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ABSTRACT

The study of groundwater and its quality parameters in Northern Ranebennur taluk is crucial for
understanding their impact on soil nutrient dynamics, which directly affects agricultural productivity.
By assessing groundwater quality, the research aims to optimize soil management practices and
ensure sustainable agriculture in the region. This study aimed to uncover how groundwater quality
impacts soil properties in Northern Ranebennur, Haveri district. Researchers collected 150
groundwater and soil samples from 50 villages. Findings revealed that groundwater-irrigated soils
had a pH range of 6.58 to 8.90, averaging at 7.50. The average EC was 2.04 dS m-, and ESP
varied between 3.33 and 18.06 percent. Soil nutrients showed mean values of 318.51 kg/ha for
nitrogen, 43.33 kg/ha for phosphorus, and 277.60 kg/ha for potassium. Zinc was notably deficient,
copper ranged from low to medium, while manganese and iron were moderately to highly available.
The study uncovered intriguing connections between groundwater quality and soil properties.
Groundwater pH showed a strong positive correlation with soil pH (r = 0.430**). Groundwater SAR
was significantly linked with soil EC (r = 0.218*). Groundwater RSC had a notable positive
relationship with soil ESP (r = 0.488**) and pH (r = 0.202**). Groundwater SAR also correlated
significantly with soil ESP (r = 0.422**). Interestingly, groundwater EC was positively correlated with
soil potassium, iron, and zinc, while it negatively impacted nitrogen, phosphorus, and copper levels.
Sodium in groundwater showed a positive relationship with soil nitrogen, potassium, and iron, but a
negative one with phosphorus. Boron levels in groundwater strongly correlated with soil boron (r =
0.883**). Finally, groundwater SAR was negatively correlated with soil nitrogen, phosphorus, and

potassium.
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1. INTRODUCTION

Groundwater is a vital yet finite resource for
agriculture, demanding meticulous management.
During base-flow periods, higher groundwater
velocities  can increase  chemical ion
concentrations. Grasping the quality of irrigation
water is key for agricultural success.
Overexploitation deepens local groundwater
tables, leading to deteriorated water quality.
Improper irrigation practices, even with high-
quality water, can turn soils saline or alkaline,
harming crop yields. Mismanagement threatens
agricultural productivity. Sustainable groundwater
use is essential for long-term agricultural viability.
Implementing balanced practices can prevent
soil degradation and preserve water quality,
ensuring a thriving agricultural future.

Soil stands out as a critical factor, being a
nutrient reservoir vital for plant growth. However,
nutrient availability varies widely. In India, per-
capita land availability has plummeted from 0.5
to 0.08 hectares due to population growth.
Around 80% of farms are small or marginal, with
an average size of less than 1 hectare. Research
consistently demonstrates the land's potential for
three to four times greater productivity using
existing technologies. With proper management,
land won't pose a significant constraint in feeding
the growing population. This has necessitated

concentrating on the soils having production
constraints, which also include salt affected soils.
The poor performance of crops in salt affected
soils may be due to excess quantities of soluble
salts and higher exchangeable sodium
percentage, which consequently result in
nutritional disorders in plants [1]. Excess salt
content in the soil creates high osmotic pressure
of soil solution, which obstructs water and
nutrient uptake by plant roots. The nutrients
present in ground water can be varied due to
various factors, i.e., parent material, soluble
minerals, leaching, runoff and top fertile soil. The
excess soluble salts present in the groundwater
influences soil parameters and encourage soils
for degradation.

Improvements are needed in the soil and water
measurement techniques used for conjunctive
water management, given the declining
productivity of agricultural lands due to various
stresses [2]. Groundwater remains a necessity in
areas lacking alternative irrigation options, such
as Karnataka and specifically Ranebennur taluk
in Haveri district, despite the known decrease in
crop quality and yield. Understanding the extent
of damage caused to land by using low-quality
underground water for irrigation is crucial. This
knowledge will guide efforts to mitigate the
negative impacts on agricultural productivity and
sustainability. Refining measurement techniques
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can help optimize water use and preserve soil
health in regions reliant on groundwater for
irrigation. Agriculture dominates Ranebennur
taluk, with 70.88% of the land cultivated and
16.15% sown multiple times. Bore wells irrigate
61.9% of the net cultivated area [3]. In the semi-
arid Northern Ranebennur taluk, low rainfall and
high temperatures exacerbate groundwater
quality issues, leading to increased salinity and
contamination. These problems impair soil
fertility and nutrient availability, compounding
water scarcity and reducing crop yields.
Consequently, the region faces heightened risks
to agricultural productivity and food security.
Given this, soil characterization across various
landforms is crucial for effective land
management. Soil chemical analysis aids in
evaluating fertility, nutrient loss, and fertilizer
needs. Studies have linked soil chemistry to
groundwater quality, pivotal for crop growth in
Northern Ranebennur. Understanding these
relationships is vital for optimizing agricultural
productivity and sustainable land use.

2. MATERIALS AND METHODS

In Northern parts of Ranebennur, 150
groundwater samples from tube wells across 50
villages were meticulously collected. The precise
geographical coordinates of each sample were
recorded using GPS technology. To ensure
clarity and purity, tube wells were initially allowed
to discharge water for 15 minutes, guaranteeing
sediment-free samples. These water samples,
then, were carefully transferred into 500 ml
polyethylene bottles, which were pre-rinsed with
the sample water to avoid contamination.
Additionally, 2-3 drops of toluene were added to
each bottle to inhibit microbial growth during
storage. After sealing the bottles airtight and
labeling them with unique codes and village
names, the samples underwent filtration using
ordinary filter paper in the laboratory to eliminate
any remaining dirt or dust particles. Each sample
was meticulously labeled and subjected to
comprehensive chemical analysis to evaluate
various parameters essential for understanding
groundwater quality in the region.

Soil types were recorded alongside water
sampling, with soil samples extracted from the
same fields at a depth of 30 cm, including some
clods. Both water and soil samples underwent
analysis for various parameters, including ionic
composition. Information on the soil and
groundwater from different locations in Northern
Ranebennur taluk was documented in detail.

Groundwater and soil samples were analyzed
using a range of techniques. Groundwater pH
was measured potentiometrically and electrical
conductivity (EC) using a conductivity meter.
Sodium and potassium concentrations were
determined via flame photometry, while
carbonates and bicarbonates were assessed
through titrimetric methods with standard
reagents. Chloride levels were found by titration
with AgNOs and sulfate levels were measured
using a spectrophotometer. Nitrate levels were
obtained through Kjeldahl distillation, and boron
was analyzed using the azomethine-H method.
For soil analysis, bulk density was calculated
from water displacement, while total porosity and
aggregate stability were measured using
standard methods. Soil pH and electrical
conductivity were assessed from soil-water
suspensions. Organic carbon, nitrogen,
phosphorus and potassium were analyzed using
Walkley-Black titration, Kjeldahl method, Olsen’s
method, and flame photometry, respectively.
Exchangeable sodium, calcium, and magnesium
were determined via EDTA titration, and
micronutrients were extracted using DTPA
and measured by atomic  absorption
spectrophotometry.

A shapefile delineating the boundaries of
Northern Ranebennur taluk was generated using
ArcGIS 10.1, incorporating vector data. The
associated database file (dbf) was accessed
within the project window, with X-coordinates
designated in the X-field and Y-coordinates in the
Y-field. Simultaneously, the file representing the
Northern parts of Ranebennur taluk was opened,
and within ArcGIS's spatial analyst "interpolate
grid option" under the surface menu was chosen.
In the subsequent "grid specification dialogue,"
the output grid was set to match the extent of the
Northern Ranebennur taluk, and the kriging
interpolation method was applied [4] as depicted
in Fig. 1 indicating the study area's location.
Additionally, a correlation analysis was
conducted using IBM SPSS Statistics 23 [5] to
establish relationships between groundwater
characteristics and soil properties.

3. RESULTS AND DISCUSSION

3.1 Chemical Characteristics of

Groundwater

Table 1 outlines the chemical properties of
groundwater samples collected from Northern
Ranebennur taluk, revealing important insights
into water quality and its potential impact on soll
properties. The pH values of these samples

408



Jakir et al.; Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 406-423, 2024; Article no.lJJECC.122350

ranged from 6.60 to 8.20, with an average of
7.21, indicating a neutral to slightly alkaline
nature. The electrical conductivity (EC) values,
ranging from 0.68 to 5.67 dS m-! and averaging
3.30 dS m, suggest varying levels of dissolved
salts, which can affect plant growth and soil
structure. Sodium (Na*) concentrations in the
groundwater varied from 10.12 to 44.70 mmol L-
1, High sodium levels are particularly concerning
as they can displace essential ions like
magnesium (Mg?*) and calcium (Ca%*) in the
water. When sodium replaces these ions, it gets
absorbed by clay particles in the soil. This
displacement reduces soil permeability, leading
to poor soil structure and water infiltration issues.
Verma et al. [6] highlighted this phenomenon,
emphasizing the detrimental effects on soil
health. Calcium (Ca?") and magnesium (Mg?2*)
concentrations in the groundwater samples
ranged from 1.40 to 13.45 mmol L? and 0.78 to
6.90 mmol L7, respectively. These ions are
crucial for maintaining soil structure and fertility.
The presence of adequate levels of CaZ* and
Mg?* helps to counteract the negative effects of
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high sodium, promoting better soil aggregation
and permeability. Therefore, monitoring and
managing the balance of these ions in irrigation
water is essential to sustain soil health and
agricultural productivity.

The chemical properties of groundwater in
Northern Ranebennur taluk reveal crucial
insights into soil-water interactions and potential
impacts on agricultural productivity. A majority of
the groundwater samples were within safe limits,
which is encouraging for agricultural use.
However, higher magnesium (Mg?*)
concentrations in the groundwater can elevate
soil pH and trigger reverse cationic exchange
processes. This reverse exchange occurs when
magnesium ions in the soil are replaced by
sodium (Na*) ions from the groundwater. As a
result, calcium (Ca?*) and magnesium (Mg?*)
concentrations in the soil can increase in certain
areas, leading to an imbalance in soil chemistry.
Studies by Savalia et al. [7] and Yadav et al. [8]
have observed this phenomenon and its
implications for soil health.
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Fig. 1. Location of the study area

Table 1. Analysis of groundwater chemical composition in Northern parts of Ranebennur taluk

Parameters Range Mean SD Ccv

pH 6.60-8.20 7.21 0.50 14.19
EC (dS m?) 0.68-5.67 3.30 0.88 26.84
Na2* (mmol L?) 10.12-44.70 26.04 6.73 25.87
Ca?" (mmol L) 1.40-13.45 5.00 2.02 40.46
Mg?* (mmol L) 0.78-6.90 2.56 1.00 38.97
SAR 4.74-24.30 14.05 4.26 30.38
B (mgL?) 0.05-2.35 0.57 0.40 70.32
RSC (mmol L) -9.20-9.27 1.15 3.22 281.34

409



Jakir et al.; Int. J. Environ. Clim. Change, vol. 14, no. 9, pp. 406-423, 2024; Article no.lJJECC.122350

The Sodium Adsorption Ratio (SAR) values
ranged from 4.74 to 24.30, while the Residual
Sodium Carbonate (RSC) values varied from -
9.20 t0 9.27 mmol L1. SAR is a critical parameter
for evaluating the sodicity of irrigation water,
which affects soil structure and permeability.
Higher SAR values indicate a greater
proportion of sodium relative to calcium and
magnesium, which can lead to soil dispersion
and reduced infiltration rates. The increase in
SAR values with rising pH and electrical
conductivity (EC) of groundwater can be
attributed to the higher solubility and
prevalence of sodium ions over calcium and
magnesium ions. Kumar et al. [9] highlighted
this relationship, emphasizing the adverse
effects of high sodium levels on soil physical
properties.

RSC values provide additional insight into the
potential impact of irrigation water on sail.
Positive RSC values indicate an excess of
carbonate (COs) and bicarbonate (HCO3") ions
relative to calcium and magnesium, which can
precipitate as insoluble carbonates, reducing
their availability in the soil. Variations in RSC
concentrations could be due to fluctuations in the
concentrations of dissolved CO3z and HCOs ions.
When dissolved sodium is lower than dissolved
calcium and magnesium, RSC values tend to be
negative, suggesting that the water has the
potential to precipitate calcium and magnesium,
which can mitigate the adverse effects of high
sodium levels.

Boron (B) levels in groundwater samples ranged
from 0.05 to 2.35 mg L1, with an average of 0.57
mg L. Boron is an essential micronutrient for
plant growth, but its concentration must be
carefully managed. At low levels, boron is
beneficial, supporting various physiological
functions in plants. However, at higher
concentrations, boron can become toxic, leading
to leaf burn and reduced crop vyields. The
observed range of boron levels in the
groundwater samples indicates variability in
boron availability, which could influence crop
performance depending on the specific boron
tolerance of the crops being cultivated. The
chemical properties of groundwater in Northern
Ranebennur taluk reveal a complex interplay
between ion concentrations, soil pH, and
potential impacts on soil structure and fertility.
Higher magnesium concentrations can lead to
elevated soil pH and reverse cationic exchange,
while SAR and RSC values provide insight into
the potential for soil dispersion and carbonate

precipitation. Boron levels, although variable,
highlight the need for careful management to
ensure optimal crop growth. Understanding these
interactions is essential for developing
sustainable irrigation practices that maintain soil
health and agricultural productivity.

Table 2 offers a comprehensive snapshot of the
chemical properties and nutrient status of soils
from groundwater-irrigated areas. The soil pH,
averaging at 7.50, falls within the neutral to
moderately alkaline range, which suggests that
the soils are neither strongly acidic nor overly
alkaline. This pH range is generally conducive to
plant growth, as most crops thrive in neutral to
slightly alkaline soils. The average electrical
conductivity (EC) of 2.04 dS m-1 reflects a
moderately saline environment. Although higher
EC values are noted, indicating a higher
concentration of dissolved salts, the majority of
the soils fall below the 2 dS m threshold that
defines saline soils, as per Richards [10]. This
suggests that while the use of salt-containing
groundwater for irrigation does impact soil
salinity, the soils in this study area remain largely
non-saline.

The nitrogen content in the soil samples varies
between 178.34 and 462.24 kg ha?l, with an
average of 318.51 kg hal. This range indicates a
moderate to high nitrogen status, essential for
plant growth as nitrogen is a critical component
of amino acids and proteins. However, the
variability might reflect differences in soail
management practices or organic matter content
across the samples. Phosphorus (P20s) and
potassium (K20) levels also show significant
variability, with P2Os ranging from 23.13 to 43.33
kg hal and K20 from 208.32 to 395.68 kg hal.
These levels generally fall within medium to high
ranges, suggesting that the soils are relatively
well-supplied with these essential nutrients,
which are vital for root development and overall
plant health.

The exchangeable cations, including calcium
(Ca?*), magnesium (Mg?*), and sodium (Na%),
exhibit notable variability. The levels of Ca?* and
Mg?* range from 9.20 to 16.90 cmol(p*) kg and
7.25 to 37.25 cmol(p*) kg?l, respectively,
indicating a variation in soil texture and mineral
composition. High levels of exchangeable
sodium (1.55 to 7.82 cmol(p*) kg?) can be
detrimental to soil structure and plant growth due
to its potential to cause soil dispersion and
reduced permeability. However, calcium plays a
crucial role in replacing sodium ions on the soil
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exchange complex. This ion exchange process
helps in mitigating the adverse effects of sodium
by forming sodium sulfate, which is then leached
away, as discussed by Sharma et al. [2]. This
process helps in maintaining soil structure and
reducing salinity levels. The observed variability
in exchangeable Ca2* and Mg?* can be attributed
to the differences in soil clay content, as noted by
Nayak et al. [11]. Soils with higher clay content

tend to have greater cation exchange
capacities, influencing the availability of
these cations. The overall nutrient status,

with low to medium nitrogen and medium to
high levels of P20s and K20, suggests a
generally fertle environment, although the
impact of salinity and sodium levels might
need to be managed to optimize soil
productivity.

Table 3 highlights the intricate relationships
between various groundwater and soil properties,
underscoring how these parameters interact and
influence each other. The electrical conductivity
(EC) of groundwater shows a significant positive
correlation with the EC of irrigated soil (r =
0.361**). This correlation reflects the impact of
groundwater salinity on soil salinity. As
groundwater with higher EC is used for irrigation,
it introduces more dissolved salts into the soil,

raising its EC. This relationship is crucial
because elevated soil EC can affect plant
growth by altering the soil's osmotic

potential, making it harder for plants to take up
water and nutrients. The correlation between
groundwater EC and soil pH (r = 0.223%)
suggests that as the concentration of
soluble salts in groundwater increases, so does
the pH of the soil. This occurs because salts in
groundwater often include basic ions, which
can increase soil pH. Chopra et al. [12] noted
this effect, indicating that the soluble salts
present in groundwater contribute to soil
alkalinity.

Additionally, the significant positive correlation
between the pH of groundwater and the pH of
irrigated soils (r = 0.330*) indicates a direct
influence of groundwater pH on soil pH. When
groundwater with a higher pH is used for
irrigation, it elevates the soil pH over time,
contributing to soil alkalinity. This is important
because changes in soil pH can affect nutrient
availability and microbial activity in the soil. The
Sodium Adsorption Ratio (SAR) of groundwater
shows a positive correlation with the EC of

irrigated soil (r = 0.218*). SAR measures the
ratio of sodium ions to calcium and magnesium
ions in water. Higher SAR values often indicate
an excess of sodium relative to calcium and
magnesium, which can lead to soil structure
problems. The increased sodium content from
high SAR groundwater contributes to higher soil
EC by increasing the amount of soluble salts in
the soil.

The Residual Sodium Carbonate (RSC) of
groundwater exhibits a positive correlation with
soil pH (r = 0.202**). RSC is calculated based on
the concentrations of carbonate and bicarbonate
relative to calcium and magnesium. High RSC
values indicate an excess of carbonate and
bicarbonate ions, which can lead to higher soil
pH by increasing the amount of sodium in the soil
solution. This aligns with Awanish et al. [13] who
described how high RSC contributes to elevated
soil pH by increasing sodium levels in the soil.
The strong positive correlation between
groundwater EC and the Exchangeable Sodium
Percentage (ESP) of irrigated soils (r = 0.488**)
highlights how increasing salinity in groundwater
influences the amount of sodium adsorbed onto
soil particles. Higher EC in groundwater
introduces more salts, which can increase the
ESP by displacing calcium and magnesium ions
from the soil exchange sites, leading to higher
sodium adsorption.

Similarly, the SAR of groundwater correlates
significantly with the ESP of irrigated soils (r =
0.422**). High SAR values in groundwater lead
to an increase in ESP because the excess
sodium relative to calcium and magnesium
promotes the exchange of sodium for calcium
and magnesium on the soil particles. As a result,
more sodium gets adsorbed, increasing the ESP
and soil pH, as calcium and magnesium
precipitate as carbonates. Singh and Kundu [14]
describe this process, noting that higher SAR
levels cause an accumulation of sodium in the
soil, which adversely affects soil structure and
fertility. In summary, the positive correlations
observed in Table 3 illustrate how groundwater
quality parameters, such as EC, pH, SAR,
and RSC, influence soil properties like EC, pH,
and ESP. These interactions highlight the
complex dynamics between irrigation
practices and soil chemistry, emphasizing the
importance of managing groundwater quality to
maintain soil health and optimize agricultural
productivity.
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Table 2. Soil chemical compaosition and nutrient status in groundwater-irrigated area

Village Name Sample No. pH ECdS Primary nutrients Ex-Na* ESP Ex-Ca?* Ex-Mg?*
m-t kg ha cmol(p+)
N P2Os K20 kg™ cmol(p+) kg™t
Airani V1S1 7.45 0.60 386.41 58.17 309.12 2.03 11.68 22.20 15.40
V1S2 6.58 3.60 404.23 27.94 222.56 7.57 15.90 19.80 9.20
V1S3 7.15 1.29 336.24 57.25 255.36 5.43 6.87 22.00 15.00
Ankasapur V2S1 7.95 0.83 229.65 60.00 395.68 6.28 7.76 31.80 14.20
V2S2 6.85 1.49 333.85 29.77 282.24 5.90 12.48 27.55 16.00
V2Ss 7.94 2.00 323.25 51.53 255.36 3.65 4.06 22.20 16.50
Aremallapur V3S1 7.70 1.07 347.41 39.39 241.92 3.07 12.66 20.20 12.20
V3S2 8.05 1.37 189.04 30.92 239.23 3.59 10.56 32.45 13.50
V3Ss 7.90 2.28 337.87 35.27 282.24 5.04 14.18 20.50 14.40
Belur V4S1 6.79 0.94 426.00 30.69 236.00 3.79 10.16 35.00 16.40
VaS2 7.20 3.14 233.25 40.08 322.56 7.80 17.60 23.24 13.50
V4Ss 7.22 1.04 325.20 35.72 255.36 6.38 16.09 22.56 9.60
Bevinahalli VsS1 7.32 0.40 258.56 65.95 224.44 1.59 9.89 26.60 16.80
Vs5S2 7.20 1.34 335.52 56.33 254.01 5.80 8.91 37.34 14.60
V5Ss 7.00 1.53 254.42 35.95 208.32 4.42 5.29 23.45 13.70
Chalageri VeS1 7.30 0.70 362.64 35.27 366.11 1.89 6.94 20.23 9.40
V6S2 7.13 4.67 254.28 61.14 263.42 1.96 14.42 19.77 16.70
VeSs 7.21 3.03 344.63 29.31 262.08 6.80 14.17 18.33 16.80
Channapur V7S1 8.00 1.16 265.12 35.50 213.69 3.17 6.11 23.20 12.50
V7S2 7.35 2.57 189.34 58.62 337.88 2.92 4.29 22.34 15.60
V7Ss 7.40 3.35 248.56 44.88 224.44 4.09 5.09 36.40 13.60
Chikka Aralahalli VsS1 6.80 2.01 357.83 32.52 282.24 2.78 12.81 26.40 14.20
VsS2 7.35 0.98 335.20 28.63 255.36 3.59 8.37 30.60 12.50
VsSs 7.20 3.10 353.45 31.14 241.92 1.75 6.79 22.11 15.60
Chikka Kuravatti VoS1 7.40 2.69 198.04 60.91 339.23 2.59 12.80 23.60 16.60
VoS2 7.38 2.36 325.82 63.20 282.24 4.12 8.40 19.89 14.60
VoS3 7.40 3.46 413.05 30.92 336.00 181 17.68 14.50 13.50
Choudayyadanapur  V1oS:1 8.00 1.57 242.26 37.56 322.56 6.69 10.43 22.80 9.40
V10S2 7.08 2.43 366.20 42.59 255.36 5.49 13.37 22.40 15.60
V10S3 6.80 4.89 200.55 28.85 324.44 7.75 16.62 35.34 14.60
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Village Name Sample No. pH ECdS Primary nutrients Ex-Na* ESP Ex-Ca** Ex-Mg?
m* kg ha? cmol(p+)
N P,Os K,0 kg? cmol(p+) kg!
Devagondana katti V11S1 7.80 3.46 357.52 38.47 254.01 4.69 7.61 28.00 9.80
V11S, 7.15 2.30 205.40 65.49 308.32 1.87 12.35 20.20 16.60
V11S3 7.92 1.41 234.49 44.88 309.12 3.89 10.10 30.25 15.60
Gangapur V12S1 8.01 3.13 424.26 33.43 322.56 6.48 13.46 26.00 14.60
V12S2 6.74 0.90 357.28 60.91 255.36 3.28 10.78 24.67 16.60
V12S3 7.09 2.81 306.60 34.12 395.68 2.65 12.66 27.38 16.90
Gudagur V13S1 8.13 1.48 252.85 63.20 282.24 5.24 7.62 33.40 14.60
V13S2 7.32 3.07 305.20 40.30 255.36 5.60 12.04 30.23 15.60
V13S3 7.57 2.92 334.40 38.47 341.92 2.23 9.89 21.34 16.80
Guddadanveri V14S1 7.30 0.93 193.04 42.14 239.23 4.99 8.75 25.60 12.40
V14S2 7.81 1.79 331.80 38.47 282.24 4,51 15.57 23.24 11.80
V14S3 7.90 2.10 257.04 31.37 309.12 4.41 14.92 20.50 12.70
Guddaguddapur V15S1 7.45 0.47 424.20 36.18 322.56 3.06 10.72 34.60 12.80
V15S2 8.01 3.63 361.23 63.66 355.36 3.58 13.26 22.45 13.80
V15S3 7.20 2.13 236.53 33.66 295.68 2.26 8.94 25.34 14.70
Hanumapur V16S1 7.50 1.45 303.52 60.91 282.24 4.97 11.59 26.68 12.60
V16S2 7.95 4.02 261.40 40.53 355.36 6.02 15.93 30.55 11.70
V16S3 7.85 2.04 332.63 33.43 241.92 3.05 12.77 21.45 10.60
Harangiri V17S1 7.30 1.82 245.28 60.00 239.23 5.50 4.15 30.27 12.20
V17S2 6.76 1.31 321.63 31.60 282.24 3.87 6.49 23.24 15.80
V17S3 7.60 2.25 262.12 68.01 336.00 6.34 12.14 22.99 16.70
Heeladahalli V18S1 7.42 4.56 195.36 53.13 322.56 7.82 18.06 13.20 29.75
V18S2 7.24 2.31 268.53 38.01 255.36 3.23 12.28 15.60 21.62
V1S3 7.50 1.49 342.80 56.33 324.44 4.36 7.57 14.60 27.37
Hirebidari V19S1 8.10 1.47 362.23 36.18 254.01 4.01 6.12 15.80 27.00
V19S2 7.15 2.54 351.80 64.58 308.32 3.51 3.82 16.20 32.00
V19S3 7.95 2.36 332.23 42.82 266.11 4.89 8.06 15.70 24.87
Honnatti V20S1 7.70 3.34 344.40 37.10 263.42 4.03 9.78 12.20 31.25
V20S2 8.20 3.07 193.04 33.43 262.08 4.87 6.90 14.60 34.87
V20S3 7.95 2.02 362.84 35.50 313.69 4.33 16.28 11.50 32.50
Hullikatti V21S1 7.60 0.65 344.00 38.01 237.88 3.42 5.90 16.60 16.87
V21S2 7.10 1.34 462.24 40.30 224.44 3.05 12.84 14.60 28.12
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Village Name Sample No. pH ECdS Primary nutrients Ex-Na* ESP Ex-Ca** Ex-Mg?
m* kg ha? cmol(p+)

N P,Os K,0 kg? cmol(p+) kg!
V21S3 7.97 2.54 336.24 31.14 382.24 2.37 12.85 13.60 25.75
Hullatti V2251 6.90 4.00 351.84 35.72 255.36 6.70 16.79 12.60 30.62
V22S2 7.72 3.49 317.05 59.77 241.92 1.92 14.55 12.70 23.12
V22S3 7.09 2.70 316.40 28.85 239.23 2.49 10.45 16.60 30.75
Hunashikatti V23S1 7.72 2.16 193.06 52.67 282.24 2.29 12.08 12.00 16.50
V23S2 7.88 0.73 344.26 38.24 236.00 3.81 11.08 14.70 35.00
V23S3 6.87 3.49 327.48 33.43 322.56 2.31 7.92 14.60 25.00
Kajjari V24S1 7.70 4.34 242.07 44.88 355.36 6.86 15.83 12.60 26.75
V24S2 6.90 1.17 223.86 58.85 224.44 3.19 6.18 12.70 19.12
V24S3 7.15 2.48 261.05 23.13 354.01 4.46 3.33 10.10 29.25
Kakol V25S1 8.00 4.25 417.24 36.18 309.12 7.53 16.44 11.80 26.62
V25S2 7.27 2.31 373.25 28.85 322.56 1.99 6.80 14.60 21.00
V25S3 7.14 4.40 243.56 35.50 345.36 1.57 14.18 15.50 33.75
Kamadod V26S1 7.85 0.87 375.52 61.58 295.68 4.23 8.22 16.80 16.12
V26S2 7.90 3.99 266.44 51.75 282.24 5.87 14.29 14.60 20.00
V26S3 8.00 1.27 383.63 38.01 255.36 4.11 9.57 15.60 26.75
Karur V27S1 7.90 1.39 353.25 33.43 251.92 5.00 10.13 14.60 27.37
V27S2 7.80 3.52 325.65 43.05 239.23 5.97 12.96 12.80 17.00
V27S3 6.82 2.42 367.22 36.18 232.24 4.33 9.48 12.80 32.00
Konanatambigi V28S1 7.90 0.85 344.41 67.33 316.00 2.19 10.10 14.40 34.87
V28S2 7.90 1.18 178.34 33.21 322.56 5.95 9.27 13.50 21.25
V25S3 7.96 2.23 333.81 55.19 255.36 2.66 11.96 14.10 34.00
Kudrihal V29S1 7.35 1.06 421.00 31.60 214.44 6.35 6.73 13.80 32.87
V29S2 7.70 2.39 412.22 55.42 254.01 2.48 11.05 14.20 16.87
V29S3 7.50 1.53 316.23 41.45 208.32 2.00 10.97 13.10 27.37
Kunabev V30S1 7.90 0.47 209.56 33.89 236.11 5.65 12.56 14.80 16.87
V30 S2 7.25 1.80 341.52 67.78 263.42 1.75 5.52 13.60 32.25
V30S3 7.15 3.15 263.42 32.52 262.08 1.55 12.98 14.20 24.75
Maidur V31S1 6.79 1.48 334.81 33.89 313.69 6.06 17.98 15.80 26.00
V31S2 7.22 1.49 365.20 37.79 237.88 3.73 12.54 14.50 29.50
V31S3 7.15 2.94 372.43 42.37 244.44 4.89 9.27 13.50 16.12
Medleri V3251 6.90 1.37 226.44 36.18 362.24 4.85 3.95 15.80 28.00
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Village Name Sample No. pH ECdS Primary nutrients Ex-Na* ESP Ex-Ca** Ex-Mg?
m* kg ha? cmol(p+)
N P,Os K,0 kg? cmol(p+) kg!
V32S2 7.85 2.24 345.22 38.24 255.36 3.32 6.79 16.70 29.75
V32S3 7.95 2.16 305.41 56.33 241.92 6.47 4.78 14.60 36.00
Nadiharalalli V33S1 7.70 4.55 246.24 58.17 239.23 7.79 14.25 15.40 27.37
V33S2 7.10 0.72 354.86 37.56 282.24 4.71 12.63 15.40 25.62
V33S3 7.15 2.20 427.05 32.98 336.00 5.54 11.87 14.40 19.00
Nalawagala V34S1 8.30 0.95 241.04 58.85 222.56 1.99 9.23 15.70 7.25
V34S2 7.20 0.54 416.23 40.30 255.36 4,12 10.20 14.60 28.12
V34S3 7.13 2.02 336.24 65.49 254.44 4.20 4.32 11.60 17.00
Nukapur V35S1 8.30 1.12 285.55 38.01 264.01 5.43 4.18 13.60 19.62
V35S2 7.36 2.46 344.52 43.51 238.32 3.37 6.72 12.00 31.62
V35S3 8.24 2.09 267.46 55.19 309.12 2.23 11.34 14.10 16.62
Padmavathipur V36S1 7.70 1.56 364.85 40.76 372.56 2.58 9.66 15.80 27.00
V36S2 7.20 2.34 329.27 37.79 235.36 1.79 9.65 13.50 32.12
V36S3 7.45 0.67 363.40 44.88 295.68 3.19 12.31 15.60 34.75
Rahutanakatti V37S1 8.40 1.06 293.04 56.33 282.24 3.51 12.10 14.60 32.00
V37S2 7.20 2.16 362.24 51.53 265.36 3.40 11.59 15.50 24.37
V37S3 7.36 4.50 366.46 31.14 221.92 7.60 17.80 13.60 33.37
Ramapur V38S1 6.97 2.31 328.06 61.60 239.23 3.58 5.26 16.20 26.87
V38S2 7.01 1.12 453.24 51.30 292.24 1.74 7.83 13.40 17.37
V35S3 7.50 0.62 432.03 36.87 356.00 4.07 7.87 14.10 37.25
Ranebennur V39S1 8.60 0.70 212.23 32.52 322.56 3.34 5.64 11.20 22.00
V39S2 7.45 4.57 316.20 34.58 265.36 7.43 16.72 15.10 34.62
V39S3 7.43 1.27 334.44 34.81 234.44 3.31 12.63 12.20 33.25
Shidaganahal V40S1 8.90 1.30 290.43 45.34 257.01 1.91 9.85 14.80 19.59
V10S2 8.34 2.50 355.85 46.95 228.32 6.66 4.16 13.50 36.12
V40S3 7.10 1.46 422.06 65.72 236.11 2.40 4.46 14.70 28.00
Shrinivasapur V41S1 7.47 3.18 411.23 42.14 263.42 3.28 10.83 12.40 18.87
Va1S2 7.93 2.02 315.23 32.75 262.08 2.85 4.30 13.30 33.37
V1S3 6.95 0.91 285.56 40.76 213.69 6.33 9.32 12.80 17.82
Somlapur V4251 7.80 0.80 315.23 52.21 257.88 1.82 6.58 12.80 34.87
Va2S2 7.20 1.35 317.40 49.24 220.44 6.26 8.11 13.50 33.12
V42S3 7.60 0.51 295.64 35.72 282.24 5.17 9.18 15.60 16.97
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Village Name Sample No. pH ECdS Primary nutrients Ex-Na* ESP Ex-Ca** Ex-Mg?
m* kg ha? cmol(p+)
N P,Os K,0 kg? cmol(p+) kg!
Udagatti V43S1 8.00 3.36 314.83 53.13 254.36 3.13 14.54 16.20 27.37
Va3S2 7.95 0.48 421.44 60.57 231.92 6.24 10.61 16.40 27.00
V43S3 7.79 1.54 418.24 37.33 219.23 4.63 13.76 14.30 29.00
Venkatapur Va4S1 8.10 0.48 314.25 30.69 282.24 6.55 8.14 14.40 27.25
VasS2 7.15 2.45 215.56 37.10 346.00 3.01 5.16 13.20 27.87
V44S3 7.30 1.48 191.14 32.75 362.56 5.78 11.76 14.30 36.87
Waderayanahalli V45S1 6.87 2.70 310.23 42.59 215.36 2.73 11.00 9.60 19.99
Va5S2 7.37 0.95 332.43 58.40 274.44 5.58 5.55 15.50 31.75
V45S3 7.22 1.25 194.74 30.23 254.01 4.20 11.39 9.20 26.75
Yakalasapur V46S1 7.20 0.39 354.84 49.92 238.32 3.48 5.94 10.80 26.75
V46S2 8.10 1.47 331.05 31.83 379.12 6.39 13.06 11.90 31.75
V46S3 7.60 3.22 421.23 39.85 332.56 3.72 4.77 11.40 15.25
Yallapur T medleri V4751 6.83 1.07 343.26 30.00 257.36 2.92 5.55 13.10 34.62
Va7S2 7.92 1.96 280.33 51.53 294.68 6.44 9.32 12.50 24.87
V47S3 7.01 2.13 367.52 35.72 283.24 5.87 13.78 13.60 33.37
Yattinahalli V48S1 7.36 1.28 263.43 34.35 258.36 5.43 8.95 15.00 17.95
V48S2 7.98 2.19 362.64 60.69 242.92 3.84 5.78 16.50 18.72
V45S3 6.92 0.90 323.23 44.43 239.23 1.75 6.94 13.40 25.75
Yellapur T honnatti V149S1 7.45 1.23 357.66 32.52 282.24 2.99 12.55 15.20 30.62
V19S2 7.36 4.59 379.25 40.08 326.00 7.73 15.93 14.50 33.12
V49S3 8.25 1.46 303.40 54.73 352.56 5.63 10.87 13.90 26.12
Yennihosahali Vs50S1 7.79 1.34 294.74 49.92 225.36 5.75 13.85 14.80 30.75
Vs0S2 7.31 2.64 352.84 31.83 227.44 4.46 6.41 13.90 26.75
Vs50S3 7.25 1.07 410.44 28.63 252.01 3.44 11.89 13.50 27.37
Minimum 6.58 0.39 178.34 23.13 208.32 1.55 3.33 9.20 7.25
Maximum 8.90 4.89 462.24 68.01 395.68 7.82 18.06 16.90 37.25
Mean 7.50 2.04 318.51 43.33 277.60 4.25 10.27 14.02 26.61
S.D 0.44 1.11 65.97 11.61 45.26 1.71 3.71 1.82 6.33
CV 5.91 54.50 20.71 26.79 16.30 40.38 36.17 13.01 23.79
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Table 3. Correlation coefficient (r) between properties of groundwater and soil samples

Water pH EC SAR RSC
Soil
pH 0.430** 0.323* 0.137 0.202**
EC 0.328* 0.561** 0.481** 0.253**
ESP 0.158 0.488** 0.422** 0.289**

**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

Table 4. Available micronutrients status of soil samples collected from groundwater irrigated

areas
Village Name Sample No. Zn Fe Cu Mn B
mg kg
Airani V1S1 0.34 3.89 1.87 2.99 1.21
V1S2 0.36 5.16 0.98 3.33 0.84
V1S3 0.17 6.14 0.29 8.65 1.98
Ankasapur V2S1 0.16 7.18 1.66 5.66 1.16
V2S2 0.38 4.33 0.79 5.47 0.93
V2Ss 0.35 7.16 0.26 9.36 2.00
Aremallapur V3S1 0.34 9.82 0.38 5.86 1.01
V3S2 0.21 2.73 0.27 8.72 0.84
V3S3 0.27 11.84 0.28 6.77 1.21
Belur V4S1 0.14 3.87 0.37 8.35 1.91
VaS2 0.18 7.58 0.27 3.69 0.84
V4S3 0.14 5.32 0.31 6.71 1.17
Bevinahalli VsS1 0.28 4.26 0.55 2.37 1.84
VsS2 0.38 11.62 1.16 7.88 1.98
VsSs 0.68 8.93 0.91 8.93 1.96
Chalageri VeS1 0.26 5.70 1.64 4.50 1.68
VeS2 0.42 10.65 1.33 8.65 1.84
Ve6Ss 0.36 8.30 0.19 8.31 0.21
Channapur V7S1 0.24 2.78 1.76 4.26 1.19
V7S2 0.36 6.62 0.88 6.42 1.16
V7Ss 0.19 7.12 0.24 5.92 1.84
Chikka Aralahalli VsS1 0.18 10.86 1.63 4.92 1.86
VsS2 0.38 8.06 0.79 9.36 1.97
VsSs 0.35 5.47 0.38 6.97 1.95
Chikka Kuravatti VoS1 0.14 10.64 0.24 4.65 1.06
VoS2 0.22 5.16 0.36 4.20 1.02
VoS3 0.41 11.48 0.76 8.78 0.90
Choudayyadanapur V10S1 0.34 11.98 0.19 4.75 0.79
V10S2 0.26 11.64 0.37 3.07 1.00
V10S3 0.11 9.90 0.34 9.53 0.86
Devagondana katti V11S1 0.29 10.75 0.61 7.40 1.79
V1:S; 0.47 9.00 0.77 6.82 0.94
V11Ss3 0.13 2.87 0.46 8.87 1.04
Gangapur V12S1 0.16 4.65 0.19 5.26 1.20
V12S2 0.29 3.76 0.85 6.52 0.67
V12S3 0.28 5.57 0.11 5.32 1.14
Gudagur V13S1 0.41 6.20 0.39 8.21 0.99
V13S2 0.34 6.12 0.28 3.26 1.04
V13Ss 0.26 2.60 0.22 6.27 0.76
Guddadanveri V14S1 0.58 9.44 0.27 6.27 1.05
V14S2 0.17 5.43 0.25 5.92 0.84
V14S3 0.33 10.81 0.21 2.56 1.07
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Village Name Sample No. Zn Fe Cu Mn B
mg kg™
Guddaguddapur V15S1 0.17 8.61 0.19 4.25 1.84
V15S2 0.25 8.35 0.27 2.85 1.19
V15S3 0.21 8.46 0.18 6.78 1.13
Hanumapur V16S1 0.17 7.40 0.16 2.49 0.88
V16S2 0.33 6.97 0.17 2.07 0.92
V16S3 0.17 4.18 0.18 5.44 1.15
Harangiri V17S1 0.32 7.99 1.17 2.32 0.94
V17S2 0.18 9.99 0.26 5.61 1.06
V17S3 0.43 5.96 0.22 9.33 1.07
Heeladahalli V18S1 0.24 7.87 2.99 6.03 0.97
V18S2 0.36 9.70 0.38 5.25 0.80
V18S3 0.28 9.07 1.36 5.64 1.27
Hirebidari V19S1 0.18 9.29 1.77 8.33 1.38
V19S2 0.41 7.56 0.78 5.38 1.19
V19S3 0.34 6.91 0.19 8.55 1.05
Honnatti V20S1 0.26 9.34 0.38 3.55 0.36
V20S2 0.21 11.23 0.39 7.99 0.93
V20S3 0.24 4.08 1.77 2.77 1.05
Hullikatti V21S1 0.36 5.94 0.88 5.55 1.27
V21S2 0.17 11.87 0.24 4.18 0.26
V21S3 0.19 8.35 1.62 6.75 1.19
Hullatti V22S1 0.38 8.90 0.79 5.13 0.28
V22S2 0.31 10.98 0.29 2.49 1.05
V22S3 0.34 8.94 0.21 9.37 0.38
Hunashikatti V23S1 0.23 9.35 0.28 6.57 1.00
V23S2 0.26 9.92 0.24 2.39 1.08
V23S3 0.15 4,13 0.17 7.01 1.00
Kajjari V24S1 0.16 3.93 0.25 4.38 0.91
V24S2 0.47 6.02 0.98 5.13 0.87
V24S3 0.29 5.43 0.26 2.57 1.34
Kakol V25S1 0.23 2.71 0.93 4.38 1.22
V25S2 0.29 3.79 0.88 7.60 1.09
V25S3 0.25 7.04 0.91 5.48 0.91
Kamadod V26S1 0.16 10.48 3.22 8.58 1.22
V26S2 0.15 5.82 1.12 3.13 0.32
V26S3 0.14 6.91 1.47 3.06 0.34
Karur V27S1 0.22 4.92 2.34 2.87 1.30
V2752 0.41 10.91 0.26 5.63 1.13
V27S3 0.34 9.07 0.11 9.30 0.92
Konanatambigi V2sS1 0.29 7.05 1.12 291 0.22
V28S2 0.14 3.76 0.28 3.88 0.34
V28S3 0.17 4.43 2.18 472 1.40
Kudrihal V20S1 0.27 11.00 0.13 3.35 1.91
V29S2 0.18 10.01 2.17 9.35 1.96
V29S3 0.12 7.20 1.16 7.60 0.93
Kunabev V30S1 0.17 6.87 1.18 5.81 0.95
V30 S2 0.17 10.90 0.16 4.45 0.83
V30S3 0.21 11.61 2.12 6.79 1.34
Maidur V31S1 0.18 10.17 2.91 8.14 1.32
V31S» 0.13 6.57 0.39 8.52 0.91
V31S3 0.17 7.78 1.35 6.29 1.04
Medleri V32S1 0.16 9.50 1.76 4.97 2.00
V32S2 0.19 11.48 0.88 8.01 1.22
V32S3 0.18 6.73 0.88 5.54 1.21
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Village Name Sample No. Zn Fe Cu Mn B
mg kg
Nadiharalalli V33S1 0.24 4.53 1.47 3.38 1.40
V33S2 0.36 3.47 2.35 9.53 0.32
V33S3 0.16 4.90 4.25 8.27 1.00
Nalawagala V34S1 0.18 6.78 1.19 4.05 0.22
V34S2 0.17 4.62 1.48 8.89 1.23
V34S3 0.35 3.67 1.73 6.89 0.20
Nukapur V35S1 0.42 6.90 1.62 4.78 1.91
V35S2 0.18 7.37 2.32 7.54 1.13
V35S3 0.23 4.32 4.21 7.75 1.07
Padmavathipur V36S1 0.35 2.74 0.73 4.20 1.30
V36S2 0.19 11.91 1.33 8.29 1.18
V36S3 0.39 5.95 0.79 8.88 1.12
Rahutanakatti V3751 0.29 5.02 0.29 3.86 0.34
V37S2 0.15 7.24 0.76 7.35 1.13
V37Ss 0.14 10.09 0.49 8.12 1.02
Ramapur V38S1 0.16 3.65 0.27 7.42 0.97
V38S2 0.13 2.54 0.57 6.53 1.21
V38S3 0.24 7.47 0.98 5.89 0.36
Ranebennur V39S1 0.47 5.52 1.03 4.62 1.13
V30S2 0.28 9.16 0.47 6.52 1.08
V39S3 0.22 9.35 0.21 5.28 1.11
Shidaganahal V40S1 0.29 11.58 0.17 5.78 1.32
V40S2 0.15 11.94 0.28 9.09 1.13
V40S3 0.22 4.58 1.19 5.14 0.25
Shrinivasapur Va1S1 0.15 2.83 1.12 3.41 0.40
Va1S2 0.14 7.11 0.14 8.35 1.12
V41S3 0.13 11.81 1.35 4.78 1.32
Somlapur V4251 0.21 4.70 0.66 8.70 0.40
V4252 0.16 3.80 0.19 4.58 1.16
V42S3 0.11 6.63 2.38 3.18 0.32
Udagatti V43S1 0.17 3.44 0.39 6.67 1.22
V43S2 0.14 5.89 0.61 4.80 1.22
V43S3 0.25 2.88 0.78 7.32 1.13
Venkatapur V44S1 0.41 6.09 1.38 6.70 1.02
VasS2 0.34 4.43 1.16 4.06 1.04
V44S3 0.28 11.61 0.85 2.94 0.32
Waderayanahalli V45S1 0.13 7.83 3.11 5.17 0.34
V45S2 0.28 2.63 0.36 7.67 1.32
V45S3 0.47 9.89 0.28 8.67 1.26
Yakalasapur Va46S1 0.16 6.23 1.12 9.04 0.93
V46S2 0.18 6.60 0.27 3.30 1.12
V46S3 0.28 8.24 2.16 6.42 1.32
Yallapur T medleri V4751 0.28 6.77 0.29 5.57 1.01
Va7S2 0.41 2.52 0.28 6.36 0.40
V47S3 0.34 10.03 1.14 3.75 1.27
Yattinahalli VagS1 0.26 2.90 1.05 7.88 1.02
VagS2 0.18 4.43 0.55 2.97 0.32
V48S3 0.16 7.71 0.22 3.79 0.95
Yellapur T honnatti V49S1 0.12 6.35 2.13 8.59 1.02
V49S2 0.17 2.53 1.31 9.41 1.04
V49S3 0.22 6.44 0.75 6.75 1.12
Yennihosahali Vs50S1 0.23 8.54 1.27 4.08 1.12
V50S2 0.16 8.69 1.13 5.68 0.32
V50S3 0.43 4.30 2.15 7.17 1.27
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Village Name Sample No. Zn Fe Cu Mn B

mg kg™*
Minimum 0.11 2.52 0.11 2.07 0.20
Maximum 0.68 11.98 4.25 9.53 2.00
Mean 0.25 7.11 0.90 5.96 1.06
S.D 0.10 2.75 0.80 2.10 0.43
CV 40.96 38.74 89.32 35.22 41.05

Table 5. Correlation coefficient (r) between various parameters of groundwater samples v/s
soil nutrient status

Soil N P20s K20 Zn Fe Cu Mn B

Water

pH -0.349™ -0.234™ -0.432™  -0.248" -0.481™  -0.114" -0.149" 0.219"
EC -0.123" -0.116" 0.163" 0.172" 0.247" -0.171" 0.171 -0.159
Na* 0.222" -0.197" 0.217" -0.174 0.465" -0.115 0.158 -0.278
Ca?t -0.091 -0.016 0.126 0.187" 0.004 -0.014 -0.010 0.134
Mg?* -0.06 0.106 -0.027 0.010 0.147" 0.020 0.026 0.315"
B -0.256" -0.144 0.144 -0.107" 0.101 0.159 0.119 0.883"
SAR -0.347" -0.239" -0.214" -0.146 0.163 -0.113 0.102 0.268"
RSC 0.150 0.120 -0.212" -0.142 -0.106 -0.126 -0.051 0.162"

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 4 provides detailed insights into the
availability of essential micronutrients-zinc (Zn),
iron (Fe), manganese (Mn), copper (Cu), and
boron (B)-in the soil samples from the study
area, highlighting significant variations and
potential factors affecting nutrient availability.
Zinc (Zn) levels ranged from 0.11 to 0.68 mg kg-
1, with an average of 0.25 mg kg. This relatively
low availability of zinc is of concern as zinc is a
critical micronutrient for plant growth, involved in
various physiological processes including
enzyme function and protein synthesis. The low
levels observed can be attributed to the elevated
soil pH in the study area. High pH conditions
often lead to the precipitation of zinc as insoluble
zinc hydroxides and carbonates, which reduces
its availability to plants. Vijayshekhar et al. [15]
discussed how alkaline soils often bind zinc in
forms that plants cannot easily absorb, thus
limiting its effectiveness.

Iron (Fe) content in the soil varied from 2.52 mg
kg? to 11.98 mg kg?. Iron is another essential
micronutrient involved in chlorophyll formation
and electron transfer in photosynthesis. The
variation in Fe content might reflect differences in
soil organic matter, texture, and pH. In alkaline
soils, iron can become less available due to its
conversion to insoluble forms, although the range
observed here suggests that, overall, iron
availability is relatively adequate in most of the
samples.

Manganese (Mn) and Copper (Cu) showed
average concentrations of 5.96 mg kg and 0.90
mg kg?, respectively. Manganese, like iron, is
important for photosynthesis and other metabolic
processes. Its medium to high availability
indicates that most soils have sufficient
manganese, though availability can fluctuate
based on soil pH and organic matter content.
Copper's average concentration suggests it is
present but in lower amounts. Copper has a
tendency to form strong bonds with organic
matter, which can render it less available to
plants, especially in soils rich in organic content,
as noted by Nayak et al. [11].

The hot water-soluble boron (B) concentration
averaged at 1.06 mg kg. Boron is crucial for cell
wall formation and reproductive growth. The
average levels reported are generally within safe
limits for most crops, indicating that boron
availability is not a major concern in this study
area. Organic carbon levels were generally
reported as low to medium, which impacts the
availability of micronutrients. Organic matter
plays a significant role in nutrient availability by
influencing soil structure and microbial activity.
Lower organic carbon levels may affect the
availability of nutrients, including copper, by
reducing the binding capacity of organic matter.
Overall, the analysis reveals that zinc is deficient
as a micronutrient, copper availability ranges
from low to medium, while manganese and iron
availability are generally adequate to high. These
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variations highlight the importance of soil pH and
organic matter in determining nutrient availability.
Adequate management practices, such as pH
adjustment and organic matter enhancement,
could help address deficiencies and optimize
nutrient availability for better plant health and
productivity.

Table 5 highlights the intricate relationships
between groundwater electrical conductivity (EC)
and various soil properties, as well as the impact
of groundwater sodium (Nat+), Sodium
Adsorption Ratio (SAR), and other parameters
on soil nutrient availability. The positive
correlations between groundwater EC and soil
potassium (K) (0.163*), iron (Fe) (0.247%),
manganese (Mn) (0.171), and zinc (Zn) (0.172%)
suggest that higher groundwater salinity is
associated with increased concentrations of
these nutrients in the soil. This could be due to
the fact that as groundwater EC rises, it
introduces more salts into the soil, which can
sometimes include essential nutrients. However,
this increase may not always be beneficial, as
excessive salinity can also hinder nutrient uptake
and affect soil health. Conversely, the negative
correlations between groundwater EC and soil
nitrogen (N) (-0.123*), phosphorus (P) (-0.116%),
copper (Cu) (-0.171*), and boron (B) (-0.159)
indicate that higher groundwater salinity is
associated with lower levels of these nutrients in
the soil. Increased soil pH and CaCOz content
can lead to the formation of insoluble
compounds, such as Zn(OH) and ZnCOs, which
decrease zinc availability. Similarly, elevated pH
reduces nitrogen and phosphorus availability due
to changes in nutrient solubility and mobility.
Nayak et al. [11] highlighted that higher pH
results in reduced availability of zinc, as it
becomes less soluble and more likely to form
insoluble compounds. The negative correlation
with copper could be attributed to its strong
binding with organic matter and the adverse
effects of increased salinity on its availability.

Groundwater sodium (Na') showed positive
correlations with soil nitrogen (N) (0.222*),
potassium (K) (0.217**), and iron (Fe) (0.465**),
reflecting that increased sodium content in
groundwater is linked to higher levels of these
nutrients in the soil. Sodium can influence the
availability of other nutrients by altering soil
properties and interactions. However, the
negative correlation with soil phosphorus (P) (-
0.197*) suggests that higher sodium levels might
impede phosphorus availability, likely due to
changes in soil structure and nutrient

interactions. The significant decrease in iron (Fe)
with rising pH is attributed to the conversion of
Fe?* to Fe®* ions. As Singh et al. (2012) noted,
this conversion reduces iron availability because
Fed* ions are less soluble compared to Fe?* ions,
particularly in alkaline soils. Boron (B)
demonstrated a significant positive correlation
with boron in soil (0.883**), indicating that higher
levels of boron in groundwater correspond to
higher boron levels in the soil. However, the
negative correlations with nitrogen (N) (-0.256*)
and zinc (Zn) (-0.107*) imply that increased
boron might be associated with lower availability
of these nutrients. This could be due to
competitive interactions or changes in soil
chemistry affecting nutrient availability.

Sodium Adsorption Ratio (SAR) in groundwater
showed a positive correlation with soil boron (B)
(0.268*) and a negative correlation with nitrogen
(N) (-0.347%), phosphorus (P) (-0.239*), and
potassium (K) (-0.214*). Higher SAR values
indicate a higher proportion of sodium relative to
calcium and magnesium in groundwater. As SAR
increases, it often leads to higher exchangeable
sodium percentage (ESP) and increased soil pH,
which can diminish the availability of nutrients
like nitrogen, phosphorus, and potassium by
altering their solubility and reducing their uptake
by plants. Naga et al. [16] discussed how
increased SAR contributes to higher ESP and
soil pH, adversely affecting nutrient availability
while enhancing sodium levels [17,18]. In
summary, the correlations detailed in Table 5
underscore the complex interactions between
groundwater quality parameters and soil nutrient
availability. Increased salinity and sodium
content can influence nutrient dynamics, often
negatively affecting the availability of essential
nutrients like nitrogen, phosphorus, and
potassium, while also impacting the availability of
micronutrients such as zinc and copper.
Understanding these relationships is crucial for
effective soil and water management in
agriculture to ensure optimal nutrient availability
and crop growth [19-21].

4. CONCLUSION

This study concludes that irrigation water in
Northern Ranebennur taluk is largely neutral to
alkaline, yet its prolonged use has negatively
affected soil quality, contributing to increased
salinity and alkalinity. The soils in irrigated areas
show deficiencies in zinc, variable copper
availability, and adequate to excessive levels of
manganese and iron, while nutrient levels for
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nitrogen, phosphorus, and potassium vary from
low to high. The adverse impact of using
groundwater from older bore wells on soil salinity
is evident, with 62% of such wells providing poor-
quality water. These findings highlight the critical
need for careful groundwater management and
tailored irrigation practices to maintain soil health
and maximize agricultural productivity,
underscoring the principle that “a drop of water
well managed can yield a field of plenty.”
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