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Avrticle Info ABSTRACT

Article type: Background and Objectives: Water infiltration to soil play an important
Full Length Research Paper  role in irrigation management, storage moisture in soil especially in dry
and semi-dry area and increasing agronomy yield. Understanding water
infiltration to soil is of important in designing and applying water
Received: 12,17 2021 conservation methgds, flood and runoff _control a_nd_ soi_l erosiqn
Revised: 08.25.2022 management. Additionally, accurately measuring water infiltration to soil
Accepted: 08.27.2022 in different times is more important for predicting water storage in root
zone, irrigation designing and planning and agronomy management. In
other hand, water infiltration to soil is a base for precision agriculture,

Article history:

Keywords: therefore, producing accurate maps for water infiltration to soil play an
Artificial neural network, important role in land management and applying precision agriculture.
Multiple linear regression,  Modeling soil water infiltration at the field scale with ruler of calcareous,
Spatial estimators, saline and sodic conditions is important for a better understanding of

Water infiltration to soil infiltration processes in these soils and future of infiltration modeling. The

present study aimed for estimating water infiltration to soil at different
times using soil spatial prediction functions and spatial estimators.

Materials and Methods: In present study, 72 soil samples were collected
using a random sampling method in Marvdasht plain, Fars Province. In
selected points, soil bulk density, sand silt, clay, pH, electrical
conductivity, calcium carbonate, solution sodium, solution calcium and
magnesium and organic carbon contents. For measuring water infiltration
to soil, the double ring method were used. Multiple linear regression
(MLR), artificial neural network (ANN) and spatial estimators were used
for deriving soil spatial prediction functions models between water
infiltration to soil in different times including 5, 10, 20, 45, 90, 150, 210
and 270 min. In this study, the readily available soil properties and
auxiliary variables such as remote sensing and topography data were used
in soil spatial prediction functions.

Results: The results of evaluating regression and artificial neural networks
models based on the mean error (ME), coefficient of determination (R?)
and root mean square error (RMSE) criteria in testing phase were showed
that the developed artificial neural network models in present study
performed better than multiple linear regression models in water infiltration
to soil prediction at different times. Moreover, the results showed that the
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combined estimators (artificial neural network - Kriging) performed better
than ordinary kriging model for estimating water infiltration to soil.

Conclusion: In totally, the results of this study showed that the applying
soil spatial prediction functions (using auxiliary variables such as remote
sensing data and topography data with the readily available soil
properties) had a great potential to predict spatial estimation of water
infiltration to soil at most considered times.
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Figure 1. Location of study area in Fars province and distribution of sample points.
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Table 1. Descriptive statistics of study soil.

Slre Gl sl Sl SSlas Ll Sl Slao g
Standard deviation Mean Max Min Soil easily-to-measure properties
(1) oy
6.95 43.4 62.8 30.1
Sand (%)
3.99 313 40.0 20.0 )
Silt (%)
(1) s
4.98 25.4 38.9 16.3
Clay (%)
~ s s 2 - Sl
0.019 0.057 0.097 0.026 () ’é_’bﬁf””“g‘
Geometric mean (mm)
53 ks A lae Sl ol
2.65 13.7 211 8.78 TS S i Sl S
Geometric standard deviation (mm)
1y e
0.28 173 2.16 0.99 ¢ _)3 s
Organic carbon (%)
/. Lxe P,...J.S =L
11.25 41.9 66.5 11.50 ) (1) Jatas e u o
Calcium carbonate equivalent (%)
0.197 7.59 7.89 7.03 pH
ds m? ;
2.21 2.14 12.69 0.04 ( ) o

Salinity (dS m™)

(1) Jsls b Ao 2
Exchangeable sodium percentage (%)

14.27 13.44 67.88 1.05

y
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Table 2. Developed regression models for predicting cumulative infiltration water to soil in different times.

Sl 0se3l
S S glads Train Test Mean
; DWW ViF
Regression models

ME RMSE R? ME RMSE R?

Is = 1.458 + 0.0090C + 28.24Dg — 0.049ESP ] ]
+0.106EC — 0.075Slope 0.0014 1.09 0488 -0.0021 1.06 0.496 181 223
I;p = 2.027 + 0.0790C + 42.49Dg — 0.072ESP
+ 0.131EC — 0.084Slope 02016 132 0.654 0.2012 1.26 0.651 1.90 292
I,0 = 2.729 + 0.3170C + 68.49Dg — 0.085ESP

— 0.114Slope 0.2001 242 0.456 0.1800 247 0499 232 3.88

I45 = —8.957 + 2.2590C + 0.393Sand — 0.129ESP
+ 0.003CCE — 0.14Slope 01123 441 0576 0.1201 398 0547 199 3.00

oo = 25.389 + 4.0290C — 0.61Clay — 0.224ESP
+0.057CCE — 0.12Slope 0.0030 9.00 0.329 0.0015 877 0300 218 456

liso = —1.376 +5.5820C + 349.97Dg — 0.317ESP 0594 1011 0449 -00543 1006 0478 172 3.22
— 0.254Slope

I,10 = —25.834 + 17.4810C + 481.81Dg — 0.647Slope 1.1876 14.66 0.531 1.3200 14.11 0.500 234 474

1,70 = —36.25 + 24.030C + 590.67Dg — 0.739Slope  0.6000 18.03 0.514 04775 1765 0533 2.01 4.18

(e el 4233 YV g YVe V00 Qv 0 Y Ve 0 laple; 5o S« ui ) 358 lo70 9 lo1g disg oo das dog ddig s
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Figure 2. Measured versus predicted cumulative infiltration by using regression models.
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Table 3. Developed neural networks for predicting cumulative infiltration water to soil in different times.

s S Sl O3l
Neural networks Train Test
sl (g slans all g
Seleiced arir)litecture Transfer fucﬁjtions ME RMSE i ME RMSE i
I 5-4-1 logsig-purelin 0.112 0.922 0.645 0.113 0.902 0.665
l1o 5-5-1 logsig-purelin 0.201 1.289 0.779 0.189 1.220 0.757
I 4-6-1 logsig-purelin 0.277 2.005 0.669 0.267 2.089 0.658
Igs 5-6-1 logsig-purelin 0.436 3.132 0.654 0.435 3.121 0.688
lgo 5-3-1 logsig-purelin -0.095 7.898 0.528 -0.123 8.001 0.500
l15o 4-9-1 logsig-purelin 0.098 9.201 0.580 0.187 9.121 0.578
lo10 3-5-1 logsig-purelin 0.959 12.111  0.721 1.022 11.665 0.760
l270 3-4-1 logsig-purelin 1.094 16.000 0.599 1.125 16.040  0.629
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Figure 3. Measured versus predicted cumulative infiltration by using neural networks.
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Table 4. Variography parameters cumulative infiltration water to soil in different times.

554 Jae (km) «als (lanks I sl - () S\ Sar
Infiltration Model Range (km) Nugget effect Sill Spatial correlation

Is Spherical 60.3 15 2.6 57.7

lig Gaussian 26.3 3.6 5.8 62.5

log Spherical 27.4 9.3 13.7 67.9

l45 Spherical 49.6 31.3 59.2 52.9

lgg Spherical 87.6 89.9 191.4 46.9

l150 Spherical 71.6 258.7 721.9 35.8

lo10 Gaussian 77.2 2735 736.7 59.0

lo70 Gaussian 88.9 398.2 1082.1 36.8
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Table 5. Evaluating cumulative infiltration water to soil mapping in different time with Kriging.

Sl 03030
Jde sbobe i, Train Test
Model Interpolating method ) 5
ME RMSE R ME RMSE R
Is Ordinary Kriging -0.0013 0.945 0.515 -0.0010 0.985 0.484
l1o Ordinary Kriging 0.1965 1.11 0.636 0.1866 1.21 0.644
Iy Ordinary Kriging 0.1998 2.00 0.487 0.2005 2.08 0.481
Igs Ordinary Kriging 0.0092 3.89 0.552 0.0121 3.93 0.543
lgo Ordinary Kriging 0.0000 7.88 0.411 0.0423 8.25 0.410
l150 Ordinary Kriging 0.0270 11.12 0.434 0.0883 12.19 0.421
1210 Ordinary Kriging 1.5476 14.13 0.538 1.2945 13.34 0.576
Ix70 Ordinary Kriging 0.9878 18.11 0.499 0.9989 17.99 0.490
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Table 6. Evaluating cumulative infiltration water to soil mapping in different times with Neural Network-Kriging.

o] Ose))

Jde ol oo Train Test
Model Interpolating method
ME RMSE R? ME RMSE R

I Neural network-Kriging -0.0675 0.909 0.719 -0.0110 0.898 0.726
l1o Neural network-Kriging 0.2005 1.089 0.854 0.1800 1.09 0.884
l20 Neural network-Kriging 0.1679 1.99 0.666 0.1565 2.00 0.648
Iss Neural network-Kriging 0.0234 297 0.675 0.0987 2.93 0.659
lgo Neural network-Kriging 0.0120 6.59 0.604 0.5423 7.08 0.586
l150 Neural network-Kriging 0.2746 8.88 0.709 0.5463 8.01 0.743
lo10 Neural network-Kriging 1.0073 10.56 0.804 1.8786 11.45 0.776
lo70 Neural network-Kriging 1.7366 16.01 0.629 1.8487 16.98 0.581

Sl 4235 YV 5 VY0 Nor Qe £0 V0 N 0 bl js S o uT ] 5_5,@ |270 E) |210 z|150 zlgo 4|45 ‘IZO z|10 z|5

Cymulative infiltration in 10 min Cumulative infiltration in 5 min
x N
Legend :

Legend Infiltration (cm)

Infiltration (cm) £10.0-0.3

[10.0-05 £103-08

10.5-1.0 08-1.2

[1.0-1.5 1.2-1.6

m15-19 1.6-2,0

mi19-24 y mm20-25

N24-29 mm25-3.1

- 2-9 = 3-7 D_ 5_ 10 20 30 40km - 3-1 = 307 0_ 5_ 10 20 30 4({(1\1
EN37-4.6 Hl3.7-45

4.6 -8.6 EN45-93

A



Olen g Mo g0 | e A 3985 35915 43 (S0 (505 (0SS Aumnlie

Cumulative infiltration in 45 min

Legend ‘
Infiltration (¢
[10.0-1.4
[11.4-3.2
[3.2-47
4.7-59
ms9-74
EN7.4-92
9.2 -114
11.4-141
N 14.1-154
B[54 -23.9

0 5§ 10 20 30 411“

Cumulative infiltration in 150 min

Legend
Infiltration (cm)
[10.0-3.0
[13.0-6.3
[16.3-10.4
104-154
9 154-21.8
W 21.8-29.7
N 29.7 - 39.5
N 39.5 - 40.1
Il 50.1 - 65.2
I 65.2 - 90.5

0 5 10 20 30
[ = 4%(“1

Cumulative infiltration in 270 min

s
Legend
Infiltration (cm)
[10.0-3.6
[13.6-10.2
[310.2-15.6
Em15.6 - 22.1
W 22.1-30.1
B 30.1 -39.9
N 39.9 - 51.9
N 51.9 - 66.4 o5 0 2 % &
B 66.4-85.9

N 85.9-124.8

b

Legend k

L 10.0-0.8
108-1.7
1.7-24
mm24-29
2.9 -3.7
Em37-4.6
B 4.6-5.7
57 -72
72 -85
.S -12.6

Infiltration (cm)

Cumulative infiltration in 20 min

o 5 10 20 30 40

Legend
Infiltration (c

10-1.8
11.8-48
748-7.0
Em7.0-87
8.7 -11.0
BN 11.-13.9
N 13.9-17.9
179 -25.0
N 20.0-28.0
N 28.0 - 42.9

Cumulative infiltration in 90 min

0 5 10 20 30 4(}(
m

tg(
Legend

L10.0-3.0
[13.0-6.3
76.3-104
BN 104-154
154 -218
N 21.8 -29.7
N 29.7 - 39.5
. 39.5 - 50.3
. 50.3-72.1

| . 72.1 - 102.7

Infiltration (cm)

Cumulative infiltration in 210 min

0 5 10 20 30 4%(
m

iz gladle) 53 sddi(g S o3Il naz 3l Akl ¢ JSS
Figure 4. The maps of cumulative infiltration in different times.




V€Y a)h».fs Ay a),a‘)l.\.llg:..\“.dgs',dl& Cu o Q)M

S5 3550 53 S sladde Spl (e
Al ey ciliis glaole) 55 S 4 Of rens
el glat, & sl Ol ol e el
sl e S s SIS et sl L
S By A S 4 O rexs 358 g
AN ol rash s Ko S- ae oSS
dly S w g.)T S D ;)ﬂﬁ 5 1y cds
5Pl Sldlas 25 L addlae sl 5 Jol s
(Vo)) O 5 kbl 5 d(Y00)) 5 0
byl 5 gl (YY) 5K 5 el
5ok T GLE s edde s (YY)
(YV) 0Lea 5 Sl 5 (Y1) Oa
Sir Sl G ollas mls ol cilas
b G gbdl s il cbadu
TV X0 A AA AT NE) sy Jsere Kom S
as
S 4 O e 358 el S
53305l s (r S8 Sras 4 ke GaOb;
2 Ko S pae S g S allas
S sboles s e Ol adlas 5y adlaie
S50 M cp Ste as e DL e la JSC
dled 5 Jad 2o bl s 5t Skt 4 O
ool e 35 slaald pd e sk ok
358 &S s e Ol il a0l s St
adlie LI Cpd NI L S ST e
35S 4 bgse 5o of Cle il malS Sl
et gl 53 Sb O3 g b 5 JI ol
e GOl Do e e RIS s
Ale gad BL S Ol 35 gl 2o b oS
5 S Ol 8 Sk ) 05
o b Glllas ailis 555 0 5 St sl o

b ks Sle 5 S T esle Ol 055 YU

\'2

et Grog S S et @l

Fpan mas a5 BBk Ja O S
b 4 a8 a0 OLSY 5 Y slad sl 5o
s 53U by e el cpl e el sdd
ij- L;T ebujw) LSLAW ‘_)‘j.:ﬂ).:v:.l'
Ol LS el Sl g Ol e
Q‘)J)b)ﬁ\%ﬂ\f\dbﬂbﬁ«%b)b
s bglacas 4a Ll Jlesle 5 s 30
ol b oSl S e Jae Soml e
Jelse Olgen S Sl osle 5 ) w3y S
S by Al 4 S ceglie js ke
(S 0sg 35w 3 Jdra A5 glacad 55 s 8
Sy e (Ges oS SaSLE sy oml JTesle
el 508 G od b glagne 4 ol S
ﬂjLﬂj = L.S)\Jd."‘" M ‘J:oﬁj}.l L
LU Vot CJL: 5[}@;)1&9&3}@}6‘0)‘}@&
Je S O oghs sl e s
“ Cm.u (w& 42-)5) Jla.“ow 6uf:&14 )‘ oslaul
w0 O 35 3,500 53 (g5 e s 5 Il L
OLes 5 Sl 5 (Y010) Oea 5 Slsa
e la e Sl eslinal oS by LS 50 (Y4IY)
e s o2 S S5 0 S s e
saot @55 I w5 G S sladbe
Oon dmee 4l s o4 bae S K
°'>j-,’ g;bj.?" )L:_é) 6\)\) 4.!)\.]4& .})_}4 LSLQJ.‘.""‘"" )‘
Sdls 5 (sgeas awae S S e S

w‘bM?aﬂﬂdeﬁ)



Olen g Mo g0 | e A 3985 35915 43 (S0 (505 (0SS Aumnlie

S 5 o
sbaoles 53 Sk ST 558 sl e
srom @l o sskea LS el il
G S5 a5 Olyen ol Sk K
sladle & ((Kas oledbl 5 S cibosys
S A Sl e pas S S S
5 Sk Ol e 358 L sl ne (Stas
v—zl{j)‘ 3 J«pb— @L sl s glagleg
0L ogman pae &S 5 oS, ladie
L S SEERs RS 4.§._..~.'” 6LAJJ\.: aS sl
ol e 358 35500 0 G S5 sladas
Jole K&ails 65, e glagle 5y S
e as b S S5 n 53 S s &
Sk G G @5 2 Ga S sladbe
5 s Glagiie (g 3prse daly g8 4 by
S s ol Sy mls onl pedle ol Jiis
S (Ko S— e 55) il S e
2 S e Ol e 358 5T 0 S
esls LanJ:wJ Rl el cilse lagle s
S i gty ok o @B o4 s L
5 S Slesar bogble 5o alis s

38 plowil Sslize SIS 55

1.Shukla, M. K., Lal, R., & Unkefer, P.
(2003). Experimental evaluation of
infiltration models for different land use
and soil management systems. Soil
Science, 168 (3), 178-191.

2Jenny, H. (1941). Factors of Soail
Formation. A System of Quantitative
Pedology. McGraw Hill, New York, 281p.

3.Minasny, B., Sulaeman, Y., & Mcbratney,
A.B. (2011). Is soil carbon disappearing?
The dynamics of soil organic carbon
in Java. Global Change Biology,
17 (5), 1917-1924.

\A

S35 03 S il S bl 53 SbE
@&kdu&gﬁsugg?&@
s el Sl LJ osbe s 55 Slalas
Sl ailin I Cad sl 3 ol Sk ol
A0S S e LS 655l Lo
ol 5> s Aaes LG Olatle 5 o3l
S Dol e Ao Sllas aibe 51 i
S ol W s ailate (sla e o ) o
el ol pdiish LS ol slaaasiis
Aosd GaeSs sadds Sk sl 2 053
s e S s Olpe 5 S L
St a O o 3586 (535 p e 5 e D]
C‘”Li 2 S g pdsss o (Y Jadr) anils
@ adly S L;JJJ)\JJJQLS:M{V{M 38w
2 dedde V0 Sl S K6 ckle S la S
(ESP>20%) JsLs e e Sl S 2
ol Bl oy S s (YE) AS e (6 S S
Soldsre sk a4 Ol a5 5l il ol Sl
LoGrdgdsd o s GRS 0558 Ol
e o Sl o) Gl (g ol lals
B 5 spkish Dby RIPl o A

4.Guo, P. T., Wu, W., Sheng, Q. K., Li,
M. F., Liu, H. B., & Wang, Z.Y. (2013).
Prediction of soil organic matter using
artificial neural network and topographic
indicators in hilly areas. Nutrient cycling
in agroecosystems, 95, 333-344.

5.Zolfaghari, Z., Mosaddeghi, M. R., &
Ayoubi, S. (2015). ANN-based
pedotransfer and soil spatial prediction
functions for  predicting Atterberg
consistency limits and indices from
easily available properties at the
watershed scale in western Iran. Soil Use
and Management, 31 (1), 142-154.



V€Y ) a)h».fs AY a)ga‘)l.\glg:..\g,},dl& u.:ﬁ..\o Q)M

6.Shahriari, M., Delbari, M., Afrasiab, P., &
Pahlavan-Rad, M. R. (2019). Predicting
regional spatial distribution of soil texture
in floodplains using remote sensing
data: A case of southeastern Iran. Catena,
182, 104149.

7.Yao, X., Yu, K., Deng, Y., Liu, J., & Lali,
Z. (2020). Spatial variability of soil
organic carbon and total nitrogen in the
hilly red soil region of Southern
China. Journal of Forestry Research,
31 (6), 2385-2394.

8.Mirzaee, S., Ghorbani-Dashtaki, S., &
Kerry, R. (2020). Comparison of a spatial,
spatial and hybrid methods for predicting
inter-rill and rill soil sensitivity to erosion
at the field scale. Catena, 188, 104439.

9.Abbaspour, K. C., Schulin, R., van
Genuchten, M. T., & Schléppi, E. (1998).
An alternative to cokriging for situations
with small sample sizes. Mathematical
geology, 30, 259-274.

10.Mohammadi, J. (2006). Pedometric vol 2
(spatial statistics). Tehran: Pelk.

11.Wu, J., Norvell, W. A., Hopkins, D. G.,
Smith, D. B., Ulmer, M. G., & Welch,
R. M. (2003). Improved prediction and
mapping of soil copper by kriging with
auxiliary data for cation-exchange
capacity. Soil Science Society of
America Journal, 67 (3), 919-927.

12.Wu, C., Wu, J,, Luo, Y., Zhang, L., &
DeGloria, S. D. (2009). Spatial prediction
of soil organic matter content using
cokriging with remotely sensed data.
Soil Science Society of America Journal,
73 (4), 1202-1208.

13.Liao, K., Xu, S., Wu, J., & Zhu, Q. (2013).
Spatial estimation of surface soil texture
using remote sensing data. Soil science
and plant nutrition, 59 (4), 488-500.

14 Triantafilis, J., Ward, W. T. &
McBratney, A. B. (2001). Land suitability
assessment in the Namoi Valley of
Australia, using a continuous model.
Soil Research, 39 (2), 273-289.

15.Knotters, M., Brus, D. J., & Voshaar,
J. 0. (1995). A comparison of kriging,
co-kriging and kriging combined with
regression for spatial interpolation of
horizon depth with censored observations.
Geoderma, 67 (3-4), 227-246.

16.Bishop, T. F. A., & McBratney, A. B.
(2001). A comparison of prediction
methods for the creation of field-
extent soil property maps. Geoderma,
103 (1-2), 149-160.

17 Hengl, T., Heuvelink, G. B., & Stein, A.
(2004). A generic framework for spatial
prediction of soil variables
based on regression-kriging. Geoderma,
120 (1-2), 75-93.

18.Minasny, B., & McBratney, A. B.
(2007). Spatial prediction of soil
properties using EBLUP with the
Matérn covariance function. Geoderma,
140 (4), 324-336.

19.Eldeiry, A. A., & Garcia, L. A. (2010).
Comparison of ordinary kriging, regression
kriging, and cokriging techniques to
estimate soil salinity using LANDSAT
images. Journal of Irrigation and
Drainage Engineering, 136 (6), 355-364.

20.Dashtaki, S. G., Baniani, S. D.,
Khodaverdiloo, H., Mohammadi, J., &
Khalilmoghaddam, B. (2012). Estimation
of saturated hydraulic conductivity and
inverse of macroscopic capillary length
using PTFs. Journal of Science and
Technology of Agriculture and Natural
Resources, 16 (60 (B)), 145-157.

21.Dai, F., Zhou, Q., Lv, Z., Wang, X., &
Liu, G. (2014). Spatial prediction of soil
organic matter content integrating
artificial neural network and ordinary
kriging in Tibetan Plateau. Ecological
Indicators, 45, 184-194.

22.Piccini, C., Marchetti, A., &
Francaviglia, R. (2014). Estimation of
soil organic matter by geostatistical
methods: Use of auxiliary information in
agricultural and environmental assessment.
Ecological Indicators, 36, 301-314.

23.Watt, M. S., & Palmer, D. J. (2012). Use
of regression kriging to develop a
carbon: nitrogen ratio surface for New
Zealand. Geoderma. 183-184, 49-57.

24.Blake, G. R., & Hartge, K. H. (1986).
Bulk density. P 363-375. Methods of
Soil Analysis: Part, 1 (10.2136).

25.Gee, G. W., & Bauder, J. W. (1986).
Particle-size analysis. Methods of
soil analysis: Part 1 Physical and
mineralogical methods, 5, 383-411.

\al



0o 5 Mo w2 g0 | e O 395 39152 )3 (Ko (5l 5 (1005 dunnylie

26.Nelson, D. A., & Sommers, L. (1983).
Total carbon, organic carbon, and
organic matter. Methods of soil analysis:
Part 2 chemical and microbiological
properties, 9, 539-579.

27.Walkley, A., & Black, I. A. (1934). An
examination of Degtjareff method for
determining soil organic matter and a
proposed modification of the chromic
acid in soil analysis. 1. Experimental.
Soil Sci. 79, 459-465.

28.Shirazi, M. A., & Boersma, L. (1984). A
unifying quantitative analysis of soil
texture. Soil Science Society of America
Journal, 48 (1), 142-147.

29.US Department of Agriculture Natural
Resources and Conservation Service
(NRCS). (2005). National Engineering
Handbook, Part 623, Surface Irrigation.
National Technical Information Service,
Washington, DC (Chapter 4).

30.Alavipanah, S.K. (2003). Application of
Remote Sensing in the Earth Sciences
(soil). Tehran university publication,
Tehran, 478p.

31.Natural Resources Conservation Service,
& Agriculture Department (Eds.). (2010).

\al

Keys to soil taxonomy. Government
Printing Office.

32.Havaee, S., Mosaddeghi, M. R., &
Ayoubi, S. (2015). In situ surface shear

strength as  affected by soil
characteristics and land use in
calcareous soils of central Iran.

Geoderma. 237-238, 137-148.

33.Mirzaee, S., Ghorbani-Dashtaki, S.,
Mohammadi, J., Asadzadeh, F., &
Kerry, R. (2017). Modeling WEPP

erodibility parameters in calcareous soils
in northwest Iran. Ecological Indicators,
74, 302-310.

34.Shainberg, 1., Gal, M., Ferreira, A. G., &
Goldstein, D. (1991). Effect of
water quality and amendments on the
hydraulic ~ properties and  erosion
from several Mediterranean soils. Soil
Technology, 4 (2), 135-146.

35.Suarez, D. L., Wood, J. D., &
Lesch, S. M. (2006). Effect of SAR on
water infiltration under a sequential
rain—irrigation management system.
Agricultural  Water Management,
86 (1-2), 150-164.






