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Summary

Considerable soil water repellency has been obdeatea wide range of locations
worldwide. The soil exhibiting water repellencyfaind within the upper part of the
soil profile. The reduced rate of water infiltrationto these soils leads to severe run-
off erosion, and reduction of plant growth. Soiltararepellency is promoted by
drying of soil, and can be induced by fire or ienheating of soil containing
hydrophobic organic matter. Recent studies outsideoil science have shown how
enhancement of the natural water repellency of naddée both porous and granular,
by surface texture (i.e. surface roughness, patter morphology) into super-
hydrophobicity is possible. The similarities betweé¢hese super-hydrophobic
materials and observed properties of water-repefleihare discussed from a non-soll
scientist materials-based perspective. A simpleehzddeveloped for a hydrophobic
granular surface and it is shown that this can idea mechanism for enhancement
of soil water repellency through the relative sarel spacing of grains and pores. The
model provides a possible explanation for why sa@ter repellency should be more
prevalent under dry conditions than wet. Consegerior water run-off, raindrop
splash and soil erosion are discussed.
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I ntroduction

Considerable research has shown that soils cannteeawmater repellent through
natural processes (DeBano, 2000a; Dekker & Ritse2083) as well as via oil
contamination (Roy & McGill, 1998, 2002). Water edpncy has been reported for
soils around the world under different land uses @imates (De Jonget al., 1999).
Soil that becomes water repellent can present enabldue to enhanced run-off and
rain-splash causing erosion, and poor water igafittn leading to reduced plant
growth (Bisdomet al., 1993; Terry and Shakesby, 1993; Doebrral., 2000). The
degree of water repellency is related to hydrophabiganic matter with soils of
specific types becoming water repellent over agaeaf time. The water repellent soll
is often located close to the surface, i.e. thefé@pcentimetres (Henry & Paul, 1978).
The US Fish and Wildlife Service (The Fuel andeHtffects Monitoring Guide;
http://fire.fws.gov/ifcc/monitor/RefGuide/defaultrh) notes that loose sandy soil is
more prone to water repellency and that clay cdrgesater than 5-10% reduces or
prevents water repellency (see also Cann, 200G1dkag Tucker, 2002; McKissokt
al., 2002). Excepting clay, smaller soil-size frantcare believed to lead to higher
water repelleng (Bisdomet al., 1993; Doertet al., 1996), although there are studies
indicating coarser texture can lead to greater muapellency (for a discussion see
Mataix-Solera & Doerr, 2004). Water-repellent swl promoted by dry periods.
Forest fires or intense heating of soil is knowrtanise increased water repellency of
soil and this is believed to be caused by volailan of (hydrophobic) waxes from
organic matter subsequently condensing and coabiigparticles (DeBano, 2000b;
Letey, 2001); if temperatures are too high the wagan be destroyed and the
mechanism no longer promotes water repellency. Wafellent soil can be
identified by pooling of water and can be confirm®dwater drop penetration time
(WDPT) and molarity of ethanol droplet (MED) tegtdoore et al., 1997; Doerr,
1998; Roy & McGill, 2002).

To a non-soil scientist the view arising from tlod science literature is of soil as
a convoluted surface consisting of a porous or eanmaterial coated with
hydrophobic compounds. The importance of this giegl view of soil, which
ignores water repellency caused by hydrophobic anior macro-aggregates within
soil, is that in recent years enormous steps fahwarve been made in understanding
how hydrophobicity imparted by surface chemistryn d@e converted into super-
hydrophobicity by the surface texture of a mate(lossey, 2003). In a super-
hydrophobic material the measured contact angle fdrop of water on the material
typically exceeds 15Que to surface roughness or topography enhankngffect of
the surface chemistry. Experiments have also shdia consequences that
topographic enhancement of water repellency cae lavthe interaction of a solid
with water and other liquids through the equililbnishape of droplets on the surface
(Ondaet al., 1996; Shibuichkit al., 1996) the rolling of droplets (Richard & Quéré,
1999; Miwaet al., 2000) and as impacting droplets (Richetrdl., 2002).



copper hydrophc
surface, (b) a textured hydrophobic copperface, and (c
a hydrophobied sand surface. Panel (d) shows an in
of the sand grains in panel (c); scale bar is @@0long in
two 100 um sections. Surfaces () have been treatt
with the same fluorine-based hydrophobic coating.

The dramatic effects of super-hydrophobicity ahestrated in Figures 1. Figure
1(a, b) shows side profiles (and their mirror ing)gef a small water droplet on a flat
hydrophobic surface (Figure 1la) and on a textunadase of the same material
(copper) possessing the same surface chemistrgrgftarbon) (Figure 1b). Figure
1(c) shows a small water droplet on a sand (Aldiashed sand) hydrophobized
using the same chemical treatment as Figure 1(ana),Figure 1(d) is a microscope
image of the sand grains in Figure 1(c). All thefates in Figure 1 were constructed
within our laboratory. The hydrophobic effect derswated in Figure 1(c), which has
a contact angle in excess of 3% greater than that reported by Bachmanal.
(2000) who hydrophobized laboratory quartz sand.

The developments in understanding super-hydrophigbi@ve occurred within
three usually distinct fields of science: plantesce (Neinhuis & Barthlott, 1997;
Barthlottet al., 1998; Neinhui®t al., 2001), micro- and nano-materials science (Onda
et al., 1996; Shibuichet al., 1996; Yamauchet al., 1996; Cheret al., 1999) and
physics (Bicoet al., 1999; Richard & Quéré, 1999; Herminghaus, 2(Righard et
al., 2002; Quérét al., 2003), but almost none of this literature hasrbeted in work
on water-repellent soil. The aim of this paperhieréfore to present ideas on super-
hydrophobic effects and how they may relate touiesst of water-repellent soil.



Surface texture and hydrophobic effects

The surface chemistry of a material imparts intdnshydrophobicity.
Hydrocarbon or fluorocarbon terminated groups pmevihe greatest levels of water
repellency with a water droplet on a smooth PTFEefton”® surface having a contact
angle of around 115-12QAdamson & Gast, 1997). The contact angl, is the
tangent angle to the liquid surface at the interfadth the solid measured from the
solid through the liquid (Figure 2a).

No surface chemistry can impart a larger intricgiotact angle with water than is
observed on PTFE, but despite this, water drometsvater repellent soil can show
larger contact angles. This is because the obseweihct angle on a material is not
solely determined by the surface chemistry: a romigtextured surface can promote
greater levels of water repellency. Roughness dace texture, or both, can also lead
to partial wetting being converted to wetting, aladter wetting by some liquids
(McHale et al., 2004). There are two basic mechanisms that ogwart water
repellence as assessed by observing droplets ef watthe surface.

In the first type of water repellency enhancemtrd,water contacting the surface
follows the profile of the rough surface at all pisi (Figure 2b) and so the liquid-solid
contact area is greater than the plane projectidheoarea. The ratio of actual area to
the planar projection of the area is the roughf@ser,r. In this situation, Wenzel's
equation applies (Wenzel, 1936; 1949),

cosﬁgv =10, (1)

where &, is the surface chemistry determined equilibriumtaot angle on a smooth
flat surface of the same material af is the observed contact angle of the droplet.
The intrinsic surface chemistry determined contaugle, &, is given by Young’'s
Law,

COS@e = yS\/y;yS_ ' (2)
LV

where sy, Ja andyy are the interfacial tensions between the solidsvagolid-liquid
and the liquid-vapor, respectively (Adamson & Gas297). Since the roughness
factorr is greater than one, the effect of roughness ent@ance the wetting behavior
of the surface so that wh&h> 90 the observed contact angle is larger and wen
9(° the observed contact angle is smaller. In extreases water can completely
bead-up on the surface or a non-wetting liquid banome wetting. Using model
super-hydrophobic surfaces, this Wenzel form ofewaepellency has been shown
experimentally to occur at slight roughness orusst



The second type of water-(y) (b)
repellency enhancement involves the
droplet of water sitting across surface :
protrusions so that the liquid is smooth solid water on solid
effectively supported by a composite
of the solid and air beneath the drople'(c) )

(Figure 2c). When a droplet sits on a

chemically heterogeneous surface QW w@ﬁﬂ

composed of two materials, type 1 and water “skating” water on

type 2, possessing two different across solid solid-liquid surface

intrinsic contact angles, the observedFigure2 Water drops on surfaces. (a) Definiti

contact angle&ec, is then given by the of contact angle from_ sid_e profile image o

Cassie-Baxter equation (Cassie & d.roplgt, (b_) Wgnzel situation, (c) Cas;ﬁaxt_er
situation with air gaps, (d) Cassaxter situatior

Baxter, 1944; Johnson & Dettre, with pre-existing water.

1964):

CosBs = ¢y cosdy + (1~ 41)cosh,, 3)

where ¢, is the fraction of the surface with intrinsic cactt angled;, due to the
material of type 1, and (#) is the fraction of the surface with intrinsic ¢act angle
6, due to material of type 2; bo#h and & are given by Young’'s Law, Equation (2).
If the first surface is a solidd( = &) and the second is aigy= 180), the Cassie-
Baxter equation gives

cos6S =@ cosbe — (L-¢s), (4)

where g is the solid surface fraction and a sub-scyigtas been used to indicate the
observed contact anglé,°, which relates to a drop sitting on a compositédsol
vapour surface. This equation predicts that cargagles much larger than those due
to the surface chemistry alone can be achievedekample, a wax type surface with
6. = 110 and with a solid surface fraction of 20% gives ach larger observed
contact angle o8, = 150. It is known that this type of surface is credtetbaves by

a wide range of plants (Neinhuis & Barthlott, 1983rthlottet al., 1998; Neinhuigt

al., 2001). On most artificially constructed (i.e. neydsuper-hydrophobic surfaces
the Cassie-Baxter effect dominates over the Wefm®h once roughness and/or
surface texture or porosity becomes large, althowmghemphasize that the Wenzel
effect can occur with both hydrophobic and hydréplsurfaces. The Cassie-Baxter
state can sometimes be a metastable state rathaertiie true minimum energy
configuration and under those circumstances applpmessure can convert a droplet
into a Wenzel state. Whenever the contact angldigiesl by Equation (4) is less than
that predicted by Equation (1), the Cassie-Baxtatesis the true minimum energy
equilibrium state. Water droplets grown on a sweféy condensation rather than
deposited as droplets tend to start in the Weratd $§Quérét al., 2003).



One difference between the Wenzel and Cassie-Baitpes of texture
enhancement of water repellency is the effect ortazt-angle hysteresis and the ease
with which a droplet of water may roll on the sudgMiwaet al., 2000; Quéret al.,
2003). The angle observed when contact line mofiwh dccurs induced by adding
liquid into a drop is the advancing angk, The angle observed when contact line
motion first occurs induced by removing liquid fradrop is the receding angl&,
The difference in these two angles is the contagtea hysteresis and the force
required to cause a droplet to roll from a slopswgface, e.g. by gravity, is the
difference in the cosines of the angles (Queral., 2003). In reviewing interfacial
effects in soil water retention theory, Bachmanrva& der Ploeg (2002) comment
that, in general, surface roughness gives rise dotact-angle hysteresis. This
statement is both true and false: it is true whes Wenzel form of enhancement
occurs, but false when the Cassie-Baxter form suride Cassie-Baxter form is
known to cause a reduction in contact-angle hysiemue to the decreased contact
with the solid surface caused by the air beneatdtbplet. On the Cassie-Baxter type
of surface drops rebound easily and drops canthatsea rolling motion with lowv tilt
angles. Queérét al. (2003) refer to the Wenzel form of contact angleancement as
“sticky” and the Cassie-Baxter form as “slippy”. &heaves of plants have been
shown to have the “slippy” property, which it islieged is part of a “self-cleaning in
rain” mechanism. As the drops roll off the surfaleey collect up surface debris and
pathogens and so remove them (Neinhuis & Barthld87; Aussillous & Quére,
2001).

Whilst we have focused on the two situations thae gise to large observed
contact angles it is worth considering a third catech results in a smaller contact
angle than@. If a droplet sits on a composite solid-liquid fage (Figure 2d), i.e.
liquid pre-existing in the gaps between solid gsaithen the Cassie-Baxter equation
can again be applied, but with = (,

CosBy, = ¢y Cosbe + (1~ 1. (5)

In this case, a wax-type surface with= 110 with a solid surface fraction of 20%
gives a much smaller observed contact anglé\5f = 43, i.e. the surface partially
wets rather than being hydrophobic.

Summary of evidence for super-hydrophobic effectsin soil

In our opinion, the literature on water repelleall $ias strong evidence of both
super-hydrophobic type effects and of the hydrophanhancement being of a
Cassie-Baxter form. Images of droplets of water uchssoils display contact angles
greater than those obtainable purely from the sarfahemistry and this suggests the
surface roughness and/or texture is both involved iafluential. It is known that
water-repellent soil arises near the surface ang b® related to small grains
(although the literature has counter opinions andhain-size effect) coated in wax
arising from vegetation. In contrast, one methog@rofducing model, artificial super-



hydrophobic surfaces is by providing a thin, watgsellent coating (typical intrinsic
contact angle of 110-120to small particles forming a surface — theseiglag can be
sub-micron or between 1-30m. Larger particle sizes might be possible, butdize
range up to 3Qum has definitely been shown to give contact angleger than 150
which is the usual definition of super-hydrophotyiciSoil particle sizes therefore
appear to contain fractions which would be susbéptio super-hydrophobic effects.
It is also known that the leaves of some plantatera surface texture with micron-
sized protrusions and coat these with a wax toymed continually renewable super-
hydrophobic surface (Neinhui al., 2001). At the same time it is established that
forest fires lead to enhancement of soil water ltepey due to vapour deposition of
the wax from organic material onto soil particl&kis is analogous to the process by
which super-hydrophobic leaves are reported towetieir wax layer by a steam-
distillation type process (Barthlott al., 1998). The necessary hydrophobic wax
needed for super-hydrophobic effects in soil isafare present in the soil as organic
matter and is known, under appropriate circumstgrcecoat the soil particles.

One objection to the suggestion that soil can belesva super-hydrophobic type
material could be the fact it is granular and peroather than providing a textured
surface. However, porous super-hydrophobic mater@@n be created artificially
using, for example, the sol-gel process (Tadareagh, 1997). We have reported a
super-hydrophobic porous foam material which, whesated to remove the
hydrophobic terminal groups, completely imbibes exaShirtcliffe et al., 2003).
Treatment with a hydrophobizing solution was shotenre-establish the super-
hydrophobic effect. It is therefore clear that aqus or granular material can, under
appropriate circumstances for grain and pore sizd a hydrophobic surface
chemistry, act as a super-hydrophobic surface.

Water repellent soils are more apparent duringpanyods and this suggests that
the potential for a water droplet to form a ligwapor interface in the soil is required.
During a dry period a Cassie-Baxter form of watgeallency enhancement with a
composite solid-vapour surface, i.e. Equation ¢duld be more likely. In contrast, if
the soil water content were larger, a Cassie-Bdgten with a composite solid-liquid
surface, i.e. Equation (5), could become moreyik€he greater the occurrence of the
former case, the more water repellency would beemfesl. This postulated
mechanism would also be reversible with local weatinmd/or seasonal changes as
the water content of the soil rose and fell. It basn reported that localized dry spots
(LDS) of water-repellent soil occur next to moistlsand that enhanced run-off from
these areas occurs. The ease of run-off sugg€sssie-Baxter, Equation (4), type of
super-hydrophobic effect. The disappearance ofriwafellency of the soil when clay
is added, and the more general lack of water repeltlay soils, might also be
consistent with a Cassie-Baxter form of super-hydotyic effect. It is likely that clay
both removes the air pores needed for water repsllef the Cassie-Baxter type and
promotes wetting. This type of mechanism would po¢clude time-dependent
changes in hydrophobicity of the surface chemicalugs, such as the possible



solvent induced conformational changes of alkyl ehaliscussed by Roy & McGill
(2002).

A simple model for soil water repellency

In the previous sections we have presented thec ba®as underlying
enhancement of water repellency into super-hydrbity by texture and have
argued that all the ingredients necessary for thisccur will be present in some
locations for some soils. In this section, we pnésesimple model showing how dry
soil and wet soil might influence droplets of water the soil surface. The model is
intended to be illustrative of the basic ideas eatthan directly applicable to any
specific case. It does not include complex graid pare structures or existence of
micro- or macro-aggregates with differing hydropluitlgi or deal with the water flow
and transport properties of soil (see e.g. Phlgh7; Gerke & Kdhne, 2002).

Imagine water covering a set ()
small hydrophobic & > 9¢) solid o

. . . e
spheres (particles) of uniform radius W,
R, in a close-packed arrangemen \ ~
The liquid is assumed to contact each—<—_~

© 2R airin gaps 2R

water

sphere with an angl€;, and then

bridge horizontally across the gap t®igure3 (a) Side view of clospacked solid sphert
the next sphere (Figure 3a); thef radiusR with water bridging gapgb) Plan view o

horizontal liquid interface bridain spheres: triangle ABC enables sdiigliid area to b
8 . .g 9 calculatec
between solid spheres is a

simplifying approximation. The plan view of thisstégm is shown in Figure 3(b) and
the indicated triangle, ABC, can be used to worktba relative fraction of the water
surface in contact with the solid spheres; reghcathe triangle across the whole
system will account for the liquid surface in cartavith the spheres. The smaller
circles of radiust, within each circle of radiu®, indicate the extent of contact of the
water with each sphere.

From trigonometry, the solid-liquid aredg, within the triangle ABC in Figure
3(b) is given by
Ag = R%[1+cosby]. (6)
The liquid surface area bridging the gap betweenstilid sphere#\ g, is the area of

the triangle ABC minus the parts of the smallecles of radius, enclosed by the
triangle ABC:

2
A =J§R2!1—%}. (7)

The solid fractiongs, needed for the Cassie-Baxter equation is defased



Ag.
:—’ 8
¢SA+QG (8)

and using Equations (6) and (7) is given by
1+ cosbe
Ps =

1+ cosf, + J3/m- ;sin2 Ge

(9)

A modification to the model is to assume that thkeses are not close-packed,
but are separated so that the centre-to-centreatgpabetween spheres is 2€R
rather than R, whereR remains the radius of the spheres, but a spaangtant,

& has been introduced. This could represent largiémpadicles being separated by
smaller-sized particles. The fraction of the swfa@orresponding to the solid-liquid
interface,@y &), would then decrease to

bs(e) = L+ cosbe

(10)

1+ cosd, +3(L+ £)? /- ;sin2 Oe

If the gaps between the spheres @
the model are assumed to be air
(Figure 4a), corresponding td_ IS\ K £ ) g )
initially dry soil, then Equation (9) air in gaps water in gaps

Car_l be used in Equation (4) t0Figure4 Side view of closeracked solid spher:
estimate the observed contact angl@ith water droplet (a) bridging air gaps, and (tjry

according to Cassie-Baxter. Theon a pre-existing layer of water.

solid fraction given by Equation (9) will be a gligunderestimate due to the
assumption used in Equation (7) that the liquiérif@ice is horizontal. It is likely that
6.<90° will also give rise to contact angle enhancememteothis assumption is
relaxed. Whilst Equations (9) and (10) have noiekpdependence on the size of the
solid spheres, they do have an implicit requirentieaitR be small enough for the gap
between the spheres to be bridged by the liquigutige force of surface tension. The
length scale that determines this is the capilleamgthx* = (v/,09)*%, wherep is the
density of water and) = 9.81 m ¥ is the acceleration due to gravity. For water,
k’=2.7 mm and so requiring sizes to be less than th tehthe capillary length
means the formulae are only likely to be valid particles in a size range up to a
maximum(200-300um.

If the gaps between solid spheres are assumedftibeldewith water (Figure 4b),
corresponding to initially wet soil, then Equati(®) can be used in Equation (5) to
estimate the observed contact angle according ssi€®8axter. This initial situation,
as indicated schematically in Figure 4(b), woulguiee a meniscus at the water-solid
interface in order to satisfy the local contactlanglation given by Young’s Law,
Equation (2). The air-gap case (Figure 4a) wouldegate a “slippy” surface from
which water drops would easily roll (and erode awaterial) and from which
rainsplash would occur, whereas the liquid-gap d&$gure 4b) would generate a
“sticky” surface due to the contact with the presérg water.



Results and discussion

Figure 5 shows the predicted increase in the obsemater contact angl&,“, as
the intrinsic hydrophobicity, as indicated by thentact angleé, increases, i.e.
Equation (10) in Equation (4). For close-packedigas the effect is modest, with a
6° increase for a wax-typé. = 110. However, the effect becomes stronger as the
particles are spaced further apart with 0.2 giving8,° = 125 ande= 0.5 giving&°
= 13%. For a hydrophobic coating giving = 115 these angles increase &° =
131° and 8,° = 140. The effect of replacing the air gaps with préstmg water is
shown in Figure 6, i.e. Equation (10) in Equati&). (In this case, a reduction in
observed contact angle occurs with= 110 resulting in angles oy~ = 99, 8% and
67° for £= 0, 0.2 and 0.5, respectively. However, it is nl#tar whether the pre-
existing water would fill the gaps up to the leassumed by Figure 4(b) and care is
therefore needed not to over-interpret Figure 6.
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Figure5 Predicted and observed contacigles Figure6 Predicted and observed contact-
on a model surface of small spheres \ angles on a model surface of small sph
intrinsic hydrophobic contact angles &> 9¢  with intrinsic hydrophobic contact angles &f
and initially possessing air gaps betm > 9 and initially possessing water in the g
spheres. The curves= 0, 0.2 and 0.5 show tI  between spheres. The curwes 0, 0.2 and 0.
effect of the spacing between spheress (0  show the effect of the spacing between spr
represents close-packing). (e= 0 represents close-packing).

Whilst the model with air gaps represents genuindaacement of water
repellency, it does not provide truly super-hydmiple contact angles > 1%@nless
&> 1. This separation of the particles upon whiahraplet sits could be possible for a
soil with particles of different sizes as a wateoplet could be suspended on the
largest particles and span across several partflesnaller size without touching
them. This type of effect would be consistent wiports of soil-water repellency in
fluffy and loose soil The model also ignores any sharp projections @egdn
particles and this is known to be a strong infleeteading to super-hydrophobicity;
Figure 1(d) shows that sharp projections can besry gtrong feature and so the
simple model may well underestimate the extent kickv granularity can enhance
water repellency. When the liquid meets a sharpeption, the tangent for the solid-
liquid interface has many possible values and lgpcahtisfying Young’'s Law,
Equation (2), is more straightforward. Suspendimg ltquid across the gap between
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particles then occurs before the solid surface mngéied by Equation (6) is achieved
and this reduce®s, resulting in larger observed angles. Moreoveg, ithustrative
system in Figure 1(d) involves relatively largeigsaand we would expect, on the
basis of the model presented, that reducing thén gsze or including a fine,
hydrophobic fraction would result in contact anglies water approaching or
exceeding 150 Another possible effect is the microstructuretiof wax on the
surface of the particles. If this microstructureasgh or needle-like due, for example,
to the condensation process of volatilized waxes,solid surface fraction can again
be dramatically reduced. This effect has been shtmmgive contact-angles > 170
using the paper-sizing agent alkylketene dimer (AKiystallized under suitable
conditions onto a flat surface (Ondiaal., 1996). It is also believed that needle-type
wax formation can occur on certain leaves, againgialmost unmeasurably large
contact angles (Barthlott al., 1998; Neinhuist al., 2001). We have also shown
experimentally that combining a low aspect-ratiafate texture with a slight
roughness can provide a much larger enhancemdntdobphobicity than either the
surface texture or roughness alone would provideri@iffe et al., 2004). It seems
probable therefore that the model using uniformied spheres underestimates the
potential water repellency that soil surface textoan provideHowever, this model
does show how a basic form of contact-angle enmaectecould occur and why this
should depend on whether the soil state was prsljiauet or dry.

If the water-repellent soil is being formed in t@assie-Baxter manner, as we
have suggested, then the work by Richardl. (2002) on how droplets bounce on
such surfaces and how droplets rolling on suchased can pick up loose material
(Richard & Quéré, 1999; Aussillous & Quéré, 20@Men when the loose material is
hydrophobic, will have direct relevance to rainspland soil erosion. There are also
potential implications for how soil-water repellgnanight be relieved using
hydrostatic pressure to force a conversion fromGhssie-Baxter state to the Wenzel
state and how maintaining a minimum wetting cooditin soil may prevent water-
repellent soil reforming. The difference betweemetastable Cassie-Baxter state and
the Wenzel state and whether a drop is formed bgeasation or by deposition could
be relevant to issues of water repellency andiveldtumidity. In the regime where
the Wenzel state is the minimum energy state, boetastable Cassie-Baxter state is
possible, a drop formed through condensation magloipt the Wenzel form whilst a
deposited drop might adopt the metastable CassieeBatate More speculatively,
there might be a relationship to how landslidesl¢aevelop based upon a “slippy”
layer developing at an interface between two sqés, e.g. clay and a hydrophobic
soil. The Cassie-Baxter interpretation for watgreleent soil also suggests that
experiments focusing on soil particle sizes andumés of soil sizes will be important
and that efforts should be made to obtain contagteameasurements and tilt angles
for drop run-off or drop contact angle hysteressasurements. One consequence of
the Cassie-Baxter interpretation over the Wenzrjnetation is that the currently
favoured experimental methods of water droplet patien time (WDPT) and
molarity of ethanol droplet (MED) tests need to bensidered carefully for
consistency. Indeed, the need to consider the stemsly of these tests is further
emphasized by the fact that roughness and/or sutéadure can also lead to partial
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wetting being converted to wetting, and to fastetting by some liquids (McHalet
al., 2004).

Conclusion

The causes and effects of soil water repellency leen considered based upon
ideas developed to describe super-hydrophobic sesfd-eatures observed for water
repellent soils that indicate a super-hydropholfiect has been identified and it has
been suggested that a Cassie-Baxter form with dedl@air might be occurring. The
focus has been upon soil particle size and surfagture enhancement of the
hydrophobicity imparted by hydrophobic organic reattA simple illustrative model
has been developed showing the importance of smface texture and the pre-
existing state of dryness or wetness of the soil.
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