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Abstract: We devised a simple infiltrometer to easily assess soil infiltration capacity and key soil
hydraulic properties considering the impact of soil structure on soil infiltration. We conducted
two series of five in situ infiltration experiments each on undisturbed forest and grassland soil of
contrasting bulk densities and saturated hydraulic conductivity (Ks), and one on six soil columns
with mineral soil and various textures without structure. Finally, we measured K, saturated water
content and the van Genuchten parameters of these soils. Based on the obtained results, we found
the best correlations to be exponential correlations between clay content and infiltrated water volume
on the one hand and between clay content and the hydraulic properties on the other hand in all cases.
Considering the infiltrated volume obtained by the infiltrometer and the measured soil parameters
in mineral soil columns as references, we hypothesized that any change in hydraulic parameters of
the natural soil is proportional to the change in infiltration volume. Thus, a second term accounting
for water volume changes was therefore included in the correlation equations. The first validations
of Ks values in forest soil showed good agreement with the laboratory measurements. Further
investigations are needed to extend our validation to other soils with various textures.

Keywords: infiltrometer; infiltration capacity; soil structure; soil hydraulic parameters

1. Introduction

Agricultural soils are the nexus of a wide variety of pressures including increasing
global demand for food associated with population growth, changing diets, land degrada-
tion and associated productivity reductions potentially exacerbated by climate change [1,2].
To manage the use of agricultural soils well, decision-makers need science-based, easy to
apply and cost-effective tools to assess soil quality and function [3]. However, since a prac-
tical assessment of soil quality requires the integrated consideration of key soil properties
and their variations with space and time, it remains a challenging task [4].

Soil quality is related to “the capacity of a soil to function within ecosystem bound-
aries, to sustain biological productivity, maintain environmental quality and promote plant,
animal and human health” [4,5]. The physical quality of an agricultural soil refers pri-
marily to the soil’s strength and fluid transmission and storage characteristics in the crop
root zone [6].

Recent studies have proposed several conceptual frameworks for monitoring soil
quality [7]. The soil attributes are selected from a minimum dataset for their suitability
for assessing a particular soil function [8], a specific soil ecosystem service [9] or a key
threat to soils [10]. However, because many soil analyses are involved, monitoring all soil
quality indices at different scales and land uses remains expensive, as well as time and
labor consuming, when using the standard procedures [11]. In this regard, identification of
appropriate soil physical indicators appears to be useful for soil quality status, since they
express the soil’s ability to store and provide crop-essential water, air and nutrients [6,12].

Soil structure, including macropores and organic matter, is the property most fre-
quently evaluated when determining soil quality under different land uses and agricultural
practices [13]. Soil structure is usually evaluated in an indirect way from properties such
as soil organic carbon content, bulk density and porosity. In some cases, the soil water

Water 2023, 15, 467. https:/ /doi.org/10.3390/w15030467

https://www.mdpi.com/journal /water


https://doi.org/10.3390/w15030467
https://doi.org/10.3390/w15030467
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/water
https://www.mdpi.com
https://orcid.org/0000-0003-0473-1612
https://doi.org/10.3390/w15030467
https://www.mdpi.com/journal/water
https://www.mdpi.com/article/10.3390/w15030467?type=check_update&version=2

Water 2023, 15, 467

20f12

retention curve, soil resistance to root growth, the saturated hydraulic conduction (Ks) and
the infiltration rate are taken into account as well [14]. These properties, which can be used
as indicators of soil physical quality [15], are usually evaluated by classical tests based
on laboratory and field measurements frequently used to characterize and monitor the
physical condition of soils. In this regard, infiltration capacity is a good indicator of physical
soil quality since it reflects the hydrodynamic aspect of the soil structure [16]. Infiltration
capacity is defined as the maximum rate at which water soaks into or is absorbed by the
soil through the soil surface [17].

There are several devices and approaches to assess infiltration capacity in soils.
Infiltration-based methods are recognized as valuable tools to investigate hydraulic and
transport soil properties. The well permeameter and single-ring infiltrometer constant-head
techniques are the most used in this issue [18]. They rely on the attainment of a steady-state
flow rate of water into the soil. The BEST (Beerkan estimation of soil transfer parameters)
procedure of soil hydraulic characterization [19,20] suggested determining the field sat-
urated hydraulic conductivity (Kg) by only a transient infiltration process through a soil
surface confined by a ring. Calculating K, requires the slope of the linearized cumulative
infiltration vs. time relationship and an estimate of the so called o* parameter. Although
the BEST method is a relatively rapid and inexpensive method that substantially facilitates
the hydraulic characterization of unsaturated soils [21-25], it’s application is limited [26].
For example, Xu et al. [27] reported the occurrence of null or even negative estimates of
Ks and sorptivity in sandy soils or soils in wet conditions. [28] also found that the BEST
method was not appropriate for some soils because of the lack of concavity at the beginning
of the cumulative infiltration curve. [29] revealed that in some cases, the BEST method and
its modified version [23] still show poor performance in fitting a cumulative infiltration
curve and also occasionally resulted in a null or extremely low value, especially for sandy
soil or soils in wet conditions.

Among the widely used methods for this purpose, the Guelph permeameter measures
K{; by determining the steady-state liquid recharge rate required to maintain a constant
depth of water in an uncased, cylindrical auger hole in the unsaturated zone [30,31]. The
term “field-saturated” refers to the fact that air may be entrapped or encapsulated by the
infiltrating water, causing the measured hydraulic conductivity to be lower than the real
K [32]. Several factors may affect the magnitude of K¢ measurements in the unsaturated
soil using the Guelph permeameter, such as gradual siltation for the well and well collapse
during the course of the measurements, air entrapment by the infiltrating water and solar
heating of the head space in the water sections [31,33]. Double-ring infiltrometers are also
routinely used by soil scientists and other professionals to measure the infiltration rate of
field sites [34,35]. The size of the cylinder in these devices is one source of error. A 15 cm
diameter ring produces measurement errors of approximately 30%, while a 50 cm diameter
ring produces measurement errors of approximately 20% compared to the infiltration rate
that would be measured with a ring of an infinite diameter [36]. It has been suggested that
a diameter of at least 100 cm should be used for accurate results [34]. However, cylinders
of this size become very difficult to use in practice on light soils, because large volumes of
water are required to conduct tests on sandy soils with high infiltration rates.

Application of the results from measurements with the above infiltrometers for soil
quality purposes is limited for several reasons. They investigate only the upper few
centimeters of the topsoil, do not take into account the effect of soil layering (e.g., double-
ring infiltrometer) and are difficult to implement, principally due to the friable nature of
soil (e.g., Guelph permeameter). [18] showed in their review on tension discs and pressure
ring infiltrometers that these methods have limitations, most of them being associated with
the simplifying assumptions of the analysis used to infer soil hydraulic properties from
water and solute flow measurements. Therefore, developing alternative methods to obtain
key soil parameter data at different depths and with minimal experimental efforts and
theoretical constraints is desirable, especially for areas of the world where resources for
experimental soil research are scarce.
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The aim of this study was to devise a new infiltrometer that makes it possible to
rapidly and reliably evaluate the soil infiltration capacity and key soil hydraulic properties
based on a short infiltration in the field and prior knowledge of clay content. Based on
laboratory and field measurements, we establish correlation equations to determine the
key hydraulic properties such as Ks, 65 and the van Genuchten parameters [37].

2. Materials and Methods

The infiltrometer proposed here consists of a Plexiglas tube of about 4 cm in outer
diameter and 57 cm in length mounted on a semisoft, porous tube of 10 cm length and
with the same diameter. It ends in a conic steel point that facilitates insertion into the soil at
different depths (Supplementary Material S1-A). The Plexiglas tube opens at its upper end
and promotes water infiltration into the soil under the falling head. The infiltrometer was
calibrated and validated using a water volume of 370 mL, ensuring the same conditions for
all infiltration experiments. In the open air (outside the soil), the porous tube, containing
pores of 10 um diameter, allows water infiltration (of 370 mL volume) at a rate of 2 mL s~ 1,
which is 16 times higher than that of soil of the highest sand content used for the calibration
in this study, namely sample 6 with 90.8% sand and 0.1% clay, and 40 times higher than
that of soil of the highest clay content, namely sample 1 with 17.6% sand and 13.6% clay
(Figure 1), which have infiltration rates of 0.126 mL s~! and 0.05 mL s~!, respectively.
We assume that the calibration of our approach with such characteristics allows reliable
estimates of soil properties within this range of soil texture.

Before the installation of the infiltrometer in the ground, a cylindrical hole was exca-
vated by vertically driving a beveled steel cylinder of 38 cm in diameter into the ground at
the desired depth. Using a rubber hammer, the excavation was made with great care to
avoid creating a space between the hole’s walls and the cylinder. This metal tube was then
taken out by turning it slightly to avoid any soil disturbance.

The texture of soils sampled in the field (one sample per depth) was determined after
treating them with H,O, to remove organic material [38]. The sand fraction (>50 um) was
obtained by wet sieving. The silt and clay fractions (particles of 2 to 50 pm and <2 um,
respectively) were measured on pretreated samples by sedimentation with a SediGraph
5100 (Micromeritics, Norcross, GA, USA) using particle sedimentation rates in combination
with X-ray absorption.

Ks was determined on samples of undisturbed soil with a diameter of 55 mm and
a length of 42 mm, taken at 50 mm depth increments throughout the soil profile. For
the Ks measurements, 5 samples were taken at a depth between 10 and 20 cm. Ks was
determined with a constant head permeameter [39]. Total porosity and bulk density were
then determined directly for each undisturbed sample after drying at 105 °C for 24 h,
assuming a particle density of 2.65 g cm 3. Organic carbon content was determined by
the mass loss on ignition. The selected data consisted of WRCs of at least 6 data points
over a large suction scale, most of which were measured with a pressure plate in the
laboratory. Determination of van Genuchten parameter values from the paired soil water
content-matric potential data was conducted using the curve fitting software RETC [40]
using the m = 1-1/n assumption.

2.1. Calibration

We first conducted two series of 5 in situ infiltration experiments each on undisturbed for-
est (Langgasse, city of Bern, Switzerland) and grassland soil (Schwarzenburg, canton of Bern,
Switzerland) of contrasting bulk densities and Ks (Supplementary Material S1-B, Table 1). In
all cases, the porous tube of the infiltrometer was inserted between 10 and 20 cm depth,
enabling us to estimate the infiltration rate at this depth. After the infiltration experiments,
we sampled soil around the hole where the infiltrometer was inserted. The samples served
for the measurements of the key soil hydraulic properties and van Genuchten parameters
as described above.
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Table 1. Measured texture, saturated hydraulic conductivity (Ks), bulk density (BD) and organic
carbon (OC) of investigated soils used for the calibration.

Particle Size Distribution (%) Ky BD ocC

Soil Column Number Clay Silt Sand
Texture * -1 -3) (@

(<2 pm) (2-50 um) (>50 um) exture (cm s (gem™) (%)
Undisturbed forest soil 11.6 53.3 35.1 Silt loam 3.11 x 1072 0.87 10.6
Undisturbed grassland soil ~ 10.6 43.8 45.6 Loam 1.60 x 1073 1.44 3.5
Reconstructed soil columns
1 13.6 68.8 17.6 Silt loam 1.0178 x 1073 *) 0
2 10.6 55.0 344 Silt loam 5.84 x 1073 *) 0
3 7.5 394 53.1 Sandy loam 1.268 x 1073 * 0
4 3.5 22.2 74.3 Loamy sand 3.2624 x 1073 * 0
5 2.8 21.2 76.0 Loamy sand 1.222 x 1072 * 0
6 0.1 9.1 90.8 Sand 8.152 x 1073 *) 0

* Texture was classified in accordance with the USDA soil taxonomy. (*) Soil columns were reconstructed with
respect to BD by predefining the weight of the soil and the corresponding volume in the Plexiglas cylinder to
have a similar BD (1.35-1.40 g cm~3).

With respect to bulk density, we artificially constructed 6 soil columns of various
textures, consisting of mineral soil placed in a cylinder of Plexiglas with a diameter of 19 cm
and 20 cm length. They were reconstructed by weighing soil and defining the corresponding
volume in the Plexiglas cylinder to obtain comparable values of BD for all soil columns
(1.35-140 g cm~3). These soil columns consisted of mineral soil with neither structure
(i.e., macropores) nor organic matter. Clay minerals used here were rich in kaolinite and
smectite and were washed before use. On each of these, we conducted 3 similar infiltration
experiments (Supplementary Material S1-C). A water volume of 370 mL was used for all
infiltration experiments. After carrying out all infiltrations, the dried material was used to
prepare soil samples of smaller sizes using cylinders of a diameter of 55 mm and a length
of 42 mm (with the goal of reproducing a similar BD), which served for the measurements
of the key soil properties including the van Genuchten parameters. For each soil texture,
5 (mineral) soil samples were used for the measurement of soil properties.

2.2. Field Validation

The validation was carried out on a forest soil in the Gantrisch region in the Swiss
Prealps, approximately 30 km south of Bern at altitudes between 880 and 1000 m a.s.l. The
site is located in the Flysch zone and features mainly marled clays interlaced with stony
or sandy layers. The prevailing soil type was Gley, according to FAO-UNESCO [41], and
hydromorphic attributes were found beneath depths of 0.05-0.14 m. Soil texture was 45%
sand, 33% silt and 22% clay. Bulk density varied between 0.65 and 1.00 mg m 2 in topsoils
and between 0.79 and 1.60 mg m 3 in subsoils. The slopes of the areas investigated were
less than 7° [42].

We conducted 5 infiltration experiments on the site within a perimeter of about 1 m in
diameter. Within that same perimeter, we took 5 undisturbed soil samples for the laboratory
Ks measurements. The investigated soil layer was between 5 and 15 cm for both infiltration
experiments and laboratory analyses. The diameter of the cylinders and the procedure of Ks
measurements were the same as described for the calibration. In this study, the validation
was carried out only for K.

3. Results

Linear relationships between infiltrated water volume and the corresponding time
intervals of infiltration were determined for each sample (Figure 1). Thanks to this correla-
tion, the infiltration capacity could be easily deduced after a time of 20 min of infiltration.
Based on our calibration, we set a threshold infiltrated water volume value of 50 mL within
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20 min to indicate whether the soil was loose or compacted. This threshold value was
calculated based on a bulk density of 1.40 g cm 3.
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Figure 1. Linearized cumulative infiltration vs. time relationship for six reconstructed mineral soils
of different textures. No water outflow was observed during the 50 min time interval considered for
all soils. The volume of water flowing in soil (y-axis) corresponds to decrease in the water level in the
tube of the infiltrometer.

We investigated all correlations of measured properties. Overall, we found the best
correlations to be exponential correlations between clay content and infiltrated water
volume (Figure 2A) and also between clay content and the hydraulic parameters in all
cases, expressed by “A . e®®"©)” in Equation (1 and 2) and shown in Figure 2B.

Taking into account a reference BD valueof 1.4 g cm~3 of mineral soil, we introduced
a second term (e.g., “(V, — V;) * F”) to state if soil was loose or compact.

Thus, hydraulic properties (HP;)) could be obtained using the following general equations:

HP; = A. e®BC) — (v, — V;) * F) for loose soil (forest) 1

or
HPg = A. eB0 _ (V1 — Vi) * F) for compacted soil (grassland) 2)

where A and B are empirical factors specific to each hydraulic property, C is the clay content,
the indices “1” and “2” refer to reconstructed soil columns and field soils, respectively, and F is
a factor expressing the impact of the structure/degree of compaction on the HP (see Table 2).
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Figure 2. Laboratory investigations on six reconstructed mineral soils: (A) exponential relationship
between clay content C and infiltrated water; (B) exponential relationship between clay content C
and saturated hydraulic conductivity Ks.

Considering the infiltrated volume obtained by the infiltrometer and measured soil
parameters in mineral soil columns as the references, we hypothesized that the increase in
HP due to soil structure is proportional to the increase in infiltrated water volume from
V1 to V5 (in the case of the forest soil as compared to mineral soil columns). Similarly, the
decrease in HP due to soil compaction was assumed to be proportional to the decrease
in infiltrated water volume from V7 to V’; (in the case of the grassland soil as compared
to mineral soil columns) (see Equations 1 and 2 and Supplementary Material S2). This
relationship is valid for 65 and Ks. For the van Genuchten parameters, slight differences
were noted in the equations; the operators between the terms depend on the magnitude
of the relation between the parameters n and A obtained for loose soil and compacted
soil (Table 2).

The soil parameters can be calculated according to the functions presented here with
regard to measured V; values. We estimate that for a compacted soil forest presenting
a value for Vj in the range of those of grassland soil, the equations of the latter soil can
be used for the calculations. This is because infiltration capacity is the most integrative
property that represents the dynamic response of soil rather than its morphology.

These calculations were based on a 20 minute time interval of infiltration. We assume
that the predictions within this time interval are less prone to errors than those for shorter
time intervals.

According to Equation (2b), the exponential correlation between clay content and 6
results in the equations for the 65 prediction for different values of V; (Figure 3 and Table 2).
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Table 2. Equations for the prediction of soil parameters K, 85 and van Genuchten parameters « and
n with m = 1-1/n (calibration at 20 min).

Param. to Observation . .
Land Cover Determine Vy vs. Vs Equations for the Calculation Eq. Factor F Eq.
Loose soil K Vy>Vy Ky = 0.0006 . 022+C) — (V3 — V;) % F) @) = Ka=Ka) )
s Ksl < Ksz s(i) = -€ 2 ! B
. Vi>V . _
Compactsoil K Ksll S K'zsz K(7) = 0.0006 . e022¢C) _ (v, — V)« ) (5) F— (K‘;;Iéiﬂ (6)
; V2>V _ 0.0245C 0,06
Loose soil 0 0oy <o Os1) = 3647 . el ) — (Vy — V;) x F) (7) = % (8)
Compactsoil V1>V 0,1 = 3647 . e0924C) _ (V1 _ V)« F) ) = (Bat'a) (10)
s 951 > 9,52 s() ’ ’ ! ! F= Vlfvzl
. V2 > V1 * _
Loose soil «, van Genuchten 0 > it a;) =0.013. o(0145C) (Vo — V) = F) (11) = (3;7?/?) (12)
. Vi>V . o
Compactsoil &, van Genuchten oc11< a’zz &) =0.013. e01%C) L (v, — V) % F) (13) F= ("’;12_‘;"[12) (14)
. Vo>V, _ —0.044C (1~
Loose soil n, van Genuchten > iy =237. e )+ (Va—V;) % F) (15) F= %"2) (16)
. V>V —0.04% a
Compactsoil 1, van Genuchten n11> n’22 ngy =2.37. e(-004xC) _ (V1 = V;) = F) (17) F—= (";117";/22) (18)

651 and 6, are the saturated water content of reconstructed soil and undisturbed soil, respectively; a1 and «; are
calculated « (van Genuchten) of reconstructed soil and undisturbed soil, respectively; 1 and 1, are calculated n
(van Genuchten) of reconstructed soil and undisturbed soil, respectively; C is the clay content; an apostrophe ()
denotes parameters measured in grassland soils (indices 1 and 2 refer to reconstructed and undisturbed soils,
respectively). For the predictions of K, refer to Equations 1-4 in the text. Forest soil is considered as loose soil
while grassland is considered as compact soil, as reflected by their respective bulk densities.

50 1

36.4685 . e (0:0235°C)

45 -

40 -

Saturated water content (%)

35 1 I 1 T 1 1 Ll T
0 2 4 6 8 10 12 14

Clay content (%)

Figure 3. Exponential relationships between saturated water content and clay content C; data from
six reconstructed soil columns.

The statistical significance parameters provided in Supplementary Material S3 attests
to the consistency of the equations for the calculation shown in Table 2.

With regard to WRC, Figure 4 shows the results of the laboratory analyses of the six
constructed soil columns. It appears that the water content of the small matric potential
values decreases from soil column 1 to soil column 6. This fact attests to the dominant role
of clay content and thus of textural porosity in controlling the WRC.
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Figure 4. Water retention curves of the six reconstructed soil columns, measured at the laboratory.

Obtained van Genuchten parameters (A and n) of the six reconstructed soil columns
and the two ones of undisturbed soils were correlated to clay content and served to obtain
the correlation equations of these parameters (Figure 5 and Table 2). The soil of column 5
has high A and n values (Figure 5) which can be attributed to the missing value of the
moisture content at pressure head 15,850 hPa (Figure 4). Furthermore, we propose to extend
our investigations to soils with various combinations of organic matter, macropores, pore

continuity, texture and bulk density, in order to improve the accuracy of the predictions of
the van Genuchten parameters.

0.10 A) o 3.5 B)
(0.1359*C) 23699  ¢0.0440°C)
0.0134 . ¢ 304 o
0.07 |
£ 2.5
< lo) n
2.0
0.04 4
1.5
Q o
0.01 1 1.0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

Clay content (%) Clay content (%)
Figure 5. Exponential correlations (A) between clay content and « (van Genuchten) and (B) between
clay content C and 7 (van Genuchten); data from six reconstructed soil columns.

According to the concept adopted here, there are two different types of equations, one
for forest soil and one for grassland soil (Table 2). Thus, the selection of the equation to
use for the predictions depends on the value of V; obtained in the field (undisturbed soil
under consideration). If V3 is greater than V; (infiltrated water volume of mineral soil),
the equations related to forest soil should be used to estimate the soil properties; if V5 is
smaller than V1, the equations for grassland soil should be used. As the calibration in our
study was carried out on six soils of different textures (Figure 1), there are six equations for
the case of V, > V; and six equations for the case of V, < V1, depending on the clay content.
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Predicted using the infiltrometer

Validation

Predictions of Ks based on the five infiltration experiments and laboratory analysis of
Ks gave mean values of 0.012 cm s~! and 0.015 cm s, respectively, and the high correlation
coefficient attests to the good agreement between the measurements and the predictions
(Figure 6). These values are comparable and attest to a good validation of the approach
proposed in this study. Similarly, the predicted value of total porosity was 50%, which is in
the range of the values measured by [43] and reported in [42] for the same site (defined as
site B in their work) (42-57%).

Saturated hydraulic conductivity (cm s1)

0.02
0.015 .0
0.01 — y = 0.4396x + 0.006 ]|
R? = 0.9833
0.005
0.006 0.008 001 0012 0014 0016 0018 002  0.022

Laboratory measurements

Infiltrometer ® Predicted Infiltrometer

—— Linear (Infiltrometer) Linear (Predicted Infiltrometer)

Figure 6. Validation of the method for saturated hydraulic conductivity, Ks, comparison between
laboratory measurements and predictions based on infiltration experiments. black circles represent
the mean values.

Obtained K; values for this site were relatively high. This fact can be explained by the
high organic matter of the topsoil (5-15 cm depth) and the dominant contribution of pores
mainly generated by roots carrying mobile water downward [42].

4. Discussion

A heterogeneous structure in undisturbed (structured) soil generally creates suitable
conditions for ecosystem services and the changes in the WRC and hydraulic conductivity
function affect the water transport processes. The concept of soil structure involves the
distribution, size range and connectivity of the pore spaces between particles, aggregates
and peds in soil [44], which have a large impact on the storage and supply of water,
nutrients and oxygen [45,46]. The most commonly used physical soil properties, such as
bulk density/total porosity, macroporosity, Ks and penetration resistance, only deal with the
morphology of structure and do not directly account for changes in the volume distribution
of these voids, their connectivity or the changes in this connectivity [47]. For this reason, it
is necessary to directly consider the hydrodynamic functionality of the pores in conducting
water, air and nutrients rather than dwelling on the morphology of soil structure [48].

Furthermore, there is a research gap in easy to apply tools to assess soil structure
impact on the infiltration capacity at the plot, field, farm and regional level which can be
used by practitioners in the agricultural sector, as well as researchers and others.

The proposed device to determine key soil parameters has the advantage of being
simple, easy to use and cost-effective. It is assumed that very small changes in soil structure
between different soil samples could be reflected by the variations in the volumes of infil-
trated water between soils under consideration. Corresponding changes in soil parameters
were assumed to be proportional between V; of the reconstructed soil sample and V, of
the structured undisturbed soil. This could minimize the errors of the estimations.
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The laboratory soil columns were reconstructed with regard to bulk density by adjust-
ing the height of soil contained in the cylinder with its weight. In this study, the bulk density
varied between 1.35 and 1.40 g cm 3 for the six reconstructed soil columns that served as
references to quantify the effect of additional soil structure and OM on the infiltration rate
and soil properties. The choice of this range of bulk density values is due to the need for
common reference values for all soil samples used in the lab. We argue that choosing this
range of bulk densities does not affect our results since the water volume flowing at the
bottom of the reconstructed soil columns is proportional to the bulk density of mineral soil
with neither structure (e.g., macropores) nor OM. When looking at the undisturbed soils,
the variation in the OM may reflect a non-linearity between reconstructed and undisturbed
soils in terms of the structure effects. In fact, the factor, F, expressing the impact of structure
on each parameter may be variable depending on OM content and the magnitude of the
preferential flow, but we estimate that the resulting impact on our predictions is negligible.
Further studies are needed to check our hypothesis by comparing, for example, soils with
different degrees of compaction.

It is worth noting that the WRCs obtained in the laboratory cover a large soil moisture
range, from saturation to water retention of nearly 1500 kPa. However, the water potential
measured by our infiltrometer ranges from 0 to about 6 kPa. This implies that the two
different methods are not covering the same range of soil moisture. However, the correlation
between the two parameters, the matric potential obtained from our laboratory analysis and
the infiltration capacity could be considered as an indirect relationship. A wide range in soil
textures and structures must be considered in order to verify the robustness of the approach,
especially to validate the predictions of the van Genuchten parameters. As reported in the
literature, underestimates of Ks may be expected when the antecedent moisture content
is higher than the field capacity [49]. Thus, infiltration experiments should be carried out
under dry soil conditions as was the case in this study.

A preliminary knowledge of the clay content of the soil under consideration could help
in accurately positioning the first linear curve A (Figure 1) that is assumed to correspond to
textural porosity (i.e., matrix flow domain). Although matrix flow domain is controlled by
the rearrangement of mineral particles that includes also silt and sand, our results show
that clay is the most important fraction controlling the dynamics of flow.

5. Conclusions

In this study, we have presented the preliminary results of a simple infiltrometer
developed to estimate key soil hydraulic parameters such as infiltration capacity, saturated
hydraulic conductivity, saturated water content and the van Genuchten parameters. It
allows predictions at different depths of the soil profile in a rapid, simple and cost-effective
way. The main advantage of this device is that it allows the assessment of soil structure
contribution on the infiltration capacity.

The validation based on derived data from laboratory and field analyses of forest
soil showed that a simple 20 min in situ infiltration measurement and prior knowledge
of clay content are sufficient to estimate the key hydraulic parameters. Although the
statistical significance parameters of the correlation between the hydraulic parameters and
the clay content were good, further investigations are necessary to validate the predictions,
especially the predictions of the van Genuchten parameters under various land uses and
land covers.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/w15030467/s1, S1: Experimental design; S2: Method used for
the calibration (e.g., Ks) using the relationships between cumulative infiltration and corresponding
time obtained by means of our infiltrometer. (See text for explanation.) S3: Statistical performance
parameters of the obtained equations provided in Table 2.
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