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oil is a vital natural resource that sustains all life forms, yet it is highly susceptible to

degradation, mainly through water and wind erosion. Water erosion happens when
surface runoff carries away soil particles from uncovered or inclined areas, while wind
erosion lifts and transports dry, loose soil from flat, bare regions. Geologic erosion is a
natural and gradual weathering process that contributes to soil development. The severity and
impact of erosion on land productivity are influenced by soil depth and composition,
landscape features, climate conditions, and land management practices. As soil erosion
results from a variety of interrelated factors and processes, this chapter aims to explore its
underlying causes and resulting effects.

Introduction

Soil erosion is a significant global concern, intensified by rapid population growth and
extensive land cultivation. Heavy agricultural machinery compacts the soil, reducing water
infiltration and increasing surface runoff, which removes nutrient-rich topsoil. Water and
wind are the main drivers of erosion—water affects about 1,100 million hectares (56% of
degraded land), while wind impacts roughly 28%. Water runoff strips soil from bare or
sloped land, and wind erodes dry, exposed flat areas. Tillage also shifts soil downslope,
lowering productivity. Additional degradation results from soil compaction, salinization,
acidification, and poor drainage, influenced by topography, climate, parent material, and
water use. The displacement of topsoil not only reduces crop yields but also pollutes rivers
and wetlands, making erosion both an environmental and agricultural threat.

Soil erosion

Soil erosion is the gradual removal of topsoil due to natural agents like wind and water. It
may occur slowly and remain unnoticed or progress quickly, resulting in severe soil loss.
Erosion is classified into geologic and accelerated types. Geologic erosion is a natural, long-
term process that shapes landforms and aids soil formation, occurring without human
interference. In contrast, accelerated erosion happens at a much faster rate due to human
actions such as deforestation, slash-and-burn agriculture, overgrazing, repeated tillage, and
biomass burning. This form of erosion strips away fertile soil more quickly than it can
naturally recover, leading to reduced soil fertility, lower agricultural output, and
environmental degradation. Accelerated erosion is a major threat to soil sustainability and
ecosystem stability.

Water erosion

Water erosion refers to the wearing away of the soil surface by forces such as rainfall, surface
runoff, melting snow, or irrigation, with rain-induced runoff being the main contributor. It
involves the movement of both organic and inorganic soil particles by flowing water, which
are then deposited in lower areas or water bodies like streams and lakes. These sediments can
either help form new soil layers or lead to sediment buildup in aquatic systems. While mild
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erosion may contribute to soil development, excessive or rapid erosion harms soil health and
the environment. Water erosion impacts all soil types differently. Understanding its
processes, severity, and causes is key to implementing effective soil conservation. This
chapter explores the types, mechanisms, and influencing factors of water erosion to improve
land management.

Types of water erosion: The primary forms of water erosion include splash, sheet, rill, gully,
streambank, and tunnel erosion. Splash and sheet erosion are often grouped under inter-rill
erosion, though they differ in the way water acts and transports soil in each case.

Process involved in water erosion: Water erosion is a natural process that unfolds in three
main stages: detachment, transport, and deposition of soil particles. It begins when raindrops
hit the soil surface, breaking apart fine particles and forming surface seals that clog pores,
reduce infiltration, and cause runoff. Even a single raindrop can disrupt soil aggregates,
initiating erosion at a micro level. During intense rainfall, this small-scale action can lead to
major soil loss (fig.1). Detachment and transport control the amount of soil removed, while
deposition determines where it settles. Without erosion, deposition wouldn't occur. These
stages can take place anywhere in the landscape. Some particles fall nearby, while others
travel far, eventually reaching water bodies like rivers. This ongoing process reshapes the
land, affecting soil fertility and water quality across ecosystems.

oY o GO P . o L 5 % & . .Y’»)i -‘*‘ o s 3 k
Fig.1: Impacts of water erosion (Source: Blanco et. al. 2008)

Factors affecting water erosion: The rate and severity of water-induced soil erosion are
determined by several key factors:

a) The intensity and volume of rainfall, along with the amount of surface runoff

b) The soil's inherent susceptibility to erosion

c) Landscape features, particularly the steepness and length of slopes

d) The type and coverage of vegetation, as well as the cropping methods used

e) Farming techniques, especially tillage practices

Effect of Water Erosion: Soil erosion primarily harms the land by degrading soil quality
through the loss of nutrient-rich topsoil and reduced water retention capacity. It disrupts soil
structure by breaking aggregates and removing fine particles, leading to texture changes that
lower moisture-holding ability and heighten drought risk. Crop growth, emergence, and yield
suffer due to nutrient loss, while seeds and seedlings may be displaced. Organic matter, crop
residues, and manure are easily washed away, especially in spring. Pesticides bound to soil
particles may also be lost, further harming productivity and the environment. In addition to its
on-site effects, soil displaced by accelerated water or wind erosion can travel far and cause
significant off-site damage. A major consequence of water erosion is the movement of
sediments and farm pollutants into nearby water bodies, leading to dam siltation, ecosystem
disruption, and water contamination. Erosion reduces infiltration, increasing downstream
flood risks. Sediments may accumulate on slopes or roads, damaging infrastructure. When
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deposited in streams, they can block drainage, worsen bank erosion, harm aquatic habitats,
and degrade water quality. Pesticides and fertilizers in eroded soil further pollute lakes and
wetlands. Stream bank erosion, a key sediment source, threatens nearby structures and the
environment.

Wind erosion

Wind erosion, or eolian erosion, happens when wind force surpasses the soil’s ability to resist
it, detaching and transporting soil particles. Its intensity depends on natural conditions,
human activities, and climate. Factors like wind speed, rainfall, soil texture, surface
roughness, vegetation cover, field size, and farming methods all play a role. Dry, bare,
overgrazed, or ploughed soils with low organic matter are especially at risk. Wind erosion is
most severe in arid, exposed areas (fig.2). Deforestation and agricultural practices contribute
to nearly 50% of dust storms, highlighting land use as a key driver of soil loss.

Process involved in wind erosion: Wind erosion is the process by which soil particles are
detached, transported, and eventually deposited when wind force exceeds the soil’s
resistance. As wind speed decreases, particles are dropped—Iarger ones settle nearby, while
finer ones travel farther, often becoming airborne dust. Like water erosion, wind erosion
occurs in three stages: detachment, transport, and deposition. Soil movement depends on
particle size and physical forces, including Stokes’ Law. Wind transports soil in three main
ways: suspension (particles <0.1 mm lifted and carried through the air), saltation (0.1-0.5
mm particles bounce along the surface), and surface creep (0.5-2 mm particles roll or slide).
Collisions during saltation can fragment particles, adding to suspension. These transport
types act simultaneously and interact constantly (fig .3). Generally, finer particles rise higher
and travel farther from the origin as their size decreases with elevation above the surface.

Fig 2: Impacts of wind erosion as a result sand dune in arid areas (Source: Blanco et. al. 2008)

Most soil movement during wind erosion occurs through saltation, which accounts for around
50-70% of total transport. Suspension moves about 30—40% of particles, while surface creep
contributes 5-25%. Saltation involves both primary and secondary soil particles, including
fine organic and inorganic materials. Suspended particles travel much farther than those
moved by saltation or creep (fig.3). As wind speed increases and soil becomes more exposed,
the number of particles lifted into suspension rises. Wind erosion also shapes distinct
landforms. Rocks may appear polished or weathered due to wind abrasion. In low-lying
areas, strong winds can carve out depressions known as deflation hollows. Continuous
removal of fine particles often leaves behind surfaces covered in stones and gravel, a
common feature in dry and semi-dry areas. These effects illustrate wind's selective and
transformative impact on soil and landscapes.

AGRI MACGATINE ISSN: 3048-8656 Page 111



Biplab (2025) Agri Magazine, 02(07): 109-113 (JULY, 2025)

_\_\-‘“\\ .. s . I & . .‘:"_' . « s I
e e o #% Suspension ' ]
B . L e Decrease in
—s et Particle Size
- » e e e . 1
e TR g I
- » PP b - I
S omm ~mpz-mTm -~7 Saltation -. |
_— {," LT s >0 - s I
. PP T < O T - : .
o ! 20, e 4@ 1 Creep

— £ £ “e i ) - - - I
vt < N e T ey < I © N 1220
Fig. 3: Process involved in soil particle transportation by wind during erosion (Source:
Blanco et. al. 2008)

Factors affecting wind erosion: The severity and spread of wind-induced soil erosion

depend on several key factors:

« Soil erodibility, or how easily the soil particles can be detached by wind

« Surface roughness, which affects wind flow and soil particle movement

« Climate conditions, including wind behaviour, rainfall, and freeze-thaw cycles

e Open, unprotected distances across which wind can gain strength

e Vegetative or crop cover, which shields the soil from direct wind impact

o Topographic features, such as elevation, slope exposure, uneven terrain, and areas where
wind is naturally concentrated

o Human activities, particularly land cultivation and the reduction or removal of vegetation.

Effect of Wind Erosion: Wind erosion negatively impacts crops by sandblasting young

plants, exposing or burying seeds, and damaging vegetation—often resulting in expensive

replanting. Sandblasted plants are more vulnerable to disease, reducing both yield and market

quality. Repeated soil drifting lowers fertility and stunts crop growth in affected areas. Over

time, this erosion strips away fine sand, clay, silt, and organic matter, decreasing the soil’s

moisture-holding capacity. Nutrients and chemicals applied to the soil may be lost with

eroded particles, causing pollution elsewhere. Airborne dust also poses health risks and

public safety concerns.

Soil Conservation Measures

Soil conservation refers to protecting soil from erosion and fertility decline caused by
overuse, acidification, salinization, or chemical pollution. It aims to combat land
degradation—particularly erosion—through responsible land use and management. In
essence, soil conservation promotes sustainable farming practices that maintain soil health
and reduce degradation. In some developing areas, harmful methods like slash-and-burn
farming persist, often leading to deforestation, soil erosion, nutrient depletion, and even
desertification. Key soil conservation strategies include crop rotation, cover cropping,
conservation tillage, and establishing windbreaks. These practices help maintain soil fertility,
control erosion, and support long-term agricultural productivity and environmental balance.

Effective methods for managing soil erosion include
« Ploughing fields following the natural contour of the land

e Practicing terrace farming or cultivating on stepped slopes

o Applying keyline design to improve water distribution

e Managing surface runoff near the edges of fields

o Establishing windbreaks or shelterbelts to reduce wind impact
« Growing cover crops and rotating different crops regularly

e Using agricultural practices that prioritize soil conservation
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Conclusion

Soil erosion remains a significant challenge in agriculture worldwide. Sustainable soil
management is crucial for preserving long-term productivity. Farmers can reduce soil
degradation and enhance organic content by adopting practices such as crop rotation, reduced
tillage, mulching, cover cropping, and contour farming.
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