
 

Chapter 12 

Soil and Water Conservation 

Safdar Bashir, Atif Javed, Irshad Bibi and Niaz Ahmad† 

Abstract 

Conservation of soil and water resources is important for sustainability of agriculture 
and environment. Soil and water resources are under immense pressure due to ever 
increasing population thereby ensuing growing demand for food, fiber and shelter. 
Soil and water resources are being deteriorated due to different anthropogenic and 
natural factors. Soil erosion is one of the several major deteriorative processes which 
results in deterioration of the soil. Soil erosion is removal of soil due to movement 
of water and/or air. Soil erosion may lead to the significant loss of soil productivity 
and thus may lead to the desertification under sever conditions. Water and wind are 
the major agencies which are responsible of soil erosion. Deforestation, over-grazing, 
mismanagement of cultivated soils, intensive cultivation and intensive urbanization 
are major factors triggering the soil erosion. For sustainable agriculture and 
environment, it is pertinent for the protection of soil resources against erosion. 
Different control measures should be adopted to protect the soil resources against 
erosion. The concept of soil conservation cannot be materialized without conserving 
and efficient use of water resources. It is therefore pre-requisite that soil conservation 
practices should be adopted. Soil conservation practice include soil management, 
crop management, engineering, range management and forestry operation. 
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12.1. Introduction 

Soil is the most fundamental resource to fulfill basic requirements of food, fiber and 
shelter of human race. The basis of all terrestrial life is soil although it is perceived 
as something of insignificant value and it is considered as dirt but humans cannot 
survive without soil. Soil provides a wide range of ecosystem services which are 
summarized in Table 12.1. Soil erosion is detachment and dislocation of soil due to 
the action of water or wind. Soil loss due to erosion has great consequences because 
it leads to loss of its productivity. Soil erosion occurs though out the world but it is a 
very common feature and more serious problem in dry areas. Soil erosion disturbs 
agricultural, environmental and ecological functions performed by the soil. Soil 
erosion results in depletion of soil fertility, decreased moisture storage capacity and 
consequently in decreased crop productivity. In addition to loss of soil fertility and 
crop yields, soil erosion also increases environmental pollution, increasing the 
sediment load in streams and rivers, thereby disturbing the aquatic life, particularly 
fish. In the long run, soil erosion affects socio-economic conditions of the society by 
causing floods, silting up of water reservoirs and disruption of communication 
systems. The soil covering the Earth surface has taken millions of years to develop. 
The rate of soil formation is very slow (during every 100 to 400 years, only 1 cm soil 
is formed) and the enough soil depth is formed in 3000 to 12000 years to have a 
productive land. Thus, when soil, a non-renewable natural resource is ruined then it 
will be lost entirely (Pimentel et al. 1995; Lal 2001). Globally, out of 22% of the land 
suitable for sustaining agricultural productivity, around 5 to 7 Mha are being lost 
annually due to land degradation, consequently, threatening food security of the 
world. Soil and water resources conservation and management is important for the 
welfare of the people.  

Table 12.1 Ecosystem services provided by soils  

Food security, 

biodiversity and 

urbanization 

Water quality 

control 

Climate change 

mitigation  

Energy resource 

Fiber 
Food 
Housing 
Recreation 
Infrastructure 
Disposal of waste 
Diversity of 
microbes 
Flora and fauna 
Conservation  

Pollutants filtration 
Purification of 
water 
Retention of 
sediments and 
chemicals 
Chemicals 
buffering and 
transformation 
 

CH4 and CO2 sinks 
Sequestration of 
Carbon in soil and 
biota 
Nitrification 
inhibitors 
Deposition and 
burial of carbon 
enriched sediments 

Bioenergy crops 
(warm season 
grasses and short 
rotation woody 
crops 
Prairie grasses) 

Source: Blanco and Lal (2008) 

The demands of growing world population force the wise use and management of 
resources to meet the high demands of food production. If we will not realize the 
importance then there will be a time when we will not have enough soil left to support 
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life on this planet, as the soil is an essential resource to support plants for producing 
food, and to provide shelter to insects and animals. Thus, it is important to consider 
soil as a living object. Soil and water conservation and sustainable use of these 
resources are not only crucially important to farmers but to the entire mankind for 
their sustenance. Sustainable agriculture, therefore, is dependent on conservation of 
water and soil resources through a variety of methods. 

12.2. Soil Erosion 

In agriculture, soil erosion refers to the removal of topsoil by the natural physical 
forces of water and wind at a greater rate than it is formed or through forces 
associated with farming activities such as tillage. Erosion removes the topsoil first 
and once this nutrient-rich layer is lost, the potential of soil to sustain plants is 
reduced. Without soil and plants the land becomes desert like and unable to support 
life. Soil erosion is a naturally occurring process that affects all landforms. 

Soil erosion can be classified into two major types, i.e., accelerated and geological 
erosion. The normal process of weathering is geological erosion that usually happens 
as a part of natural soil-forming mechanisms at low rates in all soils. It is not affected 
by human activities as well as it happens at the period of long geological time. The 
processes influenced by the slow but constant geological erosion are the development 
and disintegration of rocks. On the contrary, in accelerated erosion, soil erosion 
becomes a main anxiety and a specific threshold level is exceeded by the erosion rate 
and soil loss through erosion exceeds the soil formation through pedogenic 
processes. Anthropogenic activities such as slash-and burn agriculture, intensive and 
uncontrolled grazing, deforestation and burning of biomass and intensive plowing 
are main factors which trigger accelerated soil erosion. The soil becomes less 
productive after the loss of fertile topsoil even by applying the same farm inputs. So, 
the control and management of soil erosion are essential. Although soil erosion 
cannot be eliminated but there are ways to minimize excessive erosion and its adverse 
effects on agricultural production. The extent and the effects of soil erosion on yield 
depend on soil profile development, terrain, soil management and climatic 
conditions. 

When we consider the scenario of soil erosion in Pakistan (Table 12.2), the soil in 
the territory of Indus River are comparatively young and under the process of 
development and mountains in the region have sharp and long slopes in the world. 
Heavy rainfalls in the summer and snow melting in hilly areas aid to the soil erosion 
hazards. The major factors linked to soil and water erosion are management practices, 
vegetation type, soil type and soil structure. The northern hilly areas having steep 
slopes are less prone to water erosion due to presence of forests with permanently 
closed canopy but arable crops sown in steep slopes are more vulnerable to erosion. 
In Pakistan, water erosion affect the total area about 11 million hectares. Because of 
soil erosion in the upstream, land and water use efficiency decreases by the 
sedimentation in canal irrigation system in the plains. It is estimated that about 40 
million tonnes of soil is brought into the Indus basin every year because of 
accelerated soil erosion in mountainous and sloppy areas and thus life span of major 
water reservoirs and their efficiency have been shortened. The productivity of area 



266 S. Bashir, A. Javed, I. Bibi and N. Ahmad 

has been declined due to removal of top soil and destruction of upstream riverside 
infrastructure. In downstream, efficiencies of irrigation system and hydropower 
generation system have been reduced due to sedimentation. 

Considering wind erosion in Pakistan, the sandy deserts of Tharparkar, Cholistan, 
Thal and sandy areas along Maekran coastal areas in Baluchistan are commonly 
degraded by the wind erosion. The areas near populated areas and watering points 
with free access to livestock are more vulnerable to wind erosion. The major factor 
of degradation in these areas is the over exploitation of rangelands by deforestation 
and livestock grazing. The worldwide effect of wind erosion is more dominant in the 
areas where sand dunes are leveled off for crop irrigation. Movements of sand dunes 
at a height of 0.5-4 meters are known to occur which possess threat to infrastructure 
and cultivated land. Wind erosion affected about the 3-5 million hectares of land. 
Only wind contributed the 28% of total soil loss in this area. Deposition of thick sand 
layers on roads, severe movement of sand dunes, croplands, railway tracks resulted 
by the fast moving wind storms that ultimately threaten the rural life as well as the 
communication systems. Detailed description of wind and water erosion is given 
below. 

12.2.1. Water erosion 

On global level, most severe type of soil erosion is water erosion. Detachment of soil 
particles from its original place due to movement of water is called water erosion. 
Water from runoff, rain, irrigation and snowmelt may contribute to soil erosion but 
rainwater is the major factor which causes the movement and detachment of soil 
particles. The transportation of soil organic and inorganic particles with the water 
flowing along the slope is subsequently deposited in surface water bodies and at 
lower landscape positions in water erosion. The new soil reservoirs, streams or 
simply fill lakes are formed from these transported materials. In humid and sub-
humid areas of world which are characterized by repeated rainstorms, the dominant 
form of erosion is wind erosion. The same problem is noticed in the soil that is bare 
and have no vegetation like in the arid and semiarid regions that have limited 
precipitation in the form of intense storms (torrential rain). There are many types of 
water erosion: inter rill, splash, rill, gully, stream bank, and tunnel erosion. Inter rill 
erosion is also known as sheet and splash erosion, but these two differ in the 
underlying fluvial processes (Blanco and Lal 2008). 

12.2.1.1. Raindrop or splash erosion 

Raindrops strike the soil surface, scatter and then splash the soil by displacing 
particles from their original location. Splash erosion is initiated by hitting of the soil 
surface by the falling raindrops (Fig.12.1). Soil particles displace from their original 
position after the striking of raindrops that scatter and splash the soil. Falling drops 
initiate the splash erosion by hitting the soil surface. Splash of soil particles, 
depression formation, raindrop impacts are included in the process of splash erosion. 
(Ghadiri 2004). A raindrop-soil particle momentum is formed after the hitting of 
raindrops to the soil surface before discharging their energy in the form of splash. 
These raindrops form holes or cavities after hitting the soil like small bombs of 
different shapes and sizes. A function of raindrop size, shape and velocity is 
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penetration and the depth of raindrop energy is equal to the holes depth (Blanco and 
Lal 2008). 

Table 12.2 Area Affected by Wind and Water Erosion (000’ ha)  

Degree and Type 

of Erosion 

Punjab Sindh KPK + 

FATA 

Baluchistan Gilgit-

Baltistan 

Pakistan 

Wind erosion 

Slight 2251.4 295.0 13.1 36.0  2595.5 
Moderate 279.1 70.2 3.8 143.6  496.7 
Severe to very 
severe 

1274.0 273.8 19.6 100.9  1668.3 

Total 3804.5 639.0 36.5 280.5  4760.5 
Water erosion 

Slight 
Sheet or rill 
erosion 

61.2  156.3  180.5 398.0 

Moderate 
Sheet or rill 
erosion 

896.8  853.8 1805.0 25.8 3581.4 

Severe 
Rill, Gully 
and/or stream 
bank erosion 

588.1 58.9 1765.1 829.6 504.2 3754.9 

Very severe 
Gully, Pipe and 
Pinnacle erosion 

357.9  1517.0  1571.6 3446.5 

Total 1904.0 58.9 4292.2 2634.6 2282.1 11171.8 

Source: Ahmad et al. (1998) 

 

12.2.1.2. Sheet/ inter-rill erosion 

Immediately after the sheet/inter-rill erosion starts, runoff quickly forms small rills 
and part of the runoff flowing in between these rills is called sheet or inter-rill 
erosion. Shallow flow of water is the main reason of such type of erosion. Some soil 
particles in form of a thin sheet are moved away with the runoff and some settle in 
these small rills. The most common type of soil erosion is the sheet or inter rill 
erosion. About 70% of total soil is contributed by splash and inter-rill erosion and 
occur simultaneously with the splash erosion dominating during the initial process. 

A function of rainfall intensity, field slope and particle detachment is inter-rill 
erosion. The gradual removal of entire field surface in more or less uniform way 
starts the sheet erosion. It is a gradual process and it is not immediately obvious that 
the soil is being lost. 
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Fig.12.1 (a) Raindrop falling on the surface (b) Splash impact of raindrop (c) 
Process of water erosion (modified from Stitcher 2010) 

12.2.1.3. Rill erosion (channel erosion) 

The erosion occurs in small channels or rills is rill erosion (Fig. 12.2). It is due to 
rigorous rather than shallow flow. The soil is eroded more quickly in small channels 
by the runoff water than inter-rill erosion. The soil particles creeping and flow 
velocity along the rill bed widen the rills. The second most common form of soil 
erosion is rill erosion. The tillage operations can easily manage these rills but large 
soil erosion might be caused especially under heavy rains. In Pakistan, erosion found 
in the regions of Pothwar Plateau and western hilly areas is visible rill erosion.  

12.2.1.4. Gully erosion 

Formation of V- or U-shaped channels takes place in gully erosion (Fig. 12.3). These 
gullies are formed in form of small channels with 0.3 m depth and 0.3 m width. The 
concentrated runoff which is joined in lower slopes is the primary mechanism of 
formation of these gullies in the field. Concentrated flow erosion is a term that is 
used to describe the erosion occurring in these channels. When the water moves down 
the slopes in small channels, the uneven fields demonstrate the concentrated runoff 
in natural swales. The entire soil profile can also be removed in confined segments 
by continuous gully. Increase in gully growth increases sediment transport. Gully 
erosion can be permanent and ephemeral. The normal tillage practices can easily 
remove the ephemeral gullies that contain shallow channels. On the other hand, 
permanent gullies require expensive means of reclamation and control as these are 
too large to be corrected by regular tillage. The most common locations for gully 
erosion in Pakistan is Pothwar Plateau especially on loess soil. 
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Fig.12.2 Global Water erosion vulnerability (USDA-NRCS 2003) 

12.2.1.5. Tunnel erosion 

The lands in arid and semiarid areas are highly erodible and sodic B horizon but have 
a stable A horizon and it is also known as pipe erosion. Tunnel erosion is initiated by 
the runoff in natural cracks and channels produced due to the movement of burrowing 
animals in subsoil layers. Due to tunnel erosion, geo-morphological and hydrological 
characteristics of the area are affected. These tunnels can be cured by deep ripping, 
repacking of soil surface, contouring, reduction of runoff ponding and diversion of 
heavy runoff. This type of erosion is also reduced by the revegetation that include 
tree and deep rooted grass species. 

12.2.1.6. Stream bank erosion 

In this type of erosion, breakdown of banks along streams, creeks, and rivers occurs 
due to the erosive power of runoff from uplands fields. Pedestals formation with fresh 
vertical cuts along streams is the reason of stream bank erosion. Exhaustive 
cultivation, grazing and traffic along streams, and presence of bare land accelerate 
stream bank erosion. This type of erosion can be reduced by planting grasses and 
trees, establishing engineering structures, mulching stream borders with rocks and 
woody materials, geo-textile fencing, and diverting runoff (Blanco and Lal 2008). 

12.2.2. Wind erosion 

Wind erosion occurs mainly in dry areas where soil surface is left bare. In dry 
regions, because of low rainfall, soil is too dry and flat to allow the wind to carry the 
soil away over several consecutive days. Mostly the material carried by winds 
contains silt-sized particles. 

Accumulation of this material is named as “loess”. Normally, the areas where loess 
deposits are converted into soils are very fertile with deep soils. The thickness of 
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recorded loess deposits ranges between 20 and 30 m, but it can be as thick as 335 m. 
Animals also play major role to cause erosion i.e. the upper part of soil is disturbed 
by the hooves of animals and as well as plant protective cover is removed when 
animals graze in land. The bare arable lands are also major problem leading to 
erosion. 

Soil mismanagement is the key factor which results in excessive wind erosion and 
resulted in barren land in many arid regions. Anthropogenic activities such as 
deforestation and excessive tillage also lead to severe wind erosion. In arid and 
semiarid regions, the major factors of wind erosion are fast moving winds, low 
rainfall (≤ 300 mm annually), high evapo-transpiration, low vegetation and 
undeveloped soils. Rates of wind erosion in arid to humid areas of the world are in 
the order of: arid > semiarid > dry sub-humid areas > humid areas. Contrasting water, 
wind has the capability to transport soil particles up- and down-slope and can 
contaminate both air and water (Blanco and Lal 2008). Wind erosion is not only 
disturbing the properties and the processes of eroding soils but also is severely 
affecting the neighboring soils and landscapes where the deposition occurs. One of 
the dominant sign of wind erosion is the formation of sand dunes and some time these 
can be as high as 200 meters in deserts. Wind erosion can be classified into different 
types based on movement of soil particles. 

 

Fig. 12.3 Types of water erosion (a) Sheet erosion (b) Rill erosion (c) gully erosion 
Modified from Kilders (2015) 


