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ABSTRACT

Pig slurry fertilization in dryland agriculture of semiarid areas is a matter of concern because of
the increasing intensity of livestock farming. Slurry is a nutrient source but if it triggers soil water
repellency (SWR), this could constrain its application over the surface in the crop cycle. In SWR
tests, choice of a suitable drying soil temperature is a key point, as temperature affects its expression.
Its determination must also be easily integrated with the different standard analytical procedures in
laboratories. In this study we evaluated the persistence and the severity of the SWR in undisturbed
soil samples dried at 40 °C. Soil samples came from a long-term fertilization experiment where five
slurry treatments plus a control were implemented. Soil samples were taken seven times during a 51
days (d) period, starting 4 d before slurry application and up to 47 d after. The maximum recorded
SWR persistence and severity was classified as moderate and severe, respectively. As soil dried at 40 °C
was able to express hydrophobicity after pig slurry fertilization, the SWR tests can be easily included
in the framework of routine procedures for soil sample analysis where this effluent has been applied.
Further research is needed in slurry rainfed fertilized areas to evaluate SWR variability (annual and
between cropping seasons) and its additional impacts in these agricultural systems.

RESUMEN

En sistemas agricolas de secano de zonas semidridas, la fertilizacion con purines porcinos es un tema de preocupacion
debido al incremento de la actividad ganadera en estas zonas. Los purines son una fuente de nutrientes, aunque su
potencial influencia en el desarrollo de hidrofobicidad en el suelo (SWR) podria limitar su aplicacion directa sobre
el mismo. En las metodologias de evaluacion de la SWR, la temperatura de secado de la muestra es un aspecto clave,
ya que la temperatura condiciona el grado o intensidad de su expresion. En este estudio se evalud la persistencia y
la severidad de la SWR en muestras inalteradas de suelo secadas a 40 °C. Las muestras de suelo se obtuvieron de
un experimento de fertilizacion a largo plazo con cinco tratamientos con purines y un tratamiento control. Los
tratamientos consistieron en dosis distintas de purines aplicados en pre-siembra y/o en cobertera. Se realizaron
siete muestreos durante un periodo de 51 dias (d), justo antes de la aplicacion de purin en cobertera (4 d) hasta
47 d después. La persistencia y severidad mdxima de la SWR registrada se clasificd como moderada y severa,
respectivamente. El secado a 40 °C permite detectar la hidrofobicidad asociada a la fertilizacion con purines, por
lo que los test de SWR pueden ficilmente incluirse en los protocolos rutinarios de preparacion de muestras para su
andlisis quimico, particularmente, cuando se aplican estos residuos ganaderos. La evaluacion de la variabilidad
anual e interanual de la SWR en dreas de secano donde se aplican purines requiere de investigacion complementaria
para evaluar los impactos de esta propiedad del suelo durante el ciclo de cultivo.

DOI:10.3232/5]SS.2019.V9.N3.02

SJSS. SPANISH JOURNAL OF SOIL SCIENCE e

YEAR 2019 e VOLUMEY9 e ISSUE3




SJSS

SPANISH JOURNAL OF SOIL SCIENCE

RESUMO

Em sistemas agricolas de sequeiro de zonas semidridas, a fertilizacdo com chorumes de suinicultura ¢ tema de
preocupagdo devido ao aumento, nestas zonas, da atividade pecudria. Os chorumes sdo uma fonte de nutrientes,
embora a sua potencial influéncia no desenvolvimento da hidrofobicidade no solo (SWR) possa ai limitar a sua
aplicacao direta. Nas metodologias de avaliagao da SWR, a escolha da temperatura de secagem da amostra é um
fator chave, pois que a temperatura condiciona o grau ou intensidade da sua expressdo. Neste estudo, avaliou-
se a persisténcia e severidade da SWR em amostras inalteradas de solo seco a 40 °C. As amostras de solo foram
obtidas a partir de um ensaio de fertilizacio a longo prazo com cinco tratamentos com chorumes e um tratamento
controlo. Os tratamentos consistiram em doses diferentes de chorumes aplicados em pré-sementeira e/ou em cobertura.
Realizaram-se sete amostragens durante um periodo de 51 dias (d), comecando 4 d antes da aplicacio de chorume
em cobertura até 47 d depois. A persisténcia e severidade mdxima registada da SWR foi classificada, respetivamente,
como moderada e severa. A secagem a 40 °C permite detetar a hidrofibicidade associada i fertilizagdo com chorumes.
Os testes SWR podem ser facilmente incluidos nos protocolos de rotina de preparacdo das amostras de solo para
andlise quimica quando se aplicam estes tipos de efluentes. A avaliagio da variabilidade (anual e entre as épocas de
cultivo) da SWR em dreas de sequeiro onde se aplicaram chorumes requer investigagio complementar para avaliar
os impactos desta propriedade do solo nestes sistemas agricolas.

1. Introduction

Slurries are a source of water and nutrients in rainfed agricultural systems (Yague et al.
2012) where water availability is the main limiting factor for crop growth. In Mediterranean
rainfed winter cereals, under conventional tillage, slurries are applied before sowing and at
the tillering development stage (Bosch-Serra et al. 2015).

Despite the yield benefits of slurries (Bosch-Serra et al. 2015) and their favourable influence
on soil quality parameters such as soil aggregation (Cosentino et al. 2010; Blanco-Canqui
and Ruis 2018), slurries might also have other potential negative impacts over other soil
properties, such as the development of soil water repellency (SWR) or hydrophobicity
(Jiménez-de-Santiago et al. 2019). Soil water repellency is considered a transient soil
property originating from hydrophobic compounds contained in pig slurry (Gigliotti et al.
2002; Leelamanie 2014). Hydrophobicity is an important issue in rainfed agricultural systems
as it can reduce plant water availability through a decrease of water infiltration (Wallach et
al. 2005). Although the SWR character is normally regarded as transient, some authors
working with liquid wastes reported a more prolonged effect with spatial variation (Wallach
et al. 2005; Vogeler 2009). Besides, soil hydrophobicity is sensitive to soil moisture content
and sample disturbance (Dekker et al. 1998; Doerr et al. 2000).

The Water Drop Penetration Time test (WDPT) and the Molarity of Ethanol Droplet (MED)
test (King 1981; Roy and McGill 2002) are the most commonly used methods to assess
SWR. The WDPT determines how long water repellency persists in the contact area of a
water droplet. The MED test measures how strongly water is repelled (severity). Sample
drying before testing is a common practice because the differences in soil moisture content
are removed. In a previous study the effect of soil sample sieving and drying temperature
(25, 65 and 105 °C) were tested (Jiménez-de-Santiago et al. 2019), with undisturbed field-
moist soil samples being the recommended way to evaluate actual SWR and the potential
method being oven-drying samples at 105 °C; disturbance was found to mask repellency.
In kaolinite-rich soils SWR can be strengthened after drying at high temperature (Daniel
et al. 2019) or masked at low temperature (Dekker et al. 1998) by differences in soil water
content. The intermediate temperature of 40 °C can be a plausible alternative to assess soil
hydrophobicity as it is used in many laboratories for oven-drying before performing soil tests
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(ISO 11464, ISO 2006; Sheppard and Addison
2006; Department of the Environment 2014).
Besides, the 30-40 °C interval of temperature
is in the range of those experienced at the soil
surface in the field (Sheppard and Addison
2006), mainly in dryland areas where gypsum
may be present in soil samples (Porta and
Herrero 1990). This temperature also allows the
standardizing of soil water content (i.e. mitigating
the effect of soil moisture in SWR tests) and it
has been previously used in repellency analysis
(De Jonge et al. 1999).

In the context of a slurry fertilization experiment
in which SWR has previously been assessed
(Jiménez-de-Santiago et al. 2019), this work
has two aims: a) to evaluate the feasibility to
detect SWR (persistence and severity) in 40 °C
oven-dried undisturbed soil samples, and b) to
assess the potential interactions of previous
slurry applications at cereal sowing on SWR
expression at cereal tillering when a second
slurry application can be performed.

2. Materials and Methods

2.1. Soil and climate conditions

The experimental field was located in Oliola,
Lleida, NE Spain (41° 52" 34'N, 0° 19” 17’ E)
and is at 440 m a.s.l. The region has a semiarid
Mediterranean climate with low annual
precipitation and high temperatures in summer.
The soil is deep (> 1 m), non-saline, calcareous
with a pH of 8.2 (1:2.5 soil: distilled water).
Kaolinite is the dominant clay mineral (Bosch-
Serra et al. 2017). Soil is classified as a Typic
Xerofluvent (Soil Survey Staff 2014).

2.2. Experiment description

A long-term experiment on different pig slurry
fertilization strategies was established in 2002.
Treatments have been maintained in the same
positions on the plots since the start. Winter
cereals were cropped on the experimental site,
except during the 2007/08 and 2013/14 cropping
seasons when soil was left under fallow. The
rotation was barley (Hordeum vulgare L.) and
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wheat (Triticum aestivum L.) as the main crops,
those commonly used in the area. Usually, the
crops were sown in late October-early November
and harvested at the end of June-early July. The
agricultural management practices were those
of the farm advisory system for the area.

Sampling and data recording for this present
work was performed during the 2014/15 winter
barley cropping season, the experiment was
performed. Sowing was done on the 30th
October 2014 and harvest on the 12th June
2015.

Pig slurry was spread by the splash-plate
method before sowing (23th October 2014) and
at cereal tillering stage (10th February 2015),
(21-24 of Zadoks-Chang-Konzak decimal scale;
Zadoks et al. 1974) on the 10th February 2015.
Slurry was buried by disc harrowing on the same
day after slurry application before sowing but it
was left on the soil surface at cereal tillering.

Six treatments from the long-term experiment
were selected following a split-block design
with three blocks as repetitions (18 sampled
plots). The treatments were chosen according
to the amount of total organic C (TOC) applied
with pig slurries (Table 1). At sowing (S-), three
of them received slurry from fattening pigs (FP,
code S2) and the other three did not (code SO0).
At cereal tillering (-T), the types of slurry applied
were randomized against the block. Slurry from
FP (code T4) and slurry from sows (SP, code
T8) was topdressing applied at cereal tillering
development stage. In the control (code T0), no
slurry was applied, only PK mineral fertilization.
The amount of slurry applied before sowing
and at topdressing on treatments is shown in
Table 1. TOC from slurries was obtained by
combustion (TruSpec CN, LECO instruments).
The hydrophobic C compounds from pig slurry
were obtained following Gigliotti et al. (2002).
The hydrophobic organic C represented 19%
and 5% of TOC for FP and SP, respectively.

2.3. Soil water repellency analyses

Soil samples were taken on seven days, starting
on the 6th February 2015 and stopped when the
canopy fully covered the plot surface. The first
soil samples were taken four days before slurry
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Table 1. Treatments description according to the rates of pig slurry and total organic carbon (TOC) applied

Slurry origin Sowing (S) Tillering (T)
Rate (Mg ha')  TOC (kg ha") Rate (Mg ha')  TOC (kg ha')
Not applied. 0 (S0) 0(TO)
Fattening pigs (FP) 25 (82) 900 42 (T4) 682
Sows pigs (SP) 76 (T8) 1894

spreading at cereal tillering. Additional samples
were taken at 7, 14, 21, 30, 35 and 47 days
after pig slurry application. At each sampling
date, two superficial soil samples (0-5 cm
depth) were taken per plot using steel cylinders
of 100 cm?® (diameter of 5 cm) and samples
were maintained undisturbed. To minimize the
eventual heterogeneity due to slurry application
over plots, soil samples were taken on two
theoretical lines avoiding overlaying among
samples; 3 m inside each plot and perpendicular
to the pig slurry application.

Cylinders were pressed vertically into the soll,
then carefully removed to avoid superficial
disturbance, packed and closed to maintain field
soil moisture content until they arrived at the
laboratory.

Soil water repellency was evaluated with the
two most common methods (WDPT and MED)
for assessing the distribution of persistence and
severity (King 1981).

The soil cylinder surface was randomly
divided into two areas (defined by a virtual
line). Hydrophobicity tests (WDPT and MED)
were evaluated after drying the soil for 48 h at
40 °C in a ventilated oven, followed by 24 h of
cooling down using a desiccator. All the tests
were done in triplicate in each cylinder, avoiding
any superposition between the three droplets.
Soil moisture content was obtained by weight
difference.

2.4, Statistical analysis

The normal data distribution and homogeneity
were assessed. Data (x) from WDPT (n = 18),
were normalized using the log(x + 1)
transformation. In MED scores, as a discrete
value was obtained, the average of the
measurements in each cylinder was calculated
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and used for the analysis, meaning that 6
values were obtained at each sampling time.
MED averages had a normal distribution. The
differences in SWR between treatments over
time were evaluated by ANOVA. Tukey’s multiple
comparison analysis was performed when the
interaction between treatments was statistically
significant. If the interaction was not statistically
significant, the effect of slurry application at
sowing or at tillering on SWR was independently
checked according to Duncan's multiple range
test (a = 0.05). The statistical analyses were
performed with the SAS version 9.4 statistical
package (SAS Institute Inc. 2002-2013).

3. Results

Temperature and ETo increased throughout the
experimental period (Figure 1B). Accordingly,
soil water content decreased over time, except
at the end of the experiment, after 6 days of brief
rainfall (Figure 1A).

The methods used allowed us to detect SWR
over time in the different fertilization treatments
when compared with the control (Figure 2).
Variability prevents the detection of more precise
differences between treatments, although
it is inherent to this soil property and to the
composition of the organic matter (Hernandez et
al. 2013; Olorunfemi et al. 2014).

All samples were non-repellent four days before
slurry spreading at topdressing and SWR was
negligible 47 d after slurry spreading. The control
samples remained wettable during the whole
experiment (Figure 2). Plots receiving only slurry
at sowing (S2-TO) still showed at cereal tillering a
lowora verylow SWR persistence (Figure 3). The
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Figure 1. Meteorological and soil conditions over the experimental period. A) Points and bars represent the soil water content
(SWC) and the daily precipitation, respectively; standard deviation is included for SWC. B) Daily average evapotranspiration (ETo
according to Penman-Monteith equation, dotted line) and daily average (black line) and maximum (grey line).
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Figure 2. Soil water repellency assessed in different fertilization treatments with the WDPT (persistence, A) and the MED
(severity, B) tests at -4, 7, 14, 21, 30, 35 and 47 d from slurry application at cereal tillering stage. Background colors indicate
the degree of water repellency according to King (1981). SWR persistence degree: non-repellent (white), very low (light grey),
low (grey), moderate (dark grey). SWR severity degree: low (white), moderate (light grey), severe (dark grey) and, very severe
(black). The treatments codes at sowing are: SO0, no slurry applied; S2, slurry applied at a rate of 900 kg TOC ha™'. The treatment
codes at cereal tillering are: TO, no slurry addition; T4, slurry from fattening pigs (682 kg TOC ha™"); T8, slurry from sows (1894
kg TOC ha™).
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SWR persistence had its maximum expression
in treatments S2-T8 and S2-T4 where more than
50% of soil samples showed a moderate degree
of persistence 21 d after the slurry application,
while the severity degree of 75% of samples was
included in the severe class. However, the SWR
persistence expression decreased with time and
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severity was low at the end of the experimental
period for all samples. These findings are lower
than those reported in the work of Jiménez-de-
Santiago et al. (2019). They found the highest
persistence only 7 d from slurry spreading with
higher values than ours probably due to the
higher drying temperatures they used.
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Figure 3. Soil water repellency (SWR) persistence and severity distribution (n = 18) over time. Color bars indicate the degree
of water repellency according to King (1981). SWR persistence degrees: non-repellent (white), very low (light grey), low (grey),
moderate (dark grey). SWR severity degrees: low (white), moderate (light grey), and severe (dark grey). The treatments codes at
sowing are: SO0, no slurry applied; S2, slurry applied at a rate of 900 kg TOC ha™". The treatment codes at cereal tillering are: TO,
no slurry addition; T4, slurry from fattening pigs (682 kg TOC ha™"); T8, slurry from sows (1894 kg TOC ha™).
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Table 2 and Table 3 show the results of the
ANOVA applied for treatment over time using
WDPT and MED methods, respectively. In
some sampling dates, slurry application at
sowing promoted a greater SWR persistence
and severity after topdressing. After 35 d,
significant interactions between both slurry
application times (S- and T-) were found in SWR
persistence (Table 2), however these differences
were found 21 d to 35 d after tillering slurry
application (Table 3), both cases with the driest
soil conditions (Figure 1A). This means that
SWR persistence, 35 d after slurry topdressing
(T4, T8), was enhanced (Figure 3) if a previous
application (S2) was performed at sowing. In
the rest of samples, persistence of SWR was
significantly affected by slurry application at
tillering (T-) although it decreased from the initial
moderate-low degree to a very low-degree over
the experimental period (Figure 2A). This fact

was observed whatever the applied rate (Table
4) except at the 35 d sampling and was probably
linked to the described interaction with slurry
applied at sowing (Table 2).

Persistence and severity of SWR found in
this experiment are lower than those reported
under natural conditions in other Mediterranean
calcareous soils (Mataix-Solera et al. 2007,
Badia et al. 2013; Benito et al. 2019). Despite
SWR being a transient effect in the studied soil,
our findings are much higher than those reported
in other agricultural soils including those with no-
tillage (Garcia-Moreno et al. 2013; Cerda and
Doerr 2007; Gonzélez-Pefialoza et al. 2012).
These results highlight the importance of a
proper combination between soil management
and organic fertilizers that would incorporate
hydrophobic organic compounds, as slurries, in
dryland environments.

Table 2. ANOVA analysis of the soil water repellency persistence using the water
drop penetration time test (normalised data) for treatments where slurry was applied
before sowing (SW) or/and at topdressing (TD)

Mean squares for different sampling days

DF 7 14

Block 0.28* 0.45***
BlocksSW 2 0.08 0.06
BlockeTD 4 0.07 0.22**
SW-TD 0.25 0.07
Error 94 0.08 0.06
Swe 1 0.16 0.34
TD® 2 16.24"*  11.41*

21 30 35 47
0.07 0.35"* 0.47** 0.26*
1.19** 0.07 0.25** 0.24*
0.42* 0.21* 1.35%* 0.07
0.06 0.16 0.19* 0.01
0.1 0.07 0.04 0.06
1.12 0.62 0.76 0.03
16.23** 8.89** 3.91 3.55**

DF: degrees of freedom. * Significant at 0.05 probability level. ** Significant at 0.01 probability

level. *** Significant at 0.001 probability level. @ Test of hypothesis using the Block * SW as an

error term (split-block design). ® Test of hypothesis using the Block * TD as an error term (split-
block design).

The interaction between slurry applications
in MED measurements of the 21, 30 and 35 d
sampling (Table 3) was indicated by the Tukey
test. The later indicates a tendency on the
enhancement of severity in T8 rates (30, 35 d)
when S2 rate was previously applied at sowing
(Table 5, Figure 2). At the 21 d sampling, severity
achieved the maximum expression in treatments
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including slurry from sows (SO-T8 and S2-T8)
probably due the highest TOC rate applied and
the interaction was found in T4 (Table 5) where
severity was enhanced with slurry spreading at
sowing (S2).
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Table 3. ANOVA analysis of the soil water repellency severity using the molarity ethanol droplet test and for
treatments where slurry was applied before sowing (SW) or/and at topdressing (TD)

Mean squares for different sampling days

DF 7 14
Block 2 0.90 0.29
BlocksSW 2 0.36 0.02
BlocksTD 4 1.0 0.367*
SW-TD 2 0.20 0.14
Error 22 0.51 0.11
Swe 1 0.40 0.32
TD® 2 14.11* 1.04

21 30 35
2,75 0.50 0.57**
0.36 0.44 0.08
1.02** 0.52 0.57***
0.923** 1.01* 0.10*
0.16 0.20 0.03
2.51 1.44 0.10
10.58* 242 0.62

DF: degrees of freedom. * Significant at 0.05 probability level. ** Significant at 0.01 probability level. *** Significant at
0.001 probability level. @ Test of hypothesis using the Block * SW as an error term (split-block design). ® Test of hypothe-
sis using the Block * TD as an error term (split-block design).

Table 4. Tukey multiple comparison analysis for the soil water repellency persistence using the water drop
penetration time test (normalised data) 35 d after slurry application at cereal tillering (topdressing)

Treatments S0-T4 S0-T8
S0-TO <.0001 <.0001
S0-T4 0.27
S0-T8
S2-T0
S2-T4

S$2-T0 S$2-T4 S$2-T8
1.00 <.0001 <.0001
<.0001 0.01 <.0001
<.0001 0.70 0.004

<.0001 <.0001
0.20

The treatment codes at sowing are: S0, no slurry applied; S2, slurry applied at a rate of 900 kg TOC ha™'. The treatment
codes at cereal tillering are: TO, no slurry addition; T4, slurry from fattening pigs (682 kg TOC ha™); T8, slurry from sows
(1894 kg TOC ha™).

The SWR severity, 7 d from slurry application
(Table 6) at topdressing, was significantly
higher in treatments receiving slurries (T4, T8)
vs. TO despite differences in organic carbon.
The severity degree was classified in all cases
(T4, T8) between moderate and severe (Figure
2B). Due to the differences in the amount of
TOC applied, the differences in SWR suggest
that soil hydrophobicity could be related to the
nature of the organic carbon more than to the
total amount, as reported in other works (Woche
et al. 2005; Hernandez et al. 2013).

The results obtained agree in broad terms
with  previous findings from Jiménez-de-
Santiago et al. (2019) when using higher drying
temperatures (65 and 105 °C). Although in their
work hydrophobicity lasted for a longer period at
the highest temperature (105 °C). The latter was
probably linked to its impact over hydrophobic
organic compounds which enhanced SWR.

SJSS. SPANISH JOURNAL OF SOIL SCIENCE

The drying temperature of 40 °C allows detecting
SWR differences in slurry fertilized plots at
different TOC rates, so it provides a realistic way
to perform SWR measurements. Despite the
fact that slurry at sowing was applied 16 weeks
before sampling, potential interactions between
slurry application times were detected at three
sampling days (21, 30 and 35 d, Tables 2 and
3). In such cases, the tests were performed
on dry field soil samples and slurries had also
been dried on the soil surface (21 °C was the
maximum temperature for the sampling period,
Figure 1B). These results agree with the findings
reported by Doerr et al. (2000) who reported the
highest persistence in dry soils, which declined
as soil moisture increased. The interactions
could be related to the entrance of waxy
substances from slurries, as lipids, in soil which
can coat the soil particles. Despite the dilution
effect produced when burying, such substances
and the evolution of the TOC applied and the
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Table 5. Tukey multiple comparison analysis for soil water repellency severity using the molarity ethanol
droplet test 21 d, 30 d and 35 d after slurry application at cereal tillering (topdressing)

Days
S0-T4
0.2

S0-T8
<.0001
0.002

Treatments
S0-TO
S0-T4
S0-T8
S$2-T0
S2-T4
Days
Treatments
S0-TO
S0-T4
S0-T8
S2-T0
S2-T4
Days
Treatments
S0-TO
S0-T4
S0-T8
S$2-T0
S2-T4

2] s
S$2-T0 S$2-T4 S$2-T8
1.0 <.0001 <.0001
0.12 0.001 <.0001
<.0001 1.0 0.3
<.0001 <.0001
0.3
30 m--mmeeeeeeeeieaa
S$2-T0 S2-T4 S2-T8
1.0 1.0 0.0004
1.0 1.0 0.001
0.9 1.0 0.01
1.0 0.0004
0.002
35 ceecmiieceeieceaeeaa
S$2-T0 S$2-T4 S$2-T8
1.0 1.0 <.0001
1.0 1.0 <.0001
0.2 0.2 0.02
1.0 <.0001
<.0001

The treatment codes at sowing are: S0, no slurry applied; S2, slurry applied at a rate of 900 kg TOC ha™'. The treatment
codes at cereal tillering are: T0, no slurry addition; T4, slurry from fattening pigs (682 kg TOC ha™); T8, slurry from sows
(1894 kg TOC ha™).

Table 6. Mean values in different sampling days from the water drop penetration time (WDPT, n = 18) and
the molarity of ethanol droplet (MED, n = 6) tests, related to soil water repellency persistence and severity,
respectively

Mean WDPT values (s)

Treatment 7d 14d 21d
T0 0.4 B 0.3 B 0.4
T4 1.6 A 1.3 A 1.6
T8 1.6 A 1.3 A 1.6

B
A
A

Mean MED values
(averaged molarity)

30d 47d 7d
0.3 B 0.0 B 0.2 B
1.0 A 0.5 A 23 A
1.3 A 0.6 A 2.0 A

Letters indicate the treatment grouping obtained from the Duncan's Multiple Range Test. Treatment codes are related
to the slurry applied at tillering stage: fattening slurry (T4, 682 kg TOC ha™'), sow slurry (T8, 1894 kg TOC ha™) and no
slurry (TO).

associated microbial activates could enhance
water repellency at topdressing when soil dries.

Oven-drying soil samples at 40 °C could be
recommended in laboratory practice for SWR
assessment in calcareous soils, mainly when
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it can be easily introduced in the process of
sample preparation previous to further chemical
analysis. The importance of SWR development
related to the addition of organic materials such
as those contained in wastewater (Abegunrin et
al. 2016; Bodi et al. 2012) or organic fertilizers
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(Blanco-Canqui and Ruis 2018) need to be
further investigated in soils with no-tillage, as it
has been widely reported that this management
practice enhances the SWR (Garcia-Moreno et
al. 2013; Blanco-Canqui and Ruis 2018) even
in calcareous soils (Gonzalez-Pefaloza et al.
2012), due to the SOM accumulation near the
soil surface, reducing soil mixing, and increasing
biological activity.

Furthermore, the SWR is remarkable in the
context of climate change as the repellency issue
will gain importance. It is forecast that increasing
temperatures combined with low soil water
content will promote SWR (Goebel et al. 2011).
Thus, the demand for this type of diagnostic
analysis will increase as hydrophobicity retards
or prevents water infiltration and thereby
increase the risk of water erosion on slope sites.

4. Conclusions

Soil water repellency tests (persistence and
severity) applied over soil dried at 40 °C
established differences between soils receiving
slurry fertilizers and non-slurry fertilizers. This
drying temperature detected the effect of
previous slurry applications at sowing when TOC
slurry rates increased at topdressing of winter
cereals. Differences in persistence (higher in
plots receiving slurries) were maintained for
47 d after slurry spreading while differences in
severity (also higher with slurries) disappeared
at the last sampling time. The SWR associated
with surface pig slurry application at cereal
tillering could be defined as a transient effect, as
our results indicated that pig slurry applied and
buried at sowing enhanced the degree of SWR
expression of slurries at topdressing. Further
research is needed to elucidate the effect of
slurry TOC rate and its nature on SWR.
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