
Contents 

List of Figures vi 

List of Tables vii 

List of Symbols ix 

1 General introduction 1 
1.1 Objectives 2 
1.2 Thesis outline 3 

2 Modeling soil-root interactions 5 
2.1 Transient soil water flow 5 

2.1.1 Water potentials in soil 5 
2.1.2 Soil hydraulic properties 6 
2.1.3 Richards equation 6 

2.2 Root water flow and solute transport 7 
2.3 Root water uptake 9 
2.4 Soil solute transport 10 

2.4.1 Transport processes 10 
2.4.2 Convection-dispersion equation 12 
2.4.3 Flux vs. resident concentration 13 

2.5 Root solute uptake 13 
2.6 Numerical Implementation 15 

2.6.1 Soil water flow 15 
2.6.2 Root water flow 16 
2.6.3 Coupled root and soil water flow 17 
2.6.4 Solute transport 19 
2.6.5 Root solute uptake 20 
2.6.6 Coupled water flow and solute transport 20 

2.7 Summary 22 

3 Effect of root water and solute uptake on apparent soil dispersivity 23 
3.1 Introduction 23 

http://d-nb.info/1049210034

http://d-nb.info/1049210034


Contents 

3.2 Theory 25 
3.2.1 Three-dimensional water flow model in soil and roots: R-SWMS 25 
3.2.2 Three-dimensional solute transport model in soil: PARTRACE . 26 
3.2.3 Solute sink terms 27 

3.3 Materials and methods 28 
3.3.1 Virtual experiments 28 

Soil domain 28 
Plant root architecture 30 

3.3.2 Scenario definitions 32 
Scenario 1: Impact of solute uptake types 32 
Scenario 2: Impact of transpiration rate 32 
Scenario 3: Impact of soil dispersivity length 33 
Scenario 4: Impact of transient flow 33 

3.3.3 Scenario analysis 33 
3.4 Results: Steady-state water flow 35 
3.5 Results: Solute transport 38 

3.5.1 Scenario 1: Impact of solute uptake type 38 
3.5.2 Scenario 2: Impact of transpiration rate 42 
3.5.3 Scenario 3: Impact of soil dispersivity length 44 
3.5.4 Scenario 4: Impact of transient flow 45 

3.6 Summary, discussion and conclusions 47 

4 Linking transpiration reduction to rhizosphere salinity 51 
4.1 Introduction 51 
4.2 Theory 54 
4.3 Materials and methods 56 

4.3.1 Modeling 56 
4.3.2 Simulation setup 57 

Calculation of matrix and osmotic potentials 58 
Scenario 1: Comparison to Hamza and Aylmore dataset 58 
Scenario 2: Simulated stress function with a Single root 60 
Scenario 3: Stress function for a füll root architecture 61 

4.4 Results and discussion 62 
4.4.1 Scenario 1: Comparison to Hamza and Aylmore dataset 62 
4.4.2 Scenario 2: Simulated stress function with a Single root 64 

Comparison with the model of Couvreur et al. [2012] 64 
Comparing bulk and root-soil interface water potential 66 

4.4.3 Scenario 3: Extrapolation with a füll root architecture 69 
4.4.4 Comparison of Simulation results with empirical stress functions . 71 

4.5 Summary and conclusion 73 

n 



Contents 

5 Three-dimensional measuring and modeling of tracer transport 77 
5.1 Introduction 77 
5.2 Materials and methods 79 

5.2.1 MRI tracer experiment 79 
5.2.2 Post processing of the MRI data 81 

Calibration curve 81 
Grid coarsening 82 
Noise analysis 84 
Mass correction 85 
Calculation of the 1D sink term distribution 86 

5.2.3 Tracer uptake by plant roots 86 
5.2.4 Water flow and tracer transport modeling 87 
5.2.5 Root architectures 87 
5.2.6 Scenario analysis 91 

5.3 Results 91 
5.3.1 Modeled and observed breakthrough curve at the outlet 91 
5.3.2 Solute distribution patterns 92 
5.3.3 Concentration depth profiles 97 
5.3.4 Determination of the water sink distribution 98 

5.4 Discussion 102 
5.4.1 Physical processes 102 
5.4.2 Model 103 
5.4.3 MRI data 104 

5.5 Summary, conclusion and outlook 104 

6 General conclusion 107 
6.1 Summary 107 
6.2 Perspectives 108 

A Standard error for fitted apparent dispersivity length \app 111 

Bibliography 117 

iii 


