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Abstract

Soil water repellency (SWR) is a dynamic property that reduces water penetration into the soil and has
a significant impact on soil-water relationships. Direct measurement of SWR is laborious and time-
consuming. The objective of this study was to develop multiple linear regression (MLR), artificial neural
networks (ANN), and gene expression programming (GEP) pedotransfer functions (PTFs) for
estimating SWR in the Fandoghloo area of Ardabil province, Iran. A total of 80 disturbed and
undisturbed soil samples were collected from the 0-10 cm depth in three interconnected areas: forest,
range, and cultivated lands. Various readily available soil physical and chemical parameters were
measured in the laboratory. SWR was measured using the water droplet penetration time method in the
laboratory. Sixty data were used to training functions and 20 data were used for testing functions.
Positive and significant correlations were found between geometric mean of soil particle diameter (dg)
and organic carbon (OC) (0.61**), SWR and OC (0.37**) and dg (0.62**) as well as negative and
significant correlations between SWR and silt (-0.57**) and bulk density (BD) (-0.37**). The results of
the PTFs showed that dg, silt and BD were the most important readily available soil variables for
estimating SWR. The values of R2, root mean square error (RMSE), mean error (ME) and Nash Sutcliffe
(NS) were obtained 0.18, 16.89 sec, -10.34 sec, -20.99 and 0.46, 2.85 sec, 0.58 sec, 0.37 and 0.19, 13.39
sec, -6.38 sec, -12.82 for the best MLR, ANN and GEP PTFs in estimating SWR according to testing
data set, respectively. In conclusion, the ANN model provided the most accurate estimates for SWR
compared to the MLR and GEP models in the study area, as evidenced by its higher R2 value and lower
RMSE value.

Keywords: Intelligent Models, Land use, Pedotransfer functions, Readily available soil variables, Water
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6. Mean Weight Diameter of aggregates (MWDdry)
7. Geometric Mean Diameter (GMD)

8. Organic Carbon (OC)

9. Geometric Mean of soil particle diameter (dg)

19, Geometric Standard Deviation of soil particles (Sg)
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1. Root Mean Square Error (RMSE)
2. Mean Error (ME)

3. Nash Sutcliffe(NS)

4. Bulk Density (BD)

5. Particle Density (PD)
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Figure 1. Geographic position and distribution map of sampling points in the study area.
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Table 1. Soil water repellency (SWR) classification based on water droplet penetration time (WDPT).

WDPT (s) Soil water repellency (SWR) class
WDPT <5 Wettable

5>WDPT > 60 Slightly water repellent

60 > WDPT > 600 Water repellent

600 > WDPT > 3600 Strongly water repellent
WDPT > 3600 Severely water repellent

(GEP) 55 ol s y40l p Joo b ol sl yolio -F Jgur
Table 2. The values of GEP model parameters.

Genetic factors Values General adjustment Values
Mutation rate 0.044  Number of chromosome 30
Inversion rate 0.1 Head size 8

one point recombination rate 0.3 Number of genes 3

Two point recombination rate 0.3 Linking function Sum (+)

Gene recombination rate 0.1

Fitness function error type RMSE
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Table 3. Descriptive statistics of soil properties in the study area (n=80).

Variable CV (%) Mean Max Min
Sand (%) 45.96 33.26 64.80 13.14
Silt (%) 28.12 45.33 74.97 21.12
Clay (%) 46.45 2141 42.18 3.00
OC (%) 60.53 2.86 7.17 1.01
CaCOs (%) 28.61 7.07 15.60 2.10
BD (g cm?) 11.46 1.13 1.43 0.84
PD (g cm?) 6.30 243 2.68 2.01
n (%) 11.76 0.53 0.87 0.39
dg 81.79 0.06 0.21 0.01
Sg 27.49 11.52 20.43 5.61
EC125(dS m?) 117.62 0.14 1.08 0.02
pH 6.26 6.31 7.34 5.45
MWDd (mm) 17.37 1.56 231 0.98
GMD (mm) 10.41 1.03 1.33 0.80
SWR (Sec) 165.85 10.44 121.60 1.20

OC: Organic carbon; EC: Electrical conductivity; BD: Bulk density; PD; Particle density; MWD: Mean weight diameter of aggregates; SWR:
Soil water repellency; GMD: Geometric Mean Diameter; CV: Coefficient of variation.
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Table 4. Pearson correlation (r) between study variables

Variable SWR oC Silt dg Sg BD PD pH EC CaCO3 GMD MWDd
SWR 1.00

oC 0.37" 1.00

Silt 057" -0.37" 1.00

dg 0.62™ 0.61™ -0.51" 1.00

Sg 0.31" 0.15™ -0.86™ 0.09™ 1.00

BD 037" -0.39" -0.11™  -0.16™  0.21™  1.00

PD -0.40™ -0.63™ 0.16™ -0.42™  0.003"  0.45™ 1.00

pH 0.41™ 0.36™ -0.56™ 0.53™ 041"  0.10™ -0.29" 1.00

EC 0.35™ 0.11™ -0.18™ 0.26" 0.02  -0.20™  -0.12™  0.34™ 1.00

CaCO3 045~ 0.47" -0.32° 047" 009 -0.25° -0.36" 049™  0.19™ 1.00

GMD 0.30" 0.17™ -0.417 0.09™ 043™ -0.13™  -0.07™ 0.05™  -0.11™ 0.10™ 1.00
MwWDd 0.30" 0.31" -0.38™ 0.21™ 0.40™  -0.14™  -0.16™ 0.16™  -0.10™ 0.13™ 0.87" 1.00

ROWI PRVFIY | ) PRESE SN FYUECOIPE, R WY SRV B [PCES PSS N POSIW Ik PVt e
: Significant at P < 0.05 and P < 0.01, respectively.

* Kk

Variable symbols description is available under Table 3. ™
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Table 5. Derived regression PTFs for estimating soil water repellency (SWR)

PTF number Max VIF Regression PTFs

1 1 SWR =273.66 dg -3.071

2 1.35 SWR=196.62 dg -0.53 Si +25.41

3 1.44 SWR=149.06 dg -0.67 Si -58.59 BD +101.27

Variables description is available under Table 3.
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Table 6. Evaluation criteria for regression PTFs in estimating soil water repellency (SWR)

Training set Testing set
PTF . ME RMSE 2 ME RMSE 2
number Input variables NS (Sec) (Sec) R NS (Sec)  (Sec) R
1 Dg 0.39 000047 15.21 0.39 -21.65 -9.53 17.14 0.03
2 dg, Si 0.48 0.1324 14.06 0.48 -21.07 -9.86 16.92 0.09
3 dg, Si, BD 0.60 -0.1625 12.23 0.60 -20.99 10_34 16.89 0.18

u...li:L..ruw v} NS (s \.JLU)A u,:fob.n JYRC RMSE (L U.S.»L:.a -ME [ TSVE U] R2 ool ons e%{l Y Jj\.\> ISBT Las).:.».n oyl
RZ coefficient of determination; RMSE: root mean square error; ME: mean error; NS: Nash-Sutcliff coefficient. variables description is

available under Table 3.
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Table 7. Evaluation criteria for ANN PTFs in estimating soil water repellency (SWR)

Training set Testing set
PTF . ME RMSE 2 ME RMSE 2
number Input variables NS (Sec) (Sec) R NS (Sec)  (Sec) R
1 Dg 0.75 0.27 9.65 0.75 0.07 0.55 3.46 0.10
2 dg, Si 0.70 -1.73 10.60 0.71 0.31 -0.02 297 0.32
3 dg, Si, BD 0.85 -0.80 7.43 0.86 0.37 0.58 2.85 0.46

Variables and symbols description is available under Tables 3 and 6.
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Table 8. Evaluation criteria for GEP PTFs in estimating soil water repellency (SWR)

Training set Testing set
PTF . ME RMSE 2 ME RMSE 2
number Input variables NS (Sec) (Sec) R NS (Sec) (Sec) R
1 Dg 0.66 0.01 11.24 0.66 -18.06 -8.10 15.73 0.08
2 dg, Si 0.80 0.18 8.64 0.80 -17.21 -7.11 15.37 0.13
3 dg, Si, BD 0.86 -0.12 7.19 0.86 -12.82 -6.38 13.39 0.19

Variables and symbols description is available under Tables 3 and 6.

Y USS @ asgs b oms e Hlis Sgesl slaosls b |,
3 VY e &.JB:’ ools L;"\“S‘)" Sg oo salive
& e Sl i 0F Ol 9 SeeeS) &l e
130 SWR 0,61 0 audly sl Eomas gmac 4D
Joe cds ghle a4 ail o adllac 0,90 adlais sla S
GR35 Sal 039 ()5 Ol 9 (S T ) sla e 5] e
8o 53 (Amirabedi et al., 2018) ), Ken 5 sule
sldae b awlie 0 estan mae a0 Jow
S a5 Slad J5e eSibe 05515 50 (Fgew S
(Ahmadi et al., o)5Ken 5 goex! Giogh bl g
Cdo jl Eaan amas Al wilg ol lis 5 2019)
Casby opsl 5o SsesS) @y b anlie o YL
(PWP) So,eh ahas Cosb, 5 (FC) 4ac)je cud )b
(Asghari )|,Ken g (5 ol (imgh ;o X lo,85
(Ks) glesl Sy 00 colam 0,915 ,o sietal, 2019)
&l L anlie o seas gac ey S
10,95 5 a8 sl g VL 285 5l g3lg 5 g (Sgam S

RRRPY)

ool 00 03,51 £ 5 ¥ Jglaz 105 50 oo g Lo puite oy

ras 8l (MLR) (Ggaw,5) @y <85 amslio

SWR 3,91 ;8 (GEP) (35 sl 3 (ANN) (£ 5o
&lp Sye3l slresls ;.o ME g RMSE (R? NS ,,0lie
Ean orac S (MLR) (S9m S) @l 0%
30 SWR 5,515 58 (GEP) 5 oo 532,466 12 9 (ANN)
-4 ANN o 09 o0 oanlive .l oals &)1 A Jga
SeC 5 VY/¥A Llie )5 YIAD) ;oS RMSE cpsls Lo
SYUR? 55 5 (MLR 5 GEP ailss (sl,y s ity VFIAQ
5 GEP alss sl co s +/VA 5 +/VQ Llie ,o +/F5)
SVVIAY lie po+ /YY) S 45 505 NS 55 5 (MLR
<35 l)s (MLR 5 GEP ailsi (sl i s Y +/28
&l b anglio ;3 SWR 5515 10 6508 llas 5 3L
Sl mlys e b elul s .5s: GEP s MLR
A J992) 05 Ol g (Eoras (omas &b (Sge S
S (61 SWR s 515 55 (5355 sl e (2 yotes
(dg) S &3 a8 wois eSilos anlllas 5 g0 adlaie
g ¥ s w35 (BD) (6,0l (ogasie p ) 5 Sws
3 eolatwl b SWR suiso gl g g 505lal polael:)
OF Ol 9 (Fomae (sras 4D (Ga S, &l e

SS90 S 2010 10 Bl ¢y it ol 32 (SWR) S (532 55T g 6 351 0 )0 I @olgi B dumnliio -4 Jgur
Table 9. Comparison the precision of PTFs in soil water repellency (SWR) according to the best function in
testing data set.

ME RMSE

H 2
PTF number Input variables NS (Sec) (Sec) R
MLR 3 dg, Si, BD -20.99 -10.34 16.89 0.18
ANN 3 dg, Si, BD 0.37 0.58 2.85 0.46
GEP 3 dg, Si, BD -12.82 -6.38 13.39 0.19

Variables and symbols description is available under Tables 3 and 6.
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Figure 2. 1:1 diagram of measured and estimated values of soil water repellency (SWR) for the testing data set

(n=20) based on the best MLR, ANN and GEP PTFs.
Table 9 provides detailed information about each PTF and input variables. The dashed lines indicate the 1:1 line.
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