) are represented by the black outlined circles coloured by site, and error bars
represent standard deviations from the means. See Supplementary Table 1 for site codes. Black curves represent model predicted mean-centred yields for
each indicator crop group after 5 (top), 20 (middle) and 35 (bottom) years since the beginning of the experiment (as in Fig. 2 but not compared to
monocultures at year = 0).



Supplementary Table 1. Site information. Site location indicated as country and geographic coordinates. Fertilisation levels are relative to common
practices, where high = at or above local recommendations, low = below local recommendations. Fertilisation type indicates whether inorganic, organic
or both fertilisations were used for the specified fertilisation level. Application rates of fertilisers and crop protection chemicals were either the same
between diversity treatments or variable based on need. Tillage regimes were always the same for comparisons between diversity levels and included: CT
= Conventional Tillage, NT = No Tillage, RT = Reduced Tillage. Years indicates the difference between the last and first year of sampling per site +1.
Seasonal mean temperature and total precipitation refer to the long-term average growing season temperature and mean of the total growing season
precipitation to which yield data refer (sources of daily meteorological data: EObs '; Livneh et al. * for North America). The LTEs growing seasons were
determined as the average period from sowing to harvest dates for spring-sown crops (S), and the average period from the end of winter dormancy to
harvest for winter-sown crops (W). We set the end of winter dormancy as the day when the growing degree days corrected by photoperiod (calculated as
in Olesen et al. *) began to increase steeply, i.e., increased of at least 4 °C with respect to the previous day. Annual mean temperature and precipitation
are reported within parenthesis.

Site (code) Country Lat., ° Lon.,°  Study design Fertilisation Application rates between CRD  Till Year Seasona Seasonal Source
(state/provinc (replication) level and type comparisons S 1 (annual)
e for 1?10rth Fertiliser Crop (annual) total P,
America) . meanT, cm
protection oC
Akron (Ak) US (CO) 40.2 -103.1 Randomised High Inorganic Same Variable NT 23 S=19.6 S=27.7 4;5
block (3) (10.7) (40.1)
Beltsville US (MD) 39 -76.9 Split plot (4) High Organic Variable Same (nill) CT 20 S=22.4 S=52.3 6;7
(Bv) (13.6) (111.6)
Broadbalk England 51.82 -0.35 Split-split plot High Organic & Same Same CT 21 W=123  W=40 8
(BB) (1 Inorganic; Low (10.3) (67.7)
Organic &
Inorganic;
Brody (Brd) Poland 5243 16.3 Split plot (4) High Organic & Same Same CT 63 S5=16.6 S=24.4 9
Inorganic; Low W=14 W=29.2
Inorganic (8.6) (53.9)
Brookings US (SD) 44.4 -96.8 Randomised Low Inorganic Variable Same NT 16 S=18.1 S=43.4 10
(Br) block (4) (6.5) (65.8)
El Encin Spain 40.48 -3.37 Split-split plot High Inorganic ~ Variable Variable CT; 14 W=133  W=169 11; 12;
(EE) “) NT; (14.7) (30.8) 13
RT
Elora (EI) Canada (ON) 43.6 -80.4 Split plot (4) High Inorganic ~ Same Same CT; 36 S=13.7 S$=59.3 14; 15

NT; (7.1) (91.5)




RT

Foggia (Fo) Italy 41.45 15.6 Strip-strip plot High Inorganic ~ Same Same CT; 17 W=14.7 W=33.6 16; 17,
3) RT (17.6) (65.2) 18
Grabow Poland 51.35 21.66 Randomised Low Organic Same NA CT 10 S=13 S$=29.7 19
(GO) block (4) W=15 W=27.5
(8.9) (56.6)
Hickory US MI) 42.4 -85.4 Randomised Low Inorganic Same (nill) Same (nill) CT 16 S=18.2 S=61.7 20; 21
Corners (HC) block (4) (10.1) (101.9)
Hoytville US (OH) 41.2 -83.8 Split plot (3) High Inorganic ~ Same NA CT, 51 S=19.5 S=43 22
(Hv) NT; (9.8) (86.5)
RT
La Canaleja Spain 40.53 -3.33 Split plot (1) High Inorganic ~ Variable Variable CT; 14 W=13 W=18.9 23
(LC) NT (14.6) (37.7)
Lamberton US (MN) 44.2 -95.3 Split plot (3) High Organic & Same Variable CT, 27 S=18.7 S=45.3 24; 25
(La) Inorganic; Low RT (7.2) (70.6)
Inorganic
Lanna Ley Sweden 58.33 13.12 Split plot (1) High or Low Same Variable CT 46 S=13.9 S=24.1 26
(LL) Organic W=13.5 W=248
(6.6) (57.1)
Lannéds LTE Sweden 58.33 13.12 Split plot (1) High Organic Variable and Variable CT 33 S=14.24  S=26.83 26
(LLTE) Same (7.2) (58.5)
Mead (Me) US (NE) 41.1 -96.5 Split plot (5) High or Low Same Same CT; 31 S5=20.7 S=47.3 27,28
Inorganic NT (10.1) (74.4)
Ojebyn (Oj) Sweden 65.35 21.38 Split plot (1) High Organic & Variable and Variable CT 43 S=12 S=22.5 26
Inorganic; Low  Same 24 (54.9)
Inorganic
Osiny (Os) Poland 51.46 22.05 Block design High Inorganic Variable Variable CT 24 W=149 W=25 29
(M (8.7 (56)
Padova (Pa) Italy 45.35 11.97 Split plot (3) High Organic &  Variable Variable CT 30 W=14.8  W=29.9 30
Inorganic; Low (14.2) (80.6)
Inorganic
Perugia (Pe) Italy 42.96 12.38 Split plot (3) High Inorganic Same Variable CT 40 W=12.8  W=30.6 31




(14.4) (73.2)
Robacksdale  Sweden 63.82 20.28 Split plot (1) High Organic & Variable and Variable CT 42 S=11.8 S5=23.6 26
n (Ro) Inorganic; Low  Same 3) (63.6)

Inorganic

Rock Springs  US (PA) 40.7 -78 Split plot (4) High Organic & Variable NA CT 17 S=17.3 S=49.4 32
(RS) Inorganic 9.9) (109.5)
Stenstugu Sweden 57.6 18.43 Split plot (1) High or Low Same Variable CT 45 S=13.8 S=18.9 26
Ley (St) Organic Ww=14 W=18.3

(7.2) (54.7)
Siby Ley Sweden 59.82 17.7 Split plot (1) High or Low Same Variable CT 42 S=14 S=23.5 26
(SL) Organic W=14.1 W=233

6.1) (55.4)
Siaby LTE Sweden 59.82 17.7 Split plot (2) High or Low Variable Variable CT 45 S=14.1 S=23.5 26
(SLTE) Organic 6.1) (55.6)
Tulloch Early  Scotland 57.18 -2.25 Randomised Low Organic Variable Same (nill) CT 16 S=11.4 S=33.7 33
(TuE) block (2) (8.2) (82.3)
Tulloch Late ~ Scotland 57.18 -2.25 Randomised Low Organic Variable Same (nill) CT 12 S=11.7 S=38.6 33
(TuL) block (2) (8.9) (83.8)
Woburn England 52.02 0.58 Split-split plot High or Low Same Same CT 21 Ww=12.5 W=36.7 8
(Wo) (1 Inorganic (10.5) (60.4)
Woodside Scotland 57.63 -3.4 Randomised Low Organic Variable Same (nill) CT 12 S=11.8 S=31.6 33
(WS) block (2) (8.5) (71.1)
Woodslee Canada (ON) 42.21 -82.75 Split plot (1) High or Low Same Variable CT 58 S=19.2 S=41.7 34; 35;
(WoSI) Inorganic 94 (86) 36
Wooster US (OH) 40.8 -81.9 Split plot (3) High Inorganic ~ Same NA CT; 52 S=18.8 S=48.2 22
(Wst) NT; (9.6) (95.2)

RT
As (As) Sweden 63.25 14.57 Split plot (1) High Organic & Variable and Variable CT 44 S=11.1 S$=25.0 26
Inorganic; Low  same (2.9) (51.7)

Inorganic




Supplementary Table 2. Crop rotation information. Cropping sequence of all crop rotations per site (see Supplementary Table 1 for site name and

information) whereby '-' indicates a shift in time (usually a year) when the next crop is grown, '+' indicates multiple crop species grown together in the
same field and '/' indicates that the two crops either side are grown in alternate years. Mean yield and standard errors refer to the long-term raw yield

mean of each indicator crop per rotation and per external N input level for the period to which the yield data refer (see Supplementary Table 1 data

years). Yields are based on 100 % dry weight. Mean yields were calculated regardless of management (except N input), therefore could include yields
from different tillage. The number of observations relates to yield observations in our dataset for each indicator crop per rotation and per external N input

level. Note that some rotations will have observations for more than one indicator crop. Also listed are the CRD metrics, species diversity (SD; based on

the inverse Simpson's diversity index) and functional richness (FR; the number of functional groups included in the rotation) and a list of the specific
functional groups present in the rotation (whereby, C = cereal, B = broadleaf, Ley = ley and LEG = legume). Crop abbreviations are as follows: A =

alfalfa, Be = beans, B = barley (phenology not known), C = canola, CP = chickpea, F= fallow, FB = fava bean, L = ley, Lg = legume (specific species
changed over the years), M = maize, Mi = millet, O = oats, OSR = oilseed rape, Pe = pea, Po = potato, R = rye, RC = red clover, S = soy, Saff =

safflower, SB = spring barley, SF = sunflower, Sg = sorghum, SuB = sugarbeet, SW = spring wheat, Swe = swede, Ti = timothy, US = the following crop

was undersown with the previous crop, V = vetch, W = wheat (phenology not known), WB = winter barley, WR = winter rye, WT = winter triticale, WW
= winter wheat.

Site code  Cropping sequence Indicator crop  Mean yield + SE, t ha! (observations) SD FR  Functional groups
Low N input High N input present

Ak M-F-WW M - 2.40+0.15 (124) 3 1 C
M-Mi-WW M - 1.91£0.16 (63) 3 1 C
M-Mi-F-WW M - 2.50+0.19 (66) 4 1 C
M-Mi-WW-WW M - 2.26+0.20 (53) 267 1 C
M-Saff-F-WW M - 2.07+0.17 (64) 4 2 C,B
M-Mi-Pe-WW M - 2.35+0.21 (63) 4 2 C,LEG

Bv M+R-S+V M - 3.78 £ 0.27 (74) 4 2 C,LEG
M+R-S-WW+V M - 3.98 £ 0.30 (76) 4.5 2 C,LEG
M+R-S-WW-A-A-A M - 4.22+0.31(72) 313 3 C, LEG, LEY

BB wWWwW wWwW 326+0.11(210) 5.7+0.1(126) 1 1 C
O-M-WW-WW-WW A 3.64+0.11 (270)  6.42+0.12 (162) 227 1 C

Brd SB SB 1.24+0.04 (252)  3.23+£0.05(504) 1 1 C
WR WR 1.82+0.04 (252)  4.07£0.06 (504) 1 1 C
Po-SB-WT-A-A-WW-WR SB 2.22+0.05(252) 3.95+0.06 (504) 445 3 C,B,LEY
Po-SB-WT-A-A-WW-WR WR 3.05+0.06 (252)  4.83+£0.06 (504) 445 3 C,B,LEY




Br M-S M 516+0.17 (64) - 2 2 C,LEG
M-SF-SW-S M 548+0.16 (64) - 4 3 C, B, LEG
M-S-SW+RC M 4424017 (64) - 36 2 C,LEG
M-O-WW-S M 533+0.16 (64) - 4 2 C,LEG
M-S-SW-Pe M 5.69+0.21 (64) - 4 2 C,LEG
M-M-S-SW M 440+0.14 (128) - 267 2 C,LEG
M-S-SW-SF M 5024017 (64) - 4 3 C, B, LEG
M-C-WW-S M 509+0.16 (64) - 4 3 C, B, LEG
M-Pe-WW-S M 513+0.17 (64) - 4 2 C,LEG
M-S-SW-S M 545+0.18 (64) - 267 2 C,LEG

EE WW WW - 1.58+0.12 (84) 1 1 C
Pe/V-WW wWW - 2.06+0.13 (34) 2 2 C,LEG

El M M - 7.16 = 0.08 (296) 1 1 C
M-M-A-A M - 7.78+0.10 (296) 2 2 C,LEY
M-M-S-S M - 725+0.09 (296) 2 2 C,LEG
M-M-S-WW M - 7.48+0.09 (288)  2.67 2 C,LEG
M-M-0O-SB M - 7474009 (295)  2.67 1 C
M-M-S-WW+RC M - 7.56+0.09 (294) 291 2 C,LEG
M-M-O+RC-SB+RC M - 7.76+0.10 (287) 291 2 C,LEG

Fo WW WW - 3.51+0.17 (54) 1 1 C
Lg-WW wWW - 4.11+0.19 (54) 2 2 C,LEG

GO M-O+B+W+Pe-L-L-SW/WW SW 1.68+0.12(28) - 417 3 C, LEG, LEY
M-O+B+W+Pe-L-L-SW/WW WT 435+006(12) - 417 3 C, LEG, LEY
M-O+B+W+Pe-L-L-SW/WW wWW 2.38+0.09(20) - 417 3 C, LEG, LEY
M-SB-O+B+W-Pe-Pe-SW/WW SW 1.70+0.11 (28) - 5 2 C,LEG
M-SB-O+B+W-Pe-Pe-SW/WW WT 414+005(12) - 5 2 C,LEG
M-SB-O+B+W-Pe-Pe-SW/WW WW 243+0.08(20) - 5 2 C,LEG
M-O+B+W+Pe-SW-RC-SW/WW  SW 1.68+0.11 (28) - 455 2 C,LEG
M-O+B+W+Pe-SW-RC-SW/WW  WT 3.90+0.05(12) - 455 2 C,LEG
M-O+B+W+Pe-SW-RC-SW/WW ~ WW 240+0.07 (20) - 455 2 C,LEG

HC M M 264+0.19(64) - 1 1 C



M+RC M 338+023(63) - 2 2 C,LEG
M-S M 405+021(63) - 2 2 C,LEG
M-S-WW M 3.70+0.22 (64) - 3 2 C,LEG
M+RC-S-WW+RC M 4784023 (64) - 36 2 C,LEG
M+RC+R-S-WW+RC+R M 493+021(63) - 426 2 C,LEG

Hv M M - 6.93 +0.10 (453) 1 1 C
M-S M - 7.45+0.09 (454) 2 2 C,LEG
M-O-L M - 7.92+0.11 (452) 3 2 C,LEG

LCa WW WW - 0.95+ 0.05 (170) 1 1 C
F-WW-Lg-WB wWW - 129+0.06(170) 4 2 C,LEG

La M-S M 472+0.09(720) 7.25+0.08 (681) 2 2 C,LEG
M-S-O+A-A M 5.71+0.08 (731)  7.59 +0.07 (725) 356 3 C, LEG, LEY

LL SW-F-OSR-WW-O-SB 0 2.05+ 0.1 (91) 3.63 +0.09 (92) 6 2 C,B
SW-F-OSR-WW-0-SB SB 2.01 + 0.1 (90) 3.77+0.12 (90) 6 2 C,B
SW-F-OSR-WW-O-SB wWW 281+0.11(88)  4.65+0.11 (88) 6 2 C,B
L-L-OSR-WW-O-SB 0 249+ 0.1 (92) 3.91+0.1 (92) 45 3 C,B,LEY
L-L-OSR-WW-O-SB SB 2.4+ 0.13 (39) 3.58 + 0.12 (90) 45 3 C,B,LEY
L-L-OSR-WW-O-SB wWW 343+0.11(88)  5.07+0.12(88) 45 3 C,B,LEY

LLTE SB-L-L-L-L-L SB - 3.07+0.20 (31) 138 2 C,LEY
SB-L-L-L-SB-SB+OSR+Lg SB - 2.7440.15 (32) 245 4 C, B, LEG, LEY
SB-L-L-SB-Po-SB+OSR+Lg SB - 2.21+0.16 (31) 338 4 C, B, LEG, LEY
SB-L-SB-Po-SB-Po SB - 2.17+0.20 (30) 257 3 C, B, LEG

Me M M 463+0.13(310)  6.93+0.17 (155) 1 1 C
M-S M 6.45+0.12 (310)  7.51+0.17(155) 2 2 C,LEG
M-O+RC-Sg-S M 743+£0.11 (310) 824+0.16(155) 457 2 C,LEG
M-S-Sg-O+RC M 6.73+0.14 (310)  7.69+0.18 (155) 457 2 C,LEG

Oj SB SB 2.67+0.08(168) 2.51+0.17 (42) 1 1 C
SB-SB-Lg+0 SB 2844008 (162)  2.57+0.18 (41) 2 2 C,LEG
SB-SB-L-L SB 2.65+0.07 (164)  2.79 +0.14 (45) 2 2 C,LEY
SB-L-L-Pe+O-Po-R SB 3.17+0.12(84)  2.97+0.17 (40) 48 4 C, B, LEG, LEY




Os WW wWW - 490+ 0.29 (23) 1 1 C
OSR-WW-SW wWW - 6.54+0.31 (23) 3 2 C,B

Pa WW WW 246+0.11 (90)  4.6+0.11 (180) 1 1 C
M-SuB-M-WW-A-A wWW 3.58+0.13(90) 5.3 +0.09 (180) 36 3 C,B,LEY

Pe WW WW - 4.19+ 0.09 (120) 1 1 C
WW-Sg wWW - 5.14+0.10 (93) 2 1 C
WW-FB wWW - 5.22+0.10 (93) 2 2 C,LEG
WW-M wWW - 494+0.09(120) 2 1 C
WW-WW-M wWW - 4.58 +0.07 (240) 18 1 C
WW-WW-WW-M wWW - 4.45+0.06 (357) 16 1 C
WW-WW-WW-WW-M wWW - 4.42+0.05 (471) 147 1 C
WW-WW-WW-WW-WW-M wWW - 436+ 0.04 (582) 138 1 C
WW-OSR/SuB wWW - 5.02+0.10 (93) 2 2 C,B
WW-SF wWW - 5.09+0.10 (93) 2 2 C,B
WW-Pe/CP wWW - 5.13+0.10 (93) 2 2 C,B

Rb SB SB 2.02+0.06 (168)  2.88+0.15 (42) 1 1 C
SB-SB-Lg+0 SB 234+0.07(167) 2.94+0.18 (42) 2 2 C,LEG
SB-SB-L-L SB 2.09+0.07 (167)  2.83+0.14 (41) 2 2 C,LEY
SB-L-L-Pe+O-Po-R SB 2.38+ 0.1 (34) 3.41+0.17 (42) 48 4 C, B, LEG, LEY

RS M M - 8.09+0.19 (136) 1 1 C
M-S M - 8.66+0.17(136) 2 2 C,LEG
M-O+WW-RC+Ti-RC+Ti M - 9.13+0.17(136)  4.57 2 C,LEY

St SW-F-OSR-WW-O-SB 0 2.1+0.11 (88) 4.1+0.12 (88) 6 2 C,B
SW-F-OSR-WW-0-SB SB 1.83+0.11(86)  2.89+0.12 (34) 6 2 C,B
SW-F-OSR-WW-0-SB wWW 3.03+0.11(86)  4.82+0.12 (86) 6 2 C,B
L-L-OSR-WW-O-SB 0 264+0.11(88)  3.50+0.11 (88) 45 3 C,B,LEY
L-L-OSR-WW-O-SB SB 237+0.14(85)  2.96+0.10 (84) 45 3 C,B,LEY
L-L-OSR-WW-O-SB wWW 357+0.11(86)  4.34+0.10 (86) 45 3 C,B,LEY

SL SW-F-OSR-WW-O-SB 0 232+0.12(82)  4.01+£0.13(82) 6 2 C,B
SW-F-OSR-WW-O-SB SB 235+0.11(82)  4.1+0.12(82) 6 2 C,B



SW-F-OSR-WW-0-SB WW 3.17+0.15(78)  4.96+0.15(78) 6 2 C,B
L-L-OSR-WW-O-SB 0 2.85+0.12(80)  4.08+0.13 (80) 45 3 C,B,LEY
L-L-OSR-WW-O-SB SB 278+0.14(79)  3.83+0.12 (80) 45 3 C,B,LEY
L-L-OSR-WW-O-SB wWW 3.76+0.15(78)  5.03+0.15(78) 45 3 C,B,LEY

SLTE 0 0 34+0.09(176)  3.56+0.09 (176) 1 1 C
SB SB 321+0.07(174)  3.76+0.07 (176) 1 1 C
SW SW 2.97+0.07(174)  3.55+0.07 (174) 1 1 C
F-OSR-WW-0-SB-SW 0 3.54+0.09 (180)  3.9+0.09 (178) 6 2 C,B
F-OSR-WW-0-SB-SW SB 3.57+0.07 (180) 4.1 +0.08 (179) 6 2 C,B
F-OSR-WW-0-SB-SW SW 3.46+0.07 (186)  4.04 +0.08 (185) 6 2 C,B

TuE L-L-L-O-Swe-US O 0 503+0.19(32) - 257 3 C,B,LEY
L-L-L-O-Swe-US O U/S O 327+0.18(32) - 257 3 C,B,LEY
L-L-L-L-0-US O 0 508+0.19(32) - 18 2 C,LEY
L-L-L-L-0-US O U/S O 346+0.19(31) - 18 2 C,LEY

TulL L-L-L-O-Swe-US O U/S O 271+032(24) - 257 3 C,B,LEY
US W-US Be-US B-US O-L-Po U/S O 278+032(20) - 6 3 C, B, LEG
Po-US Be-US B-US O-L-US W U/S O 287+031(21) - 6 3 C, B, LEG

Wo R-M-B-WW-R WW 3.18+023(62)  5.02+0.23 (64) 5 2 C,LEG
L-L-L-WW-R wWW 3.78 + 0.2 (66) 5.37+0.22 (66) 227 2 C,LEY

WS L-L-L-O-Po-US O 0 335+022(23) - 257 3 C,B,LEY
L-L-L-O-Po-US O U/S O 264+021(23) - 257 3 C,B,LEY
L-L-O-Po-US O-L-Swe-US O 0 3.07+024(23) - 4 3 C,B,LEY
L-L-O-Po-US O-L-Swe-US O U/S O 291+024(22) - 4 3 C,B,LEY

Wosl M M 122+0.12(55)  5.05+0.19 (58) 1 1 C
M-O+A-A-A M 381+0.17(58)  7+0.23(58) 267 2 C,LEY

Wt M M - 7.19 +0.12 (443) 1 1 C
M-S M - 7.17+0.12 (450) 2 2 C,LEG
M-O-ley M - 8.07 +0.13 (436) 3 2 C,LEG

As SB SB 273+0.08 (161)  3.39+0.19 (42) 1 1 C
SB-SB-Lg+0 SB 2.57+0.07 (157)  3.19+0.21 (40) 2 2 C,LEG



SB-SB-L-L
SB-L-L-Pe+O-Po-R

SB
SB

2.56+0.07 (162)
3.05 +0.14 (82)

334022 (41)
3.51+£0.21 (41)

2
4.8

2

C,LEY
C, B, LEG, LEY

Supplementary Table 3. Summary of statistics for Species Diversity (SD; based on the inverse Simpson's diversity index) and its interaction with
fertilisation as explanatory factor. Model estimates, their standard errors (SE) and significance (p) from the linear mixed effect model 4 for a) spring
small grain cereals, b) maize, and c) winter small grain cereals. The marginal and conditional R* show the variation explained by the fixed factors alone
and by the entire model including fixed and random factors, respectively *°.

Indicator crops a) Spring small grain cereals b) Maize ¢) Winter small grain cereals
Predictor Estimate SE y2 Estimate SE P Estimate SE D
Intercept -8.98x10™ 1.24x10"  <0.001*** -4.43 3.45%10 <0.001*** {-2.09 1.90x10"  <0.001***

(tha™)

SD (tha™) 2.23x10" 5.06x107%  <0.001%*** 1.97 1.70x10"! <0.001%** [7.42x10"  6.77x10%  <0.001***
SD? (tha™) -1.11x10 3.45x10°  0.001** -3.97x107 2.74x107 0.147 -6.09x10%  1.23x107  <0.001%***
Year -2.71x107 7.42x10°  <0.001%*** -2.51x10™ 3.04x107 <0.001%** [-1.14x10™"  1.09x10% <0.001***
(tha'yr")

Year’ NA NA NA 1.22x107 5.60x10" 0.029* 1.26x10°  2.28x10™*  <0.001%***
(tha' yr?)

High 1.02 1.01x10"  <0.001*** 4.05 2.90x10"! <0.001*** 11.94 1.75x10"  <0.001***
Fertilisation (t

ha™)

SD x Year 1.59x107 1.66x107%  <0.001*** 5.78x107 1.47x107 <0.001%%* [2.43x102  2.97x107 <0.001***
(tha'yr")

SD? x Year -2.08x107 2.52x10*  <0.001*** -1.12x107 2.87x10° <0.001%** [-1.50x107  4.04x10* <0.001***
(tha'yr")

SD x Year® NA NA NA -1.22x107 3.43x10™* <0.001*** |-2.40x10*  2.81x107° <0.001%***
(tha' yr?)




SD? x Year’ NA NA NA 3.07x10™ 7.37x107 <0.001%** [NA NA NA
(tha' yr?)

SD x High -2.99x10°! 5.02x102%  <0.001***  |-2.05 1.44x107! <0.001*** [-2.02x10"  6.18x10% 0.001**
Fertilisation (t

ha™)

SD? x High 4.71x10% 7.37x10°  <0.001%%*  2.97x10" 2.55x102 <0.001*** [2.40x102  1.03x102 0.020*
Fertilisation (t

ha™)

No. of 8492 11833 7198
observations

Marginal R 0.154 0.128 0.295
Conditional R’ 0.719 0.771 0.775




Supplementary Table 4. Summary of statistics with Functional Richness (FR; number of crop functional groups included in the rotation) and its
interaction with fertilisation as explanatory factor. Model estimates, their standard errors (SE) and significance (p) from the linear mixed effect model
5 for a) spring small grain cereals, b) maize, and c) winter small grain cereals based on mean-centred observations, i.e., the difference from to the long-

term within-site average across all CRD treatments. The marginal and conditional R? show the variation explained by the fixed factors alone and by the
entire model including fixed and random factors, respectively *°.

Indicator crops a) Spring small grain cereals b) Maize ¢) Winter small grain cereals
Predictor Estimate SE )/ Estimate SE )/ Estimate SE )/
Intercept (t ha™!) -7.46x1077 1.10x107"  <0.001*** [-2.98 2.88x10"  <0.001*** |-1.66 1.75x107"  <0.001%%**
FR2 (tha™) 1.35x10"  3.93x102  0.001** |1.97 8.48x102  <0.001*** |6.00x10"  1.05x10"  <0.001%**
FR3 (tha™) 3.28x107"  4.87x102  <0.001*** [1.90 1.34x10"  <0.001*** |7.64x10"  8.50x102  <0.001%**
FR4 (t ha™) 2.10x10"  7.45x10%  0.005** |NA NA NA NA NA NA
Year (t ha' yr') 420x10°  2.94x10°  0.154 1.64x107% 2.23x102  0.463 -2.06x107%  1.13x102  0.069
Year? (t ha'! yr?) NA NA NA 1.26x10* 4.43x10*  0.776 7.59x10*  2.16x10*  0.001%*
High Fertilisation (t ha!) 7.92x10"  8.02x102  <0.001*** |2.61 2.44x10"  <0.001*** |1.82 1.66x107"  <0.001%%**
FR2 x Year 3.53x10°  1.41x10°  0.012* 7.22x10° 6.83x10°  0.291 1.55x102  8.59x10°  0.071
(thalyr!)
FR3 x Year 1.62x107  1.42x10°  <0.001*** |1.66x10" 1.94x102  <0.001*** |3.95x102  5.77x10°  <0.001%***
(thalyr!)
FR4 x Year 1.42x107  2.90x10°  <0.001*** [NA NA NA NA NA NA
(thalyr!)
FR2 x Year® NA NA NA 2.07x10* 1.43x10*  0.148 -3.52x10% 2.01x10*  0.079

(tha' yr?)




FR3 x Year? NA NA NA -5.20x107 7.11x10™  <0.001*** |.595x10*  9.65x10°  <0.001%***
(tha'! yr?) 3

FR4 x Year® NA NA NA NA NA NA NA NA NA

(tha'l yr?)

FR2 x High Fertilisation 1.93x10"  3.85x10%  <0.001*** |-1.74 6.98x10%  <0.001*** |.1,72x10" 8.62x102  0.046*
(tha™)

FR3 x High Fertilisation -2.23x1077 4.78x102  <0.001*** 218 1.01x10"  <0.001*** |.4.64x10"  6.45x102  <0.001%**
(tha™)

FR4 x High Fertilisation 4.54x107  7.68x102  0.554 NA NA NA NA NA NA
(tha™)

No. of observations 8429 11833 7198

Marginal R’ 0.173 0.125 0.303

Conditional R? 0.730 0.766 0.776




Supplementary Table 5. Summary of statistics for inclusion of annual legumes, annual broadleaves, and biennial or perennial ley in the rotation
as dependent variable. With linear mixed effect model estimates, their standard errors (SE) and significance (p) for spring small grain cereals, maize,
and winter small grain cereals. Mean-centred observations, i.e., the difference from to the long-term within-site average across all CRD treatments were

used. The marginal and conditional R? show the variation explained by the fixed factors alone and by the entire model including fixed and random

factors, respectively *.

Indicator a) Spring small grain cereals b) Maize ¢) Winter small grain cereals
crops

Predictor Estimate SE P Estimate SE P Estimate SE y
Intercept -4.32x10™ 1.28x10"  0.001** -1.05 1.98x10™! 0.001** -7.20x10°! 1.39x10™! 0.001**
(tha™)
Ley (tha™) 3.02x10° 4.46x10%  0.946 5.52x10™" 4.62x107 0.001** 5.48x107 6.27x10%  0.382
Legumes 2.06x10™ 4.46x107  <0.001*** 7.35%10™" 4.24x107 0.001** 4.16x10™" 5.01x10%  0.001%**
(tha™)
Broadleaves 3.40x10™ 2.84x107  <0.001%*** 9.93x107 1.20x10™! 0.409 4.51x10™ 5.10x10%  0.001%**
(tha™)
No. of 8429 11833 7198
observations
Marginal R 0.0267 0.0329 0.0547
Conditional R’ 0.528 0.481 0.597




Supplementary Table 6. Stepwise model selection for yield responses of the three indicator crop groups to Species Diversity (SD; based on the
inverse Simpson's diversity index) over time (Years since experiments begun) and with high or low fertilisation. Polynomials of Year and SD and
interaction terms were explored as part of the model selection process and only models that were based on hypotheses were included. Values of Akaike
Information Criteria (AIC) and p refer to models that exclude the predictor shown on the leftmost column. For each step, single predictors with non-
significant contribution to the model were removed based on the lowest AIC, and the process was repeated until all predictors showed statistical
significance (p < 0.05). Asterisks on AIC and p values indicate predictors that were removed from the final model at a given step.

Full model: Yield ~ SD + SD* + Year + Year” + Fertilisation + a) Spring small grain b) Maize c¢) Winter small grain
SD : Year + SD?: Year + SD : Year® + SD” : Year® + cereals cereals
Fertilisation : SD + Fertilisation : SD* + (1|Site:M.group) +
(1]Site:C.year)

Predictors dropped from Step AIC P AIC P AIC P

model

None 1 18249 - 37196 - 16987 -
SD : Year 1 18253 0.014 37210 <0.001 16993 0.005
SD?: Year 1 18250 0.066 37210 <0.001 16986 0.337
SD : Year’ 1 18247 0.695%* 37207 <0.001 16986 0.220
SD? : Year’ 1 18247 0.562 37212 <0.001 16985 0.967*
Fertilisation : SD 1 18282 <0.001 37395 <0.001 16996 0.001
Fertilisation : SD? 1 18287 <0.001 37330 <0.001 16990 0.020
None 2 18247 - NA NA 16985 -
SD : Year 2 18301 <0.001 NA NA 17049 <0.001
SD? : Year 2 18309 <0.001 NA NA 16997 <0.001




SD : Year’ 18246 0.292* NA NA 17055 <0.001
Fertilisation : SD 18280 <0.001 NA NA 16994 0.001
Fertilisation : SD? 18286 <0.001 NA NA 16988 0.020
None 18246 - NA NA NA NA
Year’ 18245 0.817* NA NA NA NA
SD : Year 18336 <0.001 NA NA NA NA
SD?: Year 18312 <0.001 NA NA NA NA
Fertilisation : SD 18280 <0.001 NA NA NA NA
Fertilisation : SD? 18285 <0.001 NA NA NA NA
None 18245 - NA NA NA NA
SD : Year 18334 <0.001 NA NA NA NA
SD? : Year 18310 <0.001 NA NA NA NA
Fertilisation : SD 18278 <0.001 NA NA NA NA
Fertilisation : SD? 18283 <0.001 NA NA NA NA




Supplementary Table 7. Stepwise model selection for yield responses of the three indicator crop groups to Functional Richness (FR) over time
(Years since experiments begun) and with high or low fertilisation. Polynomials of Year and interaction terms were explored as part of the model
selection process and only models that were based on hypotheses were included. Values of Akaike Information Criteria (AIC) and p refer to models that
exclude the predictor shown on the leftmost column. For each step, single predictors with non-significant contribution to the model were removed based
on the lowest AIC, and the process was repeated until all predictors showed statistical significance (p < 0.05). Asterisks on AIC and p values indicate
predictors that were removed from the final model at a given step.

Full model: Yield ~ FR + Year + Year® + Fertilisation + FR : a) Spring small grain b) Maize c¢) Winter small
Year + FR : Year® + FR : Fertilisation + (1|Site:M.group) + cereals grain cereals
(1]Site:C.year)

Predictors dropped from Step AIC P AIC P AIC D

model

None 1 18200 - 37524 - 17136 -
FR : Year 1 18220 <0.001 37597 <0.001 17179 <0.001
FR : Year? 1 18199 0.199* 37582 <0.001 17171 <0.001
Fertilisation : FR 1 18284 <0.001 38161 <0.001 17190 <0.001
None 2 18199 - NA NA NA NA
Year? 2 18197 0.977* NA NA NA NA
FR: Year 2 18341 <0.001 NA NA NA NA
Fertilisation : FR 2 18282 <0.001 NA NA NA NA
None 3 18197 - NA NA NA NA
FR : Year 3 18339 <0.001 NA NA NA NA




Fertilisation : FR

18280

<0.001

NA

NA

NA

NA
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