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Abstract 21 

 22 

Monitoring land degradation due to soil water repellency (SWR) through space and time is 23 

often complicated by different soil drying temperatures and drying times that generate artefacts 24 

causing inconsistent SWR results. This study aimed to develop a reproducible soil drying 25 

method at room temperature for the severity of potential SWR determination. We compared 26 

conventional 105C oven drying under oxic conditions (101.3 kPa) and vacuum drying under 27 

anoxic conditions (20C and low air pressure 1.3 kPa)—both drying methods removed the 28 

same amount of water from soil. We then investigated the effect of aeration condition (anoxic 29 

or oxic), temperature (20C or 105C) and air pressure (1.3 kPa or 101.3 kPa) on SWR and 30 

residual soil water content after drying using a complete factorial design. We hypothesised that 31 

1) SWR will decrease with low air pressure under both oxic and anoxic conditions, 2) SWR 32 

will remain unchanged with temperature under anoxic conditions, and 3) conventional air 33 

drying treatments will have the highest residual soil water content. We used sieved, air-dried 34 

soil (<2 mm) that had been collected from a cropping field. Soil water repellency, determined 35 

by the molarity of ethanol droplet (MED) test, did not change following drying under anoxic 36 

conditions, relative to soil that was air-dried at 20C and 101.3 kPa under an oxic condition but 37 

decreased significantly under oxic conditions at high temperature (MED from ~1.58 to 1.34 38 

mol L–1) or low air pressure (from ~1.58 to 1.42 mol L–1). We recommend vacuum drying 39 

water-repellent sandy soil under anoxic conditions at 20C and 1.3 kPa when assessing SWR. 40 

 41 

Keywords: anoxic, oxic, soil water content, soil water repellency, vacuum drying 42 
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1. Introduction 43 

 44 

Water repellency is widespread globally (Goebel et al., 2011). It is more frequently observed 45 

in sandy soils than other soil textures (Mao et al., 2019) when the soil has sufficient 46 

accumulation of soil organic carbon (Harper et al., 2000). The occurrence of soil water 47 

repellency (SWR) is expected to increase with climate change (Meehl et al., 2007) due to an 48 

expected increase in extreme temperature events and frequency of wet–dry cycles (Ritsema 49 

and Dekker, 2003; Misra, 2014). Water and food security could be subjected to increasing 50 

stress if SWR further impedes water infiltration (Doerr and Ritsema, 2006), which will reduce 51 

water and nutrient transfer from soil to plant (Dekker and Ritsema, 1994; Jordán et al., 2009; 52 

Roper et al., 2015). Other environmental impacts of SWR, such as surface runoff and soil 53 

erosion, have been reported (De Ploey and Poesen, 1985; Shakesby et al., 2000; Leighton-54 

Boyce et al., 2007). Regular assessment of the extent of SWR over time and space is required 55 

to manage water for agricultural production effectively (e.g. targeted surfactant use; Crabtree 56 

and Gilkes, 1999; Crabtree and Henderson, 1999) and natural ecosystems (e.g. water and 57 

sediment runoff into streams; Keesstra et al., 2017). However, routine laboratory assessment 58 

of SWR in sandy soils can be challenging as the results can vary depending on the soil drying 59 

temperature used prior to SWR analysis (Dekker et al., 1998). Understanding the effect of soil 60 

drying on SWR is needed to develop a reproducible method for assessing SWR in sandy soils. 61 

 62 

Soils are often dried prior to physical and chemical analyses, and different drying temperatures 63 

and drying times can cause variability in soil physico-chemical properties, such as SWR. Soil 64 

water repellency can either increase (Franco et al., 1995; Dekker et al., 1998), decrease (Dekker 65 

et al., 1998; Ziogas et al., 2005) or not significantly change with drying temperature (Ritsema 66 

et al., 1997). Morphological findings and elemental analyses indicated that an increase in SWR 67 
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following drying was due to increased surface coverage on the sand grains by hydrophobic 68 

organic compounds (Dekker et al., 1998). However, there was no evidence of decreased surface 69 

coverage on the sand grains by hydrophobic organic compounds to account for the decreased 70 

SWR after drying at increasing temperature. The decreased SWR in response to increasing 71 

drying temperature could be due to loss of hydrophobic organic compounds from the surface 72 

of soil particles through volatilisation. For example, stearic acid, which artificially induces 73 

SWR (Wander, 1949; Lichner et al., 2006; Lourenço et al., 2015) volatilises slowly at 90–74 

100C (www.rsc.org/Merck-Index/monograph/m10200). Volatilisation can also be increased 75 

by decreasing the air pressure (Anon, 1882) or decreasing the latent heat of vaporisation 76 

through increasing the drying temperature (Legates, 2005). The chemical properties of organic 77 

compounds change with temperature, where increasing temperature increases vapour pressure 78 

and the rate of volatilisation of organic compounds (Lyman et al., 1990; Voutsas, 2007). Here, 79 

we investigated whether changes in the severity of potential SWR are due to volatilisation of 80 

hydrophobic organic compounds at increasing drying temperature by comparing the water 81 

repellency between soils dried at low (20C) and high (105C) temperature. The severity of 82 

potential SWR is defined as the SWR measured using the molarity of ethanol droplet (MED) 83 

test after the soil is dried (Dekker and Ritsema, 1994). Low drying temperature (20C) often 84 

requires a longer drying period (1–2 weeks) than oven drying at higher temperatures (105C) 85 

(Carter and Gregorich, 2007), and results in greater residual soil water content (rSWC; amount 86 

of water retained in soil after drying) (Beal, 2013). Consequently, comparing low and high 87 

drying temperature effects on SWR is confounded by drying time and rSWC. In other words, 88 

it is not possible to ascribe differences in SWR, if any, to temperature because the drying 89 

duration and rSWC are not controlled. Vacuum drying may be one way to overcome this 90 

problem.  91 

 92 
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Vacuum drying is an alternative technique to high-temperature drying that vaporises water 93 

under decreased air pressure (e.g. 1.3 kPa) and low temperature (e.g. 20C) (Wagner et al., 94 

1994; Richter Reis, 2014). The chamber of the vacuum oven can be either oxic or anoxic 95 

depending on the purging gas used during the drying process. Vacuum drying at low 96 

temperature is used occasionally to dry soils (Yamada, 1992; Walker et al., 1994); however, 97 

no studies have determined whether soil under vacuum drying results in the same soil water 98 

content as soil under conventional oven drying (105C, 101.3 kPa). Furthermore, the effect of 99 

anoxic conditions and decreased air pressure on SWR is unknown.  100 

 101 

Studies of autoxidation of oils (Sawarkar, 1966) suggest that vacuum drying soils under anoxic 102 

conditions is a promising alternative to drying soils under oxic conditions at high temperatures 103 

for determining SWR. This is because drying under anoxic conditions may potentially cause 104 

fewer chemical changes to organic compounds when compared to oxic conditions. The 105 

autoxidation of pure oils under anoxic conditions (dry N2 at 100C) did not significantly reduce 106 

sample mass or produce CO2 (Sawarkar, 1966). However, the same study reported significant 107 

production of CO2
—0.0182% for each gram of pure oil—after 50 h exposure under oxic 108 

conditions (Sawarkar, 1966). These findings suggest that SWR might not change under anoxic 109 

conditions but decreases under oxic conditions. Hence, the effect of anoxic and oxic conditions 110 

at various drying temperatures and air pressures on SWR warrants further investigation.  111 

 112 

This study aimed to ensure minimum change in SWR after soil drying to establish a 113 

reproducible soil drying technique for SWR determination in a sandy soil using the MED test, 114 

i.e. we measured the severity of potential SWR (we use SWR to refer to the severity of potential 115 

SWR throughout the rest of the paper, unless otherwise stated). We investigated whether soil 116 

water content determined after vacuum drying under anoxic conditions (20C, 1.3 kPa) is 117 
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comparable to soil water content following conventional oven drying under oxic conditions 118 

(105C, 101.3 kPa). We then investigated how aeration conditions (oxic or anoxic), 119 

temperatures (20C or 105C) and air pressures (1.3 or 101.3 kPa) influence the severity of 120 

potential SWR and rSWC. We hypothesised that, under anoxic conditions, the severity of 121 

potential SWR would not change with drying temperature but would decrease at 1.3 kPa 122 

compared with 101.3 kPa. Under oxic conditions, we hypothesised that the severity of potential 123 

SWR would decrease with high temperature and low air pressure. We also hypothesised that 124 

rSWC after drying would be greatest under oxic drying at 20C and 101.3 kPa (i.e. air drying), 125 

relative to other drying techniques investigated, while the soil water content between vacuum 126 

and conventional oven drying would be comparable. 127 

 128 

2. Materials and methods 129 

 130 

2.1. Soil and site 131 

 132 

The Ap horizon (0–5 cm) of a coarse-textured sand was collected from a cropping field near 133 

Pingrup in Western Australia (33°30’30” S, 118°28’40” E) on either 22 November 2017 134 

(spring; soil used in first experiment described in 2.2.1) after harvesting a lupin crop (Lupinus 135 

angustifolius) or 14 June 2018 (winter; used in second experiment described in 2.2.2) after the 136 

site had been sown to a barley crop (Hordeum vulgare). The field was previously sown to 137 

barley in 2015 and 2016. The soil collected in November was moderately water repellent (MED 138 

2.0±0.0 mol L–1, 1.60±0.03% gravimetric soil water content, 2.5% water-filled pore space), 139 

while the soil collected in June was not water repellent (MED 0.0±0.0 mol L–1, 4.47±0.02% 140 

gravimetric soil water content, 6.9% water-filled pore space) when the SWR was measured at 141 

the moisture content found in the field. The soil collected in November was subsequently stored 142 
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at room temperature (22.5±2.5C) prior to experimentation, whereas the soil collected in June 143 

was stored at 4±0.5C in a temperature-controlled room to restrict microbial growth. The soil 144 

is a Petroferric Brown Sodosol (Isbell, 2016) or Ferric Lixisol (IUSS Working Group WRB, 145 

2015); selected soil characteristics are presented in Table 1. The sampling site experiences a 146 

cold, semi-arid climate (BSk in Köppen-Geiger classification) with cool, wet winters and hot, 147 

dry summers. 148 

 149 

2.2. Experimental design and approach 150 

 151 

2.2.1. Effect of drying techniques on soil water content  152 

 153 

The experiment included two drying treatments on moist field soil: vacuum (anoxic conditions 154 

at 20C and 1.3 kPa) and conventional oven (oxic conditions at 105C and 101.3 kPa) and 41 155 

replicates. The drying treatments were performed simultaneously over two days. The two 156 

drying temperatures were selected because the SWR rating is often generated from 157 

measurements performed at 20C (King, 1981; Doerr et al., 2009; Karunarathna et al., 2010a,b), 158 

while 105C is the greatest temperature that soil samples have been dried prior to SWR 159 

analyses (Carter and Gregorich, 2007). The selected air pressure of 1.3 kPa was based on the 160 

triple point of water where water exists as vapour at 20C and 1.3 kPa (Wagner et al., 1994). 161 

The drying duration was chosen as soil reaches constant mass in two days at 105C (Carter and 162 

Gregorich, 2007). In a preliminary experiment, it was determined that 41 replicates were 163 

required to detect a small change (0.12%) in gravimetric soil water content (power > 0.80) 164 

between the two drying treatments.  165 

 166 
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Moist field soil was sieved (<2 mm) and packed in 82 small retaining rings (38 mm diameter, 167 

20 mm depth). A matric potential of 0.1 MPa was applied using a pressure plate apparatus. 168 

Once soil reached equilibrium at 0.1 MPa, approximately 24 g of soil was transferred to 82 169 

glass Petri dishes (90 mm in diameter, 15 mm depth) to obtain 41 replicates for each drying 170 

treatment. The soil was then dried for two days before determining gravimetric water content. 171 

The protocols for the various drying treatments are provided in Section 2.3.  172 

 173 

2.2.2. Effect of aeration conditions, temperature and air pressure on soil water repellency  174 

 175 

The influence of temperature, air pressure and aeration conditions during drying on SWR was 176 

investigated in the laboratory using a factorial design. The experiment included drying moist 177 

field soil under two aeration conditions (oxic or anoxic), two temperatures (20C or 105C), 178 

and two air pressures (1.3 kPa or 101.3 kPa), and included five replicates. Treatments were 179 

applied for two days, with the experiment conducted in eight random batches over two weeks 180 

due to vacuum oven size. Moist field soil was used rather than re-wetting then applying drying 181 

treatments to a field sample that had already been dried. This is because a preliminary 182 

investigation showed that SWR changed (or disappeared) when soil water content was 183 

artificially increased and subsequently dried (data not shown). The rationale for the chosen 184 

drying temperatures, air pressures and drying duration is given in Section 2.2.1.  185 

 186 

Moist field soil was sieved (<2 mm) and equilibrated at 4C in a temperature-controlled room 187 

for one day prior to conducting the experiment. Soil preparation was undertaken at a constant 188 

temperature (4C) as alternating temperatures can cause changes in SWR (Fink and Stanley, 189 

1975). The soil was weighed (~30 g per replicate) into 40 Petri dishes (90 mm diameter, 15 190 

mm depth), i.e. one Petri dish per replicate treatment. The soil samples were then quickly 191 
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transferred and dried at either 20C or 105C. The protocol for various drying treatments is 192 

provided in Section 2.3. After two days, SWR was determined for each sample using the 193 

method described in Section 2.4. The gravimetric rSWC was determined by conventional oven 194 

drying the soil again at 105C for two days. 195 

 196 

2.3. Soil drying methodologies 197 

 198 

For drying under anoxic conditions at 1.3 kPa or 101.3 kPa, the vacuum drying oven was either 199 

set to 20C or 105C. For drying at 1.3 kPa, a vacuum was applied to soil samples until the air 200 

pressure reached 1.3 kPa; thereafter, it was purged with dry N2 under a vacuum. This lowered 201 

the relative humidity (water vaporising from soil increases the relative humidity) within the 202 

chamber. The purging step was repeated a few times until the chamber reached 1% relative 203 

humidity, which was monitored using a temperature and relative humidity datalogger (EL-204 

21CFR-2-LCD, Lascar Electronics, Wiltshire, United Kingdom). A datalogger was not used to 205 

monitor temperature and relative humidity in the 105C drying treatment, as the datalogger 206 

failed to work at this temperature. Once the chamber reached 1% relative humidity, all soil 207 

replicates were left inside the vacuum oven for two days (including time taken to adjust the 208 

relative humidity within the chamber). For drying under anoxic conditions at 101.3 kPa, the 209 

vacuum was not applied; instead, the chamber was continuously purged with N2 for two days. 210 

The soil was then removed from the chamber for SWR measurement, and gravimetric rSWC 211 

determined after drying the soil again at 105C for two days. 212 

 213 

For drying under oxic conditions at 1.3 kPa, at either 20C or 105C, the vacuum chamber was 214 

purged with dry compressed air to facilitate the drying process. Dry compressed air was used 215 

because the atmospheric air is humid (~59% relative humidity). For oxic drying at 101.3 kPa, 216 
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the soil was either air-dried in a 20C temperature-controlled room or at 105˚C in a 217 

conventional drying oven. Following drying at 105C in a conventional drying oven, soil 218 

samples were rapidly transferred to a vacuum desiccator (with silica desiccants) and cooled to 219 

201C in a temperature-controlled room prior to determining SWR and gravimetric soil water 220 

content. Following drying at 105C in a vacuum oven, the soil was cooled to 20C within the 221 

vacuum chamber prior to determining SWR and gravimetric water content. Gravimetric rSWC 222 

was determined after drying the soil again at 105C for two days. 223 

 224 

2.4. Soil analysis 225 

 226 

Soil water repellency was measured using MED (Letey, 1968; Watson and Letey, 1970; King, 227 

1981). The ethanol standard solutions (0–6 mol L–1 in 0.2 mol L–1 increments) were 228 

equilibrated at 20±1C prior to any SWR measurement because studies have found that the 229 

surface tension of ethanol solutions is negatively correlated to increasing temperature and will 230 

cause variability in SWR measurement (Bachmann and van der Ploeg, 2002). Furthermore, all 231 

soil samples after the drying treatment were equilibrated at 20±1C in a temperature-controlled 232 

room for at least 12 h prior to commencing SWR measurement as SWR is negatively influenced 233 

by increasing soil temperature (King, 1981). Droplets (40 µl) of ethanol standard solution were 234 

applied to the soil surface for each treatment (Petri dish; King, 1981). The lowest ethanol 235 

molarity concentration that just infiltrated through the surface within 10 s was recorded, and 236 

MED was measured 15 times for each Petri dish. The average MED scores from the 15 MED 237 

measurements was calculated and used for subsequent data analysis. 238 

 239 

2.5. Data analysis 240 

 241 
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We used R software (https://www.r-project.org/) for all statistical analyses. The effect of 242 

different drying treatments on soil water content was determined using a one-way t-test, after 243 

demonstrating that both groups had equal variance (P=0.654). The effect of different drying 244 

aeration conditions, temperatures and air pressures on SWR and rSWC were assessed after first 245 

conducting the ‘Bartlett’ test to determine whether or not constant variance could be assumed 246 

for ANOVA. Three-way ANOVA was then performed. Fisher’s least significant difference 247 

(LSD) test with Holm adjustment was conducted for ANOVA comparison. All tests were 248 

conducted using an alpha level of 0.05. 249 

 250 

3. Results 251 

 252 

3.1. Gravimetric water content under different drying treatments  253 

 254 

Soil water content did not differ between the two drying treatments (P=0.724). The average 255 

soil water content after vacuum drying (anoxic, 20C, 1.3 kPa) was 4.180.03% and the 256 

average soil water content after conventional oven drying (oxic, 105C, 101.3 kPa) was 257 

4.190.02% (Figure 1). 258 

 259 

3.2. Response of SWR to different aeration conditions, temperature and air pressure conditions 260 

during drying 261 

 262 

Soil water repellency varied with aeration condition; however the effect depended on the 263 

temperature and air pressure that the soil was dried (P=0.004; Table 2). Generally, drying soils 264 

under oxic conditions decreased SWR relative to anoxic conditions when the same temperature 265 

and air pressure was applied (Table 2). Under anoxic drying conditions, neither temperature 266 
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nor air pressure affected SWR. In contrast, SWR following oxic drying conditions was affected 267 

by both temperature and air pressure (P<0.05; Table 2). Under oxic conditions, the resultant 268 

SWR did not differ between air pressure treatments when dried at 105C, but differed at 20C. 269 

Consequently, soils dried under oxic conditions at 20C and 101.3 kPa had similar SWR to 270 

those dried under anoxic conditions (Table 2). 271 

 272 

The rSWC varied with aeration condition (reason not understood), with the effect also 273 

dependent on the temperature and air pressure that the soil was dried (P<0.001; Table 2). 274 

Generally, rSWC was greater at 20C and 101.3 kPa, under both anoxic and oxic conditions, 275 

than the other temperature and air pressure treatments. The greatest rSWC occurred when the 276 

soil was dried under oxic conditions at 20C and 101.3 kPa (i.e. air-dried), followed by anoxic 277 

conditions at 20C and 1.3 kPa. The lowest rSWC occurred when the soil was dried under oxic 278 

conditions at 105C and 1.3 kPa. The other drying treatments had similar rSWC (Table 2). We 279 

acknowledge that the low rSWC (<0.1%) after the conventional drying treatment at 105C 280 

could be due to water vapour adsorption by the soil from the humid ambient conditions at the 281 

time of measurement. 282 

 283 

4. Discussion 284 

 285 

Vacuum drying under anoxic conditions at 20C and 1.3 kPa is suitable for drying water-286 

repellent sandy soil. Our choice of soil drying under anoxic conditions at 20C and 1.3 kPa 287 

departs from current practices that favour soil drying under oxic conditions at 105C and 101.3 288 

kPa (Carter et al., 1994; Mckenzie et al., 2002; Carter and Gregorich, 2007). In our study, 289 

however, increasing the drying temperature under oxic conditions from 20C to 105C at either 290 

1.3 kPa or 101.3 kPa significantly decreased SWR. In comparison, SWR did not change under 291 
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anoxic conditions in response to either drying temperature or air pressure. These findings 292 

partially support our hypothesis that SWR will not change under anoxic conditions with drying 293 

temperature but does not support our hypothesis that SWR will decrease under anoxic 294 

conditions with decreasing air pressure. The decreased SWR under oxic conditions at 295 

increasing drying temperature is consistent with Dekker et al. (1998) but we did not observe 296 

an increased SWR with increasing drying temperature. Some of the contradictory findings in 297 

the literature on the effect of temperature on SWR (e.g. Carter et al., 1994; Dekker et al., 1998; 298 

Ziogas et al., 2005) could be due to the presence of oxygen during the various temperature 299 

treatments. Furthermore, the soil water content determined by vacuum drying at 20C and 1.3 300 

kPa was comparable to that at 105C and 101.3 kPa, which supports our second hypothesis. 301 

This further increases our confidence in drying sandy soil under anoxic conditions prior to 302 

measuring SWR. Moreover, this method is faster (requiring only two days) than conventional 303 

air drying at 20C (~1–2 weeks).  304 

 305 

The decreased SWR under oxic conditions at 105C is unlikely to be due to loss of hydrophobic 306 

organic compounds from the surface of soil particles through volatilisation. As volatilisation 307 

increases at an elevated temperature and decreased air pressure (Lyman et al., 1990; Legates, 308 

2005; Voutsas, 2007), SWR should decrease if hydrophobic organic compounds are volatilised 309 

and removed from the soil. However, in the present study, a decreased SWR was not observed 310 

under anoxic conditions at either temperature or air pressure but was found under oxic 311 

conditions when the soil was dried at 105C and 1.3 kPa. If the decreased SWR was due to 312 

hydrophobic organic compounds being volatilised from the soil at 105C and 1.3 kPa during 313 

drying under oxic conditions, it should have occurred when the soil was dried under anoxic 314 

conditions; yet, SWR remained unchanged.  315 

 316 
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Differences in SWR between drying treatments under oxic and anoxic conditions at 105C and 317 

at both air pressures, 1.3 kPa and 101.3 kPa, could be due to autoxidation of hydrophobic 318 

organic compounds. The increased temperature under oxic conditions may promote the 319 

autoxidation of hydrophobic organic compounds in our soil (Sawarkar, 1966); one study found 320 

that the soil organic fraction began to oxidise at 80C (O’Kelly, 2004). Autoxidation of long-321 

chain hydrophobic organic compounds could result in the formation of short organic molecules 322 

because low SWR has been associated with short organic molecules (Ma’shum, 1988). The 323 

autoxidation process can be promoted by catalysts (Ellis, 1932; Brodnitz, 1968) and may have 324 

occurred in our experiments as soil is known to contain traces of natural catalysts, such as clay 325 

minerals, metal oxides and (oxy)hydroxides, and dissolved metals (Huang and Hardie, 2011). 326 

However, autoxidation of hydrophobic organic compounds would be inhibited under anoxic 327 

conditions, and this is supported by observations that SWR remained unchanged (Table 2). In 328 

contrast, Atanassova et al. (2012) observed increased SWR under anoxic conditions, which 329 

could be due to the extreme temperatures (their soils were heated to 530C for 5–30 mins and 330 

550C for 2–4 mins) or the SWR test method used in their study (water drop penetration test).  331 

 332 

Differences in air pressure and temperature did not influence the response of SWR under 333 

anoxic conditions. Furthermore, SWR measured under oxic conditions was similar at all 334 

temperatures and air pressures investigated, except for the treatment at 20C and 101.3 kPa. 335 

This could be due to the greater rSWC under oxic conditions at 20C and 101.3 kPa than the 336 

other drying treatments, since other studies have found that, at soil water contents close to 0%, 337 

SWR increased with soil water content (e.g. King, 1981; Li et al., 2016; Regalado and Ritter, 338 

2005).  339 

 340 
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Vacuum drying under anoxic conditions at 20C and 1.3 kPa may also be suitable for water 341 

repellent soils with different soil textures to those investigated in the present study. This is 342 

because SWR is primarily caused by organic compounds, and physicochemical changes in the 343 

organic compounds could change SWR regardless of soil texture. For example, drying soil at 344 

105C may result in the melting and redistribution of organic compounds on the surface of soil 345 

particles and artificially increase SWR (Roper, 1994; Daniel et al., 2019). In addition, O’Kelly 346 

(2004) found that the soil organic fraction began to oxidise at 80C and the present study found 347 

SWR decreased after drying at 105C under oxic conditions. Consequently, the vacuum drying 348 

method proposed herein could minimise the melting and oxidation of organic compounds and 349 

thus mitigate the effects of the drying method on SWR. 350 

 351 

5. Conclusions 352 

 353 

We investigated the suitability of drying techniques to rapidly and accurately dry water-354 

repellent sandy soil prior to determining SWR. Vacuum drying water-repellent sandy soil 355 

under anoxic conditions (absence of oxygen) at 20C and 1.3 kPa was deemed the most 356 

appropriate method since SWR was similar to the widely accepted practice of air-drying soil 357 

under oxic (presence of oxygen) conditions at 20C and 101.3 kPa. Furthermore, it avoided the 358 

decreased SWR found after drying the sandy soil at 105C under either aeration condition or 359 

air pressure. Vacuum drying is also faster than conventional air drying at 20C and 101.3 kPa, 360 

and we obtained equivalent dryness to soil conventionally oven-dried at 105C. The decreased 361 

SWR under oxic conditions at 105C is unlikely to be due to the loss of hydrophobic organic 362 

compounds from the surface of sandy soil particles through volatilisation because SWR 363 

remained unchanged under anoxic conditions at both temperatures and air pressures. We 364 

hypothesise that the differences in SWR between drying treatments under oxic and anoxic 365 
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conditions at 105C, and at both air pressures investigated, could be due to autoxidation of 366 

hydrophobic organic compounds. Soil water repellency was not influenced by air pressure as 367 

SWR remained unchanged among the anoxic treatments. Consequently, vacuum drying under 368 

anoxic conditions at 20C and 1.3 kPa could minimise physicochemical changes to organic 369 

compounds. 370 
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TABLE AND TABLE CAPTIONS 562 

Table 1. 563 

Selected soil properties of a cropped site near Pingrup, Western Australia (33°30’30” S, 118°28’40” E). 564 

Experiment 

MEDa 

(mol L–1) 

SWCb 

(%) 

TCc 

(mg C g–1 dry soil) 

pHd 

ECe 

(µS cm–1) 

BDf 

(g cm–3) 

Sandg 

(%) 

Siltg 

(%) 

Clayg 

(%) 

1 2.0 (0.2) 1.60 (0.03) 12.5 (0.8) 4.9 (0.0) 70.9 (1.4) 1.25 (0.01) 95.7 (0.3) 1.1 (0.1) 3.2 (0.2) 

2 0.0 (0.0) 4.47 (0.02) 13.6 (0.1) 4.9 (0.0) 143.7 (0.4) 1.50 (0.02) 94.5 (0.1) 1.2 (0.0) 4.3 (0.1) 

Values represent means (and standard error) of three replicates.  565 

a Soil water repellency measured by molarity ethanol droplet (MED) test (King, 1981). 566 

b Gravimetric water content measured by drying soil at 105C until constant mass is reached (two days).  567 

c Total carbon (TC) content determined by dry combustion (Elementar Analysensysteme GmbH). 568 

d Soil pH measured in 0.01 M CaCl2 at 1:5 soil to extract ratio (Rayment and Higginson, 1992). 569 

e Electrical conductivity (EC) measured in distilled water at 1:5 soil to extract ratio (Rayment and Higginson, 1992).  570 

f Bulk density determined after drying the soil at 105C (Mckenzie et al., 2002). 571 

g Particle size analysis determined by pipette method (Bowman and Hutka, 2002).572 
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Table 2.  573 

Effect of soil drying on soil water repellency (mol L–1) and gravimetric residual soil water 574 

content (rSWC%) after drying under different aeration, temperature and air pressure conditions. 575 

Values are means of five replicates. Residual soil water content is defined as soil water 576 

remaining after a drying treatment. 577 

Aeration 

conditions 

Temperature 

(C) 

Air pressure 

(kPa) 

Soil water repellency 

(mol L–1) 

rSWC 

(%) 

Anoxic 20 1.3 1.62 a 0.058 c 

101.3 1.56 a 0.134 b 

105 1.3 1.58 a 0.062 c 

101.3 1.56 a 0.082 c 

Oxic 20 1.3 1.42 b 0.070 c 

101.3 1.64 a 0.600 a 

105 1.3 1.34 b 0.032 d  

101.3 1.34 b 0.080 c 

 578 

Fisher’s least significant difference equals 0.14 for soil water repellency and 0.029 for soil 579 

water content, both with a Holm adjustment and alpha level of 0.05. 580 

Values followed by the same letter do not significantly different (P>0.05).581 
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FIGURE CAPTIONS 582 

Figure 1. Gravimetric water content (%) of soil at an initial matric potential of 0.1 MPa 583 

followed by either vacuum drying under anoxic conditions at 20C and 1.3 kPa or oven drying 584 

under oxic conditions at 105C and 101.3 kPa. The horizontal line within the box is the median, 585 

the top and bottom of the box represent the upper and lower quartiles, and bars are 1st and 99th 586 

percentiles, n=41. 587 

 588 


