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ABSTRACT: This study aimed to evaluate the risk of salinity and sodicity of surface and underground water
used for irrigation purposes on rural properties in the municipality of Salinas/MG, Brazil. The water samples
were collected at a catchment point used by irrigators, and the physical-chemical parameters evaluated were:
pH, sodium (Na) content, calcium (Ca) content, magnesium (Mg) content, electrical conductivity (CE), and
sodium adsorption ratio (SAR). The latter was calculated to classify water as a function of risk of salinity and
soil sodification. Groundwater was rated as class C3 (high salinity) while surface water as C1 (low salinity).
As for soil sodification risk, groundwater was moderate, while the other samples were severe.
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RESUMO: objetivo desse estudo foi avaliar o risco de salinidade e sodicidade das aguas superficiais e
subterraneas utilizadas para fins de irrigagdo nas propriedades rurais no municipio de Salinas, MG. Foram
avaliados os parametros de qualidade fisico-quimica da agua, como: pH, sédio (Na), calcio (Ca), magnésio
(Mg) e condutividade elétrica (CE) e a razdo adsor¢ao de sodio (RAS), com posterior classificagdo das aguas
de estudo, de acordo com o risco de salinidade e sodificagdo do solo. Os resultados permitiram classificar as
aguas subterraneas em classe C3 (Agua de alta salinidade, apresentando riscos de salinizagdo dos solos) e as
superficiais em C1 (Agua de baixa salinidade, apresentando baixo risco de causar salinizagdo dos solos).
Quanto ao risco de sodifica¢do, as aguas subterraneas apresentam risco moderado, enquanto as demais
amostras, apresentam alta severidade quanto ao risco de causar sodifica¢do nos solos.
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INTRODUCTION

The Brazilian semiarid region undergoes
severe droughts that affect socioeconomic
development and agricultural activities
(PATRICIO; ARAUJO, 2016). Irrigated
agriculture, as the main user, should be limited
to the wuse of qualitatively inferior
waters(ZAMBERLAN et al., 2013). With the
scarcity of water resources that meet quality
criteria, high-salt waters have been
increasingly used, which has made essential to
analyze water intended for irrigation(GOMES
et al., 2015).

Salinity has an influence on plant
development. This is due to specific ion
toxicity and increased osmotic pressure. These
factors negatively interfere with physiological
processes and reduce water absorption by
roots, thus inhibiting meristematic activity and
cell elongation (TAIZ et al., 2017; LIMA et
al., 2015).

Among the physical-chemical
parameters of water, electrical conductivity is
an indication of its potential to salinize soil
(ALMEIDA, 2010). On the other hand,
sodicity, which is the sodium adsorption ratio
(SAR) of irrigation water, refers to the effect

of sodium on water ability to infiltrate the soil,
as exchangeable sodium percentage in the soil
tends to rise (PIZARRO, 1985).

Based on the above, this study aimed to
evaluate the risks of salinity and sodicity
problems associated with the use of surface
and groundwater for irrigation purposes on
rural properties in the municipality of Salinas-
MG, Brazil.

MATERIAL AND METHODS

The study was carried out in the
municipality of Salinas-MG, which is in the
northern mesoregion of Minas Gerais State
(Brazil).  According to the Koppen
classification, the local climate is
predominantly of the Aw type, which stands
for a tropical climate with a dry winter season
(MARTINS et al., 2018).

Surface and groundwater samples were
collected in December 2020, in the Salinas
River Basin and in the Bananal and Ribeirdo
River sub-basins (Figure 1). Collections
followed the method proposed by Holanda et
al. (2016). One sample was collected per
sampling point.
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Figure 1. Location of sample collection points in the municipality of Salinas/MG (Brazil).
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Physicochemical analyzes were carried
out in the soil laboratory of the [Instituto
Federal do Norte de Minas Gerais (IFNMG),
Salinas campus.

The parameters hydrogenic potential
(pH), sodium (Na) content, calcium (Ca)
content, magnesium (Mg) content, and
electrical conductivity (EC) were analyzed
according to Almeida (2010), in addition to
sodium adsorption ratio (SAR) as in Equation
1.

Na*

Ca?++Mg2+ (1)
2

SAR =

Wherein:
+ . . . .
Na - sodium concentration in water, in
mEq L'
+ . . . .
Ca®’ - calcium concentration in water, in
mEq L'
2+ . . .
Mg®~ - magnesiumconcentration 1in

water, in mEq L™

The classifications proposed by the
United States Department of Agriculture —
USDA (Table 1; RICHARDS, 1954) and the
University of California Committee of
Consultants — UCCC (Table 2; AYERS;
WESTCOT, 1985) were used to determine
water use restriction for irrigation in terms of
risks to plant toxicity and soil salinity and

sodicity

Tablel.Criteria for classification of water use restriction for irrigation according to the United States
Department of Agriculture - USDA (RICHARDS, 1954)

SalinityEC (dS m™)

Class Degree of Restriction Threshold
Cl1 Low <0.25
C2 Intermediate 0.25-0.75
C3 High 0.75-2.25
C4 Very high >2.25

Source: Adapted from theUnited States Department of Agriculture (RICHARDS, 1954)

Table 2.Criteria for classification of water use restriction for irrigation according to the University of
California Committee of Consultants — UCCC (AYERS;WESTCOT, 1985)

Degree of Use Restriction

Potential Problem Unit None Moderate Severe

Salinity

EC dSm <0.7 0.7-3.0 >3.0
Sodicity - Infiltration

SAR=0-3and EC = >0.7 0.7-0.2 <0.2
SAR=3-6and EC = >1.2 1.2-0.3 <0.3
SAR=6-12and EC = dSm! >1.9 1.9-0.5 <0.5
SAR=12-20and EC = >2.9 29-1.3 <1.3
SAR =20-40and EC = >5.0 50-29 <2.9

Source: Adapted from theUniversity of California Committee of Consultants (AYERS; WESTCOT, 1985)
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RESULTS AND DISCUSSION

Table 3 shows the results for each
physical-chemical parameter of surface and
groundwater, in addition to the risk of
infiltration, according to Ayers and Westcot
(1985). Regarding pH, all samples were within
the range between 6.06 and 7.60, thus

classified as neutral/ basic. This result falls
within the range considered normal for use in
irrigation (AYERS; WESTCOT, 1985). In
addition, our findings were like those from
other studies in the northern region of the state
of Minas Gerais (SOUZA et al., 2014;
SANTOS et al., 2015).

Table3.Water quality analyses for the region of Salinas-MG (Brazil).

Na Ca+M Infiltration
Sample (mEq L™ pH (dSm™) (mEq L'%) SAR Risks*
B1! 1.1 7.60 0.149 0.5 2.2 Severe
B2! 1.1 7.58 0.15 0.3 2.8 Severe
B3’ 1.6 7.06 0.16 0.3 4.1 Severe

B4? 11.8 7.57 1.13 3.2 9.3 Moderate
B5? 1.8 7.14 0.172 0.4 4 Severe
B6° 1.6 7.26 0.172 0.4 3.6 Severe
B7? 22 6.56 0211 0.4 4.9 Severe
B8’ 2 7.45 0.17 0.3 5.2 Severe
B9? 24 7.23 0.19 0.4 5.4 Severe
B10? 25 7.62 0.206 0.6 4.6 Severe
B112 25 6.97 0.206 0.7 4.2 Severe

B123 13.5 732 1.096 1.9 13.9 Moderate
B132 1.6 7.19 0.143 0.4 3.6 Severe
B14? 1.3 7.06 0.138 0.5 2.6 Severe
B15* 0.4 7.17 0.051 0.2 1.3 Severe
B16* 0.4 7.12 0.05 0.3 1 Severe
B17° 1.6 6.73 0.227 0.5 3.2 Severe
B1§° 0.2 6.60 0.035 0.3 0.5 Severe

* Infiltration risks according to Ayers and Westcot (1985); 1 Salinas River; 2 Bananal River; 3 Artesian Well; 4

Curralinho Dam; and 5 Ribeirdo River

Sodium contents ranged from 0.2 to 13.5
mEq L. Except for B4 and B12, all samples
are within the recommended threshold for use
in sprinkler irrigation, in terms of sodium
toxicity risks (< 3.0 mEq L), as proposed by
Ayers and Westcot (1985). The highest
sodium contents were observed in samples B4
and B12, with values of 11.8 and 13.5 mEq L
! respectively. Both samples came from
artesian wells. Such high sodium amounts can
cause severe toxicity to crops irrigated by
sprinklers (AYERS; WESTCOT, 1985).
Moreover, our findings were higher than those
found by Ribeiro et al. (2010) in the North of
Minas Gerais State. These authors evaluated

water quality at different tubular wells and
observed sodium contents below 3.0 mEq L™

Regarding electrical conductivity (EC),
samples B4 and B12 had a "mild to moderate"
risk for soil salinization (Ayers and Westcot,
1985). These samples were thus classified as
class  C3, ie.,  high-salinity = water
(RICHARDS, 1954). The other samples
showed no degree of restriction to use
(AYERS; WESTCOT, 1985) and were
classified as CI1, i.e., low salinity water
(RICHARDS, 1954). Souza et al. (2016)
found the same trend when analyzing surface
and groundwater in the semi-arid region of
Ceara State (Brazil).
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As for the risk of infiltration problems,
samples B4 and B12 had moderate risk, and
the others severe risk, according to the
classification of Ayers and Westcot (1985)
(Figure 2). For Pizarro (1996), when the
salinity in irrigation water is very low, the risk
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of sodicity is high, even with very low SAR
values. In the case of water for irrigation
purposes, when the EC is lower than 0.2 dS m’
! it tends to cause sodicity problems,
regardless of the SAR value (AYERS;
WESTCOT1985; ALMEIDA, 2010).

Slight to moderate
reduction in rate o
infiltration

No reduction in rate
of infiltration

3 4 5 6

Water electrical conductivity (ds m1)

Figure 2.Classification regarding the risk of sodicity for the region of Salinas-MG (Brazil).
Source: AdaptedfromRhoades(1977) and Oster&Schroer (1979).

CONCLUSIONS

The region of Salinas, in Minas Gerais
State (Brazil), requires care in terms of water
use since the lack of a proper management can
cause serious damage to the soil and, in some
cases, toxicity to irrigated crops. Therefore,
producers must perform analyses in the waters
intended for irrigation.
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