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This study tested the relationship between infiltration data collected using all tension settings
of the Mini Disk Infiltrometer (MDI), against infiltration data collected using a 100mm
Single Ring Infiltrometer (SRI). Three soil textures, sand, silt and clay were used for
infiltration sampling. The results show that the MDI tension setting of Ocm most closely
replicated the findings of the SRI across all soils, which was supported through applying the
Nash and Sutcliffe Efficiency analysis.
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Abstract

Defining the infiltration characteristics of an area is beneficial for understanding soil
compaction, determining soil health, and measuring the rate of surface water infiltration,
which is needed for hydrological modelling. Single and double ring infiltrometers (SRI, DRI)
are commonly used to determine infiltration characteristics in the field, however these are
frequently impractical due to the required water volume, the weight and the intrusiveness of
measurement, hindering the ease of replication. The Mini Disk Infiltrometer (MDI) offers a
lightweight, portable and non-intrusive method of measuring infiltration, however no
previous research has explained the influence of changing the tension settings on the
collected infiltration data. To address this gap, this novel study tested the relationship
between infiltration data collected using all tension settings of the Mini Disk Infiltrometer
(MD]), against infiltration data collected using a 100mm Single Ring Infiltrometer (SRI).
Three soil textures (sand, silt and clay) were collected from different geographical areas of
the UK and deposited within the experimental facility designed for this study. Controlled
infiltration measurements were taken with both the MDI and the SRI for each soil type, to
further define the impact of MDI tension settings on derived infiltration, in comparison to the
SRI. For the first time, the results show that the MDI tension setting of Ocm most closely
replicated the findings of the SRI across all soils, which was supported through applying the
Nash and Sutcliffe Efficiency (NSE) analysis. The accuracy with which the MDI replicated
the infiltration of the SRI reduced as tension increased. Consequently, the previously
assumed ideal tension setting of 2 cm, as defined by the MDI handbook and used in previous
research, does not offer an accurate representation of derived infiltration.

Keywords: Mini Disk Infiltrometer, Single Ring Infiltrometer, Infiltration, Tension Setting,
Soil Texture, Nash and Sutcliffe Efficiency, Laboratory Sampling, Soil Sampling

1. INTRODUCTION
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THE INFLUENCE OF MDI SUCTION SETTINGS ON INFILTRATION

Determining the infiltration characteristics of an area is beneficial for various hydrological
and geotechnical applications (Vand et al., 2018). For example, characterising infiltration
rates aids in determining the speed of pollutant leaching, understanding and estimating soil
compaction and soil health, and determining the rate of surface water infiltration and
subsequent overland flow, which is of particular use for hydrological modelling (Marshall et
al., 2014; Nestingen et al., 2018; Umar Farid et al., 2019). To make such a determination,
numerous approaches have been developed to better understand infiltration rates, with the
most popular being the single and double ring infiltrometers (Nestingen et al., 2018; Di Prima
etal.,2019).

Single ring infiltrometers (SRIs) use a cylindrical metal or plastic tube, inserted in to the
sample soil to a depth of 5-10 cm (Carroll ef al., 2004; Bagarello et al., 2014; Chandler ef al.,
2018). Water is added to the tube and the level is recorded at consistent time intervals,
defined by the user (Batkova et al., 2020). Measurement continues until the water level
remains the same for (commonly) three-time intervals, at which point the total and average
(per minute) infiltration and of the area can be calculated (Bagarello and Sgroi, 2004;
Chandler et al., 2018). Total infiltration is the sum amount of water that enters the soil over
the measurement period, and the infiltration per minute is a division of the total sum by the
measurement duration. Use of the SRI suffers from lateral leakage (seepage), whereby
infiltrating water travels laterally instead of vertically, leading to an overestimation of the
infiltration rate (Muneer et al., 2020).

Double ring infiltrometers (DRI) consist of two cylindrical tubes, one larger than the other
inserted 5-10 cm into the sample soil (Fatehnia ef al., 2016; Folorunso and Aribisala, 2018).
Whilst there is no guidance regarding the ratio of DRI ring sizes, it is common to use an outer
ring with double the diameter of the inner (Lai and Ren, 2007; Zhang et al., 2017; Nestingen
et al., 2018). The outer ring of the DRI is filled and kept at a constant head throughout
measurement, forming a ‘bulb’ around the infiltrating water from the inner-ring (Hornberger
et al., 2014). This encourages the vertical infiltration of inner-ring water and minimises
lateral seepage and measurement inaccuracy, which is often inherent with SRI measurement
(Folorunso and Aribisala, 2018; Ronnqvist, 2018; Zhang et al., 2019; Muneer et al., 2020).
The infiltration process of the SRI and the DRI are shown in figure 1.

[Insert figure 1]

The method of recording and deriving infiltration rate and saturated hydraulic conductivity
using the DRI is the same as the SRI. It is agreed within the literature that the size of SRI’s
and DRI’s should be as large as possible to minimise lateral seepage and provide the most
accurate representation of sample soil infiltration characteristics (Bagarello and Sgroi, 2004;
Lai and Ren, 2007; Khodaverdiloo et al., 2017; Nestingen et al., 2018).

One significant limitation associated with both the SRI and DRI is that they disrupt the soil
(Zhang et al., 2019). The intrusive insertion of the rings in to the soil can create macropores,
leakage passages and distort the natural homogeneity of the soil making replication difficult
and increasing measurement error (Bagarello and Sgroi, 2004; Zhang et al., 2017). Whilst
both devices are common methods of measuring in-situ infiltration characteristics, they can
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THE INFLUENCE OF MDI SUCTION SETTINGS ON INFILTRATION

become rapidly impractical in the field if transportation, personnel and water availability is
limited (Milla and Kish, 2006; Chen and Hsu, 2012; Kirkham, 2014; Nestingen et al., 2018).
Additionally, measurement of infiltration can be a time consuming process time (in some
cases up to six hours Johnson, 1963) dependent on desired result and soil type, making
multiple site sampling challenging (Alagna ef al., 2016).

To address and alleviate the issues discussed above with regard to the SRI and DRI methods
(METER® Group Inc., 2018), the Minidisk Infiltrometer (MDI) developed by METER®
Environment (2019) was designed. The MDI it is a portable infiltrometer that is capable of
measuring the infiltration characteristics of a soil under a user-specified tension setting (see
Figure 2) (Burguet et al., 2016; METER® Group Inc., 2018; Nestingen et al., 2018; Batkova
et al.,2020).

[Insert figure 2]

The MDI has a measuring (soil contact) diameter of 4.5 cm and holds a total of 135 ml of
water; 95 ml of which is for infiltration (the bubble chamber accounts for the additional 40
ml), 500% less than what is required by small SRI’s or DRI’s. Furthermore, the method is
non-intrusive - meaning measurements are taken from the soil surface which aids in
measurement replication over time. However vegetation cover does have to be removed from
the soil surface around the area of measurement before the MDI can be used, as full contact
with the soil is required (Robichaud et al., 2008; METER® Group Inc., 2018; Nestingen et
al., 2018; Naik et al., 2019). The force that must be exerted on the base of the MDI by the
soil to break the surface tension is controlled using the tension regulation tube. The user can
select a desired tension, ranging from 0.5 cm (0.5 kPa) to 7 cm (7 kPa), in increments of 0.5
cm. The user manual suggests applying a higher tension when sampling more permeable soils
and a lower tension when the soil is more compact (Fatehnia et al., 2016; METER® Group
Inc., 2018; Nestingen et al., 2018; Naik et al., 2019). Despite these indications, there is
limited guidance on the influence that different suction settings have on deriving infiltration,
and therefore the impact of selecting dissimilar settings for various soil textures when
calculating the infiltration rate and saturated hydraulic conductivity. Furthermore, these
values are typically not considered in studies that have used the MDI (Robichaud ef al., 2008;
Fatehnia et al., 2014; Matula et al., 2015; Nestingen ef al., 2018; Naik et al., 2019). The MDI
user manual suggests a suction setting of 2 cm will sufficiently derive the infiltration
characteristics of most geology textures (METER® Group Inc., 2018).

Therefore, this study aims to evaluate the accuracy and feasibility of using the MDI to
measure soil infiltration characteristics as an alternative to traditional SRI methods across
different soil textures. The infiltration characteristics measured with both the MDI and the
SRI that are used to assess their performance and compared are the infiltration rate and
infiltration capacity.

2. MATERIALS AND METHODS
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THE INFLUENCE OF MDI SUCTION SETTINGS ON INFILTRATION

To test the relationship between the MDI and SRI effectively, soil was collected from three
different locations in England (Figure 3): The Heart of England (HofE) Forest site at Spernal,
Five Acre Community Farm at Ryton and Woodlands Farm at Kirton. A soil texture testing
kit was used to confirm the exact texture of each of the collected soils (LaMotte, 2020).

[Insert figure 3]

As this study was focussed primarily on testing the MDI and its suction settings against the
SRI, the replication of processes was critical. For this reason, large rocks, roots, or soil
conglomerates present in the soil samples were removed using a coarse sieve (3 cm x 3 cm).
This allowed infiltration with both the MDI and the SRI to be comparable, as there would be
no geological characteristics (such as rocks, roots or conglomerates) influencing results. This
process maintained enough of the main soil matrix represent the in-situ soil type, which is the
aim of this study (Di Prima et al., 2018; Cui et al., 2019).

The soil samples were established in wooden boxes measuring 120 cm x 70 cm x 20 cm
(0.168m*). Twelve holes (@10 cm) were drilled in the bottom of the boxes to allow the soil to
drain between measurements, ensuring replicable measurements (Alfredo et al., 2010; Sande
and Chu, 2012; Hu ef al., 2017; Morbidelli et al., 2017; Di Prima et al., 2018). Figure 4a
shows a schematic of the sample boxes, and figure 4b shows one of the boxes filled with the
sandy soil, attained from Five Acre Community Farm.

[Insert figure 4]

The dimensions of the sample boxes reflected the space that would be required to fit the
maximum soil volume that could reasonably be transported from each site to the laboratory,
whilst also considering the surface area required to conduct all measurements without the
influence of lateral seepage or edge effects. Edge effect is the phenomena of an external
factor, or change in sampling consistency, influencing the process of consistent data
collection or replication (Woo, 2004; Dai et al., 2017). For this study, a higher infiltration
value closer to the edges of the wooden sample box, caused by infiltrating water being able to
leak down, would be considered an edge effect. Taking this in to consideration, the depth of
the boxes was an important parameter to select. The SRI would be inserted 10 cm into the
surface, so enough soil needed to still remain under the inserted SRI to reduce any edge effect
caused by infiltrating water interacting with the bottom of the box (Alfredo et al., 2010; Hu et
al., 2017; Di Prima et al., 2018). This decision was made considering that this study was
conducted to verify the ability of the MDI to represent the measurements derived from the
SRI over different tension settings.

Once each testing box had been filled with soil, they were left for 14 days. This process
aimed to settle the soil, somewhat re-instating it represent its original homogeny before the
disruption caused by both the removal from site and the sieving processes (Bryan and Luk,
1981; Phi et al., 2013; Lawrence et al., 2016; Thomsen et al., 2019). The boxes were kept
outside under plastic sheeting during the setting period, and when not being used for
sampling. This was decided to avoid rainfall events interfering with the antecedent conditions
of the soil when not in use, and to prevent weed growth.
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THE INFLUENCE OF MDI SUCTION SETTINGS ON INFILTRATION

2.1 Data Collection Method

MDI measurements were conducted on each soil sample using every suction setting of the
MDI from 0 (where the suction tube was removed) to 7 cm (the strongest suction setting), in
increments of 0.5 cm. Each measurement was taken three times (Marshall ef al., 2014) in a
horizontal line across half of the box, 10 cm away from the previous location to reduce lateral
seepage from one area to the next (Folorunso and Aribisala, 2018; Ronnqvist, 2018). Each
measurement row of was staggered slightly from the row above to utilise space and distance
the rows far enough apart to further avoid lateral seepage. SRI measurements were taken
three times from a vertical line through the middle of the box, 15 cm apart. The distance
between replicas of the SRI was greater than that of the MDI due to the larger size of the SRI
and greater water requirement — which would increase the chance of lateral seepage (Zhang et
al., 2019; Muneer et al., 2020). No measurements were taken from within 5 cm of the side
walls of the box to further reduce edge effects caused by the presence of the box wall. It is
noted in the literature that the larger the ring size, the more accurate the collected data
(Bagarello and Sgroi, 2004; Khodaverdiloo et al., 2017; Nestingen et al., 2018). Therefore, a
100 mm ring was used to compare the MDI measurements too, due to availability and cost.
The reason for using the SRI and not a DRI is due to the desired outcome of this project and
similarity in nature of the measurements taken with the MDI. In measurements taken with
both the SRI and the MDI, lateral seepage is inherent. The DRI is designed to minimise this
phenomenon through the presence of the second ring; so, comparing data collected using the
MDI to a DRI would not be accurate. Additionally, the SRI is more commonly used to
determine infiltration variables in field studies due to the lower cost, lower water
requirements and the portability of the device in comparison to a DRI (Asleson et al., 2009;
Nestingen et al., 2018), so by using a SRI, the study is more applicable to the real-world uses
of the MDI. Figure 5 shows the sampling method with both the MDI and SRI.

[Insert figure 5]

Sampling of each soil type began in the top-left corner with the MDI set to the lowest suction
setting for that sample day; measurements were taken in rows of three, with the MDI suction
increasing by 0.5 kPa at a time, until the last measurement (bottom-right corner) had been
taken on the highest setting. Measurements were replicated in a cycle over the duration of the
sample day in order to be inclusive of any changes in soil characteristics due to varying
weather conditions. For example, measurements with suction settings 0 kPa through 7 kPa
were taken one at a time in sequence, followed by the SRI measurement, then the cycle was
repeated until each measurement had been taken 3 times. Infiltration measurements were
carried out until three consecutive volumes were recorded (~10 minutes), in line with
Chandler et al. (2018) and Bagarello and Sgroi (2004). Literature suggests that three
consecutive volumes indicate a soils infiltration capacity, and most boxes reached this value
within 10 minutes (Bagarello and Sgroi, 2004; Chandler et al., 2018). A total of 144
infiltration measurements were taken for this study.
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THE INFLUENCE OF MDI SUCTION SETTINGS ON INFILTRATION

2.2 Soil Conditions and Variability

Initial soil conditions affect infiltration characteristics (Beven, 2004; Hornberger et al.,
2014). A higher temperature can increase infiltration, whereas a lower temperature can
reduce it (Jaynes, 1990; Prunty and Bell, 2005); and a high initial soil moisture decreases
infiltration creating more tortuous flow paths for infiltrating water (Hornberger et al., 2014;
Ruggenthaler ef al., 2016). In order to account for all these varying soil conditions at the time
and location of each infiltration measurement, values of soil temperature and soil moisture
content were taken regularly using a WET KIT and WET-2 Sensor (Delta-T, 2020). Six
measurements were taken with the WET sensor from each soil box throughout the course of a
sample day to account for changes due to changing weather. The WET sensor was calibrated
to each soil type to be tested prior to use, and recorded temperature to an accuracy of + 1.5°C,
and volumetric water content to and accuracy of = 10%.

3. RESULTS

3.1 Soil Moisture and Temperature

The initial soil moisture and temperature were sampled using the WET sensor, these results
are shown in table 1.

[Insert table I]

The temperatures of both the clay and sand samples are similar with the clay being only
0.38°C warmer than the sand, the silt is warmer than both the clay and the sand by 7.5°C and
7.88°C respectively. The silt sample shows the lowest moisture content, being 0.97% lower
than the sand, and 6.06% lower than the clay sample. As discussed in section 2.2, antecedent
soil moisture and temperature conditions can influence the infiltration rate (Prunty and Bell,
2005; Ruggenthaler et al., 2016), so consideration should be given to the variations in the
initial soil conditions when interpreting results.

3.2 Infiltration Data

Table II shows the total infiltration (in mm) of all replicated MDI and SRI measurements,
along with the mean total for each soil type. Figure 6 shows the cumulative infiltration of
each MDI tension setting and the SRI over the 10-minute measurement duration across the
three sample soils.

[Insert table 1]
[Insert figure 6]

Table II and figure 6 show that derived infiltration values decrease as the tension of the MDI
is increased. As the MDI tension setting is increased from 0 kPa through to 7 kPa, the derived
total infiltration in comparison to the total infiltration determined using the 100 mm SRI.
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3.3 Statistical Analysis

To investigate the correlation between the MDI tension settings and the SRI and determine
which MDI tension setting best represents that of the 100 mm SRI, the Nash-Sutcliffe
Efficiency (NSE) index was used. The NSE is a widely used method of assessing the
goodness-of-fit of two time stepping datasets (McCuen et al., 2006; Schaefli and Gupta,
2007; Criss and Winston, 2008; Ritter and Munoz-Carpena, 2013), and has been used in
infiltration studies (de Almeida et al., 2018; Mahapatra et al., 2020). The NSE index is
common in computer modelling, however is applicable to the datasets collected throughout
this study due to the time-stepping nature, and the goal of aiming to find the MDI tension
setting of best-fit to the SRI (Ritter and Mufioz-Carpena, 2013; Mahapatra et al., 2020). The
NSE equation shows;

NSE = 1-¢ (1)

mean

Where Y is the observed discharge, Yf is the simulated discharge and y™*" is the mean of

observed discharge.

In this study, the mean SRI value for each time step was used as the constant observed value,
and each tension setting was inputted as the simulated value. This allowed for the NSE values
to be derived for each MDI tension setting in order to define the tension setting that most
closely correlates with the SRI, over the measurement period, for all three sample soils.
Results related to the calculated NSE are shown in figure 7.

[Insert figure 7]

Figure 7 shows that an MDI tension setting of 0 derives the closest total infiltration to the 100
mm SRI in all soils, with a 0.95 NSE in sand, 0.54 NSE in silt, and 0.51 NSE in clay. In both
sand and clay, the 0 cm tension setting underestimated the SRI (however was still the closest
tension setting) by 0.67 and 3.33 respectively, however in the silt soil, the MDI infiltrated 3
mm more water than the SRI. The volume of infiltrated water mostly decreases in uniform
with each 0.5 cm of tension applied across all soils, as is seen in the silt soil, however there
are anomalies to this; tension setting 1 and 1.5 in the sandy soil and settings 2.5 and 3 in the
clay soil. Infiltration slows significantly compared to the SRI when using the higher tension
settings, settings 6 cm to 7 cm show 0 mm infiltration across the sandy soil, and settings 5.5
cm to 7 cm show 0 mm of infiltration across both silt and clay soils.

4. DISCUSSION

The results of this study have shown that the different tension settings of the MDI influence
the derived total infiltration value over the measurement duration, resulting in a new set of
values that suggest alternative tension settings to use to replicate the infiltration
characteristics derived from the SRI. It is determined that a tension setting of 0 cm (where the
tension control tube is completely removed from the MDI), most closely represents the
infiltration rate derived from the 100 mm SRI across sand (NSE 0.95), silt (NSE 0.54) and
clay (NSE 0.51). These findings vary from the suggestion of a tension of 2 cm across all soil
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types as suggested by the MDI user manual (METER® Group Inc., 2018). For infiltration
measurements taken with the MDI across sand, silt and clay-textured soils to be comparable
to that of a 100 cm SRI, the tension tube should be removed, this has been demonstrated
through the results collected and displayed throughout section 3. It is discussed in section 3.1
that initial soil moisture and temperature differ slightly between sand, silt and clay. Through
analysing the presented data in figure 6 and table II the variation in these parameters cannot
be seen to influence the collected infiltration data, therefore, the sampling of the soils can be
deemed uniform, with all of the boxes being as comparable as possible for the duration of the
sample period.

This paper has provided evidence for the use of this MDI tension setting across the sample
soils through undertaking 144 controlled infiltration experiments, whereas there is no
justification for the use of 2 cm published in the user manual or in the wider literature. It
should be noted when interpreting these results that the texture, structure and porosity of soils
vary greatly over space, therefore infiltration characteristics of a soil cannot be summarised
under one specific value without further justification, such as that recommended in the MDI
user’s manual (Chesworth et al., 2008; Archer et al., 2013; Hornberger et al., 2014; Kirkham,
2014; Gee and Or, 2018). If the recommended tension setting of 2 cm was to be used across
all soil types, total infiltration volume would be underestimated by 4.67 mm in sand, § mm in
silt, and 7.66 mm in clay when compared to the 100 mm SRI.

This demonstrates the importance of this study, which forms a foundation for the
development of results derived from the MDI, which provides a lightweight, portable
alternative to a typical SRI (Burguet et al., 2016; METER® Group Inc., 2018; Nestingen et
al., 2018; Batkova et al., 2020). This study has provided validity to the results collected by
the MDI, showing that replicable infiltration values to that of a SRI can be derived through
adjusting the tension of the MDI to suit the soil texture. This offers greater opportunity for
soil science research, as the SRI no longer needs to be a limitation in studies that require
multiple replications over large study sites, and infiltration testing can be carried out in
otherwise difficult to reach places, leading to further data collection and greater addition to
the soil-infiltration literature base.

Whilst a 100 mm SRI was used for comparison in this study due to availability and cost, it is
also worth considering the implications that using different SRI sizes may have on results. If
a larger ring was used in this study, the infiltration measurements may become greater due to
the increased surface area, and increase amount of area available for infiltration in
comparison to the MDI (Bagarello and Sgroi, 2004; Khodaverdiloo et al., 2017; Nestingen et
al., 2018). This signifies that further research needs to be conducted regarding the influence
of ring size on infiltration data collection, particularly when comparing SRI data to MDI data.
This could indicate that as SRI size changes, so does the most suitable MDI tension setting.
Additionally, whilst this research has demonstrated the accuracy with which the MDI can
calculate infiltration in a laboratory setting, further research is required to better understand
the applicability in a field environment. Such a setting would further consider roots,
compaction and stones that are likely to be present, but were sieved out as part of this project.
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5. CONCLUSIONS

Overall, this study has provided a calibration of the infiltration data derived from the tension
settings of the MDI, forming a basis for further studies into the influence of MDI tension
settings across even more soil types, in addition to the ones tested here. The tension settings
of the MDI have been tested against a 10 cm SRI, and the most appropriate tensions, selected
by statistical correlation have determined for use to replicate that of the SRI across the tested
soil types. This study acts as a framework for determining the MDI tension settings to use in
the field to replicate that of a SRI, and add validity to the results derived from the MDI.

ACKNOWLEDGEMENTS

Special thanks are extended to the Heart of England (HofE) Forest, Five Acre Community
Farm and Woodlands Farm for allowing the use of their soil for this paper; and to Francis
Rayns the provision of laboratory space, expertise and assistance in the project set-up.

DATA AVAILABILITY

To access the data collected and analysed in this study, please contact the corresponding
author Nathaniel Revell (revelln@uni.coventry.ac.uk).



353

354
355
356

357
358
359

360
361
362

363
364
365

366
367
368

369
370
371

372
373
374

375
376
377

378
379

380
381

382
383
384

385
386

387
388
389

390
391

392
393
394

395
396

397
398

399

THE INFLUENCE OF MDI SUCTION SETTINGS ON INFILTRATION

REFERENCES

Alagna V, Bagarello V, Di Prima S, Giordano G, Iovino M. 2016. Testing infiltration run effects on the
estimated water transmission properties of a sandy-loam soil. Geoderma 267: 24-33 DOI:
10.1016/j.geoderma.2015.12.029

Alfredo K, Montalto F, Goldstein A. 2010. Observed and Modeled Performances of Prototype Green Roof Test
Plots Subjected to Simulated Low- and High-Intensity Precipitations in a Laboratory Experiment. Journal
of Hydrologic Engineering 15 (6): 444—457 DOI: 10.1061/(asce)he.1943-5584.0000135

de Almeida WS, Panachuki E, de Oliveira PTS, da Silva Menezes R, Sobrinho TA, de Carvalho DF. 2018.
Effect of soil tillage and vegetal cover on soil water infiltration. Soil and Tillage Research 175 (February
2017): 130-138 DOI: 10.1016/j.5till.2017.07.009

Archer NAL, Bonell M, Coles N, MacDonald AM, Auton CA, Stevenson R. 2013. Soil characteristics and
landcover relationships on soil hydraulic conductivity at a hillslope scale: A view towards local flood
management. Journal of Hydrology 497: 208-222 DOI: 10.1016/j.jhydrol.2013.05.043

Asleson BC, Nestingen RS, Gulliver JS, Hozalski RM, Nieber JL. 2009. Performance assessment of rain
gardens. Journal of the American Water Resources Association 45 (4): 1019-1031 DOI: 10.1111/j.1752-
1688.2009.00344.x

Bagarello V, Sgroi A. 2004. Using the single-ring infiltrometer method to detect temporal changes in surface
soil field-saturated hydraulic conductivity. Soil and Tillage Research 76 (1): 13-24 DOL:
10.1016/j.stil1.2003.08.008

Bagarello V, Baiamonte G, Castellini M, Di Prima S, Tovino M. 2014. A comparison between the single ring
pressure infiltrometer and simplified falling head techniques. Hydrological Processes 28 (18): 4843—4853
DOI: 10.1002/hyp.9980

Batkova K, Mihalikova M, Matula S. 2020. Hydraulic properties of a cultivated soil in temperate continental
climate determined by mini disk infiltrometer. Water (Switzerland) 12 (3): 1-21 DOL
10.3390/w12030843

Beven K. 2004. Robert E. Horton’s perceptual model of infiltration processes. Hydrological Processes 18 (17):
3447-3460 DOI: 10.1002/hyp.5740

Bryan RB, Luk SH. 1981. Laboratory experiments on the variation of soil erosion under simulated rainfall.
Geoderma 26 (4): 245-265 DOI: 10.1016/0016-7061(81)90023-9

Burguet M, Di Prima S, Prosdocimi M, Taguas E V., Cerda A. 2016. Minidisk against ring infiltrometer
measurements to assess the saturated hydraulic conductivity in Mediterranean vineyards (Vitis vinifera L.)
under Tillage and No-Tillage managements. Solid Earth 18

Carroll ZL, Bird SB, Emmett BA, Reynolds B, Sinclair FL. 2004. Can tree shelterbelts on agricultural land
reduce flood risk? Soil Use and Management 20 (3): 357-359 DOI: 10.1079/SUM2004266

Chandler KR, Stevens CJ, Binley A, Keith AM. 2018. Influence of tree species and forest land use on soil

hydraulic conductivity and implications for surface runoff generation. Geoderma 310 (August 2017):
120-127 DOI: 10.1016/j.geoderma.2017.08.011

Chen CT, Hsu KC. 2012. Use of falling-head infiltration to estimate hydraulic conductivity at various depths.
Soil Science 177 (9): 543-553 DOI: 10.1097/SS.0b013e318267ed7f

Chesworth W, Camps Arbestain M, Macias F, Spaargaren O, Spaargaren O, Mualem Y, Morel-Seytoux HJ,
Horwath WR, Almendros G, Chesworth W, et al. 2008. Encyclopedia of Soil Science (W Chesworth, ed.).
Springer Netherlands: Dordrecht. DOI: 10.1007/978-1-4020-3995-9

Criss RE, Winston WE. 2008. Do Nash values have value? Discussion and alternate proposals. Hydrological
Processes 22 (14): 2723-2725 DOI: 10.1002/hyp.7072

Cui Z, Wu GL, Huang Z, Liu Y. 2019. Fine roots determine soil infiltration potential than soil water content in
semi-arid grassland soils. Journal of Hydrology 578 (26): 124023 DOI: 10.1016/j.jhydrol.2019.124023

Dai Q, Peng X, Yang Z, Zhao L. 2017. Runoff and erosion processes on bare slopes in the Karst Rocky



400

401
402
403

404
405

406
407
408

409
410

411
412

413
414

415
416

417
418

419
420

421
422

423
424
425

426
427

428
429
430

431
432

433
434

435
436
437

438
439
440

441
442
443

444
445
446

THE INFLUENCE OF MDI SUCTION SETTINGS ON INFILTRATION

Desertification Area. Catena 152: 218-226 DOI: 10.1016/j.catena.2017.01.013

Decagon Devices. 2006. Mini Disk Infiltrometer User’s Manual. Pullman, WA. Available at:
https://www.metergroup.com/environment/products/mini-disk-infiltrometer/ [Accessed 11 September
2019]

Delta-T. 2020. WET KIT and WET-2 Sensor. WET KIT and WET-2 Sensor Available at: https://www.delta-
t.co.uk/product/wet-2-horticulture/

Fatehnia M, Tawfiq K, Abichou T. 2014. Comparison of the methods of hydraulic conductivity estimation from
mini disk infiltrometer. Electronic Journal of Geotechnical Engineering 19 E (December 2015): 1047—
1063

Fatehnia M, Tawfiq K, Ye M. 2016. Estimation of saturated hydraulic conductivity from double-ring
infiltrometer measurements. European Journal of Soil Science 67 (2): 135-147 DOI: 10.1111/ejss.12322

Folorunso O, Aribisala J. 2018. Effect of Soil Texture on Soil Infiltration Rate. Archives of Current Research
International 14 (3): 1-8 DOI: 10.9734/ACR1/2018/41974

Gee GW, Or D. 2018. 2.4 Particle-Size Analysis. In Astronomy & Astrophysics255-293. DOI:
10.2136/sssabookser5.4.c12

Hornberger GM, Wiberg PL, Raffensperger JP, D’Odorico P. 2014. Elements of Physical Hydrology. John
Hopkins University Press: Baltimore.

Hu S, Zhu H, Chen Y. 2017. One-dimensional horizontal infiltration experiment for determining permeability
coefficient of loamy sand. Journal of Arid Land 9 (1): 27-37 DOI: 10.1007/s40333-016-0062-3

Jaynes DB. 1990. Temperature Variations Effect on Field-Measured Infiltration. Soil Science Society of America
Journal 54 (2): 305-312 DOI: 10.2136/ss52j1990.03615995005400020002x

Johnson AI. 1963. A Field Method for Measurement of Infiltration: USGS Water-Supply Paper 1544-F.
Geological Survey Water-Supply Paper 1544-F: 27

Khodaverdiloo H, Khani Cheraghabdal H, Bagarello V, Iovino M, Asgarzadeh H, Ghorbani Dashtaki S. 2017.
Ring diameter effects on determination of field-saturated hydraulic conductivity of different loam soils.
Geoderma 303 (May): 60—69 DOI: 10.1016/j.geoderma.2017.04.031

Kirkham MB. 2014. Infiltration. In Principles of Soil and Plant Water RelationsElsevier; 201-227. DOI:
10.1016/C2013-0-12871-1

Lai J, Ren L. 2007. Assessing the size dependency of measured hydraulic conductivity using double-ring
infiltrometers and numerical simulation. Soil Science Society of America Journal 71 (6): 1667-1675 DOLI:
10.2136/sss2j2006.0227

LaMotte. 2020. Soil Texture Test Kit. Individual Soil & Plant Tissue Test Kits Available at: https://lamotte.com/
products/soil/individual-soil-plant-tissue-test-kits/soil-texture-test-1067 [Accessed 15 October 2020]

LandIS. 2020. UK Soil Texture Triangle. Soil Survey of England and Wales Available at:
http://www.landis.org.uk/data/nmtopsoiltexture.cfm [Accessed 18 March 2019]

Lawrence GB, Fernandez 1J, Hazlett PW, Bailey SW, Ross DS, Villars TR, Quintana A, Ouimet R, McHale
MR, Johnson CE, et al. 2016. Methods of soil resampling to monitor changes in the chemical
concentrations of forest soils. Journal of Visualized Experiments 2016 (117): 1-16 DOI: 10.3791/54815

Mahapatra S, Jha MK, Biswal S, Senapati D. 2020. Assessing Variability of Infiltration Characteristics and
Reliability of Infiltration Models in a Tropical Sub-humid Region of India. Scientific Reports 10 (1): 1-18
DOI: 10.1038/s41598-020-58333-8

Marshall MR, Ballard CE, Frogbrook ZL, Solloway I, Mcintyre N, Reynolds B, Wheater HS. 2014. The impact
of rural land management changes on soil hydraulic properties and runoff processes: Results from
experimental plots in upland UK. Hydrological Processes 28 (4): 2617-2629 DOI: 10.1002/hyp.9826

Matula S, Mihalikova M, Lufinkova J, Batkova K. 2015. The role of the initial soil water content in the
determination of unsaturated soil hydraulic conductivity using a tension infiltrometer. Plant, Soil and
Environment 62 (11): 515-521 DOI: 10.17221/527/2015-PSE



447
448

449

450
451
452

453
454

455
456

457
458

459

460
461
462

463
464
465

466
467
468

469
470
471

472
473

474
475
476

477
478

479
480

481
482
483

484
485
486

487
488

489
490

491
492
493

THE INFLUENCE OF MDI SUCTION SETTINGS ON INFILTRATION

McCuen RH, Knight Z, Cutter AG. 2006. Evaluation of the Nash—Sutcliffe Efficiency Index. Journal of
Hydrologic Engineering 11 (6): 597-602 DOI: 10.1061/(ASCE)1084-0699(2006)11:6(597)

METER® Group Inc. 2018. Mini Disk Infiltrometer User’s Manual. Pullman, WA.

Milla K, Kish S. 2006. A low-cost microprocessor and infrared sensor system for automating water infiltration
measurements.  Computers and  Electronics in  Agriculture 53 (2): 122-129 DOI:
10.1016/j.compag.2006.05.001

Morbidelli R, Saltalippi C, Flammini A, Cifrodelli M, Corradini C. 2017. A laboratory experimental system for
infiltration studies. Hydrology Research 48 (3): 741-748 DOI: 10.2166/nh.2016.066

Muneer AS, Sayl KN, Kamal AH. 2020. A Comparative Study to Assess the Suitable Models for Predicting the
Infiltration Rate in an Arid Region. Iraqi Journal of Civil Engineering 14 (1): 29-38

Naik AP, Ghosh B, Pekkat S. 2019. Estimating soil hydraulic properties using mini disk infiltrometer. ISH
Journal of Hydraulic Engineering 25 (1): 62—70 DOI: 10.1080/09715010.2018.1471363

Natural England. 2008. Soil Texture

Nestingen R, Asleson BC, Gulliver JS, Hozalski RM, Nieber JL. 2018. Laboratory Comparison of Field
Infiltrometers. Journal of Sustainable Water in the Built Environment 4 (3): 1-6 DOL
10.1061/JSWBAY.0000857

Phi S, Clarke W, Li L. 2013. Laboratory and numerical investigations of hillslope soil saturation development
and runoff generation over rainfall events. Journal of Hydrology 493: 1-15 DOL:
10.1016/.jhydrol.2013.04.009

Di Prima S, Castellini M, Abou Najm MR, Stewart RD, Angulo-Jaramillo R, Winiarski T, Lassabatere L. 2019.
Experimental assessment of a new comprehensive model for single ring infiltration data. Journal of
Hydrology 573 (March): 937-951 DOI: 10.1016/j.jhydrol.2019.03.077

Di Prima S, Concialdi P, Lassabatere L, Angulo-Jaramillo R, Pirastru M, Cerda A, Keesstra S. 2018. Laboratory
testing of Beerkan infiltration experiments for assessing the role of soil sealing on water infiltration.
Catena 167 (October 2017): 373-384 DOI: 10.1016/j.catena.2018.05.013

Prunty L, Bell J. 2005. Soil Temperature Change over Time during Infiltration. Soil Science Society of America
Journal 69 (3): 766775 DOI: 10.2136/sssaj2004.0219

Ritter A, Mufioz-Carpena R. 2013. Performance evaluation of hydrological models: Statistical significance for
reducing subjectivity in goodness-of-fit assessments. Journal of Hydrology 480: 33-45 DOI:
10.1016/j.jhydrol.2012.12.004

Robichaud PR, Lewis SA, Ashmun LE. 2008. New procedure for sampling infiltration to assess post-fire soil
water repellency. USDA Forest Service - Research Note RMRS-RN (33 RMRS-RN): 1-14

Ronngvist H. 2018. Double-Ring Infiltrometer for In-Situ Permeability Determination of Dam Material.
Engineering 10 (06): 320-328 DOI: 10.4236/eng.2018.106022

Ruggenthaler R, Meifll G, Geitner C, Leitinger G, Endstrasser N, Schoberl F. 2016. Investigating the impact of
initial soil moisture conditions on total infiltration by using an adapted double-ring infiltrometer.
Hydrological Sciences Journal 61 (7): 1263—1279 DOI: 10.1080/02626667.2015.1031758

Sande L, Chu X. 2012. Laboratory experiments on the effect of microtopography on soil-water movement:
Spatial variability in wetting front movement. Applied and Environmental Soil Science 2012: 15-18 DOI:
10.1155/2012/679210

Schaefli B, Gupta H V. 2007. Do Nash values have value? Hydrological Processes 21 (15): 2075-2080 DOI:
10.1002/hyp.6825

Thomsen EO, Reeve JR, Culumber CM, Alston DG, Newhall R, Cardon G. 2019. Simple soil tests for on-site
evaluation of soil health in orchards. Sustainability (Switzerland) 11 (21) DOI: 10.3390/sul1216009

Umar Farid H, Mahmood-Khan Z, Ahmad I, Shakoor A, Naveed Anjum M, Mazhar Igbal M, Mubeen M,
Asghar M. 2019. Estimation of infiltration models parameters and their comparison to simulate the onsite
soil infiltration characteristics. International Journal of Agricultural and Biological Engineering 12 (3):



THE INFLUENCE OF MDI SUCTION SETTINGS ON INFILTRATION

494 84-91 DOI: 10.25165/j.1jabe.20191203.4015

495 Vand AS, Sihag P, Singh B, Zand M. 2018. Comparative Evaluation of Infiltration Models. KSCE Journal of
496 Civil Engineering 22 (10): 4173-4184 DOI: 10.1007/s12205-018-1347-1

497  Woo M. 2004. Boundary and border considerations in hydrology. Hydrological Processes 18 (7): 1185-1194
498 DOI: 10.1002/hyp.1399

499  Zhang J, Lei T, Qu L, Chen P, Gao X, Chen C, Yuan L, Zhang M, Su G. 2017. Method to measure soil matrix

500 infiltration in forest soil. Journal of Hydrology 552: 241-248 DOI: 10.1016/j.jhydrol.2017.06.032
501 Zhang J, Lei T, Qu L, Zhang M, Chen P, Gao X, Chen C, Yuan L. 2019. Method to quantitatively partition the
502 temporal preferential flow and matrix infiltration in forest soil. Geoderma 347 (17): 150-159 DOI:
503 10.1016/j.geoderma.2019.03.026
504
505 TABLES
506 Table I. Data recorded using the WET Sensor
Sample Soil Temperature (°C) Moisture (%)
Clay Sample 6.93 2007
Sand Sample 6.55 14.05
Silt Sample 14.43 13.08
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509  Table II. The total infiltration of each MDI and SRI (in mm), with the mean average, across
510 all three sample soils. R=replicate.
Sand Silt Clay
Mean Mean Mean
MDI tension total total total
setting R1 R2 R3 infiltration R1 R2 R3 infiltration R1 R2 R3 infiltration
0 9 9 9 9.00 13 13 12 12.67 7 5 6 6.00
0.5 8 7 7 7.33 7 8 7 7.33 4 5 5 4.67
1 6 6 6 6.00 3 3 4 3.33 4 4 4 4.00
1.5 6 6 7 6.33 3 2 3 2.67 3 2 3 2.67
2 5 5 5 5.00 2 2 1 1.67 1 2 2 1.67
2.5 4 6 4 4.67 2 2 1 1.67 1 1 1 1.00
3 3 4 4 3.67 1 2 1 1.33 1 1 1 1.00
3.5 2 3 3 2.67 0 1 1 0.67 1 0 0 0.33
4 32 2 2.33 1 1 0 0.67 1 0 0 0.33



THE INFLUENCE OF MDI SUCTION SETTINGS ON INFILTRATION

4.5 1 1 1 1.00 0 0 1 0.33 0 1 0 0.33
5 0o 1 O 0.33 0 1 O 0.33 0 0 1 0.33
5.5 0 0 1 0.33 0 0 O 0.00 0 0 0 0.00
6 0 0 O 0.00 0 0 O 0.00 0 0 0 0.00
6.5 0 0 O 0.00 0 0 O 0.00 0 0 0 0.00
7 0O 0 O 0.00 0 0 O 0.00 0 0 0 0.00
SRI 10 9 10 9.67 &8 9 12 9.67 9 10 9 9.33

511
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