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Abstract

This study examines the physicochemical properties of soil in Tamil Nadu region, supporting SDG 15°s
framework for sustainable land management. Soil, as a vital non-living component, plays a crucial role
in ecosystem functioning by facilitating nutrient cycling, retaining water, and supporting habitats for a
wide range of organisms. The work analysis includes key physical parameters like colour, texture,
structure, porosity, density, consistency, and temperature, and chemical properties, focusing on both
macro and micronutrients. Various soil types (loamy, sandy, chalk, peat, silt, clay) are evaluated for
their agricultural suitability and ecosystem functions. The analysis emphasizes soil’s role in preventing
groundwater contamination and supporting plant stability. This comprehensive assessment aids in
understanding soil productivity factors, supporting informed agricultural practices, and contributing
to SDG 15°s goals of sustainable terrestrial ecosystem management and soil resource conservation in
Tamil Nadu’s agricultural landscape.
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INTRODUCTION

Soil, the vital superficial layer of earth’s crust, represents one of the most fundamental and complex
natural systems supporting life on our planet. Known scientifically as “solum”, this dynamic medium
serves as the cornerstone of terrestrial ecosystems and agricultural productivity. It emerges through the
intricate interplay of weathering processes, driven by both climatic factors (including water, light, and
temperature) and biological agents (such as plants, animals, and microorganisms) [1].

The complexity of soil lies in its unique composition, incorporating inorganic minerals, organic
matter, and diverse living organisms in a delicate balance. This living matrix not only provides essential
physical support for plant growth but also functions as a sophisticated natural filtration system, capable
of purifying water, neutralizing pathogens, and degrading environmental contaminants. Furthermore,
soil plays a crucial role in global biogeochemical
;A\l;ti!laora f?;sgtﬁrrespondence cycles, participating in gas exchange processes by
E-mall: rahul kundiya@Vpmmpeoe.org absorbing oxygen and methane while releasing

carbon dioxide and nitrous oxide [2].
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health, and provide environmental services [3-10].
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METHODS AND MATERIALS
Soil Physicochemical Analysis

List of physicochemical parameters and their test methods is shown in Table 1. The soil samples were
analysed using a standardized procedure to examine key physical and chemical properties, including
colour, pH, electrical conductivity, nitrogen (N), chloride (Cl), sulfate (SO4), sodium (Na), potassium
(K20), sulfur (S), and carbon (C). Soil samples were collected from three different locations in three
different ecosystems: seashore Auroville (Latitude 11055'N and Longitude 7904917.40'E), Marakanam
(Latitude 12.1890N and Longitude 79.92490E), and Poondiyankuppam (Latitude 13.07690N and
Longitude 80.18960E) in the Palk Strait coastal region of Tamil Nadu, India. A spade was used to
remove surface-contaminated dirt to a depth is shown in Figure 1(a)—(c).

Table 1. List of physicochemical parameters and their test methods.

S.N. | Physicochemical parameter Unit Test method
1. | Cation exchange capacity meq/100g EPA 9081 - 1986
2. | Magnesium as Mg mg/kg SMSLA/WT/SOP/021 - 2024
3. | Phosphorous as P mg/kg IS 10158 - 1982 (Reaffirmed 2019)
4. | Potassium as K mg/kg IS 10158 - 1982 (Reaffirmed 2019)
5. | Total Nitrogen as N mg/kg IS 14684 - 1999 (Reaffirmed 2019)
6. | Sulphate % SMSLA/WT/SOP/012 - 2024
7. | Conductivity at 25°C pS/cm IS 14767 - 2000 (Reaffirmed 2021)
8. | pHat25°C NA IS 2720 (Part 26) - 1987 (Reaffirmed 2021)
9. | Iron mg/kg EPA 3050 B - 1996
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Figure 1. (a)—(c) Soil samples were collected from three different locations in three different
ecosystems.
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Sample Collection and Study Area

Soil samples were gathered from three distinct ecosystems at different locations: Seashore Auroville
(Latitude 11.0955°N, Longitude 79.8217°E), Marakanam (Latitude 12.1890°N, Longitude 79.9249°E),
and Poondiyankuppam (Latitude 13.0769°N, Longitude 80.1896°E) within the marine environment of
the Palk Strait coastal region in Tamil Nadu, India. To ensure uncontaminated samples, the top 2 cm of
surface soil was removed using a spade. Samples were then collected by digging V-shaped holes up to
a depth of 20 cm, and the extracted soil was placed in a clean plastic bucket. The collected soil was
labelled according to the respective locations, air-dried, and allowed to form small cubes due to the
wind before being securely stored in clean plastic bags for further laboratory analysis [11-17].

pH

The pH scale calculates Hydrogen ion quantity in a solution (Figure 2). Jackson used a potentiometric
pH meter to measure the pH of the soil using a 2.5 soil water suspension ratio [18]. The alkaline side
is represented by the pH value, which is higher than 7. An indicator of saline or salt-impacted soil
is alkalinity. A soil type is classified as acidic if its pH is less than 6.0, as normal if its pH is between
6 and 8.5, and as alkaline if its pH is greater than 8.5 [18]. The pH varied from 7.1 to 8.3, with a mean
of 7.52, a unique deviation of 0.30, and a coefficient of variation of 4.0% (Table 1). The farmed lands'
pH level.

Electrical Conductivity

The capability of the soil to carry electricity is a critical feature. It shows how much soluble salt is
present in the soils overall. lons in the soil sample are measured by the conductivity value. The cations
of clay and colloidal particles are swapped out for the cations of soil and salt solutions in proportional
amounts throughout this process. Cation exchange describes the process in which cations are exchanged
between soil and a salt solution. CO3, HCOs, and PO, are anions, while cations include Ca, Mg, Na,
and K. The conductivity levels can vary based on the soil's chemical characteristics. An EC of less than
4 indicates a regular soil type. An EC value of 0.50 to 0.73 dSm—1 is found in a soil from the study
location. EC values lower in all soil samples (Figure 3).

Organic Carbon

Organic matter is an important soil component that improves soil fertility. Soil organic carbon is the
basis of soil fertility. It raises soil organic carbon, which improves soil fertility and health, and releases
nutrients for plant growth [18]. The information is provided in Table 2. The range of organic carbon is
0.52 10 0.72% (Figure 4).

Nitrogen

Using the alkaline permanganate technique, the amount of nitrogen that was available was decided [19].
Nitrogen is an essential nutrient for plants to develop their canopy. In addition to causing yellowish
green leaves to grow more slowly, a nitrogen deficiency also lowers protein yields and content. All soil
samples have low nitrogen levels [18]. The Marathwada soil had a high to medium level of available
potassium (Figure 5).
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Figure 2. pH scale calculates hydrogen ion quantity in a solution.
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Table 2. Comparative analysis of soil quality parameters across three locations.

S.N. Parameter Unit Auroville Marakanam Poondiyankuppam
(A) B ©
1 Nitrogen mg/kg BLQ (LOQ5.0) | 629 336
2 Iron mg/kg 1946.23 44 7213
3 Organic carbon | meqg/100 g 0.46 BLQ (LOQ 10.0) | BLQ (LOQ 10.0)
4 Magnesium mg/kg 28 3070 2107
5 Potassium mg/kg 71 880 1098
6 pH SuU 7.35 7.34 9.23
7 | Conductivity mmho/cm 2590 43.3% 8.3%
8 Phosphorus kg/ha 28 36.9% 14.6%
9 | CEC CMP/kg BLQ (LOQ 10.0) | 19.5% 77.1%
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Figure 4. Organic carbon present in the soil sample.
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Figure 5. Amount of nitrogen present in all soil samples.

Phosphorous

The essential substance for soil level is phosphorous. It is a crucial substance of all living cells. It is
essential for growth, cell division, root development and elongation, seed and fruit maturation, and early
ripening. It also facilitates the transfer and storage of energy. Phosphorous levels in the study area range
from 15.11 to 54.13 kg/ha (Figure 6). Figure 5 Fertility, Status of the research field 3.6. Potassium is

essential for several plant physiological functions.
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Figure 6. Phosphorous levels in the study area.
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Figure 7. Potassium data available in all soil samples.
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Figure 8. Magnesium content in soil.

Potassium

Potassium is necessary for several plant physiological functions. Potassium is a necessary ingredient for
producing standard-quality crops. It mainly serves a catalytic function. The potassium data available varies
from 125.31 and 630.15 kg/ha. Most soil samples had a high level of accessible potassium [18]. The
Marathwada soil had a moderate to medium available potassium level (Figure 7) [18-20].

Magnesium

A necessary ingredient for the growth and development of plants is magnesium (Mg). Magnesium is
a crucial component of the chlorophyll molecule in plant tissue and plays a role in many physiological
and biochemical processes within plants. Hence, poor and stunted plant growth is the result of a lack of
chlorophyll if magnesium is insufficient. The production of enzyme activators and chlorophyll are the
two primary functions of magnesium in plants. A sufficient magnesium supply is necessary for energy
transmission, protein synthesis, and photosynthesis. Only a minor fraction of the total magnesium
content in soil (which is 0.05-0.5%) exists in forms that plants can utilize (Figure 8).
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Figure 9. Availability of iron.

Iron

Strangely, anaerobic circumstances produced by wet soils with abundant organic matter and low soil
oxygen levels make iron more available to plants at potentially harmful amounts. Additionally, iron is
essential for certain acidic soils to become hazardous due to its participation in essential activities like
photosynthesis (Figure 9).

CONCLUSION

The soil analysis from Auroville, Marakanam, and Poondiyankuppam reveals diverse soil
characteristics that align with SDG 15's mission to protect, restore, and promote sustainable use of
terrestrial ecosystems. To achieve sustainable land management, each location requires specific
interventions. Marakanam, with its optimal nitrogen levels (629 mg/kg) and neutral pH (7.34), presents
an opportunity for immediate sustainable agriculture while protecting soil biodiversity. For
Poondiyankuppam's high iron content (7213 mg/kg) and alkaline conditions (pH 9.23), implementing
sustainable forest management and agroforestry practices could help balance soil chemistry. Auroville's
acidic soil (pH 5.30) could benefit from organic matter addition and conservation agriculture techniques
to combat land degradation. The consistently low organic carbon levels across sites indicate a need for
sustainable soil management practices, including crop rotation, organic farming, and reduced tillage.
These strategies would support SDG 15's targets of restoring degraded land, enhancing biodiversity,
and promoting fair resource sharing while ensuring sustainable food production. Marakanam's superior
conductivity and phosphorus levels make it ideal for demonstrating how sustainable agriculture can
coexist with ecosystem protection.
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