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Abstract

Arid and semi-arid zones frequently present salinity problems in soils. The agriculture of
the municipality of Ahome, Sinaloa has an agricultural region where its soils are characterized
by problems of salinity and sodicity — conditions that reduce production. Salinity can be detected
by implementing remote sensing techniques; there are ways to enhance the detection of satellite
salinity through the use of diverse quantitative models, using the spectral signature of each of the
components of the study area through algorithms named indices. For this study we used the normalized
differential salinity index (NDSI) from a Landsat OLI image for the southern area of the city, which is
related to the electrical conductivity (EC) of the soils (R = 0.90). At the same time, it is related to some
anions and cations. As a result, it is possible to determine since the NDSI, the anion Cl- and Cations
Na+, Ca++, and Mg++. We found a relationship between EC - Cl- (R = 0.94), EC - Na+ (R = 0.84),
EC - Cat+ (R = 0.85), and EC-Mg++ (R = 0.86). The electrical conductivity in the field and laboratory,
anions, cations, and NDSI index were filtered with the Kalman filter obtaining better fitter, eliminating

dispersivity in the variable relations.
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Introduction

It is estimated that between 20 and 30% of soils
worldwide are affected in varying degrees by salinity
[1], causing environmental problems, mainly in
agriculture [2]. The main factors that cause salinity in
soils are the weathering of minerals and the high levels
of the phreatic level with high concentrations of salt and
surface water [3].

Arid regions are prone to accumulate soluble salts
in close vicinity to the surface. There are different
forms of salinization of soils, they are classified as
primary and secondary; primary salinization consists
of the development of salts through natural processes,
geological deposits, and physical and chemical erosion
that cause the movement of ions Ca ™, Mg ™', Na* [3, 4].

On the other hand, secondary salinization is caused
by human interference in production processes,
inadequate irrigation practices, and poor drainage
conditions [3, 4], which promote the enrichment of
soluble salts and the decrease in the productivity
of agricultural lands with irrigation systems [5, 6].
Salinization of soils should be addressed, so information
on its scope and magnitude is required for better
planning and implementation of effective recovery
programs [8].

Salinity can be detected by implementing remote
sensing techniques [9]. The salinity process is not
exclusive to the surface, but to the whole profile, causing
a limitation in the use of optical sensors [10]. However,
there are ways to potentiate salinity detection by
satellite through the use of diverse quantitative models,
using the spectral signature of each of the components
of the study area [10-13]. Wu et al. [14] used images
of the Landsat and SPOT satellites in Iraq with
which they handled the NDVI indices and soil
vegetation adjustment index (SAVI), and estimated the
electrical conductivity of the soil through the indices.
Subsequently, Zewdu et al. [15] estimated and mapped
salinity in southern Ethiopia with four classes of soil
affectation according to FAO.

Wau et al. [14] used images of the Landsat and SPOT
satellites in Iraq with which they handled the NDVI
indices and soil vegetation adjustment index (SAVI),
and estimated the electrical conductivity of the soil
through the indices. Subsequently, Zewdu et al. [15]
estimated and mapped salinity in southern Ethiopia with
four classes of soil affectation according to FAO.

Soca et al. [16] worked on determining salinity
degradation on farmland using images from the Spot,
Landsat 5, and Landsat 7 satellites for the northern coast
of Peru. Poenaru et al. [17] worked to determine the
sensitivity of remote sensing of the Landsat 8 satellite
in the identification of saline zones for the care of crop
lands. Their results show that saline soils have a higher
reflectance in all bands of the images as well as that the
NDVI index presents better values in estimating the
quality of the crops and in the classification of those
whose soils are affected by salinity.

Some authors have indicated in Table 1 (indices for
the determination of salt areas) the use of mathematical
algorithms for the satellite images spectral bands in
order to emphasize and facilitate the detection of the
zones affected by salt. Among them stands out the
normalized differential vegetation index (NDVI), the
normalized differential salinity index (NDSI), and the
brilliance index (BI), as well as several variants of the
index of salinity.

Among the publications made with the use of these
indices, several authors agree that the application of both
NDVI and NDSI obtain similar results in the detection
of salt areas [1, 3, 18-21]. However, most of them avoid
using NDSI, despite having this algorithm closer to the
process of salinization in soils and more related to the
electrical conductivity of the same [1, 6, 18-21].

On the other hand, the passage of electric current
through a saline solution is found in function of the
concentration of salts and temperature; salinity of an
extract can be characterized by measuring electrical
conductivity (EC) with the use of a conductivity meter
in laboratory [5]. Thus, the total dissolved salts are
located in the space, due to the high values of electrical
conductivity presented by the soil [22].

Mora et al. [23] analyzed the values of salinity by
means of electrical conductivity, present ions (Ca® +,
Mg? +, Na +), and sodicity through the ratio of sodium
uptake and alkalinity by pH in a semi-arid irrigation
district in Spain. The results of the measurements
showed soils with a gradual increase of electrical
conductivity that translates to higher concentrations of
sodium throughout the temporary study.

This study aims to create a map identifying the
presence of salts present in the soil beginning from
the salinity and vegetation indices (NDSI and NDVI
respectively) of the images of Landsat 8, in addition
to measurements in situ of EC, humidity, pH, and
laboratory analysis.

Study Area

This work was accomplished in an agricultural land
lot from the municipality of Ahome, Sinaloa, Mexico.
In the study area, very dry climate is predominant,
very warm and warm with summer rains and
an average annual temperature of 25.3°C for the
series 1986-2015 [24], located between the meridians
108°59'1" and 109°06'19" west and the parallels
25°38'25" and 25°46'53" north (Fig. 1). The total
annual mean precipitation of 357.7 mm is for the series
1981-2010 [25]. The surface in the study area comes
from the Cenozoic era of the quaternary period and the
chromic Vertisol soil predominates, which is present
in the area of study having medium and high fertility;
however, it can present problems of drainage and
salinity. These are cases where they are dry and found
in place of plastics and sticky. The study of the soils
in the region undoubtedly represents an alternative to
mitigating problems related to agricultural management
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Fig. 1. Location of the study area.

and risks in livestock farming and construction [25].
Additionally, the majority of the study area presents
pH between 6.5 and 7.5, although in salt-affected soils
this varies depending on the saline concentration of this
one, specifically of sodium. Nevertheless, the region is
characterized by its agricultural activity, and among
its main crops are potato, sorghum, mango, corn, and
beans [26].

Materials and Methods

Fig. 2 shows the methodology used in the present
work, where it can be observed that the soil salinity
can be estimated by satellite image processing, directly
through measurements in situ or through the extraction
of soil samples, and determine it in the laboratory, which
in turn are related to some anions and cations previously
filtered with the Kalman filter. The soil features of the
study area are presented in a table of basic statistics.

The image of the Landsat 8 OLI satellite was
consulted on the United States geological website
(USGS) [27] dated June 2016, and location Phat 33, Row
42, in the area corresponding to the study area. Through
the software Idrisi Selva 17.0, the bands were adjusted
to the bands of the image, using the command Histo
and Strech, bands belonging to the visible and near
infrared spectrum were respectively measured and cut,
that is bands 2, 3, 4, and 5 also perfored them a lineal
stretching to their histograms with a 2.5% saturation.
With the window function, the image was trimmed to
the geographic size of the study area and the BI, NDSI,
NDVI, and WATER indices were created with Image
Calculator, whose equations are shown in Table 1.

Twenty-six control points were determined with
which physical soil parameters were requested. In
each of them, wells were made at 30 cm depth, from

which 3 kg of soil sample were extracted, and then
with a portable conductivity meter HI 98331 Hanna
Instruments brand, electrical conductivity readings
were taken in situ (Fig. 1). Saline concentration
of the soil depends on the type of soil and the moisture
that it contains, so the equipment measures the ion
concentration of the soil dissolution in function
of its chemical composition and its property for
retaining water and the chemical elements that it has
[34]. The points were geo referenced with a GPS
navigator.

Soil samples were subjected to a drying, milling,
and sieving process. According to the official Mexican
standard NOM-21-RECNAT-2000 [35], the detection of
soluble ions and electrical conductivity was performed
in laboratory. For determining the soil texture we
used the Bouyoucus technique [36]. In the Statistica
7 software, statistical relationships of the wvariables
(previously filtered as indicated in the following section)
were realized, obtaining a correlation matrix between

Salinity index (satellite image processing)
BI, NDVI, NDSI, COMP124

|

Soil electrical conductivity
(In situ)

‘ Soil electrical conductivity (in laboratory) ‘

According to the official Mexican norm NOM-21-RECNAT-2000

‘ Determination of ions in soils

Fig. 2. Methodology applied for determining salinity, and some
anions and cations from satellite image processing.
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Table 1. Indices for determining saline zone

INDEX NAME FORMULA REFERENCE
Brightness Index (BI) VRZ + NIR? [1,21]
Normalized Differential Salinity Index (NDSI) L [18, 21, 28-33]
Normalized Differential Vegetation Index (NDVI) %;2 [1, 2,10, 15]
COMP124
WATER NIR(strech 25%) (1]
COMP124 B+ (6 *G) + (36 * NIR)
Where R: red band, B: blue band, G: green band, NIR: near infrared band
Table 2. EC test results in situ and salinity indices (NDSI, NDVI, BI, water).
EC in situ EC in laboratory
Point X Y NDSI NDVI BI WATER
mS/cm mS/cm

1 701831 | 2848909 0.93 1 -0.1469 0.1469 27816.7 40.0

2 699951 | 2848698 0.67 8.4 -0.1633 0.1633 27371.6 39.5

3 698053 | 2849001 2.05 5 -0.1383 0.1383 26424.6 39.9

4 697807 | 2851161 275 10 -0.1423 0.1423 27714.7 40.5

5 695263 | 2852699 0.51 1.5 -0.1271 0.1271 27837.4 40.6

6 694546 | 2852113 1.3 33 -0.1718 0.1718 27503.5 39.7
7 696793 | 2849366 3.95 10.5 -0.1146 0.1146 28013.9 39.8

8 699369 | 2848103 0.82 39 -0.1637 0.1637 282453 39.7

9 701782 | 2846455 0.98 1.5 -0.1512 0.1512 26893.7 41.7
10 697731 | 2844644 2.04 4.5 -0.1681 0.1681 27213.0 40.6
11 691151 | 2847308 0.14 6.9 -0.1718 0.1718 27374.9 40.3
12 694037 | 2848268 2.99 9.4 -0.1366 0.1366 26668.6 40.4
13 691079 | 2847513 2.83 7.6 -0.1377 0.1377 25794.5 39.8
14 697176 | 2845538 4.44 8 -0.1201 0.1201 27548.4 39.6
15 697625 | 2845561 6.19 10.6 -0.1337 0.1337 26988.7 40.4
16 697055 | 2842063 3.77 10.4 -0.1409 0.1409 25304.7 40.5
17 690137 | 2844353 11.43 39 -0.0895 0.0895 24303.9 40.9
18 690095 | 2845716 12.12 43 -0.0707 0.0707 24061.7 41.2
19 689946 | 2846885 12.17 46 -0.0749 0.0749 26051.6 41.4
20 691192 | 2843015 7.14 34 -0.133 0.133 27993.3 40.6
21 692010 | 2842474 8.46 35 -0.0984 0.0984 27655.0 40.3
22 692836 | 2842475 9.06 23 -0.0918 0.0918 26661.3 40.7
23 696117 | 2838589 7.95 25 -0.1024 0.1024 25271.6 40.7
24 695747 | 2837102 12.68 49 -0.0699 0.0699 24537.8 41.0
25 692009 | 2842860 11.15 41 -0.0979 0.0979 24607.6 40.9
26 690711 | 2842432 241 7 -0.1228 0.1228 27394.7 39.8
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Fig. 3. Correlation between the indices NDSI, NDVI, BI, WI, and electrical conductivity in situ.
the indices obtained with the satellite image and the Vi = Ck X + Uy ©)
electrical conductivity measured in the soil, in order to
characterize the study area. ..where x, describes the unknown signal. The

The Kalman Filter

The Kalman filter (KF) is a recursive algorithm that
optimally estimates signals by filtering white gaussian
noise [37]. It can be seen as a low-pass filter [38].
The KF has been a tool successfully used in aerospace
[39], data fusion [38], signals filtering, navigation
[40], and control theory, among others.

The discrete linear system considered for the KF is
as is shown:

Xg = Ap—1 Xg—1 + Wiq

M

measurement with white gaussian noise is described
by y,. The matrices 4, | and C, are factors and W,
and v, represents uncertainties of white gaussian
noise associated with the unknown signal and the
measurement, respectively. Both are considered of zero
mean, uncorrelated, and with matrices of variance Q, ,
and R,, respectively.
The KF for the linear system described above is
given by
o— ot
Xie = Ag-1%5—1

)

Pe = Agoy Py Afy + Qis @)

Table 3. Correlation matrix of salinity indices and EC in situ and laboratory

EC in situ Ec in laboratory NDSI NDVI BI WATER
EC in situ 1.00
EC in laboratory 0.96 1.00
NDSI 091 0.85 1.0
NDVI -0.91 -0.85 -1.0 1.0
BI -0.71 -0.65 -0.6 0.6 1.00
WATER 0.59 0.58 0.5 -0.5 -0.55 1.00

Bold correlations are significant at p<.050
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...where %, is the estimate signal of x, before processing
the measurement y, in the instant k. P is the variance
of the estimation error %, K, is the optimization
factor, usually named Kalman gain. £, describes the
estimate signal of x, after processing the measurement
v, in the instant k and P " is the variance of the estimation
error %"

For the particular case of this work that correspond
to signals filtering, the system (1) and (2) as well as
the KF are specified with the matrices 4, , = I,
C, =l O, , =011, R = 0./, and initial conditions
x"=[1 093 01 01469 5 35 05 16 2]

and P = [,
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Results and Discussion

Relationship between Salinity and Electrical
Conductivity Indices in situ

Twenty-six points were located at which electrical
conductivity was measured in situ and for each point
we determined the BI, NDVI, NDSI, and water, which
can be seen in Table 2. By means of the use of simple
correlation, the salinity indices with the -electrical
conductivity of the soil were analyzed, finding significant
differences for the indices NDSI (r = 0.91), NDVI
(r =-0.91), BI (r = -0.71), and water (r = 0.59), which can
be seen in Fig. 3. Table 3 shows that the NDSI salinity
index used in this work was the one that obtained the
highest correlation with the electrical conductivity of
the soil, so it was used to characterize the salinity in the
study area and is given by the expression:

NDSI = 0.006698EC in situ - 0.15986 (8)
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Table 4. Behavior of electrical conductivity and anions and cations in the study area
OBTAINED IN LABORATORY FILTERED DATA
No. | pH | SOLUBLE IONE (Meg/lt) 5 Lib SOLUBLE IONE (Meg/lt)
Ca* | Mg* | Na* | HCO, | CI Ca** Mg** Na* HCO, Cl
1 6.9 1 5 3.5 0.5 1.6 2 1.0 5.0 35 0.5 1.6 2.0
2 7.5 8.4 40 30 40 1.6 20 7.9 47.4 355 12.0 1.1 21.4
3 7.3 5 25 15 10 0.7 15 53 26.1 17.2 16.2 1.0 14.6
4 7.5 10 50 45 35 1.1 20 8.0 40.0 29.5 20.4 1.2 28.0
5 7.6 1.5 8 5 1 1.3 2.5 1.0 5.0 35 0.5 1.6 2.0
6 7.4 33 18 9.5 45 2 7 3.6 19.0 12.1 7.1 1.7 7.5
7 7.3 10.5 65 50 15 0.8 30 9.6 31.5 20.7 67.8 1.0 29.0
8 7.5 3.9 225 10 5.5 0.8 6 39 18.9 13.3 4.5 1.0 11.6
9 7.4 1.5 8 5 1 0.9 2.5 3.0 17.2 10.6 3.7 0.9 6.1
10 7.4 4.5 20 15 5 1 15 4.1 20.6 16.2 11.2 1.2 8.4
11 7.1 6.9 40 25 5 0.8 20 54 32.0 19.7 8.0 0.9 11.9
12 7.2 9.4 45 35 30 1.4 35 7.9 33.8 21.8 32.0 1.2 27.4
13 7.1 7.6 40 35 5 1.7 20 5.9 28.0 20.9 26.5 1.6 13.8
14 7.3 8 30 15 45 1 30 7.8 40.0 32.9 10.9 1.5 23.1
15 7.9 10.6 30 20 90 0.8 30 10.1 30.6 20.3 69.2 0.9 42.0
16 7.5 10.4 30 20 70 0.8 50 8.2 40.9 344 27.8 1.1 17.9
17 7.2 39 175 100 | 325 0.6 300 373 169.4 1347 | 256.8 0.6 277.8
18 7.2 43 200 175 | 275 0.5 325 40.3 181.3 130.5 | 3794 0.7 3332
19 7 46 425 275 150 0.5 375 40.7 161.9 111.6 330.3 0.7 328.1
20 7.6 34 175 100 | 225 0.6 225 28.0 119.8 69.5 227.3 0.7 201.4
21 7.4 35 175 125 | 200 0.7 250 35.9 197.2 133.2 | 204.6 0.7 256.9
22 7.6 23 125 75 50 0.6 100 26.1 151.0 98.9 103.5 0.7 184.7
23 7.3 25 150 100 100 0.8 200 27.9 152.6 97.2 109.0 0.6 159.9
24 7 49 200 150 | 550 0.6 425 427 3274 | 2214 | 190.8 0.5 337.9
25 7.3 41 150 100 | 300 0.7 325 37.3 233.2 146.4 | 2119 0.6 268.1
26 8.1 7 25 15 30 1.5 30 5.8 31.9 20.5 4.8 0.9 16.8

Fig. 4 also shows that the electrical conductivity
of the soil in laboratory (EClab) can be correlated
with that obtained in situ, finding a lineal relationship
of equation 9, with an adjustment of r = 0.957.

EC lab = 3.48069 - ECin situ (9)
Determining Relationships between Electrical
Conductivity in Laboratory, pH,
and Some lons

From the values obtained in the laboratory of Ce,
pH, and concentrations of the ions of Cl, Na*, Ca™,
and Mg™ found in Table 4, we observed the strong
correlation between Ce lab and CI, Na‘, Ca'’, and

Mg™. Once you know the electrical conductivity
of the soil, it is possible to estimate each of the
elements analyzed for the study area, with the
exception of pH, for which no significant differences
were found with an adjustment of r = -0.29 (see
Table 5).

Likewise, when comparing the NDSI index it
provides greater accuracy in the study area, so that
from their values obtained, they are correlated with
the electrical conductivity of the soil and with the
concentrations of Cl, Na*, and Ca™, as well as Mg™*
ions determined in laboratory. In Fig. 4 these
concentrations are observed, obtaining a higher
correlation between electrical conductivity and the
chloride ion (r = 0.99).
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Table 5. Correlation matrix pH, CElab, and some ions

pH EC lab Ca* Mg** Na* Cl
pH 1
EC lab -0.29 1
Ca* -0.35 0.9 1
OBTAINED IN LABORATORY
Mg** -0.38 0.91 0.99 1
Na* -0.26 0.89 0.65 0.68 1
Cl -0.35 0.99 0.89 0.9 0.91 1
EC lab 1
Ca* 0.95 1
FILTERED DATA Mg 0.95 0.99 1
Na* 0.93 0.80 0.81 1
Cr 0.99 0.94 0.95 0.95 1

Bold correlations are significant at p<.050

In this way, the relationships between electrical
conductivity and the concentrations of anions and
cations previously determined in the laboratory are
obtained and make faster calculations, and the linear
correlation was determined and in the case of chloride,
the exponential was also performed.

In equations 10, 11, 12, 13, and 14 the equations
are observed, obtaining greater adjustment with the
chloride, sodium, calcium, and magnesium ions with an
r greater than 0.91.

Cl” =8.3404 EClab — 31.724 (10

Cl- = 1.12386 EClab'5%2648 (7
Na* = 6.31112EClab (12)

Ca** = 5.49824EClab—-4.49 (13)
Mg** = 3.72839EC lab — 2. 646 (14)

Determining lons as from
Salinity Index

Practically, from the values of the NDSI it is possible
to estimate the electrical conductivity in situ and from
this, the value of the electrical conductivity in laboratory
and estimate the concentration of the ions Cl-, Na*, Ca*",
and Mg*".

In Figs 5, 6, 7, and 8, the concentrations of saline
ions were estimated within the study area in addition to
being able to map and compare them with the prediction
of NDSI to each of the ions: CI', Na*, Ca™, and Mg*".

Chlorine is absorbed by the plant in the form of
chloride ion, in suitable concentrations, from 0.2 to
0.4 mg/g in most plants, it contributes as an essential
factor for photosynthesis, in addition to developing a

regulatory role in stomatal opening, acting as a cation
neutralizer and reducing the effect of diseases caused by
fungi. While in excessive amounts, it causes thinning of
leaves and even dries plants, being a factor that limits
the growth of plants in arid and semi-arid soils [41].
Fig. 3 shows the correlation of the chlorine ion
with electrical conductivity. It presents an average of
110 Meq/ 1, presenting a minimum of 2 Meq/l and a
maximum of 225 Meq/l in the sodic saline areas, in the
map of Fig. 5 which is shown on the left, it is observed
the map of the estimates as from the values of the NDSI
index.

On the other hand, sodium can be beneficial during
periods of drought, since it slows plant wilt while
maintaining the cellular osmotic potential, as well as
being beneficial in the soil structure when dispersing
clays [41]. Sodium has a critical role in soil health,
and excessive amounts of sodium affect the physical
structure of soil because it aggregates fragmenting
by causing a decline in water and air permeability
of soil, adversely affecting root development [42, 43].
The same behavior is observed in both comparative
maps of Fig. 6, of the analyzed samples, an average of
98.8 Meq/l was obtained showing in agriculture regions
minimum levels of 0.5 Megq/l, while in arid regions,
values of 550 Meq/l.

Meanwhile, calcium is generated by several types
of rocks, of mother rock, mainly its abundance is
found in function of the presence of organic
matter present in soil, to a lower content of organic
matter, the greater the presence of this mineral [28].
It is the cation of greater abundance in soil, it improves
in plants the development of leaves and roots, activates
enzyme-forming systems, in addition to reducing
nitrate in plants [32], Fig. 7 shows the comparative
maps for the cation Ca™, which presents a similar
behavior than the prediction of the NDSI to the



Determining Salinity and Ion Soil...

1557

2852000

2850000

2848000

2846000

2844000

2840000

2838000

692000 696000 700000 692000 696000 700000
CI (Meq/L) = T
o o 3 = M

(=2
© 38 & 8

0SZ

W oW AN
S a 9o o
&5 & & o

Symbology

6?)? Los Mochis city Airport

Fig. 5. Comparative map of concentrations of Cl: a) concentration
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concentrations obtained in laboratory presenting
a maximum value of 425 Meq/l in areas marked as
saline.

The accumulation of magnesium in its ionic
form Mg"™ can occur by the same nature of soil
as with calcium, as well as by using water with
high concentrations for irrigation use helping raise
the sodium level in clays. However, at toxic levels it acts
as a flocculant, in addition to reducing plant growth and
promoting the dispersion and expansion of clay due to
the loss of water-conducting properties [33], comparative
maps of the concentrations of Mg are observed in
Fig. 8, which present a similar significance to the
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Fig. 6. Comparative map of Na* concentrations: a) concentration
measured in laboratory and b) estimated concentration from
NDSIL.
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Fig. 7. Comparative map of Ca** concentrations: a) concentration
measured in laboratory and b) estimated concentration as from
NDSI.

estimate from the NDSI index to that obtained in
laboratory, which presents low levels in an average of
59.7 Meq/1.

According to the classification of salinity proposed
by Richards [44] and the points taken in the study
area shows that most of the area presents problems of
salinity which varies from slightly saline to strongly
saline. Small portions of non-saline soils were found to
the north and northeast of the study area. The application
of classification of soils considering the classification of
Richards has been used by diverse authors [4, 45-47]
in diverse geological environments and is useful for
classifying the risk of salinity of the soils. The Kalman
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Fig. 8. Comparative map of concentrations of Mg : a)
concentration measured in laboratory and b) estimated
concentration starting from NDSI.
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Fig. 9. Behavior of soil salinity in the study area.

filter is useful for eliminating dispersity in a variable’s
relationships [48].

Practical Application

Taking the NDSI values and using the previous
models (Equations 8 to 14), as can be seen in Table
6, it is possible to determine the concentrations of
chlorine, sodium, calcium, and magnesium by means
of interpolations of values between the correlations
from the NDSI and electrical conductivity within the
study area, which makes it favorable in the practical
agricultural application, that is, in the control of soil
nutrients required by the crop.

Conclusions

In regions where agricultural activities predominate,
the NDSI index presents better results to detect the

Table 6. Practical examples of the application of the study.

NDSI -0.1
EC in situ = (NDSI+0.15986)/0.006698 | 8.937 |mS/cm
EC lab = 3.48069 EC, 31.106 | mS/cm
Na'=6.31112 EC lab 196.31 | Meqg/!

CI = 8.3404 EC lab-31.724 227.71 | Meg/l

Ca?' = 5.49824 EC lab-4.49 166.53 | Meg/l
Mg?'=3.72839 EC lab-2.646 11333 | Meg/l

degree of salinity than the BI and water index. On the
whole, with the NDSI index, electrical conductivity,
interchangeable ion concentrations (previously filtered
with the Kalman filter) and statistical functions, it
is possible to determine the degree of salinity and
concentration of interchangeable ions in the soil, and
any point in the study area. On the other hand, the water
index proves to be a good indicator in the presence of
wet areas by flood or low phreatic level, which together
with the NDSI index allows for the determination of
saline areas caused by irrigation with salt water or by
leaks of water of the same characteristics.

Of the anions and cations examined, the chloride
ion had a higher correlation with electrical conductivity,
which represents a greater ease of detection in the NDSI
index. However, it is important to note that this is not
only found alone, and therefore also functions as an
indicator of the presence of the other analyzed ions.
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