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Table 1. Average values for relative particle size distribution of the studied soils (%)

Soil Texture Clay Silt Sand
Clay 45.6 28.1 26.3
Clay Loam 36.8 31.3 31.9
Silty Clay 42.7 43.1 14.2
Sandy Loam 17.8 7.2 75.0
Sandy Clay Loam 24.6 10.0 65.4
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Figure 1. Textural class distribution of the studied soil samples
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Table 2. The fractal models used in this research
Models Equations
Mandelbrot (1983) P(d) = Cd P
Perrier et al., (1999) P(d) = k+d3Pm
Bird et al., (2000) P(d) = Cd3Om
Perrier & Bird (2002) P(d)=(aPm ’3)*(%)3' pm
3Dm2-13Dm+14
Kravchenko & Zhang (1998) P(R) = exp {ln ky, + (%T])m:zl + 1) * lnR}
. . 3-Dip
Tyler & Wheatcraft (1992) M(< Ry) = ( R )
Mt _ R_malx3 b
Su et al., (2004) MR _ (R
M, R
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Table 3. Changes in the fractal dimension values resulting from the fitting with the models used

Tyler &

Mandelbrot Perrieretal Birdetal., Perrier & Kravchenko & Wheatcraft Su et al,
(1983) (1999) (2000) Bird (2002)  Zhang (1998) (1992) (2004)
Minimum -1.043 2.552 1.957 1.957 2.3 1.641 1.506
Average -0.758 2.662 2.243 2.243 2.607 2.276 2.251
Maximum -0.456 2.882 2.604 2.603 2.843 2.627 2.619
Standard 0.128 0.089 0.132 0.132 0.116 0.117 0.192
Deviation
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Table 4. Mean value of the fractal dimension for the studied soils

Mandelbrot Perrier etal Birdetal Perrier & Kravchenko & V\;I;?(/elaetrcf;ft Su et al,

(1983) (1999) (2000) Bird(2002) Zhang(1998) (1992) (2004)
Clay -0.78 2.69 2.216 2.216 2.58 2.21 2.21
Clay Loam -0.75 2.69 2.252 2.252 2.61 2.32 2.29
Silty Clay -0.64 2.60 2.355 2.355 2.70 2.43 2.41
Sandy Clay Loam -0.71 2.63 2.304 2.304 2.66 2.35 2.33
Sandy Loam -0.82 2.63 2.184 2.184 2.57 2.24 2.21
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Table 5. The RMSE and R? (values in parentheses) indices for 5 soil texture studied

Bird et

Kravchenko Tyler &

Mandelbrot Perrier et al. Perrier & Su et al.
' al., . & Zhan Wheatcraft '
(1983) (1999) (2000) Bird (2002) (1998)9 (1992) (2004)
Clay 0.060 0.125 0.60 0.061 0.060 0.063 0.70
(0.959) (0.817)  (0.959) (0.959) (0.959) (0.952) (0.944)
Clay Loam 0.074 0.119 0.074 0.076 0.745 0.080 0.086
(0.951) (0.858) (0.951)  (0.951) (0.959) (0.940) (0.932)
Silty Clay 0.090 0.107 0.090 0.091 0.090 0.097 0.104
(0.936) (0.909) (0.936) (0.936) (0.936) (0.923) (0.912)
Sandy Clay Loam 0.0704 0.113 0.071 0.071 0.070 0.071 0.077
(0.951) (0.872)  (0.951) (0.951) (0.951) (0.949) (0.940)
Sandy Loam 0.072 0.013 0.072 0.073 0.072 0.080 0.080
(0.950) (0.831)  (0.950) (0.950) (0.950) (0.946) (0.938)
oo axllae S bl oy ST cu po polio —F Jgus
Table 6. Akaike coefficient value for the studied soil textures
Mandelbrot  Perrier et Bird et Perrier & Kg\;:ﬁae:go V\;rhfaetrcfgﬁ Suetal.,
(1983) al., (1999) al., (2000) Bird (2002) (1998) (1992) (2004)
Clay -158.789 -111.535 -158.698 -137.374 -156.718 -152.319  -136.789
Clay Loam -146.126  -117.274 -146.126  -146.126 -149.216 -141.707  -135.961
Silty Clay -132.747  -122.693  -132.747 -132.747 -113.124 -127.670  -131.893
Sandy Clay Loam -147.391 -120.438 -147.391 -147.391 -142.158 -145.812 -142.268
Sandy Loam -146.960 -114.342 -146.960 -146.960 -178.627 -145.025 -135.483
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Table 7. Weighted R? (equation 4) values of the studied particle-size distribution models to predict

selected soil parameters.

Mandelbrot Perrier etal., Birdetal.,, Perrier & Kravchenko & V\;I;]Bglaetrcrggﬂ Suetal,
(1983) (1999) (2000) Bird (2002) Zhang (1998) (1992) (2004)
Dso 0.520 0.879 0.519 0.517 0.735 0.354 0.2510.251
Dso 0.848 0.154 0.895 0.888 0.877 0.805 0.8010.801
D1 0.419 0.164 0.461 0.420 0.523 0.411 0.342
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Figure 2. Models with the best fit in Clay (a), Clay Loam (b), Sandy
Clay (e) textures.

V20

Loam (c), Sandy Clay Loam (d), and Silty



S o5 Gladss

ﬁrlﬁ ‘J_S.)Bg d_d.b L.._w.‘ D50 9 D60 ).'.)l_u ‘:l_;))l
L asoges Jae Cax s D1o (ppedd [0 Lo Jow olod
50 slaJors calllas 5,50 JLiS 13 Lo Jos
(Perrier s, 4 ,» » (Bird et al., 2000) ,lSen
Kravchenko ) KI5 4 3 S!S 9 & Bird, 2002)
O3S gl 1y o, Slee o g (& Zhang, 1998
Sl iy 00,5 o dlpiiy il JLus )8 asy
2l b p5ggite S cdl sladige 9, i
5 5 4 by e JLsS 58 e asle JLS 3 sl
Jols JLis )8 slaJos Ko vy Ly g S )8

Dg plil L85y 90 sl o

ERUSTLE S
3590 5o JLES B Joe cdn o)LS (Ghagsy ol 5o
L SLs ages Fr Ol ojlasil amjeh sloaasiv
D005 yp ilitie (g lal sl asls 5l eslatul
JUS 8 am jlaie g9, S cdb ol )l gl
Joce calllas 5,50 slaJoe e o ol NS ,50
e yi—iao (Perrier et al., 1999) ol,L S g ,
S slasls (oles o) Al sl
4 asols ol s,lal slaasls fpimen usls
sboadis do Cod gl g0 JLiS 8 sla o
madls gaje (e o 6 Gl sl S
wodda e PSD sla Joaw.adjls g

References

Afrasiabi F., Khodaverdiloo H., Asadzadeh F., van Genuchten M.Th. 2019. Comparison of alternative
soil particle-size distribution models and their correlation with soil physical attributes. Journal of
Hydrology and Hydromechanics, 67(2): 179-190.

Aswathy R.K., Mathew S. 2019. Separation properties of finite products of hyperbolic iterated function
systems. Communications in Nonlinear Science and Numerical Simulation, 67: 594-599.

Bayat H., Rastgo M., Mansourizade M., Vereeken H. 2015. Particle size distribution models, their
characteristics and fitting capability: a review. Journal of Hydrology, 52(9): 872-889.

Bird N., Perrier E., Rieu M. 2000. The water retention function for a model of soil structure with pore
and solid fractal distributions. Soil Science, 51(1): 55-63.

Ersahin S., Gunal H., Kutlu T., Yetgin B., Coban S. 2006. Estimating specific surface area and cation
exchange capacity in soils using fractal dimension of particle size distribution. Geoderma, 136 (3):
588-597.

Esmaeelnejad L., Siavashi F., Seyedmohammadi J. 2016. The best mathematical models describing
particle size distribution of soils. Modeling Earth Systems and Environment, 4: 1-11.

Filgueira R.R., Fournier L.L., Cerisola C.I., Gelati P., Garcia M.G. 2006. Particle-size distribution in
soils: a critical study of the fractal model validation. Geoderma, 134(3): 327-334.

Fredlund M.D., Fredlund D., Wilson G.W. 2000. An equation to represent grain size distribution.
Canadian Geotechnical Journal, 37 (4): 817-827.

Ghafoor A., Koestel J., Larsbo M., Moeys J., Jarvis N. 2013. Soil properties and susceptibility to
preferential solute transport in tilled topsoil at the catchment scale. Journal of Hydrology, 49(2):
190-199.

Ghanbarian B., Daigle, H. 2015. Fractal dimension of soil fragment mass-size distribution: A critical
analysis. Geoderma, 245-246: 98- 103.

Ghanbarian B., Hunt A. 2012. Unsaturated hydraulic conductivity in porous media: Percolation theory.
Geoderma, 18(7): 77-84.

Ghorbani Dashtaki S., Homaee M., Khodaverdiloo H. 2010. Derivation and validation of pedotransfer
functions for estimating soil water retention curve using a variety of soil data. Soil Use and
Management, 26: 68-74.

Hwang S.I. 2004. Effect of texture on the performance of soil particle-size distribution models.
Geoderma, 123 (3): 363-371.

Hwang S.1., Lee K.P., Lee D.S., Powers S.E. 2002. Models for estimating soil particle-size distributions.
Soil Science, 66 (4).

Khodaverdiloo H., Samadi A. 2011. Batch equilibrium study on sorption, desorption, and
immobilization of cadmium in some semiarid-zone soils as affected by soil properties. Soil
Research, 49 (5): 444-454.

Y22



w0yl 50 JES B slaJos Q1S

Krause P., Boyle D.P., Base F. 2005. Comparison of different efficiency criteria for hydrological model
assessment. Advanced Geosciences, 5; 89-97.

Kravchenko A., Zhang R. 1998. Estimating the soil water retention from particle size distributions: a
fractal approach. Soil Science, 163 (3): 171-179.

Mandelbrot, B.B., 1983. The fractal geometry of nature (updated and augmented edition): Freeman, New
York, 468p.

MATLAB, 2012. The MathWorks. Inc., Natick, Massachusetts, United States.

Mehdizadeh L., Asadzadeh F., Samadi A. 2015. Application of mathematical models to describe the
particle size distribution of sediments behind successive check dams. Journal of Watershed
Engineering and Management, 4: 323-336 (In Persian)

Millan H., Gonzalez-Posada M., Aguilar M., Domynguez J., Cespedes L. 2003. On the fractal scaling
of soil data. Particle-size distributions. Geoderma, 117(1): 117-128.

Nimmo J. 2004. Porosity and pore size distribution. Encycl. Journal of Soil Environment, 3: 295-303.

Obour P.B., Schjgnning P., Peng Y., Munkholm L.J. 2017. Subsoil compaction assessed by visual
evaluation and laboratory methods. Soil and Tillage Research, 173: 4-14.

Perrier E., Bird N. 2002. Modelling soil fragmentation: the pore solid fractal approach. Soil and Tillage
Research, 64(1): 91-99.

Perrier E., Bird N., Rieu M. 1999. Generalizing the fractal model of soil structure: the pore—solid fractal
approach. Geoderma, 88(3), 137-164.

Rezaei E., Behmanesh J., Mohammadnejhad B., Zeinalzadeh K. 2013. Evaluation of pedo-transfer
functions for saturated hydraulic conductivity prediction on saline fields of Urmia Lake, Master
Thesis, Urmia University. (In Persian)

Sadikhani M. R. 2019. Prediction of Cation Exchange Capacity using fractal dimension of soil particle
size distribution. Applied Soil Research, 7 (2):56-66. (In Persian)

Shaker Shahmarbeigloo P., Khodaverdiloo H. and Momtaz H.R. 2019. Testing of new inputs to predict
nearsaturated soil hydraulic conductivity. Applied Soil Research, 7(1): 54-69. (In Persian)

Shi Z., Fang N., Wu F., Wang L., Yue B., Wu G. 2012. Soil erosion processes and sediment sorting
associated with transport mechanisms on steep slopes. Journal of Hydrology, 454: 123-130.

Su Y.Z., Zhao H.L., Zhao W.Z., Zhang T.H. 2004. Fractal features of soil particle size distribution and
the implication for indicating desertification. Geoderma, 122: 43-49.

Tyler S.W., Wheatcraft S.W. 1989. Application of fractal mathematics to soil water retention estimation.
Soil Science Society of America, 53 (4): 987-996.

Tyler SW., Wheatcraft SW. 1992. Fractal scaling of soil particle-size distributions: analysis and
limitations. Soil Science Society of America, 56 (2): 362-369.

Vereecken H., Weynants M., Javaux M., Pachepsky Y., Schaap M.G., van Genuchten M.Th. 2010.
Using pedotransfer functions to estimate the van Genuchten—Mualem soil hydraulic properties: a
review. Vadose Zone, 9 (4): 795-820.

Vipulanandan C., Ozgurel H.G. 2009. Simplified relationships for particle size distribution and
permeation groutability limits for soils. Journal of Geotechnical and Geoenvironmental Engineering,
135(9): 1190-1197.

Xiao L., Xue S., Liu G., Zhang C. 2014. Fractal features of soil pro files under different land use patterns
on the Loess Plateau, China. Journal of Arid Land, 6: 550-560.

Zhao P., Shao M., Horton R. 2011. Performance of soil particle-size distribution models for describing
deposited soils adjacent to constructed dams in the China Loess Plateau. Acta Geophysica, 59: 124-138.

Zhao P., Shao M., Zhuang J. 2009. Fractal features of particle size redistributions of deposited soils on
the dam farmlands. Soil Science, 174: 403-407.

\2Y


https://www.sciencedirect.com/science/article/pii/S0167198716301751#!
https://www.sciencedirect.com/science/article/pii/S0167198716301751#!
https://www.researchgate.net/profile/Lie_Xiao2?_sg%5B0%5D=kIH3jo__oTKzx5yMXNemVNvQU5c5Z19HnEeSJhWp-z9Wo87APTFmTjcqD7-_dY_HBqikRjg.27n3dEodowTQEerKRvmq-nJGXXjTYtIZztbeobi_owaaI05vY4KT3hhjEs6uriR22PbyYfBccDAQtMvW8cE7FQ&_sg%5B1%5D=OsvhLUhI8gWxb713e5Y91Og1A5IlbQfL9paZ3LgNr4Gysa5a-Ohg1YafpAqaVds5k1Skzs34FaZ_xwPZ.LZyWeYbckIe18p6ChhldmIukq6XhW5NmgK3sEGp6YxCZxZCjhDE26039dtBKjU4EMdr8cGNH_8PHcj77frbIcw

yvaa ul...w.a) f o)Lo..'L A ol S 6‘5)-.’)[5 Oladss

The Performance of Fractal Models in Estimating Soil Particle Size
Distribution
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Abstract

Particle size distribution (PSD) is one of the most important soil physical properties. Determining soil
PSD using low-cost, rapid, and accurate methods is of interest to researchers. In this research,
performance of seven fractal models to estimate PSD characteristics of 40 samples in five soil textural
classes, including clay, clay loam, silty clay, sandy loam, and sandy clay loam was investigated using
different statistical indices. For this purpose, 28 points of the soil PSD curve were measured using either
sieve or hydrometric method for each soil sample. Fitting of the PSD models was performed by nonlinear
regression using the Matlab program. The results showed the effect of soil texture on the fractal
dimension value. Among the models studied, Perrier et al. (1999) model had the most fitting error for
all soil textures. Also, Bird et al. (2000), Perrier & Bird (2002) and Kravchenko & Zhang (1998) models
had the best performance in fractal dimension estimation. The statistical indices showed that two-
parameter fractal models have a better fit for the soil PSD curve than single-parameter ones. The studied
PSD models were relatively accurate in estimating Dgo and Dso values. The results of this study indicated
that fractal models can be reasonably capable of estimating soil PSD characteristics.

Keywords: Fractal, Porous media, Particle size distribution models, Soil texture, Soil physical
properties
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