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Abstract: Various hydrochemical parameters of river water (pH, Electrical conductivity, total dissolved 
solid, hardness, bicarbonate, chloride, sulfate, nitrate, calcium, magnesium, sodium, potassium) in a reach 
of the Cauvery River around the KRS Dam were studied during 2008. The main aim of this study is to 
assess the quality of water for agricultural purposes and their potential impacts. In the present study 
samples were collected at 17 stations during three seasons in 2008. Chemical data including Total 
Hardness, Total Alkalinity, Chloride, Nitrate, Phosphate, Sulfate and physico-chemical parameters 
including temperature, pH, electrical conductivity, Turbidity, total solids, total. dissolved solids (TDS), 
were used for mathematical calculation (SAR, Na%, RSC, potential salinity, permeability index) and for 
evaluation of agricultural impacts on river water quality. The result were compared with standard 
permissible limits. Analyses were carried out with various chemical techniques to determine the various 
physico-chemical characteristics. The results were compare with USSL [16] and Wilcox diagrams [12], 
which show all the fresh water zone samples of study area are in “Excellent to good” category and it is 
suitable for irrigation and tolerant as well as sensitive to crop. But, the study also indicates in few sampling 
stations water quality is not suitable for any uses and it is because of pollution by agricultural runoff.  
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INTRODUCTION 

 
 Rivers have always been important freshwater 
resources, along the banks of which our ancient 
civilizations have flourished and most development 
activities are still dependent upon them. Rivers play an 
important role in human development and are important 
natural potential sources of irrigation water.  
 Pollution from domestic sewage and agricultural 
practices find their way into rivers, which can lead to 
large scale deterioration of water quality. A key 
assessment criterion for the quality of irrigation water is 
the level of dissolved salts. Salts are present in 
irrigation water in relatively small but significant 
amounts. They originate from fertilizers and soil 
conditioners, dissolution or weathering of the rocks and 
soil, including dissolution of lime, gypsum and other 
soil minerals. These salts are carried with the water to 
wherever it is used. In the case of irrigation the salts are 
applied with the water and remain behind in the soil as 
water evaporates or is used by the crop.  
 Increasing urbanization and associated demands on 
agricultural production in the Cauvery catchment has 
led to deteriorating water quality. The Cauvery pass 
through extensive tracts of low rainfall areas and hence 

carry much less water than the rivers passing through 
high rainfall areas like the northeast and the west coast 
of India and therefore does not sustain the flows 
necessary for dilution of polluting effluents. Salinity 
problems are particularly pronounced during the 
agricultural dry season. Furthermore, over 50 percent of 
the drinking water supply of downstream cities is 
collected from the Cauvery River [1]; hence monitoring 
of the water quality of the Cauvery is crucial for 
assessing sustainable exploitation of the limited water 
resources it. The permissible limits of domestic water 
supplies for drinking water as lay down by the World 
Health Organization [2] and Bureau of Indian Standards 
[3]. In the present study water quality analysis of the 
Cauvery River has been carried out in order to 
determine the sources responsible for deterioration of 
water quality for agricultural uses. Similar to other 
resources, this river is also under environmental stress 
due to siltation, human encroachment, high 
macrophytic population and sewage input from various 
resources. There are number of discharging loads of 
sewage, agricultural and domestic waste water and 
industrial effluents directly into the river. The hydro-
chemical characteristics of water determine its 
usefulness   for  agricultural,  municipal,  industrial  and  
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Fig. 1: Locations map of Cauvery River basin in India 
 

 
 
Fig. 2: Locations map of water quality monitoring Station and K.R.S. dam on Cauvery River Basin 
 
domestic  water  supplies. The agricultural effectively 
of  river  water  for  suitability  drinking  water 
purposes can be determined by evaluating some 
physico chemical parameters along with some 
calculated hydrogeochemical parameters and graphical 
representations. 
 
Study area: The Cauvery River rises at Talakavery in 
the Western Ghats in the State of Karnataka and flows 
generally south and east through Karnataka. The river 
and  its  tributaries  pass through important urban 
centers of Bangalore, Mysore and mandya in 
Karnataka,  The  study  area  is situated at elevation 
about  500  meters  above  mean  sea level(MSL) and 
lies between latitude 12°25'30"N and longitude 
76°34'34" W. the basin is characterized by a tropical 
climate with average annual rainfall of 900 mm [4], 
with 90% occurring during the south west monsoon. 
However, the average annual rainfall received by the 
Mysore city is 798.2 mm and it is observed that the 
average annual rainfall in the agricultural district was 

between 600 mm and 900 mm in 66 years out of the 85 
years. The Cauvery River traverses the south of 
Karnataka and Tamil Nadu and has a total length of 
around 750 Km (Fig. 1).  
 It serves as a major source of domestic, irrigation 
and industrial water supply. Subsequently, it receives 
untreated domestic waste water. This research work is 
focused on the KRS dam and it’s downstream. The 
major land uses in the basin are agriculture (36%) and 
forests (32%), with the remaining areas being 
developed areas, wetlands. The sampling locations are 
spread throughout the study area. Twelve different 
locations were selected in the downstream of KRS 
Dam.  Sampling  locations  are  given  in Fig. 2 and 
Table 1.  
 

MATERIALS AND METHODS 
 
 Water samples were collected as per standard 
method of sampling techniques, APHA [5], that where 
located as is given in Table 1 and Fig. 2. 
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Table 1: Site location of sampling station 

No Station No. Location 

1. R1 At the gate of the dam 
2. R2 At KRS garden (Brindavan) 
3. R3 Downstream of dam near bridge 
4. R4 Downstream of River at Balamurikshetra 
5. R5 Downstream of River at Ranganathittu  
  Bird Sanctuary 
6. R6 Downstream of River near first bridge at  
  Sirangapathana Station 

7. R7 Downstream of River under the second bridge  
  at Sirangapathana Station 
8. R8 Downstream of River at Sangam, at confluence  
  of two tributaries of Cauvery river 
9. R9 Downstream of River at Mahadevapura 
10. R10 Downstream of River at Bannur 
11. R11 Downstream of River under the Bridge  
  at T. Narasipura 
12. R12 Downstream of River after Kabini confluence 

 
RESULTS AND DISCUSSION 

 
 Physico-chemical and chemical parameters 
temperature, pH, EC, alkalinity, total hardness, total 
dissolved solids (TDS), Ca2+, Mg2+, Na+, K+, chloride 
(Cl-), sulfate (SO4

2-), nitrate (NO3
-), phosphate (PO4

3-) 
were determined following standard methods (DETAIL 
WHICH STANDARD METHODS_APHA?). The data 
were statistically analyzed (Descriptive statistics?-how 
many samples over what time period) and then, that 
were used for mathematical calculation (SAR, Na%, 
RSC, potential salinity, permeability index and) and for 
better understanding agricultural effectively on river 
water quality. Since agriculture is the most important 
economic activity within the basin and agricultural land 
use constitute the most significant aspects in 
comparison to the other form of land use. The river 
receives back the untreated domestic waste water from 
the cities of Mandya and Mysore district. Water quality 
for irrigation use depends upon the mineral constituent 
present in the water.  
 The major physico-chemical parameters, which 
decide the suitability of river water for irrigation, are 
pH, EC, TDS, hardness, chloride, sulfate, carbonate, 
bicarbonate, nitrate, sodium, potassium, calcium, 
magnesium, DO, COD, BOD and heavy metals. 
 The hydro chemical parameters of the Cauvery 
River were determined with minimum, maximum, 
mean and standard deviation values in 12 different 
stations, it was one sample site during Summer, 
monsoon and winter seasons of 2007-2008.  
 
Turbidity change: Turbidity is a measure of the 
dispersion of light in a column of water. It is caused due  

 
to presence of suspended matter, clay silt, colloidal 
organic particles, plankton and other microscopic 
organisms that my come from agricultural drainage. In 
all of seasons, turbidity generally increases downstream 
along the Cauvery River study reach with distance 
downstream from the Dam (R1). This is likely 
indicative of the numerous inputs of urban waste water 
and agricultural runoff along the study reach. 
 Naturally, if water becomes too turbid, it loses the 
ability to support a wide variety of plants and other 
aquatic organisms. It is an expression of certain light 
scattering and light absorbing properties of water. It has 
significant effect of irrigated water. WHO 
recommended 5 NTU and Indian Standards up to 10 
NTU for drinking water [6]. In the present study 
turbidity has noted minimum of 1(NTU) at R1 and 
maximum of 22 in Winterat the station (R8). This shows 
that the water is clearly in excess of drinking water 
turbidity standrds.  
 
PH change: As per the WHO standards [2], pH for 
aquatic life is in the range of 6.5-9.0 and for drinking 
purpose the standard is 6.5-8.5. The normal pH range 
for irrigation water is from 6.5 to 8.4. An abnormal 
value is a warning that the water needs further 
evaluation. Irrigation water with a pH outside the 
normal range may cause a nutritional imbalance or may 
contain a toxic ion. In this study, pH ranged from a 
minimum of 6.8 at R2 to a maximum of 8.5 in winter. In 
Fig. 3b, the variations of pH in all Stations during 2007-
2008 after KRS Dam, down Stream of Cauvery River 
are indicated.  
 
Alkalinity change: In this river due to range of water 
pH in all of samples carbonate alkalinity 
(phenolphthalein (pp) Alkalinity) were zero. That’s 
caused to control of water pH; indeed, total alkalinity in 
natural water is generally imparted by the hydrolysis of 
Carbonates, Bicarbonates, Phosphates and Nitrates. 
And also total alkalinity of stream waters was closely 
related to the nature of subsurface formations. In lower 
values of Alkalinity indicates all anions and cations are 
not concentrated. Higher values of alkalinity causes 
problem like corrosion in water pipelines. Alkalinity in 
this study ranged from 60.55-181.65 mg/l. Alkalinity is 
determined as bicarbonate (HCO3

-). Alkalinity was 
approximately constant in summer and it is not more 
than180 mg/l. The variations of Alkalinity during 2008 
at KRS Dam, downstream of Cauvery River is 
represented in Fig. 3c.  
 
Total hardness change: Total Hardness (TH) is due to 
the presence of divalent metallic cations like calcium, 
magnesium,  strontium,   ferrous  and  manganese  ions. 
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Fig. 3a: Turbidity of Cauvery River in defferent season 
 

 
 
Fig. 3b: pH of Cauvery River in deffrent season 
 

 
 
Fig. 3c: Total hardness and alkaliniky of Cauvery River in deffrent season 
  
Hardness is determined as CaCO3 mg /l. Mainly TH 
causes from cations of Calcium, Magnesium, Iron and 
strontium. In the present study, minimum of 32 mg/l 
and maximum of 240 mg/l of Total hardness is 
recorded at downstream R1 and R9 Stations 
respectively. It is due to discharge of sewage to station 
R9. Average of Hardness was (143.73 mg/l). The 
variations of TH during 20072-008 after KRS Dam, 
down stream of Cauvery River is represented in Fig. 3c.  
 
The relationship between alkalinity and hardness: 
Hardness is expressed in units of CaCO3, Alkalinity can 
also be expressed as CaCO3 and then; they can be 
directly compared with each other. When the total 
alkalinity is less than the total hardness, Ca and Mg are 
also present in forms other than carbonate hardness. 
 According to the Fig. 3c, only in stations after gate 
of Dam at monsoon 2008 Alkalinity is less than TH and 
in all other stations Alkalinity is more. When the total 
hardness is equal or less than total alkalinity, then, all 
the hardness is present as carbonate hardness. 
 The relationship between Alkalinity and Hardness 
during 20072-008 after KRS Dam, in down stream of 
Cauvery River is represented in Fig. 3c. It shows that 

after summer and monsoon 2008 alkalinity is present as 
carbonate because of it is less than total Hardness. 
 The hardness is commonly classified in terms of 
degree of hardness as (1) soft (0 to 60 mg/l), (2) 
moderately hard (60 to 120 mg/l), (3) hard (120 to 180 
mg/l) and (4) very hard (>180 mg/l; [9]), The Cauvery 
river water is classified as soft to moderately hard in 
monsoon 2008 (32-108mg/l) and moderately hard 
winter(2008, 32-104mg/l) seasons and in pre-monsoon 
season it is moderately hard to hard (Summer 2008, 52-
168 mg/l).  
 
Cations change: The variations in cations composition 
of the river water viz. Ca2+, Mg2+, Na+ and K+ are 
shown in Fig. 3d, 3e, Ca2+, which is a major component 
of natural waters, comes mainly from the rocks, 
seepage, age, wastewater etc. Ca2+ generally varied 
from 9.6 to 52.31 mg/l in Cauvery after dam, we had 
increased in curve and at gate to certain Stations R8, 
Most Ca2+ data in summer are more than other times. 
Due to influence agricultural drainage or waste water in 
near station R9 at monsoon 2008 concentrations of Ca2+, 
Mg2+ is more than other stations. Mg2+ are required as 
an  essential  nutrient  for  plants  as  well as for animals  
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Fig. 3d: Calcium and magnesium of Cauvery River in deffrent season 
 

 
Fig. 3e: Sodium and potassium of Cauvery River in deffrent season 
 

 
 
Fig. 3f: Chloride and hydrogen carbonate of Cauvery River in deffrent season 
 
and a concentration of 30 mg/l is recommended for 
drinking waters [2]. The concentration of Mg2+ varied 
from (10 to 20 mg /L) in the Cauvery downstream area. 
All of Ca2+, Mg2+ data in summer are more than in other 
times. There is indication of greater precipitation of 
Mg2+ in downstream zones in duo to planet consume, 
But, Due to influence again of waste water or 
agricultural drainage, it increased again.  
 By the way, it is also shown by greater hardness of 
the downstream stations. Hereby, indicating substantial 
solubilisation of Mg2+ salts in downstream water.  
 
Sodium change: The percentage of Na+ is often taken 
as an important parameter in deciding the suitability of 
water for irrigation. The drinking water standard for 
sodium is 200 mg/l.  
 The Na+ levels were ranged between (11-867.9 mg 
/L) in most of the Cauvery downstream it is quite low 
but in station R9, it is more than WHO and permissible 
limits (Fig. 3e).  
 Thus, the water is suitable for drinking or 
irrigation. However, after influence waste water and 
agricultural or irrigations up to 867.9 mg/l in near 
station (R9), the levels of Na+ were elevated in the range 
of 35.5-250 mg /L. Such high levels of Na+ would be a 
potential  pollution  for  the  crops  if  the water were 

used  for  irrigation.  The  presence  of  K+  in  the 
natural  waters  is  very  important  since it is an 
essential nutrient element for plant. The concentration 
of  potassium  was  quite  low in summer (2 to 14 mg/l) 
in  the  downstream  which  increased  up to 14mg/l in 
the  lower  segments.  The  concentrations  were  higher 
during monsoon 2008 sampling (Fig. 3e). Sodium 
toxicity  has  been  recorded  as  a result of relatively 
high  sodium  concentrations  in  the  water  (high  Na  
or SAR). The sodium hazard of irrigation water is 
usually  specified  as  two  sodium  related  indices 
named as sodium adsorption ratio (SAR) and sodium 
percentage (Na %).  
 
Anions: On the contrary of HCO3

-, an excess of 
chloride (Cl-) in river water is usually taken as an index 
of pollution. The drinking water standard for Cl-is 250 
mg/land Desirable recommended limit for chloride is 
250 mg/l by ISI [6]. Sewage water, industrial and 
agricultural effluents are increased Cl-. But during the 
summer, the Cl-ion of Cauvery River was between (27-
133.5 mg /L). The concentration of Cl-in the river water 
was slightly higher in the summer sampling than in 
winter. (Fig. 3f), it is shown which this ion is depended 
only to various seasons and is independent of pollution 
effluents in river water. 
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Fig. 3g: SO4

−2, PO4
−3 and NO3

− of Cauvery River in deffrent season 
 
 The HCO3

- in compare of chloride ion had more 
concentrations but, had less tolerance value duo to 
mineral sources original. The concentration of chloride 
of the Cauvery River ranged from 9.93 to 100.68 mg/l 
during, Summer (56.8 to 133.5 mg/l) during monsoon, 
(24 to 122.18 mg/l) during Winter (27 to 39.8 mg/l) and 
Station R9 is Maximum Cl-up to 130.65 mg/l and is 
minimum in 27 mg/l (Fig. 3f), but tended to remain 
within permissible limits (200-600 mg/l). The most 
common toxicity is from chloride in the irrigation 
water. Chloride is not adsorbed or held back by soils, 
therefore it moves readily with the soil-water, is taken 
up by the crop, moves in the transpiration stream and 
accumulates in the leaves. Excessive necrosis (dead 
tissue) is often accompanied by early leaf drop or 
defoliation [7]. The Cl content for the fresh water 
region of the river systems are within the tolerance limit 
for irrigation (ISI, [6], 600 mg/l). Since the chloride 
concentration in the water samples increases in the 
downstream, hence we can tell that the first water 
region of the Cauvery River is free from chloride 
hazard but, it would have been changed in the 
‘problem’ water class after high use for irrigation 
purposes. Source of sulfate ions into the river water in 
this case may be attributed to industrial effluents. 
Natural waters have few to several thousand mg/l of 
sulfate [5]. Waste water from tanneries, paper mills and 
textile mills usually contributes to the SO4

2- natural 
water along with some agricultural runoff containing 
leaching of gypsum which was evidently the case in 
agricultural area. The sulfate content of the river is 
within the tolerance limit for irrigation purposes (ISI, 
[6], 1000 mg/l). In this study SO4

2- content of Cauvery 
river water ranged from minimum (0.12 mg/l) to 
maximum (245.61 mg/l), during summer (0.9 to 1.39 
mg/l), during monsoon, (24 to 245.61 mg/l) and during 
winter (0.12 to 0.15 mg/l) season for 2007-08. The 
concentration of SO4

2- was much lower during 
wintersampling (Fig. 3g). 
 PO4

3-is present in natural waters as soluble 
phosphates and organic phosphates. It may enter into 
surface water from man-generated wastes and run-off. 
In this study PO4

3- of Cauvery river 1water ranged from 

minimum (0.01 mg/l) to maximum (1.63 mg/l) during, 
Summer (0.001 to 0.01 mg/l) during monsoon 2008, 
(1.3 to 1.63 mg/l) during Winter (0.02 to 0.04 mg/l) 
season for 2007-08 (Fig. 3g). However, the PO4

3-in 
Cauvery downstream is not sufficient concentration to 
cause eutrophication. Potassium diagram curve is as 
similar as PO4

3- because of; this ion is correlated to K+ 
in agricultural lands and is depended to fertilizer 
pollutants. Indeed, it is obviously have shown at 
effluence waste water in river at station R9 in monsoon 
2008. That is duo to agricultural runoff containing 
phosphate fertilizers as well as waste water containing 
detergents etc. tend to increase PO4

3-pollution in the 
downstream. Natural soil nitrogen or added fertilizers 
are the usual sources, but nitrogen in the irrigation 
water has much the same effect as soil-applied fertilizer 
nitrogen and an excess will cause problems, just as too 
much fertilizer would. 
 NO3

- in river water promotes high primary 
productivity and an excess of NO3

-in surface water is 
taken as a warning for algal blooms. Common sources 
of nitrate contamination include fertilizers, animal 
wastes, septic tanks, municipal sewage treatment 
systems and decaying plant debris. However, the NO3

-

levels were quite low; varying from (0.03 to 14 mg/l) it 
ranged during, Summer (0.001 to 0.5 mg/l) during 
monsoon 2008, (0.2 to 14 mg/l) during winter (0.2 to 
0.4 mg/l) season for 2007-08 which indicate that 
Cauvery river water is free from nitrate-nitrogen hazard 
also similarity of Nitrate and sulfate curve in all seasons 
shows that there are same origination and generation for 
them (Fig. 3g). 
 
Electrical Conductance (EC) and Total Dissolved 
Solids (TDS): Electrical conductivity is the most 
important parameter in determining the suitability of 
water for drinking water and irrigation use. EC in water 
is due to ionization of dissolved inorganic solids and 
becomes a measure of total dissolved solids. It is used 
as a basic index to select the suitability of water for all 
purposes. Salinity of river water that is used for 
irrigation is determined by EC, which is used as a 
surrogate   measure  of  Total  Dissolved  Solids  (TDS)  
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Fig. 3h: and of Cauvery River in deffrent season 
 
concentration in water. TDS refer to any minerals, salts, 
metals, cations or anions dissolved in water. This Time 
Series plot displays the evolution of a physical or 
chemical parameter for multiple sampling locations, as 
a function of time (Fig. 3h). This plot is a technique for 
interpreting hydrochemical and hydrogeological 
processes in natural waters.  
 In this study EC in river water ranged from 
minimum 83 (µS/cm) to maximum 510 (µS/cm), during 
summer (210 to 290 µS/cm), during monsoon 2008, 
(116 to 510 µS/cm) and during winter (210 to 230 
(µS/cm) season for 2007-08 (Fig. 3h).  
 TDS is a measure of the solid materials dissolved 
in the river water. This includes salts, some organic 
materials and a wide range of other things from 
nutrients to toxic materials. Concentrations of total 
dissolved solids that are too high or too low may limit 
growth and lead to the death of many aquatic life forms. 
In the present study TDS ranged from minimum of 25 
mg/l at some stations and maximum of 340 mg/l at near 
waste water in downstream during 2008. 
 The Fig. 3h; is shown elevation of value in 
variations of TDS and EC during 20072-008 at 
downstream of Cauvery River. Comparing with ISI [6] 
guidelines, irrespective to seasons, the values of EC, 
TDS for fresh water regions are within the tolerance 
limit for drinking water and irrigation.  
 
Salinity of irrigation water: Water salinity may result 
from the application of saline irrigation water, 
insufficient rainfall and irrigation to leach excess salts, 
poor drainage, upward movement of leached salt from 
perched water tables and/or salt water intrusion. Turf 
continually irrigated with high salinity water often 
becomes weak, eventually declining to a point of no 
longer being acceptable. Salts reduce turf grass health 
mostly by an osmotic effect on the turf grass plant. The 
more salt in the root zone, the harder the plant must 
work to take-up water.  
 Turf grass species have varying levels of salt 
tolerance. Only a few species grow well under saline 
conditions.  Salinity  also  slows  seed germination. 
High salinity makes it more difficult for the seed to 
imbibe water and the germination rate is reduced. 

Unfortunately, this problem is accentuated with light 
frequent irrigations that are typically utilized during turf 
grass establishment. Each light irrigation deposits salt 
in the seedbed and salinity can accumulate rapidly to 
levels that prohibit seed germination.  
 
Measuring and classifying irrigation salinity: 
Salinity is determined by measuring the ability of water 
to conduct an electrical current. 
 Salinity is expressed in two different ways, either 
as  Electrical  Conductivity (EC) or Total Dissolved 
Salts  (TDS). In  this  study  most  of  water salinity 
class is medium. It is according of USDA [8], Salinity 
Laboratory’s    classification   of   saline  irrigation  
(Table 2). 
 
Sodium Adsorption Ratio (SAR): Excess sodium in 
water produces the undesirable effects of changing soil 
properties and reducing soil permeability [9], High 
Sodium concentration leads to development of an 
alkaline soil. The sodium or alkali hazard in the use of 
water for irrigation is determined by the absolute and 
relative concentration of cations and is expressed in 
terms of sodium adsorption ratio (SAR). SAR is a 
calculated value and an indicator of sodium hazard of 
water. 
 Sodium adsorption ratio (SAR) has been calculated 
as follows:  
 

Na
SAR

(Ca Mg)
2

=
+

 

 
Where: Na, Ca and Mg are in meq/l. There is a 
significant relationship between SAR values of 
irrigation water and the extent to which sodium is 
absorbed by the soil. High concentrations of sodium in 
soils affect its physical condition and soil structure 
resulting in formation of crusts, water-logging, reduced 
soil aeration, reduced infiltration rate and reduced soil 
permeability; excessive concentrations of sodium in 
soils may also be toxic to certain types of crops. SAR 
gives a very reliable assessment of water quality of 
irrigation  waters with respect to sodium hazard, since it  
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Table 2: USDA Salinity Laboratory’s classification of saline irrigation water based on salinity level, potential injury to plants and management 

necessary for satisfactory utilization 

Salinity Electrical Total dissolved 

class conductivity (µS/cm) salts (ppm) Potential injury and necessary management for use as irrigation water 

Low <250 <150 Low salinity hazard; generally not a problem; additional management is not needed 
Medium 7502-50 500-150 Damage to salt sensitive plants may occur. Occasional flushing with low salinity  

   water may be necessary 

High 2250-750 1500-500 Damage to plants with low tolerance to salinity will likely occur. Plant growth and  

   quality will be improved with excess irrigation for leaching and/or periodic use of  

   low salinity water and good drainage provided 

Very high >2250 >1500 Damage to plants with high tolerance to salinity may occur. Successful use as an  

   irrigation source requires salt tolerant plants, good soil drainage, excess irrigation  

   for leaching and/or periodic utilization of low salinity water 

 

 
 
Fig. 3i: Sodium Adsorption Ratio (SAR) of Cauvery River in deffrent season 
 

 
 
Fig. 3j: Sodium precentage (Na%) of Cauvery River in deffrent season 
 
is more closely related to exchangeable sodium 
percentages in the soil than the simpler sodium 
percentage [10]. Sodium replacing adsorbed calcium 
and magnesium is a hazard as it causes damage to the 
soil structure. It becomes compact and impervious. 
SAR is an important parameter for the determination of 
the suitability after irrigation water because it is 
responsible for the sodium hazard [11]. The waters 
were classified in relation to irrigation based on the 
ranges of SAR values [8]. In this study The SAR value 
in the Cauvery river water ranged from minimum (0.67 
mg/l) in R1 and to maximum (20.26 mg/l) in R9, during 
Summer (1.28 to 6.25 mg/l) during monsoon 2008, 
(7.53 to 20.26 mg/l) and during winter(5.28 to 9.5 mg/l) 
season for 2007-08 (Fig. 3i).  
 Sodium adsorption ratio values (SAR) in Table 3, 
have shown that all samples are in first and some are in 
second category. It means there is a little danger for 

most of water samples in first 60 Km after dam and 
after irrigation in this area.  
 
Sodium percentage (Na%): Soils containing a large 
proportion of sodium with carbonate as the 
predominant anion are termed alkali soils; those with 
chloride or sulfate as the predominant anion are saline 
soils. The role of sodium in the classification of river 
water after irrigation was emphasized because of the 
fact that sodium reacts with soil and as a result clogging 
of particles takes place, there by reducing the 
permeability [11, 15]. Percent sodium in water is a 
parameter computed to evaluate the suitability for 
irrigation [10, 12]. Na% can be calculated by the 
following equation;  
 

(Na K)
Na% x100

(Ca Mg Na K)
+

=
+ + +
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Table 3: Sodium Adsorption Ratio values (SAR) 

SAR Category Precaution and Management Suggestions 

0-10 1 (low Na water) Little danger. 
10-18 2 (medium Na water) Problems on fine texture soils and sodium sensitive plants, especially under low-leaching conditions.  
  Soils should have good permeability. 
18-24 3 (high Na water) Problems on most soils. Good salt tolerant plants are required along with special management such  
  as the use of gypsum. 
24 4 (very high Na water) Unsatisfactory except with high salinity (>2.0 dS/m), high calcium levels and the use of gypsum. 

 

 
 
Fig. 3k: Potential Salinity (PS) of Cauvery River in deffrent season 
 
Where: Na, K, Ca and Mg are in meq/l. The percent 
sodium values of the Cauvery river water ranged from 
minimum (44.47 %) to maximum (88.89 %) during, 
Summer (42.53 to 75.76 %) during monsoon 2008, 
(85.12 to 90.15 %) and during winter (78.06 to 87.39%) 
season for 2007-08 (Fig. 3j). The most water samples in 
downstream are categorized as ‘excellent’ to ‘good’ 
classes with respect to Na% values, however the 
downstream samples are categorized as ‘doubtful’ to 
unsuitable’ for irrigation usage. 
 As per ISI [6], guidelines, the maximum tolerance 
limit of Na% for inland surface water used for irrigation 
is 60%. Accordingly all waters samples (except St.9) of 
Cauvery River are suitable after irrigation, where as 
Na% is higher than 60 in case of polluted station R9.  
 This higher value of Na% at station R9 was due to 
contribution of sewage discharge from the township. In 
addition to this, some indices such as residual sodium 
carbonate (RSC), potential salinity (PS) and 
permeability index (PI) have been utilize to verify the 
water quality after irrigation use.  
 
Potential Salinity (PS): Doneen [13], pointed out that 
the  suitability  of  water for irrigation is not dependent 
on  the  Concentration  of  soluble salts. Doneen [13], 
has  an opinion that the low solubility salts precipitate 
in the soil and accumulate; with each successive 
irrigation; whereas the concentration of highly soluble 
salts increases  the  salinity  of  the  soil.  In  the present 
study, the waters samples show RSC values in the 
Cauvery river water ranged from minimum 0.72 mq/l) 
in R8 and  to  maximum (5.8 meq/l) in R9, in Summer  
(1.61 to 3.79 meq/l) during Monsoon (1.89 to -5.8 
meq/l) during winter  (0.76 to 1.12 meq/l) season for 
2007-08 (Fig. 3k).  

 Potential salinity is defined as the chloride 
concentration plus half of the sulfate concentration. The 
huge amount of potential salinity in this basin is due to 
the presence of chlorides, which are derived from 
agricultural sources.  
 

4[SO ]
PS [Cl]

2
= +  

 

Permeability Index (PI): The soil permeability is 
affected by long-term use of irrigation water. Sodium, 
calcium, magnesium and bicarbonate content of the soil 
influence it. Doneen [13] evolved a criterion for 
assessing the suitability of water for irrigation based on 
a permeability index (P.I.) where  
 

3Na (HCO )
PI x100

(Ca Mg Na)

+
=

+ +
 

 

 Accordingly, waters can be classified as Class I, 
Class II and Class III. Class I and Class II waters are 
categorized as good for irrigation with 50-75% or more 
of maximum permeability. Class III waters are 
unsuitable with 25% of maximum permeability. The 
permeability index of Cauvery river water varied in 
Summer from minimum (74.68mq/l) in R12 and to 
maximum (126.43 meq/l) in R5,R8, in Summer (74.6 to 
93.35 meq/l), during monsoon 2008, (91.5 to 98.17 
meq/l) and during (95.64 to 101.11 meq/l) season for 
2007-08 (Fig. 3l).  
 The potential limitation of irrigation water due to 
carbonate level (PI) in (Table 4) and (Fig. 3f), have 
shown that all samples are in three category. It means 
there is increasing problem for irrigation for most of 
water samples especially in summer season after 
irrigation in this area. 
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Fig. 3l: Permeability Index (PI) of Cauvery River in deffrent season 
 

 
 
Fig. 3m: Residula Sodium Carbonate (RSC) of Cauvery River in deffrent season 
 
Residual Sodium Carbonate (RSC): When total 
carbonate levels exceed the total amount of calcium and 
magnesium, the water quality may be diminished. 
When the excess carbonate (residual) concentration 
becomes too high, the carbonates combine with calcium 
and magnesium to form a solid material (scale) which 
settles out of the water. The relative abundance of 
sodium with respect to alkaline earths and the quantity 
of bicarbonate and carbonate in excess of alkaline 
earths also influence the suitability of water for 
irrigation. This excess is denoted by ‘residual sodium 
carbonate’ (RSC) and is determined as suggested by 
Richards [8]. The water with high RSC has high pH and 
land irrigated by such waters becomes infertile owing to 
deposition of sodium carbonate as known from the 
black color of the soil [14]. Further, continued usage of 
high residual sodium carbonate waters affects crop 
yields. RSC is given by the relation:  
 

RSC = (CO3
2-+ HCO3

-)-(Ca2+ +Mg2+) 
 
 According to the US Salinity Laboratory (1954), an 
RSC value less than (1.25 meq/l) is safe for irrigation, a 
value between (1.25 and 2.5 meq/l) is of marginal 
quality and a value more than (2.5 meq/l) is unsuitable 
for irrigation. In the present study, the waters samples 
show RSC values in the Cauvery river water ranged 
from minimum (-1.12 mq/l) in R6,7 and to maximum 
(1.12 meq/l) in R9, in Summer (-0.75 to 0.5 meq/l), 
during Monsoon (-0.05 to-1.13 meq/l) and during 
winter(0.05 to 1.12 meq/l) season for 2007-08. All the 
samples have RSC values much less than 1.25 meq/l, 
(which revealed that all samples are of effected from 
agricultural  area  and  have  in hazardous categories for 
drinking water). Further the value of RSC is negative at 

Table 4: Potential limitation of irrigation water due to carbonate level 

Carbonates (meq/l) Potential limitation 

<1.5 Generally safe for irrigation 

1.5-8.5 Increasing problem 

>8.5 Severe problem 

 

Table 5: The Potential for precipitation of calcium and magnesium at 
the soil surface by high carbonate and bicarbonate in the 

irrigation water as determined by Residual Sodium 

Carbonate (RSC) equation 

RSC value (meq/l) Potential use 

=1.25 Generally safe for irrigation 

1.25 to 2.5 Marginal as an irrigation source 

>2.5 Usually unsuitable for irrigation  

 without amendment 

 
all sampling sites, indicating that there is no complete 
precipitation of calcium and magnesium [10].  
 Potential for precipitation of calcium and 
magnesium  at  the  soil  surface  by  high  carbonate 
and  bicarbonate  in  the irrigation water as determined 
by Residual Sodium Carbonate (RSC) equation in 
(Table 5) and (Fig. 3m) have shown that all samples are 
in three-D category.  
 It means there is generally safe for irrigation of 
water samples in first 60 Km after dam and after 
irrigation in this area. 
 
Diagram adopted from US salinity laboratory: 
Diagram US salinity laboratory is a simple scatter plot 
of Sodium Hazard (SAR) on the Y-axis vs. Salinity 
Hazard (Conductivity) on the X-axis. This diagram is 
used in interpreting the analysis of irrigation water [16].  
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Fig. 3n: The quality of water in relation to salinity and sodium hazard (after US Salinity Laboratory, 1954) 
 
Water can be grouped into 16 classes. The Conductivity 
is plotted by default in a log scale. Diagram is based on 
the integrated effect of EC and SAR, in which EC is 
taken as salinity hazard and SAR is taken as alkalinity 
hazard.  
 
C1: (EC<250 (µsm/cm) Low salty water. It can be used 

for each type soil and plant. 
C2: (250<EC<750 (µsm/cm) Medium salty water. It is 

suited  for  all  plants.  But  natural drainage should 
be good. 

C3: (750<EC<2250 (µsm/cm) High salty water. It 
should require drainage. Some plants tolerate. 

C4: (EC>2250 (µsm/cm)) Very high salty water. Soil 
should be permeable and drainage should be rich. 
In addition to this, plants tolerating salinity should 
be chosen. 

S1: Low sodium content water. It can be used in each 
type soil. 

S2, S3: Medium and high sodium content water. It may 
be dangerous for soil. That’s why soluble matters 
should be leached and organic matters should be 
added to soil. 

S4: Very high sodium content water. It is unsuitable for 
irrigation. 

 
Class  Status for irrigation 

C1S1, C2S1, C3S1  Suitable 

C4S1, C3S2  Suitable in specific conditions 

C4S2, C4S3  Unsuitable 

 The SAR and EC values of water samples (8 to 12 
in each season for 2007-08) of the study area were 
plotted in the graphical diagram (Fig. 3n), this plot has 
the following sections Conductivity (µsm/cm): C1: 
Low (02-49), C2: Medium (250-749), C3: High (7502-
249), C4: Very High (2250-5000), The SAR values are 
divided into the following categories: S1: Low, S2: 
Medium, S3: High, S4: Very High. However, in all of 
seasons the most of samples fall into the C1S1 (low 
salinity with low sodium) and C2S1 (medium salinity 
with low sodium) categories. The chemical analysis 
data of all the 40 samples (8 to12 in each seasons for 
2007-08) indicates that irrespective to the seasons all 
the samples in the fresh water zone are ‘Excellent to 
good’ category for irrigation.  
 
Wilcox diagram: A Wilcox plot [12], can be used to 
quickly determine the viability of water for irrigation 
purposes. The Wilcox plot is also known as Agriculture 
diagram.  
 It uses percent-sodium ratio (vertical axis) and 
conductance (horizontal axis) (Fig. 3o). Water 
classes are given below;  
 
Rating Grade 

I  Very good 

II Good 

III  Permissible 
IV Doubtful 

V  Unsuitable 

Sodium Hazard   
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Fig. 3o: Wilcox diagram to evaluate all data sample after irrigation applies 
 
 Sodium percent ratio and EC values of water 
samples (8 to 12 in each season for 2007-08) of the 
study  area  were  plotted  in  the  graphical  diagram 
(Fig. 3o), this plot has Conductivity under 250 
(µsm/cm)  and  is  in very good section. It means after 
irrigation effluence Sodium percent ratio is increased.  
 

CONCLUSION 
 
 The above data on the water quality parameters of 
Cauvery River clearly showed that river water, like 
many major world rivers suffers salinity tension after 
input of irrigation waters. There is minimal alkalinity 
hazard after irrigation found in the basin, which is due 
to the influx of salinity effluents discharged by the 
fertilizer plants. The data indicate that waters of the 
fresh zone are free from chloride hazard which are 
classified as soft to moderately hard type are suitable 
for irrigation purposes (<180 mg/l;). The results 
revealed that waters of Cauvery river water is free from 
nitrate-nitrogen hazard and has lower osmotic pressure 
and RSC values, which revealed suitability for 
irrigation. Further the value of RSC is negative at all 
sampling sites, indicating that there is no complete 
precipitation of calcium and magnesium. According to 
Wilcox diagrams, all the fresh water zone samples 
(low-medium salinity with low sodium) of the study 
area are of ‘Excellent to good’ category after irrigation. 
However, there are some needs for routine checks to 

ascertain the suitability or otherwise of these water 
sources so as to forestall outbreak of water borne 
diseases. 
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