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ABSTRACT

The present investigation has been carried out to eval-
uate the quality status of ground water used for irri-
gation purpose in Cuddapah block by collecting forty 
ground water samples from ten different villages and 
analyzed for various chemical parameters to check its 

suitability for irrigation use.Quality of irrigation water 
is determined by the amount of concentration ofdis-
solved constituents in water and key consideration in 
the irrigated area because it plays an important role for 
crop cultivation. In order to understand the irrigation 
water quality index the water samples were analyzed 
for primary parameters and secondary parameters. 
The analysis revealed that pH of the water samples 
ranged 7.0-8.3, EC was ranged 0.279- 3.642 dSm-1.
Sodium and potassium concentration in water was 
ranged from 0.56-3.87 MeqL-1 and 0.025 – 0.793 
MeqL-1 respectively. Chloride and bicarbonate con-
tent was  ranged from 1.6 - 28.4 MeqL-1 and 1.6-5.2 
MeqL-1 whereas calcium + magnesium concentration 
ranged from 8.4 to 46.2 MeqL-1.

Keywords  Irrigation water quality, Status of Cud-
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INTROdUCTION

Groundwater is the most important source of water 
which is used for industrial, domestic and agricultural 
sectors of many countries in the world. Water quality 
for agricultural purposes is determined on the basis of 
effect of water on the quality and yield of the crops 
and also the effect on characteristics changes in the 
soil (FAO 1985).The quality of irrigation water is 
determined by the concentration and state of organic 
and inorganic materials that are suspended in water.
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The measurement of water quality has to be done 
through in-situ and by examining the samples in labo-
ratory by following standard methods. Irrigated lands 
contribute significantly global agriculture output as 
well as food supply (Kawy et al. 2013). The quality of 
irrigation water should be within the permissible limit 
otherwise it could adversely affects the crop growth. 
Water quality assessment is a process of determination 
of true nature of water by evaluating the presence of 
different parameters and their limits through various 
experiments available. Hence, it is important to test 
the water quality as it plays a vital role in monitoring 
plant life and environment.Water used for irrigation 
can vary greatly depending on its type and the quan-
tity of dissolved salts. In this context, study aims to 
analyze for various quality parameters of groundwater 
collected from different villages of Cuddapah block 
in YSR district, Andhra Pradesh. 

MATeRIAlS ANd MeThOdS

Analysis of water quality parameters

The total collected water samples were analyzed 
for various chemical water quality parameters by 
following standard analytical methods (APHA 1992) 
in the laboratory. The pH of the water samples was 
determined by using pH meter and Electrical conduc-
tivity was measured by using pocket EC meter and 
expressed in dSm-1.

Sodium and potassium were determined by using 
flame photometer after calibrating with standards 
of 100 ppm potassium chloride (KCl) and 50 ppm 
sodium chloride solution (NaCl). Alkalinity was 
measured by using Acidometric titration method with 
0.05N sulphuric acid solution and phenolphthalein 
indicator.Calcium+magnesium concentration in the 
water samples were determined by using complex-
ometric titration method with 0.01N EDTA solution 
and Erichrome Black-T as an indicator. Chloride was 
determined volumetrically by following silver nitrate 
titrametric method using potassium chromate as an 
indicator.The secondary water quality parameters 
such as SAR, SSP, RSC, KR and PI were analyzed by 
calculating the values obtained from primary water 
parameters.

                                                    Na
Sodium Adsorption Ratio (SAR) = √ Ca + Mg/2  

Residual sodium carbonate (RSC) = (CO3 
2- + HCO3 - )

                                                                           - (Ca2+ + Mg2+)
                                  
                                                            Na × 100
Soluble sodium percentage (SSP) = –––––––––––
                                                           Ca+Mg+ Na

                                           Na + √ HCO3

Permeability Index (PI) = –––––––––––  × 100
                                             Ca+Mg+Na                        

                                         Na+

Kelly’s Ratio (KR) = –––––––––
                                   Ca2+ + Mg 2+

Irrigation water quality index (IWQI)

The various water quality indices were derived from 
primary parameters which refers to its suitability for 
use in agriculture. The requirements for irrigation 
water quality could differ from one field to the other 
depending on the cultivated crop pattern as well as the 
regional soil and climatological conditions (Babiker 
et al. 2007).

IWQI model was developed by (Meireles et al. 2010) 
and this model was applied on the data.

Computation of WQI : The WQI is computed by 
the following three steps

Step 1:  Weight has been assigned (wi) to each of the 
selected water parameters (e.g. pH, HCO3, Cl, EC, 
Na, K…..etc) according to its relative importance in 
the overall quality of water.

Step 2: Computed the relative weight (Wi) of the 
chemical parameter from the following equation :

Wi =  wi / Ʃ wi (i =1 to n),  Where, Wi = is the relative 
weight,  Wi = Weight of each parameter n = Number 
of parameters 

Step 3:  Quality rating scale (qi) for each parameter 
has been assigned as below:

qi= (Ci / Si) × 100,  Where, qi = quality rating
Ci = Concentration of each chemical parameter in 
each water sample in mg/L
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Table 1.  Calculated values of water quality parameters to assess the suitability for irrigation use. NOTE: SAR= Sodium adsorption ratio, 
RSC= Residual sodium carbonate, KR= Kelly᾿s ratio, SSP = Soluble sodium percentage, PI = Permeability index,  IWQI= Irrigation 
water quality index.

Sample      pH        EC        Ca       Ca+Mg       Na         K           CO3
2-        HCO3-      Cl-            SAR     PI       KR      SSP      RSC     IWQI

    No.                   dSm-1    MeqL-1     MeqL-1    MeqL-1    MeqL-1    MeqL-1    MeqL-1   MeqL-1  

W1 7.5 1.642 17.8 25.6 1.30 0.128 0 4.2 6.8 0.36 12.45 0.05 27.88 -21.4 250.9
W2 7.2 0.279 6.2 9.0 1.56 0.076 0 3.8 1.6 0.73 33.23 0.17 68.18 -5.2 86.70
W3 7.4 0.466 9.0 16.4 1.00 0.076 0 3.6 2.0 0.34 16.65 0.06 42.52 -12.8 134.1
W4 7.7 0.398 5.4 11.0 3.39 0.128 0 2.8 2.4 1.44 35.18 0.30 53.50 -8.2 107.2
W5 7.6 0.785 6.8 26.8 0.73 0.102 0 2.8 3.2 0.19 8.72 0.02 27.60 -24.0 215.4
W6 7.3 1.416 15.0 18.6 2.08 0.102 0 2.0 6.0 0.68 16.89 0.11 35.29 -16.6 196.0
W7 7.9 0.779 5.8 24.0 0.73 0.102 0 3.8 3.2 0.21 10.83 0.03 31.94 -20.2 205.0
W8 8.0 0.949 8.2 17.4 1.74 0.793 0 3.2 9.6 0.58 18.43 0.10 41.79 -14.2 185.7
W9 7.8 0.876 6.4 20.7 2.13 0.025 0 4.0 6.4 0.66 18.09 0.10 34.16 -16.7 198.6
W10 7.7 1.271 20.4 33.0 2.08 0.102 0 3.4 4.0 0.51 11.18 0.06 21.94 -29.6 256.1
W11 7.7 1.128 14.2 21.2 0.56 0.307 0 4.4 4.0 0.17 12.21 0.02 35.38 -16.8 197.6
W12 7.8 1.277 8.2 28.8 0.91 0.025 0 4.2 2.8 0.23 9.96 0.03 26.25 -24.6 257.3
W13 7.5 1.666 5.6 29.6 1.52 0.128 0 2.0 8.0 0.39 9.42 0.05 24.10 -27.6 293.7
W14 7.4 2.587 9.8 17.4 3.87 0.102 0 2.0 13.6 1.31 24.84 0.22 34.79 -15.4 285.8
W15 7.7 1.143 7.4 13.0 1.13 0.102 0 2.4 5.2 0.44 18.96 0.08 54.49 -10.6 163.0
W16 7.6 0.490 6.0 13.4 2.31 0.435 0 4.6 3.2 0.89 28.35 0.17 48.37 -8.8 130.7
W17 7.6 0.844 6.8 13.0 1.26 0.153 0 4.0 4.4 0.49 22.86 0.09 53.29 -9.0 148.7
W18 8.3 0.961 16.4 34.2 0.95 0.102 0 3.8 5.2 0.22 8.24 0.02 23.61 -30.4 257.4
W19 7.8 1.187 11.4 20.8 1.43 0.076 0 2.2 4.8 0.44 13.10 0.06 35.08 -18.6 200.2
W20 7.1 0.786 6.6 8.4 2.43 0.102 0 2.8 4.4 1.18 37.88 0.28 65.55 -5.6 116.1
W21 7.5 1.810 9.8 18.0 2.74 0.128 0 2.6 9.2 0.91 20.98 0.15 36.16 -15.4 235.0
W22 7.5 1.972 19.6 35.8 1.82 0.281 0 3.4 3.6 0.43 9.73 0.05 19.93 -32.4 315.7
W23 7.2 1.629 14.8 34.6 3.17 0.153 0 3.2 28.4 0.76 13.12 0.09 19.06 -31.4 344.5
W24 7.7 2.625 29.2 44.5 2.34 0.128 0 3.2 21.6 0.49 8.81 0.05 16.43 -41.3 420.2
W25 7.3 1.230 7.6 24.6 1.08 0.588 0 4.0 4.0 0.30 11.99 0.04 28.42 -20.6 233.1
W26 7.2 0.989 9.2 19.0 1.08 0.435 0 4.8 4.8 0.35 16.28 0.05 35.85 -14.2 188.0
W27 7.0 3.178 27.6 44.2 2.82 0.435 0 4.4 21.6 0.59 10.45 0.06 14.88 -39.8 504.6
W28 7.2 0.837 18.4 33.2 1.39 0.512 0 1.8 5.6 0.34 7.89 0.04 20.81 -31.4 243.9
W29 8.2 1.970 12.2 14.6 1.95 0.051 0 1.8 7.6 0.72 19.88 0.13 49.54 -12.8 233.5
W30 8.2 0.975 11.4 15.8 0.91 0.128 0 2.4 4.4 0.32 14.71 0.05 49.07 -13.4 165.9
W31 7.6 1.586 30.0 46.2 2.69 0.512 0 2.2 6.8 0.55 8.53 0.05 15.54 -44.0 346.4
W32 7.8 0.618 24.0 40.6 1.79 0.512 0 2.0 5.8 0.39 7.55 0.04 18.40 -38.6 263.5
W33 7.5 3.642 13.9 24.9 1.65 0.184 0 3.0 5.0 0.46 12.73 0.06 28.24 -21.9 374.5
W34 8.3 2.164 24.2 36.0 1.73 0.235 0 4.0 5.6 0.40 9.88 0.04 21.99 -32.0 331.7
W35 8.2 3.322 13.6 16.8 2.39 0.316 0 5.2 9.8 0.82 24.33 0.14 42.73 -11.6 335.5
W36 8.2 0.996 7.0 10.6 2.65 0.512 0 3.8 6.4 1.15 34.71 0.25 61.88 -6.80 156.8
W37 7.1 1.564 10.0 12.4 1.82 0.512 0 3.8 3.8 0.73 26.50 0.14 49.92 -8.60 180.3
W38 7.2 1.134 16.6 19.8 2.78 0.128 0 1.6 7.8 0.88 17.91 0.14 31.88 -18.2 202.2
W39 7.8 2.767 18.0 22.4 1.67 0.490 0 1.8 10.2 0.49 12.51 0.07 32.40 -20.6 325.2
W40 7.4 1.092 14.8 17.2 1.97 0.180 0 2.0 6.2 0.67 17.65 0.11 38.60 -15.2 181.3
Mean 7.6 1.425   13.1 23.3 1.83 0.239 0 3.17 6.97 0.58 16.84 0.09 35.44 -20.16 236.7
Range 7.0- 0.279-   5.4- 8.4- 0.56- 0.025- 0 1.6-5.2 1.6- 0.17- 7.55- 0.02- 14.88- -44- 86.7-
                   8.3 3.642  30.0 46.2 3.87 0.793   28.4 1.44 37.88 0.30 68.18    5.2 504.6
SD± 0.35 0.81 6.89 10.3 0.78 0.193 0 0.98 5.53 0.30 8.27 0.07 14.11 10.4 88.9
CV% 4.66 57.5 52.4 44.2 42.6 80.6 0 30.9 79.2 52.6 49.10 72.2 39.81 -51.5 37.5   

Si = Guide line value given in BIS 1991

For computating the  WQI, the sub-index (SI) is first 
determined for each chemical parameter and then 

used to determine WQI as  given below:

SIi = Wi × qi,  WQI = Ʃ SIi ,  Where, SIi = sub index of 
ith parameter,  Wi =  Relative weight of ith parameter, 
qi  =  Rating based on concentration of ith parameter, 
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Table  2.   Classification of water samples under different IWQI range.

               WQI                        Water quality status                 No. of samples                      % of samples            Sustainable use

        <50 Excellent 0 0% Sustainable
     50-100 Good 1 2.5% Sustainable
     100-200 Poor 15 37.5% Slightly unsustainable
     200-300 Very poor 15 37.5% Unsustainable
        >300 Unsuitable 9 22.5% Highly unsustainable  
 

n = Number of chemical parameters 

ReSUlTS  ANd dISCUSSION

The results of chemical properties of irrigation water 
samples from different villages of Cuddapah block 
in YSR district are given in the Table 1. The pH of 
the ground water samples of Cuddapah block  are in 
neutral to slightly alkaline in nature ranged from 7.0 
to 8.3 with 7.61 as a mean value. This finding is in 
conformity with the observations made by (Gummadi 
et al. 2015). 

The EC range varied from 0.279 to 3.642 dS/m 
with 1.425 dS/m as a mean value and found that only 
10% of the samples are suitable for irrigation, 82.5% 
samplesare moderately suitable whereas 12.5 % of the 
water samples are not suitable. Higher concentration 
of EC indicates that high amount of total dissolved 
salts which causes water to lose its portability and 
bring down the solubility of oxygen in water (Kumar 
et al.2011). The chloride concentration range varied 
from 1.6 to 28.4 Meq/L with 6.97 Meq/L as a mean 
value where  22.5% of the samples were under suit-
able range, 65% of the samples  in moderately suitable 
range whereas 12.5 % of the samples recognized as 
not suitable for irrigation.

The bicarbonate concentration varied from1 6 to 
5.2 Meq/L with 3.17 Meq/L as the mean value and 
all the water samples were found to be moderately 
suitable for the irrigation use. Identical results were 
reported by (Acharya 2010) Gujarat. The potassium 
content varied from 0.025 to 0.793 Meq/L with 0.239 
Meq/L as the mean value. The sodium concentration 
range in the water samples were varied from 0.56 to 
3.87 Meq/L with 1.83 as a mean value. Out of total 

collected samples 92.5% of the samples have reported 
suitable for irrigation and 7.5% of the samples showed 
moderately suitable for irrigation.

The calcium plus magnesium content were var-
ied from 8.4 to 46.2 Meq/L with 23.3 Meq/L as the 
mean value. According to the guidelines prescribed 
by (ICMR 1975) 6.0 MeqL-1 is the highest desirable 
limit of total hardness and is not suitable for irrigation. 

The irrigation water quality index (IWQI) range 
in the water samples were varied from 86.7 to 504.6 
with 236.7 as mean value and out of total number of 
water samples collected 37.5% of the water samples 
are in poor rage for irrigation, 37.5% of the samples 
were found under very poor range for irrigation, 
22.5% of the samples were found to be unsuitable for 
the irrigation use and 2.5 % of the samples were found 
in suitable range for its usage in irrigation purpose.
Classification of water quality status based on WQI 
value is given in the Table 2.

CONClUSION

As per the results obtained from the analysis it is 
concluded that the water from different villages of 
Cuddapah block are neutral to alkaline in nature. 
Only 2.5% of the samples have shown sustainable 
and good for its use in irrigation, 72.5% of the water 
samples indicated poor to very poor water quality 
index and 22.5% of the samples were reported as 
unsuitable for the irrigation use due to high calcium 
and magnesium concentration, moderate range of 
soluble salts in water samples. 



1421

 

ReFeReNCeS

Acharya GD, Solanki MR, Hathi MV (2010) Studies on physi-
co-chemical Prameters of irrigation water, prantij, Gujarat 
(India). Int J Chem Sci  8: 2377-2385.

APHA (1992) Standard methods for the examination of water 
and waste waters. American Public Health and Associa-
tion,18th Edition, Washington.

Babiker S, Mohamed A, Tetsuya Hiyama, (2007) Assessing the 
ground water quality using GIS. Water Resource Manage-
ment, 21: 699-715.   

BIS (1991) Indian drinking water standards. First revision, edition 
2.1.

Bryan G, Hopkins, Donald A, Horneck RG, Stevens J, Ellsworth 
W, Dan M, Sullivan (2007) Managing Irrigation Waterr 
Quality for crop production in the Pacific Northwest, A Pacific 
Extension publication PNW 597- E.

DC USDA (1954) US Salinity Laboratory Staff, Diagnosis and 
Improvement of Saline and Alkali Soils. Handbook 60.Wash-
ington.

Eaton FM (1950) Significance of Carbonate in irrigation water. 
Soil Sci 69: 123-133.

FAO (1994) Water quality for Agriculture FAO irrigation drainage 
paper, No: 29, rev.1. Food and Agriculture Organization of 
the United Nations, Rome.

Indian Council of Medical Reseach (ICMR) (1975) Manual of 
Standards of Quality for Drinking Water Supplies, Special 
Report Series No. 44, New Delhi :Indian Council of Medical
Research.

Kawy WAMA , Islam H, EI-Magd A (2013) Use of satellite data 
and GIS for assessing the agricultural potentiality of the soils 
South Farafra Oasis, Western Desert, Egypt. Arab J Geosci
ences, 6: 2299-2311.

Kelly WP (1953) Use of Saline Irrigation Water. Soil Sci  95:385-
391.

Kumar S, Chilukuri D, Chandra S, Asadi SS (2011) Assessment of 
groundwater quality near municipal dump site and estimation 
of water quality index by using weighted arithmetic method 
tenali, Guntur District, Andhra Pradessh, India. International 
Journal of Recent Technology and Engineering, 7: 2227-
3878.

Meireless, Andrade, Chavas, Frischkorn H, Crisostomo, (2010) 
A new proposal of the classification of the Irrigation Water. 
Revista Ciencia Agronomica, 41: 349-357.

Ramakrishnaiah CR, Sadashivaiah C, Ranganna G (2009) 
Assessment of Water Quality Index for the Ground water in 
Tumkur Taluk, Karnataka State, India. E-Journal of Chem-
istry, 6: 523-530.

Richards LA (1954) Diagnosis and improvement of saline and 
alkali soils. U.S.Salinity Laboratory Staff. USDA Handbook 
60: 160.

Sudhakar Gummadi, Swarnalatha G, Brahmaji Rao P, Venkatarat-
namma V, Vijaya Kumar G (2015) Study of Irrigation Water
Quality with reference to Coastal Andhra Pradesh, India. 

Todd DK (1980) Groundwater Hydrology, Second Edition, Wiley, 
New York.

World Health Organizaation (WHO) (2011) Guidelines for Drink-
ing-Water Quality, WHO Press, Geneva, Switzerland, 4 th 
Edition. 

ACKNOWledGeMeNT

The authors are extremely grateful to the Head, De-
partment of Soil Science and Agricultural Chemistry 
for their support to execute the research. The authors 
are also grateful to all the teachers, technicians and 
friends for their continuous encouragement to com-
plete this work. 


