
Tillage mixing 
 
This special (non-standard) HYDRUS-1D option allows averaging (homogenization; not 
implemented for the dual-porosity model) of water contents and concentrations due to 
tillage over a specified depth at specified times (given by Print Times). The option was 
developed for the manuscript Mallmann et al. (2014). 
 
Tillage mixing – text from the manuscript Mallmann et al. (2014). 
 
At the time of specified tillage, HYDRUS-1D simply homogenizes the surface layer, which is 
subject to tillage. It first integrates water over the tillage depth and then assigns the average 
water content to this soil layer as follows: 
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where θ(z) is the water content at time of tillage, Ltillage is the depth of tillage, and θ  is the 
average water content over the tillage depth after tillage. 
 
Similar homogenization (averaging) is done for solutes. For a nonreactive solute, the averaging 
would be done as follows: 
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where c(z) is the liquid phase concentration at time of tillage and c  is the average liquid phase 
concentration over the tillage depth after tillage. 
 
Since the solute transport model adopted in this study considers a reactive solute, which is 
present in the liquid phase as well as instantaneously and kinetically sorbed to the solid phase, 
the tillage routine of HYDRUS-1D need to consider all these phases. The code first integrates the 
solute mass, which is present in the equilibrium and nonequilibrium states as follows: 
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where se and sk are solid phase concentrations at equilibrium and kinetic sorption sites, 
respectively, and Se and Sk are solute masses in equilibrium and nonequilibrium states over the 
tillage depth, respectively. The average solid phase concentration in the nonequilibrium state is 
calculated similarly as shown above for the nonreactive solute: 
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However, since the solid phase concentration at equilibrium sites is calculated using the 
Freundlich isotherm, which is a nonlinear equation, a root finding routine needs to be adopted to 
calculate the average liquid phase concentration from the solute mass in equilibrium state in the 
tillage depth, Se. 
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Implementation: 
 
The new input file Tillage.in has to be manually created with the following format: 
 
===================================================================================  
Record Type Variable Description 
===================================================================================  
1 - - Comment line 
2 - - Comment line 
3 Real rTillDepth Mixing depth (Ltillage, [L]) 
4 - - Comment line 
5 Real iTill(MPL) Code indicating whether mixing should take place for a particular print time 

(=1: yes, =0: no); the number of codes must be equal to the number of print 
times. Note that tillage can occur only at specified Print Times (i.e., Print times 
have to be adjusted to be at the time when tillage occurs). 

===================================================================================  
 
Example of the Tillage.in file: 
 
*** BLOCK T: Tillage ************************************************** 
Tillage Depth 
  20 
Tillage at selected print times iTill(1),iTill(2),...,iTill(MPL) 
        0         1         0         1         0         0  
*** END OF INPUT FILE 'Tillage.IN' ************************************ 

 
Test Examples: 
Tillage_1: Standard h1d_calc.exe code (no mixing); sorbing nonlinear and nonequilibrium solute 
Tillage_2: Mixing (new) code; No mixing considered. 
Tillage_3: Mixing (new) code; Mixing depth of 20 cm; Mixing on days 300 and 600. 
Tillage_4: Mixing (new) code; Mixing depth of 30 cm; Mixing on days 300 and 600. 
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