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Abstract

The experiment was conducted during 2014-2015 at Dr. PDKV, Akola to evaluate the nutrient content
and contribution of nutrients through irrigation water and to assess the effect of irrigation on soil
properties in Purna Valley of Vidarbha in Akola district of Maharashtra. The water samples from ten
bore wells were collected in the month of October 2014. Simultaneously soil samples were taken before
and after irrigation in chickpea.

The quality of bore well water samples were found to be in S1Cs class. Amongst the cations the presence
of Na > Ca> Mg >K, among the anions HCO3 > Cl >SO4. The SAR and Mg: Ca ratio falls in acceptable
range whereas the Adj SAR was higher. As per the Kelley’s ratio, seven samples are unsuitable and three
samples are suitable for irrigation, on the basis of permeability index water was suitable for irrigation.
The residual sodium bicarbonate in all samples was above permissible limit whereas magnesium
adsorption ratio of the seven bore wells are in acceptable range.

The results showed that the irrigation water contributes the nutrient in soil to the considerable extent i.e.
nitrate N (1.1 to 1.31 kgha®), K (3.7 to 6.43 kgha*), Zn (0.07 to 0.15 mgkg), Cu (0.12 to 1.11 mgkg™),
Fe (0.26 to 0.64 mgkg™) and Mn (0.044 to 0.056 mgkgt) respectively in Chickpea. The irrigation water
decreased hydraulic conductivity and increased bulk density.

Keywords: Bore well, water sources, nutrient contribution through irrigation

Introduction

The nutrients from the ground water sources can act as additional enrichment sources,
especially at the time of critical plant growth stages. The nutrients present in the groundwater
can be due to various factors, i.e. due to the parent material; soluble minerals leaving nutrients
into water aquifer, runoff, and top fertile soil can add all the nutrients and added fertilizer.
Plants require macro nutrients, secondary nutrients and micro nutrients for their growth. All
these nutrients can be supplied in small amounts by ground water sources such as farm ponds,
community tanks, open wells and bore wells (Hodges, 2001) 1.

The amounts of macro, secondary and micronutrients added through various water sources
used for irrigation during the critical stages of plant growth supplements the nutrients.
However, higher concentrations of these nutrients present in groundwater, especially sodium
can lead to plant toxicity (Shahinasi and Kashuta, 2008) 4,

Materials and Methods

Sampling of irrigation water

The ten bore well water samples were collected in the month of October 2014, from the Devri
and Raundala village in Purna valley. Simultaneously, soil samples were taken before
irrigation and after irrigation of chickpea in the month of January 2015. The samples were
collected in closed air tight polyethylene bottles and transported to laboratory for analysis. The
water samples were analyzed for various quality parameters and nutrient content as well as soil
samples for available nutrient content. The micro and macro nutrient analysis of (Fe); Copper
(Cu); Zinc (Zn); Manganese (Mn) were carried out by Inductively Coupled Plasma (ICP); and
Sodium (Na); Potassium (K); Nitrate-N (NOsN) in the water was obtained by reducing it
using Devadra alloy followed by distillation.

Computation of nutrient additions

The nutrient concentrations in the water sources were converted from mg L to kg ha™* with

regards to surface irrigation considering, 100,000 L of water per hectare is required for 1 cm
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depth of irrigation (Rao et al., 2009) . For surface irrigation
of various crops, the concentrations of macro and micro
nutrients (mg L) in various groundwater sources are given in
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Table 1 and the computed nutrient additions through irrigation
water in (kg ha) are given in tables 2 to 8.

Table 1: Nutrient content in irrigation water (mg L)

Location area NOs N p K | Zn Cu Fe Mn
W1 1.77 0.79]1.85(0.12| 0.028 | 0.4 | 0.046
W- 211 0.761.92|0.15| 0.038 | 0.36 | 0.054
W3 2.7 0.75]1.89|0.08 | 0.022 | 0.44 | 0.056
Wa 1.65 0.76 | 3.17 | 0.08 | 0.024 | 0.44 | 0.048
Ws 1.9 0.731.93|0.08| 0.028 | 0.38 | 0.05
Ws 2.01 0.74]1.93(0.12| 0.011 | 0.5 | 0.044
W5 1.65 0.67|2.14|0.13| 0.058 | 0.42 | 0.046
Ws 2.05 0.66 | 3.19 {0.15| 0.038 | 0.28 | 0.054
Wo 2.52 0.77 1 1.95|0.07 | 0.032 | 0.64 | 0.044
Wio 19 0.79]3.22{0.14| 0.026 | 0.36 | 0.048

The nitrate nitrogen content in bore well water was in the
range of 1.65 to 2.52 mgL™?, which was within safe limit of 5
mgL*. Phosphorus content was in the range of 0.66 to 0.79
mgL! which exceeds the recommended value of 0.1 to 0.4
mgL. The potassium content was in between 1.85 to 3.22
mgL! which was in normal limit. Zinc content was in the
range of 0.07 to 0.15 mgL* indicates that four samples are in

concentration. Copper content was in the range of 0.022 to
0.11 mgL™* which was in acceptable range < 0.2 mgL. Iron
content was ranged from 0.28 to 0.64 mgL* which was in
acceptable range of 2.4 to 4.00 mgL, whereas manganese
content in irrigation water was in the range of 0.044 to 0.056
mgL! which was within acceptable range <0.2 as per criteria
given by Dancun et al. (2000) [,

acceptable range and remaining six had maximum
Table 2: Amount of nitrogen added to chickpea through irrigation water (kg hat)

Particular St S2 S3 Sy Ss Se S7 Sg So S10 Mean
Before irrigation 236.2 | 203.4 | 214.1 | 281.2 | 341.2 | 188.1 | 212.2 | 200.23 | 223.25 | 212.14 | 231.21
After irrigation 249.2 1 216.8 | 225.8 | 295.1 | 352.7 | 200.7 | 227.4 | 213.4 | 235.1 225.8 | 244.22

Increment 13.03 | 1348 | 11.78 | 13.96 | 11.49 | 12.54 | 15.17 | 13.01 11.91 13.66 13.00

Contribution through Water 354 | 422 | 54 3.3 38 | 402 | 33 4.1 5.04 3.8 4.05

Contribution through Other sources 9.49 | 9.26 | 6.38 | 1066 | 7.69 | 852 | 11.87 | 8091 6.87 9.86 8.95

Test result t value - 36.43 Significance at 5% and 1% level.

The data presented in Table 2 reveals that the nitrogen content
in soil increased after irrigation and the difference was
significant at 5% and 1% level of significance (t value 36.43).
The highest contribution of nitrate nitrogen through irrigation
was recorded in treatment Sz (5.4 kg ha) whereas the lowest
content in chickpea was found in treatment Sy and Sy (3.3 kg

hal). Whereas, the rest of the nitrogen was added through
sources like fertilizer and nitrogen fixation. The contribution
of nutrients through bore well ground water had high
concentration of NO3'N (3 kg hal) comparison with farm
pond (Srinivasarao et al. 2009) I,

Table 3: Amount of phosphorus added to chickpea through irrigation water (kg ha't)

Particulars S1 S Sa Ss Se Sz Ss So S0 | Mean

Before irrigation 23.74 | 27.42 | 25.23 | 26.65 | 25.98 | 22.4 | 26.08 | 22.17 | 24.12 | 23.09 | 24.68

After irrigation 28.76 | 29.18 | 29.10 | 31.52 | 28.61 | 29.60 | 30.08 | 27.11 | 30.10 | 28.15 | 29.24

Increment 522 | 1.76 | 3.87 | 487 | 2.63 7.2 4 494 | 598 | 506 | 455

Contribution through Water 1.31 126 | 1.25 | 1.26 | 1.21 | 123 1.11 1.1 1.28 1.3 1.23

Contribution through Other sources 3.91 0.5 262 | 334 | 142 | 597 | 289 | 384 4.7 3.76 | 3.29
Test result t value — 9.15 Significance at 5% and 1% level.

The data regarding the availability of phosphorus in chickpea
grown soil as a result of irrigation is presented in Table 3. The
availability of phosphorus content in Devri and Raundala
village increased over initial value after irrigation. The
difference was statistically significant at 5% and 1% level of
significance with t value 9.15. The highest contribution of
phosphorus through irrigation water in chickpea crop was
recorded in treatment S; (1.31 kg ha) where as the lowest
was observed in treatment Sg (1.1 kg ha™) and rest of the
phosphorus was contributed through other sources. The
contribution of phosphorus through irrigation water was
negligible i.e. around 1 kg.

Addiscott and Thomas (2000) ™M studied and observed the

transport of phosphorus to groundwater and potential
phosphorus contributions to surface / ground waters via base
flow are generally assumed to be negligible because of the
high potential for mobile phosphorus to be retained in the
upper soil horizons by adsorption or metal complex formation
(commonly with iron, aluminum or manganese in acidic
soils).

Further, they reported the phosphorus concentrations in all of
the groundwater sources of the entire studied watershed were
found to be negligible. This could be accounted for
phosphorus getting adsorbed to the clay particles and getting
associated with the positively charged cations Nayak and
Nandagiri (2009) ["1,
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Table 4: Amount of potassium added to chickpea through irrigation water (kg ha)

Particular S1 S2 Sa Ss Se St Ss So Sio Mean
Before irrigation 357.0 | 325.2 | 364.0 | 352.1 | 406.0 | 414.4 | 395.2 | 393.4 | 366.9 | 334.9 | 370.92
After irrigation 361.9 | 330.1 | 374.1 | 359.2 | 412.1 | 423.2 | 405.1 | 403.1 | 374.2 | 347.0 | 379.13
Increment 493 | 487 |10.09 | 7.11 | 612 | 882 | 991 | 9.71 | 7.34 | 13.15| 8.20
Contribution through Water 3.7 383 | 3.78 | 6.33 | 385 | 385 | 428 | 6.38 | 3.9 6.43 4.6
Contribution through Others sources 123 | 1.04 | 631 | 0.78 | 227 | 497 | 5.63 | 3.33 | 3.44 | 6.72 3.57
Test result t value - 9.90 Significance at 5% and 1% level

The data presented in Table 4 shows that the potassium
content in soil increased over initial value after irrigation in
chickpea grown soil, which was statistically significant
between before and after irrigation at 5% and 1% level of
significance. The highest contribution of potassium through
irrigation water was recorded in treatment Sy (6.43 kg ha)

whereas the lowest potassium content was observed in
treatment S; (3.7 kg ha?') and remaining potassium was
contributed through other sources.

Ashraf et al. (2006) studied the highest supplementation of
potassium through groundwater irrigation were found to be in
the order of (5.20 and 3.60 kg ha* in the studied water source.

Table 5: Amount of zinc added to chickpea through irrigation water (mg kg™2)

Particulars S1 S2 Ss Sa Ss Se S7 Ss So Swo Mean

Before irrigation 0.31 | 036 )| 038|028 | 03 | 026|048 | 036|024 | 0.36 0.34

After irrigation 0.46 | 0.58 | 0.55 | 0.34 | 0.56 | 0.41 | 056 | 0.54 | 0.5 | 0.51 0.46

Increment 0.08 | 0.06 | 0.04 | 0.06 | 0.26 | 0.08 | 0.14 | 0.26 | 0.08 | 1.06 0.21

Contribution through Water 0.12 | 0.15 | 0.08 | 0.08 | 0.08 | 0.12 | 0.13 | 0.15 | 0.07 | 0.14 0.10

Contribution through other sources | 0.03 | 0.07 | 0.09 | 0.1 | 0.18 | 0.03 | 0.07 | 0.03 | 0.19 | 0.01 0.08
Test result t value - 4.44 Significance at 5% and 1% level

The data presented in Table 5 showed that, the availability of
zinc increased after irrigation in all the treatments which
shows statistical significance between before and after
irrigation at 5% and 1% level. The highest zinc contribution
through irrigation water to chickpea was recorded in treatment
S, and Sg (0.15 mgkg™) whereas the lowest zinc was observed

in treatment So (0.07 mgkg™?) and rest of the zinc might be
contributed through other sources.

Hundal et al. (2009) B studied the average amount of zinc
supplement through tube well irrigation with variation from
64 g in piedmont plain to 361 g ha'* in alluvial plain with sand
dune to wheat crop.

Table 6: Amount of copper added to chickpea through irrigation water (mg kg™)

Particulars S1 S2 Ss Sa Ss Se Sz Ss So S0 [Mean

Before irrigation 23 | 248 | 193 | 226 | 123 | 1.73 | 233 | 15 | 238 | 18 | 199

After irrigation 275 | 265 | 258 | 2.38 | 154 | 212 | 294 | 261 | 2.65 | 2.03 | 2.42

Increment 045 ] 0.17 | 0.65 | 012 | 0.31 | 0.39 | 0.61 | 1.11 | 0.27 | 0.23 | 0.43

Contribution through Water 0.028 | 0.038 | 0.022 | 0.024 | 0.028 | 0.11 | 0.058 | 0.036 | 0.032 | 0.026 | 0.040

Contribution through Other sources | 0.422 | 0.132 | 0.628 | 0.096 | 0.282 | 0.28 | 0.552 | 1.074 | 0.238 | 0.204 | 0.38
Test result t value — 4.60 Significance at 5% and 1% level

The data in with respect to copper content in soil is presented
in Table 6 which shows that the copper content in soil
increased over initial value, which was statistically significant
at 5% and 1% level (t value 4.60), there is significant
difference between two mean values i.e. before and after
irrigation. The highest contribution of copper through
irrigation water to chickpea was recorded in treatment Seg

(0.11 mg kg*) whereas the lowest was observed in treatment
S3(0.022 mg kgt) and rest of copper content was contributed
through other sources.

Srinivasarao et al. (2009) ! also reported the 120 g ha*
contribution of copper through irrigation water in ICRISAT
watershed Patancheru, Hyderabad.

Table 7: Amount of iron added to chickpea through irrigation water (mgkg™)

Particulars S1 S2 S3 Sa Ss Se S7 Ss So S10 Mean

Before irrigation 599 | 501 | 6.6 | 681|515 | 516 | 525 | 471 | 499 | 59 5.55

After irrigation 752 | 563 872 | 82 | 675|671 | 6.13 | 868 | 6.17 | 635 | 7.08

Increment 153 1062|212 | 139 | 16 | 155|0.88 | 397 | 118 | 045 1.52

Contribution through Water 04 | 036 | 044|044 | 038 | 050 | 042 | 0.26 | 0.64 | 0.36 0.42

Contribution through Other sources | 1.13 | 0.26 | 1.68 | 0.95 | 1.22 | 1.05 | 0.46 | 3.71 | 0.54 | 0.09 1.10
Test result t value — 4.87 Significance at 5% and 1% level.

The data in relation to available iron content in soil is reported
in Table 7 which reveals that the iron content in soil increased
after irrigation in all the treatments. The highest iron
contribution through irrigation water to chickpea was
recorded in treatment Sy (0.64 mg kg?'). Which shows

statistically significant difference between before and after
irrigation of mean values (t value 4.87) at 5% and 1% level,
whereas, the less iron was observed in treatment Sg (0.26 mg
kg?) and rest of the iron was contributed through other
sources.
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Islam and Shamsad (2009) [ studied the Iron (Fe) content of
irrigation water samples of the study area was from 0.00 to
0.112 meL* with an average value of 0.013 meL™. No Fe was
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detected in some samples. Highest iron concentration was
recorded in Kuthibari village under Dhunot upazilla from a
shallow tube well (STW).

Table 8: Amount of mangnese added to chickpea through irrigation water (mg kg™)

Particulars S1 | S S3 Sa Ss Se S7 Ss So S10 Mean

Before irrigation 419(5.23| 6.12 | 400 | 405 | 742 | 5.89 7.07 7.23 2.19 5.33

After irrigation 6.15|7.63| 8.15 | 7.82 | 6.12 | 991 | 8.84 10.12 8.26 251 7.55
Increment 1.96| 24 | 203 | 3.82 | 207 | 249 | 2.95 3.05 1.03 0.32 2.21
Contribution through Water 0.046|0.054| 0.056 | 0.048 | 0.05 | 0.044 | 0.046 | 0.054 | 0.044 | 0.048 | 0.054
Contribution through Other sources [1.914(2.346| 1.974 | 3.772 | 2.02 | 2.446 | 9.904 | 2.996 | 0.986 | 0.272 | 2.85

Test Result

t value — 6.97 Significance at 5% and 1% level.

The available manganese content in soil is presented in Table
8 which indicates that the available manganese in soil
increased after irrigation. Statistically it was significant at 5%
and 1% level.

The highest addition of manganese through irrigation water to
chickpea was noticed in treatment Sz (0.056 mg kg*) whereas
the lowest manganese addition was observed in treatment Sq
(0.044 mg kg) also that the contribution of nutrients through
tube well irrigation water to wheat crop recorded that
supplement of manganese through irrigation water ranged
from 2 g in Siwalik hill to 161 g ha in active /recent flood
plain (Hundal et al. 2009) ©1.

Conclusion

Hence, the contribution of the nutrients through irrigation
should be considered while application of fertilizers and the
quality of irrigation water should be considered for its safe
use in Purna Valley of Vidarbha region.
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