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Supplementary online material 10 

C-TOOL allometric equation 11 

Allometric equations to calculate C inputs into the soil is described in Taghizadeh-Toosi et al. (2014) 12 

as part of the C-TOOL model and Keel et al. (2016). The amount of C (CP) in dry matter yield (YDM) of 13 

the grain and straw is calculated as Equation 1, CC is a C concentration of 0.45 g g
−1

 in all crop parts:  14 

CP = YDM CC                              Equation 1 15 

The aboveground carbon in crop residues (CS) depends on winter wheat harvest index (HI = the ratio of 16 

grain to total aboveground biomass = 0.45) and is calculated as: 17 

CS = CP/HI                                    Equation 2 18 

The amount of aboveground residues left after harvesting grain and straw (CL) is calculated as the 19 

difference between Cs and Cp (grain & straw). 20 

CL=Cs-Cp(grain)-Cp(straw) 21 



Belowground C input from roots and rhizodeposition CiRE is calculated as: 22 

CiRE = Cs/((1- FRE)-Cs)                                  Equation 3 23 

where FRE root and rhizodeposition C (belowground C) as proportion of total C assimilation (FRE = 24 

0.25 for winter wheat). 25 

The C-TOOL model has a topsoil (0-25cm) and a subsoil layer (25-100cm) to which C inputs are 26 

distributed as follows: 27 

Ctop = CL + Ftop CiRE                                     Equation 4 28 

Csub = (1- Ftop) CiRE                                    Equation 5 29 

Ftop is the proportion of belowground C deposited in the topsoil and is set to 0.7 for winter wheat. 30 

Measurement of SOC in the Broadbalk experiment 31 

SOC was calculated from measured % SOC and a standard soil weight of 2.88 x 10
6
 kg ha

-1 
0-23cm. The 32 

1843 value was estimated, and the 1865 value calculated from total soil N content in 1865 and C:N ratio in 1893. 33 

SOC measurements started in 1881, as total soil C minus CaCO3-C, with analysis of air-dried finely ground 34 

(0.354mm) soil. Samples were taken from the whole experiment up to 1966, then from the continuous wheat 35 

sections (sections 1, 6 and 9) only. Samples from 1881, 1893, 1914, 1936 and 1944 were re-analysed in 36 

2001 – 4 for total C by combustion (LECO) and for CaCO3-C by manometry; this method was also 37 

used for samples from 1992 onwards. For further details, refer to http://www.era.rothamsted.ac.uk/ 38 

Broadbalk Soil Organic Carbon Open Access data.  39 

http://www.era.rothamsted.ac.uk/
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Table S1. Average measured and simulated SOC contents in 0 – 23 cm using three methods of root C 57 

input calculations from 1987 to 2010. 58 

  N0 N3 N4 N5 N6 

Average measured SOC contents 1987-2010  

(t C ha
-1

) 

 25.73 

 

31.01 

 

31.78 

 

31.30 

 

32.59 

 

       

Average simulated SOC (t C ha
-1

) contents 1987-2010   

Allometric root C calculations 

 22.22 

 

33.02 

 

33.25 

 

33.38 

 

33.43 

 

       

Average simulated SOC (t C ha
-1

) contents 1987-2010   

N3 root C input calculations 

 27.27 

 

33.04 

 

33.10 

 

33.16 

 

33.00 

 

       

Average simulated SOC (t C ha
-1

) contents 1987-2010   

Fixed root C calculations 

 25.71 

 

31.48 

 

31.54 

 

31.60 

 

31.44 
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Allometric root C calculations
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Figure S1. Simulated soil organic carbon changes in 0 – 23 cm of the Broadbalk winter wheat 66 

experiment at Rothamsted, UK, allometric functions were used to calculate C input. See Table 1 for 67 

details of N treatments. 68 
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N
3
 root C input calculations 
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70 
Figure S2. Simulated soil organic carbon changes in 0 – 23 cm of the Broadbalk winter wheat 71 

experiment at Rothamsted, UK, N3 root C input calculations were used. See Table 1 for details of N 72 

treatments. 73 
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Fixed root C calculations
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Figure S3. Simulated soil organic carbon changes in 0 – 23 cm of the Broadbalk winter wheat 76 

experiment at Rothamsted, UK, fixed root C input calculations were used. See Table 1 for details of N 77 

treatments. 78 
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Figure S4. Measured soil organic carbon in 0 – 23 cm of the Broadbalk winter wheat experiment at 82 

Rothamsted, UK. 1843 value estimated, 1865 values calculated from total soil % N and soil C:N in 83 

1893. The other values calculated from % SOC and a standard soil weight of 2.88 × 10
6
 kg ha

-1
. Whole 84 

experiment up to 1966, then continuous wheat sections (sections 1, 6 and 9) only (error bars = ± s.e.m., 85 

n = 2 for year 1987 and n =3 for year 1992, 1997, 2000, 2005 and 2010). See Table 1 for details of N 86 

treatments. 87 
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