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ABSTRACT

Aims: To identify available nutrient constraints in soils and to generate soil fertility maps using
remote sensing and GIS of Sirur sub-watershed in northern dry zone of Karnataka.

Place and Duration of Study: The study was carried out in the Sirur sub-watershed (4D5B5j)
located in Kundagol taluk of Dharwad district, Karnataka during 2022-24.
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Methodology: Soil samples (601) from Sirur sub-watershed in northern dry zone of Karnataka were
drawn at 320 m x 320 m grid interval and assessed for fertility parameters. Analytical data was
interpreted and statistical parameters like range, mean, standard deviation and coefficient of
variation were calculated for each parameter. Soil fertility maps were prepared for each parameter

using interpolation technique.

Results: Soils were neutral to alkaline in reaction and non-saline. Soil organic carbon content was
low to medium. Available nitrogen and phosphorus were low to medium, available potassium was
high and sulphur was medium to high. Regarding available micronutrients, iron, copper and
manganese were sufficient in the soils whereas Zn was deficient in about half of the sub-watershed

area and B content was medium to high.

Conclusion: The major constraints in sub-watershed are low content of OC, poor status of
available N, P2Os and Zn indicating their immediate attention for sustained crop production.

Keywords: GIS; nitrogen; soil fertility status; sub-watershed.

1. INTRODUCTION

Soil is a remarkable gift bestowed upon us by
nature, serving as a crucial foundation for various
ecosystems and essential for sustaining life on
Earth. Soil holds immense importance in
environmental and  agricultural  contexts,
symbolizing fertility and abundance. However, in
India ~120.7 M ha of land suffers from various
forms of degradation [1] largely due to human
activities such as unsustainable agricultural
practices and indiscriminate land use. In India,
Recognizing the urgent need for conservation
efforts, stakeholders including farmers, builders
and the general public must actively engage in
soil protection initiatives to safeguard its quality
and productivity. In response to these
challenges, the current study focuses on
evaluating the soil fertility of the Sirur
sub-watershed for sustainable agricultural
productivity. Through the utilization of advanced
technologies such as remote sensing and GIS,
we aim to establish effective and sustainable soil
management practices. In contemporary times,
the watershed-based approach has emerged as
a promising avenue for achieving sustainability in
agricultural production, particularly in rainfed
regions. However, the intensification of
agriculture to optimize land usage has led to
either rapid depletion or occasional accumulation
of soil fertility [2,3], emphasizing the importance
of periodic monitoring to ensure soil health
maintenance. Therefore, the integration of
georeferenced data concerning land location,
extent and quality is indispensable.

Remote sensing and GIS technologies have
emerged as a potent instrument for examining
soil resources, enabling the study of soils in
spatial dimensions in a manner that is both time
and cost-effective [4]. It is regarded as the most
effective tool available to geo-scientists for

mapping geological, geomorphological and soil

resources, providing insights into their
characteristics, spatial extent, distribution,
potentials and constraints. Geographic

information system (GIS) is described as a
robust suite of instruments for gathering, storing,
converting and visualizing spatial data obtained
from the real world [5]. Precision agriculture (site-
specific farming) incorporating remote sensing,
global positioning system and geographic
information system proves highly beneficial for
evaluating and managing soil fertility [6]. This
enables farmers to ascertain the appropriate
inputs at the right time and in the correct
quantities, thereby preventing input wastage and
minimizing pollution arising from excessive input
usage.

Sail fertility constraints in Karnataka lead to low
crop yields due to inadequate nutrient levels, soil
erosion, acidity and salinity. These constraints
limit plant growth, impairing their ability to uptake
essential nutrients. Consequently, farmers face
decreased productivity, impacting food security
and economic stability in the region. Addressing
soil  fertility issues through sustainable
agricultural practices and soil management
strategies is crucial for enhancing crop yields and
ensuring food sufficiency. The current study was
planned with the objective of identifying available
nutrient constraints in soils and to generate soil
fertility maps using remote sensing and GIS of
Sirur sub-watershed in northern dry zone of
Karnataka.

2. MATERIALS AND METHODS
2.1 Location of the Study Area

The study area Sirur sub-watershed (4D5B5)) is
located in Kundagol taluk of Dharwad district
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(Fig. 1) and falls under northern transitional zone
of Karnataka. The geo-coordinates of the sub-
watersheds are 15° 10’ 30" N -15° 14' 0” North
latitudes and 75° 12" 30" -75° 19' 30" East
longitudes with total area of about 6,446.14 ha.
The climate of the area is semi-arid with mean
maximum and minimum temperatures in the
range of 28-38°C and 16-23°C and the average
rainfall of 737.80 mm [7]. A total of 601 surface
soil samples (0-15 cm) were collected along with
GPS points from the respective grids (320 m x
320 m) using WorldView-2, a high-resolution 8-
band multispectral commercial satellite imagery
[8]. Micro-watershed wise soil sample details are
depicted in Table 1.

2.2 Soil Sample Preparation and

Laboratory Analysis

The soil samples were air-dried, ground (to pass
through 2 mm sieve) and analyzed for chemical
and fertility parameters. The pH (1:2.5), electrical
conductivity (EC) of soils were measured using
standard procedures as described by Jackson
[9]. Organic carbon (OC) was determined by
Walkley-Black method [10]. Available nitrogen
(N) was analyzed by modified alkaline
permanganate method [11]. Available
phosphorus (Olsen P) was measured using
sodium bicarbonate (NaHCO3) as an extractant
[12]. The available potassium (K20) was

Kundgol
Taluk

KARNATAKA KUNDGOL TALUK
: 4 A Sgbfwurershed
= *"ﬁ' e
WOy
DHARWAD / Sirur Sub-watershed
DISTRICT BiLEBALa  4DSBSj: Area - 6446.14 ha)

KUNDHAGOLA

HIREHARAKUNI

v

NELAGUDDA

Fig.l. Location map of Sirur sub-watershed
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Table 1. Details of soil sampling in Sirur sub-watershed

Micro-watershed Code Area (ha) No. of samples
1. Sirur-1 4D5B5j01 641.36 57
2. Kamdolli-1 4D5B5j02 1076.89 103
3. Bilebala 4D5B5j03 1008.46 90
4. Devanur North 4D5B5j04 978.46 94
5. Devanur 4D5B5j05 697.29 66
6. Kamdolli-2 4D5B5j06 1126.72 108
7. Chikkaharkuni 4D5B5j07 916.96 83
Total 6446.14 601
Table 2. Soil fertility ratings for available nutrients

Nutrients Fertility ratings

Low Medium High
Organic carbon (g kg!) <5.0 5.0-7.5 >7.5
Macronutrients (kg ha')
Nitrogen <280 280-560 >560
Phosphorus (P20s) <22.5 22.5-55.0 >55.0
Potassium(K20) <140 140-330 >330
Sulphur (mg kg?) <10 10-20 >20
Micronutrients (mg kg1) Deficient Sufficient Excess
Iron (Fe) <25 2.5-45 >4.5
Zinc (Zn) <0.6 0.6-1.5 >1.5
Manganese (Mn) <2.0 2-4 >4.0
Copper (Cu) <0.2 0.2-5.0 >5.0

determined using the ammonium acetate method geostatistical Analyst was selected. In the

[13]. The available (S) was measured using 0.15
% calcium chloride (CaCl2) as an extractant [14].
Micronutrients (Fe, Zn, Cu and Mn) were
determined using DTPA extractable method as
explained by Lindsay and Norvell [15]. The
available boron was determined using
Azomethine-H  colorimetric  method [16].
Variability of data was assessed using mean,
range, standard deviation and coefficient of
variation for each set of soil sample data.
Availability of N, P20s, K20 and S in soils are
interpreted as low, medium and high and that of
exchangeable Ca and Mg as well as available
iron (Fe), copper (Cu), zinc (Zn) and manganese
(Mn) were interpreted as deficient and sufficient
by following the criteria given in Table 2.

A database file consisting of data for X and Y co-
ordinates in respect of sampling site location and
a shape file (vector data) showing the outline of
Sirur sub-watershed area was created in Arc GIS
10.4.1 Software. The database file was accessed
within the project window, where the "longitudes"
were assigned to the X-field and the "latitudes" to
the Y-field. The Z field was utilized for various
nutrients. Additionally, the Sirur sub-watershed
file was opened and the "geo statistical wizard"
option from the "Surface menu" in ArcGIS

subsequent "grid specification dialogue, "the
output grid extension was set to match that of the
Sirur sub-watershed and the interpolation
method applied was ordinary kriging method.
Following this, a map was generated and
cclassified based on the ratings of the individual
nutrients outlined in Table 2 [17]. Finally,
the area for each nutrient category was
calculated.

3. RESULTS AND DISCUSSION

3.1 Soll reaction and Electrical

Conductivity

The soils of the Sirur sub-watershed exhibited a
neutral to alkaline reaction, with a pH range
between 6.52 and 8.83 and a mean pH of 7.97.
The standard deviation of the pH was 0.35 and
the coefficient of variation was 4.37 per cent
(Table 3). The elevated soil pH in the sub-
watershed is predominantly a result of the
calcareous characteristics and presence of
exchangeable Na. Spatially, the soil pH did not
vary significantly as indicated by the coefficient of
variation. Mapping of soil pH using GIS
techniques categorized the soil into four reaction
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classes: neutral (6.5-7.3), slightly alkaline (7.3—
7.8), moderately alkaline (7.8—8.4) and strongly
alkaline (8.4-9.0). The distribution of these
classes in the sub-watershed area (Fig. 2) was
moderately alkaline (72.28%) followed by slightly
alkaline (18.43%), strongly alkaline (3.86%) and
neutral (0.3%). The higher pH of soils could be
explained by low intensity of leaching, thereby
less removal of basic elements from the soil,
leading to the accumulation of bases and
subsequently increasing soil pH levels. The
findings align with the results documented by
different workers for soils in the northern dry
zone [18,19,20,21,22].

The electrical conductivity (EC) of soils in the
sub-watershed ranged from 0 to 0.88 dS m-,
with a mean value of 0.17 and a standard
deviation of 0.11. The coefficient of variation
(CV) of EC values was 60.46 per cent, indicating
spatial variability in salt content within the sub-
watershed. The slightly elevated levels of soluble
salts in the study area could be attributed to
semi-arid climatic conditions, also may be due to
undulating nature of the terrain coupled with fairly
good drainage conditions, which favored the
removal of released bases by the percolating
drainage water. Analysis of soluble salt content
in the sub-watershed indicated that the area was
non-saline (EC remained lesser than 4 dS m-,
[23]. On the basis of area, total of 6,115 ha
(94.86%) was non- saline in nature (Fig. 3).

3.2 Organic Carbon

Soil organic carbon (OC) content of Sirur sub-
watershed ranged from 1.17 to 11.67 g kgt with
mean and standard deviation value of 6.23 and
2.41, respectively. The coefficient of variation
(CV) for OC content was 38.71 per cent,
indicating spatial variability in OC within the sub-
watershed (Table 3). GIS mapping of OC
revealed that 80.73 per cent of the study area
had medium OC levels, 13.13 per cent had low
OC levels and 1 per cent had high soil OC status
(Fig. 4). The values obtained in the present study
are in agreement with those reported by
Ravikumar et al. [19] for black soils of
Malaprabha command area of Karnataka. The
low organic carbon content in soils is influenced
by semi-arid and warm conditions speeding up
organic matter degradation, insufficient organic

manure additions and intensive cropping
practices. These factors collectively impede
organic carbon accumulation, resulting in

diminished soil organic carbon levels [24,25,26].
Similar findings were also documented by

Prabhavati et al. [21] for the soils of northern dry
zone of Karnataka.

3.3 Available Macronutrients

Available N in soils of the sub-watershed ranged
from 84 to 273 kg ha! with a mean of 156.94 and
SD of 35.15. The CV value of 22.40 per cent
indicated that available N in soils varied spatially.
The study revealed that the entire sub-watershed
was low in the available N (Table 3). On the area
basis majority of soils are low in available
nitrogen 4305 ha (66.78%) (Fig.5). The low
nitrogen content in the soil may stem from
diverse soil management practices, inconsistent
application of farmyard manure (FYM) and
fertilizers in previous crop cycles. In black soils,
nitrogen becomes a critical limiting nutrient due
to decreased availability caused by fixation and
volatilization losses. Additionally, the low organic
matter levels in these regions, influenced by
scant rainfall and high temperatures, accelerated
organic matter breakdown and removal,
contributing to nitrogen deficiency. Similar trend
was recorded by Basavaraju et al. [27] and
Shankaraiah et al. [28] in non-saline clay to
sandy loams and calcareous soils.

The available P20s content in the sub-watershed
ranged from 5.15 to 55.25 kg P20s ha?l, with an
average of 1590 kg ha'! and a standard
deviation of 7.23. The coefficient of variation
(CV) of 45.47 per cent for available P20s
distribution indicates spatially variable. GIS
mapping showed that 77.12, 12.87 and 4.87 per
cent of the area had low, very low and medium in
available P2Os, respectively (Table 3 and Fig. 6).
The low availability of P20s in these soils is
linked to their elevated pH, calcareous nature
and low organic matter levels. Ravikumar et al.
[19] noted that the low available P status in black
soils of the Malaprabha command area in
Karnataka was attributed to high calcium
carbonate content. These results align with the
findings of Shivaprasad et al. [23] and Bopathi
and Sharma [29], indicating that most soils in
Karnataka exhibit medium phosphorus content.

The available K20 content in the sub-watershed
ranged from 113.04 to 997.20 kg K20 ha', with a
mean of 592.90 kg ha! and a standard deviation
of 179.22. The coefficient of variation (CV) of
30.23 per cent for available K20 content
indicated spatial variability within the sub-
watershed. GIS mapping showed that 70.34 per
cent of the study area fell into the high category,
while 24.54 per cent was classified as very high
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available K20 content (Table 3 and Fig. 7). The
higher concentration of water-soluble and
exchangeable potassium (K) in surface soils in
Karnataka could be attributed to the ability of
soils to maintain adequate or elevated levels of
exchangeable K, ensuring a consistent supply to
plants over time. This phenomenon is likely due
to the presence of potassium-rich micaceous and
feldspar minerals in the parent material of the
soil, as suggested by Basavaraju et al. [27] and
Somasundaram et al. [30]. Additionally, high to
very high availability of potassium in the soils of
the Sirur sub-watershed aligned with findings by
Vara Prasad Rao et al. [31] and Patil et al.
[17], further emphasizing the influence of
mineral composition on potassium levels in the
soil.

The available S content of soils of the sub-
watershed ranged from 3.13 to 82.50 mg kg! soil
with mean and SD values of 25.64 and 17.60,
respectively. The CV of 68.64 per cent for
available S content highlights the spatial
variability of sulfur levels in the sub-watershed.
The GIS mapping of available S revealed that,
the area under study was medium to high in
available S in 17.91 and 76.96 per cent,
respectively (Table 3 and Fig. 8). The high
sulphur content in the study region could be
attributed to the predominance of potash-rich
micaceous and feldspar minerals in the parent
material of the soil. Additionally, the gypsiferous
nature of sulphur in black soils, which is non-
available, may lead to higher sulphur content in
certain areas. Past studies by Srikanth et al. [32],
Pulakeshi et al. [33], Patil et al. [17] and Patil et

al. [34] have reported similar findings,
highlighting  the  significance  of these
factors in determining sulphur levels in the study
area.

3.4 Available Micronutrients

The available Fe in the sub-watershed ranged
from 0.68 to 39.40 mg kgl with mean and SD
value of 10.11 and 4.98, respectively (Table 4).
The CV of 49.26 per cent for available Fe content
indicates that, it varied spatially in the sub-
watershed. Mapping of available Fe by GIS
revealed that, it was sufficient in 94.86 per cent
of the area (Fig. 9). The available iron in surface
soils has no regular pattern of distribution as also
reported by Nayak et al. [35]. This type of
variation may be due to the soil management
practices and cropping pattern adopted by
different farmers. Similar results were also
observed by Patil et al. [36] and Ravikumar et al.
[37].

The available Mn in the sub-watershed was
sufficient and ranged from 2.01 to 41.42 mg kg?
with mean and SD value of 14.52 and 5.98,
respectively (Table 4). The CV of 41.16 per cent
for available Mn content indicates spatial
variability in the sub-watershed. Sufficient
content of Mn was also observed by Ravikumar
et al. [37] in Vertisols of Malaprabha command
area, Pulakeshi [33] in the soils of northern
transition zone of Karnataka derived from chlorite
schist and Manojkumar [38] in the soils of
northern transition zone of Karnataka derived
from basalt.

Table 3. Chemical properties and available major nutrients status in Sirur sub-watershed

Particulars  pH EC ocC N P,0s K>0O S
@d@sm*) (gkg?)  (kgha') (mg kg™

Range 6.52- 0-0.88 1.17- 84.00- 5.15- 113.04- 3.13-

8.83 11.67 273.00 55.25 997.20 82.50
Average 7.97 0.17 6.23 156.94 15.90 592.90 25.64
SD 0.35 0.11 2.41 35.15 7.23 179.22 17.60
CV (%) 4.37 60.46 38.71 22.40 45.47 30.23 68.64

Table 4. Available micronutrients status in Sirur sub-watershed
Particulars  Fe Mn Cu Zn B
(mg kg™)

Range 0.68-39.40 2.01-41.42 0.24-8.06 0.09-4.39 0.20-4.50
Average 10.11 14.52 1.93 0.62 1.56
SD 4,98 5.98 0.98 0.42 0.64
CV (%) 49.26 41.16 50.62 67.50 40.97
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Fig. 8. Available sulphur status of Sirur sub-watershed
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Fig. 9. Available iron status of Sirur sub-watershed
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The available Cu in the entire sub-watershed
showed sufficient levels ranging from 0.24 to
8.06 mg kg?! with mean and SD value of 1.93
and 0.98, respectively (Table 4). The CV of 50.62
per cent for available Cu content highlights
spatial variations within the sub-watershed.
Consistent findings of sufficient copper status in
soils of northern Karnataka were also noted by
Ravikumar et al. [37], Pulakeshi [33] and
Manojkumar [38].

The available Zn in the sub-watershed ranged
from 0.09 to 4.39 mg kg?! with mean and SD
value of 0.62 and 0.42, respectively (Table 4).
The CV of 67.50 per cent for available Zn content
indicates that, it varied spatially in the sub-
watershed. Mapping of available Zn by GIS
revealed that, it was deficient in53.8 per cent and
sufficient in 45.70 per cent of the study area (Fig.
10). The zinc content in soils tends to increase
with a decrease in pH and an increase in organic
carbon (OC) content. Satyavathi and
Suryanarayana Reddy [39] similarly noted that
zinc content decreases as soil pH increases.
Given that most soils are alkaline, low in OC and
rich in CaCOs, zinc may have precipitated as
hydroxides and carbonates, leading to reduced
solubility and mobility, thereby decreasing its
availability [36,40].

The available B in the sub-watershed was
sufficient and ranged from 0.20 to 4.50 mg kg
with mean and SD value of 1.56 and 0.64,
respectively [41,42] (Table 4). The CV of 40.97
per cent for available B content indicates that, it
varied spatially in the sub-watershed. The sub-
watershed area was high in 5824 ha (90.35%)
and medium in 291 ha (4.51%) in available boron
content (Fig. 11). Like sulphur status, available
boron status is also closely followed by organic
carbon status in these soils [43]. A similar result
was reported by Gurumurthy et al. [44] and Katti
et al. [40].

4. CONCLUSION

The soils of Sirur sub-watershed in the northern
dry zone of Karnataka exhibited neutral to
moderately alkaline and non-saline
characteristics. They were very low to low in
available nitrogen and available phosphorus,
high in available potassium and medium to high
in available sulfur. Micro-nutrients such as
manganese, copper and iron were found to be
sufficient, while zinc was deficient. Available
boron content ranged from medium to high in the
sub-watershed area. GIS mapping highlighted

significant deficiencies in available nitrogen,
phosphorus and zinc across the study area,
demanding immediate attention for sustained
crop production. Balanced fertilization, precision
agriculture  techniques like variable rate
fertilization based on GIS-derived maps and the

integration of organic amendments and
cover cropping methods are recommended
to address these soil fertility constraints
effectively and promote resilient agricultural
systems.
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