Comparison of methods for determining unsaturated hydraulic
conductivity in the wet range to evaluate the sensitivity of
wetting front detectors
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Abstract
The design of passive lysimeters or wetting front detectors determines the tensions at which they collect a water sample
from an unsaturated soil. When deployed in the field to help manage irrigation, it is necessary to know the minimum flux
of water that can be sampled by a passive lysimeter and how this relates to the drainage flux at field capacity. This requires
a good estimate of the unsaturated hydraulic conductivity characteristic, K(h), in the wet range (< 10 kPa). We compared
various field, laboratory and theoretical approaches for obtaining the K(h) function and compared these to a reference K(h)
function derived by applying inverse modelling approaches to field drainage experimental data. The Van Genuchten model
and three of the pedotransfer models produced K(h) functions with a root mean square error of less than 5% compared to
the reference, and appear to be simple methods of obtaining a reasonable estimate of unsaturated hydraulic conductivity.
However, despite the goodness of fit, there can be a 10-fold difference in conductivity at a given tension < 10 kPa estimated
from the different methods. Moreover, water content at field capacity depends entirely on whether field capacity is defined
as time elapsed after saturation, a set tension or a minimum flux.

Keywords: inverse modelling, instantaneous profile method, pedotransfer functions, wetting front detector,
field capacity, HYDRUS-2D

Introduction
Irrigation is usually scheduled by measuring or predicting a soil
water deficit. Another way to conceptualise the irrigation decision is to cease irrigation when the infiltrating water reaches a
set depth in the soil (Zur et al., 1994; Stirzaker, 2003). Stirzaker
and Hutchinson (2005) demonstrated the success of using a
funnel-shaped wetting front detector (WFD) to irrigate grass by
automatically switching off the sprinklers when the infiltrating
water reached a depth of 15 cm.
The WFD used in the above study is essentially a passive
lysimeter, i.e., it collects a water sample from an unsaturated
medium by distorting the downward flow of water. Yet the limitations of passive lysimetry are well documented in the literature, in particular their failure to collect a sample when the flux
is low (Gee et al., 2002; Zhu et al., 2002). In the same way, some
water could drain past a WFD without a water sample being
collected, and therefore give the irrigator incorrect feedback.
If a passive lysimeter or WFD were used to control irrigation, then it would be useful to be able to collect a water sample
over the range from saturation to field capacity, since field
capacity is usually accepted as the maximum soil storage with
negligible drainage. However, field capacity has no universal definition. It is commonly defined in the field as the water
remaining in a soil after 48 or 72 h of free drainage following
saturation (Soil Science Society of America, 1997). Others
have defined field capacity as the time when the water flux falls
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below 0.1 mm/day (Stegman et al., 1980) or when the absolute
change in volumetric soil water content is 0.1 to 0.2% per day
(Ratliff et al., 1983), or as a particular soil tension (Romano and
Santini, 2002).
The design of a passive lysimeter or WFD determines the
soil tension at which it can collect a water sample, which for
practical purposes ranges between 3 and 10 kPa (Hutchinson
and Bond 2001; Gee et al., 2002; Weihermüller et al., 2007;
Stirzaker, 2008). Given the various definitions of field capacity,
and the fact that it is highly dependent on soil type (Romano
and Santini, 2002), reliable methods of predicting the drainage flux within the 0-10 kPa range of soil tensions would help
to choose among various designs of wetting front detectors.
However, the relationship between drainage rate and tension is
notoriously difficult to determine, since different field, laboratory and theoretical approaches can give very different results
(Jones and Wagnet, 1984; Comegna, et al., 1996; Poulsen et al.,
2002).
The instantaneous profile method (IPM) has been widely
used to determine the hydraulic conductivity as a function of
tension, K(h), in the field (Watson, 1966; Hillel et al., 1972;
Reichardt et al., 1998) but can result in large errors, particularly
at the wet end of the range (Fluhler et al., 1976; Reichardt et
al., 1998). Results can be improved by using inverse modelling
approaches. Inverse modelling uses the equations governing
unsaturated flow to determine soil parameters by minimising
the differences between model predictions and observed data,
and is believed to give the best estimate of unsaturated hydraulic conductivity (Fristerle and Faybishenko, 1999; Zhang et al.,
2003).
A disadvantage of the field IPM and inverse methods is the
considerable time and cost they incur in comparison to laboratory tests. The laboratory procedure of Bruce and Klute (1956)
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