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Abstract

Soil test based fertility management for best suited crops can be used as an effective tool for enhanced
productivity and crop production. The present study focused on mapping spatial variability of soil
nutrients. Soil samples were collected at 250 m grid spacing, analyzed for soil reaction, salinity, organic
carbon, major, secondary and micro nutrients at laboratory using standard methods. The data generated
was processed in Arc-GIS platform to develop a database. Geostatistical analyst tool was used and
Kriging interpolation technique was adopted. The analyzed data was interpolated to obtain a raster
surface from points (grid points) to generate fertility maps using Arc-GIS. Fertilizer recommendations
can be made for the crops to enhance their productivity. Soil test based application of balanced fertilizers
would go a long way in enhancing soil fertility and productivity.
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Introduction

Soil is the basic requirement of life on earth. Soil nutrients play a vital role in crop production,
its availability and spatial distribution need to be studied before planning for nutrient
recommendation. Higher yields and intensive cropping make high demands for nutrients from
soil, which leads to depletion of soil nutrient reserve. K removal by the intensive cropping is
disproportionately higher than the amount of K added through fertilizer as evident from the
results of Long term fertilizer experiments. The nutrients exported out of the farm in crop
produces must be necessarily replenished to sustain soil fertility and therefore the production
system for which balanced fertilizer application is the prerequisite and there is growing need
for site specific balanced fertilizer recommendations according to the crop type, yield level and
soil conditions.

Balanced fertilizer schedule were developed for rice, maize, cassava, peanut, potato, tobacco
etc. by the applications of mathematical models and decision support systems. The soil salinity
or sodicity hinders the crop growth and yield. The industrial by-product Ferro gypsum from
the effluent treatment plant of titanium industry was evaluated as a substitute for gypsum to
alleviate sodicity besides its effect on increasing crop yields in paddy and groundnut.

The challenge of crop nutrient management is to balance production and economic
optimization with environmental impacts. Successful crop production is dependent upon
effective nutrient management that includes identifying nutrient deficiencies and excesses. Soil
sampling and soil testing provides an opportunity to check the “soil nutrient account” and is
critical for developing a nutrient management plan. Knowing the nutrient requirements and
nutrient removal by a crop is important for achieving a balance of nutrient inputs and crop
removal outputs. Reliable nutrient recommendations are dependent upon accurate soil tests and
crop nutrient calibrations based on extensive field research. The actual fertility status of soils
has to be assessed before planning for any crop production, which will help in managing the
nutrient/fertilizer application to various crops. The Geographic Information System (GIS) is an
effective tool in the estimation of the spatial distribution in which interpolation can be
undertaken utilizing simple mathematical models (e.g., inverse distance weighting, trend
surface analysis and splines and Thiessen polygons), or more complex models (e.g., geo-
statistical methods, such as Kriging). The review of comparative studies of interpolation
methods applied to soil properties demonstrates that the selection of method can significantly
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influence the map accuracy. The present study was conducted
with the main objective of providing balanced nutrition
through soil-test based fertilizer recommendation in
Khadijapur sub-watershed of Vijayapura district.

Materials and Methods

Study Area

Vijayapura district is located in the agro-climatic zone of
Northern dry zone and South western ago ecological sub
region. The entire sub-watershed area is underlain by basalt.
Khadijapura sub-watershed is located at North latitude
16042°30" and 160 48°30' and East longitude 750 38'30" and
750 43° 00' covering an area of about 4884.33 ha, bounded by

http://www.chemijournal.com

Mahalabagayatha, Thorvi, Jumnal and Sarwad villages.
Extends over entire Koppal, Vijayapur, and Bellary district
and five taluks of Belgaum, six of Bagalkot, two of Raichur,
one of Dharwad and Davanagere, four of Gadag. The total
geographical area of the zone is about 4.78 M ha. Most of the
zone is at an elevation of 450-800 m MSL, but some area is
between 800 and 900m. Average annual rainfall of the zone
ranges from 464.5 to 785.7 mm. The soils are medium and
deep black clay in major areas, sand loams in remaining areas.
The main cropping season is Rabi. Maize, Bajra, Groundnut,
Cotton, Wheat, Sugarcane and Tobacco are the important
crops of the zone.

Khatijapur Sub-watershed
(4D7ASF : Area - 4884.33 ha)
Vijayapura Taluk

KARNATAKA

Vijayapura Taluk

VIJAYAPURA TALUK

aal

Khatijapur
Sub-watershed

KHATIJAPUR SUB WATERSHED

Fig 1: Location map of Khadijapur sub-watershed

Study area delineation in GIS Environment

Study area was delineated with the help of topographic map
and watershed Atlas prepared by Karnataka State Remote
Sensing Application Centre, Bangalore. Study area was
extracted from the satellite imagery, permanent features like

road, river, watershed boundary was extracted for preparation
of base map. It is the base for preparation of thematic maps.
Seven hundred eighty-seven surface soil samples were
collected at 250 m grid spacing (Figure 2). These samples
were subjected to analysis and the fertility data was generated.
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Fig 2: Cadastral map with grids and satellite map of Khadijapur sub-watershed.

A detailed traverse of the sub-watershed was made to identify
the major landforms like uplands, midlands and lowlands. The
transects for profile study were located and profiles were dug
up to 150 cm depth or up to parent rock whichever was
shallower, and studied for their morphological characteristics
as per Soil Survey manual. Pedons were identified on
different landforms in transect along the slope from the upper
to lower slope and soil series maps were generated.

Soil sample Analysis

Soil samples were collected were analyzed for soil reaction,
salinity, organic carbon, major, secondary and micro nutrients
at laboratory using standard methods. The fertility data was
generated and fed as input to the ArcGIS to create the fertility
maps by interpolating the values.

Results and Discussion

Generation of soil fertility status

Seven hundred eighty-seven surface soil samples collected,
analyzed and data was generated. The data generated was
processed in ArcGIS platform to develop a database.
Geostatistical analyst tool was used and kriging interpolation
technique was adopted. The analyzed data was interpolated to
obtain a raster surface from points (grid points) to generate
fertility maps using ArcGIS

The fertility status maps were generated and majority of the
area was medium to high in Nitrogen, Phosphorus, Organic
carbon, Potassium, sulphur was medium, and micro nutrients
of manganese and copper were in sufficient quantities (Figure
3). Data range of various parameters depicted in the Table 1.

Table 1: Fertility data range in Khadijapur (4D7A5F) sub-watershed

Khatijapur Sub-watershed
(4D7ASF : Area - 4884.33 ha)
Vijayapura Taluk
VIJAYAPURA DISTRICT
xm

0 05 1 2
N

A

References

—— StreamsDrainage

I waterbody

1 Land parcal with No's
1771 Vitage boundary
777 Micro-watershed boundary

Reaction Class Area in ha. (%)

Mod Alkaline (pH 7.6-8.4) 2853 (58.4)
= Strongly Akaline (pH 8.4.9.0) 1903 (38.96)
of 6(0.11)
123 (2552)

- Hatitation & Waterbody Source: UAS, Dharwad and ICAR-NBSS&LUP, Bengaluru

Salinity (EC)

SRailway
Others*

- Habitation & Waterbody

Non saline (<0.5 dSm *)
= Sightly saline (0.5-1.0 aSm ') 157 (3.22)

Aroa in ha. (%)
4508 (94.14)

6(0.11)
123(252)

Source: UAS, Dharwad and ICAR NBSSSLUP, Bengalury

Parameters| Soil reaction- pH| Salinity- dS/m| Organic carbon- %| Nitrogen - kg/ha| Phosphorus - kg/ha| Potassium - kg/ha
Mean 8.40 0.27 0.44 270 25.9 658
Range 7.49-9.58 0.01-2.50 0.18-0.87 100-545 1.4-70.9 109-1056
Parameters Sulphur - ppm Iron - ppm Manganese - ppm Copper - ppm Zinc - ppm Boron - ppm
Mean 14.8 3.18 5.40 1.06 1.08 0.43
Range 7.5-26.1 0.13-10.12 0.28-35.56 0.14-4.32 0.13-6.21 0.10-0.90
SOIL REACTION (pH) SALINITY (EC)

Khatijapur Sub-watershed
(4D7ASF : Area - 4884.33 ha)
Vijayapura Taluk
VIJAYAPURA DISTRICT
-k
005 1 2
N

A
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ORGANIC CARBON
Khatijapur Sub-watershed
(4D7ASF : Area - 4884.33 ha)
Vijayapura Taluk
VIJAYAPURA DISTRICT

Km

-
0 05 1 2
N

A

Organic Carbon ~ Areain ha. (%)

AVAILABLE NITROGEN
Khatijapur Sub-watershed
(4DTASF : Area - 4884.33 ha)
Vijayapura Taluk
VIJAYAPURA DISTRICT
- km

008t 2

A

Available Nitrogen  Area in ha. (%)

=Low (<0.5 %) 3437 (70.36)
Medium (05075 %) 1294 (26.49) { kgha) 2528 (51.76)
= High (>0.75 %) 25(051) ‘Medium (280-560 Kgiha) 2227 (45.6)
‘ORadway 6(0.11) ‘SRailway 6(0.11)
Otmers' 123(252) g Oers’ LD
*- Habitation & Waterbody Source: UAS, y ‘Source: UAS,
AVAILABLE PHOSPHORUS T AY(:I.tABLE POTAS?EM
Khatijapur Sub-watershed mn{'s?" :\ = 4634';; h:
(4DTASF : Area - 4884.33 ha) ! Viiayapura Taluk !
Vijayapura Taluk VIJAYAPURA DISTRICT
VIJAYAPURA DIS'{:ICT i
————) 0 05 1 2
008 1 2 N

A

Avallable Phosphorus Area in ha. (%)
=Low (<23 kgha) 1162 (23.79)
Medium (23-56 kg/ha)

) 35037357
SRailway 6(0.11)
Others” 123 (252) Shcrc Walerahed Fosndey
Habitation & Waterbody ‘Source: UAS, Dharwad and ICAR NBSSBLUP, Bengaluru

A

Available Potassium Area in ha. (%)
Medium (140-330 kgha) 241 (4.94)

=High (>330kgha) 4514 (3242)
©Raiway 6(0.11)
Others* 123(252)
- Habtaton & Wiasterbody Source: UAS, Dharwad and ICAR-NBSS&LUP, Bengaluru

AVAILABLE SULPHUR
Khatijapur Sub-watershed
(4D7ASF : Area - 4884.33 ha)
Vijayapura Taluk
VIJAYAPURA DISTRICT
-k
008 1 2

A

AVAILABLE IRON
Khatijapur Sub-watershed
(4D7ASF : Area - 4884.33 ha)
Vijayapura Taluk
VIJAYAPURA DISTRICT

km

-
0 05 1 2
N

A

P References
~—— Streams/Drainage — Streams/Drainage
~—— Road/Carttrack ~—— Road/Cart track
Habitation Habitation
[ vistersoy Available Iron  Area in ha. (%) = Y
Available Suiphur  Area in ha. (%) 101 Land parcel with No's ~Deficient (<45 ppm) 3911 (80.07) 1 Land parcel with No's
Medium (10-20 ppm) 4756 (97.36) 7~ 71 Vitoge boundery “Sufficient (>4.5 ppm) 845 (17.3)
sy 6(0.11) et CRailway 6(0.11)
st sox st Micro-watershed boundary Others* 123(252) 7 X
* - Habitaion & Waterbody Source: UAS, Bangalu y Source: UAS, Dharwad and ICAR-NBSSALUP, Bengaluru
—_— T— AVAILABLE COPPER
e AVAILABLE MANGANESE Khatijapur Sub-watershed
Khatijapur Sub-watershed (4DTASF : Area - 4884.33 ha)
(407‘;7]»: Area - 4#&:::(3 ha) Vijayapura Taluk
jayapura Talul VIJAYAPURA DISTRICT
VIJAYAPURA DISTRICT . :::sl m
-k
005 1 2 AR 8

A

—— Streams/Drainage

A

Available Manganese  Area in ha. (%) Area in ha. (%) 101} Land parcal with No's
= Sufficient (>1.0 ppm) 4756 (97.36) 2ppm) 4756 (97.36) + Village boundary
SRatway 6(0.11) 6(0.11)
Otners’ 123(252) -] o e b Others® 123 (252) [ ttoro st ity
* Habsaton & Waterbody ‘Source: UAS, Bengalury * - Habaton & Waterbody ‘Source: UAS, Dharwad and ICAR-NBSSALUP, Bengaluru
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AVAILABLE ZINC
Khatijapur Sub-watershed
(4D7ASF : Area - 4884.33 ha)

Vijayapura Taluk
VIJAYAPURA DISTRICT
o km
005 1

N

k

Source: UAS, Dharwad and ICAR-NBSSSLUP, Bengaiuru

AVAILABLE BORON
Khatijapur Sub-watershed
4D7ASF : Area - 4884.33 ha)
Vijayapura Taluk
VIJAYAPURA DISTRICT
- km

005 1 2

‘fx

Source: UAS, Dharwad and ICAR-NBSS&LUP, Bengalury

Fig 3: Fertility maps of Khadijapur sub-watershed

Conclusion

The pH of the soils in this sub-watershed ranged from
moderately alkaline to strongly alkaline where 59.46 per cent
of area (2904 ha) is moderately alkaline followed by strongly
alkaline (39.36%). Organic carbon content is varies from low
to high, available nitrogen, phosphorus and potassium is
medium to high, where sulphur is medium and boron varies
from low to medium. The available copper and manganese are
in sufficient range. The areas which are low in nutrient status

need to be improved by adding organic manures
(FYM/Compost).

References

1. Dutta D, Ray SK, Reddy RS, Budhihal SL.

10.

11.

Characterization and classification of Paleosols in part of
south India. Journal of the Indian Society of Soil Science.
2001; 49(4):726-734.

Jackson ML. Soil Chemical Analysis. Prentice Hall, Inc.,
Englewood Cliffs, New Jersey, 1958.

Piper CS. Soil and Plant Analysis. Hans Publishers,
Bombay, 1966.

Richards LA. Diagnosis and improvement of saline and
alkali soils. USDA, Hand Book No. 1954; 60:101.

Soil Survey Division Staff. Soil Survey Manual USDA,
Handbook. No. 18 US Government printing office:
Washington DC, 1999.

Sys C, Van Ranst E, Debaveye Ir J, Beernaert F. Land
evaluation, part Ill. Crop requirements. Agriculture
publication, no.7, General  Administration for
Development Cooperation, 1993.

Walkley AJ, Black CA. An estimation of the digestion
method of determining soil organic matter and proposed
modification of the chromic acid titration method. Soil
Science. 1934; 37:29-38.

Adornado HA, Yoshida M. Crop suitability and soil
fertility mapping using geographic information system
(GIS). Agril. Info. Res. 2008; 17:60-68.

Helmke PA, Sparks DL. Lithium, sodium, potassium,
rubidium and cesium. In Methods of Soil Analysis, Part
3, Chemical Methods (D.L. Sparks, Eds.), 1996, 551-574.
Adison, Wisc: SSSA and ASA.

Lindsay WL, Norvell WA. Development of DTPA soil
test for zinc, iron, manganese and copper. Soil Sci. Soc.
America J. 1978; 42:421-428.

Nelson DW, Sommers LE. Total carbon, Organic carbon,
and organic matter. In Methods of Soil Analysis, Part 3.
Chemical Methods (D.L. Sparks, Ed.), Madison, Wisc.
SSSA and ASA. 1996, 961-1010.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

~3035~

Olsen SR, Sommers LE. Phosphorus. In Methods of Soil
Analysis (A.L. Page et al., Eds.), Part 2, 2nd edition, pp.
403-430. Madison, Wisconsin. American Society of
Agronomy and Soil Science Society of America, 1982.
Manojkumar D. Characterization and classification of
soils of a micro watershed on basalt parent rock in
northern transition zone of Karnataka. M.Sc. (Agri)
Thesis, Univ. Agric. Sci., Dharwad, India, 2011.

Patil PL, Bidari Bl. Manjunatha Hebbara, Jahnavi Katti,
Samirkhan  Dilvaranaik, Vishwanatha S et al.
Identification of soil fertility constraints by GIS in
Bedwatti sub watershed under Northern dry zone of
Karnataka for site specific recommendations. J Farm Sci.
2017a; 30(2):206-211.

Patil PL, Kuligod VB, Gundlur SS, Katti Jahnavi,
Nagaral IN, Shikrashetti P et al. Soil Fertility Mapping in
Dindur Sub-Watershed of Karnatakafor Site Specific
Recommendations. J Indian Soc. Soil Sci. 2016; 64:381-
390.

Patil PL, Kuligod VB, Gundlur SS, Katti Jahnavi,
Nagaral IN, Shikrashetti P et al. Soil fertility mapping by
GIS in Mevundi sub watershed under Northern dry zone
of Karnataka for site specific recommendations. J Farm
Sci. 2017b; 30(2):200-205.

Patil PL, Radder BM, Patil SG, Aladakatti YR, Meti CB,
Khot AB. Response of maize to micronutrients and
moisture regimes in vertisols of Malaprabha Command,
Karnataka. J Indian Soc. Soil Sci. 2006; 54:261-264.

Patil PL, Radder BM, Aladakatti YR. Effect of Moisture
Regimes, Zinc and Iron Levels on Yield, WUE and
Nutrients Uptake in Chilli + Cotton Cropping System. J
Indian Soc. Soil Sci. 2011; 59:401-406.

Prabhavati K, Dasog GS, Patil PL, Sahrawat KL, Wani
SP. Soil Fertility Mapping using GIS in Three Agro-
climatic Zones of Belgaum District, Karnataka. J Indian
Soc. Soil Sci. 2015; 63:173-180

Pulakeshi PHB, Patil PL, Dasog GS, Radder BM, Bidari
Bl, Mansur CP. Mapping of nuntrients status by
geographic information system (GIS) in Mantagani
village under northern transition zone of Karnataka.
Karnataka J Agric. Sci. 2012; 25:332-335.

Ravikumar MA, Patil PL, Dasog GS. Mapping of
Nutrients Status of 48A Distributary of Malaprabha Right
Bank Command of Karnataka by GIS Technique. I-Major
Nutrients. Karnataka J Agric. Sci. 2007a; 20:735-737
Ravikumar MA, Patil PL, Dasog GS. Mapping of
Nutrients Status of 48A Distributary of Malaprabha Right
Bank Command of Karnataka by GIS Technique. Il-


http://www.chemijournal.com/

International Journal of Chemical Studies http://www.chemijournal.com

Micro Nutrients. Karnataka J Agric. Sci. 2007b; 20:738-
740.

23. Sahrawat KL, Burford JR. Modification of alkaline
permanganate method for assessing the availability of
soil nitrogen in upland soils. Soil Sci. 1982; 133:53-57.

24. Shankaraiah M, Sreemannarayana B, Srinivasaraju A.
Studies on the status and distribution of sulphur in black
soils (Vertisols) of Karimnagar district, Andhra Pradesh.
Indian Journal of Dry land Agril. Res. Devp. 2006;
21:74-79.

25. Shiva Prasad CR, Reddy RS, Sehgal J, Velayutham M.
Soils of Karnataka for optimizing land use. NBSS
Publications. 1998; 4:15.

26. Sparks DL. Methods of Soil Analysis Part-3: Chemical
Methods. Soil Sci. Soc. America, USA, 1996.

27. Srikant KS, Patil PL, Dasog GS, Gali SK. Mapping of
available major nutrients of a micro watershed in
northern dry zone of Karnataka. Karnataka J. Agric. Sci.
2008; 21:391-395.

28. Tabatabai MA. Sulfur. In Methods of Soil Analysis, Part
3. Chemical Methods (D.L. Sparks, Ed.). Madison,
Wisconsin. American Society of Agronomy and Soil
Science Society of America, 1996, 921-960.

29. Wani SP. Taking soil science to farmers’ doorsteps
through community watershed management. J Indian
Soc. Soil Sci. 2008; 56:367-377.

~ 3036~


http://www.chemijournal.com/

