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Abstract: An application of different mulch materials may lead to changes in soil properties. Our previous study, 
focused on the impact of various mulches during the 4-year period, showed that the change in some properties can be 
very rapid (e.g., soil pH), but in other cases such as hydraulic properties, the changes can be gradual. To find out, 
whether the extension of the mulching period will further affect the studied soil properties, the experiment continued for 
another 2 years. Differences between values of organic carbon content (Cox), soil physical quality (Sinf), gravitational 
water (GW) and readily available water (RAW) of soils not covered by any mulch and under various mulches (bark 
chips; wood chips; wheat straw; Agrotex EKO+ decomposable matting; polypropylene fabric covered bark chips; 
crushed stone) were much larger than those observed in our previous study. On the other hand, the opposite trend was 
observed for the water stable aggregates (WSA) index or soil pH. Differences between additionally measured hydraulic 
conductivities at the pressure head of −2 cm and repellency index (RI) were mostly insignificant. Results indicated that 
organic mulches can either positively (e.g., increase WSA index and Cox, and decrease GW) or negatively (e.g., decrease 
Sinf and RAW, and increase RI) affect soil properties.  
 
Keywords: Mulch; Aggregate stability; Soil hydraulic properties; Soil physical quality; Repellency index; Readily 
available water.  

 
INTRODUCTION 
 

Mulching is a technology used in agriculture and horticul-
ture to reduce weeds, improve water and thermic soil regimes, 
and protect soil from erosion (Nzeyimana et al., 2017; Rees et 
al., 2002). A variety of mulching materials are currently availa-
ble, such as polyethylene foils, nonwoven fabrics, biodegrada-
ble plastic foils, paper films, organic mulches, such as straw or 
wood chips, and also gravels. The choice of material to cover 
the soil surface depends on the land use. Some mulch types are 
used in open or greenhouse agriculture systems. Wood chips or 
gravels are preferred in gardening. Different materials then 
have different effects on soil water and thermic regimes, and 
consequently also on other soil properties (e.g., Al-Shammary 
et al., 2020; Hlaváčiková et al. 2019; Kader et al., 2017; Kasira-
jan and Ngouajio, 2012; Kodešová et al., 2014; Pavlů et al., 
2021; Qu et al., 2019; Thai et al., 2022; Wang et al., 2021; 
Yang et al., 2020). For instance, Pavlů et al. (2021) studied soil 
properties in 27 perennial patches covered by eight different 
mulch materials (bark chips, wood chips, wheat straw, card-
board, paper foil, decomposable matting, nonwoven fabric 
covered by bark chips, and crushed basalt) and control patches 
without any mulch during the 4-year period. The results showed 
that organic carbon content (Cox), aggregate stability, and pH 
mostly did not show any trends over time, except for Cox and 
aggregate stability from patches with bark or wood chips and 
wheat straw. In these cases, decomposed organic matter signifi-
cantly increased both properties. On the other hand, the soil 
hydraulic properties (mostly due to no-till practice) considera-
bly changed in all patches. The saturated and residual water 
contents, saturated hydraulic conductivity, and reciprocal of the 
air-entry pressure head increased. Correspondingly, the bulk 
density decreased. Soil water retention curves from the patches 
with bark or wood chips were more gradual than those from 
other patches, which indicates higher water retention capacity 

for lower pressure heads. However, the physical quality of soils 
under organic mulches expressed by the slope at the retention 
curve inflection point was lower than that for other scenarios. 
Readily available water under organic mulches was also lower 
than that for other setups. Study also showed that the one-year 
effect on soil hydraulic properties was negligible in comparison 
to much greater impact after 4 years. Therefore, this study was 
extended with the objective to evaluate, if the mulches, which 
were not decomposed or could be refilled, can affect soil prop-
erties even more after another two-year period. 

 
MATERIALS AND METHODS  

 
The experiment was carried out on the field of the experi-

mental station of the Czech University of Life Sciences Prague 
in Prague-Troja (Czech Republic). According to the Kӧppen-
Geiger climate classification (Kottek et al., 2006), the region 
can be classified as Cfb climate; a warm temperated humid 
climate, all months with average temperatures below 22 °C and 
four or more months with average temperatures above 10 °C. 
The soil type in this area is a Haplic Fluvisol (IUSS, 2014; 
Zádorová et al., 2020) developed on fluvial sediments of the 
Vltava River. Formerly, the field was commonly cultivated and 
used for crop production. The multidisciplinary study combin-
ing soil science and gardening (perennials surviving) was set up 
in April 2015. Details about the experimental setup and results 
obtained during the four-year period (2015–2018) have been 
discussed by Pavlů et al. (2021). The experiment continued for 
another 2 years. At the end, in July 2020, patches (three  
replicates for each scenario) with sufficient coverage of mulch-
ing materials were examined: NMU–Not mulched control 
patch; ATE–Agrotex EKO+ decomposable matting; NFB–
Polypropylene nonwoven fabric covered bark chips layer; 
BRK–Bark chips; WCH–Wood chips; STR–Wheat straw; 
CRS–Crushed stone. 
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In every patch the mulch material has been carefully re-
moved. The particle size distribution was evaluated before by 
Pavlů et al. (2021): 14% of clay, 23% of silt and 63% of sand. 
The other chemical and physical properties were measured in 
three replicates on the grab soil samples using the standardized 
laboratory techniques: active and exchangeable pH values 
(pHH2O and pHCaCl2, respectively) (ISO 10390, 2005), soil sa-
linity in water (Rhoades, 1996), oxidable organic carbon con-
tent (Cox) (Skjemstad and Baldock, 2008), aggregate stability 
assessed using the WSA index (Nimmo and Perkins, 2002). In 
addition, no content of CaCO3 (Loeppert and Suarez, 1996) was 
found in all cases. 

Soil water retention curves (SWRC) were obtained on the 
100-cm3 undisturbed soil samples (6 replicates for each mulch-
ing scenario) using the pressure plate apparatus (Dane and 
Hopmans, 2002). Initially fully saturated soil samples (using 
the saturation pan) placed into the pressure plate extractors 
(Soilmoisture Equipment Corp., 2009) were drained in 8 pres-
sure head steps (−1, −40, −100, −700, −2000, −5000, −8000, 
and −15000 cm). Equilibrium water contents (θ) at each exe-
cuted pressure head step (h), were determined gravimetrically. 
The RETC Program (van Genuchten et al., 1991) was applied 
to fit the experimental SWRC data points (θ(h)) using the van 
Genuchten (1980) equation: 

ୣߠ  = ߠ − ୱߠ୰ߠ − ୰ߠ ୣߠ    = 1ሺ1 + ሺߙ|ℎ|ሻ௡ሻ௠ ,   ℎ < ୣߠ    0 = 1,   ℎ ≥ 0 

 (1) 
 

where θe is the effective soil water content (dimensionless), θr is 
the residual soil water content [L3/L3], θs is the saturated water 
content [L3/L3], α is the reciprocal of the air-entry pressure head 
[1/L], and n (dimensionless) is related to the slope of the reten-
tion curve at the inflection point (dimensionless). 

The parameters of the inflection points, i.e., soil water con-
tent (θinf), the pressure head (hinf) and curve slope (Sinf), of the 
soil water retention curves were also computed according to 
Dexter (2004a, b, c) and Dexter and Czyz (2007): 

 ℎ୧୬୤ = ଵఈ ቀ ଵ௠ቁభ೙  (2) 
୧୬୤ߠ  = ሺߠୱ − ୰ሻߠ ቀ1 + ଵ௠ቁି௠ +  ୰   (3)ߠ
  ୧ܵ୬୤ = −݊ሺߠୱ − ୰ሻߠ ቀ1 + ଵ௠ቁିሺଵା௠ሻ

 (4) 
 
These parameters can be used to assess a physical quality of 

soils (e.g., Dexter, 2004a, b, c; Fér et al., 2016, 2018, 2020; 
Jirků et al., 2013; Pavlů et al., 2021): if Sinf ≥ 0.05, the physical 
quality of soil (PQS) is very good; if 0.05 > Sinf ≥ 0.035, PQS is 
good; if 0.035 > Sinf ≥ 0.02, PQS is poor; and if 0.02 > Sinf, PQS 
is very poor. The bulk density (ρd) and total porosity (P) were 
determined on the undisturbed soil samples after measurements 
of the soil water retention curves by Dane and Topp (2002).  

In addition, the amounts of gravitational water (GW) and 
readily available water (RAW) were expressed in mm of water 
per 1 cm soil layer as follows: 

 GW = 10ሺߠ௦ − ଵ଴଴ሻߠ   (5) 
 RAW = 10ሺߠଵ଴଴ − ଶହ଴ሻߠ   (6) 
 
where θ100 and θ250 are the soil water contents for the pressure 
heads of −100 and −250 cm, respectively. 

The mini disk tension infiltrometer with a disk radius of 2.22 
cm by Meter Group Inc. (Munich, Germany) was used to assess 
the unsaturated hydraulic conductivity and sorptivity. Cumula-
tive infiltrations of water or ethanol were measured in four 
replicates at each patch. Pressure head was always set at the 
value of −2 cm according to Watson and Luxmoore (1986) as 
limit between gravitational and capillary pores. The close con-
tact between the carefully levelled soil surface and disk was 
ensured by a 1 mm layer of the same soil, sieved through a  
2-mm sieve, as proposed by Kodešová et al. (2010, 2011). The 
infiltration test lasted at least 30 min. The method proposed by 
Zhang et al. (1997) was used to evaluate the unsaturated hy-
draulic conductivity for pressure head of −2 cm (Kh = –2 cm, Z). 
Cumulative water infiltration (I) [L] in time (t) [T] was fitted 
using the following equation:  
ܫ  = ݐଵܥ + ଵݐଶܥ ଶ⁄                                                                                (7)  
 
C1 [L/T] and C2 [L/T] are parameters related to the hydraulic 
conductivity K(h0) and sorptivity S(h0): 
ଵሺℎ଴ሻܥ  = ଶሺℎ଴ሻܥ    ሺℎ଴ሻ    andܭଵܣ =  ଶܵሺℎ଴ሻ (8)ܣ
 
where A1 [L/T] and A2 [L/T] are dimensionless constants. The 
K(h0) value was calculated using Eq. (5) and the following 
expressions for the A1 constant: 
ଵܣ  = 11.65ሺ݊଴.ଵ − 1ሻexpሾ2.92ሺ݊ − 1.9ሻܽℎ଴ሿሺܽݎ଴ሻ଴.ଽଵ   for ݊ ≥ 1.9       (9) 

ଵܣ  = 11.65ሺ݊଴.ଵ − 1ሻexpሾ7.5ሺ݊ − 1.9ሻܽℎ଴ሿሺܽݎ଴ሻ଴.ଽଵ                                (10) for 1.35  ݊ < 1.9 
ଵܣ  = 11.65ሺ݊଴.଼ଶ − 1ሻ expሾ34.65ሺ݊ − 1.19ሻߙℎ଴ሿሺݎߙ଴ሻ଴.଺                      (11) for ݊ < 1.35                                                                                 
 
where α and n are the van Genuchten parameters (parameters 
obtained from the pressure plate experiment), r0 is the disk 
radius (2.22 cm) and h0 is the applied pressure head (−2 cm). 

Another method proposed by Wooding (1968) was also used 
to evaluate the unsaturated hydraulic conductivity (Kh = –2 cm, W) 
from the disk infiltrometer measurements. The following alge-
braic approximation of steady state unconfined infiltration rates 
into soil from a circular source of radius r0 [L] was assumed: 

 ܳ = πݎ଴ଶܭሺℎ଴ሻ ൬1 + 4πݎ଴ீߙ൰                                                       (12) 

 
where Q is the steady water flux [L3/T], and αG [1/L] is the 
constant in Gardner equation (1958) describing the relationship 
between the unsaturated hydraulic conductivity and the pres-
sure head. 
ሺℎሻܭ  =  ℎሻ                                                                     (13)ீߙ௦expሺܭ
 
value αG characterizing soil structure was measured by Reyn-
olds and Elrick (1991) as follows: for sand, 0.36 1/cm, loam, 
0.12 1/cm and clay, 0.04 1/cm. The value for loam was applied 
in this study to evaluate the K(h0) values. 

The sorptivities (S) for both liquids (water sorptivity, Sw, and 
ethanol sorptivity, Se) were estimated from their cumulative 
infiltrations, (I), during the early-time infiltration process  
(Philip, 1957): 
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 ܵሺ−2 cmሻ = ܫ ଵݐ ଶ⁄⁄                                                                       (14) 
 
The repellency index (RI) was calculated: 
 RI = 1.95 ܵୣ ܵ୵⁄                                                                           (15)  

 
All 16 combinations of four Se values and four Sw values for 

each spot were examined as proposed by Pekárová et al. (2015). 
The resulting RI values were judged according to the new clas-
sification published by Iovino et al. (2018): when RI < 1.95, 
soil is wettable; when 1.95 ≤ RI < 10, soil is slightly water 
repellent; when 10 ≤ RI < 50, soil is strongly water repellent; 
when 50 ≤ RI < 110, soil is severely water repellent; and when 
110 ≤ RI, soil is extremely water repellent. 

Statistical analyses were performed using STAGRAPHICS 
Centurion XV Version 15.2.06. First, the normality of all data 
sets was tested (Kolmogorov-Smirnov and Liliefors test). Out-
liers (based on the three-sigma rule of thumb (Upton and Cook, 
2008)) of each variable were excluded from the dataset. The 
multiple range tests were used to compare the values of a par-
ticular soil property resulting from different scenarios. Simple 
correlations between measured chemical, physical and hydrau-
lic soil properties were assessed using the Pearson product 
moment correlation coefficient. The statistical significance was 
tested using the p-value. 

 
RESULTS AND DISCUSSION 

 
The resulting soil properties and parameters are shown in 

Table 1 and Figure 1. The similar Cox contents (Table 1) were 
found in the soils under foils ATE and NFB, crushed stone 
(CRS), mulched control plots (NMU) and wheat straw (STR). 
The Cox contents in the soils under organic materials such as 
bark (BRK) and wood chips (WCH) and were significantly 
larger. The highest value of Cox content was measured for soils 
under the bark chips mulch. The soil structure stability 
evaluated using the WSA index (Table 1) was lowest at the 
control patch without mulch. The high WSA index was again 
determined for the scenario under bark chips. Differences 
between the Cox values measured under organic mulches and 
other cover were much larger than those observed in 2018 
(Pavlů et al., 2021). On the other hand, the opposite trend (i.e., 
smaller differences between values for different scenarios) was 
observed for the WSA values. Interestingly, differences 
between both pH values (i.e., pHH2O and pHCaCl2, Table 1) for 
different scenarios were also much smaller (or even statistically 
insignificant) in comparison to that observed by Pavlů et al. 
(2021). This indicates that the immediate impact of various 
mulches on soil pH, which resulted in high differences between 
the values from different scenarios (Pavlů et al., 2021), 
diminished. The reason in both cases can be a gradual 
decomposition of all mulches and leaching of the selected 
compounds towards groundwater that resulted in different 
composition of aggregate’s cementing agents in time (Thai et 
al., 2022). The EC values in Table 1 (which were not measured 
in our previous study) showed that the salinity under organic 
mulches (particularly under WCH cover) was much larger than 
that for the control plots (NMU) and the CRS plots. This 
associated with an extensive decomposition of the applied 
organic materials and their compositions (Bang-Andreasen et 
al., 2017; Dissanayake et al., 2022; Qu et al., 2019), and 
corresponds with the larger differences between the Cox values 
resulted from various scenarios (i.e., a positive correlation 
between Cox and EC, Table 2). 

 
 

Fig. 1. Mean soil water retention curves (SWRC) of the soils under 
various mulches: NMU—Not mulched control patch, ATE—
Agrotex EKO+ decomposable matting, NFB—Polypropylene 
nonwoven fabric covered with bark chips layer, BRK—Bark chips, 
WCH—Wood chips, STR—Wheat straw, and CRS—Crushed stone. 

 
SWRC from the not mulched control plots (NMU) differed 

from those of other mulched soils (Figure 1), which was also 
proved by the significant difference between the n values for 
NMU and those for other scenarios (Table 1). It seems that the 
shapes of the SWRC under different mulching materials did not 
considerably vary (Figure 1) and SWRC differed mainly in 
their θs values (Table 1). However, statistical analyses of the 
van Genuchten hydraulic parameters (Table 1) revealed statisti-
cally significant differences between all van Genuchten hydrau-
lic parameters for different scenarios. A very similar shape but 
θs shift was observed for SWRC for bark chips (BRK) and 
wood chips (WCH).  The same shapes of these curves were also 
observed by Pavlů et al. (2021). Interestingly, entire SWRC for 
soil under crushed stone (CRS) was similar to that under foil 
NFB. It should be noted that all curves differed from those 
presented by Pavlů et al. (2021) likely also due to a different 
method for SWRC measurement (i.e., multi-step outflow test) 
used in our previous study. The reason is that the pressure plate 
extractor method cannot sufficiently measure soil water con-
tents close to saturation. Which is documented here by large 
differences between the θs and P values (Table 1). The porosity 
was highest for wood chips scenario (WCH), followed by bark 
chips (BRK) and not mulched control plots (NMU).  

The physical quality of soil evaluated based on the inflection 
points of SWRC (Table 1) was very good for control plots 
without mulch (NMU) and soils under ATE (i.e., Sinf > 0.05 
(Dexter, 2004a, b, c; Dexter and Czyz, 2007). These Sinf values 
were significantly larger than values for other scenarios, which 
varied between 0.05 and 0.035 and indicated a good physical 
quality. The larger Sinf values for NMU and ATE in comparison 
to the Sinf values for other scenarios were also observed in our 
previous study (Pavlů et al., 2021), but differences between 
scenarios were not statistically significant. This may imply a 
pronounced temporal trend in the impact of different covers on 
soil physical quality. Similarly, statistical analyses of the GW 
and RAW values (i.e., homogeneous groups in Table 1) show 
greater diversity between different scenarios in comparison to 
that observed by Pavlů et al. (2021). For instance, the GW 
values for NMU and ATE are significantly larger that the GW 
values for BRK and WCH (i.e., scenarios with large sources of 
organic matter from these two mulch materials) or the RAW 
values for NMU were significantly larger that the RAW values 
for all other scenarios. Such statistically significant differences 
were not observed before (Pavlů et al., 2021).  
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Table 1. Mean values (per each mulch variant) and standard deviations of pH in H2O or CaCl2 soil extract, salinity (EC), water stable ag-
gregate index (WSA), organic carbon content (Cox), porosity (P), bulk density (ρd), field soil water content (θfield), hydraulic conductivity 
for h = –2 cm evaluated using the Wooding method (Kh=-2cm, W) and the Zhang method (Kh = –2 cm, Z), repellency index (RI), saturated soil 
water content (θs), residual soil water content (θr), parameters α and n, retention curve slope at the inflection point (Sinf), absolute value of 
the negative pressure head at the inflection point (hinf), soil water content at the inflection point (θinf), gravitational water (GW), and readily 
available water (RAW). Letters a, b, c, d and e represent homogeneous groups (HG). NMU–Not mulched control patch, ATE–Agrotex 
EKO+ decomposable matting, NFB–Polypropylene nonwoven fabric covered with bark chips layer, BRK–Bark chips, WCH–Wood chips, 
STR–Wheat straw, CRS–Crushed stone. 
 

 pHH2O (–)   pHCaCl2 (–)   EC (µS/cm)   WSA (–)   
 Mean St.Dev. HG Mean St.Dev. HG Mean St.Dev. HG Mean St.Dev. HG 
NMU 6.98 0.04 c 6.12 0.05 a 77.2 5.9 a,b 0.765 0.066 a 
ATE 6.89 0.05 b,c 6.15 0.02 a 100.5 15.2 a,b,c 0.772 0.025 a,b 
NFB 6.71 0.07 a,b 5.96 0.08 a 93.4 21.1 a,b,c 0.788 0.029 a 
BRK 6.59 0.23 a 6.03 0.25 a 114.9 24.1 b,c 0.792 0.052 a,b 
WCH 6.85 0.02 b,c 6.03 0.10 a 129.6 17.7 c 0.836 0.037 b 
STR 6.87 0.04 b,c 6.07 0.04 a 102.2 22.9 a,b,c 0.784 0.032 a,b 
CRS 6.91 0.19 b,c 6.13 0.03 a 74.5 16.5 a 0.801 0.063 a,b 

 COX (%)   P (cm3/cm3)   ρd (g/cm3)   θfield 
(cm3/cm3)   

 Mean St.Dev. HG Mean St.Dev. HG Mean St.Dev. HG Mean St.Dev. HG 
NMU 1.83 0.16 a 0.465 0.022 b,c 1.42 0.06 b,c 0.150 0.017 a 
ATE 2.02 0.17 a 0.453 0.019 a,b 1.45 0.05 a,b 0.167 0.095 a 
NFB 1.98 0.20 a 0.454 0.011 a,b 1.45 0.03 a,b 0.251 0.029 a,b 
BRK 3.36 0.31 b 0.471 0.035 b,c 1.40 0.09 b,c 0.232 0.082 a,b 
WCH 3.00 0.10 b 0.485 0.014 c 1.37 0.04 c 0.294 0.017 b 
STR 2.34 0.36 a 0.448 0.026 a,b 1.46 0.07 a,b 0.159 0.085 a 
CRS 1.85 0.29 a 0.440 0.012 a 1.48 0.03 a 0.251 0.031 a,b 

 Kh = –2 cm, W 
(cm/h) 

  Kh = –2 cm, Z 
(cm/h)   RI (–)   θS (cm3/cm3)   

 Mean St.Dev. HG Mean St.Dev. HG Mean St.Dev. HG Mean St.Dev. HG 
NMU 0.25 0.154 a,b 0.073 0.045 a 3.5 4.6 a 0.369 0.016 c,d 
ATE 0.18 0.072 a 0.064 0.037 a 5.3 6.3 a 0.353 0.004 a,b,c 
NFB 0.41 0.260 b 0.118 0.219 b 2.0 2.5 a 0.335 0.016 a 
BRK 0.23 0.078 a,b 0.041 0.046 a 21.7 12.3 a 0.354 0.028 a,b,c 
WCH 0.24 0.156 a,b 0.281 0.314 a 4.0 6.3 a 0.388 0.021 d 
STR 0.29 0.194 a,b 0.021 0.015 b 2.5 2.1 a 0.363 0.019 b,c,d 
CRS 0.30 0.192 a,b 0.312 0.189 a 9.0 13.9 a 0.339 0.005 a,b 
 θr (cm3/cm3)   α (1/cm)   n (–)   Sinf   
 Mean St.Dev. HG Mean St.Dev. HG Mean St.Dev. HG Mean St.Dev. HG 
NMU 0.175 0.013 a 0.013 0.001 a 2.17 0.22 c 0.084 0.012 c 
ATE 0.193 0.018 a,b,c 0.020 0.002 b 1.88 0.11 b 0.056 0.008 b 
NFB 0.201 0.016 b,c 0.032 0.004 d 1.59 0.14 a 0.035 0.006 a 
BRK 0.215 0.017 c 0.020 0.003 b 1.63 0.18 a 0.039 0.010 a 
WCH 0.241 0.016 d 0.016 0.003 a 1.70 0.06 a,b 0.044 0.004 a 
STR 0.191 0.019 a,b 0.024 0.004 c 1.58 0.12 a 0.044 0.003 a 
CRS 0.201 0.013 b,c 0.024 0.005 c 1.79 0.16 a,b 0.045 0.011 a 

 hinf (cm)   θinf (cm3/cm3)   GW 
(mm/cm)   RAW 

(mm/cm)   

 Mean St.Dev. HG Mean St.Dev. HG Mean St.Dev. HG Mean St.Dev. HG 
NMU 100 8 c,d 0.286 0.007 a 0.83 0.09 d 0.64 0.10 e 
ATE 77 8 a,b 0.287 0.009 a 0.81 0.10 d,e 0.40 0.06 d 
NFB 61 2 a 0.284 0.018 a 0.68 0.08 b,c 0.25 0.03 a 
BRK 98 24 c,d 0.300 0.022 a 0.57 0.15 a,b 0.31 0.06 a,b 
WCH 113 28 d 0.330 0.018 b 0.54 0.07 a 0.37 0.04 c,d 
STR 83 15 b,c 0.298 0.018 a 0.74 0.08 c,d,e 0.35 0.03 b,c,d 
CRS 71 13 a,b 0.283 0.007 a 0.71 0.10 c,d 0.31 0.07 b,c 
 
The soil properties assessed using the mini disk tension infil-

trometer were not investigated in our previous study. The val-
ues of Kh = –2 cm strongly depended on a method of evaluation 
(Nikodem et al., 2021). The largest values of the soil hydraulic 
conductivity (Kh = –2 cm, W) were obtained for the NFB plot and 
the lowest values for the ATE plot. In the case of the other 
method, the largest value of soil hydraulic conductivity  
(Kh = –2 cm, Z) was obtained for the WCH plot and the lowest for 
the STR plot. However, due to a large variability of measured 
values, differences between various scenarios were mostly 
statistically insignificant. Similarly, no significant differences 
were observed between the RI values due to their very large 
variability. Nevertheless, the highest value of RI was obtained 

for the BRK plot and the lowest for the NFB scenario. 
Table 2, which shows correlation between all evaluated soil 

parameters, proved relationships observed in our previous 
study, e.g. positive correlation between and θinf and WSA or 
Cox, and negative correlations between GW and WSA or Cox. 
This again indicate that organic mulches have largest impacts 
on soil conditions, which can be either favorable (e.g., larger 
Cox content and WSA) or adverse (e.g., lower Sinf and RAW). 
Interestingly the correlation analyses did not show any relation-
ship between the RI values and parameters that should affect 
soil water repellency (e.g., Cox content or soil pH) (Sándor et 
al., 2021; Šurda et al., 2021; Toková et al., 2022). 
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Table 2. Correlation coefficients of the relationships among the studied soil properties: pH in H2O or CaCl2 soil extract, salinity (EC), 
water stable aggregate index (WSA), organic carbon content (COX), porosity, (P), bulk density (ρd), field soil water content (θfield), hydraulic 
conductivity for h = –2 cm evaluated using the Wooding method (Kh = –2 cm, W) and the Zhang method (Kh = –2 cm, Z), repellency index (RI), 
saturated soil water content (θs), residual soil water content (θr), parameters α and n, retention curve slope at the inflection point (Sinf), 
absolute value of the negative pressure head at the inflection point (hinf), soil water content at the inflection point (θinf), gravitational water 
(GW), and readily available water (RAW). 

 
 pHH2O pHCaCl2 EC WSA COX P ρd θfield Kh = –2 cm, W Kh = –2 cm, Z 
pHH2O 1          
pHCaCl2 0.719 1         
EC –0.481 –0.461 1        
WSA –0.189 –0.394 0.616 1       
Cox –0.663 –0.435 0.855* 0.550 1      
P –0.260 –0.367 0.727 0.491 0.710 1     
ρd 0.252 0.364 –0.725 –0.488 –0.703 –0.999*** 1    
θfield –0.417 –0.553 0.421 0.877** 0.427 0.373 –0.369 1   
Kh = –2 cm, W –0.223 –0.638 –0.315 0.057 –0.327 –0.350 0.351 0.306 1  
Kh = –2 cm, Z 0.249 0.034 –0.028 0.736 –0.059 0.066 –0.065 0.747 0.149 1 
RI –0.655 –0.038 0.219 0.071 0.636 0.196 –0.187 0.198 –0.331 –0.109 
θs 0.310 0.082 0.561 0.389 0.441 0.747 –0.750 –0.002 –0.536 0.067 
θr –0.443 –0.486 0.796* 0.934** 0.742 0.628 –0.624 0.865* –0.071 0.537 
α –0.413 –0.506 –0.184 –0.053 –0.255 –0.588 0.591 0.209 0.799* –0.037 
n 0.674 0.673 –0.524 –0.471 –0.481 0.051 –0.057 –0.484 –0.419 –0.017 
Sinf 0.693 0.625 –0.465 –0.541 –0.440 0.078 –0.084 –0.637 –0.411 –0.200 
hinf 0.069 0.041 0.551 0.378 0.628 0.853* –0.853* 0.091 –0.560 0.053 
θinf –0.148 –0.323 0.867* 0.806* 0.756* 0.794* –0.792* 0.512 –0.303 0.301 
GW 0.660 0.662 –0.748 –0.846* –0.832* –0.609 0.602 –0.844* –0.088 –0.383 
RAW 0.666 0.555 –0.331 –0.450 –0.311 0.209 –0.216 –0.607 –0.446 –0.215 
 RI θS θr α n Sinf hinf θinf GW RAW 
RI 1          
θs –0.166 1         
θr 0.273 0.361 1        
α –0.138 –0.784* –0.063 1       
n –0.180 0.235 –0.536 –0.669 1      
Sinf –0.262 0.354 –0.613 –0.689 0.959*** 1     
hinf 0.216 0.909** 0.420 –0.860* 0.268 0.3401 1    
θinf 0.061 0.797* 0.832* –0.417 –0.310 –0.2562 0.760* 1   
GW –0.444 –0.239 –0.936** –0.053 0.640 0.6843 –0.384 –0.745 1  
RAW –0.259 0.503 –0.519 –0.763* 0.910** 0.983*** 0.482 –0.099 0.584 1 

              

            *** p<0.001, ** p<0.01, * p<0.05 
 

CONCLUSIONS 
 
Study focused on the evaluation if the extended time of soil 

cover by various mulches increases the differences between the 
measured soil properties. Prolonged period of soil exposure to 
various soil and thermal regimes mostly increased differences 
between the evaluated parameters (e.g., Cox, Sinf, GW and 
RAW). On the other hand, the impact of different covers on soil 
pH, which was very quick at the beginning of the experiment 
(Pavlů et al., 2021), diminished during the extended period. 
Interestingly, also the WSA index displayed smaller variability 
despite that other parameter that affects soil aggregate stability 
were more diverse. This extended study again proved that or-
ganic mulches can either improve (e.g., increase Cox content 
and aggregate stability) or aggravate (e.g., decrease soil physi-
cal quality and amount of readily available water, and increase 
water repellency) soil properties. 
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