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Figure 1- Position of the study area
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Table 1- the properties of used soils in the study

S’ cal Sl (weyd) vy (o y8) oy (e y5) cdpw
Soil texture Number Clay (%) Sand (%) Silt (%)
Pl Jilas Sl NEIKES PSSl Jilas
Max Min Max Min Max Min
£yl 9 17.6 25.7 26.2 50.3 28 48
Loam
sy P9 5 27.2 31.6 24.4 36.4 34 48
Clay loam
po) (sihow 1 25.4 25.4 24.6 24.6 50 50
Silty loam
il oy pol 4 314 35.6 14.3 18.6 46 52
Silty clay loam
5 pg) 2 17.4 19.4 56.6 58.6 24 24
Sandy loam
5 ) po) 1 33.6 33.6 48.3 48.3 18 18

Sandy clay loam
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Figure 2- Relation between sorptivity and transmissivity parameter in study area
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Figure 4- Scaled infiltration curve based on scaling factor Fs
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Table 2- Results of statistical indices based on different scale factors
Lo ,o518
o 5 RMSE MBE R2
Scaling factor
0A 0.043 +0.00029 0.858
os 0.064 -0.0071 0.872
nf;.t 0.049 -0.0041 0.932
wly 0.047 -0.0017 0.905
al, 0.046 +0.0033 0.927
aopt 0.005 -0.0011 0.992
Fs 0.006 +0.0019 0.999




1A Sl )l - (19059,8 I oyleds FF uls (S g ol 4,05 YF

a booye Oly o oy s cp i (YA 55 N0) o) lssear
claimgi ;5 .Cowl (5) Cis coyd ol p wlie jeS1
oolaiie eS8 an bgype Sy o b e (il 5o ALBSS
15515 s oy a8 (YA 915 00) 391 ol s ey
s b9y 9 (Fai) Gaios cpl p3 o &) g 0 bgsye (wlido
W oo ol ¥ Jgde ol .l TOA ply jlude b (&) silo
b 29 (Siwon (oo glaysiSh 3)lge plo )3 O Ll & &5
ol oSS I @olas sl (¥) oySon 5 bl ) F
ﬂ!tmr O ,.W“ oD o u;).wf FUERHIR uL'*" C)])'.‘.I Pl Ol}.o.w
Slade L Xope LF; (S gyl )0 3929 B

Dgud oo 04D My g g L Ui )] o9 -5

adulas (5 luupulalio j aa ye 3 i Jads GlAL sl
3985

o (Fsi) Gaios cnl 53 023,59l gy slocaze Sl (S
e Sl 39 (gL ALBIS 3 ol 00,8 4 sla hsy
e plye dn ) Gialejl bLE 1 S pa g e ol g2 0
g 03dpoliie (nedD S9hi (e B JSB .85 a3 @2y
s Gleie 4 VY o YA NV ) bla Gl bl 1y olos
Jolid &5 039 (glaigS @ g e (oo QL] md e (LIS @2y
Jold i iy g yo aomio Ol Laily glaiio 3925 (gl oo
=3 o9 o (D (o9 iorg) () ilise L L S
bl S pm o ams o Lt 0 S 8L () (29 5 (5
L 3985 sl ot 93,8 bl @ pe (oo (lgie 4 Ol
@l e Uil sl Slodd g pe (godie 4 S0 (wlie B>
LLs sl bl 1y 3gi5 e (gjluopoliio 45 bgyyo (5l
Gl 0 00y LS ¥ Jado )0 )0 gz ye v lgie 4 Calisee

ANA L ply gilwaigy oy ly oolol gla el jlade
ol =13V Uy 5],y MBE 4 +/++0 Ly ], RMSE R? =
(MBE=0.00029 s RMSE=0.043) g sl ol 55518
O oldo joSL b a o Coud (G0 S —Shas (4l
5 bl Sliiss | a5 ol (MBE=-0.0071 y RMSE=0.064)
Oy cisllas (V) oy SKer

Slide julide sla ) 9isLs alaal
g g By By Oy wlwly wliie ;oS L8Y Jod o
v 3l odlaiwl g ialejl 3,90 i VY (gl |, Fiyp g ®ppe
e 5 sk s g G5 e i e 4 xS
b Ll 4y @y e 5 VF 501 ) Y bl Lzl & Fy
Aol )00y I B e o Ty yw dylae bl plo 3 VA 4 V8 Y
LLE I gyl ) ol )81 plgic & O 5 Bl Dim 3 p)8
Jade 4 S aad o s ¥ oo zuls puised WASL Lbe LlgS o
e ot )l ) (K035 iyt By g ity olidio )80
plie ol /Y L ol o Jlaie o ieS 9 VIFY Ll F;
s WYV L ply b @ olidie 5956 (ol dieS g it
Lol /50

ool (sla s Gilises (g)lol Slaogiad ¥ gt (pizmen
015 &) gy ol 815 L o] (Stuad (izren 5 Sglite
Pl gy olue (Sl jlds .l ol lo Baiss pl pd
i 50 el Cawd 4 VY g AT L ply g A GaiS oyl
dol Cawd 4 VFY 5 /MDY b s 4 polie ol win slacS5
gAY L polp s g g olus (1Sle )So> Lddss 3 .(V0)
PO olus 1Sle b jogas 4 a5 (YA) dol couns 40 V/YY
ovlaie HeS L8 Slue :S0ke Hlade )l Slgtren pols udzs
8 o s 45 ol 50050 4 S35 o gy ol sl

Fy gsiaomliio ;5518 b ol (Siuumon § guia oo 61,5516 (5ol Clroguad Y Jgi
Table 3- Statistical characteristics of the scaling factors and their correlation with scaling factor F;

ool 4e88 (ke Slre Sl il (%) Ol o po wald SNod o g
Scaling factor Mean  Standard deviation  Coefficient of variation Range  Correlation coefficient
oA 0.93 0.32 35 0.51-2.34 0.44
g 1.03 0.40 38 0.51-1.41 0.93
B 0.99 0.29 29 0.62-1.53 0.91
G 0.95 0.28 29 0.59-1.50 0.87
B 0.92 0.28 29 0.53-1.49 0.80
Gopt 0.95 0.20 18 0.65-1.37 0.96

Fs 0.98 0.19

18 0.70-1.44 -
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Figure 5- Scaled infiltration curve based on different reference curve
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Table 4- The results of Statistical characteristics based on different reference curve

&2 S pMSE

R? MBE
Reference curve
1 0.0086 0.9890 +0.0041
7 0.0050 0.9937 -0.0020
15 0.0058 0.9922 -0.0027
18 0.0050 0.9902 +0.0019
22 0.0052 0.9925 +0.0022
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Table 5- Parameters and scaling factor of the infiltration for 15 soil samples of Mehrabi and Sepaskhah data

S ol Qe g JU! g 55 (Fs) olpilo 9516
Soil number 5(em min~"%) A(em min™?) Scaling factor (Fs)
1 1.038 0.004 0.737
2 0.289 0.009 0.288
3 0.429 0.017 0.465
4 0.319 0.009 0.308
5 0.648 0.026 0.707
6 0.736 0.022 0.725
7 0.755 0.164 2.717
8 0.418 0.033 0.625
9 1.017 0.049 1.195

10 0.727 0.049 1

11 0.417 0.073 1.042
12 1.049 0.178 2.561
13 0.424 0.069 1.012
14 0.483 0.044 0.783
15 0.903 0.144 2.109
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Figure 6- Comparison of between actual and de-scale infiltration curve by different scaling factor
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Figure 7- Cumulative infiltration curves of 15 sites over Mehrabi and Sepaskhah data
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Introduction: Infiltration is found to be the most important process that influences uniformity and efficiency
of surface irrigation. Prediction of infiltration rate is a prerequisite for estimating the amount of water entering
into the soil and its distribution. Since the infiltration properties are a function of time and space, a relatively
large number of field measurements is needed to represent an average of farm conditions (Bautista and
Wallender, 1985). In recent years, researchers have proposed methods to reduce the requirement of the regional
and field data in order to describe water dynamic in the soil. One of these methods is scaling which at the first
was presented by Miller and Miller (1956) and developed on the similar media theory in the soil and water
sciences (Miller and Miller, 1956; Sadeghi et al., 2016). According to similar media theory, soils can be similar,
provided that different soils can be placed on a reference curve with ratios of a physical characteristic length,
called "scaling factor". The objective of the present study was scaling the Philip infiltration equation and
analyzing the spatial variability of infiltration characteristics by using minimum field measurements. In this

research, a new method was presented for scaling infiltration equation and compared with previous methods
scaling including: based on sorptivity (zs), transmissivity (z), the optimum scaling factors (e.,.) arithmetic,
geometric and harmonic.

Materials and Methods: The basic assumption of scaling through this method was “the shape of the
infiltration characteristics curve is almost constant despite the variations in the rate and depth of infiltration”.
The data required for infiltration scaling were a reference infiltration curve (whose parameters are known) and
the depth of water infiltrated within a specified time period in other infiltration curves. In this method, first,
equation infiltration parameters are specified for one infiltration curve, called the reference infiltration curve
(Tzep)- If, for other infiltration equations, the depth of water infiltrated is obtained after the specified time(ts) (for
example, depth of infiltration water after 4 hours), the scale factor (Fs, dimensionless) is equal to the depth of
water infiltrated after ts in the reference infiltration equation to depth of infiltrated water after t; even infiltration
equation is as follows:

I Sitd® + A, )

I S,8.°5 + A2,

Fy =

where 1i (i=1,2, ...,n) is depth of infiltrated water after a given time (t;) for each infiltration families and I,
is depth of infiltrated water after a given time in reference, and 5, and A4, are parameters of reference curve.In
order to assess the proposed scaling method, root mean square error (RMSE), mean bias error (MBE) and
coefficient of determination (R?) were used for a totally 24 infiltration tests.

Results and Discussion: The parameters of this model (i.e. sorptivity S and transmissivity factor A) showed
a wide variation among the study sites. The variation of these parameters showed no significant difference
between sorptivity and transmissivity factors. In addition, Talsama et al. (1969) illustrated that there is a weak
relationship between sorptivity and saturated hydraulic conductivity. Results showed that scaling achieved using
aa was better than that obtained using os. Mean curve was chosen as reference curve and scale curve was
obtained by different methods. The results of statistical analysis showed that the proposed method had the best
performance (RMSE=0.006, MBE=0.0019 and R?=0.9996). In order to evaluate the effect of the reference curve
selection on the results, the scaled cumulative infiltration curve based on different reference curves (different
infiltration equation) was evaluated. The results showed that the selection of the reference infiltration curve is
optional and each cumulative infiltration families can be selected as the reference curve. For defining the
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relationship between F, and @ opes Bz, O A Oy &g data, a statistical analysis was performed. According to

our results, F, had the highest correlation with 2 J—

Conclusion: In this study, a new method for penetration scaling was presented. In this method, the
infiltration curve can be obtained using the minimum information including a reference curve and the depth of
infiltrated water after a given time. The selection of the reference infiltration curve is optional and each
cumulative infiltration equation can be selected as the reference curve. In the light of the results of this research,
it can be concluded that the proposed method in this study is promising to be used for surface irrigation
management.
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