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Abstract: In agricultural land use, organic residues such as compost, digestate, and sewage sludge are discussed as cost-
effective soil conditioner that may improve the water holding capacity and crop available soil moisture. The objective of
this study is to determine the effect of application of digestates with different compositions in maize, sugar beet and
winter wheat, compost of shrub debris and sewage sludge on shrinkage behaviour and contact angle of till-derived loamy
topsoil of a Haplic Luvisol under agricultural use. Novelty is the simultaneous determination of contact angle and
shrinkage of soils amended with digestates composed of different composition in maize, sugar beet and winter wheat,
compost of shrub debris and sewage sludge. The results suggest that the application of organic residues impacts the air
capacity, while the contact angles remained in the subcritical range between > 0° and < 90°. The relationship between
CA values and moisture ratios, 9, during proportional shrinkage was positive and linear (r* of 0.98) and negative during

residual- and zero-shrinkage (r2 0f 0.93).
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INTRODUCTION

Organic residues like aerobically composted or anaerobical-
ly digested organic materials and sewage sludge are used as
organic fertilizers in agriculture (Risberg et al., 2017; Voelkner
et al., 2015) and soil structure conditioner in post-mining land-
scapes (Beck-Broichsitter et al., 2018b).

Apart from the positive effects of the organic residues on
soil properties and functions, the critical impact of organic
residues, consisting of hydrophobic substances (humic fulvic or
long-chained fatty acids) and hydrophobic functional groups
(i.e., Ruggieri et al., 2008), on the soil wettability should also
be considered. Interactions between organic matter-containing
soil matrix and organic residues can modify soil wettability
(i.e., Goebel et al., 2007), especially through volatile fatty acids
containing anaerobically attended residues (Risberg et al.,
2017) which cause hydrophobic soil conditions (Goebel et al.,
2007). In particular, the adsorption of humic acids to mineral
particles of sand-dominated soils with low specific surfaces
results in higher contact angles and therefore an increase in
hydrophobic behaviour (i.e., Wang et al., 2010).

Under dry conditions, the application of organic residues
may decrease the wettability of topsoil surface due to an in-
creased hydrophobicity of the soil organic matter (i.e., Vogel-
mann et al., 2013) that in combination with shrinkage-induced
soil crack formation can enhance preferential flow (Gerke,
2006). When bypassing the lower permeable soil matrix through
cracks (Bebej et al., 2017), the soil’s filtering function is strong-
ly reduced and preferentially transported organic residue solutes
containing plant nutrients can negatively impact the ground
water quality (Kodesova et al., 2012; Kohne et al., 2009), while
at the same time the plant nutrient supply can be deficient.

The soil shrinkage curve is the relation between the void

ratio, ¢, and the moisture ratio, 9, and can be divided into four
characteristic stages: structural-, proportional-, residual-, and
zero shrinkage (Braudeau, et al., 2004; Peng and Horn, 2005;
Peng and Horn, 2013) and into a capillary-affected and an
adsorption-affected region (i.e., Lu and Dong, 2016). The
definition of residual- and zero-shrinkage is that the soil
volume loss is negligibly smaller than the water volume loss
(Beck-Broichsitter et al., 2018b; Braudeau et al., 2004). The
residual- and zero-shrinkage phase in the range of low moisture
ratios, 9, is of major interest for the contact angles, CA, and
therefore the wettability of intact soil surfaces (Chen and Ning,
2018), because a reduced water adsorption capability of intact
crack surfaces may intensify the preferential flow through
shrinkage cracks (i.e., Kodesova et al., 2011; Leue et al., 2015).

The impact of organic residues and its organic matter com-
position on soil chemical properties has already been evaluated
(i.e., Fér et al., 2016; Kodesova et al., 2011, 2012; Voelkner et
al., 2015), and the application of for example compost can have
a positive effect on air capacity and water holding capacity of
soils (Beck-Broichsitter et al., 2018b), but a lack of information
in case of the impact on physical properties and especially the
shrinkage behaviour is still existing.

The objective of this study is to determine the effect of
application of digestates with different compositions in maize,
sugar beet and winter wheat, compost of shrub debris and
sewage sludge on shrinkage behaviour and contact angle of till-
derived loamy topsoil (Ap-horizon, 0-0.2 m depth) of a Haplic
Luvisol under agricultural use.

The authors hypothesized that the application of organic
residues on loamy topsoil can increase the air capacity and
plant available water capacity, and can lower the shrinkage
crack formation tendency and the contact angles especially in
the low moisture ratio range.
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MATERIALS AND METHODS
Sample preparation and laboratory analysis

Soil material was sampled from the topsoil (Ap-horizon,
0-0.2 m depth) of a Haplic Luvisol (Ap/E/Bt/Bw/C) (IUSS
Working Group WRB, 2014), derived from glacial till, located
at the research farm in Hohenschulen (54°31°28”N,
9°98°’35”E), near Kiel (Schleswig Holstein) in Northern Ger-
many. Organic residues in form of shrub-derived compost (C),
sewage sludge (S), and three digestates consisting of (i) 80%
maize and 20% sugar beet (80M20B), (ii) 20% maize and 80%
sugar beet (20M80B), (iii) 20% winter wheat and 80% sugar
beet (20W80B) were used for application to the till-derived
loam (L).

At first, organic residues were air-dried, sieved (< 2 mm)
and then mechanically mixed with the loam (6 of approx.
0.1 cm® cm ) to simulate the common annual application rates
per hectare for fertilizer in 0.2 m topsoil with 30 Mg dry mass
ha' for compost and 30 m’ moist mass ha ' for digestates and
sewage sludge. After application of the organic residues, the
organic carbon content, OC (g kg ), (by coulometric carbon
dioxide measurement), soil texture (by combined sieve and
pipette method), and soil pH values (in 0.01M CaCl, solution)
were analysed for more details see Hartge and Horn (2016).

In a second step, the loam and loam-residue-mixtures were
compacted to a dry bulk density, py, of 1.45 g cm” with a load
frame (Instron 8871, Norwood, USA) with pressing force of 5
kN, resulting in 8-10 density-defined soil cores (diameter: 5.5
cm, height: 5 cm), each.

Contact angle measurements
The contact angle, CA, was determined by the sessile drop
method through application of a water droplet on surfaces of

soil cores with 8-10 repetitions for loam and loam-residue
mixtures each for pressure heads, h, of —60 hPa, —300 hPa,

Line laser *

a) .

A
]

—15000 hPa, and oven-dried at 105°C, respectively (Figure 1).

The CA was determined with CCD-equipped contact angle
microscope (OCA 15, DataPhysics, Filderstadt, Germany) and
the placement of 2 ug of water (5 repetitions on identic points
per drying stage) was recorded by a highspeed camera allowing
the evaluation of the CA (resolution: 0.1°) with SCA20 pro-
gram (DataPhysics, Filderstadt, Germany). The contact angle,
CA (°), was calculated following Bachmann et al. (2013) in the
first five seconds after drop placement on the soil surface:

CA= arccos(GS ~ O ] )

oL

where os is the surface energy of the solid (J m°), oy is the
solid-liquid interfacial energy (J m?), and o is the surface
tension of the liquid (J m™>). The CA can be classified as fol-
lows: CA = 0° indicates complete wettability of the surface, 0°
> CA < 90° = subcritical, subhydrophilic material, CA > 90° =
hydrophobic material and CA = 160° indicates super hydro-
phobic material (i.e., Lamparter et al., 2006).

Soil water retention and shrinkage measurements

The volumetric water content, 0, for the prepared soil cores
with 8—10 repetitions for loam and loam-residue mixtures with
pp values of 1.45 g cm > each were determined by a combined
pressure plate (saturated, —60, —300 hPa) and ceramic vacuum
outflow method (-15000 hPa) as well as oven-dried for 24
hours at 105°C, respectively. Simultaneously, the soil volume
change was determined with the 3D laser triangulation method
(Beck-Broichsitter et al., 2018a, 2020; Seyfarth et al., 2012). In
brief, the line laser CMS 106 with A = 660 nm (Control Micro
Systems, Orlando, FL, USA) illuminates a soil core along the
cylindrical surface (rotation centre at the z-axis), depending on
the scan area. During the rotation process, a CCD camera
captures a predefined number of profiles, while the camera

CCD Camera

b)
P, Motor-driven syringe

Light source

Microscope
highspeed camera

y High-precision balance

Fig. 1. Experimental setup for a) automatic determination of contact angle, CA, of intact soil surfaces through sessile liquid drop method,
and b) concept of equlilibrium contact angle, ®c, and three-phase contact line between solid, liquid and gas phase.
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is provided with a band-pass filter to segregate the laser signal
(highlighted profile) in the captured image from the background
(Figure 1).

The soil porosity, €, was calculated as:

g=1-Po 2)
Ps

where ps is solid particle density and p, the bulk density of the
soil. For p,, a value of 2.65 g cm ™ was assumed for the sand-
dominated loamy soil. From the observed water retention data,
the air capacity, AC (cm’ cm™), and the plant available water
capacity, AWC (cm’ cm °), were calculated as follows:

AC=€-0_gp, 3)
AWC =80_g01p, = O_i5000npa )

where 0 6y npa and 0 ;5000 npa correspond to the water content at
pressure heads of —60 hPa and —15000 hPa.

The soil shrinkage curve is generally divided into four phas-
es (Figure 2): structural-, proportional-, residual-, and zero
shrinkage (i.e., Braudeau et al., 2004). The shrinkage limit
points e,, and 9. of Eq. (9) indicate the air entry point or rather
the beginning of residual shrinkage. This means that the soil
volume loss and decrease in void ratio, e, during dehydration is
lower than the water volume loss and decrease in moisture
ratio, 9, while zero-shrinkage describes a more or less remain-
ing soil volume or void ratio in spite of decreasing moisture
ratio (Peng and Horn, 2005, 2013).
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Fig. 2. Conceptual model of soil shrinkage curve with four charac-
teristic shrinkage regions: structural-, proportional-, residual-, and
zero shrinkage, while e, and 9, are the saturated void and moisture
ratio, respectively, and e, is the residual void ratio.

These soil shrinkage curves are defined by the relation be-
tween the void ratio, e (cm3 cm’3), and the moisture ratio, 9
(cm’ cm), following Hartge and Horn (2016):

e=P (7)
Py
¥=p#, @®)

where p, pp, and 0,, are the particle and bulk density (g cm™),
and gravimetric water content (g g '), respectively.

The model of Peng and Horn (2005) was selected in this
study to describe the shrinkage curve as:

er 13:0
() =1e, + es_eip — 0<0<0:n>0 )
[1+(x0) "]
€ ERY)

s s

where y, p, and q are dimensionless fitting parameters, e; and e,
are the saturated and residual void ratios, respectively, fulfilling
the following boundary conditions:

V- 0;

—0; e—e (10)

€ —

V-0 —>oo e —>e (11)

e, —

The volume shrinkage index, AV, describes the shrinkage

tendency of differently-textured soils as follows (Alaoui et al.,
2011):

VOhPa

AV = -1 (12)

105°C

where AV is the change in soil volume as relation between the
quasi-saturated (0 hPa) and the dry stage (105°C), while AV <
5% corresponds to good, AV = 5-10% to medium, and AV >
10% to poor shrinkage tendency.

Statistical analysis

The statistical software R (R Development Core Team,
2014) was used to evaluate the data. The data were tested for
normal distribution and heteroscedastic on the Shapiro-Wilk-
Test and graphical residue analysis. An analysis of variance
(ANOVA) was conducted with p < 0.05 followed by Tukey's
HSD (honesty significant difference) test (¥*p < 0.05, **p <
0.01, ***p < 0.001, ****p < 0.0001) following Hasler and
Horton (2008) to evaluate the differences between loam and the
loam-residue-mixture in air capacity, AC, plant available water
capacity, AWC, contact angle, CA, volume shrinkage index,
AV and their interaction terms (two- fold and three-fold), re-
spectively. The coefficient of determination (r*) was used as an
index for the goodness of fit.

RESULTS
Soil water retention characteristics after application of
organic residues

The soil material before application of organic residues was
classified as loam following FAO (2006) with 550 g kg ' sand,
300 g kg ' silt, and 150 g kg ' clay and an organic carbon con-
tent of 12 g kg ', and weak acidic pH value of 6.8. The appli-
cated organic residues are characterised by alkaline pH values
between 7.5 and 8.1 (Table 1) and nitrogen contents between
12and4.0kgm”.

The OC content of the loam was improved through organic
residue application (12.4 g kg™ up to 14.3 g kg"); there are
small differences in pH values between 6.6 and 6.9, while com-
post application increases and digestate application decreases
the pH value (Table 2).
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Table 1. Basic properties considering pH values, dry matter, dm, and nitrogen, Ny, of shrub-derived compost (C), sewage sludge (S), and
three digestates: (i) 80% maize and 20% sugar beet (§0M20B), (ii) 20% maize and 80% sugar beet (20M80B), (iii) 20% winter wheat and
80% sugar beet (20W80B) with two repeated measurements each and symbol = corresponds to the standard deviation.

Parameters C S 80M20B 20M80B 20W80B
pHcaciz () 8.1+0.6 7.5+£0.3 7.7+0.3 7.7+0.3 7.8+0.4
dm (%) 52+4 n.a. 55+£0.2 54+0.3 54+0.1
Niowt (kg m™> om™) 1.2+0.2 4.0+03 2.8+0.1 29+0.2 23+0.1

dm: dry matter, om: organic matter, n.a.: not analysed

Table 2. Soil characteristics considering pH values and organic carbon, OC, after the application of shrub-derived compost (C), sewage
sludge (S), and three digestates: (i) 80% maize and 20% sugar beet (80M20B), (ii) 20% maize and 80% sugar beet (20M80B), (iii) 20%
winter wheat and 80% sugar beet (20W80B) to the loam (L), mean values with two repeated measurements each and symbol + corresponds
to the standard deviation. AC = air capacity, AWC = available water capacity. Differences in mean values compared to loam were signifi-
cant at p < 0.05 (*), <0.01 (**), <0.001 (***), <0.0001 (****) for ANOVA.

Parameters L C S 80M20B 20M80B 20W80B
pHeacr () 6.79+023 6.87+023 6754023 6.62+0.4 659+ 0.6 6.65+023
OC (gkg™) 124414 13519 122411 141+17 143415 132412
AC (em® em™) 0.149 0.166 0.168 0.152 0.203%%* 0.122
AWC (cm’ em’?) 0.145 0.115%% 0.124 0.133 0.1 1455 0.149
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Fig. 3. Contact angles, CA, with 8—10 repeated measurements each at —60 hPa, —300 hPa, —15000 hPa and in dry stage (105°C). Different
small letters indicate statistically differences in mean values at p < 0.05 for shrub-derived compost (C), sewage sludge (S), and three diges-
tates: (1) 80% maize and 20% sugar beet (§0M20B), (ii) 20% maize and 80% sugar beet (20M80B), (iii) 20% winter wheat and 80% sugar

beet (20W80B) compared to the loam (L) for each stage, respectively.

The application of organic residues increased the air
capacity of up to 0.203 cm’ cm > for 20M80B while the plant
available ater capacities decreased after application of organic
residues, except for 20W80B (Table 2).

Soil wettability after application of organic residues

The loam and the added organic residues show contact
angles, CA, > 0° and < 90°, thus, the intact soil sample surfaces
are characterised by subcritical hydrophilic conditions (Figure
3). The four dehydration stages show a relatively unique
increase in CA through digestate application with no clear
tendency between the differently composed digestates, while
the sewage sludge is close to hydrophobic contact angles > 90°
in the dry stage (105°C).

Shrinkage behaviour after application of organic residues

The loam-residue mixtures show comparatively higher void
ratios than the untreated loam soil (Figure 4) and considering
the maximum of the curve at the wet-side (3, €4) Obtained
with Eq. (9) (Table 3), the soil material shows a proportional
volume and water loss with beginning of dehydration without
structural shrinkage. The air entry point (9,., €,.), which sepa-
rates the proportional shrinkage from the residual shrinkage
indicates a more distinct residual than proportional shrinkage
phase, except for loam and digestate (80M20B), respectively.
The volume shrinkage indices indicated a low shrinkage ten-
dency between 1.8% and 3.7%, while the loam-compost-
mixture significantly increased the shrinkage tendency com-
pared to the untreated loam.

The shrinkage model in Eq. (9) fitted the observed shrinkage
data with r* between 0.97 and 0.99 (Table 3). The fitting pa-
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Fig. 4. a) volume shrinkage indices with boundary (AV = 5%) between good and medium shrinkage tendency and b) fitted shrinkage curves
obtained by Eq. (9) after application of organic residues with 810 repeated measurements each (symbols). Different small letters indicate
statistically differences in mean values at p < 0.05 for shrub-derived compost (C), sewage sludge (S), and three digestates: (i) 80% maize
and 20% sugar beet (§80M20B), (ii) 20% maize and 80% sugar beet (20M80B), (iii) 20% winter wheat and 80% sugar beet (20W80B)

compared to the loam (L) for each stage, respectively.

Table 3. Parameter fits from the mean of 810 data points of the loam (L) and loam-residue-mixtures considering shrub-derived compost
(C), sewage sludge (S), and three digestates: (i) 80% maize and 20 % sugar beet (80M20B), (ii) 20% maize and 80% sugar beet (20M80B),
(ii1) 20% winter wheat and 80% sugar beet (20W80B) obtained with Eq. (9); %, p, q are dimensionless fitting parameters, €, and 3,
indicate void and moisture ratio at the transition between the structural and proportional shrinkage, e,. and 3,. indicate void and moisture
ratio at the transition between the proportional and residual shrinkage. The coefficient of determination (r*) was used as an index for the

goodness of fit.

Parameter X p q I Cshws Jshw Cae, Yae
) &) ) ) (em’em™) (em’em™)
L 1.137 479.6 0.014 0.99 9 0.880 0.498
e 0.870 0.843
C 1.153 714.8 0.014 0.98 9 0.868 0.859
e 0.875 0.869
S 1.137 609.7 0.014 0.97 9 0.879 0.869
e 0.881 0.877
80M20B 1.116 284.4 0.007 0.97 9 0.896 0.579
e 0.885 0.859
20M80B 1.097 889.5 0.014 0.99 9 0.907 0.889
e 0913 0.895
20W80B 1.196 279.4 1.615 0.99 9 0.846 0.833
e 0.879 0.853

rameter y was on a relatively low level and also nearly identical
for loam and the loam-residue-mixtures, thus, the volume and
water loss in the structural shrinkage phase and therefore the
structural shrinkage phase itself was of minor importance in
case of initially homogenized soil samples.

Relationship between wettability and shrinkage behaviour

In terms of the wettability, the results indicate a strong nega-
tive relationship between the contact angles, CA, and the
shrinkage-derived moisture ratio, 9, of the loam and loam-
residue-mixtures (r* > 0.95). The lower the moisture ratio the
higher is the contact angle (Figure 5).

The linear functions in Figure 5 were used for predicting the
contact angles, CA*, on the basis of the fitted moisture ratios,
9, and the results indicate a strong positive relationship between
ACA* and A9* values during proportional shrinkage phase
(€—Caer F—I,e) With > of 0.98 and strong negative relationship
between CA and 9 values at transition point between propor-

tional and residual shrinkage (e, 9,c) with r* of 0.93 (Figure 6).
Thus, the more pronounced the proportional shrinkage phase
and the lower the moisture ratio at beginning of the residual
shrinkage phase, the higher is the contact angle.

DISCUSSION
Air capacity and plant available water capacity after
application of organic residues

The results indicate higher organic carbon contents after
application of organic residues of up to 14.3 g kg ' compared to
the untreated loam with 12.4 g kg' as proposed by Ojeda et al.
(2015), while the lower OC content of sewage sludge is related
to the thermal treatment of wastewater, whereby ammonia can
be volatilized.

The results also indicate higher air capacities, AC, of up to
0.203 ¢cm® ecm for digestate 20M80B compared to 0.149 cm’
cm” of the untreated loam in Table 2 as hypothesised before.
The increase in AC values is in agreement with findings of
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Fig. 5. Linear regression of mean values of observed contact angle, CA, and moisture ratios, 9, after application of shrub-derived compost
(C), sewage sludge (S), and three digestates: (i) 80% maize and 20% sugar beet (80M20B), (ii) 20% maize and 80% sugar beet (20M80B),
(i) 20% winter wheat and 80% sugar beet (20W80B) compared to the loam (L). The r indicates the coefficient of determination and the

dashed lines indicate the confidence limits for a level of 95%.
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Fig. 6. a) fitted shrinkage curves on the basis of Eq. (9) with e,. and 9. (red symbols) as transition points between proportional and residual
shrinkage; b) contact angles, CA*, as function of fitted moisture ratios, 9, of shrub-derived compost (C), sewage sludge (S), and three
digestates: (i) 80% maize and 20% sugar beet (80M20B), (ii) 20% maize and 80% sugar beet (20M80B), (iii) 20% winter wheat and 80%
sugar beet (20W80B) and loam (L); c¢) change, A, of CA* and 9 during proportional shrinkage phase (€., 9+9y.); d) CA* values at
transition point between proportional and residual shrinkage phase (e,e, 9,¢) see Table 3. The r* indicates the coefficient of determination
and the dashed lines indicate the confidence limits for a level of 95%.

Ojeda et al. (2015) and a positive effect on AC values was also
shown for highly compacted soils (p, > 1.8 g cm ), where the
application of compost compensated low AC values (Jasinska
et al., 2006; Beck-Broichsitter et al., 2018b). The plant availa-
ble water capacities, AWC, in Table 2 were equal (20W80B) or
lower than the AWC value of the untreated loam of 0.145 cm’
cm ® which is in contrast to findings of Beck-Broichsitter et al.
(2018b).

Impact of organic residues on soil wettability

The results indicate that the contact angle of the untreated
loam was not seriously affected by the organic-residue mixtures

as hypothesized before, but with decreasing moisture ratios, 9,
during dehydration of the soil samples from —60 hPa to oven-
dried state, the CA values ranged between > 0° and < 90° and
can be characterised as subcritical hydrophilic, resulting in a
reduced wettability (Lamparter et al., 2006; Goebel et al.,
2007).

It should be taken into account that the impact of the soil or-
ganic matter on the contact angles is less examined, while espe-
cially aliphatic and nonpolar C—H groups can make up a signif-
icant portion of the soil organic matter (Kodesova et al., 2012).
Considering the potential wettability index analysis (PWI:
C-H/C=0 ratio) of Fér et al. (2016), these groups may lower
the wettability on aggregate surfaces. However, the results of
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Leue et al. (2015) indicate that the wetter the soil core surface,
the less pronounced is the effect of SOM on surface contact
angles and therefore the mm-scale variability of soil wettability
(Hallett et al., 2004). In this case, the field situation with annual
average pressure heads between —60 hPa and —300 hPa are
realistic for agricultural-used topsoils, thus, there is only a less
pronounced tendency pointing out the negative impact of
applied organic residues on the soil surface wettability.

Interaction between shrinkage and wettability

The soil shrinkage curves are displayed only with propor-
tional-, residual-, and zero-shrinkage phases that is typical for
initially homogenized soil material (Beck-Broichsitter et al.,
2018a; Peng and Horn, 2013). The results in Figure 4 indicate a
low shrinkage tendency with AV values between 1.8% and
3.7% compared to AV values of 2.3% of landfill topsoil layer
(0.05 m; 12 g kg'' OC) after application of compost (Beck-
Broichsitter et al., 2018a). Thus, the application of the present-
ed organic residues not necessarily reduced the shrinkage crack
formation tendency of untreated loam (AV = 2.2%) as hypothe-
sized before (iii). The overall AV values < 5% in Figure 4 indi-
cate a reduced shrinkage crack tendency of organic residues
that can prevent deeper shrinkage cracks in drier periods (Horn
et al., 2014) thus limiting the potential of preferential leaching
of plant nutrients through soil macropores.

The shrinkage model of Peng and Horn (2005) fitted the ob-
served void ratios, e, and moisture ratios, 9, well with * > 0.96
in Table 3 and the contact angles were also well predicted
through fitted 9 values with r* > 0.95 (Figure 5). Therefore, it
seems as if we can regression-based predict contact angles
especially in the low moisture ratio range. The evaluation of the
contact angles in the proportional shrinkage phase where a
proportional loss in soil and water volume is assumed (i.e.,
Bradeau et al., 2004) is essential for § values in the residual-
and zero-shrinkage phase that is of major interest for the wetta-
bility of intact soil core surfaces (e.g, Goebel et al., 2007).

Thus, untreated loam and digestates consisting of maize and
sugar beet are of special interest because of its more pro-
nounced proportional shrinkage behaviour and reduced 9 values
in the dry range that may intensify the infiltration through
shrinkage cracks in deeper soil layers (Gerke, 2012; Kodesova
et al., 2011, 2012) compared to compost, sewage sludge and
wheat-derided digestate (20W80B). In a positive way, intense
shrinkage cracks can also reduce potential surface runoff and
soil erosion by increasing infiltration (Horn et al., 2014).

CONCLUSION

The objective of the study was to determine the effect of
application of digestates with different composition in maize,
sugar beet and winter wheat, compost of shrub debris and sew-
age sludge on shrinkage behaviour and contact angle of
till-derived loamy topsoil of a Haplic Luvisol under agricultural
use.

The contact angle of the loam was not affected by applica-
tion of the organic-residues, and the contact angles remained in
the range between >0° and <90° indicating subcritical hydro-
phobic conditions, while the shrinkage crack formation tenden-
cy of untreated loam was not necessarily lowered. The
combined determination of shrinkage behaviour and contact
angles enabled a regression-based predicting of contact angels
especially in the low moisture ratio range.

For a more quantitative relation between soil cracking, dry-
ing, and wettability, studies on the impact of shrinkage regime

on wettability should focus on the finer-textured soils and in-
clude field conditions.
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