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ABSTRACT
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Background: Soil nutrients are the major source of plant nutrition that helps for the plant growth. Soil resource is currently facing
threats due to various soil nutrients deficiency. Assessing the spatial variability of soil nutrients quality is necessary for agriculture.
Quickly and efficiently monitoring soil nutritional status using remote sensing technology is of great significance for farmland soil
productivity, food security and sustainable agricultural development.

Methods: The present study focuses on spatial variability of soil quality. Current research has been conducted to estimate and map
soil nutrient contents in large areas using GIS technology and other related maps were prepared from remote sensing data in
ArcGIS 10.1. 288 soil samples were collected for the study from different Blocks of the Coimbatore District of Tamil Nadu. The
Organic carbon, N, P, K, pH and EC status of the soil were analysed and reported.

Result: The organic carbon status of the sail is very low in most of the parts of Coimbatore and the pH status is slightly alkaline. The
primary nutrients N, P and K were found to be low and found to have micronutrient imbalance which is highly influenced by the

changes in pH.
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INTRODUCTION

As a main source of plant nutrition and soil, nutrients such
as nitrogen, phosphorus and potassium play a vital role in
plant growth (Chen et al. 2015; Dong et al. 2017). Even
though, traditional estimations provide accurate estimates
of soil nutrient contents, they are time-consuming and costly
for the generation of spatially explicit estimates for the entire
study area (Andrews and Carroll, 2001). 288 soil samples
from different blocks of Coimbatore receiving 550 mm to
900 mm rainfall annually with arid climate were collected
for the study. The results indicate that the status of organic
carbon in the soil is very low in most of the parts of
Coimbatore and the pH status is slightly alkaline in most of
the places. This has to be taken into consideration and the
soil has to be reclaimed. Regarding the nutrient status of
the soil, the primary nutrients were found to low, with regards
to the secondary and micronutrients, there was an imbalance
which is highly influenced by the changes in pH.

MATERIALS AND METHODS
Study area

The study area Coimbatore lies at 11°1'6"N 76°58'21"
E in south India at 411 metres (1349 ft) above sea level on
the banks of the Noyyal River, in northwestern Tamil Nadu
(Fig 1). It covers an area of 642.12 km? (247.92 sq mi). It is
surrounded by the Western Ghats mountain range to the
west and the north, with reserve forests of the Nilgiri
Biosphere Reserve on the northern side. The Noyyal River
forms the southern boundary of the district, which has an
extensive tank system fed by the river and rainwater. The
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soil is predominantly black, which is suitable for cotton
cultivation, but some red loamy soil is also found.

The district has a hot semi-arid climate (BSh), with a
wet season lasting from September to November due to
the northeast monsoon. The mean maximum temperature
ranges from 35.9°C (96.6°F) to 29.2°C (84.6°F) and the
mean minimum temperature ranges from 24.5°C (76.1°F)
t0 19.8°C (67.6°F). Due to the south-west monsoon winds
passing through the Palghat gap, elevated regions of the
city receive rainfall in the months from June to August.
After a warm and foggy September, the north-east
monsoon starts from October, lasting until early
November. The average annual rainfall is around 600 mm
(23.6 in) with the northeast and the southwest monsoons
contributing to 47% and 28% respectively to the total
rainfall.
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Methodology

In the study area viz., 288 villages in different Taluks of
Coimbatore (Table 1), the soil samples were collected by
using a spade by digging a V-shaped hole and then a thin
slice of soil was taken from one side of the hole. Then the
soil samples were dried and sieved. Then 100-250 g of soil
sample (each in 288 samples) was sent to the laboratory
for analysis. Samples were analyzed for macro nutrients
and micro nutrients by using the standard procedures. The
physico chemical properties like EC (dSm), pH,
macronutrients like Organic carbon (%), nitrogen,
phosphorus and micronutrients potassium, iron,
manganese, zinc, copper were measured using standard
procedure to understand the soil nutrient status (Table 2).
The Coimbatore district map was scanned and geo-
referenced using ArcGIS software. Ground Co-ordinates are
gained from Google map. Using these co-ordinates pixel
co-ordinates of scanned image are converted into ground
co-ordinates. The geo-referenced map was digitized by
creating personal geo-database and feature classes (point,
line and polygon). The map was digitized and it was
projected for accurate information. The layout of the map
was prepared with latitude and longitude for better
understanding and more informative (Basnyt et al. 2004).

RESULTS AND DISCUSSION
Macronutrients

Nitrogen

Nitrogen is an essential macronutrient for plant and it is the
main component of amino acids, which are the building
blocks of plant proteins and enzymes. The nitrogen deficient
plant leaves will be light green in colour. The lower leaves
turn yellow and start drying up as if suffering from shortage of
water. The analyzed soil samples varies from 161-427 kg/ha
of Nitrogen content in the study area and the average available
N value is 240 kg/ha which indicates low status suggesting
need for nitrogen management (Fig 2 and Fig 17).

Phosphorus

Phosphorus is indispensible in the growth and production of
legumes, as it increases the activity of nodular bacteria which
fix nitrogen in the soil. Phosphorus deficiency causes stunted
growth and leaves become smaller in size. The analyzed
sample varies from 11.61-29.15 kg/ha in the study area. The
average P content in the entire district is 15.2 kg/ha which falls
in the medium range of soil P availability (Fig 3 and Fig 18).

Potassium

Potassium plays a vital role in the formation or synthesis of
amino acids and proteins from ammonium ions which are
absorbed from the soil. Deficiency of potassium causes the
margins of leaves turn brownish and dry up. The stem
remains slender. The analyzed sample varies from 213-1234
kg/ha in the study area. The average potassium content of
the soil is 583 kg/ha which is in the high range indicating
that the soil is rich in K content (Fig 4 and Fig 17).
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Fig 1. Study area.
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Fig 3: Phosphorous map.




Evaluating the Soil Nutrient Status using GIS and Remote Sensing Technology-A Case Study at Coimbatore District

Status of Potassium in the soils of Coimbatore District
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Fig 5: Organic carbon map.
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Fig 7: EC map.
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Status of Zinc in the soils of Coimbatore District
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Fig 10: Zinc map.
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Fig 11: Copper map.
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Soil organic carbon, pH and EC
Soil organic carbon

As soil organic matter is derived mainly from plant residues,
it contains all the essential plant nutrients. Therefore,
accumulated organic matter is a storehouse of plant nutrients
(Bauer and Black, 1994). The stable organic fraction (humus)
adsorbs and holds nutrients in a plant-available form. The
organic carbon percentage ranges from 0.22-2.27 in the
study area (Fig 5 and Fig 16).

Soil pH

The pH range 5.5-6.5 is optimal for plant growth as the
availability of nutrients is optimal. This is also suitable for
most soil microbes as plants grow well in this range of pH
and produce more root exudates as a carbon source
available for survival and multiplication of microbes. The
pH ranges from 6.7-8.85. It is beyond the suitable range
(Fig 6 and Fig 14).

Soil EC

Soil electrical conductivity (EC) is a measure of the quantity
of salts in soil. It is an important indicator of soil health. It
affects crop yields, crop suitability, plant nutrient availability
and activity of soil microorganisms. Excess salts hinder plant
growth by affecting the soil-water balance. Soils containing
excess salts occur naturally in arid and semiarid climates.
The EC of the study area ranged between 0.11-3.35 dS/m
and with a mean value of 0.39 dS/m (Fig 7 and Fig 15).

Micronutrients
Iron

Although iron does not enter into the composition of
chlorophyll, its deficiency manifests itself in chlorosis,
yellowing or whitening of leaves. The concentration of iron
plays an important role in the oxidation process in leaf cells.
Sever deficiency results in chlorosis and leaves turn white
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Fig 13: Boron map.
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and eventual leaf loss and the growth of plants is very much
restricted. The analysed sample varies from 2.35-10.35 ppm
in the study area with the average of 4.81 ppm. This value
is sufficient for the normal plant growth. So the soil is rich in
iron content in most of the areas of the district (Fig 8 and
Fig 19).

Manganese

Manganese is an essential element having a role in the
formation or synthesis of chlorophyll. Due to deficiency of

manganese the carbohydrate synthesis is disturbed resulting
in retarded growth. The analyzed sample varies from 1.09-
19.44 ppm and the average manganese content is 2.23 ppm
in the study area and hence the manganese content is high
in the soil (Fig 9 and Fig 19).

Zinc

Zinc is associated with the development of chlorophyll in
leaves and a high content of zinc is correlated with a high
amount of chlorophyll. In its absence growth is less, buds
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Fig 16: Soil OC% in 288 villages of Coimbatore.
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fall off and seed development is limited. Extreme deficiency
of zinc results in chlorotic conditions and in darker coloured
veins of leaves. The sample values range between 0.48-
1.87 ppm in the study area. The average zinc content is
0.90 ppm which is sufficient for the plant growth and the
zinc content of the soil falls in the high range (Fig 10 and
Fig 19).

Copper

In the chloroplasts of leaves there is an enzyme which is
concerned with the oxidation-reduction processes. The
presence of copper is essential for this enzyme to function.
Thus, copper plays an important role in the process of
photosynthesis. In extreme deficiency there may occur
excessive leaf shedding. The analysed sample varies from
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Fig 17: Soil N and K in 288 villages of Coimbatore.
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Fig 19: Soil micronutrients
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in the study area and the average is 9.93 ppm which is well
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Boron
Elgg8n33838gRgen~g Boron is one of the essential nutrients for the optimum
2 gls o S 5SS 00 Soa 3o growth, development, yield and quality of crops. It performs
many important functions in plants and is mainly involved in
cell wall synthesis and structural integration. The analysed
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(Fig 13 and Fig 19).
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Through soil testing of it was concluded that the status of
. 9|, N %8 D mowowo S organic carbon in the soil is very low in many places of
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S3Z S99 Bl IIIORIQ o Coimbatore district (less than 0.5 OM), pH status is slightl
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= NN N alkaline (7.3 to 7.9) in and it is moderately alkaline 7.9 to
§ LS longnsNgeT8RRe g 8.5. This has tg be taken into consideration and the soil has
c 8 PR S B D S B i B B I I to be reglamatlon measures hgve to bg adopted..Regardlng
® the nutrient status of the soil, the primary nutrients were
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=4 found to be low, with regards to the secondary and
= O 12928 YIINT RN micronutrients, there was an imbalance which is highly
2l ¥ |[cccsccscsccso =S o influenced by the changes in pH.
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