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Determining saturated hydraulic conductivity of a repacked loam soil by 2 

the simplified falling-head technique: impact of sieving duration and 3 

scraping of exposed surfaces 4 

 5 

Abstract: Many methods are used in laboratory for packing sieved soil. Determination of soil 6 

properties is expected to vary with the applied packing method. The objective of this 7 

investigation was to test the impact of initial soil sieving duration and scraping of exposed 8 

soil surfaces on saturated hydraulic conductivity, Ks, of an initially air-dry loam soil 9 

determined by the simplified falling-head technique. Two sieving durations (5 and 30 min) 10 

were considered. A brush was used to scrape exposed surfaces for half of the tested soil 11 

columns. A long sieving yielded a finer soil than a short sieving and 9-22% smaller values of 12 

Ks. Scraping the exposed soil surfaces yielded 4-17% smaller Ks values than those obtained on 13 

the not scraped columns. None of the observed differences was statistically significant. 14 

Therefore, sieving duration and treatment of the exposed soil surfaces were minor factors 15 

influencing determination of Ks. Reaching general conclusions about sieving duration and 16 

scraping effects requires testing these factors with other soils, initial soil water conditions and 17 

Ks measurement techniques. 18 

 19 

Keywords: Soil column preparation method; saturated soil hydraulic conductivity; 20 

undispersed particle size distribution; hydraulic continuity. 21 

 22 

INTRODUCTION 23 

Determining the saturated hydraulic conductivity, Ks, of undisturbed field soils is necessary 24 

for many agronomic, engineering and environmental activities, such as understanding and 25 

predicting water movement or seepage in soils, that can also be expected to depend on the 26 

flow direction (Nam et al., 2021; Woessner et al., 2020). Obtaining appropriate Ks values for 27 

an intended use is very difficult since this parameter is extremely sensitive to sample size, 28 

flow geometry, sample collection procedures and various soil physical-hydrological 29 

characteristics (Reynolds et al. 2000). Repacked soil does not represent an alternative to 30 

undisturbed soil since repacking alters the characteristics of the porous medium. Nevertheless, 31 
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saturated conductivity of sieved and repacked soil columns is determined for many reasons 32 

such as testing theories (Reynolds & Elrick 1987) or establishing the effects of wastewater 33 

(Viviani & Iovino 2004), organic amendment (Bondì et al. 2024), wildfire (Šurda et al. 2023) 34 

or rock fragments (Wu et al. 2021) on the soil hydrodynamic behavior as well as serving as 35 

input data for numerical simulations (Ghazouani et al. 2015). Working with homogeneous soil 36 

columns favors reproducibility of the experiment and hence it makes collaboration between 37 

different research teams easier. Despite at least 300 years of experience in the use of soil 38 

columns, no standardization of experimental methods has occurred, which complicates 39 

comparison between investigations (Lewis & Sjöstrom 2010). Moving towards standardized 40 

methods requires considering that many factors could influence experimental results. Sieving 41 

duration of an air-dry soil mass and treatment of any exposed soil surface before performing 42 

the Ks experiment are two of these factors. 43 

Before preparing a soil column, the porous medium is generally passed through a sieve to 44 

include in the sample particles smaller than a given size, frequently fixed at 2 mm, but 45 

mechanical sieving duration is rarely reported in scientific papers. The lack of this 46 

information is justified if sieving duration does not influence the particle size distribution of 47 

the soil used for the experiment. However, Díaz-Zorita et al. (2007) reported that the 48 

probability of discriminating between soils increased with a longer sieving duration. 49 

According to Bartley et al. (2019), sieving duration influences the probability of a particle to 50 

pass through a given sieve. Fomin et al. (2021) suggested that sieving duration is a factor to 51 

be considered to define an optimal sieving method. Therefore, it is still necessary to verify if 52 

sieving duration is a practically negligible experimental factor. 53 

In some investigations it is explicitly reported that, when the soil sample is prepared by 54 

layers, the interface is, and should be, scraped before addition of another soil mass to ensure 55 

hydraulic connectivity between the layers since, after compaction, the exposed soil surface 56 

could act as a layer with different properties from those of the other portion of the soil column 57 

(Lewis & Sjöstrom 2010). We did not find in the literature specific laboratory comparisons 58 

between Ks values of scraped and not scraped soil columns. However, the effects of even a 59 

thin smeared or compacted soil layer on hydrological processes (Assouline & Mualem, 2006) 60 

or field measurement of Ks (Bagarello 1997) are documented. Therefore, scraping impact on 61 

laboratory Ks determination should be investigated. 62 

The saturated hydraulic conductivity of an initially unsaturated repacked soil column can be 63 

determined in the laboratory from an early-time falling-head infiltration process with the 64 
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simplified falling-head (SFH) technique, which is also usable in the field (Bagarello et al. 65 

2004). Recently, the dependence of the Ks values obtained by this technique on several factors 66 

related with laboratory preparation of an initially air-dry soil column was tested. 67 

Investigations were mainly performed on loamy soils and the tested factors included the 68 

applied manual method for packing the soil (Bagarello et al. 2022), the reuse of the same soil 69 

mass for repeated determinations of Ks (Bagarello et al. 2024), and the relationship between 70 

Ks and the dissipated soil compaction energy by a simple laboratory apparatus (Autovino et al. 71 

2024), also taking into account that Ks of repacked soil samples is expected to decrease with 72 

increasing bulk density as a response of the smaller volume of coarse pores (Dec et al., 2008). 73 

Testing other factors is necessary to better predict the impact of the laboratory preparation 74 

method of an initially air-dry soil column on determination of Ks by the SFH technique. This 75 

information could also represent a reference for investigations with other soils, initial soil 76 

water conditions and Ks measurement techniques. 77 

The general objective of this investigation was to determine how different choices that can be 78 

made when a soil column has to be prepared influence determination of saturated hydraulic 79 

conductivity of an initially air-dry loam soil with the simplified falling-head technique. The 80 

specific objectives were to test dependence of the measured Ks values on i) duration of 81 

mechanical sieving; and ii) scraping of exposed soil surfaces during preparation of the soil 82 

column. 83 

 84 

MATERIALS AND METHODS 85 

 86 

Soil 87 

The soil was collected at the orchard of the Department of Agricultural, Food and Forest 88 

Sciences of the University of Palermo (Italy, 38°06’24’’ N, 13°21’06’’ E). The soil organic 89 

carbon content, determined with the Walkley-Black method, was of 27.1 g/kg. According to 90 

the USDA classification system, the sand, silt and clay percentages were equal to 50.7%, 91 

30.3% and 19.0%, respectively, and the soil was classified as loam (Bagarello et al. 2024). A 92 

soil mass of nearly 80 kg was collected in the field and it was transported to the laboratory 93 

and spread on plastic sheets and manually stirred every two or three days for nearly one 94 

month to facilitate natural drying. The gravimetric water content, w (g/g), of this soil was 95 

periodically measured. The experiment started as w stabilized at the air-dry value, wi (g/g). 96 

Fresh soil, that is a soil mass never used for other Ks determinations, was used to prepare each 97 
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soil column in this investigation. A 30 cm diameter and 7 cm high sieve filled with 2-3 kg of 98 

air-dry soil was used for sieving the air-dry soil.  99 

 100 

Soil compaction apparatus 101 

The soil compaction apparatus by Autovino et al. (2024) was used to prepare a soil column. 102 

The apparatus consists of a Teflon pestle sliding inside a Plexiglas guide cylinder and an 103 

underlying Plexiglas cylinder containing the soil. The pestle has a diameter of 5 cm, a height 104 

of 30 cm and a mass, mp = 0.89 kg. At its upper end, a screw eyelet connects a rope with a 105 

handle. The rope slides through a fixed pulley. The guide cylinder, having an internal 106 

diameter, dc, of 5.3 cm and a height of 50 cm, is aligned with the pulley and secured by metal 107 

supports. The container cylinder, also having dc = 5.3 cm and a height of 25 cm, aligned with 108 

the guide cylinder, is equipped at the bottom with a sock and a mesh fixed with a metal band. 109 

Compaction involves repeated drops of the pestle from a given height, HF (m). The 110 

gravitational potential energy, Ep, dissipated to prepare the soil column is calculated since 111 

both the mass of the pestle and the height of fall are known. In particular, for a single blow, Ep 112 

(J/m2) is equal to mp×g×HF/A, g (m/s2) being the acceleration due to gravity and A (m2) the 113 

exposed surface of the soil sample. 114 

 115 

Saturated soil hydraulic conductivity 116 

The saturated hydraulic conductivity, Ks (L/T), of a soil column was determined by the 117 

simplified falling-head (SFH) technique (Bagarello et al. 2004). A fixed water volume was 118 

used for each Ks test. The infiltration time, ta (T), was determined as the time from water 119 

application to the instant when all free water disappeared from the soil surface. The following 120 

equation was used to calculate Ks: 121 

𝐾𝑠 =
Δ𝜃

𝑡𝑎(1−Δ𝜃)
[

𝐷

Δ𝜃
−

(𝐷+
1

𝛼∗)

1−Δ𝜃
𝑙𝑛 (1 +

(1−Δ𝜃)𝐷

Δ𝜃(𝐷+
1

𝛼∗)
)]      (1) 122 

in which  (L3/L3) is the difference between the saturated (s) and the initial (i) volumetric 123 

soil water content, D = V/A (L) is the height of the ponded head of water at t = 0, V (L3) is the 124 

applied water volume, A (L2) is the infiltration surface, and * (1/L) is a soil texture/structure 125 

parameter that was fixed at 0.012 1/mm (Elrick & Reynolds 1992). In this investigation, i 126 

and s were determined using the gravimetric soil water content of the air-dry soil, wi (g/g), 127 

and the dry soil bulk density, b (g/cm3), assuming that s coincided with the porosity. Since 128 
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the soil used to fill the cylinder was air-dry and not oven-dry, b was determined by the 129 

following relationship: 130 

𝜌𝑏 =
𝑚𝑠

𝑉𝑡
=

𝑚𝑎𝑑

𝑉𝑡(1+𝑤𝑖)
          (2) 131 

where ms (g) is the mass of the dry soil, Vt (cm3) is the bulk volume of the soil sample, and 132 

mad (g) is the mass of the air-dry soil. 133 

 134 

Sieving duration 135 

The soil mass was passed through a 2 mm mechanical sieve. Sieving duration, SD (T), was 136 

equal to 5 min for a part of the soil and 30 min for another part. The particle size distribution, 137 

PSD, of the undispersed soil passing through the sieve was determined without initially 138 

treating the soil with H2O2 or sodium hexametaphosphate to verify if the different sieving 139 

durations had a detectable effect on the fine (< 2 mm) soil particle content. At this aim, the 140 

percentages by weight of particles of 2-0.86, 0.86-0.425, 0.425-0.25, 0.25-0.106, 0.106-0.075 141 

and < 0.075 mm were determined. For a given SD value, the PSD of N = 8 soil samples was 142 

determined.  143 

The soil passing through the sieve was used to prepare the soil columns for the SFH runs. A 144 

column was prepared with a one-step procedure using 580 g of air-dry soil. The soil was 145 

poured in the cylinder and then it was compacted by an established number of blows of the 146 

pestle, NB, falling from a fixed height, HF. In particular, three combinations between NB and 147 

HF were used, that is 10 (NB) × 0.10 m (HF), 30 × 0.30 m and 50 × 0.50 m. The 148 

corresponding Ep values were equal to 4.1 (low, L, compaction energy), 37.0 (intermediate, I, 149 

energy) and 102.8 kJ/m2 (high, H, energy), respectively. The final height, hf (L), of the soil 150 

samples varied on average from 21.5 cm for Ep = 4.1 kJ/m2 to 20.1 cm for Ep = 102.8 kJ/m2 151 

for a soil sieved for 5 min and from 20.9 cm (Ep = 4.1 kJ/m2) to 19.6 (Ep = 102.8 kJ/m2) with 152 

SD = 30 min. Taking into account that the SFH technique requires establishing a one-153 

dimensional infiltration process, free water should not appear at the bottom of the column by 154 

the end of the run. For this reason, a water volume, Vw (cm3), equal to the empty pore volume 155 

in the upper 75% of the soil column was used to perform each SFH run:    156 

𝑉𝑤 = 0.75 ℎ𝑓 × π ×
𝑑𝑐

2

4
× (θ𝑠 − θ𝑖)         (3) 157 

The Vw values varied from 142 to 172 cm3, depending on the soil sample, for SD = 5 min and 158 

from 127 to 154 cm3 for SD = 30 min. Four different soil columns were prepared for each Ep 159 
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and SD value. Therefore, a dataset of N = 24 individual determinations of b and Ks was 160 

obtained (3 Ep values × 2 SD values × 4 replicates).  161 

The one-step soil column preparation method was adopted to avoid the risk to introduce, in 162 

the developed dataset, some noise due to a possible hydraulic discontinuity in the case of a 163 

preparation by layers. The experiment was repeated with three Ep values to recognize a 164 

possible effect of the dissipated energy on the differences between the two sieving durations. 165 

 166 

Scraping 167 

In this experiment, the soil mass passing through a 2 mm mechanical sieve for 5 min was used 168 

to prepare the soil columns for the SFH runs. A total of 12 soil columns were prepared with a 169 

one-step procedure using 580 g of air-dry soil for each column. The soil was poured in the 170 

cylinder and then it was compacted by blowing the pestle 48 times from a height of 0.48 m. 171 

Consequently, Ep was equal to 94.7 kJ/m2. After compaction, the exposed soil surface of six 172 

randomly chosen columns was scraped by sliding over the surface a small rigid brush, 173 

prepared by sticking several needles into a cork connected to a rod. Other 12 soil columns 174 

were prepared with a three-step procedure using 193.3 g of air-dry soil at each step. Each of 175 

the three layers was compacted by blowing the pestle 16 times from a height of 0.48 m in 176 

order not to change the total dissipated energy for a soil column (Ep = 94.7 kJ/m2). Also in 177 

this case, the exposed soil surfaces of six randomly chosen columns were scraped by the 178 

brush. In particular, scraping preceded addition of any new soil mass. Even in this case, eq.(3) 179 

was used to determine Vw for each infiltration run. The final height of the 24 soil samples was 180 

equal on average to 19.9 cm (coefficient of variation, CV = 1.1%) and the mean Vw value was 181 

equal to 142 cm3 (CV = 2.4%). 182 

A three-step procedure was also used in this experiment to verify if the differences between 183 

scraped and not scraped soil columns depended on the number of scraped surfaces in a 184 

sample.  185 

 186 

Statistical analysis 187 

F and two-tailed t tests at P = 0.05 were applied in this investigation to establish comparisons 188 

between two datasets with reference to both dry soil bulk density and saturated soil hydraulic 189 

conductivity.  190 

 191 

RESULTS AND DISCUSSION 192 
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 193 

Sieving duration 194 

Undispersed particles having an equivalent diameter > 0.25 mm represented the 66.5% of all 195 

particles when the soil was sieved for 5 min and the 63.6% with SD = 30 min (Figure 1).  196 

 197 

 198 

Figure 1. Percentage by weight of soil particles of a given size range for a sieving duration of 199 

5 and 30 min (each percentage is the mean of eight values) 200 

 201 

Therefore, the content of coarse particles was smaller by 2.9 percentage units with a longer 202 

sieving. More in detail, sieving duration did not influence appreciably the percentages of 203 

0.86-0.425 and 0.106-0.075 mm particles, since two corresponding percentages differed at the 204 

most by 0.3 units. With SD = 5 min, there were more particles of 2-0.86 mm (by 1.7 units) 205 

and 0.425-0.25 mm (by 1.1 units) and less particles of 0.25-0.106 mm (by 1.4 units) and 206 

0.075-0 mm (by 1.2 units) as compared with SD = 30 min. Therefore, coarseness of the soil 207 

decreased as SD increased. The effect of a longer sieving on the undispersed PSD was similar 208 

to that detected as a consequence of using repeatedly the same soil mass for preparing soil 209 

columns (Bagarello et al. 2024).  210 

Regardless of SD, the dry soil bulk density, b, increased as expected (Dec et al., 2008; Shafiq 211 

et al. 1994; Autovino et al. 2024) as Ep increased from a L to a H value (Table 1 and Figure 212 

2). The increase was similar for the two SD values (6.6% and 6.0% with SD = 5 and 30 min, 213 

respectively). For SD = 5 min, the largest energy dissipated in this experiment yielded a 214 

significantly more compacted soil than that obtained with a small and an intermediate energy 215 
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but, in this range of relatively small Ep values (4 < Ep < 37 kJ/m2), the applied energy did not 216 

influence significantly b (Table 1). For SD = 30 min, all differences between two means 217 

were significant. Regardless of Ep, the b value obtained with SD = 30 min was greater than 218 

that obtained with SD = 5 min by a percentage varying from 1.0% to 1.9%, depending on Ep. 219 

However, the differences between the two SD values were not significant. 220 

 221 

 222 

 223 

Figure 2. Mean values of the dry soil bulk density, b, for two sieving durations, SD, and three 224 

levels of the applied soil compaction energy, Ep (low, L; intermediate, I; high, H; sample size, 225 

N = 4 for each SD and Ep value) 226 

 227 

 228 

Table 1. Summary statistics of the dry soil bulk density, b, and saturated soil hydraulic 229 

conductivity, Ks, values obtained for each applied compaction energy, Ep, on soil samples 230 

prepared after two different sieving durations (sample size, N = 4 for each energy, variable 231 

and sieving duration) 232 

Ep Statistic b (g/cm3) Ks (mm/h) 

5 min 30 min 5 min 30 min 

Low, L 

(4 kJ/m2) 

Min 1.18 1.21 62.4 44.7 

Max 1.22 1.25 90.0 67.0 

Mean 1.21 a A (B) 1.22 a (A) (B) 73.4 a (A) (B) 57.5 a (A) (B) 

1.14
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1.18
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1.26
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b
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CV (%) 1.4 1.34 18.1 18.1 

Intermediate, I 

(37 kJ/m2) 

Min 1.21 1.24 38.6 34.8 

Max 1.25 1.26 44.1 43.0 

Mean 1.23 a A (C) 1.25 a (A) (C) 41.4 a (A) (C) 37.7 a (A) (C) 

CV (%) 1.5 0.6 6.6 10.0 

High, H 

(103 kJ/m2) 

Min 1.26 1.28 25.5 23.3 

Max 1.29 1.32 30.2 25.9 

Mean 1.28 a (B) (C) 1.30 a (B) (C) 27.6 a (B) (C) 24.8 a (B) (C) 

CV (%) 1.2 1.2 7.5 4.9 

For given compacting energy and variable, values in a row followed by the same lower case 233 

letter not enclosed in parenthesis were not significantly different according to an F test and a 234 

two-tailed t test at P = 0.05. For given variable and sieving duration, values in a column 235 

followed by the same upper case letter not enclosed in parenthesis were not significantly 236 

different according to an F test and a two-tailed t test at P = 0.05. Values followed by the 237 

same upper case letter enclosed in parenthesis were significantly different.  238 

 239 

 240 

The saturated soil hydraulic conductivity, Ks, decreased as Ep increased from L to H for both 241 

SD = 5 and 30 min (Table 1 and Figure 3). In particular, Ks decreased by 62% with SD = 5 242 

min and by 57% with SD = 30 min. For a given SD value, all differences between two means 243 

of Ks were significant. Regardless of Ep, the Ks value obtained with SD = 30 min was smaller 244 

than that obtained with SD = 5 min by a percentage varying with Ep between 9% and 22%. 245 

However, differences between two corresponding means of Ks were not significant.  246 

Differences between the b and Ks values obtained with the two sieving durations were not so 247 

large to be statistically significant. However, sieving duration did not appear to have a totally 248 

negligible effect on the tested soil properties since a long sieving yielded numerically larger 249 

b values and smaller Ks values than a short sieving for all applied energies. This last 250 

circumstance suggested that the detected differences between the two sieving durations, 251 

although small, had a physical explanation and they were not only obtained by chance. A 252 

longer sieving implies a larger content of fine particles in the soil used for the experiment 253 

(Figure 1). Therefore, there is a greater probability that small particles occupy the empty 254 

spaces at the contact zones between the coarser particles. A soil column prepared with a given 255 

soil mass will then have a smaller bulk volume and hence a greater b value (Figure 2). The 256 
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presence of these small particles makes the pores overall narrower and it induces flow to be 257 

more tortuous with the consequence that Ks decreases (Figure 3).  258 

 259 

 260 

 261 

Figure 3. Mean values of the saturated soil hydraulic conductivity, Ks, for two sieving 262 

durations, SD, and three levels of the applied soil compaction energy, Ep (low, L; 263 

intermediate, I; high, H; sample size, N = 4 for each SD and Ep value) 264 

 265 

 266 

According to this investigation, sieving duration was a minor and statistically negligible 267 

factor influencing the b and Ks data. Consequently, two datasets obtained under identical 268 

conditions only differing by sieving duration can be considered drawn from the same 269 

population. However, the existence of some small differences between the two SD values 270 

having a plausible physical explanation also suggests that more appreciable effects of sieving 271 

duration could be detected in other experimental conditions. In this case, a longer sieving 272 

could likely imply preparing a more compacted and less conductive soil column. Sieving 273 

duration should be reported in scientific papers (Díaz-Zorita et al. 2007). Two investigations 274 

performed with similar sieving durations are comparable with more confidence than two 275 

investigations differing appreciably by sieving duration. 276 

 277 
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There was not any statistically significant difference between the b values obtained on the 279 

scraped (SC) and the not scraped (NSC) soil columns, regardless of whether the sample was 280 

prepared in one or three steps (Table 2). In particular, the percentage difference between two 281 

corresponding means, , was equal to 0.6% for the columns prepared in one step and to 0.1% 282 

for those prepared in three steps. The SC and NSC columns also yielded statistically similar 283 

Ks values for both sample preparation methods. However, the SC and NSC soil columns 284 

prepared by a three-step method yielded more similar Ks values than those prepared by a one-285 

step method since  was equal to 3.6% in the former case and 16.9% in the latter one.   286 

Regardless of the treatment of the exposed soil surfaces (SC, NSC), preparing the soil sample 287 

in three steps yielded significantly higher b values as compared with those obtained by the 288 

one-step method ( = 1.5% for the SC columns and 1.0% for the NSC ones). Even Ks was 289 

greater with the three- than the one-step method. However, with the SC columns, the 290 

difference between the two corresponding means was equal to 26.6% and it was statistically 291 

significant. With the NSC columns, the difference was smaller ( = 12.2%) and not 292 

significant. 293 

The established SC vs. NSC comparisons, yielding not statistically significant and also small 294 

differences between corresponding datasets for both sample preparation methods ( < 0.6% 295 

for b and  < 17% for Ks), suggested that scraping the exposed surfaces or not was irrelevant 296 

in this investigation. According to this result, two investigations performed on a relatively 297 

coarse soil having an initially low water content can be expected to be comparable even if the 298 

exposed soil surfaces are scraped in a case but not in the other case. 299 

 300 

Table 2. Summary statistics of the dry soil bulk density, b, and saturated soil hydraulic 301 

conductivity, Ks, values obtained by preparing the soil sample in one or three steps and 302 

scraping (SC columns) or not scraping (NSC columns) any exposed soil surface (sample size, 303 

N = 6 for each step number, variable and scraping treatment) 304 

 305 

Steps Columns Statistic b (g/cm3) Ks (mm/h) 

1 SC Min 1.27 19.6 

Max 1.31 27.6 

Mean 1.29 a(c) 24.4 a(c) 

CV (%) 1.3 10.8 
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NSC Min 1.30 21.6 

Max 1.31 32.8 

Mean 1.30 a(d) 28.5 ad 

CV (%) 0.3 13.4 

3 SC Min 1.30 26.9 

Max 1.32 33.9 

Mean 1.31 b(c) 30.9 b(c) 

CV (%) 0.8 10.4 

NSC Min 1.29 28.8 

Max 1.32 34.8 

Mean 1.31 b(d) 32.0 bd 

CV (%) 0.9 7.7 

For a given variable, values in a column followed by the same lower case letter not enclosed 306 

in parenthesis were not significantly different according to an F test and a two-tailed t test at P 307 

= 0.05. Values followed by the same lower case letter enclosed in parenthesis were 308 

significantly different.  309 

 310 

 311 

However, for both preparation methods (one- and three-step), the minimum, maximum and 312 

mean values of Ks were numerically smaller in the scraped columns than in those in which the 313 

soil surface was left intact after compaction. Therefore, scraping appeared to induce a 314 

decrease of Ks, although not at a statistically relevant level. Scraping was performed by 315 

sliding some needles over the exposed surface. It was unlikely that this operation implied a 316 

soil compaction additional to that performed with the compaction apparatus. More likely, 317 

sliding the needles induced some mixing of the soil particles at the exposed surface. A 318 

consequence of this mixing was that small particles were moved over this surface and they 319 

blocked some of the larger pores. This occlusion contributed to impede infiltration through 320 

the treated surface. In other terms, scraping the soil surface, rather than favoring hydraulic 321 

continuity, hindered it. In any case, the consequences of this phenomenon on Ks determination 322 

were small and not statistically significant. 323 

The three-step sample preparation method yielded higher values of both b and Ks than the 324 

one-step method (Table 2). Differences between two datasets were not large ( < 1.5% for b 325 

and < 27% for Ks) even if most of them were statistically significant. Therefore, this 326 



 

   MANUSCRIPT 

 

13 

 

investigation also suggested that using, for a given value of total compaction energy, a three-327 

step packing method instead of a one-step method increased global compaction of the soil 328 

column (larger b value) and yielded a larger Ks value. This result, that could appear 329 

unexpected (Assouline, 2006), was likely due to the fact that all energy was dissipated on the 330 

exposed soil surface with the one-step method whereas it was more evenly distributed along 331 

the vertical with the three-step method. Dissipating less energy at the infiltration surface 332 

likely produced a vertically more homogeneous soil sample (Oliviera et al. 1996) and it made 333 

water entry into the soil easier. This circumstance, determining a smaller ta value, implied 334 

obtaining a larger Ks value. Characterizing in some detail the properties of the top soil layer 335 

appears advisable in future research to independently verify the soundness of the suggested 336 

explanation with reference to packing method effects on Ks. 337 

 338 

CONCLUSIONS 339 

Sieving duration and scraping of exposed surfaces could be expected not to have a statistically 340 

relevant effect on saturated hydraulic conductivity, Ks, of a repacked column prepared with an 341 

initially air-dry loam soil and determined by the simplified falling-head technique. Therefore, 342 

these two factors can be considered as having no more than a minor effect on preparation of 343 

these columns. The practical implication is that two datasets only differing by sieving 344 

duration or the applied treatment of the exposed surfaces during preparation of the soil 345 

column could be considered as belonging to the same population of measurements. 346 

This conclusion is only valid for a specific experiment and it cannot be considered to have a 347 

general validity. Therefore, sieving duration and treatment of exposed surfaces effects should 348 

be tested in other experimental conditions, that is considering other soils, initial soil water 349 

conditions and Ks measurement techniques. In light of the data obtained in this investigation, 350 

a prediction that can be made is that a longer sieving duration and the scraping of the exposed 351 

surfaces during soil column preparation could yield smaller Ks values. 352 

In the perspective to move towards standardized methods to prepare a repacked soil column, 353 

an optimal sieving duration could be the minimum duration beyond which the undispersed 354 

particle size distribution does not change further. As regards scraping, an alternative method 355 

to the one applied in this investigation could be positioning, and then lifting, a film of 356 

adhesive material on the exposed surface of the soil. 357 

Finding an acceptable compromise between complexity of the soil column preparation 358 

method and homogeneity of the soil sample requires additional investigations. In particular, it 359 
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seems necessary trying to support results for some tested factors, such as number of applied 360 

layers, soil compaction method or soil water content, in more general contexts and with 361 

reference to different soils. In addition, it appears advisable to also consider other factors less 362 

or not investigated at all, such as the duration of the storage period before performing the 363 

experiment, the operator that prepares the sample, or the actual inner diameter of cylinders 364 

having a given nominal diameter.   365 

  366 
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