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Abstract

This review paper explores the soil properties of the Khandesh region, considering their implications on
agricultural productivity and environmental sustainability. The paper elucidates the different soil
properties and nutrient levels. The region is situated in the northwest part of Maharashtra, India, and
holds a distinctive geographical and cultural significance which the Satpura Range borders to the north
and the Tapti River to the south. The region encompasses a diverse landscape ranging from fertile
plains to hilly terrains known for its rich agricultural heritage, Khandesh boasts a vibrant agrarian
economy driven by its fertile soils and favourable climatic conditions. The region experiences a semi-
arid climate characterized by hot summers and moderate winters, with an average annual rainfall
ranging from 600 to 800 mm. The region is renowned for producing various crops including cotton,
pulses, millets, oilseeds, and bananas, and thrives on its vibrant agricultural economy. The synergy
between the region's soils and the resourcefulness of its farmers has solidified its reputation as a key
agricultural center within Maharashtra, India. The soils of this area, coupled with the ingenuity of its
farmers, have contributed to its reputation as a significant agricultural hub within the state. This review
aims to provide an overview of the soil properties of the region, shedding light on its potential,
challenges, and the need for sustainable soil management practices.
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Introduction

Soil properties play an important role in shaping agricultural productivity and environmental
sustainability. Soil properties like soil texture, soil structure, density, pH levels, and plant
nutrient content directly impact crop growth, nutrient uptake, and the overall productivity
(Sahrawat et al., 2010) [, By assessing soil properties such as soil organic matter, nitrogen,
phosphorus, and potassium levels in soil, farmers can adapt fertilization plans to replenish
nutrient deficiencies and maintain soil health (Fang & Su, 2019) 9. Moreover, soil
properties influence water management practices by affecting soil water infiltration,
retention, and drainage characteristics which are crucial for soil water management,
irrigation efficiency, and soil conservation (Wang et al., 2021) 61, Soil texture influences
yield variability, especially in rainfed agriculture (Gupta et al., 2022) ', and compaction
impacts productivity (Piché & Kelting, 2015) B4, Understanding soil quality indicators helps
land use planning (Zebire et al., 2019) 4, and gauging sustainable productivity (Farhate et
al., 2018) . Soil properties are crucial for maintaining environmental quality and
implementing sustainable land management practices and play an important role in
controlling processes like carbon storage, nutrient recycling, and filtering pollutants, which
are vital for preventing environmental damage (Seifu & Elias, 2018) 381, They also help and
guide the prevention of soil erosion, which is an important factor for keeping soil healthy,
and productive and minimizing land degradation (Hailu Leta, 2019) > 1. Assessing soil
quality means looking at its physical, chemical, and biological parameters to see if something
is preventing it from working appropriately or to monitor how changes affect its functions
(Seifu & Elias, 2018) .. Soil quality refers to how well soil can support plant and animal
life, maintain water and air quality, and keep people healthy (Ghimire et al., 2018) 131,
Adopting good practices like soil conservation, erosion control, and careful nutrient
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management is crucial for keeping soil healthy to ensure
sustainable agriculture productivity (Peigné et al., 2007) [,
It is important to note that the interpretation of soil health
indicators needs to account for inherent soil characteristics
related to soil forming factors, including parent material,
vegetation, climate, topography, and time (Zuber et al.,
2020) B4, This review aims to explore the soil quality
information of the area to establish key objectives regarding
soils and agricultural sustainability and to find physical
characteristics like soil texture, structure, color, and
porosity, as well as chemical properties such as soil pH,
organic matter, and important plant nutrients, as these
factors are crucial for understanding their impact on
agricultural productivity (Conley, 1999) Bl aiming to
enhance nutrient management strategies and promote
sustainable farming practices in Khandesh and to provide
insights into the current condition of soil health, essential for
effective farming practices (Shehu et al., 2023) 381,

Geographical and Climatic Overview of the Khandesh
Region: The Khandesh region, nestled between the Satpura
Range and the Tapti River, and bordered by the Narmada
River, showcases a richly varied and enthralling landscape.
The Tapti River flows through the Jalgaon, Dhule, and
Nandurbar districts of Khandesh, lined by thick alluvial
deposits. While the majority of the area is blanketed by the
Deccan traps, there are narrow bands of alluvial terrain on
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either side of the Tapti River. It features fertile plains,
rolling hills, and expansive plateaus, creating a picturesque
blend of agricultural scenery. Despite its semi-arid climate,
characterized by scorching summers exceeding 40°C and
mild winters averaging 10-15°C, the region undergoes
distinct seasonal changes (Khan et al., 2022) [,
Understanding these climatic patterns is essential for
comprehending the conditions (Athare et al., 2023) 2 that
impact agriculture (Patil, 2016) 9 in the region. The
monsoon, spanning from June to September, blesses the
region with plentiful rainfall ranging from 600 to 800 mm,
albeit with variations in space and time (Athare et al., 2023)
1 In this climatic diversity, Khandesh boasts a diverse
range of vegetation, including dry deciduous forests, thorny
scrublands, and extensive grasslands (Khairnar et al., 2023)
[0l However, human activities such as agriculture,
deforestation, and urbanization have significantly altered the
region's natural landscape. The region is renowned for its
agricultural productivity, supported by fertile soils irrigated
by rivers like the Tapti and groundwater reservoirs. This
fertile environment sustains a diverse agricultural landscape,
encompassing crops such as cotton, pulses, millets, oilseeds,
sugarcane, bananas, etc. Despite its agricultural success, the
region faces challenges such as soil degradation, water
scarcity, deforestation, and habitat fragmentation,
aggravated by unsustainable land-use practices and climate
change (Kalu Ahire, 2022) [81,
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Fig 1: Geographical location of the Khandesh Region

Soil Formation and Classification

Soil formation is a complex process influenced by various
factors, including climate, parent material, topography,
vegetation, and time (Bhattacharyya et al., 2013) . These
factors play a crucial role in the development of soils from
parent materials under the effects of climate, organisms,
relief, and time (Shepard et al., 2018) 9. Additionally, the
influence of climate, vegetation/land use, topography, parent
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material, and time on soil properties is well established (Van
Zijl & Le Roux, 2014) [*41, Khandesh region is characterized
by a semi-arid climate with hot summers and moderate
rainfall (Yeola, 2020) ), these factors influence soil
properties through temperature fluctuations, moisture
availability (Onwuka, 2016) 81, and weathering processes
(Weil & Brady, 2017) 1. The composition and
characteristics of the underlying parent material, such as
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weathered rock and sedimentary formations, further
influence soil development, alongside relief features like
slope and elevation, which affect drainage patterns and
erosion rates (Dixon, 2013) [, Vegetation plays a crucial
role in soil formation by contributing organic matter and
influencing soil structure, nutrient cycling, and microbial
activity (Fortuna, 2012) [2, Over time, soil properties
evolve in response to environmental changes and
anthropogenic activities. Soil classification systems, such as
the Indian Soil Classification System (Velayutham M. et al.,
2017) M8 categorize soils based on criteria like texture,
color, and structure, providing insights into their suitability
for different land uses and conservation measures. In the
Khandesh region, the soils found along the banks of the
Tapti River are predominantly alluvial and are generally
classified as Entisols or Inceptisols, whereas other areas
have black cotton soils and are typically classified as
Vertisols. Studying soil formation and classification is vital
for assessing soil fertility, land suitability, and management
practices, facilitating sustainable agricultural productivity,
and land-use planning in the region. Studying the soil types
of a region is crucial for evaluating soil fertility, determining
land suitability for supporting sustainable agriculture and
better land-use planning (Kalu Ahire, 2022) 18 to promote
productivity and resilience in the region's agricultural
landscapes (Yu & Ramanathan, 2016) 5%,

Physical Properties of Soil in the Khandesh Region

The physical properties of soil in the Khandesh region of
Maharashtra, India, are characterized by a rich tapestry of
quantitative data gleaned from various research endeavors.
Soil texture analyses reveal the prevalence of different soil
types, with typical ranges including 40-50% sand, 30-40%
silt, and 20-30% clay, with soil textures ranging from sandy
loam to clay loam (Ingle S. et al., 2018) 1 with structures
such as granular, blocky, prismatic, and platy, which impact
soil aeration, root development, and water movement (van
Lanen et al., 1992) 3. Soil porosity parameters show values
ranging from 40-50% for total porosity, highlighting the
importance of pore size distribution in regulating water
infiltration (Sahu et al., 2022) 4 and root growth. Soil color
ranges from light brown to reddish-brown, influenced by
factors such as iron oxide content (Deshmukh et al., 2023) ["]
and waterlogging. The bulk density of soils ranges from 1.0
to 1.5 g/cm® and particle density from 2.5 to 2.8 g/cm?
(Sudharshana et al., 2021) 9, reflecting variations in soil
compaction levels and mineral composition across different
land-use types and soil depths (Deshmukh et al., 2023) []
with seasonal fluctuations and spatial heterogeneity in soil
moisture distribution (Meena et al., 2020) ! in the region.

Chemical Properties of Soil in the Khandesh Region

The chemical properties of soils in the region exhibit a
diverse range of values, reflecting variations in soil fertility
and nutrient availability across different land-use types. Soil
pH, a crucial indicator of soil acidity or alkalinity, ranges
from approximately 5.5 to 7.5, with an average range of 6.0
to 7.0, indicating slightly acidic to neutral conditions
(Naphade et al., 2021) 2 conducive to plant growth. Soil
organic matter content, essential for soil fertility and
moisture retention, ranges from approximately 0.5% to
3.0%, with an average range of 1.0% to 2.0%, highlighting
the importance of organic inputs in sustaining soil health
(Ingle S. et al., 2018; Sudharshana et al., 2021) 7 9, This
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underscores the significance of organic inputs in
maintaining soil health (Sarkar et al., 2003) [ Studies
have shown the adoption of conservation agriculture
practices to enhance soil organic matter content, which
improves the water-holding capacity (Sahu et al., 2022) B4
and has a dominant effect on soil densities (Adams, 1973)
[ Macro-nutrient levels, including nitrogen (N),
phosphorus (P), and potassium (K), vary considerably, the
available nitrogen of the region varies from 88 - 270 kg ha-
1, the available phosphorus from 23- 42 kg ha-1, and the
available potassium is in the range of 124 to 465 kg ha-1
(Das et al., 2022) 1. Micro-nutrient levels, such as iron
(Fe), manganese (Mn), and zinc (Zn), also exhibit
significant variability, with iron levels ranging from 5 ppm
to 50 ppm, manganese levels ranging from 1 ppm to 20
ppm, and zinc levels range from 0.5 ppm to 5 ppm
(Naphade et al., 2021) 8, This wide-ranging available
micronutrient suggests the need for site-specific nutrient
management strategies to optimize crop productivity and
soil fertility in the region.

Impact of Soil on and
Environment

Conventional soil management exhibits a negative impact
on soil quality (Bedolla-Rivera et al., 2023) 1. The impact
of soil properties on agriculture in the region, is complex
and intense, determining agricultural productivity (Fang &
Su, 2019; Tadesse et al., 2013) [10 41 Soil properties like
soil texture, soil structure, pH, and important plant nutrient
levels exert influence on crop growth, yield, and quality.
Well-drained soils with optimal pH and nutrient levels
facilitate robust root development and efficient nutrient
uptake, ultimately leading to enhanced crop yields (Weil &
Brady, 2017) 1. Soil properties also play an important role
in water management, influencing water infiltration,
retention, and drainage (Lal, 2015a) 2. Soils with good
water-holding capacity and infiltration rates mitigate the
risks of waterlogging or drought stress on crops (Kaur et al.,
2020) 091 ensuring efficient water use and sustainable
irrigation practices (Rosa et al., 2020; Zhang, 2022) [32 52,
Soil fertility, determined by soil organic matter content and
plant nutrient availability, is vital for maintaining
agricultural productivity. Soils rich in organic matter and
balanced nutrients foster vigorous plant growth, reducing
the dependency on external inputs and promoting long-term
soil health (Lal, 2015b) 231 Furthermore, soil properties
influence pest and disease dynamics in agricultural systems
(Lori et al., 2017) 24, with factors like soil moisture levels
and organic matter content impacting the prevalence of soil-
borne pathogens and the activity of beneficial soil organisms
that contribute to pest control (Hartmann et al., 2015) [6],
Soil properties also play an important role in erosion
control, nutrient availability and cycling, carbon
sequestration, and water quality regulation (Weil & Brady,
2017) ™1 Moreover, soil properties influence nutrient
cycling processes essential for maintaining soil fertility and
ecosystem functioning. Healthy soils with diverse microbial
populations and adequate organic matter content support
efficient nutrient cycling and recycling, contributing to
ecosystem resilience. Additionally, soils serve as a reservoir
for carbon, with properties like organic matter content and
aggregation influencing carbon sequestration rates (Yadav et
al., 2020; Zhao et al., 2022) 8 531, Well-structured soils and
high organic matter content facilitate carbon storage,
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mitigating greenhouse gas emissions and contributing to
climate regulation (Don et al., 2024; Nazir et al., 2024) [®27],

Future prospects

As we envision the trajectory of future research in the
region, there are numerous possibilities for exploration and
prioritization. Comprehensive soil health assessments stand
as a cornerstone, providing invaluable insights into the
prevailing state of soil degradation, nutrient dynamics, and
microbial communities across diverse land-use systems
(Lal, 2015b) %1, Concurrently, an in-depth investigation of
soil properties is imperative, necessitating a nuanced
understanding of changes in temperature, precipitation
patterns, and extreme weather events on soil erosion,
moisture dynamics, and nutrient cycling (Weil & Brady,
2017) M1, Moreover, an exploration of soil-water
interactions and irrigation management strategies holds
paramount importance, particularly in the context of
enhancing water-use efficiency (Athare et al., 2023; Hailu
Leta, 2019; Lal, 2015a; Sahrawat et al., 2010) [» 15 22.33] gnd
drought resilience amidst changing climatic conditions.
Equally significant is the evaluation of soil nutrient status
and the development of site-specific nutrient management
strategies, aiming to optimize fertilizer usage, enhance
nutrient uptake efficiency (Tisdale et al., 1993) ¥4, and
mitigate environmental impacts. Lastly, the integration of
traditional agricultural practices with modern soil science
methodologies emerges as a promising avenue, offering
context-specific and culturally relevant solutions to soil
management challenges (Sekhar et al., 2024) F71. Through
interdisciplinary collaborations and community engagement,
the journey towards sustainable soil management in the
region is not merely a scientific endeavor but a socio-
economic imperative intertwined with environmental
stewardship.

Discussion and conclusion

This review has offered valuable insights into the soil
properties of the Khandesh region of Maharashtra, India.
Synthesizing existing knowledge and up-to-date available
scientific records, it underscores the critical importance of
understanding the soil properties for agricultural
productivity, environmental sustainability, and effective
management practices within the region. Reviewing the
available information and studying soil properties, several
significant discoveries have emerged. The region showcases
a diverse array of soil types, each with unique physical and
chemical attributes shaped by climate, parent material, and
land use patterns. Soil fertility is intricately linked to factors
like SOM content, availability of nutrients, and soil moisture
which influence crop growth, yield, and environmental
resilience. Although, challenges such as soil degradation,
erosion, and nutrient depletion pose significant threats to
agricultural sustainability and ecosystem health, which
guide us to consider appropriate soil conservation and land
use management practices. Addressing these challenges
requires a multifaceted approach, including the optimization
of nutrient management practices, implementation of
sustainable land-use strategies, and effective soil
conservation measures. Furthermore, understanding soil
properties is paramount for environmental sustainability, as
they play a pivotal role in carbon sequestration, water
quality maintenance, and biodiversity conservation.
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By preserving soil health and implementing robust soil
conservation practices, stakeholders can mitigate the
adverse impacts of soil degradation and climate change,
ensuring the long-term viability of agricultural systems and
ecosystem services. Lastly, a holistic understanding of soil
properties is indispensable for promoting agricultural
productivity, environmental resilience, and sustainable
development through collaborative efforts and informed
decision-making, to safeguard the health and vitality of soils
for present and future generations.
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