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ABSTRACT

Quality of Groundwater has assessed for irrigation purpose to get the suitability of
water. Water samples has analysed by employing different parameters: Electrical
Conductivity, Sodium Absorption Ratio (SAR), Soluble Sodium Percentage (SSP), Residual
Sodium Carbonate (RSC), Kelly’s Ratio, Potential Salinity and Corrosive Ratio. Suitability
of Water for irrigation has presented by the diagram based on the combination of Electrical
Conductivity and Sodium Absorption Ratio suggested by United States Department of
Agriculture (USDA). Livelihood of the study area depends on the Agriculture and allied
activities so it becomes more important to analyse the quality of water for irrigation.

Keywords: Irrigation, Electrical Conductivity, Sodium Absorption Ratio, Kelly’s Ratio,
Soluble Sodium Percentage.

RESUMEN

La calidad del agua subterrédnea se ha evaluado con fines de riego para obtener la
idoneidad del agua. Las muestras de agua se analizaron empleando diferentes
parametros: conductividad eléctrica, relacidon de absorcién de sodio (SAR), porcentaje de
sodio soluble (SSP), carbonato de sodio residual (RSC), relacion de Kelly, salinidad
potencial y relacion corrosiva. La idoneidad del agua para riego ha sido presentada por el
diagrama basado en la combinacién de conductividad eléctrica y relacién de absorcién de
sodio sugerida por el Departamento de Agricultura de los Estados Unidos (USDA). El
sustento del drea de estudio depende de la agricultura y las actividades aliadas, por lo que
se vuelve mas importante analizar la calidad del agua para riego.

Palabras clave: Riego, Conductividad eléctrica, Relacién de absorcion de sodio, Relacion
de Kelly, Porcentaje de sodio soluble.
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INTRODUCTION

Water is one of the most essential substance on the earth which is necessary to
maintain the life on the earth (Meena, et.al, 2020). It is transparent and colourless at its
purest form. On Earth, Highest Portion (96.5%) of Available water on planet’s crust is in
seas and oceans, 1.7% is trapped in caps of Antarctica and Greenland and 0.001% in
atmosphere as Vapour (CGWB Faridabad, 2018). Water quality is used to express the
suitability of water in various processes. Water quality is affected by a wide range of
natural processes and anthropogenic activities. Natural processes are related to geological,
Hydrological and Rainfall while anthropogenic processes are agricultural, industrial and
urbanization (M. Meybeck, et.al,1996).

There are various minerals or ions present in the water which influences the quality
of water and make it either suitable or unsuitable for irrigation. In this way, Presences of
these minerals in irrigation water influence the agriculture production and even affect the
soil texture, quality and properties. Water constitutes several minerals e.g. Calcium,
Sodium, Magnesium, Potassium, Sulphate etc. (Wilcox,1955).

In Jaipur District, Farmers mainly rely on ground water sources e.g. Wells, Tube-
wells, open-well etc. to irrigate the crops. There has been traced high concentration of
minerals in underground water of District which has arose the necessity to check the
quality of groundwater time to time for irrigation purpose and to determine at what extent
ground water can be used with or without treatments/ amendments while using for
irrigation. This study focuses on the assessment of quality of ground water of Bassi and
Chaksu tehsils for irrigation purpose. Farmers utilize ground water to irrigate the crops
mainly. Study is carried with the objective to assess the suitability of water quality for
irrigation and its impact on the agriculture production.

MATERIALS & METHODS

Study is carried out with the collection of water samples collected from Bassi and
Chaksu tehsils, Jaipur District. 36 Water Samples have collected from 3 Villages from both
tehsils. These villages were Toonga village, Manoharpura Village and Jatwara Village of
Bassi Tehsil and Kadera village, Chandlai village and Ramniwaspura villages of Chaksu
Tehsil.

Water Samples have collected from different ground water sources e.g. Tube-well,
Open-well, well and Hand-pump etc. Water samples have analysed for irrigation purpose
by taking irrigation indices e.g. Electrical Conductivity, Sodium Absorption Ratio, Soluble
Sodium Percentage, Residual Sodium Carbonate, Kelly’s Ratio and Potential Salinity.
Combined impact of Electrical conductivity and Sodium Absorption Ratio (SAR) has
presented by diagram suggested by United States Department of Agriculture (USDA). In
this Diagram, Water Quality is categorized into 16 classes with the different combination
of Electrical Conductivity (ECx10¢ at 25°C in micromhos/cm) and Sodium Absorption Ratio
(SAR) to analysis the suitability of water for irrigation purpose. Salinity Hazard is
categorized as Low Salinity Hazard (Cl1), Medium Salinity Hazard (C2), High Salinity
Hazard (C3) and Very High Salinity Hazard (C4) while Sodium Hazard is categorized as
Low Sodium Hazard (S1), Medium Sodium Hazard (S2), High Sodium Hazard (S3) and
Very High Sodium Hazard (S4).
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Criteria of classification of Water samples have given below:

Table 1: Criteria to Classify the water samples

Parameters
EC(pmhos/cm)
(Richard,USDA,1954)

Sodium Absorption
Ratio
(Richard, USDA, 1954)

Soluble Sodium Percentage
(%)

(Scofield & Wilcox(1955),
USDA)

Residual Sodium Carbonate

(meq./l)
(Richard,USDA,1954)

Kelly’s Ratio
(Kelly, 1940 & 1963)

Potential Salinity
(meq./l)
(Doneen 1954,1964)

Formula

Na*t

’(Ca“ + Mg?t)
2

Na* x 100
Ca*? + Mg*? + Na* + K+

(CO372+ HCO37) - (Ca*? + Mg*?)

Na*t
Ca2+ + Mg2+

Sulphate

Chloride + >

Range
<250
250-750
750-2250
>2250

<10
10-18
18-26

>26

<20
20-40
40-60
60-80

>80

<1.25
1.25-2.5
>2.5

<1
>1

Water Quality

Excellent/Low Salinity Hazard

Good/ Medium Salinity Hazard

Doubtful/ High Salinity Hazard

Unsuitable/ Very High Salinity
Hazard

Excellent/ Low Sodium Hazard
Good/ Medium Sodium Hazard

Permissible/ High Sodium Hazard

Doubtful/ Very High Sodium
Hazard

Excellent
Good
Permissible
Doubtful
Unsuitable

Safe
Moderate/ Marginal
Unsuitable

Safe/Suitable
Unsafe/Unsuitable

RESULTS AND DISCUSSION

Quality of Water Samples have presented in following manner:

Electrical Conductivity- High EC in water lead to psychological drought which make
less availability of water to plants even soil seems wet. This Psychological drought reduces
to yield. Water Samples have exhibited high EC which show high concentration of salts in
water (Wilcox,L.V.1955). 52.78% samples have found unsuitable for irrigation, 44.44% in
Doubtful category and 2.78% in good Category. On the basis of EC, 77.78% samples of
Chaksu have reported unsuitable while it was 27.78% in Bassi Tehsil.
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Figure 1: Categorization of Water samples of Bassi and Chaksu Tehsils Based on

Electrical Conductivity- 2018
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Figure 2: Spatial Variation of Electrical Conductivity in Water Samples of

Villages of Bassi Tehsil- 2018.
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Figure 3: Spatial Variation of Electrical Conductivity in Water Samples of Villages

of Chaksu Tehsil- 2018
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Sodium Absorption Ratio (SAR) - Sodium Absorption Ratio denotes the ability of
sodium ions to replace the Calcium and Magnesium ions from soil. This rearranges the soil
particles and reduces the pore size which makes less infiltration to water to reach the roots
of plants (Pick, Tom.2011). Most of Samples have found excellent on the basis of Sodium
Absorption Ratio. 66.67% samples have found excellent, 30.55% in good category and
2.78% in permissible category.

SPATIAL VARIATION OF SODIUM ABSORPTION RATIO IN WATER
SAMPLES OF BASSI AND CHAKSU TEHSILS - 2018
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Figure 4: Spatial Variation of Sodium Absorption Ratio in Water Samples of Villages
of Bassi and Chaksu tehsils- 2018
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Figure 5: Spatial Variation of Sodium Absorption Ratio in Water Samples of
Villages of Bassi Tehsil- 2018
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Figure 6: Spatial Variation of Sodium Absorption Ratio in Water Samples of
Villages of Chaksu Tehsil - 2018

Soluble Sodium Percentage (SSP) - Soluble Sodium Percentage show the sodium
hazard in water and make it unfit for irrigation (Wilcox, L.V. 1955). Only 5.56% samples
have traced unsuitable for irrigation while 58.33% have found doubtful. Only 22.22%
samples have considered permissible and 13.89% in Good Category.
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Figure 7: Spatial Variation of Soluble Sodium Percentage in Water Samples of Bassi
and Chaksu Tehsils- 2018
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Figure 8: Spatial Variation of Soluble Sodium Percentage in Water Samples of
Village of Bassi Tehsil- 2018
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Figure 9: Spatial Variation of Soluble Sodium Percentage in Water Samples of
Villages of Chaksu tehsil- 2018

Residual Sodium Carbonate (RSC) - This show the dominance of Carbonate and Bi-
Carbonate over the Concentration of Calcium and Magnesium. High Concentration of
Carbonates precipitates the Calcium and Magnesium which give black stain on drying
(Richard, 1954). Most of Samples have found unsuitable for irrigation. 61.11% samples
have found unsuitable while 2.78% samples have found moderate and 36.11% samples
have found safe for irrigation purpose.
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SPATIAL VARIATION OF RESIDUAL SODIUM CARBONATE (RSC)
IN WATER SAMPLES OF BASSIAND CHAKSU TEHSILS - 2018
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Figure 10: Spatial Variation of Residual Sodium Carbonate in Water Samples of
Bassi and Chaksu Tehsils- 2018

Kelly’'s Ratio — Kelly’s Ratio is the ratio of sodium to Calcium and Magnesium (Rawat
et.al, 2018). More than half of samples have traced unsuitable for irrigation. 80.56%
samples have found unsuitable and rest have considered suitable. 66.67% samples of
Bassi have considered unsafe and 94.44% samples of Chaksu have considered unsafe.

SPATIAL VARIATION OF KELLY'S RATIO IN WATER
SAMPLES OF BASSI AND CHAKSU TEHSILS - 2018

Kelly's Ratio
[

Unsuitable

Suitable

0 r— r r. r— ..+ 1 1 1 1 1 1 T© T T©v T1v T T©v T T T T T T T T T T T T T T T 1
SN LSS St sl daSs Jantrddas Jain$w S
mmmwmmmmmﬂ"{"1"1"1ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂmmmmmmm
;;-;;.;;.;;.;;.;;.E;.;.mmmmmmmmmmmmmmmmmmmmmmmmmmm
EEEEEEECECCCCEECEEEEEECCEEEEEEEEEEEL

mmr:qmmmmﬁﬁgggmmmmmmﬁﬁﬁﬁﬁﬁgggggg
BRER CUUUUUULULLUUUUDUULUUODO
Sample Number —+—Observed Value

Figure 11: Spatial Variation of Kelly's Ratio in Water Samples of Bassi and Chaksu
Tehsils- 2018

Potential Salinity - This indicate the suitability of water on the basis of
concentration of insoluble salt (Rawat et.al, 2018). Water samples of Manoharpura village
have shown low potential salinity from irrigation point of view while water samples from
Jatwara village of Bassi tehsil have exhibited high value of potential salinity even it has
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reached to 71.80 meq./l in some samples. This has shown that two villages of Bassi tehsil
have retained opposite water quality. Most Water samples of Chaksu tehsil have exhibited
very high potential salinity which has shown high concentration of insoluble salt (Bisht,
Priyanka. 2020).
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Figure 12: Spatial Variation of Potential Salinity in Water Samples of Bassi and
Chaksu tehsils- 2018

Classification of Water Based on EC and SAR- Based on the combination of Electrical
Conductivity and Sodium Absorption Ratio (Suggested by The United States Department
of Agriculture), Water samples fall in 07 classes. 25 % samples have found in each class
viz. C4-S3 and C3-S1 while 19.44 % samples have found in each class viz. C4-S4 and C3-
S2. 2.78 % samples have found to lie in C2-S1 class and C4-S2 and 5.56 % in class C4-
S1 (Table 2). Most of Samples have shown high Salinity and Sodium Hazard which have
shown that water should be apply with some treatments. Only one sample have exhibited
Medium salinity and low Sodium Hazard which belongs to Toonga village, Bassi While Very
High Salinity and Sodium Hazard (C4-S4) have traced in 07 samples out of which 01
samples from Bassi and Rest from Chaksu (in fig 13, two samples point are overlapped as
the value are almost same)( Bisht, Priyanka. 2020).

Table 2: Classification Based on The Combination of EC and SAR in Water samples of
Bassi and Chaksu tehsils- 2018

Water Classes Water Type Percentage of Samples
C2-51 Medium Salinity and Low Sodium Hazard 2.78
C3-S2 High Salinity and Medium Sodium Hazard 19.44
C3-S1 High Salinity and Low Sodium Hazard 25

C4-S4 Very High Salinity and Sodium Hazard 19.44
C4-S3 Very High Salinity and High Sodium Hazard 25

C4-S2 Very High Salinity and Medium Sodium 2.78

Hazard
C4-S1 Very High Salinity and Low Sodium Hazard 5.56
Total 100
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Figure 13: Classification of Water Samples of Bassi and Chaksu Tehsils based on
the combination of EC and SAR (Based on USDA) -2018

It is concluded that water samples have recorded high salinity hazard but having
low sodium hazard. There has traced high sodium content in samples so it could be risky
to apply water on the soil and could damage the crops. On the basis of insoluble salts,
Most of water samples have found injurious to apply. Water Samples collected from Chaksu
have more adverse effect on soil and plant than the water samples of Bassi tehsil. Among
the 6 villages, Manoharpura village, Bassi have water samples of better quality than the
samples of other village. There is need to apply some amendments or treatment before
the use of these types of water samples. There is nheeded to use leaching if these kinds of
water samples are taking to apply.
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