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Abstract:- The problem of soil quality in and around reservoirs is attracting attention for the last couple of years
due to the unscientific and unplanned irrigation practices that are bringing a myriad problem. Modern
industrialization practices such as chemical industries and indiscriminate use of fertilizers in agricultural
activity containing toxic substances contribute to the environmental degradation. Such anthropogenic activities
invariably result in the depletion of soil quality,

Deterioration of soil quality, contamination of drinking water and various health hazards. Hence there
is need to study in a comprehensive way about the soil quality issues in the catchment area.

The present study is an attempt made to analyze the physico-chemical parameters and to generate the
Soil Quality Index in and around the tandava Reservoir. The soil samples collected at the predetermined
locations are analyzed for physico-chemical parameters for the generation of attribute database. Based on the
analysis results spatial distribution maps of selected soil quality parameters namely Bulk Density, Moisture
content, Organic matter, C%, pH, EC, Ca, Mg, SO4, Nitrate, Phosphorus, Potassium and Texture are prepared
using curve-fitting method in GIS software. The physico-chemical analysis properties and computation of SQI
are helpful in the grouping of soil samples into excellent, good, poor, very poor and unfit. The spatial
distribution of SQI generated in the current study will be of much use for the planners in the management and
monitoring of land resources.

Keywords:- Soil Quality, Spatial distribution, Soil Quality Index

l. INTRODUCTION

Soil is a living system that represents a finite resource vital to life on earth. It forms the thin skin of
unconsolidated mineral and organic matter on the earth’s surface. It develops slowly from various parent
materials and is modified by time, climate, macro- and microorganisms, vegetation, and topography. Soils are
complex mixtures of minerals, organic compounds, and living organisms that interact continuously in response
to natural and imposed biological,

Chemical and physical forces. People are dependent on soils, and conversely, good soils are dependent

on people and the use they make of the land. Soils are the natural bodies in which plants grow. They provide the
starting point for successful agriculture. Rapid increase in human population increased the stress on natural
resources including soil. Soil degradation impacts agricultural production and adversely affects other natural
resources.
Soil pollution is often thought of as resulting from chemical contamination such as use of excessive amounts of
pesticides and fertilizers that can result in surface water and / or ground water contamination. However, there
are other forms of soil pollution or degradation, including erosion, compaction, and salinity. Soils have often
been neglected when they are used for on-site land disposal of waste chemicals and unwanted materials. Most
soils are capable, to some degree, of adsorbing and neutralizing many pollutants to harmless levels through
chemical and biochemical processes. Healthy soils give us clean air and water, bountiful crops and forests,
product rangeland, diverse wild life, and beautiful land scapes. Soil does all this by performing five essential
functions of regulating water, sustaining animal and plant life, filtering potential pollutants, cycling nutrients
and supporting structures.

1. STUDY AREA
The study area is situated in vishakapatnam district of Andhra Pradesh and is located between
17030’and 17045 North latitude and 82015’and 82030’ East longitude. The study area tandava Reservoir has
constructed on the River tandava. The major crops grown in the study area are Rice, Jowar, Cotton, Turmeric,
Maize, Chillies and Sesame and it is covered in the Survey of India toposheet numbers 65K/6.
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2.10bjectives Of The Study

1) To prepare the thematic maps of the study area, which form the spatial database using remote sensing and
GIS techniques.

2) To create attribute digital database consisting of selected soil quality parameters derived from the analysis of
soil samples collected from predetermined locations in the study area and computation of soil quality index.

3) To develop spatial distribution maps showing variations in soil quality index by integrating the spatial digital
data and attribute data in the process of building its topology on ARCGIS platform.

1. METHODOLOGY

3.1 Data collection: Different data products required for the study include Survey of India (SOI)
toposheets bearing with numbers 65k/6 on 1:50,000 scale. Fused data of IRS-1D PAN and LISS-I1I satellite
imagery obtained from National Remote Sensing Agency (NRSA), Hyderabad, India. Collateral data collected
from related organizations, comprises of soil quality and demographic data.
3.2 Database creation:
Satellite imageries are georeferenced using the ground control points with SOI toposheets as a reference and
further merged to obtain a fused, high resolution (5.8m of PAN) and colored (R,G,B bands of LISS-I1I) output
in EASI/PACE Image processing software. The study area is then delineated and subsetted from the fused data
based on the latitude and longitude values and a final hard copy output is prepared for the generation of thematic
maps using visual interpretation technique . These thematic maps (raster data) are converted to vector format by
scanning using an AO flatbed deskjet scanner and digitized using AutoCAD software for generation of digital
thematic maps using Arc/Info and ARCVIEW GIS software. The GIS digital database consists of thematic
maps like land use/land cover, drainage, road network using Survey of India (SOI) toposheets and fused data of
IRS - ID PAN and IRS-1D LISS-I1I satellite imagery.
3.2.1 Spatial Database: Thematic maps like base map and drainage network maps are prepared from the SOI
toposheets on 1:50,000 scale using AutoCAD and Arc/Info GIS software to obtain a baseline data maps of the
study area was prepared using visual interpretation technique from the fused satellite imagery (IRS-ID PAN +
IRS-ID LISS-I11) and SOI toposheets along with ground truth analysis. All the maps are scanned and digitized
to generate a digital output.
3.2.2 Attribute database: Fieldwork is conducted and ground water samples are collected from 24
predetermined locations based on the land use and drainage network maps in the study area. Care is taken in
collecting the soil samples for uniform distribution and density of sampling locations. The soil samples were
analyzed for various physico-chemical parameters adopting standard protocols (APHA, AWWA, WPCF
1998). The soil quality data thus obtained forms the attribute database for the present study (Table 1).

Table 1 Soil Quality Analysis Data

Yilleges Places D?ﬁ‘_j::l;riiﬂeC-rr-r::nirm:tte ¢ |pH|EC | ca | Mz |50: xitrateph':'ﬁf;c'mp':"?zm
Mallsnpsta (1) 21 | 332 52 52 |24ft7sr140 88 [263| 56 | 13.63 10.25
DMallenpeta 1 | 99 | 4925 319 182 43|04 [125]154]|366| 46 | 1538 | 1087
appusettipalem (3) 30 | 196 8.2 79 |35frsfisadirszao|za1z| 168 1038
appuseitipalem 1 (4) 185 | 512 21 22 |33|38 |308[1656 47| 23 166 102
arikaly (53 0.7 | 234 14 147 [23] 66 trogiasfiio] 108 | 214 516
arikalv 1 (6) 21 | 373 3.2 1o [s6f1o7|1sa|1z7iied 603 | 218 518
aradesipakalu (1) 100 | 156 148 149 |3.2|138|6.02|213| 8.6 | 6.02 23 12.65
aradesipakalul (8) 6.07 | 2032 §.48 12.1 |43 33 68068 |38 7.1 25 13.38
Chesdikada  (9) 267 | 113 738 153 |15)1474 50 |190] 5.6 | 488 E 162
Kumarapuram (10 77 | 2411 733 1542[3.1|128]100(10.22 46 | 475 | 17.83 11.11
Asencvlaxmimmra  (11) | 3.07 | 22.11 746 |2451|5.1|7.03|5.05|4881124 615 | 1739 | 1087

nkasinsi (123 25 | 427 138 139 |13|173[205 1524 128) 54 | 1783 1046
Krishnadevipela  (13) 19 | 31 201 196 | 1 [138|108[1146 68| 56 166 81
Lineamdorapalem (14) | 247 | 209 1061 |1034101 53 izashisd 41 [ 106 | 1944 92
Thallachesdikada (13) | 9.69 | 4166 5.72 2082|401 5.7 [18.5] 44 [1.72] 101 | 1739 10
Chodyam (16} 27 | 401 12.03 119 [3.08 6.7 |3.98| 03 |53 1.8 23 1538
Arnapsta (17) 53 | 214 8.3 84 [358]98 [1195 91 [8.1] 92 | 1873 13.72
Godampalem (18] 130 | 17.17 1727 1725744031720 45 |55 | 63 6 15.1¢8
Kothamallempeta (190 | 2.4 | 32.2 549 553 [1.2|11.6[15.7618.6]| 2.3 | 87 | 2841 14.38
Gantavankothasademn (20 16 | 12.08 182 [1026725|3.01|1624p25713.19 2.01 | 2777 | 153
ogachetlapulem (21) 177 | 204 1108 |1106|38[107] 93 [96 |83 | 51 206 1529
Golnzonda  (22) 31 | 17.46 111 128 |25|178[1746 7.8 |84 6.02 | 243 1546
lagarmadorapalem (23) 27 | 308 76 183 |26|852[3.1 |638] 54 |16.16| 2838 | 1378
appusettipalem (24) 92 | 2043 11.15  |1745|zaBzofir2dzse]|457] 38 | 2839 | 1566
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3.3 Integration of spatial and attribute database

The spatial and the attribute database thus generated are integrated for the preparation of spatial
distribution maps of selected soil quality parameters like Bulk Density,Moisture content,Organic matter, pH,
EC, Sulphates,calcium,Magnesium,carbon,nitrates potassium,phosphorus and Soil Quality Index (SQI). The soil
quality data (attribute) is linked to the sampling location (spatial) in ARCGIS and maps showing spatial
distribution were prepared to easily identify the variation in concentrations of the above parameters in the
ground water at various locations of the study area using curve fitting technique of ARCGIS software.

3.4 Spatial Modelling and Surface Interpolation through IDW

Though there are a number of spatial modelling techniques available with respect to application in GIS,
spatial interpolation technique through Inverse Distance Weighted (IDW) approach has been used in the present
study to delineate the locational distribution of soil pollutants or constituents. This method uses a defined or
selected set of sample points for estimating the output grid cell value. It determines the cell values using a
linearly weighted combination of a set of sample points and controls the significance of known points upon the
interpolated values based upon their distance from the output point thereby generating a surface grid as well as
thematic isolines. Important soil quality indicating parameters and their distribution patterns were studied with
the help of cartographic techniques. The generated figures are self-explanatory and obviously convey the quality
of each parameter for all the samples. Thus, GIS enables us to look into the cause and effect relationship with
visual presentation.

3.5 Estimation of Soil Quality Index (SQI)

Soil Quality Index (SQI) is a very useful and efficient method for assessing the quality of soil. It is a
useful tool for communicating the information on overall quality of soil. Five soil attributes namely acidity
(pH), Organic Matter (OM), Phosphorus (P), Potassium (K), and Electrical Conductivity (EC), have been
combined to construct an index to represent the soil quality.

The soil quality index has been constructed by the following method given by 13.
SQI = (DpH+DOM + DP + DK+ DEC)/5
Where,

D pH=1if pH> 6.5 and 0 otherwise

DOM =1 if OM > 2 and 0 otherwise

DP =1if P > 20 and 0 other wise

DK =1if K> 80 and 0 otherwise

DEC = 1if EC < 2 and 0 otherwise

The Soil Quality Index (SQI) is computed for all sites of the study area. SQI is bounded between 0to 1,
and the higher the SQI the better the quality of soil. Based on the SQI values, the soil quality scale is rated as
good (>0.7), average (0.4 —0.7) and poor (0 - 0.4).

V. RESULTS AND DISCUSSION

In the present study soil samples have been taken 24 samples well distributed locations in the study
area. The samples have been analyzed for different parameters like Bulk Density,Moisture content,Organic
matter, pH, EC, Sulphates, calcium,Magnesium, nitrates, carbon, potassium, phosphorus.

Physico-chemical analysis of 24 samples in the study area reveals minimum bulk density of 1. 6 and
maximum of 18.5 at sample no.4.Maximum variation of 15.5% in a year occurs at sample no.4 and minimum
variation of 2.1 sampleno.l and 1.6% in a year occurs at sample no.1Bulk density values of all the samples are
well within the permissible limits.

Organic matter value of 0.8 is observed as minimum in sample no.4 and the maximum value was
found to be 17.27 at sample no.18. Organic matter values observed in all the samples of study area are lower
than the desired values. The variation of organic matter in a year is higher on downstream side when compared
to upstream side of the study area.

The moisture content value of 3.1 is observed as minimum in sample no.13 and the maximum value
was found to be 41.66 at sample no.15.

The Electrical Conductivity (EC) values of soil in study area is range of minimum 3.8 at sample no.4. and the
maximum value was found to be 32.77 at sample no.24.all the samples in the study area are within the
permissible limits.

Minimum pH value of 1 was observed in sample no.13, and a maximum pH value of 7.4 was observed in
sample no.18.

Sulphates minimum value of 1.72 was observed in sample no.1 and a maximum value of 263 was
observed in sample no.1 , magnesium minimum value of 4.4 was observed in sample no.15 and a maximum
value of 22.57 was observed in sample no.20
nitrates minimum value of 2.01 was observed in sample no.20 and a maximum value of 24.12 was observed in
sample no.3.Analysis of phosphorus revealed a minimum value of 6 at sample no.18 and maximum of 29.4 at
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sample no.19. Potassium (K) value of 8.1 was observed as minimum in sample no.13 and maximum value of
15.78 was found in samples no.23 Carbon value of 2.2 was observed as minimum in sample no.4 and
maximum value of 24.51 was found in samples no.11.

V. CONCLUSIONS

Based on the all above parameters, SQI was computed to determine the soil quality and categorized
into good, average and poor From the analysis results and soil quality rating scale , it revealed that eleven
samples (41.65%) were of good with SQI ranging from (>7), six samples i.e.24% are rated as average (SQI of
0.4 to 0.7) and eight samples i.e.33.36% are considered poor with SQI ranging between (0 to 0.4). On
downstream side of study area 26% samples are good, 16.5%

arameters is essential in determining the effect on soil quality. The overall study reveals that soil
quality parameters organic matter, potassium and phosphorous are with in the permissible limits of study area.
57% oaverage and 58.4% are poor. While on upstream side of study area, 58.2% of samples are good, 33.4%
average and 8.35% are poor.
Soil quality is largely a function of chemical proportion such as organic matter, calcium, magnesium, sulfur, pH,
nitrate, potassium and phosphorous. Assessment of these pf the samples collected around industries are of
poor/average quality, while remaining 43% are of good quality. The areas of poor soil quality are observed to be
located on down stream of study area and good water quality is observed on upstream of the study area.

Table 2 SOIL QUALITY INDEX (SQI)

SL.N NAME OF THE VILLAGE SQI | CONDITION
o

1 MMallenpetal 0.6 AVERAGE

2 hlallenpetal 0.2 GOOD

3 Pappusettipalem 0.6 AVERAGE

4 Pappuzettipalem 2 08 GOOD

5 Pankaly 1 0.8 GOOD

& Pankaly 2 0.8 GOOD

7 Paradesipakalu 1 0.8 GOOD

g Paradesipakalu? 0.8 GOOD

9 Cheedikada 06 AVERAGE
10 Kumarapuram 04 POOE.

11 Agency Lazmupra 0.6 AVAFRAGE
12 Eonkasing 04 POOFE.

13 Erzhnadevipeta 04 POOE.

14 Linzamdorapalsm 0.8 GOOD

13 Thallacheedilkada 08 GOOD

16 Chodyam 04 VERY GOOD
17 Annapsta 0.8 GOOD

12 Godampalem 0.8 GOOD

1% Eothamallempeta 06 AVERAGE
20 Gantavarkothamdem 0.6 AVEREAGE
21 Pogachetlapulem 04 VERY GOOD
22 Golnzonda 0.4 AVERAGE
23 MNazannadorapalem 04 AVERAGE
24 Pappusettipalem? 04 AVERAGE
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Figure 1: Flow chart showing the methodology adopted for the present study
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SPATIAL DISTRIBUTION MAP FOR BULK DENSITY IN SOIL

Figure 2

SPATIAL DISTRIBUTION MAP FOR ORGANIC MATTER IN SOIL
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SPATIAL DISTRIBUTION MAP FOR ELECTRON CONDUCTIVITY IN SOIL
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SPATIAL DISTRIBUTION MAP FOR CALCIUM CONTENT IN SOIL
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