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Figure S1. Comparison of daily climate between GSWP3-W5E5 data set (34.25°E, 0.25°N) and field-based weather records at Kenyan INM3 site

(34.40°E, 0.14°N) from 2004-2014 as time series (a), and scatter plots shown in (b). AB and RB are mean absolute bias and relative bias,

respectively, presented in percent (%).



Figure S2. The modelled SOC stocks (0-150cm) by LPJ-GUESS at the CT1 and INM3 sites between 1901 and 2002. The shaded areas represent

the period of cropland systems. All the above-ground biomass under grassland systems was returned to the soils in the simulations (see Sect. 2.3.1).



Following Olin et al. (2015), relationships between allocation to sorghum leaves (Pleaf), stem (Pstem), root (Proot), and grains (Pyield)

based on the allocation model of Penning de Vries et al. (1989) are established using a logistic growth function, a Richards curve

(Richards, 1959) (Eq. S1):
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where DS is crop development stage, ranging from 0 to 2 (DS=0, sowing; DS=1, flowering; DS=2, harvest); and ai, bi, ci, di are

fitting coefficients for the three functions (specific values given in Table S1 below).

The relative relationships of daily assimilate allocation to the organs are described by Eqs. S2:
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where Pveg are the fraction of carbon allocated to vegetative organs (i.e., Pveg=Pleaf +Pstem+Pyield ), ranging from 0 to 1.

We can achieve dynamic carbon allocation to the plant organs over the growing season by combining Eqs. S2:
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Partitioning functions are plotted for sorghum in Fig. S3. More details on how these relationships were derived can be found in Olin

et al. (2015).

Figure S3. The organ’s assimilate partitioning to roots, leaves, stem, and yields for sorghum. Solid lines represent the fitted Richards functions

used in this study, and dashed lines are the allocation scheme from Penning de Vries et al. (1989).



Table S1. CFT-specific parameters for the daily carbon allocation (Eqs. S1-S3), specific leaf area (SLA), minimum C:N value of the leaves (leaf

C:Nmin), and the fraction of the total mineral N applied at the three crop development stages (DS, in which DS=0, sowing; DS=0.5, halfway

through the vegetative stage; DS=1.0, flowering).

Parameter Maize I Sorghum II Spring wheat I Rice I Pulses III Soybean III Unit

f1

a1 0.24 0.49 0.62 0.14 0.59 0.56

——

b1 1.22 0 -0.02 -2.45 0 0

c1 18.1 6.74 5.80 2.79 5.53 3.74

d1 1.12 0.54 0.55 2.19 0.51 0.53

f2

a2 0.68 0.56 0.86 0.52 0.75 0.67

b2 -0.06 0.09 0.19 -0.04 0 0

c2 12.48 25.75 28.65 10.16 7.69 30.78

d2 0.81 0.90 0.55 0.79 1.38 1.73

f3

a3 0 0 0 0 0 0

b3 1 1 1 1 1 1

c3 28.52 10.54 8.27 121.21 9.59 8.93

d3 1.03 1.12 1.10 1.09 1.46 1.41

SLA 45 45 35 45 45 40 m2 kg-1 C-1

Leaf C:N min 15 15 15 10 10 8 kg C kg N-1

Napp, DS=0 11% 11% 11% 3% 50% 50% fraction

Napp, DS=0.5 50% 50% 50% 46% 0% 0% fraction

Napp, DS=1.0 39% 39% 39% 51% 50% 50% fraction

I Olin et al. (2015); II This study; III Ma et al. (2022)



Figure S4. Inputs used for simulations in Eastern Africa: (a) simulated crop-specific areas (rain-fed and irrigated) over the historic period

compared to statistics from FAO (ha); (b) mean rates of mineral N fertilizer and manure applied to each crop type (kg N ha-1) from 1901-2014; (c)

annual CO2 concentration (ppm, right scale), and mean temperature (°C, left scale) from CRUJRA (B1, Table1) and five GCMs (C1 and C2, Table

1). The faba bean and common bean are simulated as pulses in (a) and (b). The black, blue, green, and red thick solid lines in (c) denote
the temperature averaged by five GCMs for historical, SSP1-26, 3-70 and 5-85 scenarios, respectively; thin lines in light color represent the

temperature from individual GCM. Dashed lines show CO2 concentrations.



Figure S5. Modelled and observed maize yields (long rainy season, i.e. the main growing period) for the evaluation treatments at INM3 (a) and

CT1 (b) sites, with two levels of mineral N fertilizer input (N30 and N90). The dashed line is the modelled yields, and the closed circle represents

the observed value averaged by the four replicates in the trials, with standard deviation as given in the vertical bar.



Table S2. Evaluation of the model performance to simulate maize yields in long rainy season (n=12) using multi-years average, absolute bias

(AB), root mean square error (RMSE), and Person correlation coefficient (r) at INM3 and CT1 sites.

Treatment Observed mean
(t ha-1 yr-1)

Simulated mean
(t ha-1 yr-1)

AB
(%)

RMSE
(t ha-1 yr-1) r

INM3

N30_NoMan_RR 4.00 3.95 26 1.08 0.02 (p>0.05)

N90_NoMan_RR 4.25 4.95 32 1.31 0.07 (p>0.05)

N30_Man_NoRR 4.56 4.98 21 1.01 0.27 (p>0.05)

N90_Man_NoRR 5.19 5.16 28 1.41 -0.06 (p>0.05)

N30_Man_RR 4.58 4.96 33 1.37 0.14 (p>0.05)

N90_Man_RR 4.95 5.17 27 1.32 -0.03 (p>0.05)

N30_NoMan_NoRR 3.56 3.91 26 1.04 0.05 (p>0.05)

N90_NoMan_NoRR 3.65 4.92 46 1.59 0.23 (p>0.05)

CT1

N30_NoTill_RR 2.83 3.27 34 0.88 0.30 (p>0.05)

N90_NoTill_RR 4.10 4.59 39 1.28 0.13 (p>0.05)

N30_Till_NoRR 3.31 3.26 17 0.61 0.59 (p<0.05)

N90_Till_NoRR 4.41 4.53 24 1.04 0.17 (p>0.05)

N30_Till_RR 3.28 3.31 17 0.62 0.53 (p<0.05)

N90_Till_RR 4.37 4.58 32 1.26 0.18 (p>0.05)

N30_NoTill_NoRR 2.81 3.22 43 1.07 -0.12 (p>0.05)

N90_NoTill_NoRR 3.78 4.54 58 1.66 -0.15 (p>0.05)



Figure S6. The modelled relative response (%) of cropland SOC, N loss, and yield to alternative managements (see Table 3 for abbreviations) compared to the conventional management (Fstd) in maize (a),

sorghum (b), wheat (c), and pulses (d) cropping systems over Eastern Africa. Box plots denote the 5th and 95th percentiles with whiskers, median and interquartile range with box lines, and mean with asterisks

across all the simulated crop grid cells (maize-403; sorghum-398; wheat-382; pulses-425).



Figure S7. The optimal soil C sequestration practice (Fopt, Eq.4) simulated by LPJ-GUESS in maize (a), sorghum (b), wheat (c), and pulses (d)

cropping systems in Kenya and Ethiopia (B2, Table 1). Numbers in plots represent the grid cell proportion of each optimal management to the

total crop grid cells (maize-403; sorghum-398; wheat-382; pulses-425). The conventional management (Fstd, black in plots) was chosen when

none of other alternative managements yielded a net increase in SOC. See table 3 for management abbreviations.



Figure S8. The simulated cropland soil C stocks from the conventional management (Fstd) for GCM-based historical period (C1, Table 1) (a),

and SOC potential response to alternative management options with future SSP1-26, 3-70 and 5-85 scenarios (C2, Table 1) in Ethiopia (b) and

Kenya (c). Blue triangle for Ethiopia and sun cross for Kenya denote the seamless connection between historical period and future simulations.

Filled circle represents the averaged result between 2091 and 2100, with a range from five GCMs as given in vertical bar. See Table 3 for

management abbreviations.



Table S3. The relative (%) number of cropland grid cell and areas regarding the potential transition of optimal soil C sequestration practice (Fopt,

Eq. 4), comparing the historical period (GCM-based climate; C3, Table 1) with three future SSP scenarios from 2091-2100 (C2, Table 1). See

Table 3 for management abbreviations.

From

(GCMs historical)

To

(future)

Amount of cropland grid cells (%) Amount of cropland areas (%)

SSP1-26 SSP3-70 SSP5-85 SSP1-26 SSP3-70 SSP5-85

Fstd

FRR 0.70 1.17 1.17 0.00 0.01 0.01

FMan 2.80 3.04 2.57 0.03 0.03 0.02

FCC-BNF 1.87 1.17 1.17 0.03 0.03 0.03

FRR

Fstd 0.23 0.47 0.23 0.00 0.49 0.00

FMan 0.47 0.00 0.23 0.04 0.00 0.01

FCC-BNF 12.85 14.02 16.12 17.74 17.73 19.40

FMan

Fstd 1.64 1.87 2.34 0.01 0.01 0.02

FRR 3.27 4.21 4.21 1.12 0.38 0.50

FCC-BNF 14.02 15.65 15.89 9.88 11.10 11.12

FCC-BNF

Fstd 0.00 0.00 0.00 0.00 0.00 0.00

FMan 0.47 0.00 0.00 0.01 0.00 0.00

FRR 1.17 2.10 1.87 0.84 1.52 1.46

Total change 39.5 43.7 45.8 29.7 31.3 32.6



Figure S9. The N fixation rate (kg N ha-1 yr-1) of herbaceous legumes modelled by LPJ-GUESS in the FCC-BNF simulation under the present-day

climate, averaged over the last ten years of simulation (B2, Table 1).
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