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Abstract: This research aims to assess the impacts of soil use management on runoff, soil losses, and their main soil 
controls in vegetable cropland (CROP), tilled olives (OT), and grass-covered olive orchards (OGC) on Leptosol in 
Croatia. Soil analysis and rainfall simulation experiments were conducted to quantify runoff (Run), soil, and nutrient 
losses. Bulk density (BD) was significantly higher at OT plots, in addition to the CROP plots. Water-stable aggregates 
(WSA), mean weight diameter (MWD), and soil organic matter (OM) were significantly higher in OGC plots compared 
to the other land uses. Run and soil loss (SL) were significantly higher in CROP and OT plots compared to the OGC 
plots. The CROP plots showed soil management that can be considered as unsustainable with 52, 68- and 146-times 
higher losses of phosphorus (P loss), nitrogen (N loss), and carbon (C loss) compared to the OGC plots. The principal 
component analysis showed that MWD was associated with vegetation cover (VC), water-holding capacity (WHC), 
WSA, OM, total nitrogen (TN), time to ponding (TP), and time to runoff (TR). These variables were negatively related 
to P2O5, Run, SL, and P, N, and C loss. Results indicate the need for the adoption of conservation strategies in croplands 
and olive orchards.  
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INTRODUCTION 
 

Essential for life on the Earth, soils directly or indirectly sus-
taining 95% of the produced food over the world (FAO, 2015). 
Thus, the conservation of soils for natural ecosystems and 
human health is vital (Steffan et al., 2018). Along with fun-
ctions such as supplying a medium for plants to take the nut-
rients, water, and support the roots, soils provide other necessa-
ry ecosystem services such as nutrient cycling, water quality 
regulation, water supply regulation, air quality regulation, cli-
mate regulation, and food, fiber, and fuel supply (Pereira et al., 
2018a). Soils are also crucial for the stability and resilience of 
the Earth’s surface environment (Ludwig et al., 2018). Howe-
ver, several soil functions are affected by land degradation 
processes, such as nutrient depletion and soil erosion (García-
Ruiz et al., 2017). In order to feed an increasing human popula-
tion and animals, agricultural soils are being affected by non-
sustainable land management uses, which are characterized by 
an intensive production or the use of heavy machinery with 
negative impacts on soil nutrients and biodiversity (Ebabu et 
al., 2020; Sanaullah et al., 2020). Previous studies recognized a 
high variation in runoff (Run) and soil erosion by water due to 
land-use changes, wildfires, and grazing (Biddoccu et al., 2017; 
Dalla Rosa et al., 2017; Pereira et al., 2018b). However, along 
the Mediterranean area, millennia agricultural practices, vulne-
rable environment, extreme climate conditions characterized by 
extreme and irregular rainfall events, long dry periods on bare 
soils are recognized as drivers for higher soil and water losses 
(Covelli et al., 2020; Kosmas et al., 2015; Salvia et al., 2019). 

In agricultural ecosystems, soil losses are high on bare lands. 
Several authors demonstrated that the intensive tillage practices 
such as plowing, rotatory-type tillage or herbicides application, 
increase soil losses above the tolerable levels (Abidela Hussein 
et al., 2019; Gómez et al., 2018; Ryken et al., 2018). Tillage 
and crop protection managements require a high number of 
machinery passes. This increases soil organic matter (OM) 
depletion (Ebabu et al., 2020), the occurrence of crust (Birkas 
et al., 2014), and soil compaction (Biddoccu et al., 2017), me-
anwhile the pore system is unfavorably modified, and infiltra-
tion is reduced (Novara et al., 2020). Therefore, land use and 
management are key factors controlling the intensity and the 
frequency of overland flow and soil loss (Baiamonte et al., 
2019; Kosmas et al., 1997). 

Olive orchards and vegetables are typical crops of traditional 
production spread in the rural areas of Mediterranean Croatia. 
Olive orchards are established mainly on sloped and low quali-
ty and productivity soils (Beaufoy and Pienkowski, 2000), 
while vegetables require higher labor inputs and intensive high-
productivity agricultural practices (Ebert et al., 2019). Therefo-
re, each land use has a high susceptibility to soil degradation if 
no correct land management plans are designed and applied. 

In the Mediterranean, several works indicate that soil erosion 
is the major problem associated with olive orchards (e.g., 
Gómez et al., 2018; Martínez et al., 2006; Taguas et al., 2015). 
Naturally, reported soil losses much depend on scale and 
methodology, as is previously highlighted (Fleskens and 
Stroosnijder, 2007; Gómez et al., 2008). Nevertheless, soil 
disturbance and bare soil in olive orchards produce soil loss 
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more than 25 t ha−1 year−1 if rills and gullies occur (Taguas et 
al., 2015). However, other research even demonstrated 
increased erosion rates of 47 t ha−1 year−1 (Vanwalleghem et al., 
2011). In cropland vegetable fields, soils also exceed very often 
tolerable soil loss (Montgomery, 2007), reaching 12 t ha–1  
year–1 (Bagarello et al., 2018; O’Rourke and Petersen, 2016; 
Pournader et al., 2018; Preiti et al., 2017). In this context, the 
preservation management strategies developed in the shape of 
no-tillage (croplands), grass cover (orchards), or mulching 
(croplands and orchards) (Triplett and Dick, 2008) are key to 
conserve the soils. Such practices decrease sediment, nutrient 
and water losses for several magnitudes in addition to 
conventional tillage (Bogunovic et al., 2018; Gómez et al., 2009; 
Kosmas et al., 1997).  

Despite the generally high erosion rates in olive orchards 
and in areas where vegetable production is dominant, the 
majority of cropland cultivation in the Mediterranean area is 
still under unsustainable management, as is the case for Croatia 
and no updated information with in situ measurements exists 
for Croatia (Bogunovic et al., 2020). Several scientists studied 
different land management impacts on specific soil properties 
and hydrological responses during the last two decades. 
However, combining different point of views such as in situ 
experiments, conservative and traditional land uses such as 
olives and vegetables and their respective response to the 
activation of the initial soil erosion processes is missing (e.g., 
Arhonditsis et al., 2000; Blavet et al., 2009; Dunjó et al., 2004; 
Gilley et al., 1997; Mohammad and Adam, 2010; Návar and 
Synnott, 2000; Qiang et al., 2016). This work aims to compare 
the impact of different land management on soil properties and 
hydrological response in olive orchards and vegetable 
croplands. To achieve this goal, soil analysis, and rainfall 
simulation experiments were used for the first time in Dalmatia, 
Croatia. 
 

MATERIALS AND METHODS 
Study area 

 
To compare three different treatments in olive orchards and 

vegetable croplands, a representative study area in Polaca 
(Dalmatia, Croatia) was selected (WGS coordinates: 44°00' N; 
15°29' E) at 71 m a.s.l. (Figure 1). The climate is Mediterranean 
with an average annual rainfall of 838 mm and an average 
annual temperature of 15.2°C (Vrana meteorological station 
43°57' N, 15°28' E, 14 m a.s.l., 4.9 km from study area). The 
highest monthly rainfall occurs during September and October 
(109 and 102 mm) and the lowest during July and August (28 
and 52 mm). The rainfall intensity of 60 mm per hour has a 
returning period of about 13 months (Zaninovic et al., 2008). 
The investigated area is a part of Ravni Kotari - lowland areas 
up to 200 m altitude, with the alternating limestone-dolomite 
hills and flysch valleys of the Dinaric lie (Fritz, 1978). Most of 
the Ravni Kotari area comprises water-permeable Cretaceous 
limestone and limestone breccia, and partially permeable dolo-
mites and marl limestone. A small part is composed of water-
tight clastite (Fritz, 1978). 

The soils in this area are classified as Calcaric Leptosol 
(IUSS-WRB, 2015). It is characterized by a clay-soil texture 
with ~35% sand, ~22% silt, and ~43% clay, with rock frag-
ments cover < 3%. Some general properties register 1.93% of 
OM, 35.9 mg kg–1 available phosphorus (P2O5), and 59.9 mg 
kg–1 available potassium (K2O). The region has a long tradition 
of production of olive, vines, and vegetables.  
 
Field experiments and laboratory analyses 

 
Three types of land use management were studied: vegetable 

croplands (CROP), grass-covered olive orchard (OGC), and 
tilled olive orchard (OT). The fields extend to cover an area of  
  

 
 

Fig. 1. Study area and plots of the selected rainfall simulation experimental plots. 
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2.05 ha, all with medium-deep soil of similar properties. The 
vegetable cropland (CROP) was cultivated using the most 
common farming techniques in the region, which include mol-
dboard plowing (up to 30 cm depth) in late autumn, followed 
by the rotation cultivator (up to 15 cm). After each vegetable 
harvest, the soil is tilled by rotation cultivator before planting 
another culture. In CROP treatment, the usual number of cultu-
res in the rotation was three per year. Fertilizer was applied to 
the treatment (before planting) in the form of 15-15-15 NPK at 
a nominal rate of 800 kg ha–1 and urea 150 kg ha–1, rates typical 
of local cultivation practices. At the time of measurements, the 
spinach (Spinacia oleraceae L.) planted 15 days before cove-
ring a small portion of soil (< 5% soil area). At the time of 
measurement, the CROP and OT treatment were tilled 15 and 
60 days ago, respectively. Olives were managed with grass 
cover (OGC) between the trees. The grass is mowed and kept 
on the surface as a mulch. No herbicides were used here to 
suppress the weeds. Every several years the inter-row and row 
positions were fertilized using the 15-15-15 NPK in autumn at 
the nominal rate of 1000 kg ha–1 and calcium ammonium nitrate 
200 kg ha–1 (in late spring during the flowering stage). The OT 
is conventionally tilled in each inter-row position by disking to 
a depth of 10 cm. During the season, these tillage operations 
were repeated 3–4 times to keep the soil bare. During the field 
campaign, vegetation cover reached an average of about 11%.  

At CROP, OGC, and OT treatments, eight sampling points 
(separated by six meters) following a transect were selected to 
conduct the rainfall simulation experiments and soil sampling. 
Rainfall simulation experiments were performed during April 
2019 under wet soil conditions (> 20% soil water content) with 
a rainfall simulator (UGT Rainmaker, Müncheberg, Germany). 
The device was calibrated to reproduce rainstorms of 58  
mm h−1 rainfall intensity, during 30 minutes on a circular plot 
of 0.785 m2 (metal ring 100 cm in diameter). Rainfall intensity 
was adjusted by the time that the nozzle (VeeJet 80/100 nozzle, 
the pressure at 0.5 bar, at the height of 200 cm) remains at the 
reversal points and nozzle turning speed (Schindewolf and 
Schmidt, 2012). Plastic collectors (n = 144) were placed under 
the rainfall simulator to collect the drops. After 30 minutes of 
the experiment at an intensity of 58 mm h−1, the rainfall distri-
bution coefficient of variation is 4.66. The mean drop size was 
0.7 mm, and the mean falling velocity was 6.263 m s–1. 

After establishing each ring plot, undisturbed soil samples 
and soil core samples were taken from 10 cm downslope of 
each metal ring. Before the simulation, each plot was photog-
raphed to obtain vegetation cover (VC) percentage. To estimate 
the final VC, we used ArcGIS 10.2 software (ESRI, USA) to 
compare the relation on pixels to the vegetation in addition to 
the plot area. The slope was measured inside the ring area using 
a Bosch GLM 80 Professional instrument. Finally, when each 
simulation started, time to ponding (TP) and time to runoff 
generation (TR) were measured with a digital chronometer 
(Keesstra et al., 2019).  

Undisturbed samples (8 per treatment, 24 in total) were col-
lected at the 0–10 cm soil depth using 100 cm3 cylinders. The 
soil cores were wetted for determination of water holding  
capacity (WHC) and dried in an oven at 105°C for 24 h to 
obtain the bulk density (BD) according to Black (1965). Undis-
turbed samples (8 per treatment, 24 in total) were collected at 
the 0–10 cm depth, stored into rectangular boxes, and used for 
determination of the mean weight diameter (MWD) and the 
water-stable aggregates (WSA). During the procedure, the bulk 
soil was very carefully broken into small pieces by hands  
(Diaz-Zorita et al., 2002). After drying, the distribution of par-
ticular aggregate size fractions (<0.25, 0.25–0.5, 0.5–1.0,  

1.0–2.0, 2.0–4.0, 0.4–0.5, and 0.5–0.8 mm) was determined by 
dry sieving for 30 seconds (Kemper and Rosenau, 1986). MWD 
was calculated after weighting each aggregate size using the 
following equation (Eq. (1)):  
 

MWD = 
1

n

i
xi wi

=
⋅ ,  (1) 

 
where xi is the mean diameter of any particular size range of 
aggregates separated by sieving, and wi is the weight of 
aggregates in that size range as a fraction of the total dry weight 
of soil used. WSA was determined by wet sieving apparatus 
(similar to Kemper and Rosenau, 1986) by soaking 4 g of 
aggregates (diameter 0.4–0.5 mm) in distilled water for 3 min. 
After replacing cans with a dispersing solution (2 g L–1 sodium 
hydroxide), sieving continued until only the sand particles were 
left on the sieves. Both sets of cans were dried at 105°C and 
weighted. Percentage of WSA was obtained using the equation: 
 

WSA = 
Wds

Wds Wdw+
,  (2) 

 
where WSA is the percentage of water-stable aggregates, Wds 
is the weight of aggregates dispersed in dispersing solution (g), 
and Wdw is the weight of aggregate dispersed in distilled water 
(g). Remains of the aggregate sizes were milled and sieved 
through a 2 mm mesh to determine soil chemical properties. 
OM content was calculated according to the digestion method 
(Walkly and Black, 1934). Also, P2O5 concentration in soils 
and sediments (P loss) was determined after the samples were 
subjected to extraction with AL method (Egner et al., 1960) and 
using a spectrophotometer (Hach, Germany, model DR/2000). 
Finally, total nitrogen (TN) concentration in soils, as well as the 
carbon (C loss) and nitrogen (N loss) concentrations in sedi-
ments, were obtained by a dry-combustion method using Vario 
MACRO CHNS analyzer. 

During each rainfall simulation, the water and soil loss in the 
form of overland flow and suspended sediment was stored in a 
plastic container and then transported to the laboratory. The 
collected surface flow was weighed and filtered to obtain Run 
and soil loss (SL) after drying a filter paper. Sediment concen-
tration (SC) was calculated, dividing the mass of SL by the 
mass of the Run in the samples. Dried sediments were milled 
and passed through 2 mm mesh as a preparation to analyze the 
C, N, and P2O5 as it was above-mentioned. 

 
Statistical analysis 

 
Before performing a statistical comparison of each result ob-

tained for every treatment, data were checked for normality and 
heteroscedasticity using the Kolmogorov–Smirnov and Leve-
ne’s tests. Data normality and homogeneity of the variances 
were considered at p > 0.05. The majority of the variables sho-
wed a normal distribution. VC, C loss, and P2O5 showed nor-
mality after a logarithmic transformation. A one-way ANOVA 
was used to identify significant differences among plots (VC, C 
loss and P2O5 with logarithmic transformation). If significant 
differences were found (at p < 0.05), the Tukey HSD post-hoc 
test was applied. Data presented in the graphs were untransfor-
med. A Principal Component Analysis (PCA) based on the 
correlation matrix was applied (using the log-transformed data) 
to identify association among the variables. Statistical analyses 
were carried out using Statistica 12.0 for windows. Graphics 
were depicted using Plotly (https://chart-studio.plot.ly).  
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RESULTS 
Environmental plot conditions and soil properties 
 

Slope, VC, and soil properties for the different treatments 
are summarized in Table 1. Our results showed that there were 
no significant differences in slope among the treatments. VC in 
CROP (4.5%) and OT (10.9%) was significantly lower than VC 
in OGC (83.6%). WSA and BD were also significantly diffe-
rent among all treatments. WHC values in CROP (37.3%) were 
significantly lower than OGC (40.8%). A similar situation was 
observed in BD. BD was as follows: CROP (1.30 g cm–3) < 
OGC (1.32 g cm–3) < OT (1.42 g cm–3). Also, no significant 
differences were identified in SWC which varied from 22.5% in 
the OT to 24.5% in the CROP treatment. MWD and WSA 
values ranged from 2.74 mm (CROP) to 3.72 mm (OGC) and 
from 46.7% (CROP) to 65.8% (OGC), respectively. Both pa-
rameters were significantly higher in OGC than to OT and 
CROP treatments. OM and TN were significantly different 
among treatments as follows: OGC (2.53% OM; 0.14% TN) > 
OT (1.88% OM; 0.10% TN) > CROP (0.86% OM; 0.05% TN). 
Soil P2O5 ranged from 11.11 at OT to 92.08 mg kg–1 in the 
CROP treatment. P2O5 values were also significantly different 
among the treatments: CROP > OGC > OT.  
 
Initial soil erosion processes using rainfall simulation 
experiments  

 
The effects of soil management on hydrological response are 

shown in Figures 2 and 3. The TP ranged from 90 to 180 s 
(mean 123.7 s) in the CROP plots, from 240 to 480 s (mean 
307.5 s) in the OT plots and from 300 to 540 s (mean 412.5 sec) 
in the OGC plots. The TR ranged from 180 to 300 s (mean 
225.6 s) in the CROP plots, from 420 to 1020 s (mean 652.5 
sec) in the OT plots and from 660 to 1140 s (mean 840 s) in the 
OGC plots. In both cases, the CROP TP and TR values were 
significantly lower than in other plots. The Run values ranged 
from 10.4 to 15.6 L m–2 (mean 12.3 L m–2) in the CROP plots, 
from 0.78 to 3.06 L m–2 (mean 1.85 L m–2) in the OT plots and 
from 0.02 to 0.69 L m–2 (mean 0.26 g L–2) in the OGC plots. 
The SL values ranged from 85.5 to 246.1 g m–2 (mean 
143.1 g m–2) in the CROP plots, from 10.5 to 64.8 g m–2 (mean 
31.5 g m–2) in the OT plots and from 0.06 to 4.5 g m–2 (mean 
1.8 g m–2) in the OGC plots. Significant differences were ob-
served in the Run and SL among all treatments. On average, 
Run and SL were significantly higher in CROP than in OT and 
OGC. SC values ranged from 9.23 g L−1 to 30.05 g L−1 at OT 
plots, from 7.97 g L−1 to 15.81 g L−1 at CROP plots and from 
3.31 g L−1 to 8.19 g L−1 at OGC plots. SC showed different  

 

behavior, exhibiting significantly high differences in OT plots 
(17.08 g L−1), followed by the CROP plots (11.30 g L−1), and 
OGC plots (6.16 g L−1). The P loss, N loss, and C loss values at 
CROP, OT, and OGC plots ranged from 0.0003 g m–2 (OGC) to 
0.1574 g m–2 (CROP), from 0.003 g m–2 (OGC) to 0.204 g m–2 
(CROP) and from 0.07 g ha–1 (OGC) to 9.87 g m–2 (CROP), 
respectively. P, N, and C loss were significantly higher at 
CROP plots than in OT and OGC plots. 

 
Principal component analysis 

 
The first three factors explained 77.1% of the total variance. 

Factor 1 explained 58.6%, and Factors 2 and 3 explained 11.2% 
and 7.3%, respectively, of all variances. Factor 1 had high 
positive loadings in VC, WHC, MWD, WSA, OM, TN, TP, and 
TR, and high negative for P2O5, Run, SL, C loss, P loss and N 
loss (Table 2). Factor 2 had high positive loadings for BD and 
high negative loadings for SWC. Finally, factor 3 had high 
positive loadings in slope and SC. The intersection between 
Factor 1 and Factor 2 shows that Run, SL, P2O5, N loss, P loss, 
and C loss are inversely related to the majority of the other 
variables, especially to the slope, VC, TP, TR, OM and TN 
(Figure 4A). The land management practices had different 
impacts on soil properties and hydrological response for all 
treatments. The impact is notably different between the CROP 
and the other treatments. The variability is much higher in the 
CROP in addition to OGC and OT (Figure 4B). 

 
DISCUSSION 

 
The results revealed that different land management changed 

some soil properties whereby the soil was more compacted at 
OT than at OGC and CROP plots. This is in agreement with the 
observations of previous studies.  Tilled plots showed higher 
compaction than to the grassed ones in Mediterranean olive 
orchards (Gucci et al., 2012; López-Vicente and Álvarez, 
2018). High BD at OT can be attributed to soil consolidation 
and tractor traffic, while a lower BD at CROP treatment can be 
related to the type of the tillage performance 15 days before 
conducting the measurements. Moreover, the experiments were 
conducted in a period without any traffic impact in this treat-
ment. WHC was significantly higher in the OGC than the 
CROP plot, which was attributed to the vegetation cover on 
OGC plots. VC can improve the hydraulic properties of soils 
after several years and enhance the existence of medium-size 
pores to retain more water (Çerçioğlu et al., 2019). Moreover, 
higher root density of cover crops increases porosity and OM, 
with a notable improvement in soil structure (Jarvis et al., 2017;  
 

Table 1. Results of one-way ANOVA analysis considering soil properties and plot conditions. Different letters after mean values in the 
columns represent significant difference at p < 0.05; ns, not significant at a p < 0.05. Abbreviations: CROP, vegetable cropland; OGC, olive 
orchard grass-covered, OT, olive orchard tilled; VC, vegetation cover; BD, bulk density; WHC, water holding capacity; SWC, soil water 
content; MWD, mean weight diameter; WSA, water-stable aggregates; OM, organic matter; P2O5, available phosphorous and TN, total 
nitrogen. 
 

Land use Slope (°) VC (%) WHC (%) SWC (%) 
BD  

(g cm–3) 
MWD (mm) WSA (%) OM (%) 

P2O5  
(mg kg–1) 

TN (%) 

CROP 
6.5 
a 

4.5 
b 

37.3 b 24.5 a 
1.30 

b 
2.74 

b 
46.7 b 

0.86  
c 

92.08  
a 

0.05  
c 

OGC 
8.5 
a 

83.6  
a 

40.8 a 23.5 a 
1.32 
ab 

3.72 
a 

65.8 a 
2.53  

a 
20.49  

b 
0.14  

a 

OT 
7.9 
a 

10.9  
b 

38.3 ab 22.5 a 
1.42 

a 
2.98 

b 
48.4 b 

1.88  
b 

11.11  
c 

0.10  
b 

P value n.s. *** ** n.s. * *** ** *** *** *** 
 

*** Statistical significance at p < 0.001. ** Statistical significance at p < 0.01. *Statistical significance at p < 0.05. 
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Fig. 2. Box plots and results of one-way ANOVA analysis for the effects of land use on A) time to ponding, B) time to runoff generation, 
C) runoff, and D) soil loss. Different letters represent a significant difference at p < 0.05. Abbreviations: CROP, vegetable cropland, OGC, 
grass-covered olive orchard, OT, olive orchard tilled. 

 
Zaibon et al., 2016). Our study also confirmed this behavior. 
Frequent tillage at OGC and OT plots expose soil aggregates to 
wet-dry cycles and disruptive raindrop impact, enhancing ag-
gregates to disruption (Six et al., 2000). Tilled soil from subsoil 
was exposed to air, increasing the OM mineralization and dec-

reasing their content compared to OGC. However, rotation type 
tillage performed several times a year at CROP plots created 
smaller aggregates and more considerable disturbance in addi-
tion to disking (Birkas et al., 2014) at the OT plot. It could be a 
reason for low OM occurring with this land use.  

B 

C 

D 

A 
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Fig. 3. Box plots and results of one-way ANOVA analysis for the effects of land use on A) sediment concentration, B) phosphorus loss (P 
loss), C) nitrogen loss (N loss), and D) carbon loss (C loss). Different letters represent a significant difference at p < 0.05. Abbreviations: 
CROP, vegetable cropland, OGC, olive orchard grass-covered, OT, olive orchard tilled. 
 
MWD and WSA were significantly higher at the OGC, compa-
red to the OT and CROP treatment. Usually, aggregate stability 
is higher in grass-covered or no-tilled soils than the tilled ones 
(e.g., Blavet et al., 2009; Kay, 2018). This is attributed to the 
low OM concentration at CROP and OT plots, which cause soil 
structure degradation. Moreover, high MWD at the OGC plots 

formed a higher percentage of macro and medium-size pores. The 
lowest MWD at CROP plots enhanced higher micro-pores percen-
tage in the soil. Such structure behavior directly affects WHC 
since it is known that soil water retention characteristic is highly 
related to the soil structure (Rabot et al., 2018). Significantly 
high P2O5 at CROP plots could be attributed to the intensive  
 
 

A 

B 

C 

D 
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Fig. 4. Interaction among Factors 1 and 2, (A) Variables and (B) Cases considering different land-use management. Abbreviations: CROP, 
vegetable cropland; OGC, olive orchard grass-covered, OT, olive orchard tilled; VC, vegetation cover; BD, bulk density; WHC, water 
holding capacity; SWC, soil water content; MWD, mean weight diameter; WSA, water-stable aggregates; OM, organic matter; P2O5, avai-
lable phosphorous; TN, total nitrogen; TP, time to ponding; TR, time to runoff; Run, runoff, SC, sediment concentration; SL, soil loss; N 
loss, nitrogen loss, C loss; carbon loss and P loss; phosphorus loss. 
 
Table 2. Loadings matrix considering the first three factors ex-
tracted from the Principal Component Analysis. Eigenvalues re-
tained in each factor are in bold. VC, Vegetation cover; BD, bulk 
density; WHC, water holding capacity; SWC, soil water content; 
MWD, mean weight diameter; WSA, water-stable aggregates; OM, 
organic matter; P2O5, available phosphorous; TN, Total nitrogen; 
TP, time to ponding; TR, time to runoff; Run, runoff; SC, sediment 
concentration; SL, soil loss; N loss, nitrogen loss; C loss, carbon 
loss and P loss, phosphorous loss. 
   

Variable Factor 1 Factor 2 Factor 3 

Slope 0.47492 0.092375 0.720672 
VC 0.79197 –0.537184 0.040386 
WHC 0.58085 –0.290380 0.029580 
SWC –0.23316 –0.433243 0.294177 
BD 0.24896 0.487314 –0.303622 
MWD 0.73001 –0.453207 0.053658 
WSA 0.54848 –0.466899 0.090782 
OM 0.93929 –0.078403 0.185447 
P2O5 –0.86250 –0.417675 –0.063128 
TN 0.93929 –0.078403 0.185447 
TP 0.86025 –0.083010 0.045993 
TR 0.86559 0.033234 –0.276317 
Run –0.96014 –0.243496 –0.059710 
SL –0.93384 –0.213232 0.085730 
SC –0.29574 0.602604 0.621059 
P loss –0.90143 –0.109361 0.229045 
N loss –0.94360 –0.124460 0.096008 
C loss –0.90681 –0.301916 0.039662 

fertilization performed for each of several cultures per year on 
this treatment. However, TN concentrations in treatments are 
highly related to OM since it is a dominant source. Meanwhile, 
mineral N is known as susceptible to leaching, denitrification, 
and runoff (Robertson, 1997). 

This study demonstrates that the use of frequent tillage for 
different land uses increases Run and erosion rates. We have to 
consider the small plot size used for the rainfall simulation 
experiments, which allow detecting the initial soil erosion acti-
vation and soil responses, therefore more research must be 
conducted using more repetitions or erosion plots for larger 
scales (Iserloh et al., 2013). Differences in soil loss between 
treatments occur due to following: CROP plots registered the 
lowest OM content, WSA and MWD, and VC, which contribu-
tes to a higher Run and SL when compared to OT. This is a 
consequence of intense tillage practices. Although all these 
variables were the lowest in CROP plot, which contributed to 
high overland flow and erosion rates, the highest BD was ob-
served in OT. This was attributed to the fact that soil in CROP 
plots were more frequently tilled, decreasing OM and the stabi-
lity of the aggregates. In addition, in crop plots soils were tilled 
with a rotation cultivator that is very destructive to soil aggre-
gates (Birkas et al., 2014). This increases the vulnerability to 
sediment detachment. Our study agrees with others, e.g., in 
Spain, where tillage seems to be responsible for 3.6 times hig-
her erosion rates and cover crop plots (Gómez et al., 2009). In 
clay-sandy soil in Italy, Fleskens and Stroosnijder (2007) repor-
ted 357% higher erosion rates on tilled olive orchard plots in 
addition to grass-covered plots. Vegetation protects the splash 

A 
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and delay Run due to stabile macropores, which enhance the 
infiltration (de Almeida et al., 2018; Çerçioğlu et al., 2019). 

Moreover, grass cover act as a natural barrier for overland 
flow minimizes the sediment movement, and decreases the SC. 
Nutrient losses were significantly high in CROP and OT and 
follow a similar pattern as soil loss. The 52, 68, and 146 times 
higher losses of phosphorus, nitrogen, and carbon at CROP 
plots, in addition to OGC plots indicate the unsustainability of 
frequently tilled management. Also, a similar degradation dy-
namic is visible at OT plots with 17, 20, and 17 times higher 
phosphorus, nitrogen, and carbon loss in addition to OGC. 
Similar results were noted elsewhere (Bogunovic et al., 2020; 
Gómez et al., 2011). 

PCA analysis supports the above-described results. Factor 1 
revealed that the VC, WHC, MWD, WSA, OM, TN, TP, and 
TR are positively associated. This is in agreement with other 
findings identified in the literature since high VC increases the 
rooting system, which secretes cementing agents and acts as an 
attractant for soil fauna as a source of food. This increases a 
high MWD and WSA, by secretion products as cementing 
agents for soil structure (Bogunovic et al., 2019b; Kay, 2018). 
Parallel with TP and TR, a high VC increases OM, which is 
beneficial to soil structure (Franzluebbers, 2002; Keesstra et al., 
2019). Subsequently, it enhances the capacity of soils to retain 
water. The mentioned soil properties are inversely related to 
Run, SL, and C, N, and P loss. This dynamic was observed at 
CROP and OT plots (Figures 2 and 3) and confirms the idea 
that tillage practices trigger soil erosion and nutrient losses. 
Poor soil structure exacerbates soil hydrological response. 
Factor 2 inversely relates BD and SWC, while factor 3 relates 
slope and SC. High BD decreases and modifies the pore system 
and decreases the medium-sized pores, which retain soil water. 
The high SC in soils with high slope may be attributed to the 
higher overland flow energy, which detaches soil particles and 
increases their concentration in the Run. Overall, the type of 
soil management is a crucial factor in controlling erosion. 

Our results also showed that specific land use management 
can influence soil ecosystems and, consequently, affect essen-
tial soil functions (Blavet et al., 2009; Mohammad and Adam, 
2010; Qiang et al., 2016). In agricultural areas, soil erosion 
depends on natural soil properties, tillage methods, herbicides 
application, vegetation cover, and organic matter properties. 
Agricultural soils in Croatia are often bare soils because of the 
intense tillage or use of herbicides (Bogunovic et al., 2020). 
Thus, non-planned soil management considering these varia-
tions will enhance soil erosion rates. We claim the need for the 
adoption of more environmental and conservative soil erosion 
control measures. This current study demonstrates that tilled 
land uses (CROP and OT) have deteriorated structure, lower 
soil cover, and less resistance to sediment detachment and soil 
loss. Those findings demonstrate that conservation management 
and strategies for bare soils in olive orchards and vegetable 
croplands in Dalmatia need to be developed. The plantation of 
grass on the olive orchard or the reduction of tillage frequency 
on cropland vegetables could be a solution to increase VC. 
Also, there are important differences between OT and CROP, 
especially in soil structure, OM, and hydrological response. 
This shows that land-use management plays a crucial role in 
land sustainability. The high degradation among two tillage 
managements in different land uses very likely reflect the long-
term impact of tillage intensity and vegetable cropland frequen-
cy. The current research contributes to a better understanding of 
the land-use management conducted in traditional agricultural 
sectors in Dalmatia. However, this is a first approach which 
uses rainfall simulation, obviously having serious limitation for 

an extrapolation for the whole cultivated area. Future research 
should be focused on the temporal variability and identification 
of runoff and erosion at different scales of catchments, conside-
ring the identification of critical geomorphological, pedologi-
cal, and soil management practices. 

 
CONCLUSION 

 
Land use management substantially affected soil properties 

and soil hydrological response after simulated high-intensity 
rains. Tillage practices conducted in the Mediterranean decrea-
sed OM and soil structural quality, while grass coverage increa-
sed soil quality. In the vegetable cropland, soil WHC, MWD, 
WSA, OM, and TN were lower than in the grass-covered olive 
orchard. On the other hand, tilled olive orchard recorded lower 
MWD, WSA, OM, and TN than the OGC. High soil and nut-
rient losses were recorded at vegetable cropland and tilled olive 
orchard. Such results indicate that the application of frequent 
intensive tillage interventions at vegetable cropland very likely 
intensified soil degradation, overland flow, and soil and nutrient 
losses. WSA and MWD were probably affected by tillage-
induced deterioration and mineralization of OM in long-time 
management in the vegetable cropland and tilled olive orchard. 
Soil and water losses in tilled olive plantations and vegetable 
croplands compared to grass-covered land olives in Dalmatia 
are not sustainable when using traditional tillage management. 
However, in grass-covered olive plantations, runoff and SL are 
low, indicating that soil structural stability and soil cover are 
vital factors to increase land-use sustainability. 
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