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5- Precision agriculture or precision farming
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4- Soil water retention curve
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1- Sand box
2- Pressure plate
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Table 1- Water retention curve models used in this study
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Name” Model Parameters
(1205) 5,5 B ~ 1
Gardner (1956) 6=06,+(6,-6,) (1+ a j 6,05, 2,1
(V455) & iluss s 1
Brutsaert (1966) 0=0,+(0,-6,) —— Or, 05, a, n
1+ (Wj
a
(1aV4) ohen 5 o3l 1, (h
Libardi et al. (1979) 9—5'“(5 +1 |46, 6 a,b
1
z ezer-i-(es_er)—nm
(VROF) (23)5m 5595 09 [1+(ay)"] oo
van Genuchten-Burdine (1953) 5 nOs 8,
m=1-—
n
0=0,+(0, -0, )] ——
(VAYF) oo (55935 =0 A0 =0 )
van Genuchten-Mualem (1976) (l+(a\y) ) 0, 05, a,n
m =1—E
n
Tani (1982) 6=06, +(6, 9r)(1+—c_njexp( —c—nj O, 05, €, N
(VA by 5 (o) (5058 1
Fermi (McKee and Bumb, 1987) 0=0,+(0,-6,) A 0,05 a,n
1+exp(-—)
n
- ' In+-¥) .
VARYF) K5 g Vo5 B v,
Fredlund and Xing (1994) 0=6,1- 10° o 05, a,n,m, ¥
In(l+=) {m (e_,_ Fyn H
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(YAAD) 55 > v D-3
De Gennes (1985) 0= (D(?] &, D,
D-3
(Voo ¥) Kb g 025 B v
Xu and Dong (2004) 0=06,+6, -0, (?j 0,05 f, D

Il oS 10w+ i )3 osilasdl o Caghy Br (CMPCM™®) Jao i )3 glusl azes Cusbsy B0 b B (CMPCM®) S o> Cugby O by Jss ales 3"
pade shls sl () 45l lgm 39,5 S L ey (sl 5 0392 owte ilae alaih 3 )2SKe bt Lape B w3 on it ) (a o) ST iy 5 e
s Jo> gomia | ) el M sl o S Bl o3l igr b blol o o cal gludlysd 4ol cand b 08 gludlyed ooy & bigspa N el il (S

2l iSe 3ly S ol asly s S 4y lsn 3955 S b L) 3@ jmell 53)8 Jae 53 3535 eyl iocie s M g N yielly 93 0 S by (sl cilas

5039 S 3o o)l mjei b Loyl 3 a5 el (oymall N (Kiyj g 5Y3,5 Jdo j3 el SB elg 3959 iSo 4 bgyye 5 S5 iSo sl ghd @ g2l (sord Jobo

Cagby » SB iSe Tl 58,5 S5 4 lgn 39,5 (iS5l o Hlaie Lol wewl LiSe alie Kij 9 1Y% Jae @ pelyb asly amd o L |y Jde o8 pae M

e S & lgm 3959 Janiliy S0 g 525 Jae 53 alie JBS )5 2 D 5 (EMPEM) S Jodss @ 5553 Jao 3 sl osilacdl

1- Asymmetry
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1- Iterative nonlinear regression

2- Coefficient of determination

3- Root mean square error

4- Corrected Akaike’s information criterion
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Figure 1- Textural distribution of the soil samples in the soil textural triangle

sandy clay

it Bl (sog,S 9 SB slaaiged IS (sl 8L 15 bl S Fig oY Josa
Table 2- The statistical properties of textural fractions for all soil samples and different textural groups

SB slaaige J§ 23095
All soil samples (n=145) Fine-group (n=34)

Mean SD” Min  Max Mean SD Min  Max

o 20.8 12.3 0.0 634 385 9.7 269 634
Clay (%)

“L“ 47.2 134 127 781 40.9 8.2 225 570
Silt (%)

o 328 16.5 69 812 20.5 9.2 6.9 412
Sand (%)

Lo 09,5 by 09)S
Moderate-group (n=89) Coarse- group (n=22)

Mean SD Min  Max Mean SD Min  Max

o 16.9 6.6 0.0 294 8.1 3.2 0.0 141
Clay (%)

“’L“’ 53.2 10.9 311 781 28.3 9.9 12.7 516
Silt (%)

o 29.8 115 79 530 63.5 9.7 429 812
Sand (%)

SB ladiges dlaws N ¢Sls Max ¢ 8lis Min o,k sl SD *
* SD, standard deviation; Min, minimum; Max, maximum; n, the number of soil samples
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Table 3- The fitting accuracy of water retention curve models for all soil samples

RMSE (cm°® cm®) AlCc R?
e ol ol sp o op oSk o
Model Equation Mean Mean Mean
(V) Sy 5 3938 Power law 0.020a 0010 -785c 112 0979 0.033
Fredlund and Xing (1994)
(1Y3) lfSen 5 52,44 Logarithm 0.021ab 0.010 -86.la 11.0 0.973ab 0.037
Libardi et al. (1979)
(VA7) b9 09 Power law 0.022ab 0010 -81.7b 111 0.968ab 0.050
van Genuchten-Mualem (1976)
(VW7) & pludsy Power law 0.022ab 0017 -827b 125 0956b 0.143
Brutsaert (1966)
(Y307) copr o 95 09 Power law 0.025bc 0014 -787¢c 114 0964ab 0.065
van Genuchten-Burdine (1953)
(1307) 2,5 Power law 0.027¢ 0013 -769c 121 0.965ab 0.036
Gardner (1956)
(Vo-¥) Sl 5 25 Fractal 0.036d 0016 -69.7d 120 0.938c 0.043
Xu and Dong (2004)
A 56 .
(YAY) & Exponential 0.044e 0011 -664e 59 0.895d 0.043
Tani (1982)
(YW8) 5 s> Fractal 0.046e 0020 -67.3de 109 0.886de 0.061
De Gennes (1985)
(VAAY sl 5 (Sa) (g0 Exponential 0.051f 0.017 -60.2f 7.6 0.872 0.084

Fermi (McKee and Bumb, 1987)

il e 3kl Gl SD 5 ot Mol ST Ml e AICC Ut cilay o

Sibe ayy RMSE ey oy R bibio 5551 90l ollae b Jie i (P < 0.05) s sine coslis pis 03 yLis (ygis y 3 ounelSS) Sarg8 g > —

* Similar letters in each column indicate no significant difference between models at P < 0.05 according to Duncan’s test. RMSE,
root mean square error; R?, coefficient of determination; AICc, corrected Akaike’s information criterion and SD, standard deviation.



WY S ol e oo gl slaJuto ©80 1 ilio (g3l slaog 5 il

olpl s @Bolo S5 ppl adien Jb opl bl o 25
2 1) edloed Jao pp g Jid b jiall slas ioljdl aden
Lo Ll el edlitel 5 sl ot 3lge |

(323 A0 gaw )3 )l giae) (nyiend SU g (02 Sl e
i) slao)lal ;155 5l LaJuce plas & Cams |y o)l <>
oyLel L I pimman il (35 65 Jae j e &) R® g RMSE
(42> A0 g )3 )l ne) (p Fcdend (08 Jae AICC L5
s (BU Jie 3l e ) s plo 4 cowd 1) o3l cds
Ol (1) (e g din oled U Gl (U 5 (08 slaoe
gk dasule (e 3)gly 4 B (a9 4 oled @b &S il
2 L ot (pl s b oo 455050 JSS sl)b &5 S
obe (VA) OhlSen 5 5k (iomen 21> ciillas (8L 095
o adoleo ol il g edg Bllassl BB e SU e &S aiils
Cady Gibgi ol cde pen 4 Ylaas] Ll JSie Waodl
s YL by

Sl ) lasta 098
05,5 ;3 1y SWRC apogi (sly b Jdo ¢8> duslio ¥ Joi
ol ¥ Jsis 9 RMSE mls amd o olis <l 5, sass
sla i b ssyd A0 paw jd b bz cglas (63,l) e a8 ol
~09 9 © LSy p )5 adae — (B 9iS (g « Syj 9 25V,
&L S wlgiee 3)8 g 63)ld Jhe Cullys (23)5 — (i85S
slo ey dawly 4y SWRC aisls L5 (sl (glatogs (o505
O3 ol @l ) a4 pshilan g w8 25l 055 (S0
slaasl b zbs opl sl oYU (il <8y bl o (asie
3l Jie bl 83 gt ol S (YY) olfSen 5 et
Jace AICC oLl 4L 51 cyioman )l cbillas 53,8 )18
sla o b doyd A0 paw )0 b bxe cgldd oyl duw b (o3l
Comd 53V (bl €83 g Cudlis ©pluSgp g phee =555 0
oL 0)lg0 el jo il ol )l g b Ky g Y28 Jao &
35 Jae 25 Slas b G Jio (g3 ol s o5

Gl 52y GBSK 09,5 (10 S O (5,10 (godio e (3512 > i —£ g
Table 4- The fitting accuracy of water retention curve models for fine-textured soils group

RMSE (cm® cm™®) AlCc R
Jue =U=l§o oSl sp o o5 oSk
Model Equation Mean Mean Mean
(VW3] olisan 5 52,1 Logarithm 0.021a 0010 -860a 117 0965a 0.041
Libardi et al. (1979)
(YA3F) Sz g L322 Power law 0.022a 0011 -777b 126 0971a 0.037
Fredlund and Xing (1994)
(VA7) b 55 09 Power law 0.022a 0011 -81.3ab 125 0960a 0.060
van Genuchten-Mualem (1976)
(1307) 5,5 Power law 0.025a 0013 -787b 130 096la 0.039
Gardner (1956)
(1477) s Power law 0.025a 0.023 -80.8ab 14.8 0.924ab 0.198
Brutsaert (1966)
(Y30%) e2,9m 0595 09 Power law 0.029ab 0019 -760bc 143 0932ab 0.120
van Genuchten-Burdine (1953)
.. &5l .
(V%) S s 525 Fractal 0.035hc 0.017 -70.9cd 126 0.930ab 0.049
Xu and Dong (2004)
(VWA jiS o> Fractal 0.042¢d 0.020 -69.4d 108 0.886bc 0.061
De Gennes (1985)
(\&_/\Y) b Exponential 0.045d 0.011 -66.1de 5.7 0.873¢c  0.052
Tani (1982)
(VY ol g (So) (0058 Exponential 0.049d 0.014 -608e 6.5 0.859c 0.088

Fermi (McKee and Bumb, 1987)

eSiks 4y y RMSE £y ps R a3l o oS0 0] ollas b Jbe s (P < 0.05) jls sine oglis pis saimnd (Lis (ygias o 53 ounlSSl S g8 g o — ¢
Al e 3,85l Clyoul SD g o Mol SHIST SleMbl jhas AICC las Slayye

* Similar letters in each column indicate no significant difference between models at P < 0.05 according to Duncan’s test. RMSE,

root mean square error; R?, coefficient of determination; AICc, corrected Akaike’s information criterion and SD, standard deviation.
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Table 5- The fitting accuracy of water retention curve models for moderate-textured soils group
RMSE (cm® cm®) AlCc R?

Joe 41;1.? ol sp o o ok o
Model Equation Mean Mean Mean
(187) &Ly Power law 0.019a 0008 -847ab 97 0983 0.021
Brutsaert (1966)
(YAF) Saj 5 93,9 Power law 0.019ab 0009 -795¢c 101 0.982a 0.034
Fredlund and Xing (1994)
(W3] olisan 5 2,1 Logarithm 0.019ab 0.008 -874a 95 097% 0.037
Libardi et al. (1979)
(VA7) o9 0 Power law 0.020ab 0.008 -837b 97 0978a 0.034
van Genuchten-Mualem (1976)
(Y30Y) g0 55 05 Power law 0.023b¢ 0010 -794c 91 0973a 0.030
van Genuchten-Burdine (1953)
(1367) o8 Power law 0.026¢ 0011 -775¢ 112 0970a 0.035
Gardner (1956)
(Ve-¥) S s ) Fractal 0.036d 0.015 -69.6d 11.2 0.942b 0.041
Xu and Dong (2004)
(18AY) b Exponential 0.045¢ 0.010 -659¢ 55 0898 0.038
Tani (1982)
(1340) 55 s> Fractal 0.045¢ 0018 -67.1de 9.8 0.89lc 0.057
De Gennes (1985)
(VWAV el 5 Ss) (00,2 Exponential 0.050f 0014 -605f 72 0885c 0.078

Fermi (McKee and Bumb, 1987)
Sbe adyy RMSE €025 o o R? il oo S 905l ol s oy (P < 0.05) o sime cglis pie osimd yLis gty 53 (ouanlSl SKorg8 gy —2
Al o 3t Glpsl SD g o Mol KT leMb! jhae AICC dlas clay o
* Similar letters in each column indicate no significant difference between models at P < 0.05 according to
Duncan’s test. RMSE, root mean square error; R?, coefficient of determination; AICc, corrected Akaike’s information

> 9 S 9 WY38 sy Jie 4 G 6 5V Bl 8>
S el sy wls AICE o el Jai 51 2l ¥ 5 0 b i o
o S €83 ()3 )98 (5 S50 9 LS Jho S sl el
¢85 AICC o RMSE L)l celmo ol i 5l ayd Jdo <
Lo Jds dad d Caus (Mo pd A o j3 ) xe) (tund laws

O I.)

Sl Gl ju slasa 0 9 S
595 33 |, SWRC Cinogs (sl o 85 dumlia 5 Jgion
by L 38l 0g)S pl gt aed o ol il cudpy  slasS
oo B3 Y RMSE o)lel a5 5l iy g 5Y5,5 Jua o8
—B S 0 )l (g B eS 0g b e b g cuib )
(403 0 s 13) Sl Cglis $3)LS 9 & Ly elee
Al el Jas oS oy las 8l 0g)S ol p0 s bl
BY3,8 claJde jo 4 g cusl |y 5l <85 oy YL AICC o)l
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criterion and SD, standard deviation.
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* Similar letters in each column indicate no significant difference between models at P < 0.05 according to Duncan’s test. RMSE,
root mean square error; R?, coefficient of determination; AICc, corrected Akaike’s information criterion and SD, standard deviation.
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Table 6- The fitting accuracy of water retention curve models for coarse-textured soils group

RMSE (cm® cm™®) AlCc R?
Jao ‘Ubl’f oNbe sp o op ok
Model Equation Mean Mean Mean
(VAF) Kij g 490,8 Power law 0.024a 0013 -758a-d 132 0977a  0.022
Fredlund and Xing (1994)
(Y8F) (w9095 09 Power law 0.024a 0015 -80.3ab 145 00974a  0.020
van Genuchten-Burdine (1953)
(1AV) glfSn 5 2,1 Logarithm 0.028ab 0016 -807a 144 0964ab 0.027
Libardi et al. (1979)
(VA7) oo 95 0 Power law 0.030ab 0012 -740a-d 109 0.938ab 0.070
van Genuchten-Mualem (1976)
(W) & 5lussy, Power law 0.030ab 0.027 -77.4abc 17.0 0.898bcd 0.263
Brutsaert (1966)
(1307) o) Power law 0.034ab 0019 -715b-e 131 095lab  0.032
Gardner (1956)
QAY) S A
(18Av) & Exponential 0.040b 0012 -69.3cde 7.1 0.919%abc 0.030
Tani (1982)
(V%) Sl 5 25 Fractal 0.041b 0021 -67.9de 142 00934ab 0.041
Xu and Dong (2004)
(13A8) s s> Fractal 0.053¢ 0.028 -65.1ef 143 0.868cd  0.070
De Gennes (1985)
(VSAV el 59) 022 Exponential 0.058¢ 0026 -57.8f 102 0842d  0.096

Fermi (McKee and Bumb, 1987)
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Figure 2- A comparison of the fitting accuracy of models for a soil sample from each textural group
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Figure 3- Relative performance of the SWRC models for all soil samples and different textural groups, based on the RMSE
criterion
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Introduction: The soil-water retention curve (SWRC) is the relationship between the soil water content and
matric potential of soil water. The SWRC is a fundamental soil characteristic, which is essential to determine
parameters of numerous processes in the soil such as infiltration, drainage, solute movement and water
availability for plants. It is also a key parameter in the study of the strength and compression of unsaturated soil.
Direct field or laboratory measurement of soil water retention is costly, laborious and time-consuming. During
the past four decades many models have been introduced to describe soil water retention curve, but their fitting
capability in different textural groups have rarely been investigated. A good mathematical representation is the
model that reduces the discrepancy between the observed and predicted data. Therefore, the aim of this study
was to evaluate the ability of 10 SWRC models in fitting to the experimental data and determine the best model
among them for the SWRC of all soil samples and for each soil textural groups in the entire soil water range,
near saturation to near oven dryness.

Materials and Methods: In this study, 145 disturbed and undisturbed soil samples were taken from top soils
and subsoil's of Guilan, Hamedan and Kermanshah provinces from different depths and were classified into
textural groups after textural measurements. Water content were measured at 12 matric potentials. The SWRC
models were fitted to the observed SWRC data of 145 soils using an iterative nonlinear optimization procedure.
The latter finds the values of the fitting parameters giving the best fit of the model to the data. The optimization
procedure was applied using the least square curve fitting toolbox of the MATLAB software to find the values of
the fitting parameters. The coefficient of determination (R?) and root mean square error (RMSE) were used as
relative measures of the goodness-of-fit of the SWRC models to the experimental data. Corrected Akaike
information criterion (AICc) that imposes penalties for additional fitting parameters was used to compare the
quality of models fitting.

Results and Discussion: The results showed that the Fredlund and Xing model in all soil samples and as
well as in the coarse-textured group, the Libardi model in the fine-textured group and the Brutsaert model in the
moderate-textured group had the most accurate fitting results, but their differences were not significant P <0.05
in the all soil samples and each of textural groups. The Brutsaert and Fredlund and Xing models provided a
continuous mathematical function for the entire SWRC. The better performance of these models may be due to
their physical basis that could describe the SWRC accurately. On the other hand, the parameters of the Libardi
model can affect and control the slope and the position of the SWRC in all three areas, including the capillary
saturation, de-saturation and residual saturation and the effect of one parameter can be easily distinguished from
the effect of the another parameter. Also, according to parametric study of the Libardi model, it can well
simulate the break point of the air entry value. Although the fractal models have physical and mathematical
basis, they do not have the adequate flexibility to describe the SWRC. A poor performance of fractal models in
the present study may be was due to terms of “3-D” (the result of this term was less than one). Therefore, fractal
models were not successful in predicting the sigmoid shape of the entire SWRC. Fermi and Tani models with
exponential functions had weakest performance. The poorer performance of the Fermi and Tani models in the
present study may be due to lack of convergence of their parameters. It is generally accepted that the lack of
convergence of parameters is an indication that the data cannot be fitted to the model well.

Conclusions: Comprehensive comparisons of SWRC models will be of value to future model users, but it is
important to note that such comparisons will remain dataset dependent. In other words, these results can help the
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users to choose SWRC models for fitting to the experimental data accurately in case there are limitations to the
number of matric potential-water content measured points. Finally, the Libardi model is introduced as the best
model for representing the wide range of the soil matric potentials due to the lower number of parameters, the
physical concept of the parameters, and the simple form of its equation.
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