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Abstract: The aim of our study is the modeling at the field level of the soil erodibility (K factor)
by water (rainfall and irrigation) on traditional tillage (CoTl) and no-tillage (NoTl) plots cultivated
with Helianthus annuus utilizing plot observations, soil sampling laboratory analyses, GIS, precision
agriculture (PA), and Kriging geostatistical modeling. A split-plot layout consisting of four han-
dlings × three replicates of trial blocks (with a southeast facing 7.5% slope) was used. Grid template
surface soil core (0.0–5.0 cm) samples were taken to characterize the textures (sandy, silty, clayey,
very fine sandy, and gravelly), organic matter concentrations, and the soil’s microstructure and water
permeability categories. One GPS satellite tracker system was utilized to define the sampled positions,
and 40 soil cores were air-dried and sieved with a 2 mm sieve to identify the soil’s mechanical micro-
texture using the Bouyoucos methodology. The organic matter was extracted by chemical oxidation
with 1 mol L−1 K2Cr2O7 and titration of the remaining reagent with 0.5 mol L−1 FeSO4. The soil
microstructure and permeability categories were defined following the USDA classification system.
The soil erodibility by water modeling of K (Mg·ha·h·ha−1·MJ−1·mm−1) was derived according to the
Wischmeier nomographic method by incorporating it into a developed GIS geospatial model using
Kriging geostatistics. The statistical results of the ANOVA test (p = 0.05) among the soil erodibility
datasets showed significant differences between the two tillage systems, as well as between the four
management treatments. Moreover, it was found that the no-tillage (NoTl) plots and the treatment of
no tillage plus vegetative coverage were the best tillage and agricultural practices for hillslope farm
fields and can be considered environmentally friendly farming methods to curb soil erodibility by
water, reduce runoff hazard, and maintain the soil’s environment and its beneficial nutrients.

Keywords: soil erodibility by water (rainfall/irrigation); tillage; soil analyses; spatial analysis;
precision agriculture and Kriging geostatistical models; Helianthus annuus crop; organic matter

1. Introduction

The erosion of soil is the phenomenon of soil particles being separated and transported
by water or wind [1]. Today, it is a major issue for agricultural growth and food safety at
regional, country, and world levels [2,3]. Greece has a developed agricultural sector with a
declining farmer population and heavy farming operations that have led to the increased
erosion of soils. In an effort to study new ways to decrease soil erosion and preserve
precious soil reserves, several erosion models have been successfully deployed and widely
tested all over the world. Soil erosion and hazards are considered major problems of the
environment in Greece. The soil’s erodibility (K) is a fundamental parameter in erosion
forecasting methods such as the USLE (Universal Soil Loss Equation) [4] and the RUSLE
(Revised USLE) [5,6]. The K factor is a complicated soil attribute, which is the ease with
which the soil is degraded by waterdrop splashing during rain or irrigation (mainly by
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sprinklers or waterjets), water runoff, or their combination [3]. The capturing of erosion’s
principal variable (K factor) in forecasting modeling has proved to be a difficult task [7]. To
overcome this issue, implicit methods are used to assess the K factor and allow these studies
to be carried out [8]. The aim of our study is the geospatial modeling at field level of the soil
erodibility by waterdrops on traditional tillage (CoTl) and no-tillage (NoTl) Helianthus plots
utilizing observations, soil laboratory analyses, precision agriculture, Kriging geostatistics,
and GIS mapping under climate change in Greece.

2. Materials and Methods
2.1. Study Area and Site Description

The trial was carried out in the agricultural hilly erosion-prone area of the Gaiopolis
University Campus of the University of Thessaly (Larissa, Central Greece). The region
enjoys moderate continental climatic conditions with a hot arid summer and a gentle
winter that is characterized as Csa (Koeppen climate classification) [2] and is further
classified as a XERIC MOISTURE REGIME [9], with an average annual temperature and
precipitation of 17.35 ◦C and 380.75 mm, respectively. The highest and lowest average
monthly precipitation were pr(hi) = 113.40 mm (May) and pr(low) = 12.20 mm (November),
respectively. The cumulative precipitation was 652.40 mm year−1. A split-plot layout
consisting of 4 handlings (treats) × 3 replicates of trial blocks (with a southeast facing 7.5%
slope) was used. Helianthus annuus plants were seeded to facilitate plant coverage in a
number of treatments: (a) the A-treatment was traditional tillage (CoTl) plus vegetative
coverage (VCov), (b) the B-treatment was CoTl with no vegetative coverage (NoVCov),
(c) the C-treatment was no tillage (NoTl) plus vegetative coverage (VCov), and (d) the
D-treatment was no tillage (NoTl) with no vegetative coverage (NoVCov). The dimensions
of the 12 trial plots were 6 m × 22.1 m downslope, with an overall plot area of 1591.2 m2.

2.2. Soil Sampling, Laboratory Analyses, and Classification

Grid template surface soil core (0.0–5.0 cm) samples were taken to characterize the
textures (sandy (Sa), silty (Si), clayey (Cl), very fine sandy (vfSa), and gravelly (Gra)), organic
matter (OrM) concentrations, and the soil microstructure plus water permeability categories.
One GPS (Global Positioning System) satellite tracker system was utilized to define all the
sampled positions, and 40 surface soil cores were air-dried and sieved with a 2 mm sieve
to identify the soil’s mechanical microtexture using the Bouyoucos methodology [10,11].
The organic matter was extracted by chemical oxidation with 1 mol L−1 K2Cr2O7 and
titration of the remaining reagent with 0.5 mol L−1 FeSO4 [11]. The soil microstructure
(that is the assemblage of soil particulates and agglomerates via identifiable particles
or granules) categories [9] and water permeability categories were defined following
the USDA classification system [9,12]. The soil erodibility by water modeling of the K
factor (Mg·ha·h·ha−1·MJ−1·mm−1) was derived according to the Wischmeier nomographic
method [4,12–14], by incorporating it into a developed GIS geospatial model using Kriging
geostatistics. The K factor Equation (1) [4,12–14] was derived for all soils consisting of less
than 70% silt plus vfSa:

K =

[(
2.1 × 10−4 (12 − OM)M1.14 + 3.25(S − 2) + 2.5(P − 3)

)
100

]
× 0.1317 (1)

where K = soil erodibility of the USLE method (Mg·ha·h·ha−1·MJ−1·mm−1), M = product of
the percentage of silt plus vfSa and the other soil components except clay (0.002 mm > clay,
0.05 mm > silt > 0.002 mm, and 0.1 mm > sand > 0.05 mm), OrM = soil organic material
concentration (%), S = soil microstructure category, and P = water permeability category.

2.3. Statistical and Geostatistical Data Analysis, Soil Erodibility Modeling, and Methodology

Data analysis was performed using the IBM SPSS v.26 [15–21] statistics software
package. The outputs showed the means of the soil samples analyses and field metrics.
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The ANOVA (analysis of variance) statistic test [14–29] was applied to evaluate the tillage
systems and the treatment effectiveness. The Levene statistics test for the homogeneity
of variants [14–22] was employed to verify the hypothesis of variance equality for the
soil K datasets. The LSD test [14–22] was used to separate means when significantly
different outputs (p = 0.05) among treatments were obtained. In the present study, we
used geostatistics (Kriging) and precision agriculture [14,16–19,21–23,27] for modeling
and Geographical Information System (GIS) mapping of the soil’s textural class, organic
matter concentration, and soil structure and permeability categories, respectively, as well
as the soil erodibility. A GIS interface (ArcGIS © version 10.2) was employed to treat, store,
and model the entry data variables in order to produce a soil erodibility digital map by
using geospatial analytics and PA. The evaluation of the K factor requires residual errors’
analytics among the projected and observable values and the forecast identification range
of overestimates and underestimates. For this purpose, we applied the statistic parameters
reported earlier in other studies [14–19,21–23,27,30–32], such as the equations for the Mean
Prediction Error (MPE), the Root Mean Square Error (RMSE), the Mean Standardized
Prediction Error (MSPE), and the Root Mean Square Standardized Error (RMSSE). The soil
erodibility modeling outputs of the plots were used in order to extract the K data for the
validation procedure on the basis of the soil’s K trained and evaluation datasets.

3. Results and Discussion

Soil erodibility is a function of four parameters: the soil’s texture, structure, permeabil-
ity, and the OrM concentration. The soil analysis outputs showed that sand with very fine
sand had the ranges of 26.47–46.34% and 21.73–22.08%, respectively. The mean silt and clay
contents were 19.91% and 20.22%, respectively. The soil’s organic matter [14,17–19,21–23,27]
modeling results are depicted in Figure 1a–c.
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Figure 1. (a) Modeling outcomes on a soil organic matter digital GIS map of the Helianthus plots.
(b) Diagram of the OrM classes vs. the percentage of the OrM area. (c) Semivariogram of the model.

Its concentration classes ranged from 1.44% to 3.22% (Figure 1b), indicating the soil’s
OrM had medium to high content. The soil’s organic matter geospatial analysis showed
that 34.887% of the soil plots’ area had medium OrM content (1.44–2.00%), while the
remaining 65.113% had high OrM content (2.00–3.22%). The modeling and statistical
outputs revealed that the K factor over the measuring time span ranged from a min 0.025 to
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a max 0.043 Mg·ha·h·ha−1·MJ−1·mm−1 (average K = 0.034, standard deviation s = 0.0062).
The soil characteristics of the Helianthus plots were sampled, analyzed, and digitized
in accordance with their GPS-located field positions using the WGS 1984 geographic
coordinate system (CS) and stored in a geodatabase. The soil parameters, tillage, and
treatment datasets were projected to the UTM Zone 34N CS (Greece’s zone). The outputs
of the geospatial erodibility modeling are visualized in a digital GIS map of the field in
Figure 2a–c. Furthermore, the outcomes of the erodibility categories in relation to the
percentage of the K factor area are illustrated in Figure 2b. The validation of the geospatial
soil erodibility modeling (Figure 2c) resulted in the following geostatistical outcomes: mean
prediction error (MPE) = −0.000000924, root mean square error (RMSE) = 0.00598019, mean
standardized prediction error (MSPE) = −0.00518898, and root mean square standard
error (RMSSE) = 1.0498154. These results are highly acceptable considering that the MPE,
RMSE, and MSPE scores should be close to zero for an optimized forecast, and the RMSSE
scores should be close to unity, suggesting an accurate estimate of the forecast variability.
The abovementioned results confirmed the reliability and accuracy of the generated soil
erodibility digital GIS map for the trial hillslope field of Helianthus annuus. Furthermore,
these outcomes have proven that the ordinary Kriging exponential model demonstrated
a good performance and is regarded as highly appropriate for geospatial modeling and
mapping of the K factor as well as other soil parameters (clay, sand, silt, OrM, very fine
sand, etc.). The output of the ANOVA test (p = 0.05) among the soil erodibility datasets
in relation to the tillage method showed that the two tillage systems [traditional (CoTl)
and no tillage (NoTl)] differed significantly in certain ways; so, it was necessary to further
investigate the pattern of their differences. Therefore, in order to validate the equality
hypothesis of variance for the erodibility dataset, the Levene statistical test for homogeneity
of variances was conducted.
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Figure 2. (a) The soil erodibility modeling results on a digital GIS map of the Helianthus plots.
(b) Diagram of erodibility categories vs. percent of K factor area. (c) Semivariogram of the model.

The findings of the Levene statistics for the soil erodibility in the tillage systems
and treatments showed the variations in homogeneity of the K factor between the tillage
systems (CoTl and NoTl) and also between the treatments’ (A, B, C, and D) datasets were
not significantly different, which means that the hypothesis of equality of variation was
confirmed. The Levene hypothesis was found to be true; so, ANOVA and LSD (Least
Significant Differences) statistics were performed to evaluate the treatment effects and the
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mean separation of treatments. The optimum tillage system in Central Greece for hillside
plots of high erosion hazard with a downward slope ≥ 7.5% was proven to be the NoTl
system. The ANOVA results (p = 0.05) revealed that the soil datasets of the erodibility
treatments (A, B, C, and D) significantly differed (Sig. = 0.029). The optimum treatment for
limiting soil erodibility (K-factor) and maintaining a healthy soil environment was judged
to be treatment C [(NoTl-VCov) (no tillage plus vegetative coverage)] for hillside plots with
a high erosion hazard with a downward slope of ≥ 7.5%.

4. Conclusions

The prediction errors’ outcome of the validation of the geospatial and geostatistical
modeling for the GIS soil erodibility mapping proved the validity and accuracy of the
generated K-factor GIS digital map of the Helianthus annuus tested plots. All these results
have demonstrated that the ordinary Kriging exponential model had good performance and
is regarded as very well suited for modeling soil erodibility and many other soil parameters
(clay, sand, silt, OrM, very fine sand, etc.) and digital mapping. In consideration of the
ANOVA test results of the tillage systems and the treatment effects on the soil erodibility,
the optimum tillage system found was NoTl (no tillage) and the superior treatment was C
[(NoTi-VCov) (no tillage plus vegetative coverage)] for hillside plots of high erosion hazard
with a downward slope ≥ 7.5%. These can be considered as environmentally friendly
farming methods to curb soil erodibility by water, reduce runoff hazard, and maintain the
health of the soil’s environment and its beneficial nutrients.

Author Contributions: Conceptualization, A.F.; methodology, A.F., N.G. and E.H.; software, A.F.;
validation, A.F., N.G. and E.H.; formal analysis, A.F., N.G. and E.H.; investigation, A.F., N.G. and
E.H.; resources, A.F. and N.G.; data curation, A.F., N.G. and E.H.; writing—original draft preparation,
A.F.; writing—review and editing, A.F.; visualization, A.F. and E.H.; supervision, A.F.; project
administration, A.F.; funding acquisition, A.F., N.G. and E.H. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All the data of the study are presented in the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Foster, G.R.; Meyer, L.D. A Closed-form Soil Erosion Equation for Upland Areas. In Proceedings of Sedimentation Symposium in

Honor Professor; Einstein, H.A., Sten, H.W., Eds.; Colorado State University: Ft. Collins, CO, USA, 1972; pp. 12:1–12:19.
2. Filintas, A. Land Use Systems with Emphasis on Agricultural Machinery, Irrigation and Nitrates Pollution, with the Use of

Satellite Remote Sensing, Geographic Information Systems and Models, in Watershed Level in Central Greece. Master’s Thesis,
Department of Environment, University of Aegean, Mitilini, Greece, 2005.

3. Filintas, A. Land Use Evaluation and Environmental Management of Biowastes, for Irrigation with Processed Wastewaters and
Application of Bio-Sludge with Agricultural Machinery, for Improvement-Fertilization of Soils and Cultures, with the Use of
GIS-Remote Sensing, Precision Agriculture and Multicriteria Analysis. Ph.D. Thesis, Department of Environment, University of
the Aegean, Mitilini, Greece, 2011.

4. Wischmeier, W.H.; Smith, D.D. Predicting rainfall erosion losses. In A Guide to Conservation Planning; Agriculture Handbook 537;
USDA-ARS-58: Washington, DC, USA, 1978.

5. Renard, K.; Foster, G.; Weesies, G.; McCool, D.; Yoder, D. Predicting soil erosion by water: A guide to conservation planning with
the Revised Universal Soil Loss Equation (RUSLE). In Agricultural Handbook; United States Government Printing: Washington,
DC, USA, 1997; pp. 65–100.

6. USDA Department of Agriculture—Agricultural Research Service: Revised Universal Soil Loss Equation. 2002. Available online:
http://www.sedlab.olemiss.edu/rusle (accessed on 22 April 2022).

7. Panagos, P.; Meusburger, K.; Alewell, C.; Montarella, L. Soil erodibility estimation using LUCAS point survey data of Europe.
Environ. Model. Softw. 2012, 30, 143–145. [CrossRef]

http://www.sedlab.olemiss.edu/rusle
http://doi.org/10.1016/j.envsoft.2011.11.002


Environ. Sci. Proc. 2023, 25, 54 6 of 6

8. Bonilla, C.A.; Johnson, O.I. Soil erodibility mapping and its correlation with soil properties in Central Chile. Geoderma 2012,
189–190, 116–123. [CrossRef]

9. Soil Survey Staff. Soil Taxonomy: A Basic System of Soil Classification for Making and Interpreting Soil Surveys; USDA Natural
Resources Conservation Service: Washington, DC, USA, 1975.

10. Bouyoucos, J.G. Hydrometer method improved for making particle size analysis of soils. Agron. J. 1962, 54, 464–465. [CrossRef]
11. Page, A.L.; Miller, R.H.; Keeney, D.R. Methods of Soil Analysis Part 2: Chemical and Microbiological Properties; Agronomy, ASA and

SSSA: Madison, WI, USA, 1982; p. 1159.
12. Filintas, A. Soil Erosion and Environmental Protection; University of Thessaly: Larisa, Greece, 2022. (In Greek)
13. Wischmeier, W.H.; Johnson, C.B.; Cross, B.W. A soil erodibility nomograph for farmland and construction sites. J. Soil Water

Conserv. 1971, 26, 189–193.
14. Filintas, A.; Gougoulias, N.; Salonikioti, A.; Prapa, E. Study of soil erodibility by water on tillage and no tillage treatments of a

Helianthus Tuberosus crop using field measurements, soil laboratory analyses, GIS and deterministic models. Ann. Univ. Craiova
Ser. Biol. Hortic. Food Prod. Process. Technol. Environ. Eng. 2019, XXIV, 529–536.

15. Norusis, M.J. IBM SPSS Statistics 19 Advanced Statistical Procedures Companion; Pearson: London, UK, 2011.
16. Stamatis, G.; Parpodis, K.; Filintas, A.; Zagana, E. Groundwater quality, nitrate pollution and irrigation environmental manage-

ment in the Neogene sediments of an agricultural region in central Thessaly (Greece). Environ. Earth Sci. 2011, 64, 1081–1105.
[CrossRef]

17. Filintas, A.; Wogiatzi, E.; Gougoulias, N. Rainfed cultivation with supplemental irrigation modelling on seed yield and oil of
Coriandrum sativum L. using Precision Agriculture and GIS moisture mapping. Water Supply 2021, 21, 2569–2582. [CrossRef]

18. Filintas, A.; Nteskou, A.; Kourgialas, N.; Gougoulias, N.; Hatzichristou, E. A Comparison between Variable Deficit Irrigation and
Farmers’ Irrigation Practices under Three Fertilization Levels in Cotton Yield (Gossypium hirsutum L.) Using Precision Agriculture,
Remote Sensing, Soil Analyses, and Crop Growth Modeling. Water 2022, 14, 12654. [CrossRef]

19. Dioudis, P.; Filintas, A.; Koutseris, E. GPS and GIS based N-mapping of agricultural fields’ spatial variability as a tool for
non-polluting fertilization by drip irrigation. Int. J. Sus. Dev. Plann. 2009, 4, 210–225. [CrossRef]

20. Dioudis, P.; Filintas, A.; Papadopoulos, A. Corn yield response to irrigation interval and the resultant savings in water and other
overheads. Irrig. Drain. 2009, 58, 96–104. [CrossRef]

21. Filintas, A.; Dioudis, P.; Prochaska, C. GIS modeling of the impact of drip irrigation, of water quality and of soil’s available water
capacity on Zea mays L, biomass yield and its biofuel potential. Desalination Water Treat. 2010, 13, 303–319. [CrossRef]

22. Filintas, A. Soil Moisture Depletion Modelling Using a TDR Multi-Sensor System, GIS, Soil Analyzes, Precision Agriculture and
Remote Sensing on Maize for Improved Irrigation-Fertilization Decisions. Eng. Proc. 2021, 9, 36. [CrossRef]

23. Filintas, A.; Nteskou, A.; Katsoulidi, P.; Paraskebioti, A.; Parasidou, M. Rainfed and Supplemental Irrigation Modelling 2D GIS
Moisture Rootzone Mapping on Yield and Seed Oil of Cotton (Gossypium hirsutum) Using Precision Agriculture and Remote
Sensing. Eng. Proc. 2021, 9, 37. [CrossRef]

24. Dioudis, P.; Filintas, A.; Papadopoulos, A.; Sakellariou-Makrantonaki, M. The influence of different drip irrigation layout designs
on sugar beet yield and their contribution to environmental sustainability. Fresenious Environ. Bull. 2010, 19, 818–831.

25. Kalavrouziotis, I.K.; Filintas, A.T.; Koukoulakis, P.H.; Hatzopoulos, J.N. Application of multicriteria analysis in the Management
and Planning of Treated Municipal Wastewater and Sludge reuse in Agriculture and Land Development: The case of Sparti’s
Wastewater Treatment Plant, Greece. Fresenious Environ. Bull. 2011, 20, 287–295.

26. Hatzigiannakis, E.; Filintas, A.; Ilias, A.; Panagopoulos, A.; Arampatzis, G.; Hatzispiroglou, I. Hydrological and rating curve
modelling of Pinios River water flows in Central Greece, for environmental and agricultural water resources management.
Desalination Water Treat. 2016, 57, 11639–11659. [CrossRef]

27. Filintas, A.; Gougoulias, N.; Papachatzis, A. Soil organic matter modeling and digital mapping of a Triticum turgidum cropfield
using as auxiliary variables the plant available water, texture, field measurements, soil laboratory analyses, GIS and geostatistical
models. Ann. Univ. Craiova Ser. Biol. Hortic. Food Prod. Process. Technol. Environ. Eng. 2019, XXIV, 537–544.

28. Koutseris, E.; Filintas, A.; Dioudis, P. Antiflooding prevention, protection, strategic environmental planning of aquatic resources
and water purification: The case of Thessalian basin, in Greece. Desalination 2010, 250, 318–322. [CrossRef]

29. Koutseris, E.; Filintas, A.; Dioudis, P. Environmental control of torrents environment: One valorisation for prevention of water
flood disasters. WIT Trans. Ecol. Environ. 2007, 104, 249–259. [CrossRef]

30. Loague, K.; Green, R.E. Statistical and graphical methods for evaluating solute transport models: Overview and application.
J. Contam. Hydrol. 1991, 7, 51–73. [CrossRef]

31. Lu, G.Y.; Wong, D.W. An adaptive inverse-distance weighting spatial interpolation technique. Comput. Geosci. 2008, 34, 1044–1055.
[CrossRef]

32. Filintas, A.; Panoras, G.; Stamatis, G. Hydrological 2D Modelling of Lithaios River Flows (Greece) Using GIS and Geostatistics for
Environmental and Agricultural Water Resources Administration. Environ. Sci. Proc. 2023, 25, 13. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.geoderma.2012.05.005
http://doi.org/10.2134/agronj1962.00021962005400050028x
http://doi.org/10.1007/s12665-011-0926-y
http://doi.org/10.2166/ws.2021.108
http://doi.org/10.3390/w14172654
http://doi.org/10.2495/SDP-V4-N3-210-225
http://doi.org/10.1002/ird.395
http://doi.org/10.5004/dwt.2010.1038
http://doi.org/10.3390/engproc2021009036
http://doi.org/10.3390/engproc2021009037
http://doi.org/10.1080/19443994.2015.1123191
http://doi.org/10.1016/j.desal.2009.09.049
http://doi.org/10.2495/RM070241
http://doi.org/10.1016/0169-7722(91)90038-3
http://doi.org/10.1016/j.cageo.2007.07.010
http://doi.org/10.3390/ECWS-7-14201

	Introduction 
	Materials and Methods 
	Study Area and Site Description 
	Soil Sampling, Laboratory Analyses, and Classification 
	Statistical and Geostatistical Data Analysis, Soil Erodibility Modeling, and Methodology 

	Results and Discussion 
	Conclusions 
	References

