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Table S1. A list of parameters for the daily carbon allocation (Egs. 1-7) for soybean and faba bean.

Parameter Description Soybean Faba bean Reference
aveg (Eq.1) Regression intercept, vegetative phase -0.06 -0.06 Irmak et al. (2013)
bveg (Eq.1) Regression slope, vegetative phase 3.29 3.29 Irmak et al. (2013)
arep (Eq.1) Regression intercept, reproductive phase 0.71 0.71 Irmak et al. (2013)
brep (Eq.1) Regression slope, reproductive phase 1.31 1.31 Irmak et al. (2013)
fphuanthesis (Eq.1) The threshold of fphu when anthesis starts 0.34 0.34 Irmak et al. (2013)
. o o Irmak et al. (2013);

To Base temperature for heat sum requirement 10°C 4°C Etemadi et al. (2018)
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c1 8.93 9.59

di 1.41 1.46

a 0.67 0.75

b2 0 0
f> (Eq.4)

c2 30.78 7.69

d2 1.73 1.38

a3 0.56 0.59

b3 0 0
f3 (Eq.5)

c3 3.74 5.53

ds 0.53 0.51




Table S2. Literature-based soybean and faba bean sites used for model testing: Geographic location; Available years; BNF trial and its managements; Variables
used for evaluation; Measured plant traits of the studied sites.
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# Legume crop types: S is soybean; F is faba bean; b Management involved in trials: W is water management, in which Rf and Irri represents rain-fed and irrigated crops, respectively; F is N
application rate in the unit of kg N ha'; M denotes the N-fertilizer was applied as manure; © Measured variables used for evaluation in this study: Y - yield; SB - shoot biomass; LB - leaf biomass;
LALI - leaf area index; GN - grain N mass; SN - shoot N mass; LN - leaf N mass; BNF - biologically N fixation; Nsoil - plant N uptake from soil; %Ndfa - the proportion of plant N derived from the
atmosphere (i.e., BNF); dsraA (specific leaf area) taken from trials: the unit is m? kg™ C;
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Figure S1. The organ’s relative allocation (a) and assimilate partitioning (b) to root, leaf, stem and yield for faba bean. Solid lines
represent the fitted Richards functions in this study and dashed lines are the allocation scheme from Penning de Vries et al. (1989). 1>

in Fig.1a denotes leaf relative allocation to shoot vegetative organs (Eq.4), whereas f; is root relative allocation to vegetative organs

(Eq.5).
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Figure S2. A global division of geographical regions to compare the modelled BNF rates with the literature-reviewed findings from

Peoples et al. (2009) on continent level (see Sect. 2.4.2).
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Figure S3. Comparison of modelled and observed yield and N fixation rate (a) and the response of BNF (b) and soil N uptake (c) to

N-fertilizer addition across all field trials. The shaded areas represent the 95% confidence interval in linear regression.
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Figure S4. Map of pulses yield (a) and N fixation (b) modelled by LPJ-GUESS, averaged over 1996-2005. The mean soil temperature
(fr, Eq.10) and water limitation (fw, Eq.11) to N fixation throughout the growing season are presented in (c) and (d), respectively
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Figure S5. Modelled BNF-limiting factors (a) and daily NPP for N fixation cost (b) in nodulating soybean treatment in the 1984
cropping season at an Austrian site (Zapata et al., 1987). Veg. and Rep. indicate vegetative and reproductive growth phase,
respectively. The reported GPP cost range of N fixation was extracted from Table 1 given in Kaschuk et al. (2009), and converted to
NPP cost by multiplying by 2.0, assuming GPP=2*NPP.
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Figure S6. Map of daily NPP used for N fixation cost (%) in soybean (a) and pulses (b) modelled by LPJ-GUESS, averaged over
1996-2005 throughout the growing season. In this study we assumed that at maximum 50% of daily NPP can be used for N fixation

(Eq. (13)).
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