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Figure S1. S-factor for each PFT for (a) P vs P:C, (b) P vs N:C, (c) [ vs P:C, (d) N vs N:C, (e) T vs P:C, and
(f) I vs N:C. Heterogeneity due to moderators are not statistically significant (Table S1). Number next to the

point indicates the number of experimental units.
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Figure S2. Effects of N types on N vs P:C experiments. The heterogeneity amongst N types is statistically
significant (P < 0.05).



TABLE S1. Effects of categorical moderators on the responses of fourteen photosynthesis-related traits to N addition. », number of
observation; 3, weighted mean stoichiometry sensitivity factor with environmental driver X and response variable Y; ci.lb, lower
boundary of 95% CI; ci.ub, upper boundary of 95% CI; sig., significance of the between-moderator heterogeneity test; ns, P > 0.05; *,
P <0.05; ¥*, P<0.01; *** P <0.001. Red bold texts highlight moderators significantly affecting the responses. For iron experiments

In(RR), the weighted mean value of the natural logarithm-transformed response ratio was used for heterogeneity test.

Environmental Driver 1. Dissolved inorganic phosphorus

Phosphorus vs P:C

n s¥ cilb  ciub  sig
Plankton functional type Diatoms 6 0.34 0.042 0.65 ns
Coccolithophores 18 0.27 0.12 0.42
Dinoflagellates 1 0.20 -0.45 0.85
Other Eukaryotes 12 0.27 0.025 0.52
Cyanobacteria 5 0.099 -0.22 0.42
Diazotrophs 12 0.029 -0.21 0.26
Eukaryotes 37 0.28 0.18 0.38 *
Prokaryotes 17 0.049 -0.13 0.23
Temperate/Warm
Cold NA NA NA NA NA
Culture Growth Mode Batch 22 0.24 0.11 0.38 ns
Semi-continuous 25 0.15 -0.034  0.34
Chemostat 7 0.31 -0.0096 0.63
Turbidostat NA NA NA NA
Growth Phase at harvest Exponential 18 0.095 -0.0097 0.20 ns
Stationary 25 0.18 0.041 0.32
Phosphorus vs N:C
n sY cilb  ciub  sig
Plankton functional type Diatoms 6 0.047 -0.026  0.12 ns
Coccolithophores 18 0.050 0.015 0.085
Dinoflagellates 1 0.015 -0.13 0.16
Other Eukaryotes 11 -7.2x10*  -0.060  0.059
Cyanobacteria 5 0.0040 -0.073  0.081
Diazotrophs 11 0.0027 -0.053  0.059
Eukaryotes 36 0.033 0.0096 0.056 ns
Prokaryotes 16 0.0032 -0.037  0.043
Temperate/Warm
Cold NA NA NA NA NA
Culture Growth Mode Batch 20 0.017 0.0033  0.030  ***
Semi-continuous 25 0.0067 -0.011  0.025
Chemostat 7 0.14 0.085 0.20
Turbidostat NA NA NA NA
Growth Phase at harvest Exponential 17 0.0044 -0.0078 0.017 ns
Stationary 24 0.0012 -0.0043  0.028




Environmental Driver 2: Dissolved inorganic nitrogen

Nitrogen vs P:C
n sY cilb  ciub  sig
Plankton functional type Diatoms 8 0.0042 -0.070  0.079 ns
Coccolithophores 8 0.0053 -0.011  0.021
Dinoflagellates 2 0.018 -0.12 0.16
Other Eukaryotes 8 0.0045 -0.073  0.082
Cyanobacteria 2 -0.0056  -0.11 0.099
Diazotrophs 4 0.0022 -0.080  0.085
Eukaryotes 26 0.011 -0.0030 0.025 ns
Prokaryotes 6 -0.010 -0.044  0.023
Temperate/Warm
Cold NA NA NA NA NA
N form NOs~ 26 0.0066 -0.029  0.042 *
NH4NO:3 1 0.14 0.060 0.22
NH4* -0.0069  -0.070  0.56
N:NOs 4 -0.010 -0.044  0.024
Culture Growth Mode Batch 18 0.0064 -0.011  0.024 ns
Semi-continuous 14 0.0085 -0.018  0.035
Chemostat NA NA NA NA
Turbidostat NA NA NA NA
Growth Phase at harvest Exponential 8 0.022 -0.010  0.054 ns
Stationary 13 0.0034 -0.039  0.046
Nitrogen vs N:C
n sY cilb  ciub  sig
Plankton functional type Diatoms 24 0.11 -0.029  0.25 ns
Coccolithophores 0.13 0.015 0.25
Dinoflagellates 3 0.056 -0.18 0.29
Other Eukaryotes 16 0.20 0.038 0.36
Cyanobacteria 4 -8.5x10%*  -0.20 0.20
Diazotrophs -0.019 -0.23 0.19
Eukaryotes 51 0.17 0.11 0.22 *
Prokaryotes 8 -0.017 -0.18 0.15
Temperate/Warm
Cold NA NA NA NA NA
N form NOs~ 52 0.15 -0.077  0.37 ns
NH4NO:; 0.57 0.09 1.1
NH4" 2 0.096 -0.32 0.51
N2NOs -0.035 -0.25 0.18
Culture Growth Mode Batch 28 0.14 0.052 0.22 ns
Semi-continuous 28 0.16 0.036 0.28
Chemostat NA NA NA NA



Turbidostat 3 0.010 -0.26 0.28
Growth Phase at harvest Exponential 21 0.15 0.041 0.26 ns
Stationary 24 0.18 0.024 0.33
Environmental Driver 3: Dissolved iron
Iron vs P:C
n In (RR) cilb ci.ub sig.
Plankton functional type Diatoms 23 -0.033 -0.23 0.17 ns
Coccolithophores NA NA NA NA
Dinoflagellates NA NA NA NA
Other Eukaryotes 4 -0.0085 -0.52 0.51
Cyanobacteria -0.089 -0.67 0.49
Diazotrophs 7 0.19 -0.22 0.60
Eukaryotes 27 -0.029 -0.21 0.15 ns
Prokaryotes 10 0.11 -0.24 0.45
Temperate/Warm/Unspecified 20 0.039 -0.27 0.35 ns
Cold 17 -0.028 -0.26 0.20
Culture Growth Mode Batch 14 -0.030 -0.28 0.22 ns
Semi-continuous 23 0.033 -0.29 0.35
Chemostat NA NA NA NA
Turbidostat NA NA NA NA
Growth Phase at harvest Exponential 11 -0.090 -0.29 0.11 ns
Stationary 13 -0.12 -0.39 0.15
Iron vs N:C
n In (RR) cilb ci.ub sig.
Plankton functional type Diatoms 45 0.0061 -0.084  0.096 ns
Coccolithophores NA NA NA NA
Dinoflagellates NA NA NA NA
Other Eukaryotes 0.046 -0.22 0.31
Cyanobacteria 0.0033  -0.26 0.27
Diazotrophs -0.22 -0.45 0.010
Eukaryotes 51 0.011 -0.073  0.095 ns
Prokaryotes 14 -0.13 -0.31 0.054
Temperate/Warm/Unspecified 42 -0.018 -0.18 0.14 ns
Cold 21 -0.022 -0.15 0.11
Culture Growth Mode Batch 26 -0.065 -0.18 0.054 ns
Semi-continuous 39 0.011 -0.14 0.16
Chemostat NA NA NA NA
Turbidostat NA NA NA NA
Growth Phase at harvest Exponential 38 -0.035 -0.14 0.073
Stationary 13 -0.11 -0.32 0.096




Environmental Driver 4. Irradiance (photon flux density)

Irradiance vs P:C

n sy cilb  ciub sig.
Plankton functional type Diatoms 9 -0.053 -0.13 0.025 ns
Coccolithophores 9 -0.0080 -0.059 0.043
Dinoflagellates 3 0.0053  -0.12 0.13
Other Eukaryotes 9 -0.078 -0.16 -0.0013
Cyanobacteria NA NA NA NA
Diazotrophs 5 -0.0073  -0.10 0.085
Eukaryotes 30 -0.039 -0.069  -0.0088 ns
Prokaryotes 5 -0.0076  -0.089  0.074
Temperate/Warm/Unspecified
Cold NA NA NA NA NA
Culture Growth Mode Batch 19 -0.052  -0.095 -0.010 ns
Semi-continuous -0.0092  -0.078  0.060
Chemostat 8 -0.031 -0.099  0.036
Turbidostat NA NA NA NA
Growth Phase at harvest Exponential 12 0.014 -0.025  0.054 ns
Stationary 7 -0.0076  -0.068  0.053
Light regime Continuous Light 1 -0.012  -0.16 0.13 ns
Periodic Light 34 -0.036  -0.19 0.11
Irradiance vs N:C
n sy cilb  ciub sig.
Plankton functional type Diatoms 48 -0.023 -0.055 0.0092 ns
Coccolithophores 12 -0.034  -0.062  -0.0057
Dinoflagellates 3 0.013 -0.054  0.079
Other Eukaryotes 22 -0.030  -0.067  0.0061
Cyanobacteria 3 -0.027  -0.093  0.039
Diazotrophs 6 0.0037  -0.051 0.058
Eukaryotes 85 -0.025 -0.036  -0.014  ns
Prokaryotes 9 -0.0081 -0.045 0.029
Temperate/Warm/Unspecified 89 6.0x10* -0.042  0.044 ns
Cold 5 -0.025  -0.069 0.019
Culture Growth Mode Batch 46 -0.034  -0.049 -0.019 o
Semi-continuous 27 0.0034  -0.020 0.026
Chemostat 12 -0.047 -0.076  -0.017
Turbidostat 9 -0.024  -0.058 0.010
Growth Phase at harvest Exponential 47 -0.014  -0.028 7.6x10* ns
Stationary 18 -0.0042 -0.032 0.024
Light regime Continuous Light 30 -0.0092 -0.026 0.0077 *
Periodic Light 64 -0.031 -0.052  -0.010




Environmental Driver 5: Temperature

Temperature vs P:C

Y

n Sx ci.lb ci.ub sig.
Plankton functional type Diatoms 22 -9.0 -19.5 1.5 ns
Coccolithophores 11 2.5 -6.0 11.1
Dinoflagellates 10 -0.071 -12.1 12.0
Other Eukaryotes 19 -0.58 -11.2 10.0
Cyanobacteria 7 -2.0 -15.5 11.5
Diazotrophs 14 9.9 -22.5 2.7
Eukaryotes 62 -2.8 -6.4 0.81 ns
Prokaryotes 21 -6.5 -14.4 1.5
Temperate/Warm/Unspecified 70 -3.5 -11.4 4.4 ns
Cold 13 -3.6 -12.2 5.1
Culture Growth Mode Batch 28 -9.0 -14.1 -3.9 *
Semi-continuous 53 -0.21 -6.7 6.3
Chemostat 2 -4.7 -26.3 16.9
Turbidostat NA NA NA NA
Growth Phase at harvest Exponential 50 -8.3 -12.2 -4.4 Hkx
Stationary 28 5.0 -1.2 11.2
Temperature vs N:C
n sy cilb  ciub sig
Plankton functional type Diatoms 31 -0.80 -6.0 4.4 ns
Coccolithophores 11 -1.0 -5.5 34
Dinoflagellates 10 0.28 -6.0 6.5
Other Eukaryotes 19 -1.8 -7.2 3.6
Cyanobacteria 8 0.28 -6.2 6.7
Diazotrophs 17 2.8 -3.6 9.1
Eukaryotes 71 -0.96 -2.6 0.71 ns
Prokaryotes 25 1.6 -2.0 5.2
Temperate/Warm/Unspecified 83 1.0 -3.0 5.0 ns
Cold 13 -0.64 -5.0 3.7
Culture Growth Mode Batch 31 -1.8 -4.2 0.59 *
Semi-continuous 63 0.71 -2.3 3.7
Chemostat 2 -11.5 -22.5 -0.53
Turbidostat NA NA NA NA
Growth phase at harvest Exponential 59 -1.6 -3.5 0.29 *
Stationary 32 1.8 -1.2 4.8




Section S1. List of 104 studies used in meta-analysis
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