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Figure S1. N addition treatment The impact of experimental N addition on the net biodiversity effects (a), the
complementarity effects (b) and the selection effects (c) across (grey points) or on each individual study
(colored points). The y-axes are on the original scale with unit g/m?/year.
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Figure S2. Year x N addition treatment The impact of N addition and its duration (year) on net biodiversity
effects (a), complementarity effects (b) and selection effects (c) for BioCoN experiments (23 years). The
BioCoN experiment was used to represent the temporal trend (Fig. 1) because it is the only experiment in our
study that has more than 5 years of data. The x-axes are on the log scale with unit year, the y-axes are on the
original scale with unit g/m?/year.



Table S1. Overview of dataset
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Table S2. Hypotheses and mechanisms on overyielding and how it changes through time, nitrogen addition, and cumulative nitrogen addition.

Relationship Slope Hypotheses and mechanisms Reference
Overyielding

Species richness -> Positive Communities with more species have higher potential to partition resource niche or facilitate each other, thus  Kahman et al.,

Complementarity effects leading to a higher complementarity effect (2006); Wright et
al., (2017)

Species richness -> Negative or neutral The promotion of the species in mixture that performed poorly in monoculture leads to a decrease of selection Jiang et al., (2008)

Selection effects effects with higher number of species

Species richness -> Net  Positive The positive relationship between biodiversity and complementarity effects contributes more than the negative Craven et al., (2016)

biodiversity effects relationship between biodiversity and selection effects, leading to a positive relationship between biodiversity

and the net biodiversity effects

H1a: Overyielding change under nitrogen (N) addition

N addition -> Negative N addition reduces complementarity effects by reducing niche complementarity or facilitation, leading to a Craven et al., (2016)
Complementarity effects weaker relationship between richness and complementarity effects compared to ambient conditions, and the
response is larger with higher species richness.

N addition -> Selection  Positive N addition increases selection effects by increasing the dominance of nitrophilous species and their competition Kirwan et al.,
effects with other species, leading to a more positive relationship between richness and selection effects compared to  (2007)
ambient conditions, and the response is larger with higher species richness

N addition -> Net TBD A decrease in complementarity effects that is proportional with the increase of selection effects leads to a robust NA
biodiversity effects relationship between the net biodiversity effects and diversity under N addition
H1b: Overyielding change under increasing N addition rate

N addition rate -> Negative The increase of N addition rate could bring larger decrease to complementarity effects due to larger variation in Song et al., (2011);
Complementarity effects plant species composition and soil biota under higher annual N addition rate You etal., (2017)



N addition rate -> Positive The increase of N addition rate could increase selection effects by enhancing the dominance of certain species. Wardle et al.,

Selection effects Low annual N addition rate might promote fast-growing exploitative species; while slow-growing conservative (2004); Orwin et al.,
species that produce more leaf dry matter tend to prevail under higher N addition rate instead. (2021)

N addition rate -> Net TBD With increasing N addition rate, a larger decrease in complementarity effects compared to the increase of NA

biodiversity effects selection effects leads to a negative relationship between the net biodiversity effects and N addition rate

H2: Overyielding change through time, which is opposite to the effects of N addition

Year -> Complementarity Positive Complementarity effects increases with time due to belowground facilitation and faster cumulative N addition Kahmen et al.,

effects strengthening as experiment ages, especially under mixture community (2006); Mason et
al., (2020)

Year -> Selection effects Negative Selection effects decreases with time, or even reverse from positive in the early stage to negative in the later Fargione (2007)

stage due to that a few established species growing well only in early stage and grow less competitive later

Year -> Net biodiversity  Positive The net biodiversity effects increase with time due to the contribution shift from selection effects to Fargione et al.,

effects complementarity effects (2007); Marquard et
al., (2009); Wagg et
al., (2022)

H3: Overyielding change with increasing cumulative N addition
Cumulative N addition -> Shift from negative to Complementarity effects decrease faster at low levels of cumulative N addition due to a potentially greater loss NA
Complementarity effects neutral of positive interactions among species compared to high levels of cumulative N addition

Cumulative N addition -> Positive Selection effects stay positive at low levels of cumulative N addition and then increase faster with higher levels NA
Selection effects of cumulative N addition in the plot



Cumulative N addition -> TBD With increasing cumulative N addition, complementarity effects decrease faster at low levels of cumulative N NA
Net biodiversity effects addition and selection effects increases faster at higher levels of cumulative N addition, leading to a convex
relationship between the net biodiversity effects and cumulative N addition.




Table S3. Model settings and the result in summary table. Response variables include net biodiversity effect (NBE), complementarity effect (CE) and

selection effect (SE). Explanatory variables include treatment (nitrogen addition, N), species richness (SR), N addition rate (N rate), cumulative N addition
(CumuN). Asterisks (*) indicate statistical significance (ns, P>0.05; * P<0.05; ** P<0.01; ***P<0.001).

Figure Model Response Variables Terms Estimate Std.Error df t-value p-value Sig R2m R2c
2 ~Treatment * SR + (1 + SR | Study)

2a NBE (Intercept) -57.777 70.7550 3.845 -0.8170 0.4617 ns 0.12 0.41
NBE N addition 16.173 28.1160 2384.488 0.575 0.5652 ns 0.12 0.41
NBE SR 105.286 37.8480 3.821 2.7820 0.0524 0.12 0.41
NBE N addition:SR -11.196 9.1580 2384.478 -1.222 0.2217 ns 0.12 0.41

2b CE (Intercept) -83.798 37.0110 1023.645 -2.2640 0.0238 * 0.07 0.20
CE N addition 72.904 50.9470 2388.231 1.431 0.15257 ns 0.07 0.20
CE SR 136.166 26.6670 3.229 5.1060 0.01211 * 0.07 0.20
CE N addition:SR -54.169 16.5960 2388.226 -3.264 0.00111 ** 0.07 0.20

2c SE (Intercept) 15.173 106.0280 4.189 0.1430 0.8928 ns 0.01 0.18
SE N addition -36.943 56.4410 2387.518 -0.655 0.5128 ns 0.01 0.18
SE SR -33.838 60.5700 4.026 -0.5590 0.606 ns 0.01 0.18
SE N addition:SR 39.41 18.3850 2387.396 2.144 0.0322 * 0.01 0.18

3  ~log(N rate+1) + (1 + log(N rate+1) | Study) - Include ambient

3a NBE Intercept 293.777 48.3530 11.8540 6.0760 0.0001 *** 0.00 0.40
NBE log(N rate+1) -6.689 2.7250 44.325 -2.455 0.0181 * 0.00 0.40

3b CE Intercept 364.132 62.6080 7.9480 5.8160 0.0004 *** 0.02 0.19
CE log(N rate+1) -30.491 13.2770 7.603 -2.296 0.052398 0.02 0.19

3c SE Intercept -38.412 76.2880 5.9510 -0.5040 0.6330 ns 0.00 0.13
SE log(N rate+1) 19.33 20.9230 6.18 0.924 0.39 ns 0.00 0.13

~ log(N rate+1) + (1 + log(N rate+1) | Study) - Exclude ambient

3d NBE Intercept 434.283 136.8190 7.1620 3.1740 0.0152 * 0.01 0.46
NBE log(N rate+1) -37.525 24.9290 5.475 -1.505 0.1876 ns 0.01 0.46

3e CE Intercept 369.196 180.6780 9.3410 2.0430 0.0702 0.00 0.26
CE log(N rate+1) -32.37 39.0900 8.635 -0.828 0.4299 ns 0.00 0.26

3f SE Intercept -33.7 205.0600 83.5400 -0.1640 0.8700 ns 0.00 0.12
SE log(N rate+1) 15.32 53.7400 85.66 0.285 0.776 ns 0.00 0.12



4 ~log(CumuN+1) + I(log(CumuN+1)"2)+(1 + log(CumuN+1) | Study) [experimental addition]

da NBE Intercept 389.05 73.0930 11.3130
NBE log(CumuN+1) -89.936 14.147 26.99
NBE 1(log(CumuN+1)"2) 12.027 1.524 597.053
4b CE Intercept 332.905 56.4900 10.4960
CE log(CumuN+1) -43.23 12.601 599.566
CE 1(log(CumuN+1)"2) 4.279 2.028 3334.599
4c SE Intercept -18.02 49.7850 3.5490
SE log(CumuN+1) -8.454 21.78 11.316
SE 1(log(CumuN+1)"2) 4.238 2.93 113.153
~ log(CumuN+1) + I(log(CumuN+1)"2)+(1 + log(CumuN+1) | Study) [atmospheric deposition]
4d NBE Intercept 318.97 74.7800 17.62
NBE log(CumuN+1) -127.03 53.86 42.77
NBE 1(log(CumuN+1)"2) 52.32 1.04E+01 704.29
4e CE Intercept 390.97 133.8800 21.1700
CE log(CumuN+1) -113.24 89.03 67.56
CE 1(log(CumuN+1)"2) 21.53 18.45 837.25
4f SE Intercept -109.84 130.4100 27.7800
SE log(CumuN+1) 13.01 98.89 105.01
SE 1(log(CumuN+1)"2) 30.84 22.1 576.32
~ log(CumuN+1) + I(log(CumuN+1)"2)+(1 + log(CumuN+1) | Study) [experimental addition + atmospheric deposition]
49 NBE Intercept 249.016 52.6420 17.1850
NBE log(CumuN+1) 15.96 14.584 52.63
NBE 1(log(CumuN+1)"2) -2.403 1.652 365.216
4h CE Intercept 262.165 72.7680 19.5020
CE log(CumuN+1) 36.406 26.876 78.522
CE 1(log(CumuN+1)"2) -8.206 2.92 783.896
4 SE Intercept -16.677 93.0740 12.5480
SE log(CumuN+1) -19.77 35.232 52.672
SE 1(log(CumuN+1)"2) 6.358 3.613 880.283
S1 Treatment*log(Year) + (1 | SR) - BioCoN
Sla NBE (Intercept) 18.255 34.8160 3.748
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Table S4. Model selections for the effectiveness of cumulative N addition (CumuN). Response variables include net biodiversity effect (NBE),

complementarity effect (CE) and selection effect (SE). Asterisks (*) indicate statistical significance (ns, P>0.05; * P<0.05; ** P<0.01; *** P<0.001).

Response Number of Negative log-
Variables Model parameters AlC BIC likelihood Deviance Chisq Df Pr(>Chisq)
NBE ~ log(N rate+1) * Year + (1| SR) 49168 49205 -24578 49156

~ log(N rate+1) * Year + log(CumuN+1) +
NBE (1ISR) 49096 49140 -24541 49082 73.9080 1 2.20E-16 ***
CE ~ log(N rate+1) * Year + (1 | SR) 53063 53100 -26526 53051

~ log(N rate+1) * Year + log(CumuN+1) +
CE (1| SR) 53027 53071 -26507 53031 37.6870 1 8.31E-10 ***
SE ~ log(N rate+1) * Year + (1 | SR) 54528 54565 -27258 54516

~ log(N rate+1) * Year + log(CumuN+1) +
SE (11SR) 54529 54572 -27257 54515 1.1655 1 2.80E-01 ns




Table S5. Model selections for cumulative N addition in first and second order (CumuN). Response variables include net biodiversity effect (NBE),
complementarity effect (CE) and selection effect (SE). Asterisks (*) indicate statistical significance (ns, P>0.05; * P<0.05; ** P<0.01; *** P<0.001).

Response Number of Negative log-
Variables Model parameters AlC BIC likelihood Deviance Chisq Df  Pr(>Chisq)
NBE ~ log(CumuN + 1) + (1 + log(CumuN + 1) | Study) 48925 48962 -24456 48913

~ log(CumuN + 1) + I(log(CumuN + 1)"2) + (1 +
NBE log(CumuN + 1) | Study) 48925 48968 -24455 48911  1.8454 1 0.1743

ns

CE ~ log(CumuN + 1) + (1 + log(CumuN + 1) | Study) 52180 52217 -26084 52168

~ log(CumuN + 1) + I(log(CumuN + 1)"2) + (1 +
CE log(CumuN + 1) | Study) 52175 52219 -26081 52161 6.8441 1 0.0089 **
SE ~log(CumuN + 1) + (1 + log(CumuN + 1) | Study) 52563 52600 -26276 52551

~ log(CumuN + 1) + I(log(CumuN + 1)"2) + (1 +
SE log(CumuN + 1) | Study) 52561 52605 -26274 52547 4.0177 1 0.0450 *




Table S6. Model settings and the result in summary table for the effects of evenness change with cumulative nitrogen addition and time. Response variables
include net biodiversity effect (NBE), complementarity effect (CE) and selection effect (SE). Explanatory variables include treatment (N addition), species
richness (SR), Year, cumulative N addition (CumuN). Asterisks (*) indicate statistical significance (ns, P>0.05; * P<0.05; ** P<0.01; ***P<0.001).

Model \szsr?;&sei Terms Estimate  Std.Error df t-value p-value  Sig R2m R2c

;:(;Jg?tl;(l)arl]tive N ~ evenness + log(CumuN+1) + I(log(CumuN+1)"2)+(1 + log(CumuN+1) | Study)
NBE (Intercept) 449.73 60.5 15.03 7.43 0 0.05 047
NBE evenness -324.4 9.54 24861.7 -34.01 <2e-16 ekl 0.05 047
NBE log(CumuN+1) 5.74 9.14 24.9 0.63 0536 ns 0.05 047
NBE I(log(CumuN+1)"2) -2.27 059  17541.44 382 0.0001 *** 0.05 047
CE Intercept 219.2 76.93 14.35 2.85 0.0126 * 0.02 0.25
CE evenness -18.86 16.38  24405.55 -1.15 0.2496 ns 0.02 025
CE log(CumuN+1) 65.41 18.05 20.97 3.62 0.0016 ** 0.02 0.25
CE 1(log(CumuN+1)"2) -11.66 1.02 19215.6 -11.41  <2e-16 falel 0.02 0.25
SE Intercept 290.67 94.48 15.3 3.08 0.0075 ** 0.04 0.27
SE evenness -439.55 17.7 24204.45 -24.83 <2e-16 kol 0.04 0.27
SE log(CumuN+1) -61.16 24.03 17.86 -2.55 0.0204 * 0.04 0.27
SE 1(log(CumuN+1)"2) 10.19 1.11 21722.96 9.21 <2e-16 ekl 0.04 0.27

Year effect on ~ evenness + Treatment*log('Year)

BioCoN experiment  + (1| SR) - BioCoN
NBE (Intercept) 51.83 28.04 249 8.98 0.0059 ** 023 0.27
NBE evenness -760.36 22.79  13953.30 -33.37 <2e-16  *** 023 0.27
NBE N addition -35.52 8.35  15348.70 425  oe1g  ** 023 0.27
NBE log(Year) 67.29 2.68 15348.91 25.09 <2e-16 Fokk 023 0.27
NBE N addition:log(Year) -3.70 356  15348.09 -1.04 0.2984 g 023 0.27
CE (Intercept) -41.73 29.59 3.42 -1.41 0.2427 0.10 0.12
CE evenness 62.43 35.58 9261.67 1.75 0.0794 0.10 0.12
CE N addition 87.61 13.08 15349.48 6.70 0.0000 *** 0.10 0.12
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