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Abstract: The feasibility of quality of canal and natural stream/nala water for irrigation over the cropping season was
assessed from August 2019 to February 2020 in Sindhanur taluk of TBP command area. Water samples from twelve
different sampling stations along natural streams revealed that, EC of nala water varied from 0.14 to 0.30 dS m™' as against
0.44 to 7.39 dS m' of canal water respectively. Among cations, Na* was the dominant followed by Ca*", Mg?* and K*. The
relative proportion of anions was in the order of HCO, > Cl"> SO,>> CO,”. In general, the maximum variations in EC,
concentrations of cations/anions and the SAR and RSC values in nala water among the sampling stations were observed
particularly in the months of December and February. Across the sampling stations, the mean EC(3.66 to 24.80), SAR (4.11
to 19.41) and RSC (0.46 to 1.30) of nala were, higher compared to canal water over the cropping season. The EC, Cl/SO,
ratio and SSP values are the major constraints in majority of nala water samples as far as their irrigation feasibility is

concerned.
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Introduction

The Tungabhadra Irrigation Project (TBP) in Karnataka has
been adversely affected due to the development of irrigation
induced waterlogging and soil salinization in the command area.
As per TBP-CADA report (2012), it is estimated that about 26.5
per cent (96,215 ha) of the command area (3.62 lakh ha) is
affected due to waterlogging and salinity in TBP command
area. As per the guidelines, it was proposed to allocate 8 per
cent (29,032 ha) and 4 per cent of TBP command area under
paddy and sugarcane, respectively, to avoid development of
waterlogging and soil salinity. However, at present actual area
under paddy is more than 40 per cent of the command area and
in addition, the crop is being cultivated by majority of farmers
in upstream area of the command as against downstream farmers
as suggested in the guidelines. At the mid-reach and
downstream of the command, farmers are not only compelled
to grow paddy but also forced to use natural streams/drain/
underground poor quality water for irrigation because of the
limited canal water availability. Nala water is being used for
land preparation, raising paddy nursery and over the cropping
season as and when canal water supply is limited. It has added
a new dimension to the problem of waterlogging and soil
salinization in the command. In a recent study, Manjunath (2019)
revealed that EC, CI/SO, ratio and RSC values appear to be the
major constraints in majority of water samples collected from
natural stream in Gangavathi taluk (TBP command area). Hence,
the present investigation was carried out to document spatial
and temporal changes of nala water in comparison to canal
water in Sindhanur taluk of TBP command area.

Material and methods

Based on the GPS, toposheet (1:50,000 scale) and satellite
image, major natural stream/nala existing under canal distributary

36 of the TBP command in Sindhanur taluk, Karnataka was
located. It is the fourth of the 9 major natural streams present
across Left Bank Main Canal (LBMC) of TBP command area. A
total of twelve sampling stations were located along the natural
stream (approx. 34.7 km in length) from the start of distributary
(15°40°04.9” N and 76°35°48.0” E) to the end of the stream
(15°40°04.8” N and 76°51°57.2" E) leading to Tungabhadra river
as depicted in Fig.1. The twelve sampling stations along natural
stream were at 0.50, 1.63, 0.86, 2.15,2.02,4.82,5.50,0.83, 3.17,
4.01,2.09 and 1.37 km away from the start of the distributary
based on the accessibility to the sampling stations. Water
samples from the distributary-36 and different sampling
stations were collected from August, 2019 to February, 2020 at
an interval of 10-14 days over twelve times. A total of 156
samples were collected for irrigation water quality appraisal.
After measuring pH and EC, these samples were stored for
further analysis after adding 1 ml toluene to arrest the microbial
growth.

The pH and EC of water samples was determined by using
glass electrode and conductivity meter (Jackson, 1973). The
cationic concentrations (Ca*", Mg?*", Na*, K*) and anionic
concentrations (Cl, SO,>, CO,*, HCO,)) were measured
following standard procedures outlined by Richards (1968). The
values obtained were used to compute for sodium adsorption
ratio (SAR), residual sodium carbonate (RSC), magnesium to
calcium ratio (Mg/Ca), divalent cation ratio (DCR), CI/SO,,
soluble sodium percentage (SSP) and magnesium hazard (MH)
as under:

Na™ x100
Ca’ +Mg* + Na”

SSp

269



J. Farm Sci., 34(3): 2021

Mg+2

—2 %100
MH= Ca+2 +Mg+2

Ca 2+ + Mg2+
Ca’ + Mg*" + Na* +K*
RSC (me L) =(CO,*+HCO*)— (Ca* + Mg>)

DCR=

Na

SAR (mmol/L)'? =
J Ca+Mg
i e

The criteria (EC, SAR and RSC) used for the classification
of irrigation water are based on the classification diagram
proposed by Richards (1968). The ICAR-CSSRI, Karnal also
proposed three broad categories of classification of ground
water viz., good, saline, and alkali (Minhas ef al., 1998) based
on EC, RSC and SAR values wherein the values set in for good
category water are not as conservative as compared to Richards
(1968) classification. Irrigating with the good quality
Tungabhadra river water (EC 0.10-0.20 dS m™) for paddy-paddy
cultivation in shallow and medium black soil of this region
over the decades has resulted in the development of
waterlogging and secondary salinization @ 3000 ha per annum
(Manjunatha et al., 2004), classification proposed by Richards
(1968) is considered in this article.
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Results and discussion

The water quality parameters viz., pH, EC, cation/anion
concentrations, SAR, RSC, DCR, NO.-N, PO,-P, Mg/Ca, SSP,
MH and CI/SO, ratios in water samples collected from
distributaries and natural stream is presented in Table 1 and in
Fig2to 6.

pH

Temporally, the pH of canal water collected from distributary
36 varied from 7.42 to 8.49 with amean value of 7.91.The standard
deviation (SD) and coefficient of variation (CV) values over the
sampling period were 0.35 and 4.36% respectively. Similarly, the
temporal values of water pH at 12 different sampling stations over
the sampling period ranged from 7.75 to 8.47,7.22t0 8.27,7.17 to
7.99,7.17t07.83,7.15t08.05,7.09t0 8.22,7.20 t0 8.04,7.22 t0 7.94,
7.01t07.95,7.08 t0 8.83,6.98 t0 8.36 and 7.50 to 8.01 with a mean
value of 8.18,7.74,7.57,7.51,7.59,7.60,7.67,7.69, 7.66, 7.96,
7.92and 7.84, respectively. The SD ranged from 0.20 to 0.44 with a
mean of0.27 and CV ranged from 2.55 to 4.36 with amean of 3.55%
at over the sampling period at 12 different sampling stations.

Spatially, across the 12 sampling stations, water pH ranged
from 6.98 to 8.83 with a mean of 7.74 over the sampling period.
The SD ranged from 0.16 to 0.40 with a mean of 0.29. Similarly,
the CV ranged from 2.0 to 5.45 with a mean of 3.7%.

The results are in conformity with the findings of Manjunath
(2019) wherein pH of water samples collected from natural
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Fig. 1. Water sampling points of LBMC in TBP command area.
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streams in Gangavathi taluk of TBP command area during Kharif
2019 ranged from 7.50 to 8.00 and 8.0 to 8.50.

Electrical conductivity (EC)

Temporally, the EC of canal water samples collected at
distributary 36 varied from 0.14 to 0.30 with a mean value of 0.21
dS m!. The standard deviation (SD) and coefficient of variation
(CV) values over the sampling period were 0.35 and 4.36%
respectively .Similarly, EC of water samples collected from natural
stream of LBMC in TBP command area at different sampling
stations over the sampling period ranged from 3.35 to 7.39, 0.44
t0 1.20,0.49t0 1.06,0.70t0 1.28,0.72 10 2.65,0.61 t0 4.18, 0.65 to
3.77,0.64t0 1.84,0.60t0 5.16,0.59 t0 4.02,0.58 to 5.16 and 0.60
to 4.33 dS m with a mean value 0o 5.21,0.77,0.80,0.92,1.13,
1.14,1.22,1.07,1.41,1.65,1.87 and 1.77dS m™' respectively.
The SD ranged from 0.18 to 1.48 with a mean of 0.79 and CV
ranged from 26.5 to 85.2 with a mean of 51.9% at over the
sampling period at 12 different sampling stations.

Spatially, across the 12 sampling stations, water EC ranged
from 0.44 to 7.39 with a mean of 1.58 over the sampling period.
The SD ranged from 0.78 to 2.11 with a mean of 1.31. Similarly,
the CV ranged from 54.8 to 135 with a mean of 84.7%.

The mean EC values of nala water were 3.66 to 24.80 times
higher compared to canal water of distributary 36. The maximum
EC values observed at each of the sampling stations were in
the months of December and February. Occurrence of higher
EC values in the beginning of the season could be attributed
that the water flowing in the natural stream was poor quality
seepage water from the upper and adjacent fields as there was
no release of canal water from the Tungabhadra reservoir.
Consequent to the release of canal water in late September, the
EC values declined. However, as per classification of irrigation
water by Richards (1968), majority of water samples in stream at
all sampling stations fall under category C3 (EC 0.75 t0 2.25 dS
m") which indicate high salinity hazard and hence not feasible
for irrigation.

Similar findings were reported by Manjunath (2019) wherein
the mean EC of majority of water samples of natural streams of
LBMC in TBP command area were under category of C3 (EC
0.75 to 2.25 dS m™") which indicate high salinity hazard and

—4—D-36 —#-88-2 —4—8§-3 —— 884 ——8§8-5 9-88-6 —S8-7 —85-8 889 ——8§8-10 -#-8S-11 8812
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30/09/2019 16/10/2019 28/10/2019 13/11/2019 28/11/2019 12/12/2019 30/12/2019 13/01/2019 5/2/2020 24/02/2020
Time of sampling

Fig. 2. Spatial and temporal variations in EC (dS m™) of water samples
collected at different sampling stations of natural stream and
distributary 36 of LBMC in TBP command area
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hence not feasible for irrigation. The canal water which passes
through waterlogged saline soil and discharged into the natural
stream (nala) would be of poor quality as it carries salts present
in the soil profile. Hence, depending on the soil properties
through which canal water passes through the quality of natural
stream water is expected to be different than the canal water
with respect to salinity so also the ionic composition (Prasanna
etal, 2011).

Calcium, magnesium, sodium and potassium

Temporally, the Ca?* concentrations of canal water collected
at distributary 36 varied from 0.44 to 1.12 me L' with a mean
value 0f 0.73 me L. The SD and CV over the sampling period
were 0.17 and 23.6%. Similarly, the Ca?* concentrations in water
samples collected from 12 natural stream ranged from 1.52 to
5.16,0.60 to 1.92,0.60 to 2.88,0.64 to 2.68, 0.84 to 2.80, 0.64 to
3.28,1.16t03.08,1.12t0 3.12, 1.00 to 3.20, 0.56 t0 3.20, 1.24 to
3.36 and 0.32 to 4.40 me L' with a mean value 0f3.39, 1.45, 1.82,
1.84,1.99, 2.01, 2.05, 1.98, 2.12, 2.10, 2.34 and 2.24 me L
respectively. The SD ranged from 0.42 to 1.13 with a mean of
0.69 and CV ranged from 27.3 to 50.4 with a mean of 32.5% at
over the sampling in 12 different sampling stations. The mean
Ca* concentrations values of nala water were 1.98 to 4.64 times
higher compared to canal water flowing in distributary 36.
Similarly, Prasanna et al. (2011) observed that the Ca*"
concentrations in surface and sub-surface water in and around
Perumal Lake, Tamilnadu ranged from 0.8 to 2.2 me L' with an
average of 1.45 me L.

Spatially, across the 12 sampling stations, the Ca?" content
in natural stream ranged from 0.32 to 5.16 with a mean of 2.11 me
L. The SD ranged from 0.17 to 0.98 with a mean of 0.61. Similarly,
the CV ranged from 10.3 to 42.0 with a mean 0£29.1%.

Temporally, the Mg** concentrations of canal water collected
at distributary 36 ranged from 0.14 to 1.32 me L' with a mean
value 0f0.59 me L!. The SD and CV across the sampling period
were 0.36 and 60.8%. Similarly, the Mg?* concentrations in water
samples collected from 12 natural stream ranged from 3.28 to
8.68,0.64 t02.08,0.48 to 2.04, 0.92 to 2.40, 0.88 to 6.60, 0.56 to
6.44,0.88 t0 6.64, 0.88 t0 3.28, 0.84 t0 6.84, 0.92 t0 6.24, 0.76 to
7.64 and 1.04 t0 9.12 me L' with a mean value of5.41, 1.21, 1.23,
1.59,2.25,1.98,2.26, 1.71, 2.41, 2.63, 3.04 and 3.64 me L'
respectively. The SD ranged from 0.41 to 2.62 with a mean of
1.36. Similarly, the CV ranged from 27.8 to 77.4 with a mean of
54.3%. The mean Mg>* concentrations values of nala water
were 2.05 to 9.16 times higher compared to canal water. Similar
findings were reported by Manjunath (2019) wherein the mean
Mg?" concentrations values of nala water were 5.0 to 11.3 times
higher compared to canal water.

Spatially, across the 12 sampling stations, the Mg** content
in natural stream ranged from 0.48 to 9.12 with a mean of 2.30 me
L. The SD ranged from 0.66 to 2.91 with a mean of 1.49. Similarly,
the CV ranged from 40.6 to 98.0 with a mean of 65.2%.

Temporally, the Na” concentrations of canal water samples
varied from 0.32 to 1.12 me L' with a mean value 0of 0.70 me L.
The SD and CV over the sampling were 0.23 and 32.7%. Similarly,
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Table 1. Quality parameters of canal water in distributary and natural stream water samples collected in Sindhanur taluk of TBP command area,

Karnataka
Parameters Distributary Natural stream water sampling stations
36 1 2 3 4 5 6 7 8 9 10 11 12
pH Max. 8.49 847  8.27 799  7.83 805 822 8.04 7.94 795 883 836 8.01
Min. 7.42 775 7.22 7.17 717 715 7.09 7.20 7.22 7.01 7.08 698 7.50
Avg. 7.91 8.18 7.74 7.57 7.51 759 760 7.67 7.69 7.66 796 792 7.84
SD 0.35 024 031 022 022 027 033 022 0.20 030 044 034 020
CV 4.36 297 4.02 293 298 351 436 290 2.57 386 555 434 255
EC (dSm™) Max. 0.30 739 1.20 1.06 1.28 265 418 3.77 1.84 516 4.02 516 4.33
Min. 0.14 335 044 049 070 0.72 0.61 0.65 0.64 0.60 0.59 0.58 0.60
Avg. 0.21 521 0.77 0.80  0.92 .13 1.14 122 1.07 141 165 187 1.77
SD 0.06 1.38 0.24 0.21 0.18 052 097 0.83 0.31 120 1.05 148 1.11
CV 27.98 26.51 3095 2645 19.72 46.02 8525 68.14 2922 8521 63.85 79.14 62.64
Ca?* Max. 1.12 516  1.92 2.88 268 280 328 3.08 3.12 320 320 336 440
Min. 0.44 .52 0.60 0.60 0.64 0.84 0.64 1.16 1.12 1.00 056 124 0.32
Avg. 0.73 339 145 1.82 1.84 1.99 201 2.05 1.98 212 210 234 224
SD 0.17 0.99 042 0.59 053 054 068 057 0.58 075 081 0.67 1.13
(6)% 23.6 29.2 289 323 288 273 334 273 29.3 354 38.7 286 504
Mg* Max. 1.32 8.68 2.08 2.04 240 6.60 644 06.64 3.28 6.84 624 7.64 9.12
Min. 0.14 328 0.64 048 092 088 056 0.88 0.88 0.84 092 0.76 1.04
Avg. 0.59 5.41 1.21 1.23 1.59 225 198 226 1.71 241 263 3.04 3.64
SD 0.36 1.86  0.41 044 044 1.53  1.53 1.53 0.62 1.57 154 228 2.62
CV 60.8 343 341 356 278 68.0 774 675 36.1 653 584 750 720
Na* Max. 1.12 56.80 7.52 630 7.37 16.74 29.62 2538 13.12 38.74 2741 37.60 28.20
Min. 0.32 2422 1.78 217  3.83 395 330 375 345 330 288 340 345
Avg. 0.70 38.35 4.53 4.51 519 654 692 741 6.38 876 10.52 11.94 10.94
SD 0.23 113 191 1.57 1.11 350 7.20 5.81 2.47 9.55 808 113 7.36
CV 32.7 295 422 349 213 53,5 104.0 784 38.8 109.0 76.8 946 673
K* Max. 0.10 0.35 0.10 0.10  0.31 0.19 0.17 0.20 0.66 0.18 035 030 0.17
Min. 0.01 0.08 0.03 0.02 0.06 0.05 0.05 0.06 0.06 0.06 0.07 0.07 0.07
Avg. 0.06 0.17  0.07 0.07  0.11 0.10 0.09 0.12 0.15 0.10 0.13 0.13 0.10
SD 0.02 0.09 0.03 0.03 0.07 0.05 0.04 0.04 0.17 0.04 0.08 0.08 0.03
(6)% 39.2 527 402 37.8  61.8 454 403 344 110.2 370 653 589 29.0
CO,*+HCO, Max. 2.12 1240 4.20 5.00 440 920 720 490 5.40 6.40 10.60 7.60 7.40
Min. 0.70 5.80  2.00 233 260 3.10 2.80 3.40 3.00 2.80 3.00 295 3.10
Avg. 1.24 795 3.4 380 370 448 416 4.16 4.22 434 550 518 542
SD 0.43 1.86 0.69 0.85 0.53 1.67 1.14 0.56 0.68 .10 199 134 1.20
CV 34.8 234 221 224 142 374 274 134 16.2 252 362 259 222
Cl Max. 0.84 39.50 5.82 440  6.20 10.80 2190 2120 1090 3090 20.60 30.80 23.50
Min. 0.50 16.80 2.00 1.80 240 240 2.00 220 1.80 240 220 220 2.10
Avg. 0.67 26.06 3.26 279 350 425 458 5.09 4.21 621 649 855 7.70
SD 0.11 889 1.05 0.85 1.11 238 552 523 2.35 791 566 984 6.78
(6)% 16.4 341 322 304 318 56.0 1205 102.7 55.7 127.2 872 115.0 88.0
SO» Max. 0.43 19.80 2.42 1.96 284 561 1045 7.86 3.29 11.39 1028 11.66 9.65
Min. 0.02 820 035 048 0.60 058 0.53 0.71 0.67 0.55 0.64 0.65 0.64
Avg. 0.24 13.17 1.15 1.17 1.55 196 209 217 1.88 263 332 362 338
SD 0.13 4.09 0.73 0.50  0.61 127 267 1.89 0.73 2.84 281 329 249
(6)% 524 31.0 639 424 390 648 1278 87.1 38.8 108.0 84.8 91.0 73.6
NO,-N (mg L") Max. 0.84 392 140 1.40 196 224 196 2.80 2.52 252 168 336 224
Min. 0.14 028 0.14 028 0.14 028 0.14 028 0.14 028 0.28 028 0.28
Avg. 0.37 1.26 0.61 082 090 091 086 131 1.13 128 096 142 1.19
SD 0.18 1.00  0.43 044 0.62 059 0.58 0.85 0.75 0.69 056 0.88 0.60
(0)% 49.6 79.5  70.7 534 690 644 675 647 66.6 539 583 620 503
PO,-P Max. 0.01 262 1.19 204 3,60 276 290 281 291 2.80 267 271 248
Min. 0.00 0.01  0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Avg. 0.01 1.20 040 0.78 1.19 .12 1.11  1.00 1.05 1.05 099 1.00 0.95
SD 0.01 0.84 043 0.76 1.16 1.00 1.00 1.00 1.02 1.00 084 086 0.79
(6)% 522 69.6 1066 979 972 88.0 888 99.8 97.4 955 853 86.0 827
Contd....
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SAR (mmol L)  Max. 1.82 37.21 8.41 7.00 7.19 11.31 19.00 16.66 12.18 24.45 23.77 23.45 1645
Min. 0.64 19.18 2.44 261 432 488 426 4.66 4.21 423 375 446 445
Avg. 1.30 2524 5.72 535 545 634 639 6.84 6.42 752 814 813 792
SD 0.32 583  2.03 1.58  0.89 1.87 398 3.18 2.06 540 574 6.15 3.55
(0% 248 231 355 29.6 164 295 623 465 32.0 719 705 756 448
RSC Max. 2.20 504 1.56 2.04 1.48 120 208 1.80 4.76 226 528 1.84 2.04
Min. 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Avg. 1.07 0.50 0.78 1.00 069 0.69 1.07 0.90 1.40 0.84 139 077 0.78
SD 0.62 145 052 0.62 0.51 046 0.67 0.68 1.27 0.81 138 0.60 0.69
(0)% 57.8 289.7 673 624 745 663 630 753 90.5 960 990 784 88.6
Mg/Ca Max. 2.36 513 227 273 319 3.06 275 252 241 256 850 3.08 10.63
Min. 0.19 092 033 024 040 039 030 035 0.28 035 053 025 036
Avg. 0.91 1.96 097 0.91 1.11 1.15  1.01  1.05 1.03 1.17 207 132 284
SD 0.64 1.20  0.55 067 073 0.78 0.72  0.56 0.59 071 223 090 2.86
(6)% 70.8 613  56.7 73.6 662 675 713 529 573 60.3 107.7 684 100.6
CI/SO, Max. 49.73 207  6.22 357 275 311 389 3.09 3.31 471 344 336 3.75
Min. 1.58 0.51 1.07 1.64 1.48 1.50 0.78 1.26 1.55 143 120 129 130
Avg. 6.99 1.37  2.65 234 219 205 205 211 2.17 207 1.87 198 2.10
SD 13.53 035 141 060 044 039 075 058 0.60 094 054 0.68 0.68
(6% 193.6 256 534 255  20.1 192 366 274 275 454 29.0 342 322
DCR Max. 0.73 024 054 0.55 047 045 046 043 0.43 046 044 043 044
Min. 0.55 0.14  0.30 0.31 035 031 025 0.27 0.25 021 0.16 021 0.29
Avg. 0.63 0.19  0.39 041 040 038 038 037 0.37 037 034 034 035
SD 0.06 0.03  0.09 0.08 0.04 0.04 005 0.04 0.05 0.06 0.08 0.07 0.05
(0)% 9.0 152 238 18.6 9.0 9.9 135 114 13.7 172 224 192 134
MH Max. 70.21 83.69 6939 7321 76.12 7534 7333 7155 70.69 7191 89.47 7549 91.40
Min. 16.00  47.83 25.00 19.67 28.72 2821 2295 2588 22.00 2577 3482 20.21 26.67
Avg. 41.02  60.87 4485 4121 46.86 4742 4382 47.13 4586 4848 5280 49.68 57.08
SD 17.6 10.7  13.1 14.7 12.2 14.0 147 11.6 13.5 155 170 167 22.6
(647 429 17.5 293 356 260 296 33,6 246 29.5 320 321 337 396
SSP Max. 42.42 86.07 70.15 6835 64.88 68.00 7529 7323 7387 79.42 83.75 7853 70.57
Min. 24.26 76.17 45.64 44.00 52.06 53.85 5328 5577 5628 53.64 5496 56.77 55.16
Avg. 35.01 81.11 6091 5827 5992 6126 61.55 62.60 62.77 62.61 65.67 6531 64.41
SD 5.86 2.84 938 773 3.68 389 534 444 4.92 6.62 7777 6.63 497
CV 16.7 350 154 133 620 635 870 7.10 7.83 106 118 102 7.71

the Na* concentrations in natural stream water samples varied
from 24.22 t0 56.80, 1.78 t0 7.52,2.17 t0 6.30,3.83 t0 7.37,3.95 to
16.74,3.30t029.62,3.75t025.38,3.45t0 13.12,3.30 t0 38.74, 2.88
t027.41, 3.40t0 37.60 and 3.45 to 28.20 me L' with a mean value
0f38.35,4.53,4.51,5.19,6.54,6.92,7.41,6.38,8.76,10.52,11.94
and 10.94 me L' respectively. The SD ranged from 1.11 to 11.3
with a mean of 5.93 and CV ranged from 213 to 104 with a mean
0f 62.5% at over the sampling in 12 different sampling stations.

Spatially, across the 12 sampling stations, the Na* content
in natural stream ranged from 1.78 to 56.8 with a mean of 10.2 me
L. The SD ranged from 5.9 to 15.9 with a mean of 9.0. Similarly,
the CV ranged from 70.0 to 162 with a mean of 106%.

The Na* concentration of water samples particularly at
sampling station 1 was consistently higher compared to other
stations over the sampling period which could be due to the
presence of salinized area around the sampling station
contributing Na* to the surface water. The mean Na®
concentrations values of nala water were 6.44 to 54.78 times
higher compared to canal water and generally the maximum Na*
concentrations were observed in August and December-
February. Direct toxicity effect of sodium is expected when
sodium concentration in water is >3.0 me L. Further, moderate
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to severe effects could be noticed if the concentration ranges
from 3.0 to 9.0 me L. The results are in conformity with findings
of Manjunath (2019) who also observed maximum
concentrations of Na* in the month of December — January.

Temporally, not much fluctuation was observed with
respect to K™ concentrations. The K* concentrations in canal
water samples varied from 0.01 to 0.10 me L' with a mean

~—4—D-36 -8~ S§-2 —&— §8§-3 —— 8§84 —+—S§8-5 8§86 —+—8§8-7—SS-8 8§89 —+—S88-10-#-88-11 8§8-12

Na*(meL™")
2

30/09/2019 16/10/2019 28/10/2019 13/11/2019 28/11/2019 12/12/2019 30/12/2019 13/01/2019 5/2/2020 24/02/2020

Time of sampling

Fig. 3. Spatial and temporal variations of Na” (me L") in water samples
collected at different sampling stations of natural stream and
distributary 36 of LBMC in TBP command area
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value of 0.06 me L. The SD and CV over the sampling were
0.02 and 39.2%. Similarly, the K* concentrations in natural stream
water samples varied from 0.08 t0 0.35, 0.03 t0 0.10, 0.02 to 0.10,
0.06t00.31,0.05t00.19, 0.05t0 0.17, 0.06 to 0.20, 0.06 to 0.66,
0.06t00.18,0.07 to 0.35, 0.07 to 0.30 and 0.07 to 0.17 me L' with
amean value 0f0.17,0.07,0.07,0.11,0.10,0.09,0.12,0.15,0.10,
0.13,0.13 and 0.10 me L™ respectively. The SD ranged from 0.03
to 0.17 with a mean 0f 0.06 and CV ranged from 34.4 to 110.2
with a mean of 51.1% at over the sampling in 12 different sampling
stations.

Spatially, across the 12 sampling stations, the K* content in
natural stream ranged from 0.0 to 0.66 with a mean of 0.11 me L.
The SD ranged from 0.01 to 0.17 with a mean of 0.05. Similarly,
the CV ranged from 9.1 to 82.2 with a mean of 38.8%.

Kumar (2014) also reported lower K™ concentrations
compared to other cations in all stream, bore well and canal
water samples analyzed.

Carbonates, bicarbonates, chloride and sulphate

Generally, carbonate (CO,*) ions were absent in majority of
water samples analyzed over the cropping season. The CO,> +
HCO;, concentrations in canal water samples varied from 0.70 to
2.12 me L' with a mean value of 1.24 me L', respectively. The SD
and CV over the sampling were 0.43 and 34.8%. Similarly, the
CO,> + HCO; concentrations in water samples collected from
natural stream varied from 5.80 to 12.40, 2.00 t0 4.20, 2.33 t0 5.00,
2.60t04.40,3.10t09.20,2.80t0 7.20, 3.40t0 4.90, 3.00 to 5.40, 2.80
t0 6.40, 3.00 to 10.60, 2.95 to 7.60 and 3.10 to 7.40 me L' with a
mean value of 7.95, 3.14, 3.80,3.70,4.48,4.16,4.16,4.22,4.34,5.50,
5.18 and 5.42 me L' respectively. The SD ranged from 0.53 to 1.99
with a mean of 0.06 and CV ranged from 14.2 to 37.4 with amean
0f 23.8% at over the sampling in 12 different sampling stations.

Spatially, across the 12 sampling stations, the CO,> + HCO,®
content in natural stream ranged from 2.0 to 12.4 with a mean of
4.67 me L. The SD ranged from 0.74 to 3.26 with a mean of 1.45.
Similarly, the CV ranged from 16.6 to 50.7 with a mean of 30.3%.

The mean CO,> + HCO, concentrations values of nala
water were 2.53 to 6.41 times higher compared to canal water.
The CO,* + HCO, concentration of water samples of both
streams were similar to the findings of Kumar et al. (2016)
wherein the HCO, concentration in the surface water samples
of current nala ranged from 1.0 to 8.3 me L' and 91 per cent of
samples were within the permissible limit and 9 per cent of
samples exceeded the limit (8.3 me L) as per WHO guidelines.

Temporally, the Cl- concentrations of canal water samples
varied from 0.50 to 0.84 me L' with a mean value of 0.67 me L™'.
The SD and CV over the sampling were 0.11 and 16.4%. Similarly,
the CI" concentrations in natural stream water samples varied
from 16.80 to 39.50,2.00 to 5.82, 1.80 t0 4.40, 2.40 t0 6.20,2.40 to
10.80,2.00t021.90,2.20t021.20, 1.80to 10.90, 2.40 to 30.90, 2.20
t020.60, 2.20to 30.80 and 2.10 t0 23.50 me L' with a mean value
0f26.06,3.26,2.79,3.50,4.25,4.58,5.09,4.21,6.21,6.49, 8.55 and
7.70 me L, respectively. The SD ranged from 0.85 to 9.84 with
amean of 4.8 and CV ranged from 30.4 to 127 with a mean of
73.4% at over the sampling in 12 different sampling stations.
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Fig. 4. Spatial and temporal variations of CO,*+HCO, (me L") in water
samples collected at different sampling stations of natural stream
and distributary 36 of LBMC in TBP command area

Spatially, across the 12 sampling stations, the Cl content in
natural stream ranged from 1.80 to 39.5 with amean of 6.89 me L.
The SDranged from4.0to 12.2 with a mean of7.1. Similarly, the CV
ranged from 57.2 to 168 with a mean of 110%.

The mean Cl" concentrations values of nala water were 4.16
to 38.89 times higher compared to canal water. Similarly,
Manjunath (2019) observed that the Cl-concentrations of stream
water were 0.65 to 20.4 times higher compared to that of canal
water. As per classification of irrigation water given by US
salinity laboratory (1954), nearly 63 per cent of stream water
samples fall under excellent water category (<4 me L) as far as
CI' concentration is concerned.

Temporally, the SO,* concentrations of canal water samples
varied from 0.02 to 0.43 me L' with a mean value 0f 0.24 me L.
The SD and CV over the sampling were 0.13 and 52.4%. Similarly,
the SO,* concentrations in natural stream water samples varied
from 8.20t0 19.80,0.35 t02.42, 0.48 to 1.96, 0.60 to 2.84, 0.58 to
5.61,0.53t010.45,0.71t0 7.86,0.67 t0 3.29,0.55 to 11.39, 0.64 to
10.28,0.65to 11.66 and 0.64 to 9.65 me L! with a mean value of
13.17,1.15,1.17,1.55,1.96,2.09,2.17,1.88,2.63,3.32,3.62 and
3.38 me L' respectively. The SD ranged from 0.50 to 4.09 with a
mean of 4.8 and CV ranged from 31.0 to 128 with a mean of
73.4% at over the sampling in 12 different sampling stations.

Spatially, across the 12 sampling stations, the SO, content
in natural stream ranged from 0.35 to 19.8 with amean of 3.17 me
L. The SD ranged from 2.15 to 5.45 with a mean of 3.48. Similarly,
the CV ranged from 65.7 to 191 with a mean of 116%.

The mean SO,* concentrations values of nala water were
4.79 to 54.87 times higher compared to canal water. The results
are in conformity with the findings of Prasanna et al. (2011)
who observed that the SO,* ranged from 0.07 to 1.86 me L’
(average 0.56 me L) in surface water.

Nitrate nitrogen

Temporally, the NO,-N concentrations of canal water
samples varied from 0.14 to 0.84 mg L' with a mean value of
0.37 mg L'!. The SD and CV over the sampling were 0.18 and
49.6%. Similarly, the NO,-N concentrations in natural stream
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water samples varied from 0.28 t0 3.92, 0.14 to 1.40, 0.28 to 1.40,
0.14t0 1.96,0.28 t0 2.24,0.14 t0 1.96, 0.28 t0 2.80, 0.14 t0 2.52,
0.28t02.52,0.28 t0 1.68, 0.28 to 3.36 and 0.28 t0 2.24 mg L' with
amean value of 1.26,0.61,0.82,0.90,0.91,0.86,1.31,1.13, 1.28,
0.96, 1.42 and 1.19 mg L', respectively. The SD ranged from
0.43 to 1.0 with amean of 0.67 and CV ranged from 53.4 to 79.5
with a mean of 63.4% at over the sampling in 12 different sampling
stations.

Spatially, across the 12 sampling stations, the NO-N
content in natural stream ranged from 0.14 to 3.92 with a mean
0f0.94 me L. The SD ranged from 0.25 to 1.0 with a mean of 0.56.
Similarly, the CV ranged from 30.5 to 107 with a mean of 64.8%.

Manjunath (2019) also reported that the mean NO,-N
content of all the water samples in natural stream were less
than 5 mg L' and the maximum NO,-N concentrations were
observed in January.

Phosphate phosphorus

Temporally, the PO,-P concentrations of canal water samples
varied from 0.00 to 0.01 mg L' with a mean value of 0.01 mg L.
The SD and CV over the sampling were 0.01 and 52.2%. Similarly,
the PO,-P concentrations in natural stream water samples varied
from 0.01 t0 2.62,0.01 to 1.19, 0.01 t0 2.04, 0.01 t0 3.60, 0.01 to
2.76,0.01 t02.90,0.01 t0 2.81,0.01 t0 2.91, 0.01 t0 2.80, 0.01 to
2.67,0.01t02.71 and 0.01 to 2.48 mg L' with a mean value of
1.20,0.40,0.78,1.19,1.12,1.11, 1.00, 1.05, 1.05, 0.99, 1.00 and
0.95 mg L™ respectively. The mean PO,-P values of stream water
across sampling times were < 2 mg L™ indicating feasibility for
irrigation in terms of PO,-P content. The SD ranged from 0.43 to
1.16 with a mean of 89 and CV ranged from 69.6 to 107 with a
mean of 91.2% at over the sampling in 12 different sampling
stations.

Spatially, across the 12 sampling stations, the PO,-P content
in natural stream ranged from 0.01 to 3.60 with a mean of 0.78 me
L. The SD ranged from 0.06 to 0.70 with a mean 0f 0.29. Similarly,
the CV ranged from 19.5 to 212 with a mean of 79.8%.

The findings corroborates the results of Prasanna et al.
(2011) who reported that the PO,-P concentrations varied from
0.04 to 6.04 mg L' (average 1.92 mg L") in surface water.

Sodium adsorption ratio (SAR)

Temporally, the SAR values of canal water samples varied
from 0.64 to 1.82 (mmol/L)"? with a mean value of 1.30
(mmol/L)"?. The SD and CV over the sampling were 0.32 and
24.8%. Similarly, the SAR of natural stream water samples varied
from 19.81t037.21,2.44t0 8.41,2.61 t0 7.00,4.32t0 7.19,4.88 to
11.31,4.26 10 19.00,4.66 t0 16.66,4.21 t0 12.18,4.23 t0 24.45,3.75
t023.77,4.46 t0 23.45 and 4.45 to 16.45 (mmol/L)"? with a mean
value 0f25.24,5.72,5.35,5.45,6.34,6.39,6.84,6.42,7.52,8.14,
8.13 and 7.92 (mmol/L)" respectively. The SD ranged from 0.89
to 6.15 with amean of 3.52 and CV ranged from 16.4 to 75.6 with
a mean of 44.8% at over the sampling in 12 different sampling
stations.

Spatially, across the 12 sampling stations, the SAR content
in natural stream ranged from 2.44 to 37.20 with a mean of 8.66
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(mmol/L)"?. The SD ranged from 3.91 to 9.21 with a mean of
6.05. Similarly, the CV ranged from 55.0 to 112.0 with a mean of
70.7%.

The mean SAR values of nala water were 4.11 to 19.41 times
higher compared to canal water and generally the maximum
SAR values were observed in December - February. However,
the mean SAR values at all sampling stations (SAR<10) indicate
water is safe for irrigation. The result are in conformity with
Manjunath (2019) who confirmed that most of the stream water
did not show any threat to cause sodicity based on its critical
value (SAR<10). Based on classification of irrigation waters by
Richards (1968), most of the water samples of the streams fall
under category C3S1 (C3-EC0.75t02.25dS m™, S1-<10 SAR)
and C2S1 (C2-EC0.25t00.75 dSm™, S1-<10 SAR) which are fit
for irrigation.

Residual Sodium Carbonate (RSC)
Temporally, the RSC values of canal water samples varied
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Fig. 5. Spatial and temporal variations of SAR (mmol/L)"?in water
samples collected at different sampling stations of natural stream
and distributary 36 of LBMC in TBP command area

from 0.00 to 2.20 me L' with a mean value of 1.07 me L"!. The SD
and CV over the sampling were 0.62 and 57.8%.Similarly, the
RSC values of natural stream water samples varied from 0.00 to
5.04,0.00 to 1.56,0.00 to 2.04,0.00 to 1.48, 0.00 to 1.20, 0.00 to
2.08,0.00 to 1.80,0.00 to 4.76,0.00 to 2.26, 0.00 to 5.28, 0.00 to
1.84 and 0.00 to 2.04 me L with a mean value 0£0.50, 0.78, 1.00,
0.69, 0.69, 1.07, 0.90, 1.40, 0.84, 1.39, 0.77 and 0.78 me L
respectively. The SD ranged from 0.46 to 1.45 with a mean of
0.81 and CV ranged from 62.4 to 290 with a mean of 96.0% at
over the sampling in 12 different sampling stations.

Spatially, across the 12 sampling stations, the RSC content
in natural stream ranged from 0.0 to 5.28 with a mean of
0.76 (mmol/L)"2. The SD ranged from 0.05 to 1.98 with a mean of
0.66. Similarly, the CV ranged from 40.0 to 280 with a mean of
115%.

Richards (1968) based on the values of RSC classified water
into safe (<1.25 me L"), moderately safe (1.25 to 2.5 me L") and
unsafe (>2.5 me L) for irrigation. Among 144 water samples
analyzed from stream, about 80, 18 and 2 per cent samples are
safe, moderately safe and unsafe for irrigation respectively.
With one-time sampling, Prasanna et a/. (2011) and Kumar (2014)
reported that the RSC values of the majority surface/stream/bore
well water samples were under good category (<1.25 me L)
indicating feasibility for irrigation purpose.
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Magnesium to Calcium ratio (Mg/Ca)

Temporally, the Mg/Ca ratio of canal water samples collected
varied from 0.19 to 2.36 with a mean value 0of 0.91. The SD and
CV over the sampling were 0.64 and 70.8%. Similarly, the Mg/
Ca of natural stream water samples varied from 0.92 to 5.13, 0.33
t02.27,0.24102.73,0.40t03.19,0.39t0 3.06, 0.30 t0 2.75, 0.35 to
2.52,0.28t02.41,0.35t02.56,0.53 t0 8.50, 0.25 t0 3.08 and 0.36
to 10.63 with a mean value 0f 1.96,0.97,0.91, 1.11, 1.15, 1.01,
1.05,1.03,1.17,2.07, 1.32 and 2.84, respectively. The SD ranged
from 0.55 to 2.23 with a mean of 1.04 and CV ranged from 52.9 to
108 with a mean of 70.3% at over the sampling in 12 different
sampling stations.

Spatially, across the 12 sampling stations, the Mg/Ca content
in natural stream ranged from 0.24 to 10.6 with a mean of 1.24.
The SD ranged from 0.21 to 2.91 with a mean of 0.83. Similarly,
the CV ranged from 27.9 to 205 with a mean of 62.2%.

Based on ratio of Mg to Ca, waters are categorized as safe
(<1.5), moderately safe (1.5 to 3.0) and unsafe (>3.0) for irrigation
(Tandon, 2017). Among 144 water samples analyzed from stream,
about 80, 14 and 6 per cent samples are safe, moderately safe
and unsafe for irrigation, respectively. Manjunath (2019) also
reported the feasibility of majority of natural stream water for
irrigation in LBMC of TBP command area.

Chloride to Sulphate ratio (Cl/SO4)

Temporally, the CI/SO, ratio of canal water samples varied
from 1.58 to 49.73 with a mean value of 6.99. The SD and CV
over the sampling were 13.5 and 194%. Similarly, the CI/SO,
concentration of natural stream water samples varied from 0.51
t02.07,1.071t06.22,1.64103.57,1.48t02.75,1.50t0 3.11,0.78 to
3.89,1.26t03.09,1.55t03.31,1.43t04.71, 1.20t0 3.44, 1.29 to
3.36 and 1.30to 3.75 with amean value of 1.37,2.65,2.34,2.19,
2.05,2.05,2.11,2.17,2.07, 1.87, 1.98 and 2.10, respectively.
Generally the maximum CI/SO, values were observed in October.
The SD ranged from 0.35 to 1.41 with a mean of 0.66 and CV
ranged from 20.1 to 45.4 with a mean of 31.3% at over the
sampling in 12 different sampling stations.

Spatially, across the 12 sampling stations, the CI/SO, content
in natural stream ranged from 0.51 to 6.22 with a mean of 2.08.
The SD ranged from 0.13 to 1.24 with a mean of 0.54. Similarly,
the CV ranged from 8.80 to 48.9 with a mean 0f24.9%.

The CI/SO, ratios were much higher than 3.0 which is
considered to be unsafe as far as their effect on crop yield is
concerned. Similar results were reported by Vishwanath et al.
(2016), wherein groundwater samples of Dharwad had CI/SO,
ratio >2.0 indicating the potential chloride injury of these waters
in sensitive crops.

Divalent Cation Ratio (DCR)

Temporally, the divalent cation ratio of canal water samples
varied from 0.55 to 0.73 with a mean value of 0.63. The SD and CV
over the sampling were 0.06 and 9.0%. Similarly, the DCR values
of natural stream water varied from 0.14 to 0.24,0.30t0 0.54,0.31
t00.55,0.35t00.47,0.31 t0 0.45,0.25t0 0.46,0.27 t0 0.43,0.25 to
0.43,0.21t00.46,0.16t0 0.44,0.21 t0 0.43 and 0.29 to 0.44 with a
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Fig. 6. Spatial and temporal variations in soluble sodium percentage
(SSP) of water samples collected at different sampling stations of
natural stream and distributary 36 of LBMC in TBP command
area

mean value 0f0.19, 0.39,0.41, 0.40, 0.38, 0.38,0.37,0.37,0.37,0.34,
0.34 and 0.35 respectively. The SD ranged from 0.03 to 0.09 with
a mean of 0.06 and CV ranged from 9.0 to 23.8 with a mean of
15.6% at over the sampling in 12 different sampling stations.

Spatially, across the 12 sampling stations, the DCR in natural
stream ranged from 0.14 to 0.55 with a mean of 0.36. The SD
ranged from 0.05 to 0.11 with a mean of 0.07. Similarly, the CV
ranged from 14.8 to 35.6 with a mean of 20.4%.

The mean DCR of nala water were 0.30 to 0.65 times higher
compared to canal water. In the present investigation, about 88
per cent of water samples of stream had DCR >0.25 indicating
feasibility of water for irrigation. Similar results were reported
by Manjunath (2019) wherein the mean divalent cation ratio
was >0.25 in majority of water samples of the natural stream
studied suggesting that the quality of water is suitable for
irrigation.

Magnesium Hazard (MH)

Temporally, the magnesium hazard of canal water samples
varied from 16.00 to 70.21 with a mean value 0f41.02. The SD
and CV over the sampling were 17.6 and 42.9%. Similarly, the
MH values of natural stream water varied from 47.83 to 83.69,
25.00t069.39,19.67t073.21,28.72t0 76.12,28.21 t0 75.34,22.95
to 73.33,25.88t0 71.55,22.00 to 70.69, 25.77 to 71.91, 34.82 to
89.47,20.21 to 75.49 and 26.67 to 91.40 with a mean value of
60.87,44.85,41.21,46.86,47.42,43.82,47.13,45.86,48.48,52.80,
49.68 and 57.08, respectively. The SD ranged from 10.7 to 22.6
with a mean of 14.7 and CV ranged from 17.5 to 39.6 with a mean
0f30.2% at over the sampling in 12 different sampling stations.

Spatially, across the 12 sampling stations, the magnesium
hazard in natural stream ranged from 19.7 to 91.4 with a mean of
48.3. The SD ranged from 6.93 to 17.8 with a mean of 11.0.
Similarly, the CV ranged from 10.3 to 43.6 with amean of 23.8%.

Nearly 41 per cent of natural streams water samples had
MH more than 50 per cent and were found unsuitable for
irrigation. If the value of magnesium hazard is more than 50 per
cent, the soil becomes alkaline and its opposite impact on crop
yield can be observed (Singh et al., 2020)

Soluble Sodium Percentage (SSP)
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Temporally, the soluble sodium percentage of canal water
varied from 24.26 to 42.42 with a mean value 0of 35.01. The SD
and CV over the sampling were 5.86 and 16.7%. Similarly, the
SSP values of natural stream water samples varied from 76.17 to
86.07,45.641070.15,44.00 to 68.35, 52.06 to 64.88, 53.85 t0 68.00,
53.28t075.29,55.77t073.23,56.28 t0 73.87,53.64 t0 79.42, 54.96
t0 83.75,56.77to 78.53 and 55.16 to 70.57 with a mean value of
81.11,60.91,58.27,59.92,61.26,61.55,62.60,62.77,62.61,65.67,
65.31 and 64.41 respectively. The SD ranged from 2.84 t0 9.38
with amean of 5.68 and CV ranged from 3.5 to 15.4 with a mean
0f 9.1% at over the sampling in 12 different sampling stations.

Spatially, across the 12 sampling stations, the SSP in natural
stream ranged from 44.0 to 86.1 with a mean of 63.9. The SD
ranged from 5.1 to 10.6 with a mean of 7.30. Similarly, the CV
ranged from 7.6 to 16.5 with amean of 11.5%.

As per the guidelines, irrigation water having SSP value of
60 and above are considered as harmful Sathyanarayana et al.
(2020). Nearly 79 per cent of water samples analyzed from natural

Referemces

Jackson M L, 1973, Soil Chemical Analysis. Prentice Hall of India
Pvt. Ltd., New Delhi, 498-504.

Kumar K, 2014, Characterization of soil and groundwater for salinity
in black soil regions of Mudhol taluka, M. Sc. (Agri.) Thesis,
University of Horticultural Sciences, Bagalkot. Quote
published work

Kumar S K, Babu S H, Rao P E, Selvakumar S, Thivya C, Muralidharan,
S and Jeyabal G, 2016, Evaluation of water quality and
hydrogeochemistry of surface and groundwater, Tiruvallur
District, Tamil Nadu, India. Applied Water Science, 7(5): 2533-
2544.

Manjunath D, Vishwanath J, Balanagoudar S R, Veeresh H, Ananda
N, and Karegoudar AV, 2019, Spatio-temporal Variations in
Quality of Canal Water Distributaries and Natural Stream for
Irrigation in Gangavathi Taluk of Tungabhadra Command Area
in Karnataka. Journal of Soil Salinity and Water Quality. 11(2):
232-241.

Manjunatha M V, Oosterbaan R J, Gupta S K, Rajkumar H and
Jansen H, 2004, Performance of subsurface drains for
reclaiming waterlogged saline lands under rolling topography
in Tungabhadra irrigation project in India. Agricultural Water
Management, 69(1): 69-82.

stream had soluble sodium percentage values above 60 which
are considered as harmful for soils and crops.

Conclusion

About seventy per cent of stream water samples had high
salinity hazard and hence not feasible for irrigation. The Na"and
HCO, ions are the dominant cation and anion, respectively
observed in the stream water samples analyzed. Among different
sampling stations along the natural stream, higher spatial
variations in stream water quality parameters viz., EC, Cl/SO,
ratio and SSP were observed particularly in the first (close to the
distributary) and the last two (towards the river) sampling stations.
Overall, it is evident that EC, CI/SO, ratio and SSP are the major
constraints in majority of stream water samples collected in
Sindhanur taluk as far as their irrigation feasibility is concerned
especially for use at the crop grand-growth stage (December-
January) of the cropping season. Further, monitoring the resultant
build-up of soil salinity status would also help the feasibility of
stream water for irrigation in such soil-water-cropping system.

Minhas P S and Gupta R K,1992, Quality of irrigation water-
assessment and management. Pages 123. Indian Council of
Agricultural Research, New Delhi.

Prasanna M V, Chidambaram S, Gireesh T V and Ali T J, 2011, A
study on hydrochemical characteristics of surface and sub-
surface water in and around Perumal Lake, Cuddalore district,
Tamil Nadu, South India, Journal of Earth System Science,
63(1):31-47.

Richards L A, 1968, Diagnosis and improvement of saline and alkali
soils. Agriculture Handbook, 60: 210-220.

Sathyanarayana E, Santoshkumar M and Hadole S S, 2020, Soil Science
Treatise.184

Singh K K, Tewari G and Kumar S, 2020, Evaluation of groundwater
quality for suitability of irrigation purposes: A case study in
the Udham Singh Nagar, Uttarakhand. Journal of Chemistry,
2020.

Tandon L S, 2017, Method of analysis of soil, plant, water, fertilisers
and organic Manures, Fertiliser development and consultation
organisation. New Delhi. 140

Vishwanath J, Ravikumar D, Karegoudar A V, Anand S R and Rajkumar
R H, 2016, Characterization of ground water for irrigation in
Dharwad district of Karnataka. Journal Soil Salinity and Water
Quality, 8(2): 202-206.

277



