
 

Page 435 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

11.0 References 

 

Abramoff MD, Magelhaes PJ, Ram SJ (2004) Image processing with ImageJ. Biophotonics 
International 11, 36-42. 
 
Ahuja L, Hebson C (1992) Root Zone Water Quality Model. GPSR Technical Report No. 2. USDA, 
ARS, Fort Collins. 
 
Allaire SE, Roulier S, Cessna AJ (2009) Quantifying preferential flow in soils: A review of different 
techniques. Journal of Hydrology 378, 179-204. 
 
Allen DG, Jeffery RC (1990) Methods for Analysis of Phosphorus in Western Australian Soils. 
Report of the investigation No 37. Chemistry Centre of WA. 
 
Anderson MG, Burt TP (1977) Automatic monitoring of soil moisture conditions in a hillslope spur 
and hollow. Journal of Hydrology 33, 27-36. 
 
Ankeny MD, Ahmed M, Kaspar TC, Horton R (1991) Simple field method for determining 
unsaturated hydraulic conductivity. Soil Science Society of America Journal 55, 467-470. 
 
Artiola JF, Walworth JL (2009) Irrigation water quality effects on soil carbon fractionation and 
organic carbon dissolution and leaching in a semiarid calcareous soil. Soil Science 174, 365-371. 
 
Asseng S, Fillery IRP, Dunin FX, Keating BA, Meinke H (2001) Potential deep drainage under wheat 
crops in a Mediterranean climate. I. Temporal and spatial variability. Australian Journal of 
Agricultural Research 52, 45-56. 
 
Bachmair S, Weiler M, Nutzmann G (2010) Benchmarking of two dual-permeability models under 
different land use and land cover. Vadose Zone Journal 9, 226-237. 
 
Bachmann J, Deurer M, Arye G (2007) Modeling water movement in heterogeneous water-
repellent soil: 1. Development of a contact angle dependent water-retention model. Vadose Zone 
Journal 6, 436-445. 
 
Baker RS, Hillel D (1990) Laboratory tests of a theory of fingering during infiltration into layered 
soils. Soil Science Society of America Journal 54, 20-30. 
 
Bakker DM, Hamilton GJ, Houlbrooke DJ, Spann C (2005) The effect of raised beds on soil 
structure, waterlogging, and productivity on duplex soils in Western Australia. Australian Journal 
of Soil Research 43, 575-585. 
 
Bauters TWJ, Dicarlo DA, Steenhuis TS, Parlange JY (2000a) Soil water content dependent wetting 
front characteristics in sands. Journal of Hydrology 231-232, 244-254. 
 
Bauters TWJ, Steenhuis TS, DiCarlo DA, Nieber JL, Dekker LW, Ritsema CJ, Parlange JY, Haverkamp 
R (2000b) Physics of water repellent soils. Journal of Hydrology 231-232, 233-243. 
 
Bear J (1972) 'Dynamics of fluids in porous media.' (American Elsevier, New York). 
 
Beattie JA (1995) Anomalous soloths, lower Coal River valley south-east Tasmania. In 'Australian 
Sodic Soils, Distribution Properties and Management'. (Eds R Naidu, ME Sumner, P Rengasamy) p. 
351. (CSIRO Publications: Melbourne). 



 
Belanger N, Van Rees CJ (2008) Chapter 2: Sampling forest soils. In 'Soil Sampling and Methods of 
Analysis'. (Eds MR Carter, EG Gregorich) pp. 15-24. (Canadian Society of Soil Science, CRC Press: 
Boca Raton). 
 
Beulke S, Brown CD, Jarvis NJ (2001) MACRO: A preferential flow model to simulate pesticide 
leaching and movement to drains. In 'Modelling of Environmental Chemical Exposure and Risk'. 
(Ed. JBHJ Linders) pp. 117-132. (Kluwer Academic Publishers: Netherlands). 
 
Beven K (2002) Introduction: Modelling hydrological and nutrient transport processes. In 
'Agriculture, Hydrology and Water Quality'. (Eds PM Haygarth, SC Jarvis) p. 502. (CABI Publishing: 
Trowbridge, UK). 
 
Beven K, Germann P (1980) The role of macropores in the hydrology of field soils. Natural 
Environment Research Council, Inst. Hydrology, Report 69. 
 
Beven K, Germann P (1982) Macropores and water flow in soils. Water Resources Research 18, 
1311-1325. 
 
Beven KJ (2000) Uniqueness of place and process representations in hydrological modelling. 
Hydrology and Earth System Sciences 4, 203-213. 
 
Blackwell PS (2000) Management of water repellency in Australia, and risks associated with 
preferential flow, pesticide concentration and leaching. Journal of Hydrology 231-232, 384-395. 
 
Blume T, Zehe E, Bronstert A (2009) Use of soil moisture dynamics and patterns at different 
spatio-temporal scales for the investigation of subsurface flow processes. Hydrology and Earth 
System Sciences 13, 1215-1233. 
 
Bogner C, Wolf B, Schlather M, Huwe B (2008) Analysing flow patterns from dye tracer 
experiments in a forest soil using extreme value statistics. European Journal of Soil Science 59, 
103-113. 
 
Booltink HWG, Bouma J (1991) Physical and morphological characterization of bypass flow in a 
well- structured clay soil. Soil Science Society of America Journal 55, 1249-1254. 
 
Bouma J (1985) Soil variability and soil survey. In 'Soil Spatial Variability'. (Eds DR Nielsen, J 
Bouma). (Pudoc: Wageningen). 
 
Bouma J, Dekker LW (1978) A case study on infiltration into dry clay soil I. Morphological 
observations. Geoderma 20, 27-40. 
 
Bourgault Du Coudray PL, Williamson DR, Scott WD (1997) Prediction of chloride leaching from a 
non-irrigated, de-watered saline soil using the MACRO model. Hydrology and Earth System 
Sciences 1, 845-851. 
 
Brammer DD (1996) Hillslope hydrology in a small forested catchment, Miamai, New Zealand. 
Masters thesis, State University of New York, Environmental Science and Forestry. 
 
Brinkman R (1970) Ferrolysis, a hydromorphic soil forming process. Geoderma 3, 199-206. 
 
Bronswijk JJB (1988) Modeling of water balance, cracking and subsidence of clay soils. Journal of 
Hydrology 97, 199-212. 
 



 

Page 437 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

Bronswijk JJB (1989) Prediction of actual cracking and subsidence in clay soils. Soil Science 148, 87-
93. 
 
Brooks E, Corey AT (1964) Hydraulic properties of porous media. Hydrology Paper No.3, Civil 
Engineering Department, Colorado State University, Fort Collins, CO. 
 
Brouwer J, Fitzpatrick RW (2002a) Interpretation of morphological features in a salt-affected 
duplex soil toposequence with an altered soil water regime in western Victoria. Australian Journal 
of Soil Research 40, 903-926. 
 
Brouwer J, Fitzpatrick RW (2002b) Restricting layers, flow paths, and correlation between duration 
of soil saturation and soil morphological features along a hillslope with an altered soil water 
regime in western Victoria. Australian Journal of Soil Research 40, 927-946. 
 
Buczko U, Bens O, Huttl RF (2006) Water infiltration and hydrophobicity in forest soils of a pine-
beech transformation chronosequence. Journal of Hydrology 331, 383-395. 
 
Burch GJ, Moore ID, Burns J (1989) Soil hydrophobic effects on infiltration and catchment runoff. 
Hydrological Processes 3, 211-222. 
 
Burdine NT (1953) Relative permeability calculations from pore size distribution data. Journal of 
Petroleum Technology 5, 71 - 78. 
 
Bureau of Meteorology (2007) Design Rainfall Intensity Analysis, University Farm. 
Hydrometeorology Advisory Service, Hobart. 
 
Bureau of Meteorology (2009) Climate Statistics for Australian Locations - Cambridge Aerodrome 
09007 (http://bom.gov.au/climate/averages/tables/cw_094007.shtml). 
 
Caron J, Elrick DE, Michel JC, Naasz R (2008) Chapter 68: Physical properties of organic soils and 
growing media: water and air storage and flow dynamics. In 'Soil Sampling and Methods of 
Analysis'. (Eds MR Carter, EG Gregorich) pp. 885-912. (Canadian Society of Soil Science, CRC Press: 
Boca Raton). 
 
Carrillo MLK, Letey J, Yates SR (1999) Measurement of initial soil-water contact angle of water 
repellent soils. Soil Science Society of America Journal 63, 433-436. 
 
Carrillo MLK, Letey J, Yates SR (2000a) Unstable water flow in a layered soil: I. Effects of a stable 
water-repellent layer. Soil Science Society of America Journal 64, 450-455. 
 
Carrillo MLK, Letey J, Yates SR (2000b) Unstable water flow in a layered soil: II. Effects of an 
unstable water-repellent layer. Soil Science Society of America Journal 64, 456-459. 
 
Carter DJ (2002) Chapter 5: Water repellence. In 'Soil Physical Measurement and Interpretation 
for Land Evaluation'. (Eds NJ McKenzie, KL Coughlan, HP Cresswell) pp. 85-89. (CSIRO Publishing: 
Melbourne). 
 
Cey EE, Rudolph DL (2009) Field study of macropore flow processes using tension infiltration of a 
dye tracer in partially saturated soils. Hydrological Processes 23, 1768-1779. 
 
Chan KY (1992) Development of seasonal water repellence under direct drilling. Soil Science 
Society of America Journal 56, 326-329. 
 

http://bom.gov.au/climate/averages/tables/cw_094007.shtml)


Chartres CJ, Kirby JM, Raupach M (1990) Poorly ordered silica and aluminosilicates as temporary 
cementing agents in hard-setting soils. Soil Science Society of America Journal 54, 1060-1067. 
 
Cheng J, Zhang H, Zhang Y, Shi Y, He F, Qi S, Sun Y (2007) Affecting factors of preferential flow in 
the forest of the Three Gorges area, Yangtze River. Frontiers of Forestry in China 2, 436-442. 
 
Chittleborough DJ (1992) Formation and pedology of duplex soils. Australian Journal of 
Experimental Agriculture 32, 815-825. 
 
Chittleborough DJ, Oades JM, Walker PH (1984) Textural differentiation in chronosequences from 
eastern Australia, III. Evidence from elemental chemistry. Geoderma 32, 227-248. 
 
Chittleborough DJ, Smettem KRJ, Cotsaris E, Leaney FW (1992) Seasonal changes in pathways of 
dissolved organic carbon through a hillslope soil (Xeralf) with contrasting texture. Australian 
Journal of Soil Research 30, 465-476. 
 
Chittleborough DJ, Smettem KRJ, Kirkby C (1994) Clay, phosphate and water movement through a 
texture contrast soil. Land and Water Resource Research and Development Corporation. 
 
Christiansen JE (1942) Irrigation by Sprinkling. California Agricultural Experiment Station Bulletin 
670, University of California, Berkeley, CA. 
 
Clothier B (2008) Soil Pores. In 'Encyclopedia of Soil Science'. (Ed. W Chesworth). (Springer: 
Dordrecht, The Nertherlands). 
 
Clothier BE, Green SR, Deurer M (2008) Preferential flow and transport in soil: Progress and 
prognosis. European Journal of Soil Science 59, 2-13. 
 
Clothier BE, Smettem KRJ (1990) Combining laboratory and field measurements to define the 
hydraulic properties of soil. Soil Science Society of America Journal 54, 299-304. 
 
Clothier BE, Vogeler I, Magesan GN (2000) The breakdown of water repellency and solute 
transport through a hydrophobic soil. Journal of Hydrology 231-232, 255-264. 
 
Clothier BE, White I (1981) Measurement of sorptivity and soil-water diffusivity in the field. Soil 
Science Society of America Journal 45, 241-245. 
 
Cook FJ (2008) Chapter 80: Unsaturated hydraulic conductivity: Laboratory tension infiltrometer. 
In 'Soil Sampling and Methods of Analysis'. (Eds MR Carter, EG Gregorich) pp. 1075-1087. 
(Canadian Society of Soil Science, CRC Press: Boca Raton). 
 
Cook FJ, Rassam DW (2002) An analytical model for predicting water table dynamics during 
drainage and evaporation. Journal of Hydrology 263, 105-113. 
 
Coppola A, Comegna V, Basile A, Lamaddalena N, Severino G (2009) Darcian preferential water 
flow and solute transport through bimodal porous systems: Experiments and modelling. Journal of 
Contaminant Hydrology 104, 74-83. 
 
Cornelis WM, Corluy J, Medina H, Diaz J, Hartmann R, Van Meirvenne M, Ruiz ME (2006) 
Measuring and modelling the soil shrinkage characteristic curve. Geoderma 137, 179-191. 
 
Costanza R, D'Arge R, et al. (1997) The value of the world's ecosystem services and natural capital. 
Nature 387, 253-260. 
 



 

Page 439 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

Cotching WE, Cooper J, Sparrow LA, McCorkell BE, Rowley W (2001) Effects of agricultural 
management on sodosols in northern Tasmania. Australian Journal of Soil Research 39, 711-735. 
 
Cotching WE, Lynch S, Kidd DB (2009) Dominant soil orders in Tasmania: Distribution and selected 
properties. Australian Journal of Soil Research 47, 537-548. 
 
Cote CM, Bristow KL, Ford EJ, Verburg K, Keating B (2001) Measurement of water and solute 
movement in large undisturbed soil cores: Analysis of Macknade and Bundaberg data. CSIRO Land 
and water technical report 07/01, Townsville: CSIRO Land and Water. 
 
Cote CM, Bristow KL, Ross PJ (2000) Increasing the efficiency of solute leaching: Impacts of flow 
interruption with drainage of the 'preferential flow paths'. Journal of Contaminant Hydrology 43, 
191-209. 
 
Cox JW, Ashley R (2000) Water quality of gully drainage from texture-contrast soils in the Adelaide 
Hills in low rainfall years. Australian Journal of Soil Research 38, 959-972. 
 
Cox JW, Chittleborough DJ, Brown HJ, Pitman A, Varcoe JCR (2002) Seasonal changes in 
hydrochemistry along a toposequence of texture-contrast soils. Australian Journal of Soil Research 
40, 581-604. 
 
Cox JW, Fritsch E, Fitzpatrick RW (1996) Interpretation of soil features produced by ancient and 
modern processes in degraded landscapes. VII. Water duration. Australian Journal of Soil Research 
34, 803-824. 
 
Cox JW, Kirkby CA, Chittleborough DJ, Smythe LJ, Fleming NK (2000) Mobility of phosphorus 
through intact soil cores collected from the Adelaide Hills, South Australia. Australian Journal of 
Soil Research 38, 973-990. 
 
Cox JW, McFarlane DJ (1995) The causes of waterlogging in shallow soils and their drainage in 
southwestern Australia. Journal of Hydrology 167, 175-194. 
 
Cox JW, Pitman A (2001) Chemical concentrations of overland flow and throughflow from 
pastures on sloping texture-contrast soils. Australian Journal of Agricultural Research 52, 211-220. 
 
Crabtree WL, Gilkes RJ (1999) Banded wetting agent and compaction improve barley production 
on a water-repellent sand. Agronomy Journal 91, 463-467. 
 
Crawford JW (1994) The relationship between structure and the hydraulic conductivity of soil. 
European Journal of Soil Science 45, 493-502. 
 
Crescimanno G, Garofalo P (2005) Application and evaluation of the SWAP model for simulating 
water and solute transport in a cracking clay soil. Soil Science Society of America Journal 69, 1943-
1954. 
 
Cresswell HP (2002) Chapter 4: The soil water characteristic. In 'Soil Physical Measurement and 
Interpretation for Land Evaluation'. (Eds NJ McKenzie, KL Coughlan, HP Cresswell) pp. 59-85. 
(CSIRO Publishing: Melbourne). 
 
Cresswell HP, Hamilton GJ (2002) Chapter 3: Bulk density and pore space relations. In 'Soil Physical 
Measurement and Interpretation for Land Evaluation'. (Eds NJ McKenzie, KL Coughlan, HP 
Cresswel) pp. 35-59. (CSIRO Publishing: Melbourne). 
 



Cresswell HP, Kirkegaard JA (1995) Subsoil amelioration by plant roots - The process and the 
evidence. Australian Journal of Soil Research 33, 221-239. 
 
Cresswell HP, Ringrose-Voase A, Western A (2008) Hydrology. In 'Guidelines for Surveying Soil and 
Land Resources'. (Eds NJ McKenzie, MJ Grundy, R Webster, AJ Ringrose-Voase). (CSIRO Publishing: 
Collingwood, Australia). 
 
Crockford H, Topalidis S, Richardson DP (1991) Water repellency in a dry sclerophyll eucalypt 
forest - measurements and processes. Hydrological Processes 5, 405-420. 
 
Cullum RF (2009) Macropore flow estimations under no-till and till systems. Catena 78, 87-91. 
 
Dalgliesh N, Foale M (1998) 'Soil Matters: Monitoring soil water and nutrients in dryland farming. 
APRSU Agricultural production Systems Research Unit, Queensland, Australia.' (Cranbrook Press: 
Toowoomba). 
 
Davis SH, Vertessy RA, Silberstein RP (1999) The sensitivity of a catchment model to soil hydraulic 
properties obtained by using different measurement techniques. Hydrological Processes 13, 677-
688. 
 
De Jonge LW, Moldrup P, Rubaek GH, Schelde K, Djurhuus J (2004) Particle leaching and particle-
facilitated transport of phosphorus at field scale. Vadose Zone Journal 3, 462-470. 
 
De Rooij GH (2000) Modeling fingered flow of water in soils owing to wetting front instability: A 
review. Journal of Hydrology 231-232, 277-294. 
 
Dekker LW, Ritsema CJ (1994) How water moves in a water repellent sandy soil. I. Potential and 
actual water repellency. Water Resources Research 30, 2507-2517. 
 
Dekker LW, Ritsema CJ (1996a) Uneven moisture patterns in water repellent soils. Geoderma 70, 
87-99. 
 
Dekker LW, Ritsema CJ (1996b) Variation in water content and wetting patterns in dutch water 
repellent peaty clay and clayey peat soils. Catena 28, 89-105. 
 
Dekker LW, Ritsema CJ (2000) Wetting patterns and moisture variability in water repellent Dutch 
soils. Journal of Hydrology 231-232, 148-164. 
 
Dekker LW, Ritsema CJ, Oostindie K (2000) Wettability and wetting rate of Sphagnum peat and 
turf on dune sand affected by surfactant treatments. In 'Proceedings of the 11th International 
Peat Congress'. Edmonton, Canada. (Eds L Rochefort, JY Daigle) pp. 566-574. 
 
Dekker LW, Ritsema CJ, Oostindie K, Boersma OH (1998) Effect of drying temperature on the 
severity of soil water repellency. Soil Science 163, 780-796. 
 
Dell M (2005) Hydrogeological Setting for Areas Subject to Soil Salinity in Tasmania. Tasmanian 
geological Survey Record, Mineral resources Tasmania. 
 
Deurer M, Bachmann J (2007) Modeling water movement in heterogeneous water-repellent soil: 
2. A conceptual numerical simulation. Vadose Zone Journal 6, 446-457. 
 
Deurer M, Green SR, Clothier BE, Bottcher J, Duijnisveld WHM (2003) Drainage networks in soils. 
A concept to describe bypass-flow pathways. Journal of Hydrology 272, 148-162. 
 



 

Page 441 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

Devillers JL, Guyon G (1979) Choice of a field drainage treatment. In 'Proceedings of the 
International Drainage Workshop'. (Ed. J Wesselang) pp. 165-179. (International Institue for Land 
Reclamation and Improvement: Wageningen, The Netherlands). 
 
Di Pietro L, Ruy S, Capowiez Y (2003) Predicting preferential water flow in soils by traveling-
dispersive waves. Journal of Hydrology 278, 64-75. 
 
Dixon RM, Linden DR (1972) Soil air pressure and water infiltration under border irrigation. Soil 
Science Society of America Journal 36, 948-953. 
 
Doerr SH, Dekker LW, Ritsema CJ, Shakesby RA, Bryant R (2002) Water repellency of soils: The 
influence of ambient relative humidity. Soil Science Society of America Journal 66, 401-405. 
 
Doerr SH, Ritsema CJ, Dekker LW, Scott DF, Carter D (2007) Water repellence of soils: New insights 
and emerging research needs. Hydrological Processes 21, 2223-2228. 
 
Doerr SH, Shakesby RA, Walsh RPD (1998) Spatial variability of soil hydrophobicity in fire-prone 
Eucalyptus and pine forests, Portugal. Soil Science 163, 313-324. 
 
Doerr SH, Shakesby RA, Walsh RPD (2000) Soil water repellency: its causes, characteristics and 
hydro-geomorphological significance. Earth-Science Reviews 51, 33-65. 
 
Doerr SH, Thomas AD (2000) The role of soil moisture in controlling water repellency: New 
evidence from forest soils in Portugal. Journal of Hydrology 231-232, 134-147. 
 
Doerr SH, Thomas AD (2003) Soil moisture: a controlling factor in water repellency? In 'Soil water 
Repellency: Occurrence, Consequences, and Amelioration'. (Eds CJ Ritsema, LW Dekker) pp. 137-
149 (Wageningen, Netherlands ). 
 
Doolittle JA, Sudduth KA, Kitchen NR, Indorante SJ (1994) Estimating depths to claypans using 
electromagnetic induction methods. Journal of Soil and Water Conservation 49, 572-575. 
 
Dow DD (1976) The use and misuse of the coefficient of variation in analysing geographical 
variation in birds. Emu 76, 25-29. 
 
Dowling AJ, Thorburn PJ, Ross PJ, Elliot PJ (1991) Estimation of infiltration and deep drainage in a 
furrow-irrigated sodic duplex soil. Australian Journal of Soil Research 29, 363-375. 
 
Doyle R, Oliver G, Brown P, Ratkowsky D, Cumming JP, Hingston J (2008) The Tasmanian River 
Catchment Water Quality Initiative: Report on pesticide fate and behviour in Tasmanian 
environments. Tasmanian Institute of Agricultural Research, University of Tasmania, Hobart. 
 
Doyle RB, Habraken FM (1993) The distribution of sodic soils in Tasmania. Australian Journal of 
Soil Research 31, 931-947. 
 
DPIPWE (2009) Ground Water Monitoring Project. (Primary Industries Parks Water and 
Environment: http://www.dpiw.tas.gov.au/inter.nsf/Attachments/CART-7UG2JT?open). 
 
DPIPWE (2010) Pesticide Baseline Monitoring Program. (Primary Industries Parks Water and 
Environment: http://www.dpiw.tas.gov.au/inter.nsf/Attachments/CART-6GEVLA?open). 
 
DPIWE (2004) Dominant Soil Orders of Tasmania - using land system boundaries. (Department 
Primary Industries Water and Environment: Launceston). 

http://www.dpiw.tas.gov.au/inter.nsf/Attachments/CART-7UG2JT?open)
http://www.dpiw.tas.gov.au/inter.nsf/Attachments/CART-6GEVLA?open)


 
Drewry JJ, Newham LTH, Greene RSB, Jakeman AJ, Croke BFW (2006) A review of nitrogen and 
phosphorus export to waterways: Context for catchment modelling. Marine and Freshwater 
Research 57, 757-774. 
 
Dubus IG, Brown CD (2002) Sensitivity and first-step uncertainty analyses for the preferential flow 
model MACRO. Journal of Environmental Quality 31, 227-240. 
 
Durner W, Schultze B, Zurmuhl T (1997) State-of-the-art in inverse modeling of inflow/outflow 
experiments. In 'Procedings International Workshop on Characterisation  and Measurement of 
the Hydraulic Properties of Unsaturated Porous Media'. University of California, Riverside. (Eds 
MT Van Genuchten, FJ Leij, L Wu). 
 
Eastham J, Gregory PJ, Williamson DR (2000) A spatial analysis of lateral and vertical fluxes of 
water associated with a perched watertable in a duplex soil. Australian Journal of Soil Research 38, 
879-890. 
 
Eching SO, Hopmans JW, Wendroth O (1994) Unsaturated hydraulic conductivity from transient 
multistep outflow and soil water pressure data. Soil Science Society of America Journal 58, 687-
695. 
 
Edwards I (1992) Farming duplex soils: a farmer's perspective. Australian Journal of Experimental 
Agriculture 32, 811-814. 
 
Emerson WW (1991) Structural decline of soils, assessment and prevention. Australian Journal of 
Soil Research 29, 905-921. 
 
Emerson WW (2002) Chapter 13: Emerson dispersion test. In 'Soil Physical Measurement and 
Interpretation for Land Evaluation'. (Eds NJ McKenzie, KL Coughlan, HP Cresswell) pp. 190-199. 
(CSIRO Publishing: Melbourne.). 
 
EPA (2005) 'EPA Guidelines for Resposible Pesticide Use.' (Environment Protection Authority: 
South Australia). 
 
Evett SR, Tolk JA, Howell TA (2006) Soil profile water content determination: Sensor accuracy, 
axial response, calibration, temperature dependence, and precision. Vadose Zone Journal 5, 894-
907. 
 
FAO-UNESCO (1987) 'Soils of the World.' (Elsevier Science Publishing Co. Inc., New York, NY). 
 
Fernandez-Galvez J, Verhoef A, Barahona E (2007) Estimating soil water fluxes from soil water 
records obtained using dielectric sensors. Hydrological Processes 21, 2785-2793. 
 
Fleming NK, Cox JW (1998) Chemical losses off dairy catchments located on a texture-contrast soil: 
Carbon, phosphorus, sulfur, and other chemicals. Australian Journal of Soil Research 36, 979-995. 
 
Fleming NK, Cox JW (2001) Carbon and phosphorus losses from dairy pasture in South Australia. 
Australian Journal of Soil Research 39, 969-978. 
 
Flury M (1996) Experimental evidence of transport of pesticides through field soils - A review. 
Journal of Environmental Quality 25, 25-45. 
 
Flury M, Fluhler H (1995) Tracer characteristics of brilliant blue FCF. Soil Science Society of America 
Journal 59, 22-27. 



 

Page 443 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

 
Flury M, Fluhler H, Jury WA, Leuenberger J (1994) Susceptibility of soils to preferential flow of 
water: a field study. Water Resources Research 30, 1945-1954. 
 
Flury M, Wai NN (2003) Dyes as tracers for vadose zone hydrology. Reviews of Geophysics 41, 2-1. 
 
Forrer I, Papritz A, Kasteel R, Fluhler H, Luca D (2000) Quantifying dye tracers in soil profiles by 
image processing. European Journal of Soil Science 51, 313-322. 
 
Fox DM, Darboux F, Carrega P (2007) Effects of fire-induced water repellency on soil aggregate 
stability, splash erosion, and saturated hydraulic conductivity for different size fractions. 
Hydrological Processes 21, 2377-2384. 
 
Gardner WK, Fawcett RG, Steed GR, Pratley JE, Whitfield DM, Van Rees H (1992) Crop production 
on duplex soils in south-eastern Australia. Australian Journal of Experimental Agriculture 32, 915-
927. 
 
Garg KK, Das BS, Safeeq M, Bhadoria PBS (2009) Measurement and modeling of soil water regime 
in a lowland paddy field showing preferential transport. Agricultural Water Management 96, 
1705-1714. 
 
Gentilli J (1972) 'Australian Climate Patterns.' (Nelson, Melbourne). 
 
Gerke HH (2006) Preferential flow descriptions for structured soils. Journal of Plant Nutrition and 
Soil Science 169, 382-400. 
 
Gerke HH, Germann P, Nieber J (2010) Preferential and unstable flow: From the pore to the 
catchment scale. Vadose Zone Journal 9, 207-212. 
 
Gerke HH, van Genuchten MT (1993a) A dual-porosity model for simulating the preferential 
movement of water and solutes in structured porous media. Water Resources Research 29, 305-
319. 
 
Gerke HH, Van Genuchten MT (1993b) Evaluation of a first-order water transfer term for variably 
saturated dual-porosity flow models. Water Resources Research 29, 1225-1238. 
 
German-Heins J, Flury M (2000) Sorption of Brilliant Blue FCF in soils as affected by pH and ionic 
strength. Geoderma 97, 87-101. 
 
Germann P, Beven K (1981) Water flow in soil macropores. III. A statistical approach. Journal of 
Soil Science 32, 31-39. 
 
Germann P, Beven K (1985) Kinematic wave approximation to infiltration into soils with sorbing 
macropores. Water Resources Research 21, 990-996. 
 
Germann PF, Dipietro L, Singh VP (1997) Momentum of flow in soils assessed with TDR-moisture 
readings. Geoderma 80, 153-168. 
 
Germann PF, Hensel D (2006) Poiseuille flow geometry inferred from velocities of wetting fronts 
in soils. Vadose Zone Journal 5, 867-876. 
 
Ghodrati M, Jury WA (1990) A field study using dyes to characterize preferential flow of water. 
Soil Science Society of America Journal 54, 1558-1563. 



 
Glass RJ, Steenhuis TS, Parlange JY (1988) Wetting front instability as a rapid and far-reaching 
hydrologic process in the vadose zone. Journal of Contaminant Hydrology 3, 207-226. 
 
Glass RJ, Steenhuis TS, Parlange JY (1989) Mechanism for finger persistence in homogeneous, 
unsaturated, porous media: theory and verification. Soil Science 148, 60-70. 
 
Granovsky AV, McCoy EL, Dick WA, Shipitalo MJ, Edwards WM (1994) Impacts of antecedant 
moisture and soil surface mulch coverage on water and chemical transport through a no-till soil. 
Soil and Tillage Research 32, 223-236. 
 
Greacen EL (1981) Physical properties and water relations. In 'Red-brown Earths of Australia'. (Eds 
JM Oades, DG Lewis, K Norrish) pp. 83-96. (Waite Agricultural Research Institute, University of 
Adelaide and CSIRO: Adelaide). 
 
Greco R (2002) Preferential flow in macroporous swelling soil with internal catchment: Model 
development and applications. Journal of Hydrology 269, 150-168. 
 
Greenwood KL, Mundy GN, Kelly KB, Dellow KE, Austin SM (2006) Improved soil and irrigation 
management for forage production 1. Site establishment and soil physical properties. Australian 
Journal of Experimental Agriculture 46, 307-317. 
 
Gregory PJ, Tennant D, Hamblin AP, Eastham J (1992) Components of the water balance on duplex 
soils in Western Australia. Australian Journal of Experimental Agriculture 32, 845-855. 
 
Greve A, Andersen MS, Acworth RI (2010) Investigations of soil cracking and preferential flow in a 
weighing lysimeter filled with cracking clay soil. Journal of Hydrology 393, 105-113. 
 
Gupta SD, Mohanty BP, Köhne JM (2006) Soil hydraulic conductivities and their spatial and 
temporal variations in a vertisol. Soil Science Society of America Journal 70, 1872-1881. 
 
Hall DJM, Jones HR, Crabtree WL, Daniels TL (2010) Claying and deep ripping can increase crop 
yields and profits on water repellent sands with marginal fertility in southern Western Australia. 
Australian Journal of Soil Research 48, 178-187. 
 
Hamed Y, Berndtsson R, Persson M (2008) Comparison of soil salinity and solute transport for 
different cultivated soil types in northeastern Egypt. Hydrological Sciences Journal 53, 466-478. 
 
Hardie M (2009) 'Dispersive Soils and Their Management: A technical reference manual.' 
(Department Primary Industries and Water: Hobart). 
 
Hardie M, Cotching WE, Zund P (2007) Rehabilitation of field tunnel erosion using techniques 
developed for construction with dispersive soils. Australian Journal of Soil Research 4, 280-287. 
 
Hardie M, Sutherland PJ, Holden JR, Inman – Bamber NG (2000) State-wide adoption of best 
irrigation practices for supplementary and full irrigation district. SRDC Final  Report, Bureau of 
Sugar Experiment Stations project BS 183. 
 
Hatton TJ, Bartle GA, Silberstein RP, Salama RB, Hodgson G, Ward PR, Lambert P, Williamson DR 
(2002) Predicting and controlling water logging and groundwater flow in sloping duplex soils in 
western Australia. Agricultural Water Management 53, 57-81. 
 



 

Page 445 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

Haws NW, Rao PSC, Simunek J, Poyer IC (2005) Single-porosity and dual-porosity modeling of 
water flow and solute transport in subsurface-drained fields using effective field-scale parameters. 
Journal of Hydrology 313, 257-273. 
 
Hendrickx JMH, Flury M (2001) Uniform and preferential flow, mechanisms in the vadose zone. In 
'Conceptual Models of Flow and Transport in the Fractured Vadose Zone' pp. 149-187. (National 
Research Council, National Academy Press: Washington). 
 
Heppell CM, Worrall F, Burt TP, Williams RJ (2002) A classification of drainage and macropore flow 
in an agricultural catchment. Hydrological Processes 16, 27-46. 
 
Hill DE, Parlange JY (1972) Wetting front instability in layered soils. Soil Science Society of America 
Journal 36, 697-702. 
 
Hillel D (1998) 'Environmental Soil Physics.' (Academic Press: San Diego). 
 
Hincapié I, Germann PF (2009) Impact of initial and boundary conditions on preferential flow. 
Journal of Contaminant Hydrology 104, 67-73. 
 
Hocking M, Bastick CJ, Hardie M, Dyson P, Lynch S (2005) Understanding Groundwater Flow 
Systems and Processes Causing Salinity in the Southern Midlands and Parts of Clarence 
Municipalities. Southern Midlands Council, National Action Plan Salinity and Water. 
 
Holland JE, White RE, Edis R (2007) The relation between soil structure and solute transport under 
raised bed cropping and conventional cultivation in south-western Victoria. Australian Journal of 
Soil Research 45, 577-585. 
 
Holz G (1993) Principals of Soil Occurrence in the Lower Coal River Valley, S.E. Tasmania. PhD 
Thesis, University of Tasmania. 
 
Hopmans JW, Simunek J, Romano N, Durner W (2002) Inverse methods. In 'Methods of soil 
analysis. Part 4. SSSA Book Series 5'. (Eds JH Dane, GC Topp) pp. 963–1008. (SSSA: Madison, WI). 
 
Howell J, Humphreys GS, Mitchell PE (2006) Changes in soil water repellence and its distribution in 
relation to surface microtopographic units after a low severity fire in eucalypt woodland, Sydney, 
Australia. Australian Journal of Soil Research 44, 205-217. 
 
Hubble GD, Isbell RF, Northcote KH (1983) Features of Australian soils. In 'Soils: an Australian 
Viewpoint' pp. 17-47. (CSIRO: Melbourne). 
 
Hussen AA, Warrick AW (1993) Alternative analyses of hydraulic data from disc tension 
infiltrometers. Water Resources Research 29, 4103-4108. 
 
Hutchinson DG, Moore RD (2000) Throughflow variability on a forested hillslope underlain by 
compacted glacial till. Hydrological Processes 14, 1751-1766. 
 
Huth NI, Poulton PL (2007) An electromagnetic induction method for monitoring variation in soil 
moisture in agroforestry systems. Australian Journal of Soil Research 45, 63-72. 
 
Indorante SJ, Follmer LR, Hammer RD, Koenig PG (1990) Particle-size analysis by a modified 
pipette procedure. Soil Science Society of America Journal 54, 560-563. 
 
Isbell RF (2002) 'The Australian Soil Classification.' (CSIRO Publishing: Melbourne). 



 
Isbell RF, McDonald WS, Ashton LJ (1997) 'Concepts and Rationale of the Australian Soil 
Classification.' (ACLEP, CSIRO Land and Water, Canberra). 
 
Jackson CR, Cundy TW (1992) A model of transient, topographically driven, saturated subsurface 
flow. Water Resources Research 28, 1417-1427. 
 
Jarvis N (1998) Modelling the impact of preferential flow on nonpoint source pollution. In 
'Physical Nonequilibrium in soils, Modelling and Application'. (Eds HM Selim, L Ma) pp. 195-221. 
(Ann Arbor Press: Michigan). 
 
Jarvis N (pers. comm.) Correspondence with Nick Jarvis in relation to parameterisation of MACRO 
model (30th Nov 2009). 
 
Jarvis N, Etana A, Stagnitti F (2008) Water repellency, near-saturated infiltration and preferential 
solute transport in a macroporous clay soil. Geoderma 143, 223-230. 
 
Jarvis N, Larsson MH (2001) Modelling macropore flow in soils: field validation and use for 
management purposes. In 'Conceptual Models of Flow and Transport in the Fractured Vadose 
Zone' pp. 189-270. (National Research Council, National Academy Press: Washington). 
 
Jarvis NJ (1994) The MACRO model (version 3.1). technical description and sample simulations. 
Reports and Dissertations 19. Department of Soil Science, Swedish University of Agricultural 
Science, Uppsala, Sweden. 
 
Jarvis NJ (2007) A review of non-equilibrium water flow and solute transport in soil macropores: 
Principles, controlling factors and consequences for water quality. European Journal of Soil 
Science 58, 523-546. 
 
Jaynes DB, Ahmed SI, Kung KJS, Kanwar RS (2001) Temporal dynamics of preferential flow to a 
subsurface drain. Soil Science Society of America Journal 65, 1368-1376. 
 
Ju SH, Kung KJS (1993) Simulating funnel-type preferential flow and overall flow property induced 
by multiple soil layers. Journal of Environmental Quality 22, 432-442. 
 
Jury WA, Wang Z, Tuli A (2003) A conceptual model of unstable flow in unsaturated soil during 
redistribution. Vadose Zone Journal 2, 61-67. 
 
Kasteel R, Vogel HJ, Roth K (2002) Effect of non-linear adsorption on the transport behaviour of 
Brilliant Blue in a field soil. European Journal of Soil Science 53, 231-240. 
 
Keating BA, Carberry PS, et al. (2003) An overview of APSIM, a model designed for farming 
systems simulation. European Journal of Agronomy 18, 267-288. 
 
Keizer JJ, Doerr SH, Malvar MC, Ferreira AJD, Pereira VMFG (2007) Temporal and spatial variations 
in topsoil water repellency throughout a crop-rotation cycle on sandy soil in north-central 
Portugal. Hydrological Processes 21, 2317-2324. 
 
Keizer JJ, Doerr SH, Malvar MC, Prats SA, Ferreira RSV, Onate MG, Coelho COA, Ferreira AJD (2008) 
Temporal variation in topsoil water repellency in two recently burnt eucalypt stands in north-
central Portugal. Catena 74, 192-204. 
 
Ketelsen H, Meyer-Windel S (1999) Adsorption of brilliant blue FCF by soils. Geoderma 90, 131-
145. 



 

Page 447 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

 
Kim HJ, Sidle RC, Moore RD (2005) Shallow lateral flow from a forested hillslope: Influence of 
antecedent wetness. Catena 60, 293-306. 
 
King PM (1981) Comparison of methods for measuring severity of water repellence of sandy soils 
and assessment of some factors that affect its measurement (Australia). Australian Journal of Soil 
Research 19, 275-285. 
 
Kirby JM, Bernardi AL, Ringrose-Voase AJ, Young R, Rose H (2003) Field swelling, shrinking, and 
water content change in a heavy clay soil. Australian Journal of Soil Research 41, 963-978. 
 
Kirkby CA, Smythe LJ, Cox JW, Chittleborough DJ (1997) Phosphorus movement down a 
toposequence from a landscape with texture contrast soils. Australian Journal of Soil Research 35, 
399-417. 
 
Kladivko EJ, Brown LC, Baker JL (2001) Pesticide transport to subsurface tile drains in humid 
regions of North America. Critical Reviews in Environmental Science and Technology 31, 1-62. 
 
Kodesova R, Simunek J, Nikodem A, Jirku V (2010) Estimation of the dual-permeability model 
parameters using tension disk infiltrometer and guelph permeameter. Vadose Zone Journal 9, 
213-225. 
 
Kohne JM, Gerke HH (2005) Spatial and temporal dynamics of preferential bromide movement 
towards a tile drain. Vadose Zone Journal 4, 79-88. 
 
Köhne JM, Köhne S, Gerke HH (2002) Estimating the hydraulic functions of dual-permeability 
models from bulk soil data. Water Resources Research 38, 261-2611. 
 
Köhne JM, Köhne S, Simunek J (2006a) Multi-process herbicide transport in structured soil 
columns: Experiments and model analysis. Journal of Contaminant Hydrology 85, 1-32. 
 
Köhne JM, Köhne S, Simunek J (2009a) A review of model applications for structured soils: a) 
Water flow and tracer transport. Journal of Contaminant Hydrology 104, 4-35. 
 
Köhne JM, Köhne S, Simunek J (2009b) A review of model applications for structured soils: b) 
Pesticide transport. Journal of Contaminant Hydrology 104, 36-60. 
 
Köhne JM, Mohanty BP, Simunek J (2006b) Inverse dual-permeability modeling of preferential 
water flow in a soil column and implications for field-scale solute transport. Vadose Zone Journal 5, 
59-76. 
 
Kordel W, Egli H, Klein M (2008) Transport of pesticides via macropores (IUPAC Technical Report). 
Pure and Applied Chemistry 80, 105-160. 
 
Kramers G, Van Dam JC, Ritsema CJ, Stagnitti F, Oostindie K, Dekker LW (2005) A new modelling 
approach to simulate preferential flow and transport in water repellent porous media: Parameter 
sensitivity, and effects on crop growth and solute leaching. Australian Journal of Soil Research 43, 
371-382. 
 
Kroes JG, Wesseling JG, Van Dam JC (2000) Integrated modelling of the soil-water-atmosphere-
plant system using the model SWAP 2.0 an overview of theory and an application. Hydrological 
Processes 14, 1993-2002. 
 



Kung KJS (1990a) Preferential flow in a sandy vadose zone: 1. Field observation. Geoderma 46, 51-
58. 
 
Kung KJS (1990b) Preferential flow in a sandy vadose zone: 2. Mechanism and implications. 
Geoderma 46, 59-71. 
 
Kung KJS (1993) Soil processes and chemical transport: Laboratory observation of funnel flow 
mechanism and its influence on solute transport. Journal of Environmental Quality 22, 91-102. 
 
Kung KJS, Hanke M, Helling CS, Kladivko EJ, Gish TJ, Steenhuis TS, Jaynes DB (2005) Quantifying 
pore-size spectrum of macropore-type preferential pathways. Soil Science Society of America 
Journal 69, 1196-1208. 
 
Kung KJS, Steenhuis TS, Kladivko EJ, Gish TJ, Bubenzer G, Helling CS (2000) Impact of preferential 
flow on the transport of adsorbing and non-adsorbing tracers. Soil Science Society of America 
Journal 64, 1290-1296. 
 
Kutílek M (2004) Soil hydraulic properties as related to soil structure. Soil & Tillage Research 79, 
175-184. 
 
Kutilek M, Germann PF (2009) Converging hydrostatic and hydromechanic concepts of 
preferential flow definitions. Journal of Contaminant Hydrology 104, 61-66. 
 
Laegdsmand M, De Jonge LW, Moldrup P (2005) Leaching of colloids and dissolved organic matter 
from columns packed with natural soil aggregates. Soil Science 170, 13-27. 
 
Lamparter A, Bachmann J, Deurer M, Woche SK (2010) Applicability of ethanol for measuring 
intrinsic hydraulic properties of sand with various water repellency levels. Vadose Zone Journal 9, 
445-450. 
 
Lamparter A, Deurer M, Bachmann J, Duijnisveld WHM (2006) Effect of subcritical hydrophobicity 
in a sandy soil on water infiltration and mobile water content. Journal of Plant Nutrition and Soil 
Science 169, 38-46. 
 
Langner HW, Gaber HM, Wraith JM, Huwe B, Inskeep WP (1999) Preferential flow through intact 
soil cores: Effects of matric head. Soil Science Society of America Journal 63, 1591-1598. 
 
Larsbo M, Jarvis N (2005) Simulating solute transport in a structured field soil: Uncertainty in 
parameter identification and predictions. Journal of Environmental Quality 34, 621-634. 
 
Larsbo M, Roulier S, Stenemo F, Kasteel R, Jarvis N (2005) An improved dual-permeability model 
of water flow and solute transport in the vadose zone. Vadose Zone Journal 4, 398-406. 
 
Leaney FW, Smettem KRJ, Chittleborough DJ (1993) Estimating the contribution of preferential 
flow to subsurface runoff from a hillslope using deuterium and chloride. Journal of Hydrology 147, 
83-103. 
 
Lehman OR, Ahuja LR (1985) Interflow of water and tracer chemical on sloping field plots with 
exposed seepage faces. Journal of Hydrology 76, 307-317. 
 
Lehmann P, Hinz C, McGrath G, Tromp-van Meerveld HJ, McDonnell JJ (2007) Rainfall threshold 
for hillslope outflow: An emergent property of flow pathway connectivity. Hydrology and Earth 
System Sciences 11, 1047-1063. 
 



 

Page 449 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

Leighton-Boyce G, Doerr SH, Shakesby RA, Walsh RPD (2007) Quantifying the impact of soil water 
repellency on overland flow generation and erosion: A new approach using rainfall simulation and 
wetting agent on in situ soil. Hydrological Processes 21, 2337-2345. 
 
Leighton-Boyce G, Doerr SH, Shakesby RA, Walsh RPD, Ferreira AJD, Boulet AK, Coelho COA (2005) 
Temporal dynamics of water repellency and soil moisture in eucalypt plantations, Portugal. 
Australian Journal of Soil Research 43, 269-280. 
 
Leij FJ, Toride N (1998) Analytical solutions for nonequilibrium trasport models. In 'Physical 
Nonequilibrium in soils, Modelling and Application'. (Eds HM Selim, L Ma) pp. 117-155. (Ann Arbor 
Press: Michigan). 
 
Lemmnitz C, Kuhnert M, Bens O, Guntner A, Merz B, Huttl RF (2008) Spatial and temporal 
variations of actual soil water repellency and their influence on surface runoff. Hydrological 
Processes 22, 1976-1984. 
 
Letey J, Carrillo MLK, Pang XP (2000) Approaches to characterize the degree of water repellency. 
Journal of Hydrology 231-232, 61-65. 
 
Lewontin RC (1966) On the measurement of relative variability. Systems Biology 15, 141-142. 
 
Lide DR (2005) 'Handbook of Chemistry and Physics: 86th Edition 2005-2006.' (CRC Press: Bocca 
Raton, Florida). 
 
Lin H (2003) Hydropedology: Bridging disciplines, scales and data. Vadose Zone Journal 2, 1-11. 
 
Lin H, Bouma J, Owens P, Vepraskas M (2008) Hydropedology: Fundamental issues and practical 
applications. Catena 73, 151-152. 
 
Lin H, Bouma J, Wilding LP, Richardson JL, Kutilek M, Nielsen DR (2005) Advances in 
Hydropedology. In 'Advances in Agronomy' pp. 1-89. 
 
Lin H, Zhou X (2008) Evidence of subsurface preferential flow using soil hydrologic monitoring in 
the Shale Hills catchment. European Journal of Soil Science 59, 34-49. 
 
Lin HS, McInnes KJ (1995) Water flow in clay soil beneath a tension infiltrometer. Soil Science 159, 
375-382. 
 
Lin HS, McInnes KJ, Wilding LP, Hallmark CT (1997) Low tension water flow in structured soils. 
Canadian Journal of Soil Science 77, 649-654. 
 
Lin HS, McInnes KJ, Wilding LP, Hallmark CT (1998) Macroporosity and initial moisture effects on 
infiltration rates in Vertisols and vertic intergrades. Soil Science 163, 2-8. 
 
Linden DR, Dixon RM (1976) Soil air pressure effects on volume and rate of infiltration. Soil 
Science Society of America Journal 40, 963-965. 
 
Lipsius K, Mooney SJ (2006) Using image analysis of tracer staining to examine the infiltration 
patterns in a water repellent contaminated sandy soil. Geoderma 136, 865-875. 
 
Lisson S, Hardie M, Khan S, Rana R, Gaydon D, Battaglia M (2005) An assessment of the impact of 
current practice and proposed recycled water irrigation practice on farm and catchment scale 
water and salt balance in the Coal Valley. Final Report for National Landcare Project. 



 
Littleboy M, Silburn DM, Freebairn DM, Woodruff DR, Hammer GL (1999) PERFECT: A computer 
simulation model of Productivity, Erosion, Runoff Functions to Evaluate Conservation Techniques. 
(Queensland Department of Primary Industries, Bulletin QB89005, Brisbane). 
 
Logsdon SD (1995) Flow mechanisms through continuous and buried macropores. Soil Science 160, 
237-242. 
 
Logsdon SD (1997) Transient variation in the infiltration rate during measurement with tension 
infiltrometers. Soil Science 162, 233-241. 
 
Logsdon SD (2002) Determination of preferential flow model parameters. Soil Science Society of 
America Journal 66, 1095-1103. 
 
Lowery B, Kling GF, Vomocil JA (1982) Overland flow from sloping land: effects of perched water 
tables and subsurface drains (Williamette Valley). Soil Science Society of America Journal 46, 93-99. 
 
Luxmoore RJ (1981) Microporosity, mesoporosity, and macroporosity of soil. Soil Science Society 
of America Journal 45, 671-672. 
 
McBride RA (2008) Chapter 58: Soil consistency: Upper and lower plastic limits. In 'Soil Sampling 
and  Methods of Analysis'. (Eds MR Carter, EG Gregorich) pp. 761-781. (Canadian Society of Soil 
Science, CRC Press: Boca Raton). 
 
McCord JT, Stephens DB (1987) Lateral moisture flow beneath a sandy hillslope without an 
apparent impeding layer. Hydrological Processes 1, 225-238. 
 
McCown RL, Murtha GG, Smith GD (1976) Assessment of available water storage capacity of soils 
with restricted subsoil permeability. Water Resources Research 12, 1255-1259. 
 
McCoy EL, Boast CW, Stehouwer RC, Kladivko EJ (1994) Macropore Hydraulics: taking a 
sledgehammer to classical theory. In 'Soil Processes and Water Quality'. (Eds R Lal, BA Stewart) pp. 
303-348. (Lewis Publishers: Boca Raton). 
 
McDonald RC, Isbell RF, Speight JG, Walker J, Hopkins MS (1990) 'Australian Soil and Land Survey: 
Field Handbook.' (Inkata press). 
 
McDonnell J, Brammer D, Kendall C, Hjerdi N, Rowe L, Stewart M, Woods R (1998) Flow pathways 
on steep forested hillslopes: The tracer, tensiometer and trough approach. In 'Environmental 
Forest Science'. (Ed. K Sassa) pp. 463-474. (Kluwer Academic Publishing, Boston). 
 
McDonnell JJ (1990) A rationale for old water discharge through macropores in a steep, humid 
catchment. Water Resources Research 26, 2821-2832. 
 
McDonnell JJ, Stewart MK, Owens IF (1991) Effect of catchment-scale subsurface mixing on 
stream isotopic response. Water Resources Research 27, 3065-3073. 
 
McFarlane DJ, Williamson DR (2002) An overview of water logging and salinity in southwestern 
Australia as related to the 'Ucarro' experimental catchment. Agricultural Water Management 53, 
5-29. 
 
McGhie DA, Posner AM (1980) Water repellence of a heavy textured Western Australian surface 
soil. Australian Journal of Soil Research 18, 309-323. 
 



 

Page 451 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

McGhie DA, Posner AM (1981) The effect of plant top material on the water repellence of fired 
sands and water repellent soils. Australian Journal of Agricultural Research 32, 609-620. 
 
McGlynn BL, McDonnel JJ, Brammer DD (2002) A review of the evolving perceptual model of 
hillslope flowpaths at the Maimai catchments, New Zealand. Journal of Hydrology 257, 1-26. 
 
McGrath GS, Hinz C, Sivapalan M (2007) Temporal dynamics of hydrological threshold events. 
Hydrology and Earth System Sciences 11, 923-938. 
 
McGrath GS, Hinz C, Sivapalan M (2008) Modelling the impact of within-storm variability of 
rainfall on the loading of solutes to preferential flow pathways. European Journal of Soil Science 
59, 24-33. 
 
McGrath GS, Hinz C, Sivapalan M (2009) A preferential flow leaching index. Water Resources 
Research 45. 
 
McGrath GS, Hinz C, Sivapalan M, Dressel J, Putz T, Vereecken H (2010) Identifying a rainfall event 
threshold triggering herbicide leaching by preferential flow. Water Resources Research 46, 
W02513. 
 
McKenzie NJ, Coughlan KL, Cresswell HP (2002a) 'Soil Physical Measurement and Interpretation 
for Land Evaluation.' (CSIRO Publishing: Melbourne). 
 
McKenzie NJ, Cresswell HP (2002) Chapter 6: Selecting a method for hydraulic conductivity. In 'Soil 
Physical Measurement and Interpretation for Land Evaluation'. (Eds NJ McKenzie, KL Coughlan, HP 
Cresswell) pp. 90 - 107. (CSIRO Publishing: Melbourne). 
 
McKenzie NJ, Cresswell HP, Green TW (2002b) Chapter 8: Field measurement of unsaturated 
hydraulic conductivity using tension infiltrometers. In 'Soil Physical Measurement and 
Interpretation for Land Evaluation'. (Eds NJ McKenzie, KL Coughlan, HP Cresswell) pp. 119-130. 
(CSIRO Publishing: Melbourne). 
 
McKenzie NJ, Cresswell HP, Rath H, Jacquier D (2001) Measurement of unsaturated hydraulic 
conductivity using tension and drip infiltrometers. Australian Journal of Soil Research 39, 823-836. 
 
McKenzie NJ, Green TW, Jacquier DW (2002c) Chapter 10: Laboratory measurement of hydraulic 
conductivity. In 'Soil Physical Measurement and Interpretation for Land Evaluation'. (Eds NJ 
McKenzie, KL Coughlan, HP Cresswell) pp. 150-162. (CSIRO Publishing: Melbourne). 
 
McLay CDA, Cameron KC, McLaren RG (1991) Effect of time of application and continuity of 
rainfall on leaching of surface applied nutrients. Australian Journal of Soil Research 29, 1-9. 
 
Merdun H, Meral R, Riza Demirkiran A (2008) Effect of the initial soil moisture content on the 
spatial distribution of the water retention. Eurasian Soil Science 41, 1098-1106. 
 
Mills JJ, Murphy BW, Wickham HG (1980) A study of three simple laboratory tests for the 
prediction of shrink-swell behaviour. Journal of the Soil Conservation Service, NSW 36, 77-82. 
 
Minasny B, Field DJ (2005) Estimating soil hydraulic properties and their uncertainty: the use of 
stochastic simulation in the inverse modelling of the evaporation method. Geoderma 126, 277-
290. 
 



Miyazaki T (2006) Chapter 4: Preferential flow. In 'Water Flow in Soils : Second Edition'. (Ed. T 
Miyazaki) pp. 123- 161. (CRC Press Taylor & Francis: Boca Raton). 
 
Mon J, Flury M (2005) Dyes as hydrological tracers. In 'Encyclopedia of Water'. (Eds JH Lehr, J 
Keeley, J Lehr). (John Wiley: New York ). 
 
Mooney SJ, Nipattasuk W (2003) Quantification of the effects of soil compaction on water flow 
using dye tracers and image analysis. Soil Use and Management 19, 356-363. 
 
Moret D, Arrué JL (2007) Characterizing soil water-conducting macro- and mesoporosity as 
influenced by tillage using tension infiltrometry. Soil Science Society of America Journal 71, 500-
506. 
 
Mori Y, Iwama K, Maruyama T, Mitsuno T (1999a) Discriminating the influence of soil texture and 
management-induced changes in macropore flow using soft X-rays. Soil Science 164, 467-482. 
 
Mori Y, Maruyama T, Mitsuno T (1999b) Soft x-ray radiography of drainage patterns of structured 
soils. Soil Science Society of America Journal 63, 733-740. 
 
Morin J, Goldberg D, Segner I (1967) A rainfall simulator with a rotating disk. Transactions of the 
American Society of Agricultural Engineers 10, 74-77. 
 
Morrell H (1992) Catchment issues in farming duplex soils. Australian Journal of Experimental 
Agriculture 32, 981-985. 
 
Morris C, Mooney SJ (2004) A high-resolution system for the quantification of preferential flow in 
undisturbed soil using observations of tracers. Geoderma 118, 133-143. 
 
Mosley MP Streamflow generation in a forested watershed. Water Resources Research 15, 795-
806. 
 
Mosley MP (1979) Streamflow generation in a forested watershed, New Zealand. Water 
Resources Research 15, 795-806. 
 
Mualem Y (1976) New model for predicting the hydraulic conductivity of unsaturated porous 
media. Water Resources Research 12, 513-522. 
 
Murphy BW, Flewin TC (1993) Rill erosion on a structurally degraded sandy loam surface soil. 
Australian Journal of Soil Research 31, 419-436. 
 
Naidu R, Williamson DR, Fitzpatrick RW, Hollingsworth IO (1993) Effect of landuse on the 
composition of throughflow water immediately above clayey B horizons in the Warren Catchment, 
South Australia. Australian Journal of Experimental Agriculture 33, 239-244. 
 
Nguyen HV, Nieber JL, Ritsema CJ, Dekker LW, Steenhuis TS (1999) Modeling gravity driven 
unstable flow in a water repellent soil. Journal of Hydrology 215, 202-214. 
 
Nieber J (2000) The relation of preferential flow to water quality, and its theoretical and 
experimental quantification. In 'Preferential Flow, Water Movement and Chemical Trasport in the 
Environment, Proceedings of the 2nd International Symposium'. (American Society of Agricultural 
Engineers: Honolulu, Hawaii). 
 
Nieber JL (1996) Modeling finger development and persistence in initially dry porous media. 
Geoderma 70, 207-229. 



 

Page 453 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

 
Nimmo JR (2010) Theory for source-responsive and free-surface film modeling of unsaturated 
flow. Vadose Zone Journal 9, 295-306. 
 
Nordahl K, Ringrose PS (2008) Identifying the representative elementary volume for permeability 
in heterolithic deposits using numerical rock models. Mathematical Geosciences 40, 753-771. 
 
Northcote KH (1979) 'A Factual Key for the Recognition of Australian Soils.' (Rellim Technical 
Publications: Glenside, South Australia). 
 
Northcote KH, Skene JKM (1972) Australian soils with saline and sodic properties. CSIRO Divison of 
Soils, Soil Publication No. 27. 
 
Norton LD (1994) Micromorphology of silica cementation in soils. Soil micromorphology, 811-824. 
 
Novak V, Simunek J, Van Genuchten MT (2000) Infiltration of water into soil with cracks. Journal 
of Irrigation and Drainage Engineering 126, 41-47. 
 
Novak V, Simunek J, Van Genuchten MT (2002) Infiltration into a swelling cracked clay soil. Journal 
Hydrology and Hydromechanics 50, 3-19. 
 
Oostindie K, Bronswijk JJB (1995) Consequences of preferential flow in cracking clay soils for 
contamination-risk of shallow aquifers. Journal of Environmental Management 43, 359-373. 
 
Osok R, Doyle R (2004) Soil development on dolerite and its implications for landscape history in 
southeastern Tasmania. Geoderma 121, 169-186. 
 
Pakrou N, Dillon P (1995) Preferential flow, nitrogen transformations and 15N balance under 
urine-affected areas of irrigated and non-irrigated clover-based pastures. Journal of Contaminant 
Hydrology 20, 329-347. 
 
Paltineanu IC, Starr JL (1997) Real-time soil water dynamics using multisensor capacitance probes: 
Laboratory calibration. Soil Science Society of America Journal 61, 1576-1585. 
 
Pankhurst CE, Pierret A, Hawke BG, Kirby JM (2002) Microbiological and chemical properties of 
soil associated with macropores at different depths in a red-duplex soil in NSW Australia. Plant 
and Soil 238, 11-20. 
 
Patil NG, Rajput GS (2009) Evaluation of water retention functions and computer program 
"Rosetta" in predicting soil water characteristics of seasonally impounded shrink-swell soils. 
Journal of Irrigation and Drainage Engineering 135, 286-294. 
 
Persson M (2005) Accurate dye tracer concentration estimations using image analysis. Soil Science 
Society of America Journal 69, 967-975. 
 
Philip JR (1987) The quasilinear analysis, the scattering analog, and other aspects of infiltration 
and seepage. In 'International Conference on Infiltration Development and Application'. (Ed. Y 
Fok). (USDA: University of Hawaii, Manoa). 
 
Philip JR (1998) Infiltration into crusted soils. Water Resources Research 34, 1919-1927. 
 



Porebska D, Slawinski C, Lamorski K, Walczak RT (2006) Relationship between van Genuchten's 
parameters of the retention curve equation and physical properties of soil solid phase. 
International Agrophysics 20, 153-159. 
 
Pracilio G, Asseng S, Cook SE, Hodgson G, Wong MTF, Adams ML, Hatton TJ (2003) Estimating 
spatially variable deep drainage across a central-eastern wheatbelt catchment, Western Australia. 
Australian Journal of Agricultural Research 54, 789-802. 
 
Probert ME, Verburg K (1995) 'Description of the models, 3.1 APSIM-SoilWat.' (CSIRO Divisional 
Report No 131, CSIRO Division of Soils). 
 
Ragusa SR, de Zoysa DS, Rengasamy P (1994) The effect of microorganisms, salinity and turbidity 
on hydraulic conductivity of irrigation channel soil. Irrigation Science 15, 159-166. 
 
Ramos TB, Goncalves MC, Martins JC, van Genuchten MT, Pires FP (2006) Estimation of soil 
hydraulic properties from numerical inversion of tension disk infiltrometer data. Vadose Zone 
Journal 5, 684-696. 
 
Ranatunga K, Nation ER, Barratt DG (2008) Review of soil water models and their applications in 
Australia. Environmental Modelling and Software 23, 1182-1206. 
 
Rayment GE, Higginson FR (1992) 'Australian Laboratory Handbook of Soil and Water Chemical 
Methods.' (Inkata Press: Melbourne). 
 
Reis G (2007) 'Photoshop CS3 for Forensics Professionals.' (Wiley Publishing: Indianapolis, Indiana). 
 
Reynolds WD (2006) Tension infiltrometer measurements: Implications of pressure head offset 
due to contact sand. Vadose Zone Journal 5, 1287-1292. 
 
Reynolds WD (2008) Chapter 77: Saturated hydraulic properties: Ring infiltrometer. In 'Soil 
Sampling and Methods of Analysis'. (Eds MR Carter, EG Gregorich) pp. 1043-1056. (Canadian 
Society of Soil Science, CRC Press: Boca Raton). 
 
Reynolds WD, Elrick DE (1991) Determination of hydraulic conductivity using a tension 
infiltrometer. Soil Science Society of America Journal 55, 633-639. 
 
Reynolds WD, Topp GC (2008) Chapter 69: Soil water desorption and imbibition: Tension and 
pressure techniques. In 'Soil Sampling and Methods of Analysis'. (Eds MR Carter, EG Gregorich) pp. 
981-997. (Canadian Society of Soil Science, CRC Press: Boca Raton). 
 
Richard G, Sillon JF, Marloie O (2001) Comparison of inverse and direct evaporation methods for 
estimating soil hydraulic properties under different tillage practices. Soil Science Society of 
America Journal 65, 215-224. 
 
Ritsema CJ, Dekker LW (1994) How water moves in a water repellent sandy soil. 2. Dynamics of 
fingered flow. Water Resources Research 30, 2519-2531. 
 
Ritsema CJ, Dekker LW (1996) Water repellency and its role in forming preferred flow paths in 
soils. Australian Journal of Soil Research 34, 475-487. 
 
Ritsema CJ, Dekker LW (2000) Preferential flow in water repellent sandy soils: principles and 
modeling implications. Journal of Hydrology 231-232, 308-319. 
 



 

Page 455 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

Ritsema CJ, Dekker LW (2005) Behaviour and management of water repellent soils - Preface. 
Australian Journal of Soil Research 43. 
 
Ritsema CJ, Dekker LW, Hendrickx JMH, Hamminga W (1993) Preferential flow mechanism in a 
water repellent sandy soil. Water Resources Research 29, 2183-2193. 
 
Ritsema CJ, Dekker LW, Nieber JL, Steenhuis TS (1998a) Modeling and field evidence of finger 
formation and finger recurrence in a water repellent sandy soil. Water Resources Research 34, 
555-567. 
 
Ritsema CJ, Nieber JL, Dekker LW, Steenhuis TS (1998b) Stable or unstable wetting fronts in water 
repellent soils - Effect of antecedent soil moisture content. Soil and Tillage Research 47, 111-123. 
 
Ritsema CJ, Oostindie K, Stolte J (1996) Evaluation of vertical and lateral flow through agricultural 
loessial hillslopes using a two-dimensional computer simulation model. Hydrological Processes 10, 
1091-1105. 
 
Ritsema CJ, Van Dam JC, Dekker LW, Oostindie K (2005) A new modelling approach to simulate 
preferential flow and transport in water repellent porous media: Model structure and validation. 
Australian Journal of Soil Research 43, 361-369. 
 
Robertson MJ, Gaydon D, Hall DJM, Hills A, Penny S (2005) Production risks and water use benefits 
of summer crop production on the south coast of Western Australia. Australian Journal of 
Agricultural Research 56, 597-612. 
 
Rodriguez-Alleres M, Benito E, de Blas E (2007) Extent and persistence of water repellency in 
north-western Spanish soils. Hydrological Processes 21, 2291-2299. 
 
Romano N, Santini A (1999) Determining soil hydraulic functions from evaporation experiments 
by a parameter estimation approach: Experimental verifications and numerical studies. Water 
Resources Research 35, 3343-3359. 
 
Roper MM (2004) The isolation and characterisation of bacteria with the potential to degrade 
waxes that cause water repellency in sandy soils. Australian Journal of Soil Research 42, 427-434. 
 
Roper MM (2005) Managing soils to enhance the potential for bioremediation of water repellency. 
Australian Journal of Soil Research 43, 803-810. 
 
Roulier S, Jarvis N (2003) Modeling macropore flow effects on pesticide leaching: Inverse 
parameter estimation using microlysimeters. Journal of Environmental Quality 32, 2341-2353. 
 
Sanghyun K, Heysun L, Nam CW, Joon K (2007) Soil moisture monitoring on a steep hillside. 
Hydrological Processes 21, 2910-2922. 
 
Sarmah AK, Kookana RS, Alston AM (2000) Leaching and degradation of triasulfuron, metsulfuron-
methyl, and chlorsulfuron in alkaline soil profiles under field conditions. Australian Journal of Soil 
Research 38, 617-631. 
 
Scanlon TM, Raffensperger JP, Hornberger GM, Clapp RB (2000) Shallow subsurface storm flow in 
a forested headwater catchment: Observations and modeling using a modified TOPMODEL. Water 
Resources Research 36, 2575-2586. 
 



Schaumann GE, Braun B, Kirchner D, Rotard W, Szewzyk U, Grohmann E (2007) Influence of 
biofilms on the water repellency of urban soil samples. Hydrological Processes 21, 2276-2284. 
 
Schelde K, De Jonge LW, Kjaergaard C, Laegdsmand M, Rubaek GH (2006) Effects of manure 
application and plowing on transport of colloids and phosphorus to tile drains. Vadose Zone 
Journal 5, 445-458. 
 
Schindler U, Muller L (2006) Simplifying the evaporation method for quantifying soil hydraulic 
properties. Journal of Plant Nutrition and Soil Science 169, 623-629. 
 
Schwartz RC, Evett SR (2002) Estimating hydraulic properties of a fine-textured soil using a disc 
infiltrometer. Soil Science Society of America Journal 66, 1409-1423. 
 
Searle PL (1984) The berthelot or indophenol reaction and its use in the analytical chemistry of 
nitrogen: A review. The Analyst 109, 549-568. 
 
Selker J, Parlange JY, Steenhuis T (1992a) Fingered flow in two dimensions. 2. Predicting finger 
moisture profile. Water Resources Research 28, 2523-2528. 
 
Selker JS, Steenhuis TS, Parlange JY (1992b) Wetting front instability in homogeneous sandy soils 
under continuous infiltration. Soil Science Society of America Journal 56, 1346-1350. 
 
Sentek (2003) Access Tube Installation Guide, version 1.0 p. 54. (Sentek Sensor Technologies: 
South Australia). 
 
Sheridan GJ, Lane PNJ, Noske PJ (2007) Quantification of hillslope runoff and erosion processes 
before and after wildfire in a wet Eucalyptus forest. Journal of Hydrology 343, 12-28. 
 
Shipitalo MJ, Edwards WM (1996) Effects of initial water content on macropore/matrix flow and 
transport of surface-applied chemicals. Journal of Environmental Quality 25, 662-670. 
 
Sidle RC, Noguchi S, Tsuboyama Y, Laursen K (2001) A conceptual model of preferential flow 
systems in forested hillslopes: Evidence of self-organization. Hydrological Processes 15, 1675-1692. 
 
Silberstein RP, Hatton TJ, et al. (1999) Modelling drainage and transient water logging in an 
agricultural catchment. In 'Proceedings of the 25th Hydrology and Water Resources Symposium 
and 2nd International Conference on Water Resources and Environment Research, Brisbane, July 
1999. ' pp. 999-1004. (Institute of Engineers, Australia). 
 
Simeoni MA, Galloway PD, O'Neil AJ, Gilkes RJ (2009) A procedure for mapping the depth to the 
texture contrast horizon of duplex soils in south-western Australia using ground penetrating radar, 
GPS and kriging. Australian Journal of Soil Research 47, 613-621. 
 
Simunek J (2008 pers. comm.) Personal Communication. Email response to HYDRUS enquiry. 
 
Simunek J, Angulo-Jaramillo R, Schaap MG, Vandervaere JP, van Genuchten MT (1998a) Using an 
inverse method to estimate the hydraulic properties of crusted soils from tension-disc 
infiltrometer data. Geoderma 86, 61-81. 
 
Simunek J, Jarvis NJ, van Genuchten MT, Gardenas A (2003) Review and comparison of models for 
describing non-equilibrium and preferential flow and transport in the vadose zone. Journal of 
Hydrology 272, 14-35. 
 



 

Page 457 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

Simunek J, Sejna M, van Genuchten MT (1999a) The HYDRUS-2D software package for simulating 
two-dimensional movement of water, heat, and multiple solutes in variably-saturated media. 
version 2.0. U.S. Salinity Laboratory, Agricultural Research Service, U.S. Department of Agriculture, 
Riverside, California. 
 
Simunek J, van Genuchten MT (1997) Estimating unsaturated soil hydraulic properties from 
multiple tension disc infiltrometer data. Soil Science 162, 383-398. 
 
Simunek J, van Genuchten MT (2007) Chapter 22: Contaminant transport in the unsaturated zone: 
Theory and Modelling. In 'The Handbook of Groundwater Engineering. - 2nd edition'. (Ed. JW 
Delleur) pp. 22.21 - 22.38. (CRC Press: Boca Raton). 
 
Simunek J, van Genuchten MT (2008) Modeling nonequilibrium flow and transport processes 
using HYDRUS. Vadose Zone Journal 7, 782-797. 
 
Simunek J, Van Genuchten MT, Gribb MM, Hopmans JW (1998b) Parameter estimation of 
unsaturated soil hydraulic properties from transient flow processes. Soil and Tillage Research 47, 
27-36. 
 
Simunek J, van Genuchten MT, Sejna M (2008) Development and applications of the HYDRUS and 
STANMOD software packages and related codes. Vadose Zone Journal 7, 587-600. 
 
Simunek J, Wang D, Shouse PJ, van Genuchten MT (1998c) Analysis of field tension disc 
infiltrometer data by parameter estimation. International Agrophysics 12, 167-180. 
 
Simunek J, Wendroth O, van Genuchten MT (1998d) Parameter estimation analysis of the 
evaporation method for determining soil hydraulic properties. Soil Science Society of America 
Journal 62, 894-905. 
 
Simunek J, Wendroth O, van Genuchten MT (1999b) Estimating unsaturated soil hydraulic 
properties from laboratory tension disc infiltrometer experiments. Water Resources Research 35, 
2965-2979. 
 
Sklash MG, Stewart MK, Pearce AJ (1986) Stom runoff generation in humid headwater catchments 
-2. A case study of hillslope and low-order stream response. Water Resources Research 22, 1273-
1282. 
 
Smettem KRJ, Chittleborough DJ, Richards BG, Leaney FW (1991) The influence of macropores on 
runoff generation from a hillslope soil with a contrasting textural class. Journal of Hydrology 122, 
235-251. 
 
Smith RE, Hebbert RHB (1983) Mathematical simulation of interdependent surface and subsurface 
hydrologic processes. Water Resources Research 19, 987-1001. 
 
Soil Survey Staff (2006) 'Keys to Soil Taxonomy.' (USDA - Natural Resource Conservation Service, 
Washington). 
 
Stace HCT, Hubble GD, Brewer R, H. NK, Sleeman JR, Mulcahy MJ, Hallsworth EG (1968) 'A 
Handbook of Australian Soils.' (Glenside, S.A.). 
 
Stagnitti F (1999) A model of the effects of nonuniform soil-water distribution on the subsurface 
migration of bacteria: Implications for land disposal of sewage. Mathematical and Computer 
Modelling 29, 41-52. 



 
Stagnitti F, Allinson G, Sherwood J, Graymore M, Allinson M, Turoczy N, Li L, Phillips I (1999) 
Preferential leaching of nitrate, chloride and phosphate in an Australian clay soil. Toxicological 
and Environmental Chemistry 70, 415-425. 
 
Stephens CG (1953) 'A Manual of Australian Soils.' (CSIRO: Melbourne). 
 
Stevens DP, Cox JW, Chittleborough DJ (1999) Pathways of phosphorus, nitrogen, and carbon 
movement over and through texturally differentiated soils, South Australia. Australian Journal of 
Soil Research 37, 679-693. 
 
Stolte J (1994) Comparison of six methods to determine unsaturated soil hydraulic conductivity. 
Soil Science Society of America Journal 58, 1596-1603. 
 
Stolte WJ, George RJ, McFarlane DJ (1999) Modelling subsurface flow conditions in a salinized 
catchment in south-western Australia, with a view to improving management practices. 
Hydrological Processes 13, 2689-2703. 
 
Stone JA (1991) Core sampling technique for bulk density and porosity determination on a clay 
loam soil. Soil and Tillage Research 21, 377-383. 
 
Struthers I, Sivapalan M, Hinz C (2007) Conceptual examination of climate-soil controls upon 
rainfall partitioning in an open-fractured soil: I. Single storm response. Advances in Water 
Resources 30, 505-517. 
 
Tamari S, Bruckler L, Halbertsma J, Chadoeuf J (1993) A simple method for determining soil 
hydraulic properties in the laboratory. Soil Science Society of America Journal 57, 642-651. 
 
Tariq A, Durnford DS (1993) Soil volumetric shrinkage measurements: a simple method. Soil 
Science 155, 325-330. 
 
Taumer K, Stoffregen H, Wessolek G (2006) Seasonal dynamics of preferential flow in a water 
repellent soil. Vadose Zone Journal 5, 405-411. 
 
Tennant D, Scholz G, Dixon J, Purdie B (1992) Physical and chemical characteristics of duplex soils 
and their distribution in the south-west of Western Australia. Australian Journal of Experimental 
Agriculture 32, 827-843. 
 
Thwaites LA, de Rooij GH, Salzman S, Allinson G, Stagnitti F, Carr R, Versace V, Struck S, March T 
(2006) Near-surface distributions of soil water and water repellency under three effluent 
irrigation schemes in a blue gum (Eucalyptus globulus) plantation. Agricultural Water 
Management 86, 212-219. 
 
Ticehurst JL (2004) Hydrological analysis for the integration of tree belt plantations into Australia's 
agricultural systems. PhD Thesis. Australian National University. 
 
Ticehurst JL, Cresswell HP, Jakeman AJ (2003a) Using a physically based model to conduct a 
sensitivity analysis of subsurface lateral flow in south-east Australia. Environmental Modelling and 
Software 18, 729-740. 
 
Ticehurst JL, Cresswell HP, McKenzie NJ, Glover MR (2007) Interpreting soil and topographic 
properties to conceptualise hillslope hydrology. Geoderma 137, 279-292. 
 



 

Page 459 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

Ticehurst JL, Croke BFW, Jakeman AJ (2005) Model design for the hydrology of tree belt 
plantations on hillslopes. Mathematics and Computers in Simulation 69, 188-212. 
 
Ticehurst JL, Croke BFW, Spate JM, Jakeman AJ (2003b) Development of a simple cascading bucket 
model for hillslope hydrology. In 'Modsim 2003: Integrative modeling of biophysical, social, and 
economic systems for resource management solutions'. Townsville, 14-17th July pp. 392 - 397. 
(Modelling and Simulation Society of Australia and New Zealand). 
 
Tisdall JM, Oades JM (1980) The effect of crop rotation on aggregation in a red-brown earth. 
Australian Journal of Soil Research 18, 423-433. 
 
Tokunaga TK, Wan J (1997) Water film flow along fracture surfaces of porous rock. Water 
Resources Research 33, 1287-1295. 
 
Tromp-Van Meerveld HJ, McDonnell JJ (2006a) Threshold relations in subsurface stormflow: 1. A 
147-storm analysis of the Panola hillslope. Water Resources Research 42. 
 
Tromp-Van Meerveld HJ, McDonnell JJ (2006b) Threshold relations in subsurface stormflow: 2. 
The fill and spill hypothesis. Water Resources Research 42, W02411. 
 
Tsuboyama Y, Sidle RC, Noguchi S, Hosoda I (1994) Flow and solute transport through the soil 
matrix and macropores of a hillslope segment. Water Resources Research 30, 879-890. 
 
Tuller M, Or D (2003) Hydraulic functions for swelling soils: pore scale considerations. Journal of 
Hydrology 272, 50-71. 
 
Turner JV, Macpherson DK, Stokes RA (1987) The mechanisms of catchment flow processes using 
natural variations in deuterium and oxygen-18. Journal of Hydrology 94, 143-162. 
 
Uchida T, Asano Y, Mizuyama T, McDonnell JJ (2004) Role of upslope soil pore pressure on lateral 
subsurface storm flow dynamics. Water Resources Research 40, 1-13. 
 
van Dam JC, De Rooij GH, Heinen M, Stagnitti F (2004) Concepts and dimensionality in modeling 
unsaturated water flow and solute transport. In 'Unsaturated-zone modeling; progress, challenges 
and applications'. (Eds RA Feddes, GH De Rooij, JC Van Dam) pp. 1 - 36. (Kluwer Academic Press 
Wageningen UR Frontis Series 6). 
 
van Dam JC, Groenendijk P, Hendriks RFA, Kroes JG (2008) Advances of modeling water flow in 
variably saturated soils with SWAP. Vadose Zone Journal 7, 640-653. 
 
van Dam JC, Huygen J, Wesseling JG, Feddes RA, Kabat P, van Walsum PEV, Groenendijk P, van 
Diepen CA (1997) 'Theory of SWAP version 2.0; Simulation of water flow, solute transport and 
plant growth in the Soil-Water-Atmosphere-Plant environment.' (Wageningen Institute for 
Environment and Climate Research DLO Winand Staring Centre, Wageningen). 
 
van den Berg JA (1989) Water retention and water movement in a loess soil subject to volume 
change. In 'Variability of Parameters for Modelling Soil Moisture Conditions'. (Ed. JA van den Berg). 
 
van Genuchten MT (1980) Closed-form equation for predicting the hydraulic conductivity of 
unsaturated soils. Soil Science Society of America Journal 44, 892-898. 
 
van Genuchten MT, Lesch SM, Yates SR (1991) 'The RETC code for quantifying the hydraulic 
functions of unsaturated soils. Version 1.0.' (U.S. Salinity Laboratory, USDA, Riverside). 



 
Vandervaere JP, Vauclin M, Elrick DE (2000) Transient flow from tension infiltrometers: I. The two-
parameter equation. Soil Science Society of America Journal 64, 1263-1272. 
 
Vazquez G, Alvarez E, Navaza JM (1995) Surface tension of alcohol + water from 20 to 50°C. 
Journal of Chemical and Engineering Data 40, 611-614. 
 
Verburg K, Ross PJ, Bristow KL (1996) SWIMv2.1 User Manual. Divisional Report - CSIRO Australia, 
Division of Soils 130. 
 
Vinther FP, Hansen EM, Eriksen J (2006) Leaching of soil organic carbon and nitrogen in sandy soils 
after cultivating grass-clover swards. Biology and Fertility of Soils 43, 12-19. 
 
Walkley A, Black TA (1934) An examination of the Degtjareff method for determining soil organic 
matter and a proposed modification of the chromic acid titration method. Soil Science 37, 29-38. 
 
Wallach R, Ben-Arie O, Graber ER (2005) Soil water repellency induced by long-term irrigation 
with treated sewage effluent. Journal of Environmental Quality 34, 1910-1920. 
 
Wallach R, Graber ER (2007) Infiltration into effluent irrigation-induced repellent soils and the 
dependence of repellency on ambient relative humidity. Hydrological Processes 21, 2346-2355. 
 
Waller PM, Wallender WW (1991) Infiltration in surface irrigated swelling soils. Irrigation and 
Drainage Systems 5, 249-266. 
 
Wang Z, Feyen J, Elrick DE (1998a) Prediction of fingering in porous media. Water Resources 
Research 34, 2183-2190. 
 
Wang Z, Feyen J, Nielsen DR, Van Genuchten MT (1997) Two-phase flow infiltration equations 
accounting for air entrapment effects. Water Resources Research 33, 2759-2767. 
 
Wang Z, Feyen J, Ritsema CJ (1998b) Susceptibility and predictability of conditions for preferential 
flow. Water Resources Research 34, 2169-2182. 
 
Wang Z, Feyen J, van Genuchten MT, Nielsen DR (1998c) Air entrapment effects on infiltration 
rate and flow instability. Water Resources Research 34, 213-222. 
 
Wang Z, Jury WA, Tuli A, Kim D-J (2004) Unstable flow during redistribution: Controlling factors 
and practical implications. Vadose Zone Journal 3, 549-559. 
 
Wang Z, Tuli A, Jury WA (2003) Unstable flow during redistribution in homogeneous soil. Vadose 
Zone Journal 2, 52-60. 
 
Wang Z, Wu L, Wu QJ (2000a) Water-entry value as an alternative indicator of soil water-
repellency and wettability. Journal of Hydrology 231-232, 76-83. 
 
Wang Z, Wu QJ, Wu L, Ritsema CJ, Dekker LW, Feyen J (2000b) Effects of soil water repellency on 
infiltration rate and flow instability. Journal of Hydrology 231-232, 265-276. 
 
Ward PR, Dunin FX, Micin SF, Williamson DR (1998) Evaluating drainage responses in duplex soils 
in a Mediterranean environment. Australian Journal of Soil Research 36, 509-523. 
 
Watson CL, Letey J (1970) Indices for characterising soil-water repellency based upon contact-
surface tension relationships. Soil Science Society of America Journal 34, 841-844. 



 

Page 461 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

 
Watson KW, Luxmoore RJ (1986) Estimating macroporosity in a forest watershed by use of a 
tension infiltrometer. Soil Science Society of America Journal 50, 578-582. 
 
Weiler M, Fluhler H (2004) Inferring flow types from dye patterns in macroporous soils. Geoderma 
120, 137-153. 
 
Weiler M, McDonnell J (2004) Virtual experiments: A new approach for improving process 
conceptualization in hillslope hydrology. Journal of Hydrology 285, 3-18. 
 
Weiler M, McDonnell J, Tromp-Van Meerveld HJ, Uchida T (2005) 'Subsurface flow, Encyclopedia 
of Hydrological Sciences.' (Wiley and Sons.). 
 
Weiler M, McDonnell JJ (2007) Conceptualizing lateral preferential flow and flow networks and 
simulating the effects on gauged and ungauged hillslopes. Water Resources Research 43, W03403. 
 
Weiler M, Naef F (2003) An experimental tracer study of the role of macropores in infiltration in 
grassland soils. Hydrological Processes 17, 477-493. 
 
Wendroth O, Ehlers W, Hopmans JW, Kage H, Halbertsma J, Wosten JHM (1993) Reevaluation of 
the evaporation method for determining hydraulic functions in unsaturated soils. Soil Science 
Society of America Journal 57, 1436-1443. 
 
Wendroth O, Wypler N (2008) Chapter 81: Unsaturated hydraulic properties: Laboratory 
evaporation. In 'Soil Sampling and Methods of Analysis'. (Eds MR Carter, EG Gregorich) pp. 1089-
1127. (Canadian Society of Soil Science, CRC Press: Boca Raton). 
 
Wessolek G, Plagge R, Leij FJ, Van Genuchten MT (1994) Analysing problems in describing field 
and laboratory measured soil hydraulic properties. Geoderma 64, 93-110. 
 
Wessolek G, Schwarzel K, Greiffenhagen A, Stoffregen H (2008) Percolation characteristics of a 
water-repellent sandy forest soil. European Journal of Soil Science 59, 14-23. 
 
Weyman DR (1973) Measurements of the downslope flow of water in soil. Journal of Hydrology 20, 
267-288. 
 
Whipkey RZ, Kirkby MJ (1978) Flow within soils. In 'Hillslope Hydrology'. (Ed. M. J. Kirkby) pp. 121-
144. (John Wiley: New York). 
 
White I, Sully MJ (1987) Macroscopic and microscopic capillary length and time scales from field 
infiltration. Water Resources Research 23, 1514-1522. 
 
White I, Sully MJ, K.M. P (1992) Measurement of surface-soil hydraulic properties: disk 
permeameters, tension infiltrometers and other techniques. In 'Advances in measurement of soil 
physical properties: Bringing theory into practice'. (Soil Science Society America Special 
Publication, No 30: Madison). 
 
White RE, Helyar KR, et al. (2000) Soil factors affecting the sustainability and productivity of 
perennial and annual pastures in the high rainfall zone of south-eastern Australia. Australian 
Journal of Experimental Agriculture 40, 267-283. 
 
White RE, Heng LK, Magesan GN (1998) Nitrate leaching from a drained, sheep-grazed pasture. II. 
Modelling nitrate leaching losses. Australian Journal of Soil Research 36, 963-978. 



 
White RE, Kookana RS (1998) Measuring nutrient and pesticide movement in soils: Benefits for 
catchment management. Australian Journal of Experimental Agriculture 38, 725-743. 
 
Williams J (1983) Physical properties and water relations: soil hydrology. In 'Soils: an Australian 
Viewpoint' pp. 507-530. (CSIRO: Melbourne). 
 
Wilson GV, Jardine PM, Gwo J (1992) Measurement and modeling the hydraulic properties of a 
multiregion soil. Soil Science Society of America Journal 56, 1731-1737. 
 
Wind GP (1968) Capillary conductivity data estimated by a simple method. In 'Water in the 
unsaturated zone. Vol. 1. Proceedings Wageningen Symposium'. (Eds PE Rijtema, H Wassink) pp. 
181-191. (International Association Scientific Hydrology Gentbrugge, Belgium). 
 
Yao TM, Hendrickx JMH (1996) Stability of wetting fronts in dry homogeneous soils under low 
infiltration rates. Soil Science Society of America Journal 60, 20-28. 
 
Yoder RE, Freeland RS, Ammons JT, Leonard LL (2001) Mapping agricultural fields with GPR and 
EMI to identify offsite movement of agrochemicals. Journal of Applied Geophysics 47, 251-259. 
 
 
  



 

Page 463 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

12.0 Appendixes 

 

Appendix 3.0  Sampling depths for site characterisation 

 

Table A3.0 Sample depths (cm) for calibration of EMI survey. 

Series U1 U2 U3 
Sites U1-1 to U11 U2-1to U2-6 U3-1 to U3-4 

Depths (cm)    
0-10    

10-20    
20-30    
30-40    
40-50    
50-60    
60-70    
70-80    
80-90    

90-100    
 

Appendix 3.1  Depth weighting for EMI calibration 

 

Table A3.1 Depth weighting factors for calibration of apparent conductivity (ECa) to electrical 
conductivity (EC1:5). 

 
Depth (cm) 

Depth Response Depth Weighting Factors 

 ECa - V ECa - H ECa - V ECa - H 

Series I 

10-20 0.55 1.4 0.24 0.48 

30-40 0.7 0.7 0.30 0.24 

50-60 0.6 0.5 0.25 0.17 

60-70 0.5 0.3 0.21 0.11 

Series II & III 

0-10 0.2 1.7 0.04 0.22 

10-20 0.6 1.3 0.11 0.17 

20-30 0.7 1.0 0.13 0.13 

30-40 0.75 0.8 0.14 0.11 

40-50 0.7 0.7 0.13 0.09 

50-60 0.7 0.6 0.13 0.08 

60-70 0.6 0.5 0.11 0.07 

70-80 0.5 0.4 0.09 0.05 

80-90 0.4 0.3 0.07 0.04 

90-100 0.4 0.3 0.07 0.04 

ECa-V - Apparent conductivity vertical orientation, ECa-H - Apparent conductivity horizontal 

orientation. 

  



Appendix 3.2  Electromagnetic Induction mapping (EMI38) 

Y = 0.0091 (ECa-V) - 0.0577 

 R2 =0.589  

   

(a) Vertical Dipole (ECa-V)

20 25 30 35 40 45 50 55 60

E
le

c
tr

ic
a
l 
C

o
n
d

u
c
ti
v
it
y
 (

E
C

1
:5

 d
S

/m
)

0.0

0.2

0.4

0.6

0.8

1.0

Y = 0.0122 (ECa-H) - 0.0359

 R2 =0.668

   

 (b) Horizontal Dipole (ECa-V)
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Figure A3.2.1 Linear regression between electrical conductivity (EC1:5) and apparent conductivity 

(a) Vertical dipole ECa-V, (b) Horizontal dipole ECa-H. 

 

 

 

Figure A3.2.2. Apparent Electrical Conductivity – Horizontal Dipole (ECa-H). 
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Figure A3.2.3 Electrical Conductivity – Horizontal Dipole (EC1:5 - H). 

 

 

 

Figure A3.2.4 Elevation & Electrical Conductivity – Horizontal Dipole (EC1:5 - H). 
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Figure A3.3 Liquid limit. Error bars represent 1 SD. 
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Appendix 3.4  Chemical soil properties 

Table A3.4 Chemical soil properties. 
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A 0-10 A 6 2 17 49 4.2 1.83 0.09 5.7 6.5 1.21 0.04 0.58 0.08 0.15 153 28 0 0 0 4.34 1.91 1.91 4.34 1.91 1.00 2.11 

A 12-14 A2 3 1 13 39 4.2 0.67 0.10 4.7 5.7 0.85 0.08 0.57 0.04 0.06 55 77 0.11 0.01 0.12 2.15 1.65 1.54 2.31 1.77 0.87 1.51 

A 10-20 B21 3 1 6 69 3.6 0.81 0.18 5.4 6.3 1.39 0.07 2.06 0.25 0.09 51 152 0.14 0.05 0.19 6.16 3.92 3.78 6.46 4.11 0.92 0.68 

A 20-30 B21 1 2 3 69 7.6 0.87 0.27 5.5 6.5 1.94 0.07 3.61 0.66 0.08 34 277 0 0 0 10.54 6.28 6.28 10.54 6.28 1.00 0.54 

A 30-40 B22 1 2 3 77 27.9 0.58 0.42 6.2 7 1.73 0.07 3.95 0.84 0.06 26 528 0 0 0 12.69 6.59 6.59 12.69 6.59 1.00 0.44 

A 40-50 B22 1 2 2 80 51.1 0.36 0.52 6.6 7.5 1.80 0.08 4.48 1.06 0.04 20 809 0 0 0 14.25 7.41 7.41 14.25 7.41 1.00 0.40 

A 60-70 B22/B23 1 2 1 97 68.8 0.21 0.67 6.9 7.8 1.60 0.12 3.61 1.28 0.02 12 1023 0 0 0 19.36 6.62 6.62 19.36 6.62 1.00 0.44 

A 90-100 B23 1 3 3 127 80.9 0.17 0.93 7 7.9 1.05 0.09 2.46 0.89 0.02 8 1283 0 0 0 19.79 4.49 4.49 19.79 4.49 1.00 0.43 

A 120-130 D 1 2 5 168 60.4 0.16 0.94 7 7.9 3.47 0.37 10.2
4 

4.89 0.02 13 1085 0 0 0 25.76 18.9 18.96 25.76 18.9
6 

1.00 0.34 

B 0-10 A 6 2 22 87 4 2.39 0.09 4.5 5.4 1.53 0.11 0.92 0.05 0.19 137 37 0.11 0.05 0.16 1.80 2.73 2.62 1.91 2.89 0.91 1.67 

B 10-20 A1/A2 1 1 19 58 3.3 1.23 0.06 4.3 5.3 1.15 0.10 0.80 0.06 0.11 135 20 0.31 0.13 0.44 1.92 2.42 2.11 2.27 2.86 0.74 1.44 

B 15-17 A2 4 1 27 55 2.3 0.58 0.04 4.8 5.9 0.77 0.07 0.32 0.02 0.06 82 28 0.08 0.01 0.09 1.70 1.26 1.18 1.82 1.35 0.87 2.41 

B 20-30 B21 1 1 4 146 4.9 0.69 0.08 4 5.2 1.90 0.21 3.93 0.40 0.06 36 47 1.81 0.27 2.08 3.90 8.24 6.43 4.89 10.3
2 

0.62 0.48 

B 30-40 B21 1 1 3 119 5.7 0.59 0.10 4.1 5.3 1.59 0.20 4.71 0.60 0.05 17 64 1.98 0.27 2.25 5.29 9.08 7.10 6.60 11.3
3 

0.63 0.34 

B 40-50 B21/B22 1 2 3 98 8.5 0.42 0.09 4.1 5.3 1.23 0.17 4.72 0.59 0.04 14 75 1.66 0.21 1.87 5.75 8.37 6.71 7.03 10.2
4 

0.66 0.26 

B 60-70 B22 1 2 4 86 16.2 0.34 0.13 4.3 5.5 0.93 0.14 4.39 0.61 0.04 19 103 0.9 0.14 1.04 7.63 6.98 6.08 8.77 8.02 0.76 0.21 

B 70-80 B22 1 2 4 99 27.3 0.28 0.17 4.5 5.6 0.99 0.14 3.79 0.57 0.03 20 137 0.37 0.07 0.44 8.99 5.86 5.49 9.66 6.30 0.87 0.26 

B 110-120 B23 1 2 7 130 29 0.21 0.26 6.1 7.1 0.51 0.08 1.01 0.19 0.02 15 240 0 0 0 10.80 1.79 1.79 10.80 1.79 1.00 0.51 

C 0-10 A 11 2 37 117 6 1.29 0.18 4.5 5.4 1.44 0.14 0.88 0.14 0.13 179 82 0.13 0.09 0.22 4.85 2.73 2.60 5.24 2.95 0.88 1.63 

C 10-20 Ap/A2 3 2 17 113 5 1.17 0.08 4.5 5.4 1.45 0.15 2.27 0.26 0.1 83 23 0.64 0.17 0.81 4.58 4.78 4.14 5.36 5.59 0.74 0.64 

C 16-18 A2 3 1 21 57 3.4 0.86 0.05 4.8 5.9 0.83 0.08 0.69 0.04 0.07 122 23 0.14 0.03 0.17 2.10 1.78 1.64 2.31 1.95 0.84 1.22 

C 20-30 B21 1 1 6 109 5.4 0.74 0.08 4.4 5.4 1.47 0.17 3.63 0.53 0.06 32 47 1.37 0.2 1.57 6.11 7.17 5.80 7.45 8.74 0.66 0.41 

C 30-40 B21 1 1 5 105 9.9 0.56 0.12 4.3 5.4 1.37 0.17 4.32 0.71 0.05 30 82 1.51 0.22 1.73 7.20 8.08 6.57 8.74 9.81 0.67 0.32 

C 40-50 B22 1 1 5 75 21 0.46 0.18 4.3 5.3 1.43 0.17 4.64 0.76 0.04 23 132 1.21 0.18 1.39 7.89 8.21 7.00 9.22 9.60 0.73 0.31 

C 60-70 B23 1 3 3 77 38.3 0.34 0.19 4.3 5.2 1.07 0.14 4.65 0.82 0.03 13 191 0.93 0.16 1.09 9.43 7.61 6.68 10.78 8.70 0.77 0.23 

C 70-80 B23 1 3 3 77 64.2 0.24 0.40 4.4 5.4 0.75 0.12 2.93 0.74 0.03 2 528 0.26 0.08 0.34 14.33 4.80 4.54 15.34 5.14 0.88 0.26 

C 120-130 2B24 1 2 5 113 65.9 0.2 0.60 5.5 6.5 1.03 0.15 5.12 1.76 0.02 7 819 0 0 0 21.85 8.07 8.07 21.85 8.07 1.00 0.20 

D 0-10 A 17 2 89 97 7.4 2.25 0.15 6.2 6.8 5.40 0.12 1.50 0.06 0.19 313 69 0 0 0 0.83 7.08 7.08 0.83 7.08 1.00 3.59 

D 10-20 A1/A2 17 2 13 55 9.9 1.24 0.18 4.4 5.4 2.64 0.12 4.57 0.32 0.1 99 105 0.54 0.1 0.64 3.58 8.19 7.65 3.86 8.83 0.87 0.58 

D 20-30 B21 9 2 3 62 13.3 0.85 0.21 4.2 5.2 2.30 0.14 6.58 0.61 0.08 31 184 1.67 0.21 1.88 4.65 11.3 9.63 5.42 13.1 0.73 0.35 

D 30-40 B21/B22 7 2 3 62 24.3 0.63 0.26 4.2 5.3 1.71 0.14 6.92 0.71 0.06 21 219 1.74 0.22 1.96 5.39 11.2 9.48 6.34 13.1 0.72 0.25 

D 40-50 B22 7 2 3 57 30.3 0.53 0.28 4.2 5.2 1.45 0.14 7.28 0.80 0.05 19 256 1.48 0.2 1.68 6.25 11.1 9.68 7.19 12.8 0.75 0.20 

D 60-70 B22 3 2 2 69 66.7 0.32 0.40 4.5 5.4 1.01 0.14 7.34 0.94 0.03 6 404 0.55 0.11 0.66 8.85 9.98 9.43 9.44 10.6 0.89 0.14 

D 70-80 B22 1 2 2 96 90.3 0.24 0.50 5.6 6.4 0.95 0.13 6.84 0.86 0.02 12 490 0 0 0 9.82 8.78 8.78 9.82 8.78 1.00 0.14 

D 100-110 B23 1 2 3 118 76.9 0.19 0.44 6.6 7.3 0.97 0.14 5.79 0.87 0.02 13 572 0 0 0 11.19 7.77 7.77 11.19 7.77 1.00 0.17 

D 120-130 C 1 2 5 124 75 0.38 0.50 6.7 7.4 1.07 0.15 5.50 0.81 0.04 20 529 0 0 0 10.77 7.54 7.54 10.77 7.54 1.00 0.20 



Appendix 4.0  Calibration of the rainfall simulator 

 

Trials of a portable rotating disk rainfall simulator were conducted at two apertures, three water 

pressures, and a series of rotation speeds. Application uniformity was determined by placing 36 

collection vials on a 1 x 1 meter grid. Total application rate was measured as the rainfall captured 

in a 1 x 1 meter pan over the 20 minute operation, including rainfall from the vials.  

The amount of rain in each vial was measured after 20 minutes uninterrupted rainfall. Rainfall 

uniformity was calculated by; 

Rainfall Uniformity (%) = 1 – (standard deviation / mean rainfall) x 100 

 

Table A4.0 Rainfall simulator calibration. 

 

 

 

Figure A4.0 Plots of rainfall uniformity for 
each of the dye applications.  

 

Results from the calibration trials 

demonstrate that at 10 degree aperture, 75 

kPa water pressure and rotation speed 

between 19 and 25 revolutions per minute, 

that rainfall uniformity ranged between 81 

to 89 %.   

Aperture 20 degree 10 degree 

Run Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Mean Calibration 
Application (mm) 

11.57 12.48 13.56 13.65 11.69 12.71 15.43 10.47 8.52 8.52 8.52 8.35 7.98 7.74 

Calibration Standard 
Deviation (mm) 

3.55 2.63 2.50 1.89 2.51 1.73 2.95 4.21 1.09 1.90 0.86 0.92 1.53 0.86 

Number of 
Measurements (n) 

31 34 34 34 33 33 33 34 34 34 34 34 35 35 

Water Pressure (KPa) 25 50 75 100 50 75 100 25 100 100 75 75 75 75 

Rotation Speed  (rpm) 46 46 46 22 22 22 100 100 25 100 25.5 22 19 24 

Application Rate 1x1m
2
  

(mm/hr) 
29.12 32.84 33.72 39.64  33.44 39.16 28.96 17.96 20.22 16.29 16.32 15.4 16.9 

Application Uniformity (%) 69.3 79.0 82.0 86.2 78.6 86.4 80.9 59.8 87.2 77.7 89.9 89.0 80.9 89.0 
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Appendix 4.1 Initial correction for keystone distortion 

 

Initial keystone correction factors for vertical soil images were determined by placing a 1x1 meter 

calibration board, at the same distance from the camera as the 0 cm soil slice and the 50 cm soil 

slice.  Position and orientation of the calibration board was checked with a sprit level for both 

vertical and horizontal orientations. Images were taken at 22 mm and 18 mm focal lengths.  

 

The calibration process for keystone distortion is presented for the 50 cm slice at 22 mm focal 

length.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A4.1 Correction for keystone distortion (a) original image (b) radial distortion corrected (c) 

Corrected for keystone distortion (+ 50), (d) final cropped image. 

 

 

 

(b). 

 

(a). 

 

(d). 

 

(c). 

 



 

 

Table A4.1 Keystone correction based on focal length and position of the soil face. 

Calibration 
Image No. 

Position Focal length 
(mm) 

Keystone Correction 
Factor 

2153 50cm slice 22 50 
2154 50cm slice 18 60 
2157 0cm slice 22 69 
2158 0cm slice 18 85 

Position is described as corresponding to distance from outer edge of calibrated area, 

corresponding to excavation depths. 

 

The keystone correction factor was used as a starting point for correcting other images. Images 

were manually corrected using parallel grid and set squares positioned on the soil face with spirit 

level. Image correction was checked by measuring the number of pixels over a 50 cm length in 

both the horizontal and vertical orientation along the two set squares in the upper right and lower 

left corners of the excavated soil face.  
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Appendix 4.2 Effective and maximum rooting depth 

Effective rooting depth was determined by visual observation of root presence during excavation 

of dye stained soil profiles, and diurnal changes (stepping) in soil moisture recorded by the 

EnviroSCAN soil moisture probe. Excavation during pedological investigations (Chapter 3.3.2) and 

dye tracer experiments (Chapter 4.3) revealed very few roots (native pasture) below 30 cm depth 

at all sites. The limited number of roots which did penetrate into the subsoil were largely confined 

to shrinkage cracks, sand infills or between ped faces, and did not penetrate more than a few 

centimetres into the soil columns. 

Based on diurnal fluctuations in soil moisture, the effective rooting depth was estimated to be 30 

cm, and the maximum rooting depth 50 cm. Soil moisture monitoring at site B, under the rainout 

shelter demonstrated strong diurnal changes in soil moisture (stepping) in response to 

evapotranspiration at 10 cm, 20 cm (not presented) and 30 cm depth (Figure 4.2). At 70 cm depth 

diurnal changes in soil moisture were slight (approximately 0.04 %vol.). The timing of these small 

soil water fluxes indicated they resulted from soil water redistribution rather than being directly 

related to root extraction, while at 50 cm depth the possibility existed that roots were directly 

drawing water from the soil. 
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Figure A4.2 Diurnal soil moisture flux at Site B between 6/3/08 and 11/3/08 (a) 10 cm depth, (b) 

30 cm depth, (c) 50 cm depth, (d) 70 cm depth.  



Appendix 4.3 Dye tracer application via ponding in large rings  

Two rates of dye tracer, 25 mm and 50 mm, were ponded within a 57.5 cm diameter ring which 

had been hammered 4 - 6 cm into the soil. 10 g L-1 Brilliant Blue dye tracer solution was applied to 

soil at ‘dry’ and ‘wet’ antecedent soil moisture conditions. The dry treatment was established 

following prolonged period without rainfall (rainout shelter not used), while the wet treatment 

was established via irrigation with sprinklers 3 -5 times a week for six weeks. 

Dye application was conducted following 17.1 mm rainfall in the 24 hours prior to infiltration, 

which resulted in higher than desired soil moisture content between 0 – 3 cm depth.. The dye 

stained soil was excavated horizontally 2 - 3 days after application, using a 2.5 t excavator, garden 

leaf blower and by hand. Note that in the dry treatment excavation below 20 cm depth was not 

possible due to excessive soil strength (even with the 2.5 t excavator!). Images of dye stained soil 

were captured using Cannon 400D EOS digital camera in ambient light atop a 3.6 meter ladder to 

reduce image distortion. Images were corrected for radial and keystone distortion and dye 

stained soil converted to a binary image. The area of dye staining outside the ponded ring was 

determined by projecting the original surface of the ponded ring onto the equally scaled subsoil 

images. The portion of dye stained soil beneath the ponded ring was compared to outside the 

projected ring area to determine the extent of lateral flow. 

Soil moisture prior to dye application is presented in Table 10.1-1.  

 

Table 10.1-1 Gravimetric soil moisture prior to ponding of dye tracer in 57.5 cm diameter rings. 

Depth Site A Site C 

(cm) Dry Wet Dry Wet 

0-3   25.35 37.30 

0-10 1.54 27.02 8.74 32.12 

10-20. 3.57 27.32 4.30 25.68 

20-30 9.75 15.57 3.22 29.25 

30-40 13.88 18.33 4.79 28.85 

40-50 15.20 21.29 17.24 25.84 

50-60 17.16 24.61 15.44 23.40 

 

Breakdown in the wetting front occurred between 2 - 7 cm depth in the dry treatments, and 4 - 8 

cm depth in the wet treatments. Dye accumulation at the A/B boundary was minimal, however 

lateral dye movement away from the original application area was considerable, especially in the 

wet treatments below 15 cm depth, in which 60 % to 90 % of dye staining occurred outside the 

original application area (Figure A10.1-1). Lateral flow of the dye tracer at site C was however 

minimal compared to the extent of lateral dye tracer movement observed in a trial application of 

50 mm dye tracer at site A (Figure 4.3-48). 
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Figure A10.1-1 Site C, ponded infiltration, (a) dye stained area (b) proportion of dye stained soil 

outside the area of the infiltration ring. 

  



 

 

Depth 0 cm, SA =  5636 cm2  Depth 1-2 cm, SA = 7510 cm2 Depth 3-4 cm, SA = 3716 cm2 

SO = 3625 cm2   SO = 5655 cm2   SO = 1404 cm2 

 

Depth 6cm, SA =  1528 cm2  Depth 10 cm, SA = 606 cm2 Depth 15 cm, SA = 583 cm2 

SO = 662 cm2   SO = 207 cm2   SO = 290 cm2 

Depth 18-20 cm, SA =  1410 cm2 Depth 18-22 cm, SA = 1558 cm2 Depth 18-25 cm, SA = 518 cm2 

SO = 764 cm2   SO = 644 cm2   SO = 215 cm2 

 

Figure A4.3.1 Site C, 25 mm dye tracer application, dry treatment. Horizontal excavation 

demonstrating pattern of dye staining with depth. D – depth below surface, SA – total dye stained 

area, SO – dye stained area outside the application area of the ponded ring.   
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Depth 0 cm, SA = 3493 cm2  Depth 1-2 cm, SA = 4378 cm2 Depth 2-3 cm, SA = 3265 cm2 

SO = 1616 cm2   SO = 2414 cm2   SO = 1508 cm2 

 

 

Depth 6-7 cm, SA = 1011 cm2  Depth 10-12 cm, SA = 583 cm2 Depth 15-17 cm, SA = 1849 cm2 

SO = 363 cm2   SO = 136 cm2   SO = 140 cm2 

 

 

 

 

 

 

Depth 18-22 cm, SA = 2107 cm2   Depth 18-25 cm, SA = 1806 cm2  

SO = 693 cm2    SO = 536 cm2    

 

Figure A4.3.2 Site C, 50 mm dye tracer application, dry treatment. Horizontal excavation 

demonstrating pattern of dye staining with depth. D – depth below surface, SA – total dye, SO – 

dye stained area outside the application area of the ponded ring. 

 



 

 

 

 

 

 

 

 

 

 

 

  

 

 

Figure A4.3.3 Site C, 25 mm dye tracer application, wet treatment. Horizontal excavation, SA – 

total dye stained area, SO – dye stained area outside the application area of the ponded ring. 

 

  

Depth 0 cm, SA =  2216 cm2  Depth 1-2 cm, SA = 3665 cm2 Depth 4-5 cm, SA = 3214 cm2 
SO = 335 cm2   SO = 1228 cm2   SO = 1324 cm2 

Depth 9-10 cm, SA = 1504 cm2  Depth 14 cm, SA = 341 cm2 Depth 18 cm, SA = 29 cm2 
SO = 742 cm2   SO = 249 cm2   SO = 25 cm2 
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Depth 0 cm, SA = 3562cm2, SO = 1719 cm2 Depth 1 cm, SA = 14840 cm2, SO = 12402 cm2 

 

 

 

 

 

Depth 2-3  cm, SA = 7385 cm2, SO = 4850 cm2 Depth 8 cm, SA = 3219 cm2, SO = 1554 cm2 

 

 

 

 

 

Depth 14 cm, SA = 1182cm2, SO = 230 cm2 Depth 16 cm, SA = 1823 cm2, SO = 1141 cm2 

 

 

 

 

 

Depth 25-30 cm, SA = 79 cm2, SO = 79 cm2   

 

Figure A4.3.4 Site C, 50 mm dye tracer application, wet treatment. Horizontal excavation 

demonstrating pattern of dye staining with depth. D – depth below surface, SA – total dye stained 

area, SO – dye stained area outside the application area of the ponded ring.  



Appendix 5.0 Plant available water content (PAWC) 

The Plant Available Water Content (PAWC) was determined using both in situ soil moisture 

monitoring (Chapter 6.3) and the soil water characteristic (Chapter 5.3). In the in situ approach 

the drained upper limit or field capacity was determined from in situ soil moisture monitoring. 

The lower limit or Permanent Wilting Point (PWP) was determined following a similar procedure 

to Dalgliesh and Foale (1998) in which a rainout shelter was used to enhance drying at sites B and 

D. At sites A and C determination of the lower soil moisture limit was conducted following a 

prolonged dry period (before June 08). The upper limit or field capacity (FC) was determined as 

the soil moisture content following 2 days drainage after prolonged rainfall or irrigation. The PWP 

was also determined from the soil water characteristic at -1500 kPa. 

Insufficient seasonal drying of subsoils resulted in underestimation of PAWC from in situ soil 

moisture monitoring data. Using the PWP determined from the soil water characteristic at -1500 

kPa, the PAWC for the effective root zone (0 – 30 cm) ranged from 57.8 mm at site D to 76.4 mm 

at site A, and between 100.4 mm at site C to 127.9 mm at site A for the maximum root zone (0 - 

50 cm). 

 

Table A5.1 Plant Available Water Content (mm) determined by in situ soil moisture monitoring 
and the lower limit from the soil water characteristic at -1500 kPa. 

  Site A Site B Site C Site D 

Lower limit 
determination 

In situ -1500 kPa In situ -1500 kPa In situ -1500 kPa In situ -1500 kPa 

R
o
o
ti
n

g
 d

e
p
th

 

(c
m

) 

0-30 65.3 76.4 87.1 67.1 67.4 63.9 63.6 57.8 

0-50 92.7 127.9 120.4 105.0 82.2 100.4 93.6 104.4 

0-70 115.2 187.7 143.4 141.7 94.1 134.0 112.2 151.9 

0-90 129.8 235.1 168.6 182.4 105.0 189.9 122.0 201.9 

0-110 119.7 276.4 162.8 234.6 110.0 260.3 114.2 254.8 

 

 

 

 

  



 

Page 479 

Effect of antecedent soil moisture on preferential flow in texture contrast soils    

Appendix 6.0 Details of the determination of the soil water characteristic using suction 

plates and pressure chamber analysis. 

 

The surface of the cores were cut level with the core edge to give a known volume, and where 

required, picked back to remove smearing and expose soil pores. Cores were wet-up using de-

aired 0.01 M CaCl2 solution in 2 cm increments over a three to five day period, before being 

completely immersed for a 20 to 35 day period (prolonged saturation was required for clay 

subsoils). After wetting, any soil protruding from the cores (swelling) was removed and weighed, 

and the mass of the core reweighed to establish a known mass-volume at saturation.  

Cores were imbedded on the ceramic plates using diatomaceous earth to ensure good contact 

between the plate and the soil. All analysis was conducted in a 20 oC constant temperature room. 

Equilibration times ranged from 5 to 35 days depending on soil texture, thickness of the contact 

material, and matric potential. Water loss was monitored twice daily using graduated burettes. 

Equilibration was said to have occurred when water loss (from all cores) was less than 0.2 ml over 

three consecutive days. The matric potential datum was set at the interface between the base of 

the soil core and the ceramic plate. Where soil loss from the cores had occurred during wetting up 

or during measurement, the loss of soil volume was determined by recording the mass of <250 

µm oven dried sand (bulk density 1.53 g cm-3) required to fill the core.  

A five bar pressure chamber with a 3 bar porous plate was used to determine volumetric soil 

moisture Between -10 kPa and -300 kPa following the procedure 504.02 Cresswell (2002), and 

Reynolds and Topp (2008). For each soil layer, three undisturbed 35 X 60 mm cores were wet up 

in de-aired 0.01 M CaCl2 (described above) and placed on the porous plate using diatomaceous 

earth to ensure good contact between the base of the soil core and the ceramic plate. Outflow 

from the plate was monitored 2 to 3 times a week. Time to reach equilibrium varied from two 

weeks for sands, to six to nine weeks for clays. 

Volumetric soil moisture was determined at four potentials between -300 kPa and -1500 kPa, 

from < 2 mm sieved samples in a 15 bar pressure chamber according to the procedure outlined in 

method 504.02 Cresswell (2002), and Reynolds and Topp (2008). Samples were wet-up using de-

aired 0.01 M CaCl2 water for at least 24 hours prior to dewatering. Equilibration time ranged from 

five days for sands to 1 - 3 weeks for clays. 

 

  



Appendix 6.1 Method description for Wind (evaporative) determination of the soil water 

characteristic and unsaturated hydraulic conductivity. 

 

1) Three intact 6 cm x 6 cm diameter cores were obtained from all major soil horizons when 

slightly below field capacity. 

2) Cores were saturated with deionised water from the bottom up, at a rate of 3 cm per day 

for a period between 7 days (sands) and 50 days (clays).  

3) Cores were allowed to freely drain (did not occur in clays). 

4) Insertion holes were drilled in to the cores by hand, and core weight recorded. 

5) The core was attached to a brass plate via marine silicon to prevent evaporative loss 

from the soil base. 

6) Tensiometers were inserted and sealed to the core with Vaseline. The upper surface of 

the core was loosely capped and allowed to equilibrate (3-6 hours). 

7) The cap was removed and evaporation commenced, data logged every 5 minutes. 

8) For sandy soils evaporation was assisted with a small portable fan. 

9) Clays were capped with a drilled plate to reduce evaporation rate and maintain a linear 

hydraulic gradient. 

10) With sandy soils fan assisted evaporation was terminated when the hydraulic gradient 

reached -3 cm cm-1. The core was re-capped and re-equilibrated before commencing a 

second evaporative phase under ambient conditions.  

11) Measurement cease once the upper tensiometers exceeds the functional working range 

-70 to -120 KPa. 

12) Residual moisture content and bulk density determined by oven drying 105 °C. 

 

The procedure was found to have many potential errors in both the methodology and calculation 

of soil parameters. Potential errors included; 

1) Errors in cumulative measurement of evaporative loss due to tensiometer cables 

affecting recorded soil weight. 

2) Tensiometers failure due to the presence of small air bubbles. 

3) Tensiometers misalignment. 

4) Inadequate drainage (only apparent for sands). 

5) Air compression during tensiometers installation resulting in displacement of moisture 

from soil pores (apparent in clay soils). 

6) Inadequate evaporative flux to determine hydraulic conductivity. 

7) Establishment of non-linear flux gradient –too rapid evaporation. 
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8) No ability to account for volumetric shrinkage. 

 

Tensiometers were corrected for zero error assuming both tensiometers contribute equally to 

error, (6 cm high core) by; 

ψave = (ψ1.5 + ψ4.5)/2 

Such that the corrected head is given by; 

ψ1.5 = ψave -1.5 

ψ4.5 = ψave - (-1.5) 

ψave = Average tension during equilibrium (hPa). 

ψ1.5 = Tension upper tensiometer (hPa). 

ψ4.5 = Tension lower tensiometer (hPa). 

Iterative soil water content was determined according to  

Si = ((Me – Mo) + (Ms – Me) – (Mci x C))/ π x R2 

 C = (Ms – Me )/ Mct 

Si = Iterative soil water storage (g). 

Ms = Soil mass prior to evaporation (g). 

Me = Soil mass at end of evaporation (g). 

C = Correction factor due to error resulting from cable interference. 

Mci = Cumulative loss in soil moisture for each time interval (scales) (g). 

Mct = Total loss in soil moisture over measurement period (scales) (g). 

Mo = Oven dried soil mass (g). 

R = Core radius (mm). 

 

Error occurred in the measurement of cumulative mass of water evaporated from the soil cores as 

a result of interference by sagging of the tensiometer cables. This was corrected by determining 

the difference in cumulative mass lost by drying and the total change in mass before and after 

evaporation. The average correction factor was 1.020 (SD, 0.109, n=51). 

  



Appendix 6.2 Determination of volumetric soil shrinkage (SSCC) 

Analysis was conducted on five intact clods (26 to 133 cm3) collected from four horizons between 

20 cm and 100 cm at sites A and B. Intact clods were collected when subsoils were moist to 

reduce the effect of unconfined swelling during wetting. Intact soil clods were slowly wet-up at ψ 

-30 cm for four to seven days using Haines apparatus to prevent dispersion and damage to natural 

clod structure. Clods were then wet-up at zero supply potential (ψ = 0 cm) for a further five days, 

before being equilibrated at ψ -1.0 kPa for five to seven days to ensure consistent starting soil 

moisture near field capacity.  

Paired measures of soil mass and volume were taken over a two to three week period in which 

soil clods were gently dried by slow airflow over the clod supplied by an aquarium pump. Soil 

volume was determined by evacuating the air from around the sample and immersing it in water 

to determine volume by Archimedes’ principle. Final clod density (after drying at 105 oC) was 

determined by the intact clod method (Cresswell and Hamilton 2002) in which warmed clods 

were coated in Vaseline to prevent water entry. The smeared clods were suspended on a thin 

thread and immersed in water, to determine volume by Archimedes’ principle. Experience 

revealed a number of potential errors associated with the measurement of soil volume, including; 

(i) air entrapment on the surface of the balloon, (ii) differences in orientation of the contracted 

balloon between measurements, (iii) differences in the ability to extract air from around the clod, 

(iv) difficulty measuring volume displacement of the setup equipment and balloon.  

The SSCC curves and derivatives of the SSCC analysis were determined using 2nd and 3rd order 

polynomial equations, which provided a good fit (R squared >0.9) in most cases. While more 

complicated models and equations have been used to describe the SSCC, (reviewed by Cornelis et 

al. (2006)), they were not considered necessary due to the good fit with the polynomial equations 

and requirement for simple SSCC relationships for parameterisation of soil water models. 

Calculations are presented for; 

Iterative clod volume     

Vci = Vsi - Vst 

Iterative gravimetric moisture content   

Mgi = [(Mi - Mif – Mcw) – Mcd] / Mcd 

Iterative clod density on an oven dried basis 

Dci = Mcd / Vci 

Iterative volumetric moisture content 

Mvi = Dci x Mgi 
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Final oven dried density (correction for Vaseline coating) 

Dc = Mc / Vc – Vv 

Vv = (Mcv – Mc) / Dv  

Clod porosity  

Φclod = 1- (Dci / Dp) 

Void ratio    

e = Vpores / Vsolids 

  e = Φclod / (1- Φclod) 

Moisture ratio   

ν = Vwater / Vsolids 

  ν = Mgi X  Dp 

Where 

Dc =  Clod density on oven dried basis (g cm-3). 

Dp =  Particle Density 2.65 (g cm-3). 

Dv =  Density of Vaseline = 0.8679 (g cm-3). 

Dci =  Iterative clod density on oven dried basis (g). 

Mi =  Iterative clod and apparatus mass (g). 

Mgi =  Iterative gravimetric soil moisture (g). 

Mcd =  Mass of oven dried (105oC) clod (g). 

Mcw =  Mass of final clod prior to drying (g). 

Mif =  Mass of final soil clod and setup apparatus (g). 

Mvi =  Iterative volumetric moisture content (cm3 cm-3). 

Mgi =  Iterative gravimetric soil moisture (g g-1). 

Mcv =  Mass oven dried clod with Vaseline coating (g). 

Mc =  Mass of oven dried clod (no Vaseline) (g). 

Vci =  Iterative clod volume (cm3). 

Vsi =  Clod volume with apparatus (mass of displaced water) (cm3). 

Vst =  Volume of set up apparatus and balloon (cm3). 

Vc =  Volume of Vaseline coated clod (cm3). 

Vv =  Volume of Vaseline coating (cm3). 

Vsat =  Clod volume at -1.0 kPa (saturation) (cm3). 

Φclod  = Iterative Intra-Clod Porosity (cm3 cm-3). 

Φcrack = Porosity resulting from intra-ped cracks (crack porosity) (cm3 cm-3). 

Φtotal = Total porosity (cm3 cm-3). 

 e = Void ratio. 

ν = Void ratio. 

Vpores = volume of pores (cm3). 

Vsolids = volume of solids (cm3).  



Appendix 6.3 Details of in situ determination of unsaturated hydraulic conductivity using 

disk permeameters (tension infiltrometers) 

 

Infiltration measurements were conducted sequentially from highest ψ -12.4 to lowest ψ -1.2 cm 

tension on the same sand pad, without removing the device. Between four and seven tension 

infiltrometers were operated sequentially at the same tension to obtain replicate data for each 

horizon. Measurements were recorded every two to five minutes for a duration of 20 to 60 

minutes depending on time to establish steady state flow. The number of replicates varied as a 

result of; air entry at high negative tensions, lack of available space for placing disks on top of soil 

columns (B21 horizon), limited variability at highly negative supply potentials. 

Contact between the tension infiltrometer and the soil was provided by a 3 mm thick pad of <250 

µm washed sand. Measurements of the A1 horizon required removal or cutting surface 

vegetation to within 3 mm of the surface, while subsoil measurements required excavation, 

removal of overburden and picking back of smeared soil to expose soil pores. Measurement of the 

A2 horizon was conducted by carefully removing the A1 horizon and cleaning the surface of the 

A2 by picking back smeared surfaces. Difficulties with measurement in the A2 horizon resulted 

from its variable thickness which could not be established prior to measurement. Consequently 

immediately following cessation of infiltration, the soil beneath the disk was excavated to assess 

flow depth  and thickness of the A2 horizon. If flow was found to be confounded by the B horizon, 

data was rejected or limited to infiltration at ψ -134 and ψ -84 kPa supply potentials in which 

infiltration was restricted to the A2 horizon.  

Initial measurements of unsaturated hydraulic conductivity on the top of the B horizon were 

complicated by difficulty establishing level sand pads. Where the depth of the sand pad exceeded 

about 1 cm, uncontrolled leakage or saturated flow from the sand pad resulted in overestimation 

of unsaturated hydraulic conductivity at supply potentials close to saturation (ψ = 0) . The upper 

surface of the B2 horizon was re-measured following levelling of the upper surface of the B 

horizon, picking back the soil surface and constructing a level 3 mm thick sand pad.  
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Table A6.3 Soil moisture prior disk permeameter measurements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Site 
Soil Moisture 
Treatment Horizon 

Gravimetric 
Moisture (g g

-1
) 

Bulk Density 
(g cm

-3
) 

Volumetric 
Moisture (v v

-1
) 

A 

Dry 

A1 0.02 1.36 0.03 

A2 0.01 1.60 0.01 

B21 0.11 1.67 0.18 

B22 0.10 1.91 0.19 

B23 0.15 1.75 0.26 

Wet 

A1 0.21 1.37 0.29 

A2 0.13 1.60 0.20 

B21 0.20 1.59 0.32 

B22 0.18 1.67 0.30 

B 

Dry 

A1 0.02 1.29 0.03 

A2 0.02 1.62 0.03 

B21 0.08 1.60 0.13 

B22 0.13 1.77 0.18 

B23 0.14 1.73 0.23 

Wet 

A1 0.26 1.35 0.35 

A2 0.17 1.60 0.27 

B21 0.16 1.75 0.27 

B22 0.23 1.50 0.35 

C 

Dry 

A1 0.01 1.42 0.02 

A2 0.01 1.60 0.01 

B21 0.12 1.63 0.20 

B22 0.11 1.83 0.21 

B23 0.14 1.70 0.25 

Wet 

A1 0.28 1.30 0.36 

A2 0.17 1.60 0.28 

B21 0.23 1.46 0.34 

B22 0.18 1.68 0.30 

D 

Dry 

Ap 0.03 1.35 0.05 

B21 0.13 1.71 0.22 

B22 0.11 1.68 0.19 

Wet 

Ap 0.16 1.33 0.21 

B21 0.15 1.71 0.25 

B22 0.15 1.70 0.25 

B23 0.14 1.72 0.25 



Appendix 6.4 Laboratory estimation of unsaturated hydraulic conductivity – evaporation. 

Unsaturated hydraulic conductivity close to saturation was similar between sites and soil horizons.  

The unsaturated hydraulic conductivity of the A1 and A2 horizons ranged over five orders of 

magnitude from 101 near saturation to 10-4 at -60 kPa. The unsaturated hydraulic conductivity of 

three B2 horizons increased by approximately two to three orders of magnitude between -10 kPa 

and saturation as a consequence of greater mesopore and macropore flow. Notable exceptions 

include the B22 horizon at site A and the B23 horizons at sites B and D in which macropore flow 

was either not able to be determined (minimal gradient between tensiometers) or soil contained 

few functional macropores. 

 

Figure A6.4 Unsaturated hydraulic conductivity determined by evaporative approach on 60 x 60 

mm diameter cores.  
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Appendix 6.5 Determination of hydraulic conductivity on 100 mm diameter cores 

 

Table A6.5 Saturated (ψ +10 mm) and unsaturated (ψ -10 &-30 mm) hydraulic conductivity 

determined from 100 mm diameter cores. 

 

Site  Horizon 
Matric 
Potential 
(mm) 

Mean Hydraulic 
Conductivity  
(mm hr

-1
) 

Standard Deviation 
(mm hr

-1
) 

Sample 
number 

(n) 

Standard 
Error  
(mm hr

-1
) 

A 

A1 

-30 12.89 9.02 7 3.41 

-10 20.70 8.98 7 3.39 

10 52.40 40.14 4 20.07 

B21 

-30 0.34 0.20 4 0.10 

-10 0.56 0.46 4 0.23 

10 1.12 0.63 3 0.36 

B22 

-30 0.40 0.56 3 0.32 

-10 1.12 1.06 3 0.61 

10 0.99 0.78 3 0.45 

B23 

-30 0.11 0.04 2 0.03 

-10 0.13 0.05 2 0.03 

10 7.11 7.40 2 5.23 

B 

A1 

-30 6.37 6.90 5 3.09 

-10 8.77 7.45 7 2.81 

10 46.67 8.21 5 3.67 

A2 

-30 5.34 3.84 8 1.36 

-10 12.22 10.39 8 3.67 

10 39.42 16.82 8 5.95 

B21 

-30 1.15 0.18 2 0.13 

-10 94.82 133.12 2 94.13 

10 45.91 59.94 3 34.61 

B22 

-30 0.08 0.05 3 0.03 

-10 0.12 0.11 3 0.06 

10 0.24 0.07 3 0.04 

B23 

-30 0.15 0.19 3 0.11 

-10 0.19 0.16 3 0.09 

10 1.46 1.68 3 0.97 

C 

A1 

-30 7.33 1.42 3 0.82 

-10 12.81 6.00 3 3.46 

10 11.97 0.14 2 0.10 

B21 

-30 0.39 0.32 4 0.16 

-10 2.18 1.66 4 0.83 

10 2.65 1.35 4 0.67 

B22 

-30 0.04 0.01 3 0.01 

-10 0.06 0.02 3 0.01 

10 0.30 0.01 3 0.01 

B23 

-30 0.05 0.04 3 0.02 

-10 0.09 0.03 3 0.02 

10 0.42 0.27 3 0.16 

D 

A1 

-30 4.77 1.95 3 1.13 

-10 7.16 1.41 3 0.82 

10 21.66 11.87 3 6.85 

B21 

-30 19.50 17.91 3 10.34 

-10 11.12 9.66 3 5.58 

10 1.71 1.12 3 0.65 

B22 

-30 0.15 0.06 3 0.04 

-10 1.09 1.14 3 0.66 

10 0.24  1  

B23 

-30 0.38 0.41 3 0.24 

-10 4.63 7.61 3 4.39 

10 36.26 9.25 2 6.54 

 

  



Appendix 6.6 Data from tension infiltrometers (disk permeameters) 

Table A6.6  Disk permeameter data 

 
 Site A 

  
Soil Moisture Treatment - Dry Soil Moisture Treatment - Wet 

Horizon 
Supply 

Potential 
(mm) 

Mean Hydraulic Conductivity  
(mm/hr) 

Standard 
Deviation 

n Standard Error 
Mean Hydraulic 

Conductivity (mm/hr) 
Standard 
Deviation 

n 
Standard 

Error 

A1 -109 3.04 1.04 3 0.60 1.99 0.30 5 0.14 

 
-69 6.42 1.19 8 0.42 2.65 0.54 6 0.22 

 
-39 12.70 2.39 5 1.07 5.95 0.84 6 0.34 

 
-19 25.77 5.75 5 2.57 11.47 3.43 6 1.40 

 
-13 45.57 13.60 6 5.55 14.57 5.48 6 2.24 

A2 -109 0.46 0.24 5 0.11 0.83 0.36 4 0.18 

 
-69 0.87 0.55 6 0.22 1.07 0.19 6 0.08 

 
-39 1.41 0.94 6 0.38 2.46 0.80 6 0.33 

 
-19 3.90 1.94 6 0.79 5.94 2.99 6 1.22 

 
-13 6.19 3.40 5 1.52 8.89 3.31 6 1.35 

B21 -109 0.34 0.13 6 0.05 0.27 0.06 3 0.03 

 
-69 0.63 0.38 6 0.16 0.51 0.13 6 0.05 

 
-39 1.95 1.00 6 0.41 0.79 0.14 6 0.06 

 
-19 8.25 4.33 6 1.77 1.66 0.29 6 0.12 

 
-13 21.82 8.66 6 3.53 2.55 0.34 6 0.14 

B22 -109 0.43 0.05 4 0.02 0.49 0.10 5 0.04 

 
-69 0.76 0.20 4 0.10 0.88 0.13 5 0.06 

 
-39 2.10 0.44 5 0.20 2.14 0.20 5 0.09 

 
-19 3.63 0.54 5 0.24 3.59 0.79 5 0.35 

 
-13 5.65 0.63 5 0.28 5.36 1.70 5 0.76 

B23 -109 0.26 0.12 4 0.06 
    

 
-69 0.58 0.13 5 0.06 

    

 
-39 1.52 0.34 6 0.14 

    

 
-19 2.66 0.41 6 0.17 

    

 
-13 4.18 0.50 6 0.20 

    

  
Site B 

  
Soil Moisture Treatment - Dry Soil Moisture Treatment - Wet 

  
Mean Hydraulic Conductivity 

 (mm/hr) 
Standard 
Deviation 

n Standard Error 
Mean Hydraulic 

Conductivity (mm/hr) 
Standard 
Deviation 

n 
Standard 

Error 

A1 -109 3.70 1.35 5 0.60 6.44 2.76 4 1.38 

 
-69 4.31 1.11 4 0.55 7.76 3.64 4 1.82 

 
-39 11.02 1.93 5 0.86 10.01 4.97 5 2.22 

 
-19 25.81 9.64 6 3.94 13.56 7.60 5 3.40 

 
-13 48.39 17.42 6 7.11 23.51 13.44 5 6.01 

A2 -109 0.25 0.14 6 0.06 1.14 0.76 4 0.38 

 
-69 0.49 0.11 6 0.04 1.57 1.50 4 0.75 

 
-39 0.95 0.37 6 0.15 1.78 0.76 6 0.31 

 
-19 2.34 0.58 7 0.22 2.93 0.96 6 0.39 

 
-13 4.03 0.65 6 0.26 3.71 1.45 7 0.55 

B21 -109 0.20 0.08 8 0.03 0.20 0.05 3 0.03 

 
-69 0.33 0.12 8 0.04 0.16 0.12 4 0.06 

 
-39 1.46 0.90 8 0.32 0.66 0.15 5 0.07 

 
-19 6.31 4.73 8 1.67 1.52 0.44 5 0.20 

 
-13 12.14 8.71 8 3.08 2.96 0.70 5 0.31 

B22 -109 0.11 0.03 4 0.01 0.13 0.07 5 0.03 

 
-69 0.15 0.06 5 0.03 0.30 0.23 5 0.10 

 
-39 0.68 0.18 6 0.07 0.80 0.14 5 0.06 

 
-19 2.69 1.74 6 0.71 0.93 0.32 4 0.16 

 
-13 5.74 3.78 6 1.54 1.62 0.44 4 0.22 

B23 -109 0.35 0.15 4 0.07 
    

 
-69 0.55 0.34 5 0.15 

    

 
-39 1.24 0.48 6 0.20 

    

 
-19 2.34 0.94 6 0.39 

    

 
-13 3.28 0.64 6 0.26 

    

  
Site C 

  
Soil Moisture Treatment - Dry Soil Moisture Treatment - Wet 

  
Mean Hydraulic Conductivity 

(mm/hr) 
Standard 
Deviation 

n Standard Error 
Mean Hydraulic 

Conductivity (mm/hr) 
Standard 
Deviation 

n 
Standard 

Error 

A1 -109 0.83 0.81 3 0.47 4.79 0.84 4 0.42 

 
-69 3.65 2.04 5 0.91 7.36 1.63 6 0.67 

 
-39 9.32 1.64 5 0.73 11.29 3.05 6 1.24 

 
-19 18.62 2.00 5 0.90 16.98 4.58 6 1.87 

 
-13 30.78 5.61 5 2.51 23.11 4.49 6 1.83 

A2 -109 0.31 0.06 4 0.03 3.84 0.69 3 0.40 

 
-69 0.70 0.38 7 0.15 2.76 0.99 3 0.57 

 
-39 1.37 0.60 7 0.23 5.02 3.32 5 1.48 

 
-19 2.93 1.19 7 0.45 8.23 2.43 5 1.09 

 
-13 6.88 2.94 7 1.11 16.95 15.34 5 6.86 

B21 -109 0.06 0.05 5 0.02 1.17 0.51 4 0.26 

 
-69 0.28 0.06 5 0.03 2.14 0.76 4 0.38 

 
-39 0.70 0.51 5 0.23 2.88 0.79 5 0.35 

 
-19 4.11 3.66 5 1.64 3.28 1.52 5 0.68 

 
-13 15.82 15.68 5 7.01 5.49 1.60 5 0.71 

B22 -109 0.22 0.14 3 0.08 0.65 0.35 4 0.17 

 
-69 0.35 0.11 6 0.05 0.62 0.37 5 0.17 

 
-39 0.66 0.13 6 0.05 1.31 0.37 5 0.16 

 
-19 1.44 0.18 6 0.08 2.69 0.67 6 0.27 

 
-13 2.46 0.38 6 0.16 3.81 0.54 6 0.22 

B23 -109 0.31 0.16 3 0.09 
    

 
-69 0.32 0.16 6 0.06 

    

 
-39 1.02 0.23 6 0.09 

    

 
-19 2.00 0.46 6 0.19 

    

 
-13 2.63 1.00 5 0.45 

    

  
Site D 

  
Soil Moisture Treatment - Dry Soil Moisture Treatment - Wet 

  
Mean Hydraulic Conductivity 

(mm/hr) 
Standard 
Deviation 

n Standard Error 
Mean Hydraulic 

Conductivity (mm/hr) 
Standard 
Deviation 

n 
Standard 

Error 

A1 -109 1.24 0.42 3 0.24 1.07 0.61 4 0.31 

 
-69 2.03 0.30 4 0.15 1.50 0.58 5 0.26 

 
-39 3.65 1.00 4 0.50 2.61 0.83 5 0.37 

 
-19 11.19 4.53 5 2.03 3.71 1.60 5 0.72 

 
-13 20.71 7.43 6 3.03 6.20 2.36 5 1.06 

B21 -109 0.16 0.07 5 0.03 0.07 0.03 3 0.02 

 
-69 0.35 0.09 6 0.04 0.28 0.25 4 0.12 

 
-39 1.64 1.02 6 0.42 1.16 0.76 4 0.38 

 
-19 9.76 7.08 6 2.89 5.02 2.32 4 1.16 

 
-13 23.99 13.25 6 5.41 13.40 7.03 4 3.52 

B22 -109 0.20 0.12 6 0.05 0.32 0.22 5 0.10 

 
-69 0.45 0.22 6 0.09 0.58 0.39 6 0.16 

 
-39 1.70 0.67 6 0.27 1.48 0.58 6 0.24 

 
-19 5.61 3.32 6 1.36 2.52 1.01 6 0.41 

 
-13 12.57 9.70 6 3.96 4.39 1.75 6 0.71 

B23 -109 0.16 0.07 4 0.03 
    

 
-69 0.41 0.15 6 0.06 

    

 
-39 1.06 0.31 6 0.13 

    

 
-19 2.43 0.51 6 0.21 

    

 
-13 3.49 0.85 6 0.35 
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Appendix 6.7  SSCC data and volumetric shrinkage 

(a) Site A: 20 - 30 cm
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(b) Site A :40 - 50 cm
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(d) Site A :90 - 100 cm
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Figure A6.7.1 Soil shrinkage characteristic curves (SSCC), site A. 

 

(a) Site B: 20 - 30 cm
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(b) Site B :30 - 40 cm
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(d) Site B :90 - 100 cm
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Figure A6.7.2 Soil shrinkage characteristic curves SSCC, site B.  



 

Table A6.7.1 Third order polynomial regression of SSCC curves (void ratio / moisture ratio). 

  3
rd
 order Polynomial 

Replicates (n) R squared 
ax

3
 bx

2
 cx

1
 d 

Site A 

20-30cm -2.736 3.336 0.738 0.535 4 0.938 

40-50cm -1.025 1.865 0.194 0.382 5 0.975 

60-70cm -1.673 3.119 0.946 0.453 4 0.976 

90-100cm -0.811 1.693 0.278 0.358 4 0.987 

Site B 

20-30cm -0.628 1.528 0.293 0.403 3 0.882 

30-40cm -1.050 -0.031 0.023 0.427 3 0.875 

60-70cm -1.767 2.587 0.569 0.459 4 0.961 

90-100cm -0.712 1.546 0.216 0.406 4 0.966 

 

 

Table A6.7.2 Third order polynomial regression of clod density vs volumetric moisture content. 

  3
rd
 order Polynomial 

Replicates (n) R squared 
ax

3
 bx

2
 cx

1
 d 

Site A 

20-30cm 1.6E-05 1.20E-03 0.018 1.708 4 0.925 

40-50cm 1.3E-05 1.29E-03 0.022 1.804 5 0.957 

60-70cm 9.5E-06 1.09E-03 0.021 1.801 4 0.872 

90-100cm 5.6E-06 7.58E-04 0.013 1.905 4 0.976 

Site B 

20-30cm -2.7E-07 -2.69E04 2.32E-03 1.912 3 0.816 

30-40cm -5.1E-06 1.80E-05 2.81E-04 1.854 3 0.838 

60-70cm 9.7E-06 -9.15E-04 0.015 1.795 4 0.944 

90-100cm 4.5E-06 -5.94E-04 7.72E-03 1.866 4 0.9525 
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Appendix 7.0 Model choice and capability 

The HYDRUS suite of models includes one dimensional and two dimensional options as well as 

single pore domain and multiple pore domain applications for simulating preferential flow. 

HYDRUS-1D includes single porosity, dual porosity and dual permeability functionality, however 

its use is limited to one dimensional applications, consequently funnel flow and lateral flow are 

unable to be simulated. Parameterisation of the dual permeability option in HYDRUS-1D is 

particularly difficult as model conceptualisation requires knowledge of the van Genuchten 

parameters α and n for both the micropore and macropore domains.  

HYDRUS 2D/3D is able to simulate two dimensional flow including lateral flow along the A / B 

horizon boundary and funnel flow through sand infills. However the dual permeability functions 

within HYDRUS-2D/3D are currently restricted. Preliminary trials with the single pore domain 

option resulted in model instability when saturation developed at the A / B horizon boundary. 

Correspondence with Jiri Simunek author of the HYDRUS indicated that HYDRUS was unlikely to 

be able to simulate the range of preferential processes presented in Chapter 4.0 “….HYDRUS will 

not be able to simulate such details as you show (Chapter 4.0)…... The model is based on 

continuous approach and thus it assumes that there is a REV (representative elementary volume) 

over which various variables are averaged” (Simunek 2008 pers. comm.). 

The review of preferential flow modelling presented by Simunek et al. (2003) concluded with the 

statement …”At present it is still very difficult to use the more complex dual-permeability model 

involving two coupled Richards equations to describe preferential flow and transport (HYDRUS) 

under field conditions, partly because of the large number of parameters involved, and the current 

lack of standard experimental techniques to obtain them. At present no examples exist of such 

applications in the soil science and vadose zone hydrology literature. Hence, the use of these 

models has so far been restricted to theoretical applications and laboratory studies carried out 

under well-defined and controlled conditions. The dual permeability model MACRO, based on the 

kinematic wave equation for flow in macropores, requires fewer parameters, has been frequently 

applied to long-term transient field experiments and is also being used for risk assessment for 

pesticide leaching within the EU.” 

MACRO 5.1 is the easiest of the dual permeability models to parameterise, it is numerically stable 

and able to simulate both short and long term climate data. MACRO has capacity to simulate flow 

in both shrinkage cracks and macropores. Being a 1D model it is not able to simulate funnel flow, 

lateral flow or represent finger flow. 

  



 

Appendix 7.1 Inverse simulation of infiltration from disk permeameter 

Inverse parameterisation was conducted in Hydrus 2D/3D using van Genuchten- Mualem model 

with no hysteresis following the procedure by Simunek et al. (1998c). Inverse simulation involved 

6 time variable boundary conditions related to sequential changes in supply potential of the disk 

permeameter, maximum iterations was set to 25, with 0.0001 m m-3 water content tolerance, and 

0.1 cm pressure head tolerance, with no precipitation or evaporation. The flow area consisted of a 

single material layer 50 x 50 cm grid, 225 node, rectangular domain discretization, with a free 

drainage lower boundary. All weighting coefficients were all assigned a value of 1 including final 

moisture content. Initial estimates of the van Genuchten parameters were determined from 

desorption of undisturbed soil cores. Minimum and maximum values for Ksat were set to one 

order of magnitude above and below the measured saturated hydraulic conductivity (ψ = +0.10 

kPa) (Chapter 6.2.5). In the dry treatment, the minimum Qr was set to be slightly lower than the 

initial soil moisture to prevent model instability. The maximum Qs was allowed to exceed the 

measured saturated water content from soil water cores to account for increased porosity 

created by shrinkage cracks which was not apparent in the desorption approach (discussed 

Chapter 8.2.3.1).  
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Appendix 7.2 Additional notes on model parameterisation for simulating dye staining 

experiments using Hydrus-1D and Macro 5.5 

Hydrus-1D used the van Genuchten- Mualem model with no hysteresis, atmospheric upper 

boundary surface with runoff, and deep drainage lower boundary, the maximum iterations was 30, 

water content tolerance was 0.001 m m-3, and the pressure head tolerance ranged from 1.0 – 0.1 

cm. MACRO 5.1 had no irrigation, no tillage, no crop, no field drains, water tension at the bottom 

of the soil profile was -1000 cm, initial soil temperature was 10 degrees.  

Difficulty occurred with the identification of appropriate initial soil water content. In the dry 

treatment soil moisture determined by the EnviroSCAN was less than the residual soil moisture 

(Qr) in the A1 and B21 horizons. Initial soil moisture was increased from 0.05 to 0.09 m m-3 in the 

A1 horizon, and from 0.21 m m-3 to 0.30 m m-3 in the B21 horizon. In the B22 and B23 horizons the 

initial soil moisture had to be reduced from 0.28 m m-3 to 0.33 m m-3 to be less than Qs to enable 

simulations to be conducted. In the wet treatment the initial soil moisture (EnviroSCAN) was 

considerably higher than Qs for most soil horizons. Where the initial soil moisture content 

(EnviroSCAN) exceeded Qs, the initial soil moisture content was reduced to be approximately 0.02 

m m-3 below Qs value to enable simulations to run. 
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(b) Low Antecedent Soil Moisture
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Figure A7.1 Comparison of initial soil moisture used for HYDRUS 1D modelling (a) high antecedent 

soil moisture (b) low antecedent soil moisture. 

  



Appendix 7.3 Difference in volume of applied dye tracer and measured / estimated 

change in soil moisture 

The change in soil moisture determined by both dye staining (profile area) and the soil moisture 

probe were considerably lower than the 25 mm of dye tracer applied to the two soil water 

treatments (Table 10.1-1). This difference between the applied and ‘recovered’ volume of dye 

tracer ranged from -1.48 mm to 8.12 mm in the dry treatment, and 6.44 mm to 18.42 mm in the 

wet treatment. In the dry treatment the dye staining approach overestimated (>25 mm) the 

change in soil moisture at three of the four sites, presumably due to error associated with the 

assumptions in Chapter 8.2.1.3. In the wet treatment, the change in soil moisture determined by 

both the dye approach and the EnviroSCAN was less than 25 mm at all sites. In the wet treatment, 

between 73.7 % (site A) and 32.2 % (site C) of the applied tracer was ‘lost’, presumably as lateral 

flow through the A1 horizon as runoff was prevented in the bound plots.  

 

Table 10.1-1 Estimated change in soil moisture 0 -100 cm (mm) following infiltration of the dye 
tracer 

* Site A: Soil moisture probe only operated 0-60 cm in the wet treatment. 

  

Site 
Soil Moisture 

Treatment 

Profile Area 

(100 x 100cm) 

Probe Area 

(2 x 10 x100 cm) 

Soil Moisture 
Probe @ 48 Hrs 

Soil Moisture Probe 
(maximum change) 

Applied 
Dye Tracer 

(mm) 

Site A Dry 23.52 na na na 25 

 Wet 6.58 7.34 1.56* 11.93*(3.5hrs) 25 

Site B Dry 33.12 21.25 21.94 23.86 (2.03hrs) 25 

 Wet 11.77 12.57 4.47 11.05 (3.15) 25 

Site C Dry 29.88 na na na 25 

 Wet 13.56 13.57 6.91 7.99 (3.60hrs) 20 

Site D Dry 28.47 29.12 29.23 45.19 (2.26hrs) 25 

 Wet 10.65 10.16 1.36 6.52 (4.28 hrs) 25 
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Appendix 8.0 Digital animations (CD Rom) 

Instructions for CD Rom 

Place CD in computer, the title page should automatically load. Click ok to allow PowerPoint 

viewer. Animations can be started by clicking on the images. If the title page does not load start 

the animations directly from the CD or click play.bat to start the tile page. If animations appear 

blocky or jumpy, copy the animation files (mov, avi, or wmv) file to hard drive and run them 

manually. 

  

8.1 Animation of dye tracer studies 

8.1.1 Animation of image correction and dye staining analysis procedure.  

 

Figure A8.1 selected frames from animation: Image correction technique_0001.wmv 

 

8.1.2 Summary of dye tracer studies at site B 

   

Figure A8.2 Selected frames from animation: Dye tracer summary.wmv 

  



 

8.1.3 Horizontal excavation of dye tracer at site B. 

  

Figure A8.3 Selected frames from animation: Dye tracer-horizontal infiltration.mov 

High resolution animation of dye staining excavation at site B. 

 

8.1.4 Reconstruction of dye infiltration,  site B. 

   

Figure A8.4 Selected frames from animation: Vertical annimation.avi (mov) 

Conceptual reconstruction of dye tracer infiltration and redistribution into the dry soil moisture 

treatment at site B.  Images were manipulated in Photoshop CS3 by sequentially’ removing’ the 

dye stained soil from the original image of dye staining (2400 mins). 

 

8.2 Animation of WDPT test –water repellence 

 

Figure A8.5 Selected frames from animation: WDPT.wmv 

Extreme water repellence caused the droplets of water to evaporate over a three hour period 

rather than infiltrate into the soil. 
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8.3 Animation of infiltration within a Hele-Shaw tank. 

 

Figure A8.6 Selected frames from animation: Run A – hydrophobic.wmv 

 

   

Figure A8.7 Selected frames from animation: Run B – hydrophillic.wmv 

 

   

Figure A8.8 Selected frames from animation: Run C – hydrophilic.wmv 

 

  

Figure A8.9 Selected frames from animation: Run D – hydrophilic.wmv 

 

   

Figure A8.10 Selected frames from animation: Run E – hydrophilic.wmv 



 

   

 

Figure A8.11 Selected frames from animation: Run H – hydrophilic.wmv 

 

8.3 Animation of HYDRUS 2D-3D simulations 

8.3.1 Animation of effect of sand infills on infiltration into soil at low antecedent soil 

moisture. 

 

 

 

 

 

Figure A8.11 Still image of HYDRUS 2D simulation infiltration into soil at low antecedent soil 

moisture (a) Moisture content: Dry treatment-water content.avi  (b) Pressure head: Dry 

treatment-pressure head.avi   

 

8.3.2 Animation of dye tracer infiltration into wet treatment  

 

 

 

Figure A8.10 Still image of HYDRUS 2D simulation infiltration into soil at high antecedent soil 

moisture (a) Moisture content: Wet treatment-water content.avi  (b) Pressure head: Wet 

treatment-pressure head.avi   
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