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Table 1- Selected physico-chemical properties of the studied soils (n=24)

Shedl  (Sicele (Bl maw opd e e Camd o8 Sl oy Wl oyl
Soil texture EC (dSm™?) ESP (%) SAR (meg/)®®  Sand (%) Silt (%) Clay (%) Sample No.

silty clay 31.4 38.6 31.8 10.1 46.3 43.7 1
sandy loam 72.4 70.3 48.3 55.3 30.2 14.6 2
Loam 48.3 39.5 21.8 41.6 43.2 15.2 3
Loam 2.3 18.5 16.4 46.6 36.4 17.0 4
silt loam 9.2 32.6 25.3 18.5 58.6 229 5
loam 85.4 71.0 47.0 43.8 435 12.8 6
loam 8.2 35.1 25.7 46.3 35.8 17.9 7
loam 15 9.6 10.7 36.6 45.7 17.8 8
sandyloam 7.2 31.0 22.8 53.2 329 13.9 9
sandyloam 9.4 34.2 28.8 59.4 33.0 7.6 10
silty clay loam 1.3 7.0 35 16.0 44.6 39.5 11
silt loam 0.8 13.7 0.7 194 55.8 24.8 12
silty clay 5.2 29.1 26.9 16.7 41.4 41.9 13
silty clay loam 21.6 30.5 30.9 13.6 49.0 37.4 14
silt loam 1.2 4.0 17.1 21.6 60.4 18.0 15
silty clay loam 2.1 19.5 9.2 155 45.6 38.9 16
clay loam 1.2 12.8 7.3 29.5 385 32.1 17
loam 2.2 14.4 18.8 259 47.3 26.8 18
loam 10.5 36.2 34.6 33.8 48.4 17.8 19
clay loam 15.6 23.1 26.4 27.3 44.2 28.5 20
clay 2.2 8.1 2.0 11.1 36.6 52.3 21
silty clay 15 10.3 5.3 9.0 41.6 49.4 22
silty clay 1.1 5.0 10.3 8.2 45.2 46.5 23
loam 3.5 17.6 14.7 37.7 40.2 22.1 24
Mean 14.39 25.49 20.26 29.03 43.52 27.48

SD 22.91 17.98 13.07 15.98 7.68 13.14
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Table 2-The mathematical representation of the particle-size distribution models

. . w
Je sl gl daleo ww' Jae
Model Equation Sy Model
parameters Abbreviation
1
F(d) = {1
{In[exp(1) + (@™
n,m,d, ) N
dm:o.Bgl In (1 + %) Fred-4p () ool ¥ ¥
1)
f
In (1 + d_)
m
F(d=FX)+c Offset-Nonrenormalized
Cyoqu F(X) = (1 —erf[(X — n)/oy/2])/ 2 ONL Lognormal (ONL)
X=In(d) (v)
1
F(d) = a {1
anm {Infexp(1) + (P ™ Fred-3p
d,=0.001 in(1+-22%) () corabl Y3 2
I ooty )
In (1 + a, )
d
fob,c,do F(d) = f, + barctan(c Log — AD (%) Cygmo !
1 (o}
a,b,c F(d) [T+ @ exp(—bd")] MLG (VY) Sswnof
F(d) =c+(1—c){1—exp(—aD")}
d— dpy; i
cab g= G Dnin) o mm, el (%) Jy=s

(dmax - dmin) '
= 0.001lmm

205 olatwl o gl I S wiged o > Jdo ya dleds
— [P =0)

RE = /o,] > 100 m

ey & 53805 gPi godgs i sllod no > RE ()] jo oS
o (5 pSojlul Jlolyd g Jae bawg 0ad (o (o Sl
Lo 5 (639 poyin 4 i s slad dop> a1 0jl0l b il
13 o3l x i mimmie el (gt Gy Jde (63,9 paS

Sigma l3dle 5 )5 ey 390 glare sl yiall o alad
A gy plot 11.0

PSD sladss s ol yls
sladie LS o) gla el polie gl lges
U»Lw‘).s ol 00 UI)I \ Jshw 2 Sk A god Y¥ dl).g PSD
2 srolio 2L S a3 5l ) 350 gl 2 ol
Sl TRAF Ll b Jie )3 s o pd (Sle e (o i
Loy 55 RMSE (Silo o s yiiier 39s Wei 5 AD o g
s Sl y b jlecwl «/-YA L yily o Fred-3p Juo o

21 359 slad 5:Sike (RMSE) s 30 (1:S3lio

o )lgais RMSE e 1S o ol 3 o3l ojss (siowie JS

o Gl Jae @B Gho 4 ol gad o35 L g 03 e

Sl o)) ey a5 iz gla el Jloly cadlllas o)y

Wogog (+=V b Jolao Ve g o (Slgli3 242 )3) sl cane
Cuol 2 50 RMSE

RMSE = /%Z?zl(Pi ~0,)? (v)

Jie il sUas ladamsiad lis 55 :(Er) (s slas
Er polée aS udges ol (V+) o)L 4 Lassabatere .co!
Lol JJ«O n_J9l.Lm U.)T)L{ (SO (JL'“" RN )‘ )‘5>9§

Z?:l(Pi_Oi)z
L 0)°

Er =

Jde lawgs 0dd g yia 5 Slodalie pdlie cuiy 4 Pig O

P Slosalin yooldo 1 lo iy 4 Progan o Omean «dlais S 4
il o bl olawi N (o lawg o0 o i

b o> ooy )90 S Jde Jrale Jov jolate 4

W08 duslde g duwbre &lyd jlojlul o o wd g8 3)51)4

@ ot s glod doyd gdwbre gl &S Conl s 4 p3Y



WP S wlyd ol a3 s dae By yo s jLsle b ;)

@b ol @5 oo JS 3505 3 adlllas 3)90 (sla Jae ages
iy ojlasl cuglate (claaials )3 byl 356l €85 (Yl
ol s (e il sla iy e 3yl il SB
»adie o2l )8 )l b el 5y900 Sy
5 o alyd (Slald b o S )y glojluil glite slaaials
Sr9rs e ol 1) (SisSa 9 L (I ey 5 o

aS adg /00 5l 568 o sllas gyl b Jio olod 50 o
(V+) cewl Lo Jao oyl 6V og0s ugj)Lf godid LS el oyl
oS s adlllas 3590 sl SB (> L Colys @l s canel>
el 5o a5 6 o8 ol 5 (ol S o8 (1 JS3) 3
2 bl Slyass aSl ol Ogllas adllas 3590 slaSB > ST
YU LS ool e Ll )3 g 039 o8 35 cilisie slaST
Ol sl b Jue pl caslio o1H 0ad 0 osnline
whLS A s (VY g ¥) @ ) ol aad 5155 5,500

0.05 -

0.04 1

L 0.03 -

n

=

o 0.02 -
0.01

Fred-4p ONL AD Fred-3p MLG  Wei

RE:ELE]

1 -
0.99 A %
o
a4
0.98
0.97 T T T T T 1
Fred-4p ONL AD Fred-3p MLG  Wei
0.12
0.09
| 0.06
0.03
0 + T
Fred-4p ONL

AD Fred-3p MLG  Wei

Ay ) RMSE (i oty R2 .aslllas 3,90 SB- sined (st 3 (5905 3,90 (s Jde 2,5 Ll pd ol puais =) S

s (Glas BT s &0 (1S5l
Figure 1- Variations in the efficiencycriteria of the applied models among thestudied soil samples. R:
coefficient of determination, RMSE: root mean square error, Er: relative error.
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Figure 2- The relationship between clay content of the soil samples and the values of root mean square error (RMSE) of
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models.
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mean square error (RMSE) of models
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Introduction: Particle size distribution (PSD) is one of the most fundamental features of soil physics that is
widely used as the most common input to predict several key soil attributes. The mathematically representing the
PSD provides several benefits to soil mechanics, physics, and hydrodynamics as well as helps to convert PSD
data of various particle size classification systems to the desired one. Consequently, the correct and consistent
descriptions of soil PSD using mathematical functions is necessary.

The PSD models have often been evaluated in terms of their general performances to predict the entire PSD
curve. Although given model may be feasible and globally perform well to generate the whole PSD curve,
locally may fail to predict some specific points on the curve. To our knowledge, as well as, PSD models have not
been widely tested for salt-affected soils with different levels of salinity and sodicity.

The aim of this study was to determine the error structure of several more accurate PSD models in selected
soil samples with different levels of salinity and sodicity.

Materials and Methods: 24 locations neighboring the western edge of threatened hypersaline Lake Urmia
were sampled in this study. The locations were selected based on the available soil maps and soils with wide
range of salinity/sodicity were sampled. Selected physical and chemical properties of the soil samples were
determined by standard methods. The performance of six PSD models including Modified Logistic Growth
(MLG), Fredlund type models with three (Fred-4p) and four (Fred-3p) parameters, Anderson (AD), ONL, and
Weibull (Wei), which have been reported as the most accurate PSD models by previous studies, was evaluated
using different efficiency criteria that offer various performances depending on the range of particle sizes.

An iterative nonlinear optimization procedure was used to fit the observed cumulative PSD data of the soils
to the PSD models. Since every statistical criterion evaluates a part and some (and not all) aspects of the
correspondence between measured and predicted values, we suggest that an effective assessment of model
performance should include a suitable combination of criteria. Furthermore, dependency of the models
performance was examined to the range of soil particle sizes.

Results and Discussion: The soils differed widely in their EC (range = 85dS/m and CV = 159%), ESP
(range =67 % and CV =71 %), and PSD (CV of clay and silt particles, 48 and 55 %, respectively). Soil textural
class of the soils was differed widely from sandy loam to clay. All the soils were calcareous and alkaline.

The results showed that according to the efficiency criteria, including R? (coefficient of determination),
RMSE (Root Mean Square Error) and Er (Relative Error), all of the models have high efficiency, so that, the
lowest average value of R? in models was 0.992 and the maximum value of RMSE and Er was 0.028 and 0.045,
respectively.

Prediction error of the models was dependent on the diameter for which we predict the cumulative fraction
and decreases with increasing of the soil particles diameter. The performance of the models showed a significant
quadratic polynomial relationship with sand content of the samples, so that, the studied models had the lowest
performance in soils containing 30 to 45 percent sand.

The point-to-point error structure of the model represents a decrease in systematic error in estimating coarse
soil particles, while the models over-estimated the relative frequency of the fine soil particles. In addition, the
values of relative error were also lower for coarse particles of the soil, so that, the Wei model (for example) had
the lowest Er value for 100 to 500 um diameter soil particles. The relatively high correlations between
parameters of Fred-3p, MLG and ONL models show insights to reduce the number of their parameters.

Furthermore, parameters a and ¢ of MLG model, parameters # and o of ONL model and parameter « and m
of Fred-3p model had a statistically significant correlations. The relatively high correlations between parameters
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of the PSD models show insights to reduce the number of their parameters which increases their applicability.

Conclusion: The studied models generally performed well to predict the whole PSD curve, but their
performances were particle size dependent. This implies that, one should consider the range of sizes of soil
particles for different models. A model might be accurate enough to predict some ranges of particle diameter or
the whole PSD, but not for particular range of particle sizes. Using such models might lead to large errors in
predicting the specific PSD range of interest.

Keywords: Lake Urmia, Prediction error, Saline-sodic soil, Soil texture



