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ABSTRACT

Testing the efficiency of a pedotransfer function (PTF) outside of its development data-set is
one of the best ways for assessing its robustness. An important question which remains
unanswered is how transposable are PTFs to other agropedoclimatic contexts? Models
developed and validated in a particular pedoclimatic context have been relatively little
tested in other contexts. Particularly, no studies have been conducted until now to evaluate
the PTFs for Algerian soils. In this study, eight (8) PTFs most frequently cited were consid-
ered. We used them to evaluate soil water retention at field capacity (FC) and wilting point
(WP) on a set of 134 samples collected in the low Cheliff. The calculated Akaike information
criterion and root mean square errors values showed that the Rawls, and Ghorbani Dashtaki
et Homaee type 1 models were the best in estimation of soil water retention at FC
(–709.795, 0.070 cm3 cm−3) and WP (–733.480, 0.064 cm3 cm−3). The poorer performances
were presented by the PTFs developed on soils from Europe or United States where the
organic matter values were much higher than the Algerian soils. However, the transposabil-
ity of the PTFs formed from data spread from a wider area, produce more accurate
predictions than those built from local data.

Keywords: Pedotransfer function; Water retention; Field capacity; Wilting point;
Transposability

1. Introduction

Water is considered a scarce resource in many parts
of the world due to the competition between different
uses such as irrigated agriculture, industry, domestic

use, and recreation. Agriculture accounts for about
70% of freshwater withdrawals, even up to 95% in
some developing countries (FAO). Thereby improving
water use in irrigated agriculture has become a major
concern.

In fact, knowledge of the soil water state
has become essential for agriculture, hydrology,*Corresponding author.
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meteorology, and in general for all applications
requiring environmental monitoring. To better
manage and understand the hydrological functioning
of the soil cover, it is necessary to know the soil
hydraulic properties (water retention, hydraulic
conductivity). These properties are generally known
for a limited number of soils due to the laborious
experimental protocols used for their determination
(expensive and time consuming). Therefore, predic-
tion tools have been developed, called “pedotransfer
functions” (PTFs) which relate soil water retention
properties with soil properties easily obtained such
as the sand, silt, and clay content, the organic
carbon content or bulk density [1,2].

Despite the very elevated number of PTFs
proposed in the literature, few studies have
discussed their evaluation within agropedoclimatic
contexts. Researchers have been focusing on the
discussion of their capacities to estimate with more
or less accuracy the water contents which are
measured for samples having relatively the same
nature in terms of the soil’s components [3–13].
Hence, Nemes et al. [14] have shown that the use of
PTF established on a given scale leads to low-quality
predictions when they are applied on a limited scale
that is to say on soils which correspond to a range
of larger variability. Tomasella et al. [15] have also
shown that when PTFs, established on a given
scale, are applied on soils of different nature the
predictions’ quality is lower than that obtained
when they are applied on soils of related nature.
Therefore, we may ask ourselves about the appropri-
ateness of PTFs established from soils localized
within a different pedoclimatic context when they
are used to predict the water retention specifications
of the Algerian territory soils. The aim of the
current study was to evaluate the application of
PTFs to predict soil water retention at field capacity
(FC; −33 kPa) and wilting point (WP; −1,500 kPa) on
a set of 134 samples collected in the low Cheliff
region.

2. Materials and methods

2.1. The database

The database encompassed 134 samples taken from
the low Cheliff soils in Algeria. The grain size
distribution, the bulk density, the organic matter
(OM), and the water contents density with two values
of potential −33 kPa (pF = 2,5), and −1,500 kPa
(pF = 4,2), are known (Table 1). This collection
contains 58 layers of surface A or L (from 0 to 30 cm
of depth) and 76 layers of surface E, B and C (>30 cm
of depth).

The soil water retention equation of van
Genuchten [16] was employed:

hðhÞ ¼ hr þ hs � hr

ð1þ ahj jnÞ1�1=n
(1)

The van Genuchten’s model parameters were
computed by fitting the third Rosetta (H3) model to
the measured data [9], with m = 1 − 1/n. (Table 2).

2.2. Description of selected PTFs

Basically, two main types of PTFs can be
distinguished; point and parametric PTFs. Point PTFs
estimate values of soil moisture at fixed pressure
head values (e.g. [17,18]), whereas parametric PTFs
estimate parameters of functions that describe the
observed data across a range of pressure heads
(e.g. [19–22]).

This study is about the evaluation of the eight PTFs
which takes into account only characteristics of soils’
constitution, which are the most mentioned in the
literature, were essentially point PTFs; Rawls and
Brakensiek [17], Ghorbani Dashtak and Homaee [23]
Type 1 [GH-1 (2004)] and those of parametric PTFs of
Campbell [24], Saxton et al. [25], Rawls and Brakensiek
[26], Vereecken et al. [22], Rosetta [9], Ghorbani
Dashtak and Homaee [23] Type 3[GH-3 (2004)] [23],

Table 1
Characteristics of selected soils

Grain size distribution (%)
Water content
(cm3cm−3)

Sand (%) Silt (%) Clay (%) BD (g/cm3) OM (%) pF 2,5 pF 4,2

Average 17.88 41.65 40.47 1.63 0.98 0.40 0.22
Standard-deviation 14.59 9.27 14.24 0.21 0.62 0.10 0.08
Minimum 0.0 17.00 4.00 0.60 0.20 0.13 0.05
Maximum 63.00 67.00 70.00 2.00 6.10 0.61 0.45
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PTF on a physical basis have not been retained in the
evaluation made during this work because they
require knowledge about the detailed particles size
distribution. So, it is data which are generally not
available. Table 3 gives an overview about the inputs
data which are necessary for PTFs used.

2.3. Evaluation criteria

PTFs are regularly evaluated by making a compar-
ison between the values that they predict and the
measured values [27]. For PTFs used in this study, the
root mean square error (RMSE) has been used:

RMSE ¼ 1

n

Xn
i¼1

ðhp � hmÞ2
( )1=2

(2)

The estimation improves when the RMSE value
diminishes. The Akaike information criterion (AIC)

and the geometric mean error (GMER) are also
applied to assess the validity of PTF.

GMER ¼ exp
1

n

Xn
i¼1

ln
hp
hm

� �( )
(3)

AIC ¼ n ln
1

n

Xn
i¼1

ðhp � hmÞ2
( )

þ 2k (4)

with k––the model inputs number. The smallest values
of AIC (the most negative) is the best model. The
GMER value more or less than 1 shows an under or
over estimation orderly.

3. Results and discussion

The results show that most of methods underesti-
mate sensibly the soil water retention at the two levels
of potential, (FC and WP). The statistical parameter,

Table 2
van Genuchten parameters of selected soils

van Genuchten parameters

Өr Өs α n m

Average 0.0696 0.4333 0.0060 1.5175 0.3285
Standard-deviation 0.0178 0.0498 0.0111 0.2287 0.0852
Minimum 0.0290 0.3078 0.0002 1.1078 0.0973
Maximum 0.1191 0.6141 0.0842 2.3856 0.5808

Table 3
Input parameters of evaluated PTFs

Authors
Number of
samples The origin of soils

Model inputs

Pressure Sa Si Cl OM BD

Campbell [24] 1,400 United States pF 2.5 + + +
pF 4.2 + + +

Rawls and Brakensiek [17] 2,541 United States pF 2.5 + + +
pF 4.2 + +

Saxton et al. [25] ns United States pF 2.5 + +
pF 4.2 + +

Rawls and Brakensiek [26] 5,320 United States pF 2.5 + + +
pF 4.2 + + +

Vereecken et al. [22] 182 Belgium pF 2.5 + + + + +
pF 4.2 + + + + +

Rosetta-H3 (Schaap et al. [9]) 24,691 North of America and
Europe

pF 2.5 + + + +
pF 4.2 + + + +

Ghorbani Dashtak and Homaee [23] Type 1
[GH-1 (2004)]

234 Iran pF 2.5 + + + +
pF 4.2 +

Ghorbani Dashtak and Homaee [23] Type 3
[GH-3 (2004)]

234 Iran pF 2.5 + + +
pF 4.2 + + +

Note: OM: the organic matter, BD: the bulk density, Cl; Si; Sa: the clay. The silt and the sand, and ns: not specified.
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GMER (Table 4) has confirmed that only PTFs of
Rawls and Brakensiek [17], Vereecken et al. [22], and
Saxton et al. [25] have overestimated the soil water
retention at −1,500 kPa. The GMER values of Rawls
and Brakensiek [17], GH-1 [23], are estimated at 1.001
and 0.924, at FC and WP, orderly, what gives a good
appropriateness between the estimated and measured
values of the water content (Figs. 2(a) and 2(b)). In
fact, the RMSE values overflow those of GMER. The
lowest values are observed for Rawls and Brakensiek
[17], at 0.077 cm3 cm−3 and GH-1 [23] at 0.064
cm3 cm−3. When results of the RMSE agree with
GMER values, these statistics indicate that the point
PTFs predicted better than the parametric PTFs.

The AIC value which considers the model inputs
shows that the best PTF to estimate the soil water con-
tent at FC was Rawls and Brakensiek [17] and Saxton
et al. [25] (Table 4). Ghanbarian-Alavijeh and Liaghat
[28] and Abbasi et al. [29] noticed that the model of
Saxton et al. [25] estimates the soil water contents on
the Iranian soils better than the other PTF such as
Campbell [30].

Although the PTF of Ghorbani Dashtak and
Homaee Type 1 [23] have been developed for the
Iranian soils in a pedoclimatic context similar to those
of the soils selected in this study. Their estimations at
WP are better; the statistical criteria values confirm
that the model developed for soils of a pedoclimatic
context similar to the study area are more efficient.

The Rosetta model (H3) includes an approach on
artificial neural networks in order to predict the
parameters of the water retentions curve of van
Genuchten (Table 2) using four levels the percentage
of clay (C), silt (Si), sand (S), and bulk density (BD).
Many authors like Schaap et al. [9], Minasny and
McBratney [31], Ghorbani Dashtaki and Homaee [23],

and Khodaverdiloo and Homaee [32] have shown that
the Rosetta model underestimates the water retention.
This was confirmed in this study by the GMER value
being <1.

The causes of the weak precisions relative to the
evaluated PTF are probably due to different factors.
The application data, all the samples used in this
study, have been taken in a context totally different
from the context of the evaluated PTF development
data except for the Ghorbani Dashtak and Homaee
Type 1 model [23]. That may indicate that the effi-
ciency of PTF may be influenced by the geographical
origin of the data used in its construction [33,34]. Then,
it can be concluded that the application of the PTF
derived from a wide range of soils (heterogeneity) is
more robust than the models derived from data of par-
ticular pedoclimatic contexts. However, a large number
of records of soil hydraulic data and corresponding
predictive soil properties were obtained from three
databases [9,35] were used to drive the five models of
Rosetta (H1–H5). The inferior performance of third

Table 4
Calculated statistical criteria employed to evaluate water retention estimation on FC and in WP by PTF selected in cur-
rent study

Ө (–33 kPa) Ө (–1,500 kPa)

cm3cm−3

GMER RMSE AIC GMER RMSE AIC

Campbell [24] 0.315 0.264 −352.856 0.382 0.118 −568.299
Rawls and Brakensiek [17] 1.001 0.077 −683.434 1.139 0.067 −719.537
Saxton et al. [25] 0.976 0.082 −669.143 1.081 0.071 −707.501
Rawls and Brakensiek [26] 0.392 0.248 −371.790 0.714 0.121 −550.310
Vereecken et al. [22] 0.874 0.117 −566.157 1.235 0.080 −668.066
Rosetta (Schaap et al. [9]) 0.685 0.169 −467.210 0.665 0.101 −603.703
GH-1 (2004) 0.661 0.157 −492.779 0.924 0.064 −733.480
GH-3 (2004) 0.655 0.157 −45.171 0.786 0.076 −672.374
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Fig. 1. Frequency representation of the used samples
organic matter.
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model of Rosetta (H3) in view of the fact that the soils
used in its development were different from North
African soils. The most of the samples derived from
the PTFs of Rosetta were collected from soils in tem-
perate to subtropical climates of North America and
Europe.

The results show the low degree of uncertainty at
–33 and −1,500 kPa observed by Rawls and Brakensiek
PTF [26] (RMSE = 0.25–0.121 cm3 cm−3) and Campbell
PTF [24] (RMSE = 0.26–0.118 cm3 cm−3). It can be
argued that this is due to the fact that the texture and
bulk density of the low Cheliff soils are not in the range
of those which were used to develop these models [36].

The majority of the soil samples used in this study
are poor in OM. The value of the OM was less than
16 g kg−1 (Fig. 1). Nevertheless, all the evaluated PTFs
except for Ghorbani Dashtaki and Homaee [23] were
based on the soils of Europe or United States, where
the values of the OM are higher than those of Algerian
soil. Nemes et al. [37] have estimated the values of the
OM at 0.9–78.9, 1.0–64.8, and 1.0–44.0 g kg−1 for all the
European, Hungarian, and American data, respec-
tively. OM affects the pore size distribution through
the development of the soil structure. The presence of
organic debris and the concentration of OM encourage
the development of a biological activity in the soil that
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Fig. 2a. Predictions of water retention at field capacity and in wilting point by the selected PTFs.

5236 S. Touil et al. / Desalination and Water Treatment 57 (2016) 5232–5240



leads to an evolution of tortuous paths and conse-
quently the establishment of a continuous porosity
which receives and stores water. Rawls et al. [38] con-
cluded that the organic carbon and the bulk density
improve the estimations of the soils water retention.
Jamison and Kroth [39], Petersen et al. [40], Rawls and
Brakensiek [17], Rawls et al. [41], de Jong and Loebel
[16], Ambroise et al. [42], and Kern [43] have all
observed that the inclusion of the organic carbon con-
tent in the water content as an input was useful for
improving the estimations of soil water at −33 and
−1,500 kPa. Indeed, in this work, the point PTFs predict

a little better than the parametric PTFs and confirm that
soil water retention is controlled by different indepen-
dent variables as OM at different potential points, and
not directly related to the parameters of the water
retention curve as the van Genuchten model [15].
Furthermore, whatever the fixed pressure points, soil
water content at FC is certainly not an inherent prop-
erty of the soil, but is a parameter of production
process water runoff and drainage (leakage) out the
root zone in the entire soil profile [44].

The mathematical formalism as the choice of inputs
and adopted methods in modeling (e.g. multiple
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regressions linear or non-linear and artificial neural
networks) has a decisive role in the improvement of
PTF estimation. According to Table 4, the statistical
evaluation obtains the best efficiency for PTF of
Rawls and Brakensiek [17] and a good classification
Vereecken et al. [22] PTF compared with other meth-
ods, that may be explained by the fact that they are the
only models that need OMs as an input at −33 kPa.
The PTFs that use the OM contents as predictive vari-
ables to estimate FC and permanent WP have good
predictive ability [45].

The quality estimation of Saxton et al. [25] PTF to
pF 4.2 and G-1 [23] PTF to pF 2.5 for the reason that
these two models are based on the content of clay and
sand as inputs. The variation of water quantity
retained by the low Cheliff soils is explained firstly by
the variation of clay content. The variance increases
when the potential decreases. Also, the clay content
explains 32 and 40% of the water content variability,
when we pass from −33 to –1,500 kPa (Table 5). The
similar results were finding in Mitidja (North of
Algeria) plain confirms that the clay content is among
factors that contribute most to the water retention of
soils, usually to low potential [46].

The methods of modeling adopted in the develop-
ment of PTFs reveal that the RMSE value associated
with GMER (Fig. 3) decreases when we pass from a
multiple non-linear regression [24,26] and a regression

based on the artificial neural networks [9] to a
multiple linear regression [17,23].

4. Conclusion

The evaluation criteria have shown that the best
models for estimating of soil water retention are Rawls
and Ghorbani Dashtaki and Homaee Type 1 at FC and
WP. The results suggest that the performance of GH-1
PTF is due to the fact that has been developed from
data-set collected in similar pedoclimatic context then
our soils. It is important to consider the range of soils
on which the PTFs have been derived. In a different
context, the PTFs can lead to poor precision
(Rawls and Brakensiek (RMSE = 0.25–0.121 cm3cm−3),
Rosetta (RMSE = 0.16–0.101 cm3 cm−3), and Campbell
(RMSE = 0.26–0.118 cm3cm−3 at −33 and −1,500 kPa,
respectively). The points produce less error compared
with parametric PTFs and confirm that the soil water
retention can be well explained by different indepen-
dent variables at fixed pressure points and cannot be
accurately described by parametric models. The choice
of inputs as OM and clay content as well as adopted
methods in modeling have a decisive role in the
improvement of PTF estimation of soil water retention
properties.
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(Eds.), Eurosoil 2004, Abstracts and Full Papers, Frei-
burg, Germany, September 4–12, 10(27) (2004) 1–11.

[33] W.M. Cornelis, J. Ronsyn, M. van Meirvenne, R.
Hartmann, Evaluation of pedotransfer functions for
predicting the soil moisture retention curve, Soil Sci.
Soc. Am. J. 65 (2001) 638–648.

[34] B. Wagner, V.R. Tarnawski, V. Hennings, U. Müller,
G. Wessolek, R. Plagge, Evaluation of pedo-transfer
functions for unsaturated soil hydraulic conductivity
using an independent data set, Geoderma 102 (2001)
275–297.

[35] M.G. Schaap, F.J. Leij, M.Th. van Genuchten, Neural
network analysis for hierarchical prediction of soil
hydraulic properties, Soil Sci. Soc. Am. J. 62 (1998)
847–855.

[36] Y.A. Pachepsky, W.J. Rawls (Eds.), Development of
pedotransfer functions in soil hydrology, Develop-
ment Soil Science Elsevier, Amsterdam, 30, 2004.

[37] A. Nemes, W.J. Rawls, Y.A. Pachepsky, Influence of
organic matter on the estimation of saturated
hydraulic conductivity, Soil Sci. Soc. Am. J. 69 (2005)
1330–1337.

[38] W.J. Rawls, Y. Pachepsky, J.C. Ritchie, T.M. Sobecki,
H. Bloodwort, Effect of soil organic carbon on soil
water retention, Geoderma, 116 (2003) 61–76.

S. Touil et al. / Desalination and Water Treatment 57 (2016) 5232–5240 5239



[39] V.C. Jamison, E.M. Kroth, Available moisture storage
capacity in relation to textural composition and
organic matter content of several Missouri soils, Soil
Sci. Soc. Am. Proc. 22 (1958) 189–192.

[40] G.W. Petersen, R.L. Cunningham, R.P. Matelski, Mois-
ture characteristics of Pennsylvania soils: I. Moisture
retention as related to texture, Soil Sci. Soc. Am. Proc.
32 (1968) 271–275.

[41] W.J. Rawls, D.L. Brakensiek, B. Soni, Agricultural
management effects on soil water processes. Part I.
Soil water retention and Green–Ampt parameters,
Trans. ASAE. 26 (1983) 1747–1752.

[42] B. Ambroise, D. Reutenauer, D. Viville, Estimating soil
water retention properties from mineral and organic
fractions of coarse-textured soils in the Vosges moun-
tains of France, in: M.Th. van Genuchten, F.J. Leij, L.J.
Lund (Eds.), International Workshop on Indirect
Methods for Estimating the Hydraulic Properties of
Unsaturated Soils, University of California, Riverside,
CA, 1992, pp. 453–462.

[43] J.S. Kern, Evaluation of soil water retention models
based on basic soil physical properties, Soil Sci. Soc.
Am. J. 59 (1995) 1134–1141.

[44] N. Romano, A. Santini, Water retention and storage:
Field, in: H.J. Dane, G.C. Topp (Eds.), Methods of Soil
Analysis, Part 4, Physical Methods, SSSA Book Series
N.5, Madison, WI, 2002, pp. 721–738.

[45] A. Costa, J.A. Albuquerque, J.A. de Almeida, A. da
Costa, R.V. Luciano, Pedotransfer functions to esti-
mate retention and availability of water in soils of the
state of Santa Catarina, Braz. Rev. Bras. Cienc. Solo. 37
(4) (2013) 889–910.

[46] B. Dridi, S. Zemmouri, Fonctions de pédotransfert
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