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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 22.9 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
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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.

ao bsoye sl Shy S 55 e sl U8 G5 al &5
(A 9 ¥) 35,b LaSle g pdn ol 9 (63K o pd (S35
ol eilinSs Lo Shy an bsye slagingsy )3 Lged oy
al)d a8 5,8 sanlie (V) Handreck « S o500 (slalis lawgs
lwgio i L 5oy (ud 5 51) yieg, S0 000 BV S
S e JymS | oS ) (elblamo ,5 T il ela S
Lo S 0590 sl Il el slom o ol 953!
Silwdnd )3 Jae (639)5 Olods 4 SB (55 Mo yd (Sg)in
9 PUCKett ges lgie .ol o 03y )16 S5 j> Ol colun
2 Bl (03555 laie a4 SB 5y b doyd (V) oK
255, ealiwl (Sdgyin sla Shg 3,9l p JES! plgs sl
&= (YA) Nemes g Rawls Lo wgi oad S5 mls 3 pioed
52939 S Olois 4 Wiged o (58 )l &Sl 4 295 L e
e o1 Vel il
st Shg sl 4 bape JE] @l 5l ol ) oo o
Oy b 4\]::.3\) 2 Uiy u*‘ C"l” Dgui 8 (Hguudre bk was

1- Pedotransfer function

LU pl cpteg)Sun 0 5l yiSargs a8 b > (ol o8 b

Ol pol ol 6 295 o0 Jilate Cuto oo gl Cuans 4y i
@)y go3gisme ) b Jao el Slostus (639l y2 s (g0
sl 9 @omlS iz 1A ool ol o9 S0 0 51 S g8
8 o9 ySee ¥ 5l S S godgiote )3 &5 oy ) e
ol pond aS0] a4 ds g b Al Cgenl Bl o Wlgi o L5yl
A4S Gygao D > ¢ pagydd (665 5 ookl b Kal @l
o ol Ao Sl Bl 55 019 ¥ 1 jSa oS 12y slaojll
o9 juy O (039050 53 (s (slad Jal3El & w0 sl
ook 4 1l sl St 5 L lab 0lio ) U Jue o
5 slosnlitio 3l s Sl oy OS]y, (gl b 55 45
23l o (0L5 oo iz 55 92,18 blod 4y L &) (3,41,
ol ol S s 3005 (s slbd S ol ) 4 jorie
@UIF 58 OlSdngly (B p w303 &) 5 kel sl
B o=+ ) bawgio ;b polie :,51)4 ,» Wei sisle Jao yida
(B) Alosgmas ST (209 )Suo B =V e e ) By g (ka9 S
[e0= V) oy (B oS oRg g U‘P 2o (383 (mibn
L o)y (Sllyd (6350)8 el 0us 0 (glo Jto bawgs (o Lo


www.SID.ir

AP LT — st oF ojleds P ale (S g T apis VVFY

29 Jil @l bl (il o (3,8 s

0.05 7 y = -7E-06x2 + 0.000x - 1E-05

Rz =0.025 Fred-4p
0.04 p=0.7633
w 0.03 ® o °
S 002 __..io——#——'—
o
0.01 ®e L L4
°
0 4 . . .
25 40 55 70
0.05 7y = 2E-05x2 - 0.001x + 0.059
0.04 R2 =0.047 AD
p = 05974
w 0034{ e e
[%2] . ) ® Y [ J
S oo .\.\Q_,/.
o
e® Q¢
0.01 e°
04 . . .
25 40 55 70
0.05 7 y = 2E-06x2 - 9E-05x + 0.021
R2 = 0.007 MLG
0.04 p=09258
° °
0.03
%) ® o
0.02 co—&b—a—/
5 o e
0.01 ® o400 °
0 4 . . .
25 40 55 70
Silt (%) o

5015 e 05 (B pme sla e 1 o3lisal b S5 b i5u 5.5

0.05 ° y = 5E-05x2 - 0.004x + 0.128
R2 = 0.264 ONL
0.04 o P<005
0.03 e ®
e ©
0.02 %,
®e% °
0.01 o,
04 . . .
25 40 55 70
0.05 7  y=1E-05x2 - 0.000x + 0.034
R? = 0.065 Wei
0.04 1 p = 0.4920
0.03 A ° ® o
®
002{ © : 4 % >
°
0.01 - °® °
0 . _ )
25 40 55 70
0.05 4 y = -5E-06x2 + 0.000x + 0.014
R2 = 0.008 Fred-3p
0.04 1 e P=09176
0.03 1 ®
° : L :“ )
021 & o A\
°
0.01 - 070, °
°
0 . . .
25 40 55 70
Silt (%) cdw

s slad Oley o (iKile iy oo g S clddiged 10 Claw Juoyd oo bLI,1-€ IS
s 2940 (wSile aly , :RMSE

Figure 4- The relationship between silt content of the soil samples and the values of root
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 madels 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
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