
1. Introduction

The knowledge of the soil moisture vs. soil water
matric potential is used to study irrigation and
drainage planing, to determine the soil water storage
capacity (plant available water), to study the solute
movement, plant growth [Stanhill 1957] and water
stress.

Hydraulic soil characteristics can be determined di-
rectly through physical and chemical laboratory
analyses or indirectly by physical-chemical character-
istics of pedological horizons [Rawls 1991] that affect
soil water retention, such as sand, silt, clay content
(particle size distribution) organic matter or organic
carbon and total CaCO3 content, soil bulk density, ag-
gregate size distribution, free iron oxide: parameters
easely to determine, quickly and at low cost [Jamison
1958; Prebble 1959; Salter 1965 a; Salter 1965 b; Pe-
tersen 1968 b; Torrent 1983; Williams 1983; McK-
eague 1987; Wösten 1988; Lin 1999; Rawls 2001;
Rawls 2002 a; Rawls 2002 b; Pachepsky 2003; Rawls
2003]; recently also topografic variables have been
introduced such as altitude and slope [Odeh 1994; Ro-
mano 2002; Leij 2004]. For this derivation Pedo-
Transfer Functions (PTFs), expression used by
Bouma (1989), can be utilized.

The use of PTFs to estimate some hydrologic soil
characteristics is based on three fundamental princi-
ples [Ungaro 2001]:
– the PTF’s parameters are directly correlated with

particle size distribution and other physical-chemi-
cal soil characteristics and parameters [Nielsen
1958; Lund 1959];

– the water content values can be estimated at specif-
ic matric potentials, depending from available data;

afterwards, entire water retention curves are de-
rived;

– at specific matric potentials values, a physic-empir-
ical relationship is always defined between particle
and pore size distribution and soil water content. 
PTFs field research is more and more dynamic

such that has produced results generally satisfying
even if the large majority of study have locality im-
portance and empirical meaning [Petersen 1968 a;
Maclean 1972; Ahuja 1985; Aina 1985; Meng 1987;
Daamen 1990; Bell 1995; Tomasella 1998; Tomasella
2000; Hodnett 2002; Rajkai 2004].

Wide data sets have been utilized for PTFs devel-
opment such us UNSODA [Nemes 2001; Nemes
2003], HYPRESS (European database with 1700 soil
profiles and 5000 soil samples) [Wösten 1999], WISE
(World Inventory of Soil Emission Potentials) [Batjes
1996], GOLD and the USDA Natural Resource Con-
servation Service pedon database, provided by
homonymous society. 

PTF models can be classified on the basis of nature
and type of the input parameters:
– models utilizing physical-chemical parameters;
– models utilizing a physical-empirical approach es-

timating the water soil retention capacity throught
pore size distribution [Brutsaert 1966; Farrel 1972;
D’Hollander 1979] or particle size distribution and
soil bulk density [Arya 1981; Haverkamp 1986;
Tyler 1989].
Moreover, the first models can be differentiated in:

– linear regression models [Gupta 1979 b; De Jong
1983; Puckett 1985; Rawls 1986];

– non-linear regression and exponential models.
The last models are divided into three general

groups and for their use the following perameters are
estimated:
– the original parameters of van Genuchten equation

[van Genuchten 1980] for determining the water
soil retention curve [Rawls 1985; Wösten 1988;
Vereecken 1989; Simota 1996; Scheiinost 1997];

– the parameters of Campbell equation (1974)
[Ghosh 1980; Cosby 1984; Cresswell 2000];

– the parameters of Brooks & Corey equation (1964)
that, as the previous equations, relate the matric
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potential to the water soil content [Saxton 1986;
Mayr 1999].
For the models that use physical-chemical parame-

ters different levels of informations can be defined;
each one individualizes one or more PTFs. According
to the available data stored in the data base, it is possi-
ble to select the following PTF groups [Ungaro 2001]:
Level 1: variables necessary are one or more particle

size fractions (sand, silt and clay) [Stirk 1957;
Nielsen 1958; Salter 1966; Aina 1985; Saxton
1986]; 

Level 2: variables necessary are one or more particle
size fractions and organic matter content or soil
bulk density [Salter 1969; Rawls 1982; Aina 1985;
Rawls 1985] ;

Level 3: variables necessary are one or more particle
size fractions , organic matter (or organic carbon)
content and soil bulk density [Gupta 1979 b; De
Jong 1983; Vereecken 1989; Simota 1996];

Level 4: variables necessary are one or more particle
size fractions, organic matter (or organic carbon)
content, soil bulk density and volumetric water
content at –33 and – 1500 kPa [Rawls 1982]. 
The objective of this study is to evaluate the appli-

cability of six PTFs to estimate the volumetric water
content at the field capacity and at the wilting point in
soils of Apulia Region, utilizing soil samples deriving
from pedons studied to build up the regional pedolog-
ical map.

2. Materials and methods

2.1 Soil samples set

A data set of 361 soil samples collected from 185
pedological profiles (pedons) on Apulian territory
have been used for this research (figure 1). For each
pedon, one or more soil samples derive from one or
more pedological soil layers, respectively. The soils,
according to USDA texture classification, belong to
the textural compositions listed in table 1.

Before making physical-chemical laboratory analy-
ses, soil samples have been air-dried and 2 mm mesh
sieved.

2.2 Physical-chemical laboratory analyses 

On sieved samples, organic matter content (Walk-
ley-Black method), particle size fraction [according
with USDA texture classification (table 1 and figure
2): coarse sand (2 ≥ diameter (d) ≥ 0.1 mm), fine sand
(0.1 ≥ d ≥ 0.05 mm), coarse silt (0.05 ≥ d ≥ 0.02 mm),
fine silt (0.02 ≥ d ≥ 0.002 mm) and clay (d ≤ 0.002
mm) (pipette method and determination of coarse
sand with humid sieved)], water content (% soil dried
weight) at –33 [Field Capacity (FC)] and –1500 kPa
[Wilting Point (WP)] with porous plates in Richards
pressure chambers [Richards 1947; 1949] have been
determinated.

Soil bulk density (ρb) can be directly determinated
or estimated through specific models and/or PTFs
[Curtis 1964; Saini 1966; Heinonen 1977; Gupta 1979
a; Alexander 1980; Rawls 1989; Leonavičiutė 2000];
in this case, having only soil samples 2 mm mesh
sieved, the following equation [Adams 1973; Rawls
1982] has been applied: 

where:
o.m.: organic matter;
o.m.b.d.: organic matter bulk density, on average

equal to 0.224 g⋅cm-3;
m.b.d.: mineral bulk density, graphically obtained

through a mineral density map based on sand and
clay percentages (Davis 1973).
Considering the previous equation [Rawls 1982] to

estimate the soil bulk density, the six PTFs have been
applied only on the basis of organic matter and parti-
cle size distribution data set.

2.3 Applied Pedo-transfer functions 

The PTFs studied and applied to estimate the volu-
metric water content (θest) at –33 and – 1500 kPa ma-
tric potentials, are:

GUPTA & LARSON, 1979 (model I)
Gupta & Larson propose linear multiple regression

functions utilizing particle size fractions [sand (Sa),
silt (Si) and clay (Cl)], organic matter content (OM)
and soil bulk density (ρb).

The functions are:
1- at the Field Capacity (- 33 kPa):

θest = (0.003075 ⋅ Sa) + (0.005886 ⋅ Si) +
(0.008039 ⋅ Cl) + (0.002208 ⋅ OM) – (0.1434 ⋅ ρb);

2- at the Wilting Point (- 1500 kPa): 
θest = (-0.000059 ⋅ Sa) + (0.001142 ⋅ Si) +
(0.005766 ⋅ Cl) + (0.002228 ⋅ OM) + (0.02671 ⋅ ρb)

RAWLS et al., 1982 (model II)
Rawls et al., propose multiple regression functions

to estimate water soil contents corresponding to ten
values of matric potential (ΨPm = -10, -20, -33, -60, -
100, -200, -400, -700, -1000 e -1500 KPa). Water soil
contents are calculated as follows: 
1- at the Field Capacity (- 33 kPa):

θest = 0.2576 - 0.002 ⋅ (Sa) + 0.0036 ⋅ (Cl) + 0.0299
⋅ (OM)

2- at the Wilting Point (- 1500 kPa): 
θest = 0.0226 + 0.005 ⋅ (Cl) + 0.0158 ⋅ (OM)

DE JONG et al., 1983 (model III)
To apply De Jong model, clay (Cl) and silt (Si) per-

centages, organic carbon content (OC) and soil bulk
density (ρb) are necessary.

For ΨPm ≤ 10t where t = - 1.12 + 0.029 (Cl) the fol-
lowing function is being proposed:

θest = {a + [b1 ( log ΨPm – t )]} × ρb / 100

20
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where a = 6.4 + 2.78 (OC) + 0.24 (Cl)
b1 = - 42.9 + 0.55 (Cl)

For ΨPm > 10t the following function is being pro-
posed:

θest = {a + [b2 ( log ΨPm – t )]}× ρb / 100
where b2 = - 1.56 - [0.028 (Si + Cl) + 0.24 (OC)]
ΨPm in bar

RAWLS & BRAKENSIEK, 1985 (model IV)
This PTF is based on the original Van Genuchten

function (1980) and it allows to estimate different
variables such as the air entry potential (hb); pore size
distribution index (λ); residual water content (θr).
These variables are used to estimate the van Genucht-
en function parameters (n, m and α that is equal to
(hb)

-1).
To determine these parameters, sand (Sa) and clay

(Cl) percentages and the porosity (Ø, % in volume)
are requested. Porosity is directly derived from soil
bulk density (ρb) and soil real density (ρd), that, on
average, is equal to 2.65 g ⋅ cm-3, throught the rela-
tion: 

Ø =1- (ρb / ρd) % in volume
The saturation water content (θs) is assumed to be

equal to the porosity that is θs = Ø.
The Van Genuchten function is:
θest = θr + (θs- θr) [(1+ ΨPm/hb|

n)]-m

where:
ΨPm in dm
α = (hb)

-1;
n = λ + 1;
m = λ (λ + 1).
hb = exp (5.34 + 0.185 Cl - 2.484 Ø – 0.002 Cl2 –

0.044 SaØ – 0.617 ClØ + 0.001 Sa2Ø2- 0.009 Cl2Ø2 –
0.00001 Sa2Cl + 0.009 Cl2Ø – 0.0007 Sa2Ø +
0.000005 Cl2Sa + 0.5 Ø2Cl) 

λ = exp (-0.784 + 0.018 S – 1.062 Ø – 0.00005 Sa2

– 0.003 Cl2 + 1.111 Ø2 – 0.031 SaØ + 0.0003 Sa2Ø2 –
0.006 Cl2Ø2 – 0.000002 Sa2Cl + 0.008 Cl2Ø – 0.007
Ø2Cl)

θr = - 0.018 + 0.0009 Sa + 0.005 Cl + 0.029 Ø –
0.0002 Cl2 – 0.001 SaØ – 0.0002 Cl2Ø2 + 0.003 Cl2Ø
– 0.002 Ø2Cl.

SAXTON et al., 1986 (model V)
Saxton’ function derives from original Brooks &

Corey function (1964). Data concerning clay (Cl) and
sand (Sa) percentages, with diameter particle indicat-

21

Fig. 1 - Localization of the 185 pedological profiles on Apulian territory.
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ed in USDA texture classification, are requested.
In three different matric potential ranges, three dif-

ferent functions can be individualize; particularly ma-
tric potentials (ΨPm) between - 1500 KPa and - 10
KPa

θest = (ΨPm/A )1/B

where:
A = exp [-4.396 -0.0715(Cl) -4.880×10-4(Sa)2 -

4.285×10-5(Sa)2(Cl)] 100.0
B = -3.140 - 0.00222(Cl)2 -3.484×10-5(Sa)2(Cl)

VEREECKEN et al., 1989 (model VI)
As Rawls & Brakensiek model (1985), Vereecken

et al. model estimates the parameters of original Van
Genuchten function (eq. 1) utilizing clay (Cl) and
sand (Sa) percentages, organic carbon content (OC)
and soil bulk density. 

θest = θr + (θs- θr) (1 + | αΨPm|n)-1 (eq. 1)
ΨPm in dm 

The functions to estimate the parameters of Van
Genuchten function are:

22

Fig. 2 - USDA soil classification of the examined soil samples.

TABLE 1 - Textural classes (USDA textural classification) and relative number of soil samples for each class.

Sand %
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θs = 0.81 – 0.283 (ρb) + 0.001(Cl);
θr = 0.015 + 0.005(Cl) + 0.014(OC);
log (n) = - 2.486 + 0.025(Sa) – 0.351 (OC) –

2.617(ρb) – 0.023(Cl);
log (n) = 0.053 – 0.009 (Sa) - 0.013 (Cl) + 0.00015

(Sa)2.

2.4 Definition of Pedo-Transfer functions evaluation 
criteria 

For the differences between the values of water
contents estimated with the six PTFs and those deter-
minated in laboratory, relative to the total data set,
statistic errors and correlations [Allen 1989; Wösten
2001] have been calculated, that is:
1- The Weighted standard error of estimate (WSEE),

obtained through indexes, such as standard error of
estimate (SEE) of the differences between meas-
ured and estimated soil moisture values with the
six PTFs, and adjusted standard error of estimate
(ASEE) of the differences between soil moisture
values measured (θm) and estimated (θest) by re-
gression lines through zero, giving a weight of 16
% to the soils tendentially clayey [(textural classes
Clay (n. soil samples 35) and Silty Clay (n. soil
samples 21)], of 3 % to the soils tendentially sandy
[(texitural classes Sand (n. soil samples 2) and
Loamy Sandy (n. soil samples 9)], and of 81 % to
the other ones (n. soil samples 294); the applied re-
lation is the following:

WSEE (m3⋅m-3) =0.81⋅[0.67 ⋅ (SEE) + 0.33 ⋅ (ASEE)] +
0.16 ⋅ [0.67 ⋅ (SEE) + 0.33 ⋅ (ASEE)] + 0.03 ⋅ [0.67 ⋅
(SEE) + 0.33 ⋅ (ASEE)]

where 0.67 e 0.33 are the percentages of SEE and
ASEE indexes on total error for each textural group,
respectively [Allen 1989]; 0.03, 0.16 e 0.81 are the er-
ror percentages on WSEE index of the soils tenden-
tially sandy and clayey and of the other tipes, respec-
tively. The percentages are calculated as follow: 

n. of soils in texitural group
n. total of soils

2- mean deviation (MD) or mean error (ME) between
estimated (θest) and measured (θm) water retention
values. MD is a positive or negative number ac-
cording to whether the PTFs overestimate or un-
derestimate the water contents, respectively;

3- root mean squared deviation (RMSD) or root mean
square residual (RMSR) or root mean square error
(RMSE);

4- determination coefficients (R2) between estimated
and measured water retention values.
Analysis of variance and Student-Newman-Keuls

tests have been applied on the statistic indexes MD
and RMSD, utilizing SAS software (S.A.S. INSTI-
TUTE INC.-USA) with 0,05 and 0,01 probability lev-
els. The protected SNK test of Student-Newman-
Keuls has been applied only to significant parameters.

3. Results

The results of the comparisons between estimated
and measured water retention values utilizing the in-
dexes previously indicated are reported.

Weighted standard error of estimate (WSEE)
WSEE index, calculated for clayey and sandy soils

and for soils belonging to the remaining 8 textural
classes, represented for 16 - 3 and 81 %, respectively,
has given different results for water content values at
the Field Capacity (FC) and the Wilting Point (WP). In
particular, at the FC (table 2), the lowest value (0.0607
m3·m-3) has been obtained with model II demonstrating
to be the best one. WSEE index values, which are the
differences between soil moisture estimated and calcu-
lated, increased up to 0.0613 – 0.0651 – 0.067 – 0.100
and to 0.104 m3⋅m-3 with models VI, IV, I, V and III,
respectively; the last model resulting the worst.

At the WP (table 3), the lowest value of WSEE in-
dex (0.044 m3⋅m-3) has been observed with model IV.
WSEE values rise to 0.048 – 0.053 – 0.054 – 0.060
and to 0.069 m3⋅m-3 with the application of models II,
V, VI, III, I, respectively. 

According to WSEE index, the models II and IV
give the best performance at the FC and the WP, re-
spectively.

Mean deviation (MD)
For the total data set, at the FC, the mean deviation

values between soil moisture estimated with the six
PTFs and measured in laboratory (table 4) show that 5
of them underestimate water content, while the model
I overestimates the water content (on average 0.030
m3⋅m-3). However, the lowest MD values (-0.007 and
–0.019 m3⋅m-3) have been observed with the models II
and VI, while the highest ones with the application of
the models V and III (-0.064 e -0.081 m3⋅m-3). 

At the WP, the models I, II and VI overestimate
water contents (5.3 – 0.6 e 0.5 % of volume, respec-
tively), while the models IV, V and III underestimate
water contents of 1.6 – 1.8 e del 4.6 %, respectively. 

MD index indicates that the models II and VI are
the best to estimate the water content at the FC and
the WP, respectively.

Root mean squared deviation (RMSD)
The RMSD values, calculated on the differences

between the soil moisture estimated and measured at
the FC and WP, are much the same of the WSEE val-
ues (table 4). At the FC, the RMSD values vary from
0.059 m3⋅m-3, with model II, to 0.061 – 0.066 – 0.070
– 0.102 – 0.121 m3⋅m-3 with the models VI, I, IV, V
and III, respectively, with significant differences be-
tween the first two for the lowest values, and between
the last two for the highest values. 

At the WP, the RMSD values vary from 0.046 and
0.047 m3⋅m-3, with the models IV and II, to higher
values such as 0.071 e 0.072 m3⋅m-3 using the models
I and III.

23

004_Buccigrossi(516)_19  27-07-2009  11:10  Pagina 23



According to the RMSD index, as well the WSEE
index, the models II and VI, at the FC, and the model
IV and II at the WP, are satisfactory. The less accurate
soil moisture estimates have been obtained with the
application of the models V and III at the FC and the
models III and I at the WP (table 4).

Correlations between estimated (θθest) and measured
soil water content (θθm)

In order to test the applicability of the six PTFs to
different soils of Apulia Region, the determination co-
efficients between soil moisture values estimated and
measured in laboratory have been calculated, with re-
gression lines trough zero also when the intercept val-
ues have been statistically different from zero (figure
3 and 4). 

Determination coefficients between soil water con-
tent estimated and measured both at the FC and the
WP are higher than 90, except for model III at WP, for
which R2 is equal to 0.88 (table 2-3 and figure 3-4). 

At FC the straight line slopes very near to 1 (0.955,
0.914 and 1.06) have been observed with the applica-
tion of the models II, VI and I (table 2) giving the best
performance, while at WP the straight line slopes
close to 1 (1.008 and 1.02) have been observed apply-
ing the models II and VI (table 3).

According to the values of the determination coef-
ficients and straight line slopes, the models that fit

best the Apulian soil characteristics are: the I – II and
VI at the FC, the II and VI at the WP. 

4. Discussion and conclusions

The values of soil moisture estimated with the six
PTFs tested for Apulian soils result closer to those de-
termined in the laboratory at the Wilting Point (WP)
than those at Field Capacity (FC), except for the mod-
el I that shows opposite behaviour. 

Considering the statistical MD index, the best per-
formances are recorded applying the model II at the
FC, the models II and VI at the WP. The MD index
values indicate that, for a number of soils, determin-
ing in laboratory the standard chemical and physical
characteristics and applying the pedo-transfer models,
it is very likely to have differences between estimated
and measured soil water contents such that on aver-
age, they provide a low MD value; that is, the soil
moistures estimated with the PTFs, on average, are
very close to the ones determined in laboratory. 

From a mathematically point of view, a low MD
index value can derive:
– from low values of the differences between esti-

mated and measured soil water contents;
– from more or less elevated values of the soil mois-

ture differences but with opposite sign that, on av-
erage, they cancel out each other.

24

TABLE 2 - Regression parameters between measured and estimated with six PTFs soil moisture values at Field Capacity (%
volume) setting intercepts to zero; indexes SEE, ASEE and WSEE values.
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TABLE 3 - Regression parameters between measured and estimated with six PTFs soil moisture values at Wilting Point (% vol-
ume) setting intercepts to zero; indexes SEE, ASEE and WSEE values.

TABLE 4 - Mean Deviation and Root Mean Squared Deviation of differences between estimated and
measured soil moisture values for total data set.
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Fig. 3 - Regression lines through zero between estimated and measured soil moisture values at the Field Capacity.
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These results point out the importance of WSEE
and RMSD indexes. In the mathematic formulation of
these two indexes, the squaring of the values of the
differences between estimated and measured soil wa-
ter contents eliminates the effect of the opposite sign,
and therefore it shows a real view of the values entity
error; a hypothetical MD value equal to that of the
RMSD value indicates, practically, that the soil mois-
ture differences have all the same mathematic sign. In
other words, RMSD index in the series of available
∆θ, quantifies the effect of the mutual annulment of
elevated soil moisture differences but with opposite
mathematic sign. 

The results of this validation research on the adapt-
ability of the six PTFs in Apulian soils show that, at
the Field Capacity, the lowest values of WSEE,
RMSD and MD indexes have been obtained with the
model II; in this case the lowest MD value is influ-
enced more from low values of the differences be-
tween estimated and measured soil water contents
than from the annulment of opposite sign differences.

At the Wilting Point, instead, the model IV pro-
vides the lowest WSEE and RMSD values; respect to
this last PTF, the ones of the model II and VI, even if
gave the lowest MD values (0.6 and 0.5 % vs. 1.6 %
moisture in volume), surely they come, in the series
of available ∆θ, from the greater number of elevated
soil water moisture differences that cancel out each
other. Therefore, at the WP the best performance has
been obtained by applying the model IV.

From these considerations, it is possibile to make
the following conclusions for each model.

Model I (Gupta & Larson, 1979) 
a) Among the PTFs studied, Gupta & Larson is the

PTF that asks for the greatest number of input pa-
rameters for its application (5 parameters);

b) for Apulian soils, it is the unique PTF that on aver-
age overestimates the soil water contents both at the
FC (MD = 0.03 m3⋅m-3) and WP (MD = 0.053
m3⋅m-3), according to the validation research of Tiet-
je & Tapkenhinrichs (1993) that used two data sets
of soil samples collected in Germany [Othmer 1989;
Bachmann 1992] and of Kern (1995) that used a da-
ta set of soil samples collected in USA territory and
reported in the USDA-SCS National Soil Survey
Laboratory Pedon Database; Williams et al., (1992)
instead, report that, at the corresponding –1500 KPa
matric potential, Gupta & Larson model underesti-
mates the soil water content of 0.029 m3⋅m-3;

Model II (Rawls et al.,1982)  
a) This PTF is very easy to apply in that it asks for

only the soil particle size distribution and the or-
ganic matter content;

b) it produces MD and RMSD values (<1 % and   ≤ 6
% in volume, respectively) similar to the literature
values [Tietje 1993; Kern 1995]; both at the FC
and the WP, the MD and RMSD values result the
lowest of the all tested PTFs;

Model III (De Jong et al., 1983) 
Suggested, in origin, for Canadian soils, this PTF,

in Apulian soils, produces high statistical errors for
the evaluation of soil water content at all matric po-
tentials; indeed, the WSEE, MD and RMSD values
are the highest and the correlation coefficients be-
tween estimated and measured soil water contents are
the lowest;

Model IV (Rawls & Brakensiek, 1985)
In agreement with Tietje & Tapkenhinrichs (1993),

the Rawls & Brakensiek PTF underestimates the soil
water content, on average, of the 4.5 and 1.6 % at the
FC and the WP respectively; however, the statistic pa-
rameter values are similar, at the WP even lower, to
the ones reported for soils of Emilia Romagna and
Lombardia (MD 0.02-0.07; RMSD 0.08-0.09 m3⋅m-3)
[Ungaro 2001] and they are considered satisfactory by
the same authors.

Model V (Saxton et al., 1986)  
a- It is the PTF that utilizes the least number of input

parameters: the clay and sand contents are only
necessary;

b- among the six validated PTFs, it provides, for the
Apulian soil set, one of the highest MD values at the
FC (> 6 % in volume) and one of the lowest MD
values at the WP (< 2 % in volume); however, for
Apulian soils, the MD and RMSD values are clearly
higher than the ones reported in literature, validating
Saxton model in the centre Europe soils [Tietje
1993], in Italy (Emilia Romagna and Lombardia
soils) [Ungaro 2001] and in USA [Kern 1995];

Model VI (Vereecken et al., 1989) 
a- This PTF presents the disadvantage to require soil

bulk density, a parameter often not available and
difficult to evaluate; 

b- it is the PTF that, except the one of Rawls et al.
(1982), gives the lowest soil water MD values (< 2
% in volume at the FC; 0.5 % at the WP); these
values are similar to those reported from Tietje &
Tapkenhinrichs (1993) fo the centre Europe (Ger-
many) soils, but practically contrary in sign and
values, for the estreme points of water retention
curve, to the values recorded by Kern (1995) in
USA soils (MDCIC = -0.009; MDPA =0.020 m3⋅m-3);
this model provides MD and RMSD values lower
than the ones obtained from Ungaro & Calzolari
(2001) in Emilia Romagna and Lombardia soils;
moreover MD values are also lower of those ob-
tained in Belgium from Cornelis et al., (2001) that
consider this PTF the best one.
In conclusion, among the six PTFs tested in Apu-

lian soils, the best performance have been obtained
with the following models: Rawls and Vereecken at
the Field Capacity; Rawls & Brakensiek and Rawls at
the Wilting Point.

27
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Fig. 4 - Regression lines through zero between estimated and measured soil moisture values at the Wilting Point.
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SUMMARY

The knowledge of soil water retention vs. soil wa-
ter matric potential is used to study irrigation and
drainage schedules, soil water storage capacity (plant
available water), solute movement, plant growth and
water stress.

The hydraulic soil properties measuring is expen-
sive, laborious and takes too long time, so, frequently,
matemathic models, called pedo-transfer functions
(PTFs) are utilized to estimate hydraulic soil proper-
ties through soil chimical and phisical characteristics.

Six pedo-transfer functions have been evaluated
(Gupta & Larson, 1979; Rawls et al., 1982; De Jong et
al., 1983; Rawls & Brakensiek, 1985; Saxton et al.,
1986; Vereecken et al., 1989) by comparing estimated
with measured soil moisture values at soil water matric
potential of –33 and –1500 kPa of 361 soil samples
collected from 185 pedons of Apulia Region (South
Italy), having various combinations of particle-size dis-
tribution, soil organic matter content and bulk density.

Accuracy of the soil moisture predictions have
been evaluated by statistic indexes such as Weighted
stantard error (WSEE), Mean Deviation (MD), Root
Mean Squared Deviation (RMSD) and the determina-
tion coefficient (R2) between estimated and measured
water retention values.

The Rawls PTF model demostrated to have the
lowest values of WSEE, MD and RMSD indexes
(0.044, -0.007 and 0.059 m3 H2O m-3 soil, respective-
ly) at –33 Kpa soil water matric potential (Field Ca-
pacity), while for estimating soil moisture at the Wilt-
ing Point (-1500 kPa) Rawls & Brakensiek model is
adequate (WSEE, MD and RMSD of 0.034, -0.016
and 0.046 m3 H2O m-3 soil).

De Jong, Saxton and Rawls & Brakensiek models,
at –33 kPa soil water matric potential and Gupta &
Larson and De Jong models at –1500 kPa soil water
matric potential, showed the highest statistic errors. 

Keywords: Hydraulic soil properties, pedotransfer
functions, soil water retention models.
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NOTE

CIOSTA-CIGR V Conference - Reggio Calabria, 17-19 June 2009 

The XXXIII CIOSTA-CIGR V Conference “TECHNOLOGY AND MANAGEMENT TO ENSURE SUSTAINA-
BLE AGRICULTURE, AGRO-SYSTEMS, FORESTRY AND SAFETY” held at the University “Mediterranea” of
Reggio Calabria, 17-19, June 2009 has been recently concluded. The event was organized by Professors Gennaro
Giametta and Giuseppe Zimbalatti, as Ciosta President and Coordinator, respectively, in concert with Professor
Pietro Piccarolo, CIGR V Section President, and with the support of other very prestigious scientific organisms
which promote the research in this field: CIGR, EurAgeng e AIIA. Inside the Conference, a IUFRO workshop
(Unit 3.06.00), about “Forestry utilization in Mediterranean Countries with particular respect to sloping areas” –
whose referee was Prof. Zimbalatti – was held. The guests who took part in the conference were more than three
hundred with a total of four hundred reports which represent the future for the experts of the field. 

The first meeting was in the evening of the 16th of June, when all the guests gathered in order to be welcomed by
the organizers and by the city, for an Ice breaking dinner offered by the Government of Reggio Calabria, in the
city promenade which faces the Straits of Messina, described as “the finest mile in Italy” by the Italian poet Ga-
briele D’Annunzio. On Wednesday 17th in the morning, at the Faculty of Agriculture there was the opening cere-
mony introduced by Professor Giametta, in the presence of all the institutional authorities of Calabria. In succes-
sion the opening scientific session, introduced by Professor Zimbalatti, started. The most important members of
the promoting associations took part: Søren Pedersen (CIGR President),  Antonino Failla (AIIA President, Italy). 

During this phase two of the world most important experts, the Japanese Naoshi Kondo and Masami Shiba repor-
ted, respectively, on robotics in agriculture and the problems linked to the globalization of the wood row. On Wed-
nesday, in the afternoon, and on Thursday, until the Conference closing ceremony, at the Faculty the refereers split
up into oral and poster sessions, divided into 15 themes, in order to discuss the latest innovations in the field of
Agro-Forestry mechanization and systems with the consequent aspects as concerns safety, environmental protec-
tion and work organization. These are the figures of the event: 942 authors from 60 Countries and 5 Continents ha-
ve contributed to the Proceedings of the Conference volume (2368 pages); 393 papers (161 oral presentation - 232
poster presentation).

Many were the field experiences for the delegations coming from the four corners of the earth. See the “techinc-
gastronomic appendix” of the first day with demonstration of the agricultural machines produced by “De Masi”
factory, one of the calabrian “excellences”, with dinner at the “Uliveto Principessa Resort” of Cittanova. Many
were the occasions of cultural exchanges as well , with the visit to the National Museum of Magna Grecia of Reg-
gio Calabria. The whole delegation was also received at “Palazzo Foti” by the President of the Provincial Council
Giuseppe Giordano and by the councillor Antonio Scali, who congratulated on the big success of the Conference.
There was also a tour through the wonderful landscapes of the “COSTA VIOLA” and the olive-grove scenery in
the Grecian Area with visit and refreshment at Capogreco Olive-oil factory, other excellence in Calabria. Also the
parallel tour through the National Park of Aspromonte, realized with the support of the National Forester Corps,
was very appreciated by all the Conference Partecipants. 

The next XXXIV Ciosta Conference  “Efficient and safe production processes in sustainable agriculture and fore-
stry” will be held in Vienna,  29 June - 1 July  2011.

Gennaro GIAMETTA, Pietro PICCAROLO, Giuseppe ZIMBALATTI
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