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Abstract  

The assessment of surface and groundwater for irrigation  purpose was an important step towards sustainable 

water resource management for agricultural crops in the Eastern part of India. Therefore, the study was 

conducted during the pre-monsoon period in the month of April- May, 2019 to monitor the quality of 

different water sourcessources of water for assessing theirits suitability for irrigation purposes in Odisha state 

of eastern India. Twenty- seven surface water and twenty-onetwenty one groundwater samples were collected 

and analyzed for chemical parameters. The suitability of the surface and groundwater for irrigation were 

evaluated based on pH, residual sodium bicarbonate (RSBC), electrical conductivity (EC), sodium adsorption 

ratio (SAR), Adjusted SAR (Adj. SAR), residual sodium carbonate (RSC), soluble sodium percentage (SSP), 

permeability index (PI), Kelly’s ratio (KR), Chloride (Cl
-
), boron (B), nitrate (NO3

-
), iron (Fe), Manganese (Mn), 

zinc (Zn), copper (Cu), chromium (Cr) and cadmium (Cd).  Results showed that three rivers, Mahanadi, 

Brahmani and Bansadhara, were found medium salinity (EC 0.25-0.75 dSm
-1

), and all the rivers have no 

sodicity problem with RSC within the permissible limit of 2.5 meqL
-1

, and free of chloride and boron 

toxicity. All the surface water samples were safe with respect to Zn (2 mgL
-1

), Cu (0.2 mgL
-1

), Fe (5 mgL
-1

), 

Mn (0.2 mgL
-1

) and Cr (0.1 mgL
-1

). Four rivers were exceeded the maximum permissible limit of Cd. 

Groundwater samples collected from the three farms of Odisha University of Agriculture and Technology 

(OUAT) at Bhubaneswar were found pH below the permissible limit of 8.5. Four groundwater sources at 

Sambalpur, Rourkela, Gajapati and Ganjam were found medium salinity (EC 0.25-0.75 dSm
-1

), which 

could be safely used for irrigation with management. In other cases, the salinity level was safe (EC <0.25 

dSm
-1

). Groundwater samplessample of Putibandha, Sambalpur, Rourkela and Ganjam where the salinity 

measured medium in terms of EC also have sodicity problemsproblem. The water of Rourkela and Ganjam 

has RSC more than the safe limit but less than the maximum permissible limit (MPL). But RSC in 

Groundwater of Sambalpur exceeded the MPL, with KR falling in the bad category and SSP in the doubtful 

category. All the groundwater samples were found below the toxicity level and safe concerningwith respect 

to Cl
-
, NO3

-
, B ,  Zn (2 mgL

-1
), Cu (0.2 mgL

-1
), Fe (5 mgL

-1
), Mn (0.2 mgL

-1
) and Cr (0.1 mgL

-1
) where Cd 

content of three sources exceeded the MPL (OUAT Agronomy Farm 0.011 mgL
-1

, Putibandh of Sambalpur 

0.011 mgL
-1

 and Rourkela 0.010 mgL
-1

). It is concluded that all the surface water samples collected from 

nine different rivers are found o f  good quality and suitable for irrigation purposespurpose except f o r  

some specific limitations associated with certain sources thatwhich could be managed. Among all the 

groundwater sources, groundwaters of t h e  Putibandh area in Sambalpur district are found very poor in 

quality and unsuitable for irrigation. 

 

Keywords : Surface water . Groundwatergroundwater . Qualityquality . Irrigationirrigation. 

 

Introduction 

 

Water is a most important natural resource; it is an essential human need and is a a valuable national asset. In 

addition to drinking, it is required for other human activities like, agriculture, industry, bathing, cooking, 

washing, recreation, navigation, fisheries etc. [1, 2]. Groundwater plays an important role worldwideall over the 

world infor the survival of both flora and fauna. India is one of the largest groundwater usersusers of 

groundwater, particularly for drinking and agriculture purposes [3]. Groundwater has become the major source 



 

 

of water use in the agricultural sector in many countries where river and drainage systems are not sufficient. 

Therefore, poor groundwater quality for irrigation purposespurpose has beenis a matter of worry in recent years 

[4].  The groundwater quality assessment based on different agriculture indices has been studied in different 

parts of the world [5, 6]. There are severala number of reports on the assessment of groundwater quality from 

Cameroon [7], Ghana [8], Bangladesh [9], Tamil Nadu [10, 11, 12, 2], Bhatina, SouthwestSouth west Punjab. 

[13], Madhya Pradesh [14, 15]) and Sant Ravidas Nagar, Bhadohi, Uttar Pradesh [16]. In Uttarakhand, irrigation 

water quality assessment has been done in Doon Valley  [17], Nainital [18], Almora [19, 20], Haridwar [21], 

Udham Singh Nagar [22]. In Odisha, physico-chemical analysis of surface and ground water of Bargarh district 

[23], Keonjhar city [24]. Surface water quality is a sensitivevery sensitive and global environmental issue that is 

important for long-term economic development and environmental sustainability [25, 26, 27]. Awareness and 

attention to water irrigation quality have increased worldwide in recent years, and new approaches have been 

developed to achieve the sustainable water resources management of water resources [28, 29]. In the same 

context, the shortage of water resources has become a big problem in many countries, particularly under 

continued population growth, accelerated industrialization, rapid urbanization, and global climate change [30, 

31]). Therefore, water scarcity and sustainable irrigation water management have become global challenges for 

sustainable agriculture development in order to produce sufficient food to satisfy the population’s food 

requirements  [32, 33, 34]. In Odisha, there are mostly three sources of water rivers, surface storage and 

groundwaterground water. Odisha is neither abundant nor certain about its water resources, and it is not a good 

sign for the future. According to the water sourcesource of water, the quality and characteristics vary mainly due 

to varying geology and climate. On a local level also, there may be differences due to weather and the source 

from surface water or groundwater with varying geology. The plant growth is affected due to the chemical 

parameters of irrigation water through toxicity and deficiency directly and by altering the availability of 

nutrients indirectly. Anthropogenic activities within river basins, erosion, and atmospheric depositions are also 

the majormain negative impacts on the water quality of most the reservoirs [35]. Anthropogenic influence as 

well as natural processes degrade surface waters and impair their use for drinking, industrial, agricultural and 

recreational purposes [36]. Urban runoffs and sewage disposal in the catchment area of rivers also contribute to 

poor water quality [37]. Industrial wastewater, runoff from the agricultural lands, and municipal sewage disposal 

and disposal of municipal sewage are the most vulnerable tofor water pollution [38]. The soil salinity is also an 

important factor in determiningfor the determination of water quality. Therefore, aA study on the quality of 

major surface water and ground water sources is therefore very important for managing the irrigation infor the 

present situation. To the best of our knowledge, no comprehensive study has been made on the water quality of 

major rivers and ground water used for irrigation in Odisha. Therefore, in the present investigation, an attempt 

has been made to assess the quality of different water resources and classifyclassification of water based on their 

suitability for irrigation purposespurpose collected from different places of Odisha. 

 

Materials and methods 

  

Study area  

 
Odisha is located on the eastern coast of India, between 17

o
31" and 22

o 
31" N latitude and 81

o
 31" and 87

o
 31" E 

longitude. It covers 155,707 km
2
, which is about 4.74% of the area of India. The climate is tropical with 

1450mm average rainfall. The state is spread over an area of 155,707 km
2
 and 1030 km from north to south and 

500 kilometers from East to West. Its coastline is 480 km long. The state has 30 districts. Locations of water 

sample collection from different river basins are decided based on the physiographic data and maps of rivers, 

and according to its place of tributaries where it flows and covers the maximum area. Physiographically, Odisha 

consists of coastal plains, central plateaus, central hilly regions, flood plains, and uplands.  

 

Sampling and analysis 

 
Surface water samples were collected during April-May, 2019 from the middle reach of nine major rivers viz. 

Mahanadi, Rushikulya, Brahmani, Subarnarekha, Kolab, Bansadhara, salandi, Bahuda, and Ib of Odisha. Thus, 

Twenty seven samples were collected from nine surface water sources. Similarly, groundwater samples were 

collected at two hours intervalsinterval from seven borewells and, three borewells of Odisha University of 

Agriculture and Technology Research Farm viz. Agronomy Farm, Central Farm and Orchard, one each at 

Sambalpur, Rourkela, Gajapati and Ganjam districts of Odisha. Twenty-one groundwater samples (borewell) 



 

 

were collected in the pre-monsoon season in the year 2019 from different sites. The surface and groundwater 

samplessamples of surface and ground water were collected in pre-washed polyethylene narrow mouth bottles 

of 500 ml capacity and stored (three times rinsed with the same water before collecting the samples). 

TheLocation of sampling sites of surface water and groundwater were measured by using a global positioning 

system (GPS) for most of the samples (Fig. 1). The method involved in the analysis of water samples isare 

depicted in TablesTable 1 and 2. 

 

Statistical interpretation 

 

The entireEntire data obtained in the present study werewas analyzed using a  completely randomized design 

(CRD). To evaluate significant differences among the sites for all water quality variables, data of nine 

treatments of different rivers and three replication of each river and seven treatments of different groundwater 

samples and three replication of each were analyzed using one- way analysis of variance (ANOVA) at 0.05% and 

0.01% level of significance [39]. DataData’s for different parameters of water samples were presented as mean 

values. 

 

Results and discussion 

 

The results obtained from laboratory analysis of various chemical parameters and calculated indices values 

collected from all the sources and locations are given in Table 3 to 11 and Supplementary data Table 1 to 2. 

To ascertain the suitability of collected surface and groundwater samples for irrigation purposes was discussed 

compared toon comparison with recommended standard values given by different authors. 

 

pH 

 
In the present study area, the pH showed that all the surface water collected from canals and rivers at different 

points varied from 6.23 to 8.05 with a mean of 7.29 (Table 3), and 5.68-8.10 for groundwater with a mean 

of 7.04 (Table 4). The highestHighest pH of 8.02 was measured in the water of Ib river and the lowest 6.51 

for the river near Janiguda farm, Kolab. Among the groundwater samples, the highest pH of 8.02 was found in 

the bore well water of Sambalpur, Putibandh area and lowest of 5.97 measured in the borewell, water of 

Agronomy farm, OUAT, Bhubaneswar. The pH of water is an important index of hydrogen ion activity, and it 

is the resulting value of the acid-base interaction of several minerals and organic components in water. 

pH is an important ecological factor and universally to express the intensity of the acid and alkaline 

condition of the water samples. According to the Food and Agriculture Organization (FAO) recommendation, 

the permissible limit of irrigation water pHpH of irrigation water is 6.5-8.5 [40, 41]. All the surface water 

samples collected in our study had pH between 6.23 and 8.05, and ground water, 5.68 to 8.1 (Fig. 2).  The 

present investigation showed that all the surface e  water sources   tested had pH value within the safe limit 

except   the water of Kolab, which had a pH of  6.47, which was less than the permissible limit of 6.5 and 

ground water used for irrigation in Central Farm and Agronomy Farm of OUAT have pH less than the 

allowablepermissible limit of 6.5. But all other samples collected from industrial and urban areas had alkaline 

and significantly higher pH (7.48-8.02). 

 

Electrical Conductivity (EC) 

 
The EC values of water samplessample during monitoring periods ranged betweenin between from 0.068-0.705 

dSm
-1,

 and the mean is 0.25 dSm
-1

 of surface water and 0.045-0.723 dSm
-1

 with a mean of 0.31 dSm
-1

 of 

groundwater (Table 3 and 4). The highestHighest EC of 0.57 dSm
-1

 was measured in the water of Bramhani 

river at Rourkela-3 (sector-7) of Sundergarh district, and lowest of 0.07 dSm
-1

 in the water of Salandi river 

collected at Keonjhar and among all groundwater sources, highest EC of 0.70 dSm
-1

 was found in 

Putibandh area of Sambalpur and lowest of 0.06 dSm
-1

 in the Orchard of OUAT at Bhubaneswar. The 

permissible range of EC is 0.25-0.75 dSm
-1

[42]. So, all the samples fall into C1 (low salinity) and C2 (medium 

salinity water some leaching sensitive crops) classes of salinity hazard classification by USDA [43] (Table 7). 

 



 

 

Carbonate (CO32-) and Bicarbonate (HCO3-) 

 

The presence of CO3
2-

 and HCO3
-
 ions in irrigation water significantly influenceshas a significant influence on 

the concentration of calcium and magnesium content of water and soil permeability after its application. 

Results showed that CO3
2-

 was absent in almost all the water samples except a  few groundwater samples 

where it ranged from 0.99 to 5.40 meq L
-1

 with a mean of 1.12 meq L
-1

 (Table 3 and 4). The highestHighest 

carbonate content of 4.59 meq L
-1

 was found in groundwater samples of the Putibandh area of Sambalpur 

district. The HCO3
- ranged from 0.99 to 2.97 meq L

-1 with a mean of 2.09 meq L
-1 

for surface samples (Table 

4). In the case of ground water samples, HCO3
- varied from 0.99 to 2.97 meq L

-1
 with a mean value of 1.46 meq 

L
-1

 (Table 6). Alkalinity in water is mainly due to CO3, HCO3 and OH
- 
content. Carbonate content should be 

between 0-1 meqL
-1

[6]. There was no carbonate in all the surface water and ground water except Samabalpur 

(Putibandh), Rourkela -3 (sector-7), and Gajapati (Paralakhemundi) had higher mean CO3
2-

 concentration with 

highest of 4.59 meqL
-1

 measured at Sambalpur, which is
 
more than the safe limit 1.0 meqL

-1
. These samples also 

hadhad also higher pH values. 

 

Basic Cations (Na+, K+, Ca2+ and Mg2+) 

 
In this study, four cations thatwhich directly and indirectly influencehave a direct and indirect influence on the 

quality of irrigation water have been measured, and the analysis results of all surface water and groundwater 

have been presented in TablesTable 3 and 4. The concentration of four cations viz. Na
+
, K

+
, Ca

2+
 and Mg

2+
 

ranged from 0.09 to 2.54, 0.018 to 0.65, 0.23 to 1.2, 0.09 to 1.2 meqL
-1

 with respective mean values of 0.59, 

0.078, 0.66, 0.35 meqL
-1

 for surface water and ranges of 0.112 to 3.04, 0.005 to 0.078, 0.24 to 1.72, 0.13 to 0.54 

meqL
-1

 with respective mean values 0.98, 0.037, 0.861, 0.28 meqL
-1

 in groundwater. In irrigation water, the 

permissible limit for Na
+
, K

+
, Ca

2+
 and Mg

2+
 are 200, 30, 80 and 35 mg L

-1
  [44, 45]. 

 

Specific Elements/Ions Chloride (Cl-) 

 

The chloride content ranges from 21.27-67.36 mgL
-1

 with a mean of 36.37 mgL
-1

 for surface water and 3.54 to 

60.26 mgL
-1

 with a mean of 39.98 mgL
-1

 for groundwater samples with the highest concentration found in Kolab 

river near Janiguda of Koraput, lowest in Subernarekha river of Mayurbhanj. Among the groundwater samples 

collected highest was found in Rourkela-3 (sector-7) and lowest in the groundwater of OUAT Horticulture 

orchard, Bhubaneswar (Table 3 and 4). The chloride concentration serves as an indicator of pollution by 

sewage, and industrial effluents. In this study, all the samples are within the safe limit based upon suitability 

classification based onon the basis of chloride concentration (< 10 meqL
-1

 or 350 meqL
-1

). The chlorideChloride 

content in well water of Behampur (11.52 meqL
-1

), Jaipatna (21.20 meqL
-1

), Odagaon (10.37 meqL
-1

), Puri 

(18.44 meqL
-1

) canal water from Soro (10.37 meqL
-1

) pond water of (21.2 meqL
-1

) are found unsuitable for 

irrigation purposes[13]. 

 

Boron (B) 

 

B content ranges from 0.0225-0.934 mgL
-1

 with a mean of 0.28 mgL
-1

 for surface water (Table 3) and 

0.043-0.912 mgL
-1

 with a mean of 0.26 mgL
-1

 for groundwater samples (Table 4). The highest concentration 

was found in t he  Salandi river (Keonjhar) and lowest in t he  Rushikulya river among surface water 

samples. The highest was, and groundwater samples highest was found in the water of OUAT Agronomy 

farm at Bhubaneswar and lowest in Putibandh of Sambalpur district. B is also present in irrigation water as 

unionized boric acid expressed as boron element in mgL
-1

. Sensitivity to boron encompasses manya wide 

variety of fields and tree crops, although fruit, nut and berry crops are particularly sensitive. ThereIn the present 

investigation, there is no B toxicity in the present investigation as all the samples had boron less than 2 mgL
-1

 

[46]. 

 

Nitrate (NO3-1) 

 

Nitrate content ranges from 0.98-3.23 mgL
-1

 with a mean of 2.10 mgL
-1

 for surface water (Table 3) and 

2.96-8.2 mgL
-1

 with a mean of 4.75 mgL
-1

 (Table 4) for groundwater samples with the highest 



 

 

concentration found in Ib river, lowest in Salandi river, Keonjhar. Among ground water samples highest 

was measured in the water of the bore well in t h e  Horticulture Orchard of Bhubaneswar and lowest in the 

groundwater of Rourkela -3 (sector-7). In the present study, all the samples are safe with respect to NO3
-1 

(< 30 

mgL
-1

) [46]. 

 

Micronutrients and Heavy metals 

 

The content of trace and heavy metals (Zn, Cu, Fe, Mn, Cr and Cd) in water sources were analysed which 

i s  is  presented  in Table 3 and 4. The results revealed that Cr concentration was non-detectable in AAS in 

both surface and groundwater samples. The ranges of Zn, Cu, Fe, Mn and Cd were 0.002- 0.043, 0.032-0.052, 

0.036-0.184,  0.01-0.056 and  0.001-0.035 mgL
-1

 respectively  in surface  water  and  0.007-0.044,  0.026-

0.045,  0.033-1.09,  0.01-0.11  and  0.007- 0.012 mgL
-1

 in groundwater samples respectively. All the water 

samples, both surface and ground water, were below the toxicity level and safe with respect to Zn, Cu, Fe, Mn, 

Cr   except Cd, which is more than the permissible limit for the Kolab, Bahuda, Rushikulya and Mahanadi river 

and from ground water samples Agronomy field, OUAT, Rourkela-3 sector-7 and  Putibandh of Sambalpur  

samples (Fig. 7).  

 

Sodium Adsorption Ratio (SAR) 

 
Results showed (Table 5 and 6) that SAR values varied from 0.16 to 2.73 with a mean of 0.79 for surface water 

and 0.18 to 3.26 with a mean of 1.33 for groundwater. The suitability of the well water samples was evaluated 

by determining the Sodium Adsorption Ratio value, which is an expression of concentration of Na
+
 relative to 

Ca
2+

 and Mg
2+,

 and they were categorized under different classes based on salinity and alkalinity hazards. U.S 

Salinity laboratory proposed that SAR isas a more reliable criterioncriteria for evaluating Na hazard in irrigation 

water. According to Richards [47], water samples having SAR 10-18 are of medium sodium hazard, and these 

waters cannot be used for fine- textured soils. Water with SAR less than 10 has no sodium hazard. According to 

Richards, SAR values measured in the sampled waters in surface water and ground water was found no sodicity. 

All the samples are within the permissible range of FAO, and all the samples are found to be in the S1 class of 

sodicity hazard classification of USSL (1954) as all the values are within 0-10. The gGround water of 

Sambalpur having EC 0.70 dSm
-1

 and SAR 3.20 is classified under the moderate sodicity category as per the 

guidelines [48, 46]. 

 

Adjusted SAR (SARadj.)/ Adj.RNa 

 
Results showed that SARadj. (Table 5  a nd  6 )  ranged from 0.12 to 2.65, with a mean of 0.73 for surface 

water and 0.13 to 3.18 with a mean of 1.01 for groundwater. According to the guidelines, the present study 

foundIn the present study, all the surface and groundwater was found in the S1 category according to the 

guidelines [49]. Adjusted SAR (SARadj.) is a better criterion for assessing the sodicity effect of irrigation 

water than SAR. Irrigation of Ca-rich or Mg-rich soil with water containing carbonate and bicarbonate ions 

will form insoluble calcium and magnesium carbonates resulting in a decrease in the concentration of Ca and 

Mg used in the SAR calculation. This leads to an increase in the value of measured SAR, which does not 

show the real picture of sodicity under such a  situation. Irrigation water contains sufficient quantities of 

sulphate and bicarbonate ions to produce precipitation of calcium sulphate and calcium carbonate that remove 

calcium from solution and hence markedly increase sodium hazards. SAR under this situation may not give the 

correct sodium hazard since it is the SARsw value rather than the SARiw value that affects the soil's ESPaffect 

the ESP of the soil and, an eventually, the soil permeability. Hence, a new index called adjusted SAR [50] and is 

calculated from procedure [51] is recommended, but both the older SAR procedure and the new adjRNa are 

acceptable, with a preference expressed towards the adjRNa because it and the Cax of Supplementary Table 3 

offer a better insight into the change in calcium in the soil-water due to addition by the dissolution of calcium 

from soil carbonates and silicates, or loss of calcium from soil-water by precipitation as carbonates [46]. 

 

Permeability Index (PI) 

 



 

 

The PI values ranged from 65.71 to 305.38%, with a mean o f  143.28% for surface water and 77.79 to 

160.27% with a mean, 112.19% for groundwater (Table 5 and 6). The highestHighest and lowest PI werewas 

found in the Subernarekha and Bahuda riversriver and Bahuda river respectively. Among among surface water 

samples and among groundwater samples, t h e  highest and lowest PI were measured in the groundwater 

collected f r o m  the Central farm, OUAT, Bhubaneswar and   Rourkela-3 (sector-7), respectively. The 

Permeability Index (PI) value is used to evaluate the sodium hazards of irrigation water. High sodium in the 

irrigation water can cause severe soil permeability problemsproblem. Permeability is affected not only by high 

sodium but also by CO3
2-

 and HCO3
-
 content in water. Long term irrigation affects the permeability of the soil 

due to the presence of Na
+
, Ca

2+
, Mg

2+
 and HCO3

-
 ions in water. Therefore, the PI values can be effectively used 

to determine the suitability of surface water and groundwater to be used for irrigation purposespurpose. Water 

can be classified as class I, class II and class III. Class I is excellent when PI is more than 75%, class II is good 

with PI 25-75%, and Class III is unsuitable when PI is less than 25% [52, 53]. All the samples are fall in the 

class I (more than 75%) category of classification. 

 
 

Residual sodium carbonate (RSC) 

Results showed that the range of RSC was found to be 0.75 to 2.53 meqL
-1

 with a mean of 1.075 meqL
-1

 for 

surface water and -0.25 to 4.49 meqL
-1

with a mean of 1.44 meqL
-1

 for groundwater (Table 5 and 6). It is used 

to predict the additional sodium hazard associated with CaCO3 precipitation by calculatinginvolve a calculation 

of the residual sodium carbonate. RSC is another alternative measure of the sodium content concerningin 

relation to calcium and magnesium. The proportion of bicarbonate ionsion higher than calcium ions is 

considered undesirable because after evaporation of irrigation water bicarbonate ions tend to precipitate 

calcium ions after evaporation of irrigation water. Therefore, the effect of bicarbonate andtogether with 

carbonates evaluated through RSC is a better indicator of t h e  sodium hazard of irrigation water. Two 

samples collected from this river from sites at Mayurbhanj are found to be above the permissible limit out of all 

surface water samples. For groundwaterground water samples, the highest RSC of 4.49 meqL
-1

 was found in the 

Putibandh area, Sambalpuri district. Samples from Putibandh were found above the permissible limit of 2.5 

meqL
-1

 [54]. Samples from river  Mahanadi, Brahmani, Subarnarekha, Ib and groundwater of Rourkela and 

Gamjam were found to be above the safe limit (1.25 - 2.5 meqL
-1

) but within the maximum permissible limit,  as 

shown in Table 7 and Fig. 4. 

 

Residual Sodium Bicarbonate (RSBC) 

 

RSBC ranges from 0.21-2.74 meqL
-1

 with a mean of 1.43 meqL
-1

 for surface water and -0.73–1.95 meqL
-1

 

with a mean of 0.68 meqL
-1

 for groundwater samples presented in Table 5 and 6.  Among surface water 

samples highest RSBC was measured in Subernarekha river, lowest in Bahuda river, and among groundwater 

samples, highest found in Gajapati and lowest at Putibandh, Sambalpur. Since carbonate ions do not occur 

very frequently in appreciable concentrations, and as bicarbonate ions do not precipitate magnesium ions, the 

residual sodium bicarbonate was calculated [55, 56] suggested that alkalinity hazard should be determined 

through the index called Residual Sodium Bicarbonate (RSBC). Water with RSBC <5, 5–10 and >10 meqL
-1

 is 

considered safe, marginal, and unsatisfactory, respectively.  In the present study area, all the samples are within 

the safe limit and are classified as low alkaline water (< 2.5 meqL
-1

). 

 

Soluble Sodium Percentage (SSP) 

 

Results presented in Table 5 and 6 reveal that SSP ranges from 13.33% to 65.98%, with a mean of 36.73 % 

for surface water and 13.49% to 654 % with a mean of 44.16% for groundwater. Highest SSP from surface 

water samples found in Bramhani river of Banei and lowest in Bahuda river of Gajapati and from all the 

groundwater samples, highest SSP found in Putibandh area, Sambalpur and lowest in Horticulture orchard of 

OUAT at Bhubaneswar. Excess of sodium ions characterizes the water as saline or alkaline depending upon its 

occurrence in association with chloride/ sulphate or carbonate/ bicarbonate ions. The quality of irrigation water 

used to be evaluated with respect to sodium based on soluble sodium percentage (SSP) since a high value 

indicates soft water and low-valuelow value hard water. Classification of irrigation water based on SSP (Table 

7) [57]. In the present study, the highest SSP from surface water samples was found in the Bramhani river of 

Banei and the lowest in the Bahuda river of Gajapati. From and from all the groundwater samples, the highest 



 

 

SSP was found in the Putibandh area, Sambalpur and lowest in the   Horticulture orchard of the Odisha 

University of Agriculture Technology at Bhubaneswar. All the surface water and groundwaterground water 

samples fall in excellent, good and permissible range of SSP except Putibandh of Sambalpur (Table 7; Fig. 5). 

High SSP reduces the permeability of the soil and eventually results in soil with poor drainage 

conditionsconditions of drainage [58].  

 

Kelley's Ratio (KR) 

 

Results showed that KR content ranges from 0.11 to 1.46 with a mean of 0.55 for surface water and 0.13 to 

1.78 (Table 5 and 6) with a mean of 0.78 for groundwater samples. The highest value of KR was found in 

Rushikulya river, lowest found in Bahuda river among all surface water samples, and among groundwater 

highest found in Putibandh, Sambalpur and lowest in Rourkela-3 (sector-7). The level of Na
+
 measured against 

Ca
2+

 and Mg
2+

 is known as Kelley’s ratio, based on which irrigation water can be rated; Kelley’s Kelley’s 

groundwaterground water having less than one is considered as good for irrigation (Kelley) [59]). KR >1 

indicates an excess level of Na
+
 in waters. Therefore, water with a KI≤1 has been recommended for irrigation, 

while water with KI≥1 is not recommended for irrigation due to alkali hazards [60, 61]. KR content ranged from 

0.11 to 1.46 with a mean of 0.54 for surface water and 0.13 to 1.78 with a mean of 0.78 for groundwater 

samples. In the present study, all surface water sourcesthe sources of surface water have KR less than 1 and 

hence are recommended for irrigation. Similarly, among the groundwaterground water sources, water collected 

from Sambalpur (1.66) and Gajapati (1.12) had KR more than 1 (Table 7; Fig. 6).  

 

In the present study area, all the surface water samples are of good quality and suitable for irrigation 

purposespurpose as based upon all the parameters, the samples are within a safe limit. Based upon SSP, only the 

Bahuda river is of excellent quality, Mmahanadi, subernarekhaSubernarekha, salandi Salandi is of good quality, 

and others are with in the permissible range according to the classification [57] while studying the water quality 

of Puri district. Based upon EC, all the samples fall in low salinity class except Mahanadi, Bramhani, 

Bansadhara river, which falls in medium salinity class, according to class [47]. The SAR, Adj. SAR and PI 

fallfalls in the excellent category of suitability classification and are based upon all other parameters, and the the 

samples are safe for irrigation purposes (Table 8). The ground water samples are suitable for irrigation purposes 

based upon all parameters except Putibandh of Sambalpur basing based upon the RSC falls in unsuitable 

category [54], based upon SSP  under   doubtful class , based on KR bad category and  sample of Gajapati based 

upon KR which falls in bad category [62]. Based upon EC, all the samples fall under low salinity class except 

Sambalpur, Rourkela-3 (sector-7), Ganjam, Gajapati, which fall under medium salinity class [47]. Based upon 

SSP, only samplessample of Orchard fall under the excellent category, the sample of Sambalpur under the 

doubtful category and all other samples are under the permissible category of suitability classification [57]. 

Based upon SAR, Adj.SAR, PI all the samples fallfalls under the excellent category of suitability classification 

(Table 9).  

 

Conclusions 

 

It can be concluded from the present study area that all the surface water samples collected from 27 points of 

nine different rivers are of good quality and suitable for irrigation purposespurpose based onon the basis of 

quality assessment parameters except some specific limitations associated with certain sources, which can be 

overcome with management. Based upon salinity measured in terms of EC, all rivers except three rivers, 

Mahanadi, Brahmani and Bansadhara, have no salinity hazard. These three rivers are of medium salinity 

(0.25-0.75 dSm
-1

), but the water can be safely used for irrigation with management. In other cases, the 

salinity level is safe (<0.25 meqL
-1

). Water samples of all rivers except Subarnrekha, Brahmani, Ib and 

Mahanadi have no sodicity hazard. The water of these three rivers was above the safe limit but within the 

permissible limit of RSC, 2.5 meqL
-1,

 but can be used with management. When measured individuallyon 

individual basis, two samples collected from t h e  Subarnarekha river from two sites at Mayurbhanj are 

above the permissible limit of 2.5 meqL
-1

 and thus not suitable for irrigation. The water of all the nine rivers 

collected from different places of their mid-reach have no chloride and boron toxicity. Nitrate was much 

below the maximum permissible level. All the surface water samples were below the toxicity level and safe 

forwith respect to Zn (2 mgL
-1

), Cu (0.2 mgL
-1

), Fe (5 mgL
-1

), Mn (0.2 mgL
-1

) and Cr (0.1 mgL
-1

). But the  

water of four major rivers exceeded the maximum permissible limit of Cd. These are in the order: 



 

 

Rushikulya, 0.034 mgL
-1

 > Kolab, 0.023 mgL
-1

 > Mahanadi, 0.014 mgL
-1

 > Bahuda, 0.011 mgL
-1

. OnIn the other 

hand, groundwater samples collected from the three Farms of OUAT at Bhubaneswar are acidic in reaction 

and are below the permissible limit of 6.5-8.5 with respect to other characteristics; they, they are safe to use. 

 

 

Ethics approval   Not applicable. 
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Table 1 Methodology for analysis of chemical parameters 

 
Sl. No. Parameters Method used Reference 

1 pH Glass Electrode pH meter Jackson, 1973 

2 EC Conductivity meter Jackson, 1973 

3 
Carbonate and 

Bicarbonate 
Volumetric Rapid titration Method Jackson, 1973 

4 Chloride Silver Nitrate Titration Method Jackson, 1973 

5 Nitrate 
Colorimetric method using phenol disulphonic 

acid  
Page et al.,1982 

6 Calcium and Magnesium Versenate  titration method  Jackson, 1973 

7 Potassium Flame  photometer method  Page et al.,1982 

8 Boron Colorimetrically using Azomethine-H  Bingham, 1982 

9 Fe, Mn. Zn, Cu, Cd, Cr Atomic absorption spectrophotometer 
Lindsay and 

Norvell,1978 



 

 

 

 

 



 

 

Table 2 Methodology for analysis of different indices  

 

Indices Formula 
Parameters used in the calculation 

and their units 
Reference 

Sodium Adsorption Ratio (SAR) 
    

   

          

 

 
Na

+
, Ca

2+
, Mg

2+ 
are in meq L

-1
 Richards (1954); Todd (1980) 

Adjusted Sodium Adsorption Ratio 

(Adj
R
Na/ Adj. SAR) 

       
     

     
       

 

 
Na

+
, Cax

2+
, Mg

2+ 
are in meq L

-1
 Suarez (1981),  

Ayers and Westcot (1994) 

 

Soluble Sodium Percentage (SSP) 
    

       

                      
        

Na
+
, Ca

2+
, Mg

2+ 
are in meq L

-1
 Doneen (1964); Todd (1980) 

 

 

Permeability Index (PI) 
   

          
 

                  
       

HCO3
-
, Ca

2+
, Mg

2+
, Na

+
 are in meq L

-1
 Doneen (1964)  

Residual Sodium Carbonate (RSC)         
        

                 CO3
2-

, HCO3
-
, Ca

2+
, Mg

2+
, are in meq L

-1
 Eaton (1950); Richards (1954) 

Residual Sodium Bicarbonate (RSBC)             
         HCO3

-
, Ca

2+
 are in meq L

-1
 Gupta and Gupta (1987) 

Kelly’s Ratio (KR) 
   

   

            
  

Na
+
, Ca

2+
, Mg

2+ 
are in meq L

-1
 Kelly (1963) 

 

 

 

 

 

 

 

 

 



 

 

Table 3 Chemical parameters of the collected surface water samples from different water sources measured during Pre Monsoon period, 2019 

 

Sl. 

No. 
Rivers 

M
ea

n
 v

al
u
es

 

pH 
EC 

(dSm
-1

) 

CO3
-2

 HCO3
-1

 Na K Ca Mg Cl
-1

 B NO3
-
 Zn Cu Fe Mn Cd Cr 

meq L
-1

 mg L
-1

 mg L
-1

 

1 Mahanadi 7.38 0.27 0 2.64 0.58 0.115 0.71 0.37 38.40 0.23 2.31 0.013 0.035 0.173 0.011 0.014 ND* 

2 Rushikulya 7.54 0.22 0 2.31 1.52 0.075 0.55 0.91 29.54 0.05 1.25 0.017 0.048 0.043 0.034 0.034 ND 

3 Bramhani 7.09 0.57 0 2.64 0.93 0.079 1.10 0.13 34.38 0.16 2.96 0.011 0.044 0.038 0.054 0.005 ND 

4 Subernarekha 7.30 0.21 0 2.64 0.16 0.069 0.29 0.29 23.63 0.12 2.19 0.008 0.042 0.170 0.014 0.008 ND 

5 Bahuda 7.69 0.09 0 1.32 0.30 0.071 1.03 0.49 36.63 0.15 2.07 0.009 0.043 0.045 0.015 0.011 ND 

6 Kolab 6.51 0.15 0 1.65 0.42 0.052 0.28 0.39 46.08 0.09 2.18 0.040 0.046 0.169 0.017 0.023 ND 

7 Bansadhara 7.37 0.45 0 1.98 0.81 0.101 1.08 0.22 37.81 0.73 1.79 0.013 0.050 0.047 0.016 0.007 ND 

8 Salandi 6.75 0.07 0 0.99 0.10 0.100 0.33 0.22 29.54 0.89 1.10 0.020 0.037 0.181 0.017 0.002 ND 

9 Ib 8.02 0.21 0 2.64 0.53 0.044 0.61 0.13 50.81 0.10 3.07 0.003 0.036 0.108 0.014 0.006 ND 

Grand mean 7.29 0.25 0 2.09 0.59 0.078 0.66 0.35 36.31 0.28 2.10 0.015 0.042 0.108 0.021 0.012  

SEm (±) 0.081 0.05 0 0.40 0.24 0.008 0.08 0.08 4.76 0.04 0.13 0.001 0.002 0.002 0.001 0.001  

CD (0.05) 0.242 0.14 0 1.19 0.72 0.023 0.240 0.25 1585 0.12 0.38 0.002 0.005 0.006 0.003 0.002  

Standard value 
6.5-

8.5 

0.25- 

0.75 
0-1 0-10 0 – 40 

0-

0.051 
0-20 0-5 350 0-2 5-30 2.00 0.20 5.00 0.20 0.01  

Observed Range 
6.23  

- 8.05 

0.068- 

0.705 
0 

0.99 -

2.97 

0.09-

2.54 

0.018- 

0.65 
0.23-1.2 

0.09-

1.2 

21.27-

67.36 

0.0225- 

0.934 

0.98-

3.23 

0.002- 

0.043 

0.032- 

0.052 

0.036- 

0.184 

0.01- 

0.056 

0.001- 

0.035 
 

*ND: Non-detectableNon detectable 

 

 

 



 

 

Table 4  Chemical parameters of the collected groundwater samples measured during Pre Monsoon period, 2019 
 

Sl. 

No. 

GroundwaterGround 

water source 

M
ea

n
 v

al
u
es

 

pH 
EC 

(ds/m) 

CO3
-2

 

 

HCO3
-2

 Na K Ca Mg Cl
-1 

 

B NO3
- 

 

Zn Cu Fe Mn Cd Cr 

meq L
-1

 mg L
-1

 mg kg
-1

 

1 
Agronomy field, 

OUAT, Bhubaneswar 
5.97 0.21 0.00 1.65 0.73 0.055 1.01 0.22 37.81 0.86 4.74 0.018 0.032 0.959 0.018 0.011 ND 

2 Sambalpur, Putibandh 8.02 0.70 4.59 1.32 3.01 0.018 1.61 0.22 55.53 0.05 5.33 0.042 0.038 0.035 0.109 0.011 ND 

3 
Rourkela -3 

(sector-7) 
7.89 0.30 1.65 1.32 0.50 0.06 0.98 0.33 56.60 0.13 3.06 0.008 0.036 0.036 0.018 0.010 ND 

4 
Orchard, OUAT, 

Bhubaneswar 
6.46 0.06 0.00 1.32 0.13 0.016 0.41 0.43 22.42 0.13 7.92 0.033 0.043 0.130 0.037 0.008 ND 

5 
Central Farm, OUAT, 

Bhubaneswar 
5.97 0.11 0.00 0.99 0.40 0.018 0.33 0.18 24.34 0.21 3.99 0.023 0.035 1.033 0.016 0.009 ND 

6 
Ganjam, Krishna 

Nagar 
7.48 0.48 0.00 1.98 1.17 0.074 1.18 0.29 47.26 0.39 4.84 0.028 0.033 0.036 0.012 0.008 ND 

7 
Gajapati 

,Paralakhemundi 
7.50 0.31 1.65 1.65 0.89 0.016 0.48 0.31 35.92 0.09 3.41 0.035 0.028 0.046 0.011 0.009 ND 

Grand mean 7.04 0.31 1.12 1.46 0.98 0.037 0.86 0.28 39.98 0.26 4.75 0.026 0.035 0.325 0.032 0.009  

SEm (±) 0.076 0.01 0.37 0.36 0.02 0.003 0.05 0.03 4.10 0.01 0.12 0.001 0.001 0.012 0.001 0.000 
 

CD (0.05) 0.228 0.03 1.12 1.06 0.08 0.010 0.15 0.10 12.30 0.05 0.38 0.003 0.004 0.036 0.002 0.001  

Standard value 
6.5-

8.5 

0.25- 

0.75 
0-1 0-10 0-40 

0-

0.051 
0-20 0-5 

140-

700 
0-2 5-30 2.00 0.20 5.00 0.20 0.01 

 

Observed Range 

 

 

 

 

5.68- 

8.1 

0.045- 

0.723 

0.99- 

5.4 

0.99 - 

2.97 

0.112- 

3.04 

0.005- 

0.078 

0.24- 

1.72 

0.13-

0.54 

3.54-

60.26 

0.043-

0.912 

2.96-

8.2 

0.007 

- 0.044 

0.026 

- 0.045 

0.033- 

1.09 

0.01- 

0.11 

0.007- 

0.012 

 

*ND: Non-detectableNon detectable 



 

 

 

Table 5 Calculated indices of the collected surface water samples from different sources during the pre-monsoon period 2019 

 

Sl. No. Rivers 

M
ea

n
 v

al
u
es

 

SAR Adj. SAR 
RSC 

(meq L
-1

) 

PI 

(%) 
KR 

RSBC 

 (meq L
-1

) 

SSP 

(%) 

1 Mahanadi 0.80 0.76 1.56 133.63 0.55 1.93 39.49 

2 Rushikulya 1.68 1.60 0.84 106.52 0.93 1.76 43.60 

3 Bramhani 1.18 1.19 1.41 118.26 0.75 1.54 45.06 

4 Subernarekha 0.32 0.28 2.05 254.97 0.32 2.35 29.90 

5 Bahuda 0.35 0.28 -0.20 79.39 0.19 0.29 19.27 

6 Kolab 0.74 0.57 0.98 153.36 0.65 1.37 41.47 

7 Bansadhara 1.01 0.90 0.68 104.77 0.63 0.90 41.28 

8 Salandi 0.19 0.13 0.44 169.25 0.18 0.66 26.80 

9 Ib 0.87 0.82 1.90 169.38 0.72 2.03 43.74 

Grand mean 0.79 0.73 1.07 143.28 0.55 1.43 36.73 

SEm (±) 0.25 0.25 0.42 19.15 0.13 0.42 4.82 

CD (0.05) 0.76 0.75 1.28 57.40 0.41 1.27 14.47 

Standard value 10 -18 10-20 <1.25 >25 <1 <3 20-40 

Observed range 
0.16- 

2.73 
0.12-2.65 

-0.75 - 

2.53 
65.71-305.38 

0.11- 

1.46 
0.21-2.74 

13.33- 

60.36 

 

 



 

 

Table 6 Calculated indices of the collected groundwater samples of different sources during the pre-monsoon period 2019 

Sl. 

No. 
GroundwaterGround water source 

M
ea

n
 v

al
u
es

 

SAR Adj.SAR 
RSC 

(meq L
-1

) 

PI 

(%) 
KR 

RSBC 

(meq L
-1

) 

SSP 

(%) 

1 Agronomy field, OUAT, Bhubaneswar 0.93 0.81 0.41 99.87 0.59 0.64 56.92 

2 Sambalpur, Putibandh 3.16 2.61 4.08 85.82 1.66 0.29 62.43 

3 Rourkela -3(sector-7) 0.62 0.49 1.65 90.47 0.38 0.33 29.92 

4 Orchard, OUAT, Bhubaneswar 0.20 0.16 0.47 130.63 0.16 0.90 15.02 

5 Central Farm, OUAT, Bhubaneswar 0.78 0.54 0.47 152.78 0.76 0.66 45.90 

6 Ganjam, Krishna Nagarnagar 1.78 1.27 2.15 97.37 0.79 0.80 45.64 

7 Gajapati, Paralakhemundi 1.87 1.16 0.85 128.38 1.12 1.16 53.32 

Grand mean 1.33 1.01 1.44 112.19 0.78 0.68 44.16 

SEm (±) 0.13 0.12 0.44 8.97 0.03 0.38 1.97 

CD (0.05) 0.40 0.37 1.33 26.90 0.09 1.16 5.90 

Standard value 10 -18 10-20 <1.25 >25 <1 <3 20-40 

 

Observed range 

0.18- 

3.26 
0.13-3.18 

-0.25 - 

4.49 
77.79-160.27 

0.1375 

- 1.78 
-0.73-1.95 13.49-654 

 

 

 

 



 

 

Table 7 Classification of surface and groundwaterground water samples based on EC, SAR, Adj. SAR, RSC, SSP and KR  

 

Parameter/Index Quality Surface water sources % of total surface water 

samples 

GroundwaterGround 

water sources 

% of total groundwater 

samples 

EC range (dSm
-1

) (Richards, 1954) 

< 0.25 Low salinity (C1) 

6 samples (Rushikulya, 

Bahuda, Subarnarekha, 

Kolab, Salandi and Ib) 

66.67 

3 samples (OUAT 

Agronomy  Field, OUAT 

Orchard and OUAT-Central  

farm) 

42.86 

0.25-0.75 

Medium salinity 

water some leaching 

for sensitive crops 

(C2) 

3 samples (Mahanadi, 

Bansadhara and Bramhani) 
33.33 

4 samples (Sambalpur, 

Rourkela, Ganjam and 

Gajapati) 

57.14 

0.75-2.25 High salinity (C3) Nil - Nil - 

> 2.25 
Very high salinity 

(C4) 
Nil 

- 
Nil 

- 

SAR (Richards, 1954; Todd, 1980) 

< 10 Excellent (S1) 

9 samples (Mahanadi, 

Rushikulya, Bramhani, 

Subarnarekha, Bahuda,  

Kolab, Bansadhara Salandi 

and Ib) 

100 7 samples (OUAT 

Agronomy Field, Sambalpur, 

Rourkela, OUAT Orchard, 

OUAT Central farm, Ganjam 

and Gajapati) 

100 

10-18 Good (S2) Nil  Nil  

19-26 Doubtful (S3) Nil  Nil  

> 26 Unsuitable (S4) Nil  Nil  

Adj. RNa/ Adj. SAR (Gupta, 1979) 

< 10 Normal (S1)  

9 samples (Mahanadi, 

Rushikulya, Bramhani, 

Subarnarekha, Bahuda,  

Kolab, Bansadhara Salandi 

and Ib) 

100 7 samples (OUAT 

Agronomy Field, Sambalpur, 

Rourkela, OUAT Orchard, 

OUAT Central farm, Ganjam 

and Gajapati) 

100 

10-20 Medium (S2)  Nil  Nil  

20-30 High (S3) Nil  Nil  

30-40 Very High (S4) Nil  Nil  

> 40 Unsuitable (S5) Nil  Nil  

RSC (meq L
-1

) (Eaton, 1950; Richards, 1954) 

< 1.25 Safe 
5 samples (Rushikulya, 

Bahuda, Kolab, 

55.56 4 samples (OUAT-

Agronomy Field, OUAT 

57.14 



 

 

Bansadhara and Salandi) Orchard, OUAT-Central 

farm and  Gajapati) 

1.25-2.5 
Can be used with 

management 

4 samples (Mahanadi, 

Brahmani, Subarnarekha, 

Ib) 

44.44 
2 samples (Rourkela, 

Ganjam) 

28.57 

> 2.5 Unsuitable Nil  1 sample (Sambalpur) 14.29 

SSP range (%) (Wilcox, 1954; Behera et al., 2016)  

< 20 Excellent 1 sample (Bahuda) 11.11 1 sample (OUAT Orchard) 14.29 

20-40 Good 
3 samples (Subarnarekha, 

Salandi and Mahanadi) 

33.33 1 sample (Rourkela) 

 

14.29 

40-60 Permissible 

2 samples (Rushikulya and 

Bramhani) 

3 samples (Kolab, 

Bansadhara and Ib) 

55.56 4 samples (OUAT-

Agronomy Field, OUAT-

Central farm, Ganjam and 

Gajapati) 

57.14 

60-80 Doubtful Nil - 1 sample (Sambalpur) 14.29 

KR range (Kelly, 1963) 

≤1 Good 

9 samples (Mahanadi, 

Rushikulya, Bramhani, 

Subernareka, Bahuda, 

Kolab, Bansadhara, 

Salandi and Ib) 

100 5 samples (OUAT 

Agronomy  field 

Bhubaneswar, Rourkela -

3(sector-7), Orchard OUAT 

Bhubaneswar, Central Farm 

OUAT Bhubaneswar,  and 

Ganjam) 

71.43 

> 1 Bad Nil 
- 2 samples (Sambalpur and 

Gajapati) 

28.57 

 
EC electrical conductivity, SAR sodium adsorption ratio, Adj. SAR adjusted sodium adsorption ratio, RSC residual sodium carbonate, SSP soluble sodium percentage, KR 

kelly’s ratio



 

 

Table 8 Suitability classification of surface water samples basedbasing upon different parameters 

 

Rivers SAR Adj.SAR RSC PI KR RSBC SSP pH EC HCO3 Cl B NO3 

Mahanadi Ext Ext S Ext G S G S MS S S S S 

Rushikulya Ext Ext S Ext G S Pl S LS S S S S 

Bramhani Ext Ext S Ext G S Pl S MS S S S S 

Subernarekha Ext Ext S Ext G S G S LS S S S S 

Bahuda Ext Ext S Ext G S Ext S LS S S S S 

Kolab, 

Nagavalinagavali  

Ext Ext S Ext G S Pl S LS S S S S 

Bansadhara Ext Ext S Ext G S Pl S MS S S S S 

Salandi Ext Ext S Ext G S G S LS S S S S 

Ib Ext Ext S Ext G S Pl S LS S S S S 

 

Table 9 Suitability classification of groundwaterground water samples basedbasing upon different parameters 

GroundwaterGround 

water source 

SAR  Adj.SAR RSC PI KR RSBC SSP pH EC HCO3 Cl B NO3 

Agronomy  field, OUAT  Ext Ext S Ext G S Pl A LS S S S S 

Sambalpur, Putibandh Ext Ext US Ext B S Db S MS S S S S 

Rourkela-3, sector-7 Ext Ext S Ext G S Pl S MS S S S S 

Orchard, OUAT, 

Bhubaneswar 

Ext Ext S Ext G S ext A LS S S S S 

Central Farm, OUAT, 

Bhubaneswar 

Ext Ext S Ext G S Pl A LS S S S S 

Ganjam, Krishna nagar, 

Berhampur 

Ext Ext S Ext G S Pl S MS S S S S 

Gajapati Paralakhemundi Ext Ext S Ext B S Pl S MS S S S S 

 

A Acidic, Db Doubtful, Ext Excellent, Pl Permissible, LS low Salinity, MS Medium Salinity, G good, B Bad, S safe, US Unsuitable 

EC electrical conductivity, SAR sodium adsorption ratio, Adj. SAR adjusted sodium adsorption ratio, RSC residual sodium carbonate, RSBC residual sodium bicarbonate, PI 

permeability index,  SSP soluble sodium percentage, KR kelly’s ratio, 



 

 

Table 10 Suitability of water of nine major rivers of the state for irrigation 

Rivers 

Acidity/ 

alkalinity 

(pH, RSBC) 

Salinity 

(EC) 

Sodicity  

(RSC, SAR, adj. SAR PI, 

KR, SSP) 

Specific ion Toxicity 

(Cl, B, NO3) 

Trace element and Heavy Metal 

Toxicity (Fe, Mn, Zn, Cu, Cd, Cr) 
Water Quality 

Mahanadi Safe Medium RSC > SL but <  MPL safe Cd > MPL 
Can be used with 

Management 

Rushikulya Safe Safe safe safe Cd > MPL 
Can be used with 

Management 

Bramhani Safe Medium RSC > SL but <  MPL safe Safe 
Can be used with 

Management 

Subernarekha Safe Safe RSC > SL but <  MPL safe Safe 
Can be used with 

Management 

Bahuda Safe Safe safe safe Cd > MPL 
Can be used with 

Management 

Kolab Safe Safe safe safe Cd > MPL 
Can be used with 

Management 

Bansadhara Safe Medium safe safe Safe Suitable 

Salandi Safe Safe safe safe Safe Suitable 

Ib Safe Safe RSC > SL but <  MPL safe Safe 
Can be used with 

Management 

 

EC electrical conductivity, SAR sodium adsorption ratio, Adj. SAR adjusted sodium adsorption ratio, RSC residual sodium carbonate, RSBC residual sodium bicarbonate, PI 

permeability index,  SSP soluble sodium percentage, KR kelly’s ratio 



 

 

Table 11 Suitability of water of seven groundwaterground water sources of the state for irrigation 

GroundwaterGround 

water source 

Acidity/ 

alkalinity  

(pH, 

RSBC) 

Salinity 

(EC) 

Sodicity 

(RSC, SAR, 

SARadj, PI, 

KR, SSP) 

Specific 

ion 

Toxicity 

(Cl, B, 

NO3) 

Trace element 

and Heavy 

Metal 

Toxicity  

(Fe, Mn, Zn, 

Cu, Cd, Cr) 

Water 

Quality 

Agronomy  field, 

OUAT, Bhubaneswar 
Acidic Safe safe safe Cd > MPL 

Can be used 

with 

Management 

Putibandh, Sambalpur safe Medium 

RSC> MPL 

 KR -  Bad 

SSP-Doubtful 

Safe Cd > MPL Unsuitable 

Rourkela-3, sector-7 safe Medium 
RSC > SL but 

<  MPL 
safe Cd > MPL 

Can be used 

with 

Management 

Orchard, OUAT, 

Bhubaneswar 
Acidic Safe safe safe Safe 

Can be used 

with 

Management 

Central Farm, OUAT, 

Bhubaneswar 
Acidic Safe safe safe Safe 

Can be used 

with 

Management 

Ganjam, Krishna 

nagar, Berhampur 
safe Medium 

RSC > SL but 

<  MPL 
safe Safe 

Can be used 

with 

Management 

Gajapati 

Paralakhemundi 
safe Medium KR- Bad safe Safe 

Can be used 

with 

Management 

 

EC electrical conductivity, SAR sodium adsorption ratio, Adj. SAR adjusted sodium adsorption ratio, RSC 

residual sodium carbonate, RSBC residual sodium bicarbonate, PI permeability index,  SSP soluble sodium 

percentage, KR kelly’s ratio  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 



 

 



 

 

 



 

 

 



 

 

 


