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ABSTRACT
Superficial and sub-superficial soils affected by salinization were
studied on a pilot site on an Ionian coastal plain in Basilicata,
Southern Italy. Grain-size, mineralogical, and geochemical features
favouring soil degradation were analyzed. This study identifies the
main mechanisms for triggering soil salinization, including electri-
cal conductivity which provide a physical marker by measuring
the level of salinization and silty grain component size and halite
and/or chlorite percentages provided compositional markers. A
critical depth of about 20 cm was identified, impacting the down-
ward diffusion mechanism of the superficial salt and a possible
chloritization of smectite from/by soluble magnesium relating to
saline water-soil interaction from weathering processes.
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1. Introduction

Land degradation due to soil salinization represents an important issue in arid coastal
areas including the transition zones between saline and freshwater environments and
are often characterized by a strong anthropic pressure and consequently an intense
exploitation of soil and water resources.

Marine ingression represents one of the main causes of soil degradation on a
coastal environment, however marine aerosol and the frequency of storm and floods
and prolonged stagnation of seawater can also play an important role in soil saliniza-
tion. Salt accumulation is generally more accentuated at the soil surface, when salt
deposition from marine spray or water evaporation from brackish pool and ponds
occur. The excessive exploitation of groundwater at ground level or close by and the
indiscriminate use of fertilizers and/or land irrigation using brackish or saline waters
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can also contribute and exacerbate the salinization processes with very serious conse-
quences on crops and plants (Barbarella et al. 2015; Gkiougkis et al. 2015;
Argamasilla et al. 2017; Imbrenda et al. 2018). Crop salinity tolerance depends on the
crop species, however, the growth of most agronomic crops is inhibited or greatly
hindered when effective electrical conductivity is greater than 4 dS/m (Soil Salinity
Staff 1954; Andrews et al. 2004; Karlen et al. 2008; Aldabaa et al. 2015).

Ionian coastal areas in southern Italy represent an important pilot case for soil sali-
nization processes (Spilotro et al. 2002; Polemio et al. 2003a, 2003b; Satriani
et al. 2012).

Basso et al. (2012) indicated that climate is the main factor contributing to the
environmental sensitivity to land degradation/desertification processes in this area.
The succession of increasingly hot and dry periods with decreasing rains and increas-
ing evaporation rates have played an important role in the environmental modifica-
tion of areas studied throughout the twentieth century. However, further anthropic
contribution must be considered, such as the reclamation of wetlands, the construc-
tion of dams, and weirs along the rivers of the upstream watersheds, an increase in
tourism and the strengthening of livestock and valuable agricultural practices in
already strongly anthropized zones.

A pilot site close to the Basento river mouth was chosen for this study, based on
physical, mineralogical, and geochemical soil characterization to (1) confirm the

Figure 1. Map of the studied area. Superficial samples. Geognostic well dug.
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usefulness of electrical conductivity in the representation of the level of soil salinity,
(2) identify any correlations between compositional soil properties and soil salinity,
(3) hypothesize possible mineralogical and geochemical hazard factors in relation to
soil salinization and (4) identify the main causes of soil salinization and related
weathering processes.

2. Pilot site

The pilot site is located in Torre Mare, Metaponto, along the Basilicata Ionian coast,
close to the mouth of the river Basento (Figure 1).

The geological bedrock is represented by the sedimentary succession of the
Apennine foredeep (Ciaranfi et al. 1979; Tropeano et al. 2002; Polemio et al. 2002,
2003a, 2003b, 2006), from top to bottom consisting of: (1) marine terrace deposits
(Middle–Upper Pleistocene), (2) Monte Marano Sands and Irsina Conglomerate
Formations (Lower–Middle Pleistocene sands and conglomerates), (3) Subappennine
Formation (Upper Pliocene–Middle Pleistocene clays) area. These terrains are covered
by recent alluvial, transition, and marine deposits, hosting multi-aquifer groundwater
with a permeability limit able to go below sea level, allowing for marine intrusion
(Polemio et al. 2002, 2003a, 2003b, 2006). The soils on the lower terraces of the
Metaponto area are weakly developed having grayish- or yellowish-brown colours
and can be classified as Brunic Arenosol (Calcaric).

The area lies in a typical Mediterranean climate region, classified as Csa by the
K€oppen-Geiger system. The warmest month is July (average monthly temperature
�25 �C) whereas the coolest is January (average monthly temperature �9 �C) and a
mean annual temperature of �16.5 �C. The temperatures reached during summers
are occasionally similar to cold semi-arid regions. The total annual precipitation aver-
ages �456mm. The driest and wettest months are July and November with less than
20mm and �66mm of average rainfall, respectively (Satriani et al. 2012).

The pilot site is characterized by the presence of pervasive whitish crusts of saline
precipitates (Figure 2A).

Figure 2. (A) Salinitation process of the studied area. (B) Profile of geognostic well dug.
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The crust formation could be due to simultaneous processes occurring in the area
such as groundwater rising periodically to ground level and storm surges and flood-
ing from the river Basento with subsequent water evaporation from ponds and pools,
marine spray deposition and scarcity of rainfall able to leach saline accumulations.
The vegetation cover is mainly represented by halophilic species such as Triglochin
bulbosum, Sarcocornia fruticosa, Arthrocnemum glaucum, and the saline crusts tend to
be thicker where vegetation is absent or stunted.

3. Materials and methods

A total of 20 superficial soil samples were collected at nodes of a grid entirely covering
the area studied and were analyzed for electrical conductivity measurements, pH deter-
mination, grain-size, and mineralogical analyses, soluble and extractable cation determi-
nation with the calculation of some geochemical parameters such as SAR (Sodium
Absorption Ratio) and CEC (Cation Exchange Capability). Identical and analytical
determinations were also performed on 12 samples collected from a geognostic well-
excavated to a depth of about 1.5m below ground level (Figure 2B) chosen as the
superficial manifestations of soil salinization were most evident (Figure 2A).

Electrical conductivity and pH were determined by measurements on suspensions
of 1 part of soil to 2.5 part water.

Grain-size analyses of soil samples were carried out using wet sieving and frac-
tional sedimentation following Stokes’ Law.

Mineralogical analyses were carried out using X-ray diffraction (XRD), with Cu Ka
radiation, secondary monochromator, and a sample spinner. A Rigaku Miniflex pow-
der diffractometer was used. The quantitative mineralogical bulk rock data was
obtained following the Barahona Fernandez procedure (Barahona Fernandez 1974)
based on integrated intensity measurements for all the crystalline phases. The less
than 2 lm fraction was separated using sedimentation in distilled water following
Stokes’ Law and analyzed using oriented aggregates, in natural conditions, heating to
375 �C and solvating with ethylene glycol overnight at 60 �C, following Biscaye
(1965), with slight modifications. The characterization of mixed-layer clays was
accomplished following Moore and Reynolds (1989). Peak area, peak position, and
width were measured using WinFit decomposition software (Krumm 1994).

Sodium Adsorption Ratio (SAR) is a geochemical parameter useful for evaluating
soil sodicity and texture features and is generally determined from the concentrations
of the alkaline and earth alkaline cations in saturated extracts, as indicated, for exam-
ple, by Rowell (1994), Summa et al. (2007), Chi and Wang (2010), Chi et al. (2011),
Summa et al. (2015). A clay-water suspension was used by mixing 4 g of sediment
and 40ml of distilled water, followed by 12 hours of shaking, centrifugation, and fil-
tering. The supernatant was analyzed using Inductively Coupled Plasma-Optical
Emission Spectrometers (ICP-OES) to determine Na amounts. Residual sediments
were used to determine the exchangeable cations, by adding 40mL of 1M ammo-
nium acetate solution. The suspension was shaken for 2 hours, centrifuged and fil-
tered through a 0.45 lm membrane. The supernatant was analyzed to determine Mg,
Ca, Na, and K amounts; the sum of cations was used to calculate the cation exchange
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capability (CEC) and the exchangeable sodium (ESP), magnesium (EMP), calcium
(ECP), and potassium (EPP) percentages.

4. Results

4.1. Physical characters

The electrical conductivity identified many samples with potentially serious or moderate
salinity conditions. A subdivision of the samples studied in two salinity classes was pro-
posed, with a threshold value of 4mS/cm which could be considered as the value above
which all crops are suffering and only the halophilic species survive (Giandon and
Bortolami 2008). Eight superficial samples fell into the >4mS/cm class (following class
A), all exceeding 10mS/cm, the remaining 12 samples had electrical conductivity ranging
between 0.5 and 4mS/cm (following class B), values able to partially depress the crops,
from those more sensitive to the more tolerant ones (Table 1).

All well samples fell into class A, constantly exceeding 10mS/cm up to about 20 cm
depth, with the exception of one sample (M7) which showed a significantly lower value.
The values gradually decreased with depth, remaining at >4mS/cm. (Figure 3).

4.2. Geochemical characters

All soils studied can be classified from moderate to very alkaline, with pH values ranging
between 7.6 and almost 9.0 (Table 1). No significant differences were detected between
the two salinity classes identified. pH trend increased with depth (Figure 3).

Figure 3. CE (Electrical Conductivity) and pH vs depth diagrams. � Crust samples � Sub-superficial
samples ~ Deep samples.
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SAR of superficial samples, ranged between 1 and 20, and higher values, consis-
tently >10, were detected for class A samples. A clear distinction was made between
the quantities of total soluble cations for class A (RSC > 10 meq/100g) and class B
(1 meq/100g<RSC < 5 meq/100g) with the exception of one sample (M7) which
showed a significantly higher value. Sodium was the most abundant soluble cation
with the exception of two samples (G16 and G19) where calcium prevailed and potas-
sium also showed higher values than all other samples. Soluble magnesium was also
detected in non-negligible amounts (Table 1).

The total soluble cations from the well samples decreased with depth, maintaining
significantly high values up to a depth of about 20 cm; with values abruptly dropping
below that depth, and staying at >10 meq/100g. All soluble cations showed this depth
trend, with sodium � magnesium � calcium> potassium (Figure 4).

Superficial sample CEC values ranged between 25 and 41 meq/100g, with the
exception of one sample (G20) which showed a significantly lower value. No signifi-
cant differences in CEC values were observed between the two salinity classes indenti-
fied. Calcium was always the most abundant exchangeable cation, Magnesium,
sodium, and potassium followed in this order of abundance. Highest exchangeable
sodium values were observed in the samples in salinity class A. No significant depth
trends were observed in the well samples (Table 1).

4.3. Grain-size

According to the Shepard diagram (1954), the superficial soils studied can be classi-
fied as silts, sandy silts and clayey silts, with only two outlier samples falling in the
sand field and Loam field of the diagram (Figure 5).

Figure 4. Total Soluble Cation (
P

SC), Soluble Na (Sodium), Soluble Mg (Magnesium), Soluble
Ca (Calcium) and Soluble K (Potassium) vs depth diagrams.� Crust samples� Sub-superficial samples~
Deep samples.
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The silty fraction was always predominant, with the exception of the prevalently
sandy sample, and ranged between 14% and 86%, showing a high variability. The
most represented silty fraction always ranged between 16 and 32 mm. The clayey frac-
tion was often the most poorly represented grain-size component and only exceeded
the sandy fraction in a few samples and was almost absent in one prevalently silty
sample (Figure 6A).

The well samples showed analogous granulometrical characters and an increased
variability was detected. These samples can be classified as silts, sandy silts, and silty
sands, with one sample falling into the sand field and two samples falling into the
clayey silt field. All crust samples and sub-superficial samples (collection depth
�4 cm) fell into the silt field, with very low sand and clay amounts, with the excep-
tion of one sample which fell into the clayey silt field (Figure 7).

On average, the most represented silty fraction ranged between 16 and 32 mm, less
evident than those detected for the superficial samples, the 63 – 32 mm and 8–16 mm
fractions were also well represented (Figure 6B). The clayey fraction was almost
always the most poorly represented grain-size component, with the exception of the
sub-superficial samples whichexceeded the sandy component.

4.4. Mineralogy

Sheet silicates and quartz were the most abundant phases in the superficial soils
studied (about 36% and 27% on average, respectively). Carbonates, feldspars, and

Figure 5. Granulometrical classification of superficial samples (Shepard, 1954). � Class A samples
~ Class B samples.
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then plagioclases occurred in minor quantities and in the following decreasing order
of abundance (Table 2). Sheet silicates were always the prevalent phases, with the
exception of a few samples where quartz was predominant. One sample showed only
sheet silicates in traces, consistent with the almost total absence of the <2mm frac-
tion. Calcite was more abundant than dolomite. Halite was also detected in all sam-
ples, with concentrations up to 5%. The phyllosilicatic components were
characterized by a predominance of expandable phases (about 48% on average). Illite
and muscovite occurred on an average at approximately 25%. Kaolinite and chlorite
were present in similar quantities, with a weak prevalence of chlorite, and their
amount almost always exceeded 10% (Table 2).

Well samples showed analogous mineralogical characters. Bulk rock was character-
ized by a predominance of sheet silicates and, secondly, quartz (about 40% and 23%
on average, respectively). Total carbonate amounts were comparable to the quartz
amounts (about 23%), with calcite � dolomite. Feldspars and plagioclases occur in
less abundance (5%). Halite was also detected in all samples, with concentrations up
to 5% and one value exceeding 10% (Table 2). The phyllosilicatic component was

Figure 6. Avarage granulometrical composition of superficial samples (A) and of well samples (B).
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characterized by a predominance of expandable phases (about 39% on average). Illite
and muscovite occurred on an average at approximately 31%. In almost all shallower
samples the illite/muscovite was the prevalent phase, whereas expandable phases
(Illite/Smectite) became clearly prevalent in deeper samples. Kaolinite and chlorite
were present in similar quantities, with a weak prevalence of chlorite almost always
exceeding 10% (Table 2).

5. Discussion and Conclusion

The statistically significant positive correlation detected in the percentage of halite
and electrical conductivity confirms that it can be considered as a good indicator for
the degree of soil salinization, particularly evident in large concentrations of halite
and higher values of electrical conductivity (Class A), while for lower values (Class B)
this linear relationship is less clear (Figure 8).

The electrical conductivity for class B, however, shows a positive correlation
between the percentages of chlorite with a corresponding negative correlation with
illite/smectite (Figure 9). This correlation is less evident for the samples belonging to
Class A.

A possible explanation for correlations between salinity, chlorite, and smectite
could be linked to Mg fixation in the mineral structures resulting in the transforma-
tion of smectitic minerals into chlorite, as already indicated for saline and alkali soil
conditions by Raychaudhuri (1968) and Simakova (2008). Furthermore, Raychaudhuri
(1968) also highlighted that this type of transformation is able to significantly affect

Figure 7. Granulometrical classification of well samples (Shepard, 1954). � Crust samples � Sub-
superficial samples (depth � 4cm) � Deep samples (depth > 4cm).
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soil structure, due to the difference between crumb structures typical in montmoril-
lonites and platy structures characterizing chlorites. The minor amounts of halite in
the samples belonging to Class B could justify a higher quantity of soluble magne-
sium in the weathering and degradation processes compared with the more halite-
enriched samples.

The decreasing depth trend of electrical conductivity (Figure 3) and the percentage
of halite (Table 2) confirm a significant correlation between these two parameters.
Furthermore, a critical depth of between 15 and 20 cm was identified, above that the
halite concentrations and the electrical conductivity were significantly higher and

TABLE 2. Mineralogical composition of the studied samples: Qtz (Quartz), Cal (Calcite), Dol
(Dolomite), K-feld (Feldspar), Plg (Plagioclase), Phy (Phyllosilicate), Ha (Halite), Gy (Gypsum), Ill/M
(Illite/muscovite), Ill/Sme (Illite/Smectite), Kþ Ch (Kaoliniteþ Chlorite), v (average) and r (standard
deviation).

Samples Depth (cm) Qtz Cal Dol k-Feld Plg Phy Ha Gy Ill/M Ill/Sme Kþ Ch

Superficial
samples

G_1 0 16 13 5 2 5 56 2 0 25 45 30
G_2 0 33 24 3 6 8 24 2 0 13 64 23
G_3 0 16 15 4 2 3 57 2 0 32 39 29
G_4 0 25 22 5 5 5 33 5 0 27 36 36
G_5 0 30 19 4 4 3 41 0 0 24 55 21
G_6 0 25 15 6 2 5 45 2 0 24 54 22
G_7 0 24 21 7 7 8 31 1 0 36 40 24
G_8 0 38 16 3 12 6 24 0 0 10 68 22
G_9 0 13 11 1 2 2 68 2 0 30 36 34
G_10 0 47 21 2 2 5 23 0 0 31 47 23
G_11 0 19 8 1 2 2 66 1 0 26 40 34
G_12 0 30 16 10 6 4 33 1 0 24 56 20
G_13 0 24 29 3 14 4 26 0 0 15 66 19
G_14 0 26 26 9 11 7 18 2 0 32 31 36
G_15 0 19 27 4 7 5 38 0 0 31 39 30
G_16 0 29 19 8 5 4 35 1 0 25 47 28
G_17 0 30 22 5 4 7 31 1 0 32 27 41
G_19 0 25 16 4 6 6 41 0 0 31 41 28
G_20 0 35 24 10 23 7 0 0 0 0 87 13
v 27 19 5 6 5 36 1 0 25 48 27
r 8 6 3 5 2 17 1 0 9 15 7

Well samples M_A 0 18 16 2 1 4 57 3 0 25 50 25
M_B 0 24 21 7 3 5 37 3 0 34 26 40
M_C 0 17 27 9 2 5 36 4 0 36 18 47
M_0 0 25 18 7 2 7 38 3 0 41 29 30
M_1B 0.4 13 14 5 1 2 63 2 0 26 43 31
M_2 1 12 13 1 1 2 70 1 0 27 48 25
M_3 2 22 18 3 2 4 48 3 0 33 30 37
M_3B 4 16 13 4 1 3 52 11 0 44 20 36
M_4 7 31 21 5 5 7 29 3 0 36 32 31
M_4B 9 27 16 5 10 7 32 5 0 35 32 32
M_5 13 27 16 3 17 9 28 1 0 33 42 25
M_5B 18 26 19 6 12 10 28 1 0 28 50 22
M_6 25 31 20 16 7 3 22 0 0 28 50 22
M_7 35 27 11 5 16 6 34 1 0 21 52 27
M_8 50 31 23 7 6 7 26 1 0 28 45 27
M9_A 83 17 12 4 3 6 56 2 0 27 40 33
M9_B 86 22 16 4 5 5 47 1 0 39 35 26
M9_C 89 25 12 4 6 8 43 3 0 30 38 31
M_10 95 20 44 2 4 7 22 1 0 37 44 20
M_11 110 28 18 4 6 5 38 2 0 24 50 27
M_12 130 28 19 3 5 5 40 0 0 18 55 27
v 23 18 5 5 5 40 2 0 31 39 30
r 6 7 3 5 2 14 2 0 7 11 6
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were characterized by a strong variability. This critical depth was confirmed by the
trend of soluble cations and chlorite, providing further evidence that salinization of
the site studied is mainly related to surface processes (marine sprays and water evap-
oration from residual salty ponds) and a possible threshold in relation to the effec-
tiveness of diffusion processes from ground level. However, halite values and
electrical conductivity in the well samples have higher values compared with superfi-
cial samples indicating a good albeit lower effectiveness of the downward saline solu-
tion diffusion also at higher depths.

Superficial samples with the highest silty component belong to Class A (Figure 5),
hence this granulometrical character seems to play a non-negligible role in the

Figure 8. Correlation between CE (Electrical Conductivity) and Halite. ~ Class A � Class B.

Figure 9. Correlation between mineralogy composition and CE (Electrical Conductivity).
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salinization process in the area studied. This is probably due to some typical silty soil
characteristics such as poor mobility of nutrient elements and low permeability com-
pared with coarser soils, making it very susceptible to land salinization, such as the
formation of a dry superficial crust and superficial sea water stagnation (Giandon and
Bortolami 2008).

In the coarser samples, the almost total absence of the clayey fraction and the slightly
larger amount of sandy fraction could justify the less intensive degradation. However,
the salinization seems to also be favoured by a high sandy fraction. In this case, the prev-
alent typology of the degradation process could be chemical rather than physical and
involve rapid mineralization of organic matter with the consequent rapid release of
nutrients (Figure 10). For deep samples (Figure 7), the salinization process was also
influenced by physical aspects (low permeability and poor mobility of the nutrient ele-
ments), as shown in the previous diagram for superficial samples (Figure 5).

The results of this study show that the salinization process involves morphological
and hydrogeological factors, geographic exposure and climatic elements as well as
grain size, mineralogy, and geochemistry composition of soils.
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