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ABSTRACT 

Water reuse for crop irrigation becomes necessary due to high water demand of the agriculture 

sector and limited water resources. The present paper aims to assess water quality of secondary 

treated wastewater of a sewage treatment plant located in a residential colony Ridhi-Sidhi 

Enclave, Sri Ganganagar, Rajasthan, India. The study involves computation of irrigation 

indices in terms of salinity and sodicity of treated water used mainly for landscape and crop 

irrigation. Salinity is evaluated using measured values of EC and TDS. Sodicity is interpreted 

in terms of SAR, PSS, RSC, MAR and PI data. The salinity results show that treated water of 

this site requires some management and should be diluted for sensitive plant watering. Sodicity 

parameters are in safe range and suitable for landscape irrigation. Correlation study among 

various parameters shows relationship among themselves and are useful to get a good 

understanding of irrigation water quality by computing few parameters. PI values share 

significant linear relationship (0.5 < r < 0.8) with PSS, RSC and MAR irrigation water quality 

parameters and can be used to express irrigation water quality. 
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INTRODUCTION 

Population growth, urbanisation, industrial growth, agriculture sector etc. are major 

contributors of water consumption and water stress. About 70% of water used in various 

domestic and commercial activities is released as wastewater. Improper disposal of wastewater 

leads to water pollution and creates a big problem. 70% water withdrawals globally and over 

90% in the developing countries are used in agricultural activities. According to [1] expected 

water consumption would lead the population growth in many parts of the world. In this 

scenario, wastewater reclamation is the crucial requirement and is attracting global attention 

[2]. Urban wastewater reuse around the world is quite feasible in sustainable management of 
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the world’s total water demand [3] and to cope up with large scale use in agriculture. The use 

of wastewater helps to close the loop between water supply and wastewater disposal [4]. 

Minimum wastewater discharge in turn helps to protect aquatic environments [5]. Domestic 

sewage and bio-industrial effluents are rich in organic matter and plant nutrients, the agriculture 

sector opens a cheaper and big way of their disposal [6], [7]. Urban and peri-urban areas in 

most of the developing countries are using treated, poorly treated, diluted or even raw 

wastewater for irrigation [8], [9], [10]. According to [11], about 73000 ha of land in India is 

irrigated using wastewater. There are several advantages and disadvantages in using sewage 

water for irrigation purpose [12]. [13], [14] studied the effect of irrigation by domestic 

wastewater on soil properties. Maintaining the nutrient content during wastewater treatment is 

viable for circular economy and support sustainable development [15]. Excessive nutrient 

content in irrigation water may adversely affect plant growth and cause plant toxicity [16]. Use 

of reclaimed water in agriculture is very sensitive issue, associated with human health, 

environment health and aesthetic sense. Therefore, water quality monitoring is very important 

to keep a check on water health. The present paper emphasizes on computation and evaluation 

of irrigation indices of secondary treated wastewater used for landscape irrigation. 

STUDY AREA 

Sri Ganganagar town is the district headquarter of Sri Ganganagar district of Rajasthan. The 

town is situated in the northern most region of Rajasthan, with having borders with Pakistan in 

north and north-western direction and with Punjab in the north and north-eastern direction. The 

town is situated at latitude 29058’ north and longitude 730 50’ east. The urban growth of the 

town is leading to expansion of built-up areas and other infrastructure. Along with other 

resources, water consumption and wastewater production increases accordingly. To improve 

public health, clean and green environment and conservation of precious water resources, the 

Governments have mandated the establishment of sewage treatment plants in the residential 

colonies. Ridhi-Sidhi Enclave, Sri Ganganagar– a residential colony is equipped with domestic 

sewage treatment plant since 2008 with capacity of 400 KLD. Domestic sewage of the colony 

is collected in raw water storage tank from there it flows through aeration tank, recirculation 

tank, chlorination tank, passes through sand and carbon filters. This reclaimed water is used to 

irrigate parks of the colony as well for construction sites. To study the irrigation water indices 

and other quality parameters of this treatment plant, measurements were made for a period of 

one year from February 2020 to January 2021. The present paper focuses on computation and 

evaluation of irrigation water indices from measured physicochemical parameters.  
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MATERIALS AND METHODOLOGY 

Composite method of sampling was adopted for the present research work [17],[18]. Good 

quality narrow mouth screw-capped water bottles of two litre capacity made of polypropylene 

were used to collect the samples. Before sample collection bottles were rinsed thrice with water 

to be sampled and then filled completely to avoid any air bubble [19], [20]. Sampling was done 

in the morning and evening time. Temperature, pH and DO were noted in the field at the time 

of sampling. For other parameters, the samples were refrigerated immediately and then mixed. 

The detailed analysis of all the composite samples was carried out using standard methods 

given in [21]. TH, TA were measured by titrimetric method, EC by using systronics laboratory 

conductivity meter. Na+ and K+ were measured using systronics flame photometer. The 

measured parameters were used to compute various irrigation water indices as per table-1. 

Table.1 Computation of Irrigation Water Quality Indices 

Quality Index  Formula 

Sodium Adsorption Ratio (SAR)  Na+/ ((1/2(Ca2+ + Mg2+))1/2) 

Percent Soluble Sodium (PSS)  Na+/ (Na++(K++ Ca2+ + Mg2+) *100 

Residual Sodium Carbonate (RSC)  CO32-+ HCO3— (Ca2+ + Mg2+) 

Magnesium Adsorption Ratio (MAR)  (Mg2+)/ (Mg2++ Ca2+) *100 

Permeability Index (PI) (Na++( HCO3—)^0.5)/(Ca2++ Mg2++ Na+)*100 

*All parameters used in formulae are in meq/l units. 

Table-2: Irrigation Water Indices (RS STP Sri Ganganagar) 
Sample EC TDS PSS SAR RSC MAR PI 

RS1 870 510 0.49 2.81 -0.42 48.28 74.15 
RS2 745 418 0.51 2.89 -0.29 45.71 76.69 
RS3 820 492 0.49 2.88 -0.16 47.69 75.36 
RS4 980 576 0.50 3.02 0.05 49.79 76.04 
RS5 1280 605 0.45 2.75 -0.77 50.71 67.91 
RS6 1080 576 0.52 3.01 -0.55 46.80 76.71 
RS7 970 546 0.51 2.79 -0.55 46.57 76.37 
RS8 920 532 0.51 2.71 -0.40 43.08 77.72 
RS9 870 560 0.48 2.47 -0.46 50.26 75.47 
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RS10 842 512 0.45 2.27 -0.33 44.12 74.06 
RS11 868 543 0.48 2.67 -0.44 49.41 74.82 
RS12 890 564 0.48 2.72 -0.51 49.26 74.10 
RS13 860 516 0.46 2.53 -0.34 47.14 73.45 
RS14 810 508 0.44 2.32 -0.88 49.22 69.87 
RS15 832 520 0.50 2.95 -0.86 48.73 73.73 
RS16 850 540 0.50 2.94 -0.83 46.26 73.00 
RS17 876 556 0.51 3.04 -0.78 49.22 73.95 
RS18 820 528 0.50 2.91 -0.76 50.26 73.74 
RS19 780 510 0.48 2.71 -0.69 49.55 72.65 
RS20 810 528 0.48 2.76 -0.78 49.04 72.41 
RS21 846 548 0.48 2.81 -1.02 48.36 71.23 

 

Table-3: Correlation Matrix of Irrigation Water Indices 
  EC TDS PSS SAR RSC MAR PI 

EC 1.000             
TDS 0.750 1.000           
PSS -0.060 -0.046 1.000         
SAR 0.168 0.136 0.829 1.000       
RSC 0.018 -0.190 0.162 -0.028 1.000     
MAR 0.148 0.395 -0.194 0.137 -0.280 1.000   
PI -0.201 -0.234 0.718 0.270 0.642 -0.504 1.000 

 

RESULTS AND DISCUSSION 

To assess water quality of secondary treated wastewater of RS STP for irrigation purpose, 

salinity and sodicity were computed using measured physicochemical parameters. Salinity of 

water samples was evaluated using measured values (table-2) of electrical conductivity (EC) 

and total dissolved solids (TDS). Sodicity is confronted in terms of poor infiltration and 

inadequate permeability of water in soil. Irrigation with high sodium water for long term may 

cause swelling of soil clays and pore plugging. Sodicity is mainly assessed in terms of SAR 

(sodium adsorption ratio), PSS (percent soluble sodium), RSC (residual sodium carbonate) and 

MAR (magnesium adsorption ratio). The potential for sodicity related soil problems is 

discussed in terms of permeability index (PI). The computed values are shown in Table-2. 

Conductivity of water varies directly with the temperature and is proportional to its dissolved 

inorganic solids. Most of the matter in water samples is in dissolved form and consist mainly 

of inorganic salts such as Ca2+, Mg2+, Na+, K+, Cl-, SO42-, CO32-, HCO3- and small amounts of 
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organic matter, dissolved gases, which contribute to EC and TDS [22]. EC of 95% of samples 

fall under medium hazard category and such water use requires some management [23]. The 

present study reveals that average TDS values for RS STP (532.7±38.2) are higher than 

prescribed BIS standard of drinking water (500mg/l) but are within limits for irrigation and 

reuse purposes (2000mg/l) [24]. According to [23] classification of irrigation water, RS STP 

treated water may cause medium hazard to sensitive crops and should be used with some 

management. SAR value is an important tool to assess sodium hazard of irrigation water. High 

SAR values prevent water from reaching plant branches and leaves by reducing the osmotic 

action. In this study, as per SAR values, the treated water from RS STP could be classified as 

low sodium hazard (S1) to soil [25]. The PSS values are related to soil permeability, so is very 

important in categorizing irrigation waters. The average PSS values (48.7%) of the study area 

are permissible for irrigation [26]. None of the samples was found unfit for irrigation. Residual 

sodium carbonate (RSC) is another indicator of sodium hazard in irrigation water. RSC values 

indicate sodium carbonate compared to calcium and magnesium and contribute to soil 

alkalinity. High RSC values in irrigation waters may affect plant growth and lead to solid scale 

formation in irrigation systems as well. A negative value of RSC reveals higher concentration 

of Ca2+ and Mg2+. Values of RSC less than 0.5 indicate that sodium buildup is unlikely since 

sufficient calcium and magnesium are more than that can be precipitated as carbonates. The 

average RSC values of present study site (-0.56) indicate good quality irrigation water and fall 

in the safe range for irrigation [27], [28]. MAR is measure of potential of magnesium to 

displace calcium in soil thereby affecting soil structure and plant growth. High magnesium 

relative to calcium has negative impact on soil structure and plant growth. Generally, water 

with MAR value more than 50 indicates water treatment or alternative irrigation strategies [27]. 

The MAR values of the study area show that 86% samples are suitable for irrigation [28]. The 

PI value shows the long-term exposure effects of high Na+, Ca2+, Mg2+ and alkalinity ions in 

irrigation waters. All the samples of study area fall under class I and II [29] with 33% samples 

of class I and 67% samples of class II and are recommended for irrigation. The average PI 

values, 74.0±2.35 show high permeability and aeration in soil. 

Correlation study of irrigation water quality indices - In the present study, the Karl Pearson 

Matrix was used to identify statistically significantly correlated irrigation indices. Correlation 

coefficient (r) between any two indices x and y is calculated for EC, TDS, SAR, PSS, RSC, 

MAR and PI of the undertaken samples and are presented in Table-3. The degree of line 

association between any two of the irrigation water quality parameters as measured by simple 
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correlation coefficient (r) is presented as 7*7 correlation matrix. Out of the 28 correlation 

coefficients, correlation coefficient (r) between SAR and PSS is observed 0.8285 with highly 

significant level (0.8 < r < 1.0). Correlation coefficient values, EC vs TDS (r = 0.7499), PSS 

vs PI (r = 0.7181) and RSC vs PI (r = 0.6423) give the moderate significant (0.6 < r < 0.8) level 

of r values. The significant negative correlation value between MAR and PI (r = -0.5038) 

indicates negative correlation between MAR and PI. MAR value is a measure of potential of 

magnesium to displace calcium in soil. High magnesium relative to calcium has negative 

impact on soil structure that reduces water permeability and has negative impact on plant 

growth. Negative correlation between PI and EC, TDS show that high salt values in irrigation 

water block the soil pores and reduce soil permeability.  

CONCLUSION 

Use of reclaimed water for irrigation helps to address water scarcity issue, save water for other 

applications and preserve freshwater resources. It is very sensitive issue, associated with 

ecosystem health, environment health and aesthetic sense. To ensure safe and long-term 

irrigation using treated water requires continuous water quality monitoring, careful irrigation 

procedures to encourage sustainable agriculture practices.  The results of present study show 

that EC and TDS values of study area indicate medium hazard to soil. PSS, MAR and PI values 

are permissible for irrigation, but their long-term use may affect soil, plant and human health 

as well. Such water uses still require better treatment, some dilution and regular monitoring of 

treatment plants as well as soil and water quality assessment. A systematic correlation study 

showed high significant linear relationship among SAR-PSS, EC-TDS, PSS-PI, RSC-PI and 

MAR-PI pairs of irrigation water quality parameters. PI values share linear relationship with 

other irrigation water quality parameters and can be used to express irrigation water quality. 
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