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Table 1. Mathematical expression of some experimental and fractal SWRC models used in this research
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Brooks and Corey (1964) o —o, ah <1 6., a,l
— _ n m
van Genuchten (1980) 0,=6,+(0, 9,)[1+(05hi) T oh =1 6,,a,n,m
0, =0, oh, <1
h b
Campbell (1974) 6 =6, (FEJ h, <h he, b
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S e ol
¢: total soil porosity (cm3/cm?), 6,: saturated water content (cm3/cm?), 6;: residual water content (cm®/ cm®), 6;: volumetric soil water content
(cm®/cm®) at matric potential of soil (hi(cm)), D: fractal dimension of SWRC, himin and hpax (cm): soil matric potential at which the smallest
and largest saturated pores desaturate, respectively, f: equivalent to % in which P and S are the phase and solid phases, respectively, a:

inverse of the air-entry suction (1/cm), A: pore size distribution index, o, n and m are the experimental parameters of the van Genuchten
equation that affect the shape of the soil water retention curve, (a (1/cm) is inverse of the air-entry suction, n is the curve shape parameter
that changes the curve slope around the turning point, and the constant coefficient m is equal to 1-1/), he (cm): air entry water potential
and b: slope of the soil water retention curve
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Figure 1. lllustration of the soil spectral reflectance measuring device in the darkroom, FieldSpec®3
apparatus and its accessories, and soil sample prepared in petri dish
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Table 2. Statistical description of some soil basic properties and parameters obtained from fitting measured
data to fractal and experimental SWRC models in two calibration and validation datasets

Calibration Validation

Properties Mean  Min Max SD Mean Min Max SD

Clay (%) 3579 20.00 51.78 8.00 35.74 19.50 58.49 9.32
Silt (%) 36.41 2481 50.12 5.207 38.40 23.31 4743 5.69
Sand (%) 27.78 947 51.39 10.49 25.85 4.03 51.86 11.78
dg (mm) 0.027 0.006 0.082 0.018 0.026 0.004 0.092 0.020
8y (mm) 1460 931 20.13 2.39 13.57 6.78 19.09 2.61
Bd (g/cm3) 161 128 2.5 0.159 1.59 140 197  0.118
PD (g/cm?) 268 250 280 0.058 2.68 2.55 281 0.055
P (%) 39.72 23.89 51.35 5.89 40.6 2448  46.82 4.70
OC (%) 0.79 0.26 1.36 0.27 0.82 0.15 1.25 0.27
CCE (%) 2541 012 60.25 17.87 26.44 0.125 59.75 17.05
Dpsd 2.83 2.73 2.88 0.037 2.83 2.75 291 0.039
Dswrc-tw 2.69 2.54 2.79 0.050 2.69 2.53 2.84 0.055
Dswrc-B 2.55 2.10 2.92 0.184 244 0.72 2.99 0.37
Aac 030 019 0.59 0.084 0.30 0.11 0.53 0.081
NvG 130 119 156 0.080 1.30 1.11 1.50 0.080
bc 023 016 041 0.051 0.23 0.09 0.38 0.053
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dg: geometric mean diameter of particles, 3,: geometric standard deviation of soil particles, Bd: bulk density, PD: particle density, P: total
porosity, OC: organic carbon, CCE: calcium carbonate equivalent, Dysqy: fractal dimension of the soil particle size distribution, Dswrc-tw:
fractal dimension of SWRC in Tyler and Witcraft model (1990), Dswrc.g: fractal dimension of SWRC in Bird et al. equation (2000), ny:
experimental parameter in the van Genuchten equation (1980), Agc: the soil pore size distribution coefficient in Brooks and Corey equation
(1964) and bc: the slope of the soil moisture retention curve in Campbell's equation (1974).
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Table 3. Pearson’s correlation coefficient between some soil basic properties and parameters obtained from
fitting measured data to fractal and experimental SWRC models

Clay Silt  Sand dg 5g CCE Dy DSTV:VRC' DSVEZRC' e Asc
Clay 1
Silt 0.21* 1
Sand -0.87#* -0.65%** 1
dg 0.86** -0.56** 0.94* 1
8 0.59** -0.76** 0.83* 0.60* \
CCE 011 026 -0.22° -0.24* -0.15 1
Dpsd 0.97** 018 -0.84** -0.88* -047* (.15 1
Dswre- 066  044* -073* -0.76* -0.50* 0.31* 068" 1
™
Dswac- g4« 014 -044* 052 017 016 054 067° 1
B
NG 0.55* -0.44* 064 076 033 -021* -0.60* -0.84* 069 1
Aac 0.52** -0.39** 0.60** 0.72** 029* -0.22* -058* -0.85* -0.72** 098 1
be 0.69** -0.33* 0.70** 0.77** 0.40* -0.25* -0.73** -0.90* -0.72** 0.89** 0.88*

*and **: Significant at 5% and 1% probability level, respectively
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Figure 2. Mean of the raw spectral reflectance of the studied soils (spectral feature regions centered near
1414, 1915, 2212 and 2341 nm is shown on the figure)
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Figure 3. Pearson’s correlation coefficient between fractal dimension of the soil particle size distribution,
parameters obtained from fitting measured data to fractal and experimental SWRC models with spectral
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Table 4. Derived parametric pedotransfer functions for estimating parameters obtained from fitting measured
data to fractal and experimental SWRC models (Numbers in parentheses are the statistics obtained from
validation of these pedotransfer functions (N = 30))

PTFs R? RMSE ME
Dpsa = 2.624 + 0.005 Clay + 0.002 oy 0.95 (0.96) 0.009 (.009) 0.00007 (0.00007)
Dswre-tw = 2.729 — 1.838 dgy + 0.001 CCE 0.57 (0.56)  0.035 (0.038) 0.001 (0.002)
Dswrc-s = 2.581 — 5.720 dg + 0.019 OC 0.47 (0.32) 0.129(0.331) 0.016 (0.110)
Aec=0.214 + 3.184 dq 0.51(0.56)  0.058 (0.054) 0.003 (0.003)
nve = 1.207 + 3.236 dq 0.57 (0.60)  0.053 (0.049) 0.003 (0.002)
bc =0.212 + 2.008 dy —0.001 CCE-0.017 OC 0.62 (0.48) 0.034 (0.04) 0.001 (0.002)
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Figure 4. 1:1 distribution diagram of calibration (@) and validation (a) values of derived parametric
pedotransfer functions in estimating fractal and hydraulic parameters of SWRC models

3 LB 235 615 o5 Dpea) S &l o3l a5
oﬁTﬁ 59 0 slpadion milgi ke (RPD = Y/00) o004
<ds b 9 v dsc Dswres Dswretw b il )y
5N (s RPD) wils pins b baogin i b
A &S Conl QT Sobs mls opl ggemme ;0 (VYF
oo b dnlin 10 (Dpsa) S &3 ojlail ay 595 JLS )3
s b adllaes jge (Slgyane 9 (JLS 3 slo sl
Slass gl 4 am 93 b .ol 00l 3,975 (6 5V Lo
Sl 5 JLT 3 slayell S ness gloenie

\YY

(STFs) iub JUisil aolgs
s sl slasal (PSTFS) oGl b b Jlasl ol
slodae Goil 5l ol syl oyl shate
L ool (5 pSojlul sloesls n SWRC 25 9 JLS )8
Fhe slazge Job o S b slaosls leslatul
RMSE 4 R? osgase .ol oais 03,91 (8) Jga ;o
=IOV e el (orwly glaools acgezs (sl
oylel 4 axgi Lol Cowsas /- YF- /1 FA 4 /YA

JUS 53 a0yl (sl aily 3lasl &b 54y RPD



\f‘ 6\ O)Lo..':; 6\’ AL’>

S 60,5 wldaxs

15 cilizee sloo Lol oll s eryg0] odd (g o)l
- oo oanlice szl 0 45 4% e ansl 0 il
= PN e Glodgame 0) R? o)lel a4 axgil g
(1YY = IYOY s glosgdoee ,0) RMSE 4 ( +/YY
555 de glayall 0550 )0 &l cnl el sy
JB 5o Gl s 1595 (awgte (i S8
VIYY (o Slodgaze j0) RPD ojlol 4y az g5 L a5 ol
3 S sl wsl Gty O -
Rexd l—----‘ 235905 (s anlllaedyge (SJgyum
s sl r3e5] gloesls RPD o)lol Jlae i
(be) JooS salolas jo S o Ol cunloass oo
2l iloaSs poie JUS 8 sa sl s e
e o eS (DsWRCS) ot S 3 galbaa o S
565 ) sz 5o o @l ME o,lel gl sl o
asl lansl cad JEsl ol des a5 ool o1 5l
ouds ;53 JUS 5 (Sdgpaee slayslly oyl 5
Db oo (69,91 pitn sl

5 ly polie Vi) STy loges (8) JSCB 50
3905 0 Syl il JET) g (e Lzl
osss ySosll polie ply 4o axlllesge sloprite
Jsaz 5 UK ol )0 45 g8 lad el o @) Ly
b ooty hnb JU! alg o e oanlin (B)
8o &hylo Dpsd 0,510 4o ‘sa.da slrosls 51 oolarul
5,512 ;5 5 (RMSE = +/+ Y& 4 RPD = \/f+) Lawste
axs 83 6l be g Nvg e [Dswres [Dswre-tw
(RMSE = +/-¥Y - /YD) g RPD = \/\Y - \/YY)
353152 53 STFS s PTFS 51 Lol sl duglio ol
S aasee ol adllles e (SHgyue slayally
Sl JuS 3 g (Sgpann slo el o505 50 PTFs
Lo Lo 95 5 6 5YL cdo I STRS L auslin o
STFs lp RMSE aie lawsin quli 4 azg
anlllass g0 JUS 3 5 (g slo ol ly 50505
5 6wl 0ez pl a5 00g PTFS 5l iy ol V/O-.
el 1o ol )b cpl 05615 ;0 PTFS yiics <LE

\YY

0 ymS 0 5 Fhe slogsadsh ol Cassat T Y
Jsb 4 Suo3 edguzme ;0 (gl Ver L Fee) Sy
oS (pl o b cdwlie (gl B0%) jw zge
o Sl VY 5 04V slazgeob o @iz nolie
Sl yably 500 slo it (et Glgreay willys
Hagiogn 5l (S p o digh a3 )5 1 )3 (SJgy0e
e 55T sl gl FAD 5 ORF B0+ slaggesb
o2l (Gomez et al., 2008) cowl ouls solazwl S
5 2e3s8) ool GlanST L (o035 abyl) lag e sk
s e GLis |, S K5, Sl egias 5 4nils (Coilan
2 Gl &Sl ol Soly ggose
5 s B B 5 (Sdyae sle sl
Stenberg, ) o5 Jlis S S, G,k 5l gogu
3 (Babaeian et al., 2015a) |,Ke 5 ,L3LL (2010
4 [y yegil PAY 5 0T slazge sk ;o S5k Hlade
SHgen oyl S imeds moe Glapiie (lye
Foe sbgsedsb los,S (B)I5 S oS o
TR PRIAY PRNEY TP FOSCT SNSRI o
oy ol b caslie agl VY .oYFO. o
Ve ¥ pda slaggedgb 4 Suo5 (> gedgb
ooy, b hadpe i ia 45 0og legilh VY- - g
S5 000 Sloos S «Syssg Koo ol 5 0
Wl LOlyS 9 o) leaSed 0 392se
o)en g oLSLL (Viscarra Rossel et al., 2006)
YO+ slezgsJsb ;o (Babaeian et al., 2015a)
Lo )5 e (i tates Oy |y yiogilli YE oo 5 VY -
ol S e ol culedSs Gl oygln o
ilos S

S aes e Ol pizmen (B) Jgu I Jol> s
Sl JuS 3 5 Sy sl sall o 50, ,0 PSTFs
ME laie o5 slagSar cwidlco (53,90 it shylo
A Aol LYY B oo By S

FES @l e ltel @l (izen (B) Jgaz 50
sosls 5w 5 SWRC v ¢ JUS,8 slo o



sy 5 SUS,8 slo Jow slo sl )l ‘3)3—‘)'?

3l 3l ol JBS 8 g (Sdgyuan sl ol )y 2591 » el &y bl ULl (PSTFS) Sy ol siab JUS! 2algi —0 Jgur
((N=30) sbly o0 b plg5 ol (oiuwylacl 4y bgs po oLl 3l Jo 1o slael) suls (6 S0 jlail sloosls w SWRC o Jow
Table 5. Derived parametric spectrotransfer functions (PSTFs) for estimating parameters obtained from

fitting measured data to fractal and experimental SWRC models (Numbers in parentheses are the statistics
obtained from validation of these spectrotransfer functions (N = 30))
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Figure 5. 1:1 distribution diagram of calibration @) and validation (a) values of derived parametric
spectrotransfer functions in estimating fractal and hydraulic parameters of SWRC models

sl S5l (0 b asdlass,se JUS 3 5 Sy p00m
oSk L59...la Qi ooy puzmen s S L,>_.L,.m
S0 5 6558 L (Ko Cilises sz ge Jsb
S Jail mlg fleie coxd gules 1 a5 onys
el 0,910 slp (STFS) b Jal wlgs o (PTFS)

S b ool ool wl Sl iogh cpl jo
YO-Y0 ) S0 me8090la Syo 055 jo
5 JESE sl il Fp e Sz sl
sl ol )b o aS T 5l o cwyp S Sy 0un

\YY



VFe 0 oles Ve ol S 60,5 wldaxs

5 S0 (6 s Jdods as cils Ll s Sl 5l edwli st bl 4 axgi bad o p,00 byl
Conle g iz 3blis ;0 S sl Ty b (PTF) oyl Jlasl sl o ol slao,lal
Sl mly pizmen § sub Jlanl mlg o0 (Dpsa) S 1,3 051l ae5 JUS 8 amy 00055,91
ookl b Jasl algs o) cl (559,—8 (S Sl g a5 o1 b e als oYU Ly <80
sbS 5 b sbabuls sl 10 35250 Dledb] sl el )b sl 0,90 yo adl la sl G sl b
S 58 903l 5 sl 9s9e S blie Suo Dswretw Jol—b anlllass ;oo (Sdgyann 5 JUS 3
eI y Sygo 5O Lgo.,.'a LgLasoalo aS Cew ‘;5 uwa .la_ws.uo Ls‘*’u“‘"" K Lgl)b bc 9 Nve Asc Dswre-s
Jemily slojlgale pglas Gyl sl (s (i ik il JEl wlg a8 wisls (LaS izren @l aisg
OBl ailgs co g il 1) )5 slo wlide jo oolas] Lo gie 285 61)ls Dpsa 9,51 50 «solgiiins (STFS)
sla Sy Gley 5 (SLSw Srdmpds 53,55 <83 5lbe 5 e dec Dswres DswreTw 3,505 5 5
@l slo ( Sy K puizmen 5 S (Sdgyuen o9 ol @S (S ol aiin 093 Shex
sleools Cdél as pl o8 an S alyd 551, S Sloosls 5 LPTF 4y cw s pae O jgo (o 0l lis
Jdods Ll v S a4y sgamee (slo,l90le SILY QS.,.Laa)BTﬁ <> STFs 5l olgs oo Lol 69959
Sl el o S ohaw 4Y Hul eSS Clloass pmine 0,5 5 (LS8 sl Jow sle il )l
SO PRV N COpA FRRL 4 Sy o0 055,95 Sliles Olet Sy oo LI iz e 0 S sl S e ol
sools 5loslatwl (Sl 0gd oo Sloien cpl 958 Sl awgi Ll sads Jsl mlgy yads cdo
5 LS8 sl Jow slo sl 05l 0 S il SLalbulS as g g bl (e 9 S Sledo]
e Sone b S o ol e sleass S (27 F b ] 5 oodle ool 8l aLb
References

Aldabaa A.A.A., Weindorf D.C., Chakraborty S., Sharma A., and Li B. 2015. Combination of proximal and
remote sensing methods for rapid soil salinity quantification. Geoderma, 239: 34-46.

Amirabedi H., Asghari Sh., Mesri Gandoshmin T., Balandeh N., and Johari E. 2019. Estimating the
soil saturated hydraulic conductivity in Ardabil Plain soils using artificial neural networks and
regression models. Applied Soil Research, 7(4):124-136. (In Persian)

Arya L.M., and Paris J.F. 1981. A physicoemprical model to predict soil moisture characteristics from
particle-size distribution and bulk density data. Soil Science Society of America Journal, 45: 1023-1030.

Babaeian E., Homaee M., Montzka C., Vereecken H., and Norouzi A.A. 2015a. Towards retrieving
soil hydraulic properties by hyperspectral remote sensing. Vadose Zone Journal. 14(3): 1-17.

Babaeian E., Homaee M., Vereecken H., Montzka C., Norouzi, A.A., and van Genuchten M.T. 2015b. A
comparative study of multiple approaches for predicting the soil-water retention curve: hyperspectral
information vs. basic soil properties. Soil Science Society of America Journal, 79: 1043-1058.

Bayat H., Neyshaburi M.R., Mohammadi K., Nariman-Zadeh N., Irannejad M., and Gregory A.S.
2013. Combination of artificial neural network and fractal theory to predict soil water retention
curve. Computers and Electronics in Agriculture, 92: 92-103.

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

Blaschek M., Roudier P., Poggio M., and Hedley C.B. 2019. Prediction of soil available water
holding capacity from visible near infrared reflectance spectra. Scientific Reports, 9:12833.

Bouma J. 1989. Using soil survey data for quantitative land evaluation. Advances in soil science, 177-213.

Brooks R.H., and Corey A.T. 1964. Hydraulic properties of porous media. Colorado State University.
Hydrology Papers, 3: 1-27

Campbell G.S. 1974. A simple method for determining unsaturated conductivity from moisture
retention data. Soil Science, 117: 311-314.

Chang C.W., and Laird D.A. 2002. Near-infrared reflectance spectroscopic analysis of soil C and N.
Soil Science, 167(2): 110-116.

YO



sy 5 SUS,8 slo Jow slo sl )l ‘3)5—‘)'?

ClarkR.N., King T.V., Klejwa M., Swayze G.A., and Vergo N. 1990. High spectral resolution reflectance
spectroscopy of minerals. Journal of Geophysical Research: Solid Earth, 95(B8): 12653-12680.

Dane J.H., and Topp, C.G. 2002. Methods of Soil Analysis Part 4: Physical Methods. SSSA Book
Series. Soil Science Society of America, Madison, WI. 1692p.

Davari M., Karimi S.A., Bahrami H.A., Hossaini M.T., and Fahmideh S. 2021. Simultaneous
prediction of several soil properties related to engineering uses based on laboratory Vis-NIR
reflectance spectroscopy. Catena, 197, 104987.

Davari M., Zalvaee Z., and Mahmoodi M.A. 2019. A comparison between empirical and fractal
models fitted to the measured soil moisture characteristic curve data. Iranian journal of Soil and
Water Research, 50(4): 862-847. (In Persian)

Esbensen K.H. 2006. Multivariate Data Analysis. CAMO Software AS. 5™ Ed. 589p.

Fahmideh S., Davari M., Mosaddeghi M.R., and Sharifi Z. 2019. Performance evaluation of
reflectance spectroscopy for estimation of soil organic carbon content in Zrebar lake watershed,
Kurdistan province. Journal of Water and Soil Conservation, 26(6): 59-78. (In Persian)

Fazeli Sangani M., and Pilehvar Shahri A.R. 2013. Estimation of soil water retention curve by using fractal
dimension of soil particle size distribution. Watershed Management Research, 26, 2(99): 126-132. (In Persian)

Ghanbarian-Alavijeh B., and Millan H. 2010. Point pedotransfer functions for estimating soil water
retention curve. International Agrophysics, 24(3): 243-251.

Ghanbarian-Alavijeh B., Millan H., and Huang G. 2011. A review of fractal, prefractal and pore-solid-
fractal models for parameterizing the soil water retention curve. Canadian Journal of Soil Science,
91(1): 1-14.

Gomez C., Lagacherie P., and Coulouma G. 2008. Continuum removal versus PLSR method for clay
and calcium carbonate content estimation from laboratory and airborne hyperspectral
measurements. Geoderma, 148(2): 141-148.

Hamilton L.C. 1990. Modern data analysis. A First Course in Applied Statistics. Brooks/Cole

Publishing Co. Pacific Grove, CA, USA. 684p.

Homaee M., and Farrokhian Firouzi A., 2008. Deriving point and parametric pedotransfer functions
of some gypsiferous soils. Soil Research, 46(3): 219-227.

Huang G., and Zhang R. 2005. Evaluation of soil water retention curve with the pore-solid fractal
model. Geoderma, 127(1): 52-61.

Huang G.H., Zhang, R.D., and Huang Q.Z. 2006. Modeling soil water retention curve with a fractal
method. Pedosphere, 16(2): 137-146

Janik L.J., Merry R.H., Forrester S.T., Lanyon D.M., and Rawson A. 2007. Rapid prediction of soil water
retention using mid infrared spectroscopy. Soil Science Society of America Journal. 71(2): 507-514.

Kahkhamoghadam P., and Sepaskhah A.R. 2017. Evaluation three fractal model to determine soil
water retention curve. Irrigation & Water Engineering, 7(26): 28-45. (In Persian)

Khodaverdiloo H., Homaei M., van Genuchten M. Th., and Ghorbani Dashtaki S. 2011. Deriving and
validating pedotransfer functions for some calcareous soils. Journal of Hydrology, 399: 93-99.

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

Leon L., Allan W, Fylstra D., Lasdon L., Watson J., and Warren A. 1998. Design and use of the
Microsoft excel solver, Interfaces (Providence), 28(5): 29-55.

Leone A.P., Leone G., Leone N., Galeone C., Grilli E., Orefice N., and Ancona V. 2019. Capability
of diffuse reflectance spectroscopy to predict soil water retention and related soil properties in an
irrigated lowland district of southern Italy. Water, 11, 1712.

Liu X., Xu J., Zhang M., Si B., and Zhao K. 2008. Spatial variability of soil available Zn and Cu in
paddy rice fields of China. Environmental Geology, 55(7): 1569-1576.

Mertens J., Stenger R. and Barkle G.F. 2006. Multi objective inverse modeling for soil parameter
estimation and model verification. Vadose Zone Journal, 5: 917-933.

Minasny B., and McBratney A.B. 2007. Estimating the water retention shape parameter from sand
clay content. Soil Science Society of America Journal, 71(4): 1105-1110.

Minasny B., McBratney A.B., and Bristow K.L. 1999. Comparison of different approaches to the
development of pedotransfer function for water-retention curves. Geoderma, 93: 225-253.

\Y#



VFe 0 oles Ve ol S 60,5 wldaxs

Ostovari Y., and Beigi Harchegni H. 2013. Pedotransfer functions for estimating soil volumetric
moisture content based on soil fractal dimension. Journal of Water and soil, 27(3): 630-641.
Ostovari Y., Faryabi A., and Moosavi A.A. 2017. Assessment and comparison of two sets of
pedotransfer functions for prediction of some points of soil moisture characteristic curve. Journal

of Water Research in Agriculture, 31(2): 233-243. (In Persian)

Perfect E. 1999. Estimating soil mass fractal dimensions from water retention curves. Geoderma, 88(3): 221-231.

Pinheiro E.F., Ceddia M., Clingensmith C., Grunwald S., and Vasques G. 2017. Prediction of soil
physical and chemical properties by visible and near-infrared diffuse reflectance spectroscopy in
the Central Amazon. Remote Sensing, 9, 293.

Pittaki-Chrysodonta Z., Moldrup P., Knadel M., Iversen B.V., Hermansen C., Greve M. H., and de
Jonge L.W. 2018. Predicting the campbell soil water retention function: comparing visible—near-
infrared spectroscopy with classical pedotransfer function. Vadose Zone Journal, 17(1): 1-12.

Rezghi Z., Homaee M., and Noroozi A. 2020. Quantitative estimation of soil texture components
using spectroscopy in the visible-near infrared region. Watershed Engineering and Management,
11(4): 1033-1043. (In Persian)

Rieu M., and Sposito G. 1991. Fractal fragmentation, soil porosity, and soil water properties: I.
theory. Soil Science Society of America Journal, 55(5): 1231-1238.

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)

Santra P., Sahoo R.N., Das B.S., Samal R.N., Pattanaik A.K., and Gupta V.K. 2009. Estimation of
soil hydraulic properties using proximal spectral reflectance in visible, near-infrared, and
shortwave-infrared (VIS-NIR-SWIR) region. Geoderma, 152:338-349.

Schaap M.G., Leij F.J., and. van Genuchten M.Th. 1998. Neural network analysis for hierarchical
prediction of soil hydraulic properties. Soil Science Society of America Journal, 62:847-855.
Schneider W.E., and Young R. 1997. Spectroradiometry Methods. In: DeCusatis C. (Ed.), Handbook

of Applied Photometry. American Institute of Physics, pp. 239-288.

Shirazi M.A., and Boersma L. 1984. A unifying quantitative analysis of soil texture. Soil Science
Society of America Journal, 48: 142-147.

Sparks D.L., Page A.L., Helmke P.A., and Loeppert R.H. 1996. Methods of Soil Analysis Part 3:
Chemical methods. SSSA Book Series. Soil Science Society of America, Madison, WI. 1390p.
Stenberg B. 2010. Effects of soil sample pretreatments and standardised rewetting as interacted with
sand classes on Vis-NIR predictions of clay and soil organic carbon. Geoderma, 158: 15-22.

Su Y.Z., Zhao H.L., Zhao W.Z., and Zhang T.H. 2004. Fractal features of soil particle size
distribution and the implication for indicating desertification. Geoderma, 122(1): 43-49.

Tranter G., Minasny B., McBratney A.B., Rossel R.A., and Murphy B.W. 2008. Comparing spectral
soil inference systems and mid-infrared spectroscopic predictions of soil moisture retention. Soil
Science Society of America Journal, 72(5): 1394-1400.

Tyler SW., and Wheatcraft S.W. 1990. Fractal processes in soil water retention. Water Resources
Research, 26: 1047-1054.

Van den Berg M., Klamt E., Van Reeuwijk L.P., and Sombroek W.G. 1997. Pedotransfer functions for the
estimation of moisture retention characteristics of Ferralsols and related soils. Geoderma, 78(3-4): 161-180.

Van Genuchten M.T. 1980. A closed-form equation for predicting the hydraulic conductivity of
unsaturated soils. Soil Science Society of America Journal, 44(5): 892-898.

ViewSpec ProTM User Manual, 2008. ASD Document 600555 Rev.A, Boulder, CO 80301.

Viscarra Rossel R.V., Cattle S.R., Ortega A., and Fouad Y. 2009. In situ measurements of soil color,
mineral composition and clay content by vis—NIR spectroscopy. Geoderma, 150(3-4): 253-266.

Viscarra Rossel R., McGlynn R., and McBratney A. 2006. Determining the composition of mineral-
organic mixes using UV-vis—NIR diffuse reflectance spectroscopy. Geoderma, 137: 70-82.

Wosten J.H.M., Pachepsky Y.A., and Rawls W.J. 2001. Pedotransfer function: bridging the gap
between available basic soil data and missing soil hydraulic characteristics. Journal of Hydrolology,
251: 123-150.

Zhang Z., Ding J., Wang J., and Ge X. 2020. Prediction of soil organic matter in northwestern China
using fractional-order derivative spectroscopy and modified normalized difference indices.
Catena, 185, 104257.

\YY



sy 5 SUS,8 slo Jow slo sl )l ‘3)5—‘)'?

Parameter Estimation of Fractal and Experimental Models of Soil Water
Retention Curve Using Pedotransfer and Spectrotransfer Functions
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Abstract

Over the last decades, soil spectral data as a rapid, low-cost, and non-destructive method has been
widely applied to estimate basic soil properties. In this study, the feasibility of using spectrotransfer
functions (STFs) and pedotransfer functions (PTFs) was explored to estimate the parameters of
fractal and experimental models of Soil Water Retention Curve (SWRC). For this purpose, a number
of 100 soil samples were collected and their spectral reflectance over 350-2500 nm region were
measured using a handheld spectroradiometer apparatus. Some soil physical properties and
parameters obtained from fitting fractal and experimental models of SWRC to the measured data
were determined. After spectral preprocessing, stepwise multiple linear regression was applied to
derive PTFs and STFs using basic soil properties and soil spectral reflectance as input, respectively.
According to the results, the parametric PTFs had high accuracy in estimating the fractal dimension
of the soil particle size distribution (Dgsg) (R? = 0.96), while the derived parametric functions had
moderate predictive accuracy in estimating other studied fractal and hydraulic parameters including
Dswrec-tw, Dswre-g, Asc, Nvg and be (R? = 0.40 — 0.59). The results also showed that the proposed
spectral transfer functions (STFs) had moderately accuracy in estimating Dysq (RPD = 1.40) and had
poor accuracy in estimating Dswrc-tw, Dswrc-s, Asc, Nve and be (RPD = 1.13 — 1.37). Overall, the
results of this study showed that despite of the relatively lower accuracy of spectral parametric
functions compared to pedotransfer functions, the use of soil spectral data due to simultaneous
estimation of several parameters, lower cost, less time and field data (especially with development
of soil information databases and spectral libraries), can be used as an indirect, rapid and novel
method in estimating parameters of fractal and experimental models of SWRC.

Key words: Spectral Reflectance, Estimation, Stepwise Multiple Linear Regression, Soil Physical
Properties.
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