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Problematic soils and their Management

Learning Objectives
e Understand and express the capacity of soils to perform their
designated ecological functions from the standpoint of a layman and
a professional.
e Define the physical, chemical and biological aspects of soil quality.
e Understanding the influence of management interventions such as;
tillage, application of fertiliser and manure, irrigation, pesticides,

production potential of crop, fallowing etc. on soil health.

Glossary of terms

1. Soil quality: It is the capacity of a specific kind of soil to function
within ecosystem and land use boundaries, to sustain biological
productivity, maintain environmental quality, and sustain plant,
animal, and human health.

2. Soil health: It is defined as being a state of dynamic equilibrium
between flora and fauna and their surrounding soil environment in
which all the metabolic activities of the former proceed optimally
without any hindrance, stress or impedance from the latter.

3. Soil Resilience: Ability of a system to return after disturbance to a
new dynamic equilibrium or ability of a soil to resist adverse
changes under a given set of ecological and land use condition and
return to its original dynamic equilibrium even after disturbance.

4. Soil Resistance: Defined as the capacity of a soil to continue to

function without changing elsewhere throughout the disturbance.
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1.1 Introduction

Soil health in terms of its quality is a researchable area of interest. Soil
quality by definitions are more or less different, but they always relate to
the functions of the soil to supply nutrients and other physico-chemical
conditions for plant growth, to promote and sustain crop production, to
provide habitat to soil organisms, to ameliorate environmental pollution,
to resist degradation of land and to maintain or improve human and animal
health. More explicitly, soil quality can be defined as: The capacity of a
specific kind of soil to function, within natural or managed ecosystem
boundaries, to sustain plant and animal productivity, maintain or enhance
water and air quality, and support human health and habitation (Karlen et
al., 1997).

By soil quality we mean suitability or limitation of a soil for a
particular use. Some (pl. specify) defines it as the “fitness for use” and
others as the capacity of the “soil to function”. For improving and
ensuring soil quality, the main considerations should be identification and
development of suitable methods to measure their quality.
Subsequently, the management sensitive key indicators of soil quality
should be identified and used for monitoring and predicting the changes
periodically.

1.2 Why soil quality?

Soils are fundamental to the well being and productivity of

agricultural and natural ecosystems. Soil quality is a concept being

developed to characterize the usefulness and health of soils. In the United
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States, soil quality includes soil fertility, potential productivity, resource
sustainability and environmental quality. A general definition of soil quality
is the degree of fitness of a soil for a specific use (Gregorich et al., 1994).
The existence of multiple definitions suggests that the soil quality concept
continue to evolve.

Resonance for assessing soil quality in an agriculture or managed
system may be somewhat different than resonance for assessing soil
quality in a natural ecosystem. In an agriculture contest, soil quality may
be managed to maximize crop production without adverse environmental
effect, while in a natural ecosystem, soil quality may be observed, as a
baseline value or set against which future change in the system may be
compared.

1.3 Soil Quality and Soil Health

The term soil quality and soil health are often used interchangeably
in the scientific literature; scientists, in general prefer “soil quality” and
producers/farmers prefer “soil health”. When farmers are asked to
recognize a healthy soil, they list different soil properties. Most frequently
mentioned were biological and physical properties of surface horizons.
Besides, farmers also use to indicate plant, animal and human health, and
water properties to judge the health of their soils.

Soil quality: It is the capacity of a specific kind of soil to function within
ecosystem and land use boundaries, to sustain biological productivity,
maintain environmental quality, and sustain plant, animal, and human

health (Doran and Parkin, 1994).
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Soil health: It is defined as being a state of dynamic equilibrium between
flora and fauna and their surrounding soil environment in which all the
metabolic activities of the former proceed optimally without any
hindrance, stress or impedance from the latter.

**Soil health is considered as the state of a soil at a particular time,
equivalent to the dynamic soil properties that change in short term, while
soil quality may be considered as soil usefulness for a particular purpose
over a long time scale, equivalent to intrinsic or static soil quality.

1.4 Soil Degradation, Soil Resilience and Resistance

Soil degradation is an antonym of soil quality. Soil degradation is a major
concern of the day because of its adverse impacts on productivity, human
and animal health, air and water quality, especially on local, regional and
global scales.

Soil Resilience means ability of a system to return after disturbance to a
new dynamic equilibrium or ability of a soil to resist adverse changes
under a given set of ecological and land use condition and return to its
original dynamic equilibrium even after disturbance. A disturbance is
broadly defined as any event that causes a significant change from the
normal pattern functioning in an ecosystem.

Soil Resistance is defined as the capacity of a soil to continue to function
without any change throughout disturbance. The magnitude of decline
in the capacity to function defines the degree of resistance. A small
decline indicates a high resistance, whereas a relatively large decline

indicates a low resistance to change through a disturbance.
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Soil quality encompasses at least six diverse simultaneous functions:
i) Biomass production
ii) Filtering, buffering and transformation
iii) Source of Biodiversity
iv) Infrastructure developments
v) Geogenic source of origin
vi) Cultural heritages of land form
1.5 Multiple functions of soils
Soil performs multiple functions:
i) providing physical support to terrestrial plants,
ii) supplying fundamental resources viz., water, nutrients and oxygen
required for terrestrial primary production
iii) providing habitat to a variety of soil organisms, with taxonomic
identity and functions of several organisms still unknown/lesser
known to the scientific and wider community,
iv) regulating hydrological and mineral/nutrient cycling, with significant
impacts on global climate,
v) detoxification of organic and inorganic substances, leading to
purification of water resources
vi) resisting erosion
A given soil function is achieved through several mechanisms/processes
and a given mechanism/process may contribute to several functions. Thus,
litter decomposition and mineralization contribute to detoxification as well

as nutrient supply/agricultural production functions of soil. The overall
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assessment about whether a soil is good or bad depends on the objective
of assessment and the net outcome of different soil processes and
functions in given conditions. Thus, a soil may supply huge quantities of
nutrients supporting high primary production but may not provide suitable
habitats to many soil organisms, e.g., cropping soon after deforestation
using agrochemicals. One may get high crop productivity but with
contamination of water and infected food products, a situation of high
production but low detoxification function. In situations where low
agricultural productivity is the one and the only problem faced by the
mankind, one may ignore functions of soil other than production function
(i.e., capacity of soil to supply water, nutrients and oxygen and to reduce
crop yield losses due to pests and diseases). However, in the present
widespread scenario of multiple problems (including increased levels of
greenhouse gases in the atmosphere, soil erosion and land degradation,
production of infected crop products, depletion and pollution of water
resources, and depletion of biodiversity), there is a need of addressing
multiple functions of soil in an objective manner. The concept of sail
quality/health is essentially an elaboration of the concept of soil
productivity/fertility to deal with the multiple and complex problems faced
by the world today. This perspective of optimizing multiple functions
makes soil health an integral dimension of agroecosystem relating to
health and sustainable development. The soil functions can be weighted
according to the relative importance of each function in fulfilling the

management goals based on expert opinions. Regulation of each function
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is determined by a large number of soil attributes and a single attribute or

a statistical/mathematical derivative of several attributes (in the form of

an index) can be viewed as an indicator of one or more soil functions if a

systematic relationship exists between the attribute(s) or its derivative

with the soil functions. As a single measurable soil attribute is unlikely to

be correlated with soil function(s) and measurement of ‘all’ soil attributes

is not practical, one needs to draw a minimum number of indicators

(minimum data set) (Doran and Parkin, 1996).

Table 1 Ecological functions of soil (FAO 1995) and their indicators

Ecological Functions of Soil

Indicators of Proper Functioning

Production function

High levels of crop yields and incomes

Biotic environmental

function/living space function

High levels of species richness and
functional dominance of beneficial

organisms

High levels of crop yields and incomes

and high quality food and habitation

Climate-regulative

function/storage function

High levels of carbon stocks and slow

rates of greenhouse gas emissions

Hydrologic function

Adequate availability of water/reduced

risks floods

Waste and pollution control

function

Archive or heritage function

High levels of crop yields and incomes

and high quality food and habitation

Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute
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Connective space function

1.6 Factors Affecting Soil Quality
The major causes of poor soil quality are:
i) Wider gap between nutrient demand and supply coupled with low
and imbalanced fertilizer use
i) Emerging deficiency of secondary and micronutrients due to
improper use of inputs such as water, fertilizers, pesticides etc.
i) Decline in organic matter content in soil and insufficient use of
organic inputs
iv) Acidification and AI** toxicity
v) Development of salinity and alkalinity in soils
vi) Development of adverse soil conditions such as heavy metal toxicity
vii) Disproportionate growth of microbial population responsible for soil
sickness
vii)Natural and man-made calamities such as erosion and deforestation
occurring due to rapid industrialization and urbanization, etc.
1.7 Strategies for Improving Soil Quality
The properties of soil which represent the dynamic soil quality can be
improved by several management practices which are described as
follows:
1.7.1 Enhancement of Organic Matter
Organic matter is considered as the storehouse of all nutrients maintaining

good soil quality. Regular additions of organic matter improve soil
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structure, enhance water and nutrient holding capacity, protect soil from
erosion, hard setting and compaction and support a healthy community of
soil organisms. Practices that increase organic matter include: leaving crop
residues in the field, choosing crop rotations that include high residue
plants, using optimal nutrient and water management practices to grow
healthy plants with large amounts of roots and residue, growing cover
crops, applying manure or compost, using low or no tillage systems, using
sod-based rotations, growing perennial forage crops and mulching.

1.7.2 Reduction in the Intensity of Tillage

Reducing tillage minimizes the loss of organic matter and protects the soil
surface with plant residue. Tillage is used to loosen surface soil, prepare
the seedbed and control weeds and pests. But tillage can also break up soil
structure, speed up the decomposition and loss of organic matter, increase
the rate of erosion, destroy the habitat of helpful organisms and cause
compaction.

1.7.3 Efficient Management of Pests and Nutrients

Efficient pest and nutrient management means testing and monitoring soil
and pests; applying only the necessary chemicals, at the right time and
place to get the job done; and taking advantage of non-chemical
approaches to pest and nutrient management such as crop rotations, cover
crops and manure management. The terms integrated pest management
(IPM) and integrated nutrient managements (INM) are very much popular

nowadays. In case of IPM, the pests are managed without much
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dependence on the chemicals. In case of INM also, dependence on
chemical fertilizers is reduced considerably.

1.7.4 Prevention of Soil Compaction

Soil compaction reduces the amount of air, water and space available to
roots and soil organisms. Compaction is caused by repeated traffic, heavy
traffic or traveling on wet soil. Deep compaction by heavy equipment is
difficult or impossible to rectify, so prevention is essential. Subsoil tillage is
only effective on soils with a clearly defined root-restricting plough pan. In
the absence of a plough pan, subsoil tillage to eliminate compaction can
reduce yield. Prevention is the best method to manage compaction and
not the tillage.

1.7.5 Maintenance of Ground Cover

Soil without adequate cover or bare soil is very much susceptible to wind
and water erosion, and to drying and crusting. Ground cover protects soil;
provides habitats for larger soil organisms, such as insects and earthworms
and can improve water availability. Ground can be covered by leaving crop
residue on the surface or by planting cover crops. In addition to ground
cover, living cover crops provide additional organic matter, and continuous
cover and food for soil organisms. Ground cover must be managed to
prevent problems with delayed soil warming in spring, diseases and
excessive build-up of phosphorus at the surface.

1.7.6 Diversification of Cropping Systems

Diversity is beneficial for several reasons. Each plant contributes a unique

root structure and type of residue to the soil. A diversity of soil organisms
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can help control pest populations and a diversity of cultural practices can
reduce weed and disease pressures. Diversity across the landscape can be
increased by using buffer strips, small fields or contour strip cropping.
Diversity over time can be increased by using long crop rotations. Changing
vegetation across the landscape or over time not only increases plant
diversity, but also the types of insects, microorganisms and wildlife that

live in the soil.

1.8 Soil quality: Indicator of sustainable land management

Developing sustainable land management systems is complicated by the
need to consider their utility to humans, their efficiency of resource use,
and their ability to maintain a balance with the environment that is
favourable both for humans and most of the other species. In particular,
we are challenged to develop agricultural management systems that
balance the needs for production of food and fiber with those for
maintenance of the environment. More simply, “a sustainable agriculture
— sustains the people and preserves the land.” Soil quality is
conceptualized as the major linkage between the strategies for agricultural
conservation management practices and achievement of the major goals
of sustainable agriculture. In short, the assessment of soil quality or health,
and direction of change with time, is the primary indicator of sustainable
land management (Karlen et al., 1997). Although soil’s contribution to
plant productivity is widely recognized, soil condition also impacts water
and air quality. The quality of surface and sub-surface water has been

jeopardized in many parts of the world by intensive land management
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practices leading to the imbalance of C, N, and water cycling in soil. Human
alterations of the nitrogen cycle have almost doubled the rate of nitrogen
input to terrestrial ecosystems over the past 30 years resulting in large
increases in the transfer of nitrogen from land to the atmosphere and to
rivers, estuaries, and coastal oceans. Soil management practices such as
tillage, cropping patterns, and application of pesticide and fertilizer
influence water quality. In addition, these management practices can also
affect atmospheric quality through changes in the soil’s capacity to
produce or consume Green House Gases (GHGs) such as, carbon dioxide,
nitrous oxide, and methane. The present threat of global climate change
and ozone depletion, through elevated levels of greenhouse gases and
altered hydrological cycles, necessitates a better understanding of the
influence of land management on soil processes. In summary, the quality
and health of soil determine agricultural sustainability, environmental
guality, and as a consequence of both, plant, animal, and human health.
Scientists make a significant contribution to sustainable land management
by translating scientific knowledge and information on soil function into
practical tools and approaches by which land managers can assess the
sustainability of their management practices. Specifically, assessment of
soil quality/health is needed to identify problem production areas, make
realistic estimates of food production, monitor changes in sustainability
and environmental quality as related to agricultural management, and to
assist Government agencies in formulating and evaluating sustainable

agricultural and land-use policies. Use of one given approach for assessing
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or indexing soil quality is fraught with complexity and precludes its
practical or meaningful use by land managers or policy makers. However,
the use of simple indicators of soil quality and health which have meaning
to farmers and other land managers will likely be the most fruitful means
of linking science with practice in assessing the sustainability of

management practices (Doran and Zeiss, 2000).

Disclaimer: All the acknowledgements are made from where the text,
images and tables are taken and there are no copyright violations in the
prepared course content
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Learning Objectives

Develop an understanding of the measures of the soils’ capacities to
perform their designated functions.
Differentiate between basic soil properties and their use / function as

indicators of soil quality

Glossary of terms

1. Aggregate stability: Aggregate stability refers to the resistance of soil

aggregates to breakdown by water and mechanical force.

. Biological Indicators: Biological indicators reflect on the organisms

that form the soil food web responsible for decomposition of organic
matter and nutrient cycling. Information about the numbers of
organisms, both individuals and species, that perform similar jobs or
niches, can indicate a soil's ability to function or bounce back after

disturbance (resistance and resilience).

. Chemical Indicators: Chemical indicators give you information about

the equilibrium between soil solution (soil water and nutrients) and
exchange sites (clay particles, organic matter); plant health; the
nutritional requirements of plant and soil animal communities; and
levels of soil contaminants and their availability for uptake by
animals and plants.

Physical Indicators: Physical indicators provide information about
soil hydrologic characteristics, such as water entry and retention on

plant available forms. Some indicators are related to nutrient
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availability by their influence on rooting volume and aeration status
while the others indicating about the erosion status.

5. Soil Infiltration: Soil water infiltration measures the rate at which
water enters into the soil surface, and are transmitted through the
immediate soil depth.

6. Soil Quality Indicator: Is a simple attribute of the soil which may be
measured to assess quality with respect to a given function.

7. Visual Indicators: Visual indicators of soil health may be obtained
from observation or photographic interpretation.

2.1 Introduction

A soil-quality indicator is a simple attribute of the soil which may be
measured to assess quality with respect to a given function. It is important
to be able to select attributes that are appropriate for the task considering
the complex nature of the soil and the exceptionally large number of pre-
determined soil parameters. The selection of soil indicators will vary,
depending upon the nature of the soil function under consideration. These
soil attributes can be classified in three broad groupings: physical,
chemical, or biological indicators. Many of the physical and chemical soil
attributes are permanent in time (inherent parameters). In contrast,
biological and some physical attributes are dynamic and exceptionally
sensitive to changes in soil conditions and in management practices
(dynamic parameters). They appear to be very responsive to different
agricultural soil conservation and management practices such as non-

tillage, organic amendments, and crop rotation.
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2.2 Soil Health Indicators

Minimum dataset required to be documented in soil health must be
sufficient to indicate about health of the soil, to decide best suited crop/(s)
for the field and to prescribe manure and or fertilizers for highest or
targeted vyields of crops. But, it is surprising that, most of the soil testing
laboratories incorporate only the dataset related to nutrient status, pH,
electrical conductivity and organic carbon content of the supplied soil
sample in respective soil health card. In the opinion of authors (mention
authors), this data set is incomplete and required to be modified. For
example, dose and scheduling of nitrogenous fertilizer depends greatly on
textural classes of soil and data set related to this parameter is not supplied
with health card. Doran et al (1996) have proposed the minimum data set
of physical, chemical and biological indicators for determining the quality
or health of the soil (Advances in Agronomy) are as under:

Physical Indicators

» Texture

» Depth of soil and rooting

» Infiltration and soil bulk density
» Water holding capacity

Chemical Indicators

» Total soil organic matter
» Active organic matter
» pH

» Electrical conductivity
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» Extractable N, P and K

Biological Indicators

» Microbial biomass Cand N
» Potentially mineralizable N
» Specific respiration

» Macro organism numbers

Chemical

Physical

= Aggregation and Structure  pH

= Surface Sealing + Soluble Salts

= Compaction + Sodium

= Porosity * Nutrient Holding Capacity
= Water Movement and + Nutrient Availability

Availability

Biological
Macrofauna
Microfauna
Microorganisms
Roots

Biological Activity
Organic Matter

2.2.1 Physical Indicators

Physical indicators of soil health reflect the capacity to accept, store,
transmit and supply water, oxygen and nutrients within ecosystem. The
study of these indicators includes monitoring of soil structure through pore
size distribution, aggregate stability, saturated hydraulic conductivity,
infiltration, bulk density, and surface crust. Rooting depth provides a good
indicator of buffering against water, air and nutrient stress. Soil surface
cover can be used as an indicator of soil surface protection against raindrop

impact, and hence enhanced infiltration, reduced surface crust, and
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reduced soil erosion and runoff. Soil water infiltration measures the rate at
which water enters soil surface, and transmitted through the immediate
soil depth. Rainfall is rapidly absorbed by soil with high infiltration rate. But
as the soil structure deteriorates, usually with the loss of organic matter,
there is increase in exchangeable sodium and low electrolyte
concentration and the infiltration rate of a soil becomes low. This increases
the tendency for soil erosion and runoff in sloping soils and water logging
in flat soils. Aggregate stability refers to the resistance of soil aggregates to
breakdown by water and mechanical force. Aggregate stability is affected
by quality and quantity of organic matter, types of clays, wetting and
drying, freezing and thawing, types and amounts of electrolyte, biological
activity, cropping systems and tillage practices. For monitoring trends in
soil health, sampling procedures for aggregate stability need to be
standardized. Bulk density that varies with the structural condition of the
soil is altered by cultivation, loss of organic matter, and compression by
animals and agricultural machinery, resulting in compact plough layer. It
generally increases with depth in-soil profile. In cracking clay soils such as
Vertisols, it varies with water content.

Table 1 Major soil physical indicators and related processes

Indicator Processes and soil functions

A. Mechanical

Texture Crusting, gaseous diffusion, infiltration

Bulk density Compaction, root growth, infiltration
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Aggregation Erosion, crusting, infiltration, gaseous diffusion

Pore size | Water retention, and transmission, root growth and
distribution  and | gaseous exchange

continuity

B. Hydrological

Available water | Drought stress, biomass production, soil organic

capacity matter content

Non-limiting water | Drought, water imbalance, soil structure

range

Infiltration rate Runoff, erosion, leaching

C. Rooting zone

Effective  rooting | Root growth, nutrient and water use efficiencies

depth

Soil temperature Heat flux, soil warming activity and species diversity

of soil fauna Source: Lal (1994)

2.2.2 Chemical Indicators

Dominant chemical indicators include soil pH, electrical conductivity,
adsorption and cation exchange capacity (CEC), organic matter, and
available nutrients. The other useful indicators, especially those which are
needed for plant growth and development can also be included. Soil pH is
an indicator that can provide trends in change in soil health in terms of
acidification (surface and sub-surface), soil salinization, electrical

conductivity exchangeable sodium (soil structural stability), increased
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incidence of root disease: influence root growth, biological activity, and
nutrient availability (e.g. P availability at either high pH >8.5 or low pH <5;
Zn availability at high pH >8.5). The change in soil pH also provide capacity
of the soil for pesticide retention and breakdown as well as the mobility of
certain pesticides through the soil. These processes affect soil health on-
farm and have effects beyond farm gate. Electrical conductivity is a
measure of salt concentration and therefore, its measure can provide
trends in salinity for both soil and water.

Organic matter is fundamental in maintenance of soil health because
it is essential for optimal functioning of a number of processes important
to sustainable ecosystems. Soil organic matter is a source and sinks of C
and N and partly of P and S. It affects micronutrient availability through
complexation, chelation and production of organic acids, thus altering soil
pH. Conversely, it ties up metals present in toxic amounts (e.g. Cu, As, Hg).
Organic matter is essential for good soil structure especially in low clay
content soils, as it contributes towards both formation and stabilization of
soil aggregates. Other functions include: contribution to cation exchange
capacity especially in low clay content in soils, as it contributes toward both
formation and stabilization of soil aggregates. Trends in available plant
nutrients, for example, N, P, S and K indicate sustainable land use,
especially, if the nutrient concentration and availability are approaching
but remain above the critical or threshold values. In the long-term, nutrient
balance of the system (e.g. input efficiency = output) is essential to

sustainability. Thus, available nutrients are indicators of the capacity to
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support crop growth, potential crop yield, grain protein content, and
conversely, excessive amounts may be a potential environmental hazard
(e.g. algal biomass, eutrophication).
2.2.3 Biological Indicators

There are myriads of organisms in the thin layer of the soil surface
which play key roles in the decomposition of soil organic matter, nutrient
cycling, soil pollutant degradation, and the formation and stability of soil
structure. They adapt to changes in their environment, such as stress due
to drought, flooding, substrate shortages (e.g., food shortages), and
contaminants. Soil biota also responds rapidly to soil management and
land use changes and can be candidates for soil quality indicators. There
are, however, limitations in directly measuring soil organisms as indicators
of soil quality. Because of this, biological dynamic properties (respiration,
Particulate Organic Matter, Particulate Mineral Nitrogen, and enzymes)
are often selected as surrogates for measurement of processes mediated
by soil biota. Phospholipid fatty acids and DNA are also gaining popularity
in academic and research laboratories. Soil respiration is measured at the
field and in field office. Earthworms, which are not often diverse and are
easy to count, are the only biota that have been considered usable as
biological indicators by personnel regardless of special training and that
are presently measured in the field by determination of their abundance.
Biological indicators may reflect the overall number, type, and activity of
microorganisms and the diversity of the living organisms in soil, particularly

the microbial population. Some biological indicators are linked to the
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organic matter fractions (POM, B-glucosidase), nitrogen pools (PMN), or
soil biota (respiration).
Table 2 Major soil chemical, nutritional and biological indicators and

related soil processes

Indicator

Processes and soil functions

pH

Acidification and soil reaction, nutrient availability

Base saturation

Adsorption and desorption, solubilization

available nutrients

Cation  exchange | lon exchange, leaching
capacity
Total and plant | Soil fertility, nutrient reserves

Soil organic matter

Structural formation, mineralization, biomass

carbon, nutrient retention

Earthworm
population and
other soil, macro

fauna and activity

Nutrient cycling, organic matter decomposition,

formation of soil structure

Soil biomass

carbon

Microbial  transformations and respiration,

formation of soil structure and organo-mineral

complexes

Total soil organic

carbon

Soil nutrient source and sink, bio-mass carbon, soil
respiration and gaseous fluxes

Source: Lal (1994)
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2.2.4 Visual Indicators

Visual indicators of soil health may be obtained from observation or
photographic interpretation. Exposure of subsoil, change in soil color,
ephemeral gullies, pounding, runoff, plant response, weed species, and
decomposition are only a few examples of potential locally determined
indicators. Visual evidence can be a clear indication that soil quality is
threatened or changing.
2.3 Criteria for indicators of soil quality
Criteria for indicators of soil quality and health relate mainly to their utility
in defining ecosystem processes and integrating physical, chemical, and
biological properties, their sensitivity to management and climatic
variations, and their accessibility and utility to agricultural specialists,
producers, conservationists, and policy makers. Measurements of soil
organisms meet many (though not all) of the criteria for useful indicators
of sustainable land management. For this reason, soil organisms (including
their abundance, diversity, food web structure, and community stability)
were the focus of the conference published in this issue (FAO, 1995). Most
of the subsequent papers in this issue address the questions of which of
the presently known organisms and ecological parameters are most useful
as indicators. But any indicator of soil health or soil quality should meet the
following five criteria.

2.3.1 Sensitivity to variations in management
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To be useful as an indicator of the sustainability of land management
practices, a soil parameter must respond to changes in management
sensitively. Specifically, ‘the indicators should be sensitive enough to
reflect the influence of management and climate on long-term changes in
soil quality but not be so sensitive as to be influenced by short-term
weather patterns. Soil organisms meet this criterion, because they respond
sensitively to anthropogenic disturbance.

2.3.2 Well correlated with beneficial soil functions

Soil health is worth quantifying because soils and their biota provide
ecosystems functions that benefit humans. These ecosystem services can
be of considerable value and include soil functions of storing and releasing
water, decomposing plant and animal residues, transforming and recycling
nutrients, sequestering and detoxifying organic toxicants, and promoting
plant health by suppressing plant-pathogenic microbes and phytophagous
fauna. It is often possible and desirable to measure soil function directly.
2.3.3 Useful for elucidating ecosystem processes

To aid farmers, ranchers, conservationists, foresters, and other land
managers in selecting appropriate interventions, an indicator of soil quality
must do more than merely predicting whether a soil will provide a
beneficial function. The indicator should also elucidate why the soil will or
will not function as desired. For example, plant productivity and health are
invaluable indicators because they are well correlated with multiple soil
functions. Nonetheless, if plant productivity or health are measured and

found to be lower than desired, it is not obvious what remedial action is
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required. Therefore, indicators are needed that help land managers
understand the chain of cause and effect that links land management
decisions to ultimate productivity and health of plants and animals. Soil
organisms meet this criterion, because they play a direct role in many
ecosystem processes including conversion of nutrients into forms available
to plants and suppression of noxious organisms. Further, by affecting soil
structure, soil organisms play a critical indirect role in processes such as
changing the rate of water infiltration.

2.3.4 Comprehensible and useful to land managers

The ultimate determinant of soil quality and health is the farm owner or
operator, rancher, forester, golf course superintendant, conservationists,
etc. who actually manage the land. Thus, the land manager is the ultimate
judge of which indicators of soil quality are worth measuring. Considerable
thought and creativity are required to develop measurements of soil
organisms that are comprehensible and useful to land managers.

2.3.5 Easy and inexpensive to measure

Because the ultimate determinant of soil quality and health is the land
manager, indicators of soil quality and sustainability should be both
accessible to them and economic in terms of both time and money. This
argues against the use of species richness (‘biodiversity’) as an indicator,
because quantifying species richness requires substantial knowledge of
taxonomy and can be extremely time consuming and costly. However, it
may be possible to develop measures of functional diversity measurable

by non-taxonomists. In general, quantifying soil organisms neither is
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inherently expensive nor requires much specialized. In summary,
measurements of soil organisms are sensitive to anthropogenic
perturbations, are well correlated with beneficial soil functions, and are
excellent teaching tools because they elucidate ecosystem processes.
However, it is a challenge to develop measurements of soil organisms that
are meaningful to land managers, and that can be quantified within the
time frame and skills available to land managers. Thus, as for any indicator,
the utility of quantifying soil organisms as part of a program for promoting
soil quality and health will depend on the objectives of the specific
program.

Table 3 Strategies for sustainable agricultural management and proposed

indicators of crop performance, soil and environmental health

Sustainability strategy Indicators for producers

Conserve soil organic matter through

Maintaining soil C & N levels by | Direction/change in organic matter
Reducing tillage levels with time (visual or remote

sensing by color or chemical analysis)

Recycling plant and animal | Specific OM potential for climate, soil,

manures and vegetation

And/or increasing plant | Soil water storage
diversity, where C inputs>C

outputs

Minimize soil erosion through

Conservation tillage Visual (gullies, rills, dust, etc.)
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Increased protective cover | Surface soil properties (topsoil depth,
(residue, stable aggregates, | organic matter content/texture, water

cover crops, green fallow) infiltration, runoff, ponding, cover %)

Balance production and environment through

Conservation and integrated | Crop characteristics (visual or remote
management systems | sensing of yield, color, nutrient status,
(optimizing tillage, residue, | plant vigor, and rooting characteristics)

water, and chemical use)

Synchronizing available N and P | Soil physical condition/compaction
levels with crop needs during | ;Soil and water nitrate levels

year

Amount and toxicity of pesticides used

Better use of renewable resources through

Relying less on fossil fuels and | Input/output ratios of costs, energy,
petrochemicals and renewable/non-renewable

resources

More on renewable resources | Leaching losses/soil acidification
and biodiversity (crop
rotations, legumes, manures,

IPM, etc.)

Crop characteristics (as listed above)

Nitrate levels in soil and water
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Learning Objectives
e Understanding the basic premise and practical requirement of
guantitative parameters along with functional relationships for

expressing soil quality.

Glossary of terms

1. Qualitative Assessment: A qualitative assessment is the
determination of the nature of an indicator.

2. Quantitative Assessment: A quantitative assessment is the accurate
measurement of an indicator.

3. Principal Component Analysis (PCA): Principal Component Analysis
(PCA) is a data compression technique designed for data that are in
the form of continuous measurements, though it has also been
applied to other kind of data, such as, presence/ absence of an

element or measurements in the form of discrete variables.
1.1. Introduction

Any evaluations of soil quality must consider the multiple soil uses (e.g.,
agricultural production, forest, rangeland, nature conservation, recreation,
or urban development). However, the most widely accepted concept of soil
qguality and the most significant in a global context concerns agro-
ecosystems. In soil-quality evaluation or assessment, the two main
guestions that must be answered are: (i) how does the soil function; and

(ii) what procedures are appropriate for making the evaluation. After
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answering those questions, a range of parameter values or indexes that
indicate a soil is functioning at full potential can be calculated using
landscape characteristics, knowledge of pedogenesis, and a more
complete understanding of the dynamic processes occurring within a soil.
Soil-quality assessment focuses on dynamic aspects to evaluate the

sustainability of soil management practices and on inherent soil factors.

1.2 Why is Soil Quality Assessment Necessary?

Periodic assessment is needed to identify the condition of soil resources at
all scales — within a lawn, field, farm, watershed, county, state, nation, or
the world. Why? Because historically, humankind has neglected its soil
resources more than once — often ending in failure of the dominant society
and culture (Hillel, 1991). Even after more than 1,000 years of
abandonment, soils of the Tikal rain forest have not recovered from the
Maya occupation (Olson, 1981). Similarly, the catastrophic land
management failures of the 1930’s began with ignorance of the Great
Plains’ soil resource, which was described as “indestructible and
immutable” in the 1909 Bureau of Soils Bulletin 55 (Whitney, 1909).
Implementation of a wheat (Triticum aestivum L.) —fallow cropping system
and use of intensive tillage throughout the Great Plains contributed to the

I”

“Dust Bowl” that fostered Hugh Bennett’s 1933 indictment of Americans

as “the great destroyers of land” (Baumhardt, 2003).
1.3 Key concepts in soil quality assessment

1.3.1 Soil Quality Indicators

3
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Soil quality assessments are conducted by evaluating indicators. Indicators
can be physical, chemical, and biological properties, processes, or
characteristics of soils. They can also be morphological or visual features
of plants. Indicators are measured to monitor management induced
changes in the soil. Soil quality indicators are selected because of their
relationship to specific soil properties and soil quality (Figure 1). For
example, soil organic matter is a widely used indicator, because it can
provide information on various properties such as soil fertility, soil
structure, soil stability, and nutrient retention. Similarly, plant indicators,
such as rooting depth, can provide information about the bulk density or
compaction of the soil.

Indicators can be assessed by qualitative and/or quantitative techniques.
A qualitative assessment is the determination of the nature of an indicator
that determines the accurate measurement of an indicator. For example,
if erosion is the indicator being evaluated, a qualitative assessment would
be the observation of rills and gullies in the field, indicating that erosion is
occurring. A quantitative assessment would measure the amount of
erosion occurring in the field. In another example, a qualitative assessment
of infiltration would be the observation of excessive runoff water from a

field. A quantitative assessment would measure the infiltration rate.
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Physical Indicators

Bulk density
Ingicator 1or soil compaction and
porosity

Soll texture
Provide isolated microhabiats for
microbes, maintain nutrient cycling

Soii water content
Necessary transport mecium for
various subsirales

Soil assessment

Affects
microbial
growth
actwity
diversity and
abundance
Biological Indicators
Organisms and
enzymes
Affects
mineralization
ang nutrient
cycling in soil

Affects
microtaal
growth
activity
diversity and
abundance

Affects
minerakzation
and nutrient
cychng n sofl

Improves sofl fertility 2nd maint2ins soi

heaith

Chemical Indicators

Soil salinity
increase osmotic potential of soil
aestroy soll structure

pH
Determines nutrient avatiabiiity and
physkal condition of soll

Cation Exchange Capacity
Determines nutrient holding ¢apacity of
soll

Macronutrients (N, P, K, 8)
Limits soit productivity. piays important
role in conversion of blomass carbon to
organik matter, intrease piant growth,

Increase protein synthesis, deais with
Diotic and abiotic siress , enhance N,
fation

Soil organic matter
| Aftects soll aggregation, stabiity, acts as
buffering agent, increase water holding
capacity

Figure 1 Chart depicting the role of various indicators, viz, physical,
chemical, and biological for assessing the quality of soil (Andrews et al.

2002)

1.3.2 Minimum Data Sets and Indicators

Since it is impractical to measure every ecosystem or soil property, many

researchers have proposed a minimum data set, which is the smallest set

of soil properties or indicators needed to measure or characterize soil

guality. Identifying key soil properties or attributes that are sensitive to

change in soil functions establish a minimum data set. Table 1 is an

example of a minimum data set, which shows the relationship of each

indicator to soil health concerns. A minimum data set does not usually

encompass all relevant properties for a region or farming system. It is an

example of a minimum set of indicators

comprehensive understanding of the soil evaluated.

Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute
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Each minimum data set is tailored to a particular region or soil map unit
(soil type) and includes only those properties relevant to the soil types,
farming system, and land uses of the areas being evaluated. For example,
a minimum data set for the Northeast United States would probably not
include such indicators as salt accumulation and electrical conductivity,
while a data set for areas with arid and semi-arid soils would include these
indicators. Compiling a minimum data set helps to identify locally relevant
indicators and to evaluate the link between indicators selected and

significant soil and plant properties for the region (Table 2).

Table 1 Key soil indicators for soil quality assessment

Selected Rationale for selection
indicator
Organic matter | Defines soil fertility and soil structure, pesticide
and water retention, and use in process models

Topsoil-depth | Estimate rooting volume for crop production and

erosion

Aggregation Soil  structure, erosion resistance, crop
emergence an early indicator of soil management
effect

Texture Retention and transport of water and chemicals,
modeling use

Bulk density Plant root penetration, porosity, adjust analysis
to volumetric basis

Infiltration Runoff, leaching and erosion potential

pH Nutrient availability, pesticide absorption and

mobility, process models
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Electrical
conductivity

Defines crop growth, soil structure, water
infiltration; presently lacking in most process
models

Suspected
pollutants

Plant quality, and human and animal health

Soil respiration

Biological activity, process modeling; estimate of
biomass activity, early warning of management
effect on organic matter

Forms of N

Availability of crops, leaching potential,
mineralization/ immobilization rates, process
modeling

Extractable N,
P and K

Capacity to support plant growth, environmental
guality indicator

Table 2 Interrelationship of soil indicators (based on Arshad and Martin

2002)

Selected Other soil quality indicators in the MIDS affecting

indicator the selected indicator

Aggregation Organic matter, microbial (especially, fungal)
activity, texture

Infiltration Organic matter, aggregation, electrical
conductivity, ex-changeable sodium percentage
(ESP)

Bulk density Organic matter, aggregation, topsoil-depth, ESP,
biological activity

Microbial Organic matter, aggregation, bulk density, pH,

biomass texture, ESP and/or respiration

Available Organic matter, pH, topsoil-depth, texture,

nutrients microbial parameters (mineralization and
immobilization rates)
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Soil Physical-chemical-biological characteristics

Principal Component Analysis

\4

Select principal components with eigen values >1
and/or contribution to explain variability 75%

A\ 4

For each of the PC selected based on the criteria
above, identify variables with highly weighted
factor loadings, i.e variables with values within
10% of the highest factor loading or >0.40

\ 4
If more than one variable/factor found under a single
principal component, find out correlation between
different variables/factors and retain those variables
with correlation coefficient <0.60 and select the
variable/factor with highest weighted factor loading
for minimum dataset

Figure 2 Approach to selection of variables/factors for minimum data set
(from Andrews et al. 2002)

1.4 Methods of Soil Quality Assessment
A variety of methods or approaches are currently used to measure and
assess soil quality. The methods discussed in this guide range from

primarily qualitative to purely quantitative. They are as follows:
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e Soil Health Card
e Natural Resources Conservation Services (NRCS) Soil Health Card
Template (NRCS Template)

e Soil Quality Test Kit

e Laboratory analysis
These methods provide important information about soil quality, whether
the goal is to determine changes in soil health over time or to compare
management effects on soil quality in different fields or pastures. Various
combinations of these methodologies may be used. No single one is
inherently better or more effective.
Soil Health Cards: The soil health, or soil quality, assessment card is a
gualitative tool designed by and for farmers. The cards contain farmer-
selected soil quality indicators and associated ranking descriptions typical
of local producers. Generally, indicators listed, such as soil tilth, abundance
of earthworms, or water infiltration, can be assessed without the aid of
technical or laboratory equipment
NRCS Soil Health Card Template (NRCS Template): If qualitative soil
guality assessment information is desired for an NRCS conservation plan,
adapt for local use the NRCS Template that comes with this guide. Although
technically this template can be used as is, the indicators and rankings it
uses have been collated from various parts of the United States and are
very general.
Soil Quality Test Kit: The Soil Quality Test Kit, developed by the ARS, is an

on-farm soil quality assessment tool. It was modified and enhanced by the

9
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NRCS Soil Quality Institute with NRCS field staff. The kit is used as a
screening tool to give a general direction or trend of soil quality; e.g.,
whether current management systems are maintaining, enhancing, or
degrading the soils. It can also be used to troubleshoot problem areas in
the field.

Laboratory Analysis: Soil testing laboratories throughout the countries
have tests for many soil properties that are useful for soil quality
evaluation. While some of these tests can also be done with the Soil Quality
Test Kit, farmers may not have the time to run the tests, or they may prefer

to obtain their results from an accredited laboratory.
1.5 General Indicator of Soil Quality (GISQ)

Soil organisms and biotic parameters (e.g., abundance, diversity, food web
structure, or community stability) meet most of the desired criteria of soil
quality indicators (Doran and Zeiss, 2000). The use of faunal groups as
indicators for soil quality needs a choice of organisms, that (a) form a
dominant group and occur in all soil types, (b) have high abundance and
high biodiversity and (c) play an important role in soil functioning, e.g.,
food webs. Velasquez et al. (2007) developed a general indicator of soil
quality (GISQ) based on estimation of around 50 soil properties related to
macrofauna, chemical fertility, physical state, organic matter fractions and
soil morphology. The computational procedure involved four steps: (i) PCA
analysis of the variables allowing testing of the significance of their

variation among land use types; (ii) identification of the variables that best
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differentiate the sites according to the soil quality; (iii) creation of sub-
indicators of soil physical quality, chemical fertility, organic matter,
morphology and soil macrofauna, with values ranging from 0.1 to 1.0; (iv)
combination of all five sub-indicators into a general one. This indicator
allows the evaluation of soil quality and facilitates identification of problem

areas through the individual values of each sub-indicator.
1.6 Development of Soil Quality Index (SQl)

1.6.1 Data Compression

Principal Component Analysis (PCA) is a data compression technique
designed for data that are in the form of continuous measurements,
though it has also been applied to other kind of data such as presence/
absence of an element or measurements in the form of discrete variables.
Ordination, a collective term for multivariate techniques that arrange sites
along axes on the basis of soil properties can help to show whether
important environmental variables have been overlooked. Ordination is
like a linear regression model, but with the major difference that the
explanatory variables here are theoretical variable and not known
environmental variables. Principal Components (PCs) for a data set are
defined as linear combinations of the variables that account for maximum
variance within the set by describing vectors of closest fit to the n
observations in p-dimensional feature space, subject to being orthogonal
to one another. The PCA output gives as many PCs as the input variables

but it is assumed that PCs receiving high eigen values (setting a threshold,
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e.g., eigen values > 1) or those explaining variation in the data exceeding a
limit (e.g., > 5% of the variability) are ‘important’ and not the others.
Contribution of a variable to a particular PC is represented by a weight or
factor loading. Only the highly weighted variables are retained from each
PC and highly weighted factor loadings identified based on thresholds such
as those variables with absolute values within 10% of the highest factor
loading or > 0.4. When more than one factor is retained under a single PC,
multivariate correlation coefficients are employed to determine if
variables could be considered redundant and if the variables are
correlated, that with the highest value is chosen for multi dimensional

scaling (MDS).

1.6.2 Data Transformation

The selected indicators can be transformed following a linear or a non-
linear scoring rule. For ‘more is better’ indicators, each observation is
divided by the highest observed value such that the highest observed value
received a score of 1. For ‘less is better’ indicators, the lowest observed
value (in the numerator) is divided by each observation (in the
denominator) such that the lowest observed value receives a score of 1.
For some indicators, observations are scored as ‘higher is better’ up to a
threshold value and as ‘lower is better’ above the threshold. The values of
different variables can be transformed to a common range, between 0.1 to
1.0 with homothetic transformation:

y =0.1 + (x-b)/(a-b) * 0.9
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where, y = value of the variable after transformation, x= the variable to
transform, a = the maximum value of the variable, and b = the
minimum value of the variable

Non-linear scoring functions are constructed based on literature review

and consensus of the collaborating researchers. Masto et al. (2007) used

the following equation for deriving non-linear scores:

Non-linear score (y) = 1/1+e —b (x-a)

where, x = soil property value, a = the baseline or value of the soil property
(the scoring function equals 0.5 and equals the midpoint between
the upper threshold value and the lower threshold value), and b =
slope. The upper threshold value is the soil property value for which
the score equals 1 and which corresponds to the most favourable
level. The lower threshold value is the soil property value where the
score equals 0 and which corresponds to an unacceptable level.
Baselines are generally regarded as the minimum target values.

1.6.3 Data Integration

There are basically two ways of integrating indicators to derive one soil

guality index — by summing the scores from MDS indicators and by

summing MDS variables after weighting them by considering the %

variation explained by a PC, standardized to unity, as the weight for

variable(s) chosen under a given PC.

1.7 Integrated Approach for soil quality assessment
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For integrated soil-quality assessment, the development of relationships
between all the soil-quality indicators and the numerous soil functions may
be a monumental task. Therefore, a stepwise agro-ecological approach for
soil-quality evaluation and monitoring was proposed by De la Rosa (2005).
Two steps relating to: (i) inherent soil quality, and (ii) dynamic soil quality
are involved.

Step 1: Land evaluation is an appropriate procedure for analyzing inherent
soil quality from the point of view of long-term agro-ecological changes.
Within this complex context, land-evaluation models may serve as a first
step to develop a soil quality assessment procedure (Arshad and Martin,
2002). The first step will result in defining agro-ecological zones, land
suitability, and vulnerability classes.

Step 2: A short-term evaluation and monitoring procedure would be
basically considered for the soil biological quality in each agro-ecological
zone defined in the first step. By measuring appropriate indicators,
changes in soil dynamic quality can be assessed. These indicators would be
compared with the desired values (critical limits or threshold level), at
different time intervals (Arshad and Martin, 2002) (Figure 3). This
comparison of single indicator should be of natural soils that have not been
disturbed with soils that have been under a certain use and management
system for a number of years. Because soil biological parameters are most
variable and sensitive to management practices, a monitoring system
(observed change over time) would provide information on the

effectiveness of the selected farming system, land-use practices,
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technologies, and policies. For example, dehydrogenase activity in
Mediterranean forest soils proved to be very sensitive to both natural and
management changes, and showed a quick response to the induced
changes. Also, enzyme activities have been found to be very responsive to
different agricultural management practices such as non-tillage. Because
of the complex nature of the soil and its high spatial and temporal
variability, it is appropriate to develop soil-quality assessment based on
biological indicators after the traditional land evaluation using basically
physico-chemical parameters. This agro-ecological approach should focus
on dynamic soil aspects (biological factors) but with awareness of inherent

soil aspects (physical and chemical factors).

Soil physico-chemical quality
- Physical indicators
- Chemical indicators
- Visible indicators

Long-term
evaluation

Agro-ecological zones identification
per specific land uses or soil functions

|

Soil biological quality
- Biological indicators
- Chemical pollutants

Short-term
evaluation

Sustainable soil use and management
Good agricultural practices for soil protection
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Figure 3 Graphical representation of a stepwise agro-ecological approach
for soil-quality assessment

Disclaimer: All the acknowledgements are made from where the text,
images and tables are taken and there are no copyright violations in the
prepared course content
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Problematic soils and their Management

Learning Objectives
e Understand and demonstrate the prominent characteristics /
morphology / rapid test parameters of healthy soils.
e Learn about soil texture and structure, soil colour, soil tilth,
infiltration, drainage and water holding capacity.
e Understand about soil biological diversity and interrelationships

between soil, plant, animal and human health

4.1. Introduction

On farm assessment of soil quality and health is recommended to assist
farmers evaluate the effects of their management decisions on soil
productivity. This approach permits interaction between researchers,
extension and political personnel while providing interpretation to link on
farm-based knowledge to soil health information. The main challenge is
to develop soil quality and soil health standards to assess changes which

are practical and useful to farmers.
4.2 In-field soil health assessment

Qualitative, on-farm, in-field assessment of soil health does not need to
involve special analyses, only the informed observation and interpretation
of soil characteristics are considered This is usually done by visual
assessment, but the smell and feel of soil may also be involved. Field test
kits for measuring several indicators are also available (e.g. NRCS soil

quality test kit). While this approach is more subjective and therefore can

2
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reflect user bias, the results can be very informative in making

management decisions when detailed guidelines and training have been

provided. Guided, in-field assessment can also be particularly effective to

increase awareness and understanding of how important it is to maintain

healthy soils, and the importance of key soil processes. Some specific soil

indicators, such as compaction measurement using a penetrometer in the

root zone, are always measured better directly in the field than in a

laboratory.

Proposed indicators for measuring the sustainability of agricultural

systems at the farm level

Farmer/society needs (acceptable)

Resource/environmental
conservation

(adequate/acceptable)

Yields

Soil organic matter

Profits

Topsoil depth

Risk/stability

Soil protective cover (%)

Input/output ratio (energy and costs)

Leachable salts (NOs)

electrical conductivity)

(soil

4.2.1 Scorecards: The use of scorecards for on farm soil quality

assessment is emphasized where qualitative observations of soil health

are scored to obtain an overall measure of soil quality and soil health.

These cards may be developed to evaluate soil

health through

farmers’ observation of soil physical, chemical and biological properties.

3

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute



0 doaez
A\ \

Problematic soils and their Management

For example, such as, observation on earthworm numbers can yield a
general index of biological activity in the soil.

4.2.2 Soil quality test kits: Assessment tools such as soil quality test kits
focus on farmer based evaluations and education regarding various soil
and smallholder management practices. Further, they aim to produce an
educational tool to increase public awareness of the importance of soil
quality.

4.2.3 Soil quality indices: Various soil quality indexing approaches are
available and can be applied to derive a range of critical test values within

which soil quality and soil health assessment parameters can be fitted.
4.3 Developing and using in-field assessments

e Participatory approach in developing qualitative soil health
monitoring procedures locally have had significant educational value
and opened up communication among farmers and between farmers
and other agriculture professionals.

e A number of score cards and kits for measuring soil health in the field
have been developed. These have used more than 30 physical
indicators and more than 10 biological, chemical, and crop
observation based indicators of soil health (Table 1). In this
approach, soil physical characteristics might be scored for soil ‘feel’,
crusting, water infiltration, retention or drainage, and compaction.
Soil biological properties might include soil smell (low score for sour,

putrid or chemical odors vs. high score for ‘earthy,” sweet, fresh
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aroma), soil color and mottling (which reflects balance of aerobic vs.
anaerobic bacterial activity), and earthworm or overall biological
activity through in-field respiration measures. Crop indicators of soil
functioning such as root proliferation and health, signs of
compaction (such as thick angular roots), legume nodulation, and
signs of residue decomposition can also provide useful information.
e The rating scales used in soil health score cards vary from just a few
categories (“poor, fair, or good”) to scales of 1 to 10. The descriptions
that define categories or rating scales are best based on local
terminology and preferences. High quality photographs are an
excellent way to train users and achieve somewhat standardized

scoring (Table 2).

4.4 Soil Health Report

The raw data from the individual indicators and background information
about sample location and management history are synthesized into an
auto generated and grower friendly report. The standard soil health test
report presents soil health information for a field in a way that enables
the identification of areas where soil management efforts may be
targeted.

The soil health test report is presented on a single page and consists of
different sections laid out in visually enhanced format to present
information to the growers and agricultural service providers. The

sections of the report include:

5
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1. Background Information: The information collected during
sampling is presented in this section. This includes the farm name
and contact information, the sample number, the date of sampling,
the local extension educator name, current crop and tillage and
their history over the past 2 years, drainage and slope conditions,
soil type and soil texture.

2. Indicator list: This section gives a list of indicators that were
measured for soil health assessment. They are colour coded to
separate the physical, biological and chemical indicators.

3. Indicator values: This presents the values of the indicators that
were measured either in the laboratory or field.

4. Ratings: This section presents the scores and colour coded ratings
of the soil quality indicators. The indicators are scored on a scale
of 1-100 based on scoring functions developed for individual
indicators. In addition, the indicators are rated with colour codes
depending on their scores. Generally, a score of less than 30 is
regarded as low and receives a red colour code. A score from 30-
70 is considered medium and is colour coded yellow. A score value
higher than 70 is regarded as high and colour coded green.

5. Constraints: If the ratings of a particular indicator is poor/low (red
colour code), the respective soil health constraints will be
highlighted in this section. This is very useful tool for identifying

areas to target their management efforts.
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6. Overall quality score: An overall quality score is computed from
individual indicator scores. This core is further rated as follows: less
than 40% is regarded as very low, 40-55% is low, 55-70% is medium,
70-80% is high and greater than 85% is regarded as very high. The

highest possible quality score is 100 and the least score is O, thus it

is a relative overall soil health status indicator.

Table 1 Selected Soil indicators
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Table No 2: Brief Descriptions of the selected soil health

assessment indicators
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[ SOILHEALTH TEST REPORT (COMPREHENSIVE) |

R [/
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Name of tarmer: Sample ID:
Location: Agent:

Field/ Treatments: Agent E mail:
Tillage: Soil Texture:

Crops grown:

Date sampled:

Indicators Valu | Rating _chnstra
e in
PHYSICAL | Ag r_e%ate 18 18 Aeration, Infiltration,
stability rooting
Available water 0.18 | 64
capacity
Surface hardness| 348 |2 Rooting, . Water
transmission
Subsurface 472 |3 Subsurface pan, deep
hardness compaction
' BIOLOGICAL| Organic matter [ 1.7 9 Energy storage,
sequestration
Active carbon 312 |5 Soil biological activity
Potential ~12.0 0 N supply capacity
mineraliz
able
Root health rating 7.0 25
' CHEMICAL | pH 7.3 89
Extractable 17.0 | 100
phosphorus
Extractable /3 100
potassium
Minor Elements 100
Overall quality score (Out of 100): 45.0 Low

Measured soil textural class: Silt Loam
Sand (%): 37.0Silt (%): 55.0 Clay (%): 8.0

Location (GPS): Latitude and Longitude

Disclaimer: All the acknowledgements are made from where the text,
images and tables are taken and there are no copyright violations in the
prepared course content
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Learning Objectives

Learn about the geographic distribution of area under wastelands
across various states of India.

Understand the underlying reasons for development of wastelands
and approaches for managing them.

Glossary of terms

1.

Barren Rocky Area: These are rock exposures of varying lithology
often barren and devoid of soil and vegetative cover. They occur
amidst hill-forests as openings or as isolated exposures on plateau
and plains. Barren rocky areas occur on steep isolated hillocks/hill
slopes, crests, plateau and eroded plains associated with barren and
exposed rocky/stony wastes, lateritic out-crops, mining and
guarrying sites. The category also includes steep sloping areas devoid
of vegetation cover that were classified separately in the earlier
exercise.

Coastal sand: Coastal sands are the sands that are accumulated as a
strip along the seacoast due to action of seawater. These are not

being used for any purpose like recreation.

. Desertic sand: Desertic sands are those confined to arid environment

where the rainfall is scanty. These lands are characterized by
accumulation of sand in the form of varying size of sand dunes and
height that have developed as a result of transportation of sail
through aeolian processes. The following two categories of desert

sands could be mapped based on their vertical approximate heights.
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Semi-stabilized to stabilized dunes with >40 m height Semi-stabilized
to stabilized moderately high dunes with heights ranging between 15
and 40 m

4. Degraded pastures/grazing land: These are the lands in non-forest
areas that are either under permanent pastures or meadows, which
have degraded due to lack of proper soil and water conservation and
drainage development measures.

5. Degraded land under plantation crop: These are the degraded lands
that have been brought under plantation crops after reclamation and
are located outside the notified forest areas.

6. Gullied and/or Ravinous Land: Gully is a narrow channel when
surface water flow increases in response to clearing and excessive
use of land. Other factors that play a role in gully initiation are the
type of landscape, geology, rainfall, soil texture, hill-slope, length and
seasonal climatic extremes. The intricate network of gullies is
referred to as ravines. Two categories of ravines viz., medium ravines
and deep ravines could be delineated based on their depth.

a. Medium Ravines: These are the ravines with a depth of gullies
ranging between 2.5 and 5 meters. Generally, these are seen
confined to the head region of the stream close to agricultural land.
b. Deep Ravines: The depth of ravines is more than 5 meters. Deep
ravines, generally, occur along the higher order stream areas that are

close to the main river.
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7. Land affected by salinity/alkalinity: Land affected by
salinity/alkalinity has excess soluble salts (saline) or high
exchangeable sodium. Salinity is caused due to capillary movement
of water, during extreme weather conditions leaving salt
encrustation on the surface. Alkali soils have exchangeable sodium
percentage (ESP) values of 15 or more, which is generally considered
as the limit between normal and alkali soils. The predominant salts
in alkali soils are carbonates and bicarbonates of sodium.
Considering the degree of salinity and or alkalinity, the following two
sub-classes viz., moderately saline / alkali and strongly saline / alkali
areas could be delineated.

a. Moderately Saline/Alkali land: These are the areas located in the
fluvial plains with the degree of salinity (ECe) ranging from 8 to 30
(dS/m), pH between 9.0 — 9.8 and the Exchangeable Sodium
Percentage (ESP) values ranging between 15-40.

b. Strongly Saline/Alkali land: These are the salt-affected lands with
ECe values greater than 30 dS/m, pH values more than 9.8 and ESP
values of >40.

8. Mining /Industrial wastelands

a. Mine dumps: Are those lands where waste debris is
accumulated after extraction of minerals. Included in this
category is the mine / quarry areas subject to removal of
different earth material (both surface and sub-surface) by

manual and mechanized operations. Large scale quarrying and
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mechanical operations result in creation of mine dumps. It
includes surface rocks and stone quarries, sand and gravel pits,
soil excavation for brick kilns, etc.

b. Industrial: These are areas of stockpile of storage dump of
industrial raw material or slag/effluents or waste material or
quarried/mixed debris from earth’s surface.

9. Riverine sand: Riverine sands are those that are accumulated in the
flood plain of the river as sheets, or sand bars. It also includes inland
sand which was accumulated along the abandoned river courses or
by reworking of sand deposits by wind action leading to long
stretches of sand dunes or sand cover areas noticed in Indo-Gangetic
alluvial plains.

10. Sand (coastal/desert/riverine): This category refers to land
with accumulation of sand, in coastal, riverine or inland areas.
Generally, these lands vary in size; occur in various shapes with
contiguous to linear pattern. These lands are mostly found in deserts,
riverbeds and along the shores.

11. Scrubland: This is the land, which is generally prone to
deterioration due to erosion. Such lands generally occupy
topographically high locations, excluding hilly/mountainous terrain.
Based on the presence of vegetation cover, two sub-classes could be
delineated i.e., land with dense scrub and land with open scrub.

a. Land with dense scrub: These areas have shallow and skeletal

soils, at times chemically degraded, extremes of slopes, severely
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eroded, and are subjected to excessive aridity with scrubs
dominating the landscape. They have a tendency for intermixing with
croplands.

b. Land with open scrub: This category is same as mentioned in the
earlier category except that it has sparse vegetative cover or is
devoid of scrub and has a thin soil covers.

12. Scrub Forest: Two sub-classes viz., scrub dominated degraded
forest land and agriculture land inside notified forest area have been
delineated.

a. Scrub dominated: Land, as notified under the Forest Act and those
lands with various types of forest cover with less than 20 % of
vegetative cover, are classified as degraded forest. These lands are
generally confined to the fringe areas of notified forest.

b. Agricultural land inside notified forest land: This category refers
to land that have been notified under the Forest Act, in which
agriculture is being practiced, (except for the de-notified forest
areas).

13. Shifting Cultivation Areas: Shifting cultivation is a traditional
practice of growing crops on forested/ vegetated hill-slope by the
slash and burn method.

a. Current: The areas that are used for cultivation by the slash and
burn practices and are clearly perceptible on the satellite image in

pre-burnt /post-burnt conditions.
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b. Abandoned: Are those areas that were earlier under shifting
cultivation but subsequently left idle for more than one year but less
than 5 years, thereby giving a scope for the regeneration of
secondary vegetation such as bamboo or grasses. This category has
a tendency to get mixed with forests.

14. Snow Covered and/ or Glacial Area: These lands are under
perpetual snow cover and are confined to the Himalayan region. The
mountain peaks and slopes and high relief areas are the places where
snow/glacial areas occur.

15. Waterlogged/Marshy Land: Waterlogged land is that low lying
land where the water is at/or near the surface and the water stands
for most part of the year. Depending on duration of water logging,
two sub-classes viz., permanently waterlogged and seasonally
waterlogged areas could be delineated.

a. Permanent: Permanently waterlogged areas are those where the
water logging conditions prevail during most part of the year. These
areas are mostly located in low-lying areas, with impervious
substratum along the canals/ river banks, coastal inlands, etc.

b. Seasonal: Seasonally waterlogged areas are those where the
water logging condition prevails usually during the monsoon period.
These lands are mostly located in plain areas associated with the
drainage congestion. Use of multi-season satellite data enables
delineation of this category.

5.1. Introduction
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India can be called as a land of paradoxes—a girdle of high-snow capped
mountains, glaciers and high-altitude forests in the north; seas washing
both sides of lengthy coastline in the peninsular south; and a variety of
geological formations, diversified climates and varied topographies and
reliefs. The lofty mountains are highest in the world and river deltas are
raised a few metres above the mean sea level. And temperatures vary from
arctic cold to equatorial hot. Precipitation varies from less than 100 mm in
the arid regions to 11,000 mm/yr in the per-humid regions. This
geographical location provides the country with a landscape of diversity of
high plateaux, stumpy relic hills, shallow open valleys, rolling uplands,
fertile plains, swampy lowlands and dreary barren deserts and a variety of
soils developed on these landforms.

5.2 What is essentially in a wasteland?

e The non technical definition of wasteland from the Cambridge
Advanced Learner’s Dictionary is ‘An empty area of land, especially
in or near a city, which is not used to grow crops or built on, or used
in any way and/or a place, time or situation containing nothing
positive or productive, or completely without a particular quality or
activity’.

e The Technical Task Group Report of the National Wastelands
Development Board Defines the Wasteland as a Land Which is
Presently Lying Unutilized due to Different Constraints.

e |ICAR proposed that Wastelands are Lands which Due to Neglect or

Due to Degradation are not Being Utilized to Their Full Potential.
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These can result from inherent or imposed disabilities or both, such
as location, environment, chemical and physical properties, and even
suffer from management conditions.

e According to Integrated Wasteland Development Programme,
Wasteland is a degraded land which can be brought under vegetative
cover, with reasonable effort, and which is currently under utilised
and land which is deteriorating for lack of appropriate water and soil
management or on account of natural causes.

e Accelerating growth of wastelands/degraded lands created a
menace to the Government. The growing concern to prevent this
extraordinary growth, Government of India has set up the National
Wastelands Development Board in 1985 under the Ministry of
Environment & Forests.

Wasteland: The National Wasteland Development Board (NWBD) has
defined wasteland as “degraded land which can be brought under
vegetative cover with reasonable effort and which is currently under-
utilized and land which is deteriorating for lack of appropriate water and
soil management or on account of natural causes”.

5.3 Categories of wasteland for Identification

a. Culturable Wasteland- The land which has potential for the
development of vegetative cover and is not being used due to different

constraints of varying degrees, such as erosion, water logging, salinity etc.
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b. Unculturable Wasteland— The land that cannot be developed for
vegetative cover, for instance the barren rocky areas and snow covered
glacier areas.
2.2 Categories of Wasteland in India

e Gullied and/ or ravinous land (Medium)

e Gullied and/ or ravinous land (Deep)

e Land with Dense Scrub

e Land with Open Scrub

e Waterlogged and Marshy land (Permanent)

e Waterlogged and Marshy land (Seasonal)

e Land affected by salinity/alkalinity (Moderate)

e Land affected by salinity/alkalinity (Strong)

e Shifting Cultivation - Current Jhum

e Shifting Cultivation - Abandoned Jhum

e Under-utilised/degraded forest (Scrub dominated)

e Under-utilised/degraded forest (Agriculture)

e Degraded pastures/ grazing land

e Degraded land under plantation crop

e Sands —Riverine

e Sands — Coastal

e Sands — Desertic

e Sands - Semi Stability - Stability > 40 m-- clarify Stab

in full form
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e Sands - Semi Stability - Stability 15-40 m
e Mining Wastelands

e Industrial Wastelands

e Barren Rocky Area

e Snow Covered/ Glacial Area

Table 1: India - State-wise distribution of Wastelands (sq.km) during

2015-16
ql. Total Total
No. STATE NAME Geographical | Wasteland | % to TGA
Area (TGA) | (WL)
1 Andhra Pradesh 162989 23981.74 14.71
2 Arunachal Pradesh 83743 13906.16 16.61
3 Assam 78438 9003.08 11.48
4 Bihar 94171 7685.39 8.16
5 Chattisgarh 135194 10875.37 8.04
6 Delhi 1483 81.27 5.48
7 Goa 3702 515.66 13.93
8 Gujarat 196024 21740.39 11.09
9 Haryana 44212 1658.96 3.75
10 Himachal Pradesh 55673 22831.91 40.01
11 Jammu & Kashmir * | 222236 175697.01 79.06
12 Jharkhand 79706 11767.08 14.76
13 Karnataka 191791 13229.68 6.90
14 Kerala 38863 2288.32 5.89
15 Madhya Pradesh 308252 39536.62 12.83
16 Maharashtra 307690 36075.15 11.72
17 Manipur 22327 5651.89 25.31
18 Meghalaya 22429 4135.77 18.44
19 Mizoram 21081 4300.66 20.40
20 Nagaland 16579 5064.17 30.55
21 Orissa 155707 18422.36 11.83
22 Punjab 50362 462.37 0.92
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23 Rajasthan 342239 78851.33 23.04
24 Sikkim 7096 3294.79 46.43
25 Tamil Nadu 130058 8222.24 6.32
26 Telangana 112079 14241.21 12.71
27 Tripura 10486 920.52 8.78
28 Uttarakhand 53483 12726.16 23.79
29 Uttar Pradesh 240928 8537.06 3.54
30 West Bengal 88752 1654.99 1.86
31 Union Territory 9490 306.23 3.23
TOTAL 3287263 557665.51 16.96

Source: Wasteland Atlas of India (2019)

Table 2: India - Category-wise distribution of Wastelands in India (sg.km)
during 2015-16

% to
SI.No.|Category Total WL TGA
1 Gullied and/or ravinous land-Medium 6484.17 [0.20
Gullied and/or ravinous land-Deep/very
2 deep ravine pHLEES 0.02
3 Land with dense scrub 73972.04 |2.25
4 Land with open scrub 99601.55 |3.03
5 Waterlogged and Marshy land-Permanent |1627.15 [0.05
6 Waterlogged and Marshy land-Seasonal [5199.45 [0.16
Land affected by salinity/alkalinity-
7 Moderate 472343 0.14
8 Land affected by salinity/alkalinity-Strong [1585.66 [0.05
9 Shifting cultivation area-Current Jhum 3871.27 [0.12
10 Shifting cultivation area-Abandoned Jhum {4575.49 [0.14
Under utilised/degraded forest-Scrub86411 09
11 dominated T 2.63
12 Agricultural land inside notified forest land [21691.08 |0.66
13 Degraded pastures/grazing land 6450.07 [0.20
14 Degraded land under plantation crops 248.81 |0.01
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15 Sands- Riverine 3121.21 |0.09

16 Sands- Coastal sand 671.24 |0.02

17 Sands- Desert Sand 8191.52 |0.25
Sands- Semi-stabilized to stabilized (>4Om)9345'48

18 dune 0.28

Sands- Semi-stabilized to stabilized

.79 [0.36
19 moderately high (15- 40m) dune L0

20 Mining Wastelands 2256.33 [0.07
21 Industrial wastelands 317.20 [0.01
22 Barren rocky area 94483.78 |2.87
23 Snow cover and/or glacial area 107927.78|3.28
Total 557665.51/16.96

Source: Wasteland Atlas of India (2019)
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Shifting Cultivation
(Abandoned)

Waterlogged & Marshy
(Seasonal)

Degraded Forest (Scrub
dominated)

Figure 1: Wastelands map of India (generated using LISS-1ll data of 2015-
16) (ICAR, 2010)
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1:1% 2;1%

11;15%

Legend

I Guiiied and/ or ravinous land (Medium) Degraded pastures/grazing land

I Guliied and or ravinous land (Deep) I Degraded land under plantation crop

I L and with Dense Scrub B sands - Riverine

Il L=n¢ with Open Scrub B sands - Coastal

I vvatetogged and Marshy land (Permanent) Sands - Desertic

- Waterdogged and Marshy land (Seasonal) - Sands - Semi Stab:- Stab > 40m
Land Affected by salinity / alkalinity (Moderate) Sands - Semi Stab:- Stab 15-40m

Land Affected by salinity / alkalinity (Strong) Il 14ining Wastelands
I industrial Wastelands

Barren Rocky Area
Snow Coverad/ Glacial Area
Mon Wasteland Area

Shifting Cultivation - Current Jhwerm
I shitting Cultivation - Abandoned Jhum
B Under-utiised/degraded forest {Scrub domin)
| Under-utilised/degraded forest (Agriculture)

Figure 2: Percentage of Category-wise distribution of Wastelands in India
5.4 Wasteland Reclamation
Reclamation of wasteland means re-claiming it or to use it for productive

purpose. Wasteland reclamation is the process of turning barren, sterile
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wasteland into something that is fertile and suitable for habitation and
cultivation.
5.4 Need for wasteland reclamation:

e |t provides a source of income for the rural poor.

It ensures a constant supply of fuel, fodder and timber for local use.

It makes the soil fertile by preventing soil erosion and conserving

moisture.

The programme helps maintain an ecological balance in the area.

The increasing forest cover helps in maintaining local climatic
conditions.
Disclaimer: All the acknowledgements are made from where the text,

images and tables are taken and there are no copyright violations in the
prepared course content
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Learning Objectives

Identify various soil problems and problem soils and understand the
difference between them.

Learn about various categories of problem soils and the affected area
under each of them.

Glossary of terms

1.

Calcareous soils: A calcareous soil has abundance of calcium
carbonate (CaCOs) . If acalcareous soilis added with
hydrochloric acid, the soil will effervesce and give off carbon
dioxide and form bubbles because of the chemical reaction.

Clayey soils: A soil that contains a high percentage of fine particles
and colloidal substance and becomes sticky when wet.

Degraded soils: Soil degradationis the decline in soil condition
caused by its improper use or poor management, usually for
agricultural, industrial, or urban purposes. Such soils are called as
degraded soils.

Permeability: It may be defined as; “It is a measure of the ease with
which water flows through soils and/or rocks. Soils which allow flow
of water is called permeable soils, while those restrict its movement
with ease are termed as impermeable soils.

Problem Soils: The soils which possess characteristics that make
them uneconomical for the cultivation of crops without adopting

proper reclamation measures are known as problem soils.
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6. Sandy soils: Sandy Soil is light, warm, dry and tends to be acidic and
low in nutrients. Sandy soils are often known as light soils due to
their high proportion of sand and little clay (clay weighs more
than sand). These soils have quick water drainage and are easy to
work with.

7. Waterlogged soils: Waterlogging is the saturation of soil with water.
Soil may be regarded as waterlogged when it is nearly saturated with
water much of the time such that its air phase is restricted and

anaerobic conditions prevail.

6.1. Occurrence

India, the second most populous country in the world faces severe
problems in agriculture. It is estimated that out of the 328.8 m ha of the
total geographical area in India, 173.65 m ha are degraded, producing less
than 20% of its potential yield. Major problematic soils of India are enlisted
in Table 1.

Table 1: Major problematic soils of India

Sr. |Problematic [Key Diagnosis Major constraints

No.|Soils

1. |Clay soils Dominated by clay|Water logging, compaction, poor
particles aeration, difficult to cultivate

2. |Sandy soils [Dominated by|poor fertility, low SOM, low water
Coarse sand|holding capacity, erosion
particles

3. |Acid soils Soil pH is less than|Fe, Al toxicity (Strong acid soil)
6.5

4. |Salt affected soils

3
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a.Saline soils

ECeis greater than
4.0 dS/m

High osmotic potential, nutrient
imbalance

b.Sodic soils |ESP is greater than|Deteriorated physical condition,
15 Na toxicity, nutrient imbalance
c.Saline ECeis greater than|High osmotic potential,
sodic soils 4.0 dS/m and ESP|deteriorated physical condition,
is greater than 15 |nutrient imbalance
5. |Calcareous |CaCOs is greater|P, Fe deficiency
soils than 5.0 %
6. |Water logged|Water Stagnation,|Poor aeration
soils Low infiltration
rate
7. |Degraded Based on soil|-
soils analysis
8. |Compacted |High bulk density |Poor  aeration, poor  root
soils penetration, water logging
9. |Impermeable|Low hydraulic|Poor aeration, water logging
soils conductivity (HC)
and infiltration
rate

6.2. Types of problem soils

1. Physical problem soils

2. Chemical Problem soils

3. Biological Problem soils

4. Nutritional problem soils as a result of above constraints

6.2.1 Physical problem soils

6.2.1.1 Slow permeable soils/Impermeable soils - The capillary porosity is

high leading to impeded drainage, poor aeration and reduced conditions.

4

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”

Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute




0% ddez
A\ \

Problematic soils and their Management

Soil surface crusting - Surface crusting is due to the presence of colloidal
oxides of iron and aluminium in soils which binds the soil particles under
wet regimes. On drying it forms a hard mass on the surface.

Sub soil hard pan - The reasons for the formation of sub surface hard pan
in red soils is due to the illuviation of clay to the sub soil horizons coupled
with cementing action of oxides of iron, aluminium, and calcium
carbonate.

Shallow soils - Shallow soils are formed due to the presence of parent rocks
immediately below the soil surface (15-20 cm depth).

6.2.1.2 Highly permeable soils - Sandy soils containing more than 70 per
cent sand fractions occur in coastal areas, river delta and in the desert
belts. Excessive permeability of the sandy soils results in poor water
retention capacity, very high hydraulic conductivity and infiltration rates.
These soils being devoid of finer particles and organic matter, the
aggregates are weakly formed, the non-capillary pores dominating with
very poor soil structure. So whatever the nutrients and water added to
these soils are not utilized by the crops and subjected to loss of nutrients
and water. In addition, it is not providing anchorage to the crops grown.
6.2.1.3 Heavy clay soils - Clay soils are referred as heavy soils. To be
classified as clay soil, it should be made up of about 40% clay particles, the
finest particles found in soil. This is also called slowly permeable soils.
Heavy soil have very hard consistence when dry and very plastic and sticky

(heavy) when wet. They are imperfectly to poorly drained, leaching of
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soluble weathering products is limited. Flooding can be a major problem in
areas with higher rainfall.

6.2.1.4 Eroded soils- Soil erosion is defined as the detachment and
transportation of soil mass from one place to another through the action
of wind, water in motion or by the beating action of rain drops. Erosion
extensively occurs in poorly aggregated soils (low humus) and in a higher
percentage of silt and very fine sand. Erosion increases when soil remains
bare or without vegetation. In India about 86.9% soil erosion is caused by
water and 17.7% soil erosion is caused by wind. Out of the total 173.6 Mha
of total degraded land in India, soil erosion by wind and water accounts for
144.1 Mha. The surface soil is taken away by the runoff causing loss of
valuable topsoil along with nutrients, both native and applied. In India
about 5334 million tonnes (16.35 tonnes/ha/year) of soil is being eroded
annually due to agriculture and associated activities and 29% of the eroded
materials are permanently lost into the sea.

6.2.2 Chemical Problem soils

6.2.2.1 Salt affected soils: The salt-affected soils occur in the arid and
semiarid regions where evapo-transpiration greatly exceeds precipitation.
The accumulated ions causing salinity or alkalinity include sodium,
potassium, magnesium, calcium, chlorides, carbonates and bicarbonates.
The salt affected soils can be primarily classified as saline soil and sodic soil.
The extent and state wise distribution of salt affected soils is presented in

table 2 and 3, respectively.

6

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute



': SO,
A\ \

Problematic soils and their Management

Saline soils: Saline soils is defined as soils having a conductivity of the
saturation extract greater than 4 dS m™ and an exchangeable sodium
percentage less than 15. The pH is usually less than 8.5. Formerly, these
soils were called white alkali soils because of surface crust of white salts.
Alkali/Sodic soils: Alkali or sodic soil is defined as a soil having a
conductivity of the saturation extract less than 4 dS m?* and an
exchangeable sodium percentage greater than 15. The pH is usually
between 8.5 — 10.0. Most alkali soils, particularly in the arid and semi-arid
regions, contain CaCOs; in the profile in some form and constant hydrolysis
of CaCOs sustains the release of OH ions in soil solution. The OH ions so
released result in the maintenance of higher pH in calcareous alkali soils
than that in non — calcareous alkali soils.

Saline-alkali: Saline-alkali soil is defined as a soil having a conductivity of
the saturation extract greater than 4 dS m™ and an exchangeable sodium
percentage greater than 15. The pH is variable and usually above 8.5
depending on the relative amounts of exchangeable sodium and soluble
salts. When soils are dominated by exchangeable sodium, the pH will be
more than 8.5 and when soils are dominated by soluble salts, the pH will

be less than 8.5.

Table 2 Extent of salt-affected soils in India (‘000 ha)

S.No. State Saline soils | Sodic soils Total

1 Gujarat 1680.570 541.430 2222.000
2 Uttar Pradesh 21.989 1346.971 1368.960
3 Maharashtra 184.089 422.670 606.759
4 West Bengal 441.272 0.000 441.272
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5 Rajasthan 195.571 179.371 374.942
6 Tamil Nadu 13.231 354.784 368.015
7 Andhra Pradesh | 77.598 196.609 274.207
8 Haryana 49.157 183.399 232.556
9 Bihar 47.301 105.852 153.153
10 Punjab 0.000 151.717 151.717
11 Karnataka 1.893 148.136 150.029
12 Orissa 147.138 0.000 147.138
13 Madhya 0.000 139.720 139.720
Pradesh
14 Andaman & [ 77.000 0.000 77.000
Nicobar Island
15 Kerala 20.000 0.000 20.000
Total 2956.809 3770.659 6727.468

Source: NRSA (National Remote Sensing Agency) Associates (1996) and
adapted from Arora and Sharma (2017)

Table 3: State-wise share (%) of salt-affected soils in India

State Sodic soils | Saline soils | Costal saline | Total
soils

Gujarat 14.3 71.2 371 32.9
Uttar Pradesh | 35.6 1.3 - 20.3
Maharashtra 11.2 10.4 0.6 9.0
West Bengal - - 354 6.5
Rajasthan 4.7 11.4 - 5.6
Tamil Nadu 9.4 - 1.1 5.5
Andhra 5.2 - 6.2 4.1
Pradesh

Haryana 4.8 2.9 - 3.4
Bihar 2.8 2.8 - 2.3
Punjab 4.0 - - 2.2
Karnataka 39 0.1 - 2.2
Orissa - - 11.8 2.2
Madhya 3.7 - - 1.1
Pradesh

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
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Andaman & |- - 6.2 0.3
Nicobar Island

Kerala - - 1.6 0.3

J &K 0.5 - -

Total 100 (3.78) | 100 (1.71) 100 (1.25) 100 (6.74)

Figures in parentheses indicate total area in million ha. Source: Adapted
from Mandal et al. (2018).

6.2.2.2 Acid soils - Soil acidity refers to presence of higher concentration
of H" in soil solution and at exchange sites. They are characterized by low
soil pH and with low base saturation. The ranges in soil pH and associated

degree of acidity are as follows:

pH range Nature of acidity
34 Very strong

4-5 Strong

5-6 Moderate

6-7 Slight

In acid soil regions (ASR) precipitation exceeds the evapo-transpiration and
hence leaching is predominant causing loss of bases from the soil. When
the process of weathering is drastic, the subsoil and in many cases, the
whole profile becomes acidic. State wise distribution of acid soils in India
is presented in Table 4.

Acid soils occupy approximately 60% of the earth land area and are arise
under humid climate conditions from carbonaceous less soil forming rocks

in all thermal belts of the earth.
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6.2.2.3 Acid Sulphate soils- Acid sulphate are drained coastal wetland soils

that have become acid (pH<4) due to oxidation of the pyritic minerals in

the soil. Undrained soils containing pyrites need not be acid and they are

called potential acid sulphate soils. Soil with sufficient sulphides (FeS, and

others) to become strongly acidic when drained are termed acid sulphate

soils or as the Dutch refer to those soils as cat clays. Generally acid sulphate

soils are found in coastal areas where the land is inundated by salt water.

In India, acid sulphate soil is, mostly found in Kerala, Orissa, Andhra

Pradesh, Tamil Nadu and West Bengal.

Table 4: State wise distribution of acid soils in India (Area in ‘000 ha)

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
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S.N | State Strong | Moderate | Slightl | Total | TGA % to
0. ly ly acidic |y TGA
acidic | (pH 4.5 - | acidic
(pH 5.5) (pH
<4.5) 55 -
6.5)
1. |Andhra 0.0 0.0 2827.5|2827.5 | 27504. |10.3
Pradesh 5
2. | Arunachal [4775.9 | 1742.7 268.8 | 6787.4 |8374.3 |81.1
Pradesh
3. | Assam 23.5 2331.2 2332.7 | 4687.5 | 7843.8 |59.8
4. Bihar 0.0 36.7 2324.9 | 2361.6 | 9416.3 | 25.1
5. Chhattisga | 156.4 |5930.1 4386.6 | 10473. | 13480. |77.7
rh 0 5
6. Goa 3.6 113.7 191.1 |308.3 |370.2 83.3
7. Himachal |0.0 157.0 1620.6 | 1777.6 | 5567.3 | 31.9
Pradesh
8. |Jammu & 0.0 93.3 1480.1 | 1573.4 | 22223. | 7.1
Kashmir 6
9. |Jharkhand | 0.0 999.6 5772.1 |1 6771.7 | 7971.4 |84.9
10
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10. | Karnataka | 0.0 61.4 3254.7 | 3316.1 | 19179. |17.3
1
11. | Kerala 138.0 |2789.6 753.2 |3680.7 | 3886.3 |94.7
12. | Madhya 0.0 1124.7 10601. | 11726. | 30864. |38.0
Pradesh 8 5 1
13. | Maharasht | 0.0 240.0 4332.6 | 4572.6 | 30771. |14.9
ra 3
14. | Manipur 426.9 |1437.2 325.1 [2189.2|2232.7 |98.1
15. | Meghalaya | 0.0 1186.3 1054.4 | 2240.7 | 2242.9 [99.9
16. | Mizoram |0.0 1267.6 777.3 |2044.9 |2108.1 |97.0
17. | Nagaland |118.9 |1483.3 55.7 1657.9 | 1657.9 |100.
0
18. | Orissa 0.0 261.6 8409.7 | 8671.3 | 15570. |55.7
7
19. | Sikkim 2789 |323.4 2.8 605.0 |709.6 85.3
20. | Tamil 264.0 |347.3 4294.5 | 4905.8 | 13005. | 37.7
Nadu 8
21. | Tripura 56.6 749.0 237.2 |1042.8|1048.6 |99.5
22. | Uttar 0.0 0.0 337.5 |3375 |24104. (1.4
Pradesh 6
23. | Uttarakha | 0.0 1183.6 2300.6 | 3484.2 | 5336.5 |65.3
nd
24. | West 0.0 555.6 4199.7 | 4755.3 | 8875.2 | 53.6
Bengal
25. | Others* 0.0 0.0 0.0 0.0 64381 | 0.0
Total 6242.6 | 24414.6 | 62141. | 92798. | 328726 | 28.2
2 4 3
Area (%) 1.9 7.4 18.9 28.2 100 -

Others*: Delhi, Gujarat, Haryana, Punjab, Rajasthan, A & N Island,
Chandigarh, D & N Haveli, Daman & Diu, Lakshadweep and Pondicherry.
(Source: Maji et al., 2012)

6.2.2.4 Calcareous soil - Calcareous soil that contains enough free calcium

carbonate (CaCOs) and give effervescence visibly releasing CO, gas when
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treated with dilute 0.1 N hydrochloric acid. The pH of calcareous soil is >

8.5 and it is also regarded as an alkaline (Basic) soil.

6.2.2.5 Man-made polluted soils - Soil contamination is the presence of
man-made chemicals or other alteration of the natural soil environment.
This type of contamination typically arises from the rupture of
underground storage tanks, application of pesticides, percolation of
contaminated surface water to subsurface strata, leaching of wastes from
landfills or direct discharge of industrial wastes to the soil. The most
common chemicals involved are petroleum hydrocarbons, solvents,
pesticides, lead and other heavy metals. The occurrence of this
phenomenon is correlated with the degree of industrialization and
intensity of chemical usage. The concern over soil contamination stems
primarily from health risks, both of direct contact and from secondary

contamination of water supplies.

6.2.3 Biological problems in soils

6.2.3.1 Soil organic carbon (SOC) and microbial population: Biological
problems often result from management practices and anthropogenic
influence. Soil organic carbon (SOC) is the main source of energy for soil
microorganisms and a trigger for nutrient availability through
mineralization. Humus participates in aggregate stability, and nutrient and
water holding capacity. Organic acids (e.g., humic acids, fulvic acids , oxalic
acid), commonly released from decomposing organic residues and

manures, prevents phosphorus fixation by clay minerals and improve its

12
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plant availability, especially in subtropical and tropical soils. An increase in
SOM, and therefore total C, leads to greater biological diversity in the soil.
6.2.3.2 Soil Respiration: Soil respiration reflects the capacity of soil to
support soil life including crops, soil animals, and microorganisms. In the
laboratory, soil respiration can be used to estimate soil microbial biomass
and make some inference about nutrient cycling in the soil. Soil respiration
also provides an indication of the soil's ability to sustain plant growth.
6.2.3.3 Soil Enzymes: Absence or suppression of soil enzymes prevents or
reduces processes that can affect plant nutrition. Poor enzyme activity
(e.g., pesticide degrading enzymes) can result in an accumulation of
chemicals that are harmful to the environment; some of these chemicals
may further inhibit soil enzyme activity.
6.2.4. Nutritional problem soils
In general, the most favourable pH range for crop is between 5.5 to 6.5 in
mineral soil and 5.0 to 6.0 in organic soil.
1. Ca, K, Mg and Na are alkaline elements, which are lost with increasing
acidity whereas P is more available in acidic soil conditions.
2. Acidity can also induce deficiencies of micronutrients such as Mo and
B, although a deficiency in the latter is more commonly seen in
alkaline soils where over-liming has occurred.
3. Acidic soil often causes the stunting and yellowing of leaves, resulting
in the decrease in growth and yield of crops as the pH levels falls.
4. Plants grown in adverse pH conditions may be more prone to disease

and fungal attack.
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5. pH can affect the absorption of nutrients by plant roots pH values
above 7.5 cause iron, manganese, copper, zinc and boron ions to be
less available to plants.

6. pH values below 6 cause the solubility of phosphoric acid, calcium
and magnesium to drop.

7. Aluminium toxicity is the most widespread problem in acid soils.
Aluminium is present in all soils, but dissolved Al** is toxic to plants;
AI** is most soluble at low pH, above pH 5.2 little aluminium is in
soluble form in most soils. Aluminium is not a plant nutrient, and as
such, is not actively taken up by the plants, but enters plant roots
passively through osmosis. Aluminium damages roots in several
ways: In root tips and Aluminium interferes with the uptake of
Calcium, an essential nutrient, as well as bind with phosphate and
interfere with production of ATP and DNA, both of which contain
phosphate. Aluminium can also restrict cell wall expansion causing
roots to become stunted.

Disclaimer: All the acknowledgements are made from where the text,
images and tables are taken and there are no copyright violations in the
prepared course content

References
Arora, S., and Sharma, V. (2017). Reclamation and management of salt-
affected soils for safeguarding agricultural productivity. Journal of

Safe Agriculture, 1, 1-10.
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Learning Objective

Understand the reasons of development of problem soils as a
function of the agro-ecological setting and their management as per
the land capability class

Glossary of terms

1. Agro-Ecological Regions (AER): An agro-ecological region (AER) is

the land unit on earth's surface, carved out of agro- climatic
region by superimposing climate on landforms and soils, which are
the modifiers of climate and length of growing period.

. Agro-climatic Region (ACR): An “Agro-climatic zone” is a land unit in
terms of major climates, suitable for a certain range of crops and
cultivars. Agro-climatic conditions mainly refer to soil types, rainfall,
temperature and water availability which influences the type of
vegetations.

. Aridity Index (1a): An aridity index (la) is a numerical indicator of the
degree of dryness of the climate at a given location.

. Bioclimate: A climate or climatic zone considered or defined in
relation to living organisms and their distribution.

. Evapotranspiration (ET): Water Transpired by plants and evaporated
from the surface of the soil or earth is known as evapotranspiration.
. Length of Growing Period (LGP): The length of the "growing season"
or "growing period" (LGS or LGP), as defined by the Agro-Ecological
Zones, is the period (in days) during a year when precipitation

exceeds half the potential evapotranspiration.
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7. Moisture Index (Im): A term based on the computation of an annual
moisture budget by C. W. Thornthwaite (1955), and calculated from
the aridity and humidity indices, as Im = 100 x (S — D)/PE, where Im
is the moisture index, S is the water surplus in months when
precipitation exceeds evapotranspiration , D is the water deficit in
months when evapotranspiration exceeds precipitation, and PE is
the potential evaporation.

8. Potential Evapotranspiration (PET): Potential
evapotranspiration (PET) is defined as the amount of evaporation
that would occur if a sufficient water source were available. If
the actual evapotranspirationis considered the net result of
atmospheric demand for moisture from a surface and the ability of
the surface to supply moisture, then PET is a measure of the demand

side.

7.1 Concept

Land, agriculture and ecology are intrinsically related and govern our
agricultural systems holistically. Climatic factors such as temperature,
rainfall, humidity, sunshine and wind are the primary determinants of
climate of any region. The climate and soil interactions provide suitable
environment for agricultural production, thatalso affect physical
processes of land degradation.
A proper understanding of potential and limitations of natural
resources is necessary for sustainable agricultural development at local,
regional, and country level. The farm output depends largely on the

components like climate, soil and land forms. Therefore, for efficient crop
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planning in an area and transfer of technology, information concerning
requirements of crops and kinds of soils, their extent, geographic

condition and local agro-climatic conditions is essential.

To conserve natural resources for sustainable food production, an
inclusive approach is needed to create relatively homogeneous regions in
terms of soil, climate and physiography, termed as agro-ecological regions
(AER). Delineation of such regions will help understanding of agricultural
potentialities of the regions for different land uses and also for

conservation of their physical environment.

An agro-climatic region is a land unit in terms of major climate and
growth period which is climatically suitable for certain range of crops and
cultivars, where as an agro-ecological region is characterized by distinct
ecological responses to macroclimate as expressed in vegetation and

reflected in soil fauna and aquatic systems.

Therefore, an agro-ecological region is the land on earth’s surface
carved out of agro-climatic region when superimposed on different
landforms and soil conditions that acts as modifiers to the length of

growing period (LGP) and crop environmental needs.
7.2 Concept of Bio-climate and Length of Growing Period (LGP)
7.2.1 Bio-climate

The climate of a particular region is determined by meteorological
parameters like rainfall, temperature and potential evapo-transpiration
(PET). For all practical purposes, the quantification of climatic

parameters is done within one meter below the soil surface and few
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meters above the soil surface where biological life sustains. The
bioclimatic profile consists of elements which describes the temperature
and moisture condition in the study region. The various climatic and
moisture balance indices used are Moisture Index (Im), Aridity Index (la),

Humidity Index (Ih), Summer Concentration (Sc).

The water balance technique and PET values are being used to
prepare a bio-climate map. It accounts for the monthly as well as annual
water surplus (WS) and water deficits (WD) determining moisture Index
(Im) in a particular ecosystem receiving specific amount of rainfall and
humidity- specific Evapo-transpiration. Water deficit and water surplus

are calculated from the potential and actual evapo-transpiration values

(Figure 1)
Water Supply Water Need
Rainfall PET
Rainfall > PE Rainfall < PET
AET =PET PET deficit AET »| Real Deficit
Deficit = 0 |PET Surplus
y
Water Excess \_ Water Drawn Aridity
STORAGE Index (la)
Moisture
Index (Im)

A

Real - Humidity
Surplus Index (1h)
A 4
Run off
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Figure 1: Concept of Water Balance
The moisture index with positive and negative values would indicate

moist or dry climate and seasonal variation in effective moisture thermal
efficiency is indicative of radiation energy received . The summer

concentration represents the percentage of solar radiation in summer.

7.2.2 Length of the Growing Period (LGP)

The growing period or the moisture availability period of crop
growth is the period (in days) when the precipitation (P) exceeds 50% of
the (PET) plus the time required to evapo-transpire an assumed 100 mm
of stored moisture from the deep soil profile. During a normal growing
season, crop experiences a humid period (when P>PET), a moist period
(when P>0.5 PET but <PET) and moderately dry to dry period (when P<0.5
PET).

Based on the values of P and PET of humid moist and moderately
dry periods, the LGP in a year is determined. Moist period is the duration
at the beginning of rainy season when most of the crop establishment
operations are usually done. The humid period not only meets the full

evapo-transpiration demand of crop, but also replenishes moisture deficit

in the sta

Progressive

(Figure 2).
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Figure 2: Concept of Growing Period
National Bureau of Soil Survey & Land Use Planning (NBSS&LUP) has

delineated 20 agro-ecological regions (AER) in the country using the FAO
concept by integrating maps depicting LGP, Bio-climate, and soil scape as

per the following scheme (Figure 3).

Rainfall Temperature Vegetation PET Rainfall PET Soil Storage
v v / \ 4
BIO CLIMATE LGP
Soils Physiography
A A\ 4
SOIL SCAPE
A A \4

AGRO ECOLOGICAL REGIONS
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Figure 3: Delineation of Agro-ecological Regions

Agroclimatic region is the land unit in terms of major climate,
superimposed on length of growing period (moisture availability
period), and an agro-ecological zone is the land unit carved out of the
agroclimatic region, superimposed on the landform, which acts as a
modifier to climate and length of growing period (Sehgal and Abrol,
1994).

To understand implications and role of climatic and edaphic
resources in agricultural and allied sectors, the NBSS&LUP prepared an
agro-ecological map, based on the physiography, soils, bioclimate and
length of growing period (GP), and refined it through several
approximations. The data from 474 meteorological stations were used
for preparing water balances (Thornthwaite and Mather, 1955). Length
of growing period (LGP) was calculated using FAO (1983) model,
adopted after Higgins and Kassam (1981). The GP as per the model
starts when precipitation (P) exceeds 0.5 potential evapotranspiration
(PET) and ends with utilization of 100 mm of stored soil moisture once
P falls below PET. Growing period values for 474 observation sites were
plotted and isolines were drawn at 30 days intervals. It has been
observed that arid regions generally correspond with growing period of
less than 90 days and semi-arid region with 90-150 days. Subhumid
zone has GP more or less between 150 and 210 days. Humid and per-
humid zones correspond with GP of 210 to 270 days and more than 270

days per year.

Hyper arid (Eh) LGP — Less than 60

Arid (E)

Typical arid (Et) LGP — 60-90
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7.3 The different Agro Ecological Region (AER) in India is as such:
1. Cold Arid Eco-region with Shallow Skeletal Soil.

2. Hot Arid Eco-region with Desert and Saline Soils

3. Hot Arid Eco-region with Red and Black Soils

4. Hot Semi-Arid Eco-region with Alluvium Derived soils

5. Hot Semi Arid Eco-region with Medium and Deep Black Soils

6. Hot Semi-Arid Eco-region with Shallow and Medium (Dominant) Black
Soils

7. Hot Semi Arid Eco-region with Red and Black soils

8. Hot Semi-Arid Eco-region with Red Loamy soils

9. Hot sub Humid (Dry) Eco-region with Alluvium- Derived Soils
10. Hot Subhumid Eco-region with Red and Black Soils

11. Hot Subhumid Eco-region with Red and Yellow Soils

12. Hot Subhumid Eco-region with Red and Lateritic soils

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
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13. Hot Sub humid (Moist) Eco-region with Alluvium-derived soils

14. Warm Subhumid to Humid with Inclusion of Perhumid Eco-region with
Brown Forest and Podzolic Soils

15. Hot Subhumid (moist) to Humid (inclusion of perhumid) Eco-region
with alluvium-derived soils

16. Warm Perhumid Eco-region with Brown and Red Hill Soils

17. Warm Perhumid Eco-region with Red and Lateritc Soils

18. Hot Subhumid to Semi-arid Eco-region with Coastal Alluvium-derived
soils

19. Hot Humid Pemhumid Eco-region with Red, Lateritic and Alluvium-
derived soils

20. Hot Humid/Perhumid Island Eco-region with Red loamy and Sandy

Soils.
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Table 1: Area under degraded and wastelands of India under different AERs

Degraded and wastelands classes® (000 ha)

Total

Degraded

Area
AERST P B B |5 7 B0 o 1 23 [14 [15 16 17 [18 19 (000 ha)
1 19 b o o o P o PP PP o PP bl oo
> 638 23 0 b o [11,419/1,1066 jo [110l60 [0 sos & Bolo o |8 |7 [13,913
EC 1 PpPob o bls 7 Pp P lo oo [2,560
4 [12109[1,0240 [t P 6 367 7 0 0 |0 29 423 o [t |11 [14 |68 14,960
5 6455983 B |2 |0 o 18 2ol o bls 15 oo 5 [o [7700
6 1037457 0 o o o 171 b o P o p kes 175 p pp | 7 o 1,270
7 l37eles 12 7 b o o oo P oo s o o it Brlo la9se
8  |a,412 B91 P72 151 |60 o 3 1o o o o287 Be b 7 o |8 5 5,685
9 PB12B78 B B P o > Bl o |opReg 93 p p o |o [go la272
10 69341822 119 Bog 8 b o p o P o pPBs o o b o 1o [s288
11 P3843514 653 [726 159 o [0 p o o o p iz B o o b |16 o 5925
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12 14,917 (1,512/469 (1,089(142 |0 2 OO0 O |0 [0 [0 0 0 0 |0 [38 [24 8,193
13 3,803 48 41 @41 [0 0 40 9 0 o 0O |52 24 0 0 [0 1 [1634,177
14 4,009 (1,025[75 [289 [222 |0 0 OO0 0O |0 [0 10 0 0O 0O |0 4 |p1 [5,695
15 2,011 213 (647 [1,229[328 |0 64 0 0 0 |0 [0 [0 0 0 0 |0 [1 [24244,735
16 |[576 229 [275 |[651 (782 |0 0 OO0 O |0 [0 [0 0 0O 0O |0 [0 [10 [2,523
17 210 [992 {439 516 |[5,330[0 0 0O 0 [0 0O 0 [0 0 O 0o 0 |1 31 (7,519
18 (928 48 @43 |12 |3 0 574 4 0 [0 0 [25(115 b O 0O |0 |10 |83 1,851
19 2,944 1187 [2,0291674 |76 |0 40 (1 R0 0O |00 0 0O 0 [0 [15 (76 6,062
20 0 0 0 0 0 0 77 00 0 |0 [0 [0 0 0O 0O [0 o [0 [77
Total(74,021 |9,287/5,080(5,719(7,130/11,4252,631 (39 |20 (110 |60 [30 [2,610(1,058 30 [21 (20 260(859(120,410
ource: NBSSLUP, Wasteland Atias (2011)

Note: Classes*: 1. Exclusively water erosion (>10 tonnes /ha/yr); Water erosion under open forest, 2. Forest; 3.
Exclusively acid soils (pH <5.5); 4. Acid soils under water erosion; 5. Acid soils under open forest; 6. Exclusively wind
erosion; 7. Exclusively saline soils; 8. Eroded saline soils; 9. Acid saline soils; 10.Saline soils under wind erosion; 11.
Saline soils under open forest; 12.Water logged saline soils; 13. Exclusively sodic soils; 14.Eroded sodic soils; 15.
Sodic soils under wind erosion; 16. Sodic soils under open forest; 17. Eroded sodic soils under open forest;
18.Mining / Industrial waste; 19. Waterlogged area (Permanent).
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The area estimates of the degraded and wastelands in different AERs
(Table 1) reveal that region 4 is highly degraded with area coverage of
14,960 thousand ha. The other AERs having appreciably high area
coverage are AER-2 (13,913 thousand ha), AER-5 (11,270 thousand ha),
AER-10 (8,288 thousand ha), AER-12 (8,193 thousand ha), and AER-17
(7,519 thousand ha). Though all the AERs are affected but the least
affected are AER-1 and AER-20.

Water erosion (classes 1, 2) has affected almost all AERs and AERs
with large affected areas are: AER-4 (13,133 thousand ha), AER-6 (10,631
thousand ha), AER-5 (7,438 thousand ha), AER-12 (6,429 thousand ha),
AER-14 (5,034 thousand ha), AER-7 (4,841 thousand ha) and AER-8 (4,803
thousand ha). Least affected AERs are AER-20, AER-1 and AER-17. Soil
acidity (classes 3, 4, 5) has been observed in all AERs, excepting AER-1,
AER-2, AER-3 and AER-20. Very little land areas are affected in AER-4 and
AER-6. Highly affected AERs are AER-17 (6,285 thousand ha), AER-19
(2,779 thousand ha), AER-15 (2,204 thousand ha), AER-12 (1,700
thousand ha) and AER-11 (1,538 thousand ha).

Salinity affected (classes 7, 8, 9, 10, 11, 12) agro-ecological regions are
located in the semi-arid and sub-humid climatic zones of the country.
Highest area coverage with salinity is in AER-2 (1,282 thousand ha),
followed by AER-18 and AER-4 with 603 and 374 thousand ha,

respectively.
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Sodicity and salinity are observed in combination in some of the AERs.
Notable among them are AER-2, AER-4, AER-6 and AER-18. Agroclimatic
conditions coupled with management practices (including irrigation) are
the main reasons for the development of soil sodicity. Highest sodicity
(classes 13, 14, 15, 16, 17) is observed in AER-4 (1,364 thousand ha),
followed by AER-9 (663 thousand ha), AER-6 (445 thousand ha), AER-2
(436 thousand ha), AER-8 (342 thousand ha), and it is not a problem in
AER-1, AER-11, AER-12, AER-15, AER-16, AER-17, AER-19 and AER-
20.Wind erosion (class 6) is predominant in AER-2 and has a little affected

area in AER-4.

Disclaimer: All the acknowledgements are made from where the text,
images and tables are taken and there are no copyright violations in the
prepared course content
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Learning Objectives

e Learn about the electrical conductivity of soil suspension, its
dependence on salt content of soils and the sources of soluble salts

e Understand the ecology of saline soils, the reasons for their
development (natural and anthropogenic) and the constraints in
agricultural production on these soils.

Glossary of terms

1. Electrical conductivity (EC): Electrical conductivity (EC) is a measure
of the amount of salts in soil.

2. Exchangeable Sodium Percentage (ESP): ESP corresponds to the
amount of adsorbed sodium, compared to the CEC and is expressed
as

ESP = (Exchangeable Na/CEC) x 100

3. Sodium Adsorption Ratio (SAR): It is derived from the concentration

of sodium, calcium and magnesium in the soil solution.

Na*

[Ca2++Mg2+

4. Soil Alkalinity: A soil raising the pH reaction of 8.5 or above, found

SAR =

especially indryareas, where thesolublesalts, especially
the sodium, have not been leached away but have accumulated in

the B horizon of the soil profile.

5. Soil Salinity: Soil salinity is defined as high concentration of soluble

salts including Na*, Ca%*, and Mg?* in soils, causing more than 4 dS/m

2
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for soil electrical conductivity, which is comparable to 0.2 MPa of
Osmotic Potential produced by 40 mM sodium chloride (NaCl) in the

solution.

8.1 Introduction

Soil salinity is a measure of the concentration of all the soluble salts in soil
water, and is usually expressed as electrical conductivity (EC). The major
soluble mineral salts are the cations: sodium, calcium, magnesium,
potassium and the anions: chloride, sulphate, bicarbonate, carbonate and

nitrate.

From the point of view of defining saline soils, when the electrical
conductivity of a soil extract from a saturated paste (ECe) equals, or
exceeds 4 deci Siemens per meter (dS m™) at 25 °C, the soil is said to be

saline (USSL Staff 1954).

8.2 Occurrence in India

Around 6.727 million ha area in India, which is around 2.1% of geographical
area of the country, is salt-affected (Figure 1), of which 2.956 million ha is
saline (Figure 2) and rest 3.771 million ha is sodic. Around 2.347 million ha
of the salt-affected soils occur in the Indo-Gangetic plains of the country,
of which 0.56 million ha are saline and 1.787 million ha are sodic. Nearly
75% of salt-affected soils in the country exist in the states of Gujarat (2.23
million ha), Uttar Pradesh (1.37 million ha), Maharashtra (0.61 million ha),

West Bengal (0.44 million ha), and Rajasthan (0.38 million ha).
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8.3. Salinity development in soil- A hypothetical cycle

Salt impermeability

[ Salts water irrigation ]
due to high Na

Leaching

=

Seepage from Needs more water

tha cvctam

[ Restriction to leaching ]

=

( Capillary rise and evaporation ]

L

5

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute



3
o

0% 08
SR\

Problematic soils and their Management

Figure 3 Hypothetical cycle for soil salinity development (Adapted from
Zaman et al., 2018)

Generally, salt-affected soils of the arid regions belong to the order
Aridisols. However, in some other regions, salt-affected soils have also
been classified under the orders Alfisols, Mollisols, Inceptisols and
Vertisols. The most common diagnostic horizon is ochric epipedon; sub
surface horizon can be argillic, natric, cambic, calcic, gypsic and/or salic.
Mica (illite) is the dominant clay mineral followed by kaolinite in the salt-
affected soils of the Indo-Gangetic Plains. Other minerals present include
chlorite, vermiculite, calcite, K-feldspars, sepiolite and anatase. Salt-
affected black soils are rich in swelling and shrinking minerals, i.e.
smectites. In addition to the dominance of montmorillonite, these soils

also contain varying amounts of chlorite, illite and kaolinite minerals
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depending upon the type of geological formation and history of soil

development (Figure 3).

8.4 Units of soil salinity

Salinity is generally expressed as total dissolved solutes (TDS) in milli gram
per liter (mg I'Y) or parts per million (ppm). It can also be expressed as total

soluble salts (TSS) in milli equivalents per liter (meq I).

The salinity (EC) was originally measured as millimhos per cm (mmho
cm™), an old unit which is now obsolete. Soil Science has now adopted the
Sl a unit in which mho has been replaced by Siemens (S). Currently used SI

units for EC are:

e milli Siemens per centimeter (mS cm™) or

e deci Siemens per meter (dS m™)
The units can be presented as:

1mmho cm™® =1 dSm™ = 1mS cm™ = 1000 micro Siemens per cm
(1000 pS cm™)

e EC readings are usually taken and reported at a standard
temperature of 25 °C.

e For accurate results, EC meter should be checked with 0.01 N

solution of KCl, which should give reading of 1.413 dS m™at 25 °C.
8.5 Classification of salt affected soil

The US Salinity Laboratory Staff in 1954 grouped salt-affected soils into

three general categories for management purposes (Table 1):
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Table 1 Classification of salt affected soil

Salt- Soil | Electrical Sodium Exchangeable | Typical soil
affected | pH conductivity | adsorption | sodium physical
soil (pHs) | (ECe) ratio (SAR) | percentage condition
(ds m™) (ESP) (soil

structure)
Saline <85 |>4 <13 <15 flocculated
Sodic >8.5 | <4 >13 >15 dispersed
Saline- |>8.5 |>4 >13 >15 flocculated
sodic

a. Saline soils (also called “white alkali” or “solonchak” soils): Soils
containing calcium, magnesium, and sodium as predominant exchangeable
cations (Ca and Mg more than Na), and sulfate, chloride, and nitrate the
predominant anions; sodium adsorption ratio (SAR) <13; exchangeable
sodium percentage (ESP) <15 of total CEC; pH <8.5; EC of saturation extract
>4 dS m™; white colour due to white crust of salts on the surface; good
permeability for water and air; salt problems in general;, the salt
concentration is enough to adversely affect the growth of most crop plants;

mostly found in arid or semi-arid regions where less rainfall and high
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evaporation rates tend to concentrate the salts in soils; rarely found in

humid regions.

b. Sodic soils (also called “non-saline sodic soils” or “alkali soils,” or
“solonetz”): Soils high in exchangeable sodium compared to calcium and
magnesium; sodium carbonate and sodium bicarbonate are the
predominant salts; SAR >13; ESP >15; pH = 8.5-10.0; EC of saturation
extract < 4 dS m; black colour; poor permeability for water and air; soils
formed due to exchange of Ca®* and Mg?* ions by Na* ions; generate

problems with sodium.

c. Saline-sodic soils: These soils are transitional between saline and sodic
soils; SAR >13, ESP >15, pH >8.5; EC of saturation extract >4 dS m™; air and
water permeability depends on the sodium content; soils formed due to
combined processes of salinization and alkalization; problems with sodium

and other salts; leaching converts these soils into sodic soils.

The selection of the critical value for ECe 4 dS m™ to distinguish a
saline soil from non-saline soil is based on the expected salt damage to
crops. At this level, the yield of many crops is restricted. At ECe values
between 2 and 4 dS m™, the growth of only sensitive crops is affected.
Below ECe value of 2 dS m, the effect of salinity is negligibly small. Use of
ESP value of 15 is arbitrary since no sharp changes in soil properties have
been observed as the proportion of Na* ions on the exchange complex is

increased. The U.S. Salinity laboratory has used, from history and
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experience, the ESP value of 15 as a boundary limit to distinguish sodic

from the non-sodic soils.

Based on Indian experience, saline and sodic soils are distinguished
on the basis of preponderance of chlorides and sulphates over that of
sodium. If Na*/(Cl" + SO4%) ratio is less than 1 and pH of the saturated soil
paste (pHs) is less than 8.2, the soil is designated as saline and if ratio of
Na*/(Cl + SO4*) is more than 1.0 and pHs is more than 8.2, soil is defined

as the sodic.

The two main groups of salt-affected soils, i.e., saline soils and sodic
soils differ not only in their chemical characteristics but also in their
geographical and geochemical distribution, as well as in their physical and
biological properties. In nature the various sodium salts do not occur
absolutely separately, but in most cases either the neutral salts or the ones
capable of alkaline hydrolysis or both these processes exercise a dominant
role on the soil-forming processes and therefore in determining whether

the soil is saline, sodic or saline-sodic in nature (Table 2).

Table 2 Distinguishing features of saline and sodic soils

Characteristics Saline soils Sodic soils

1. Chemical a) Dominated by neutral a) Appreciable quantities of
soluble salts consisting of neutral soluble salts
chlorides and sulphates generally absent.
of sodium, calcium and Measurable to appreciable
magnesium. guantities of salts capable
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b) pH of saturated soil
paste is less than 8.2.

c) An electrical
conductivity of the
saturated soil extract

(ECe) of more than 4 dS
1 oat 25 °C is the
generally accepted limit

m

above which soils are
classed as ‘saline’.

d) No  well-defined
relationship between pH
of the

paste and ESP of the soil

saturated soil

or the sodium adsorption
ratio of the saturation
extract (SARe).

e) Although
generally the dominant

Na is

soluble cation, the soil

solution also contains
appreciable quantities of
divalent cations, e.g. Ca
and Mg.
f) Soils

significant quantities of

may contain

of alkaline hydrolysis, e.g.
Na,COs, present.

b) pH of the saturated soil
paste is more than 8.2.

c) An exchangeable sodium
percentage (ESP) of 15 or
the
accepted limit above which

more is generally
soils are classed as ‘sodic’.
ECe is generally less than 4
dS m?at 25 °C but may be
more if appreciable
guantities of Na,COsz etc.
are present.
d) A

relationship between pHs
and the ESP of the soil or

the SARe for an otherwise

well-defined

similar group of soils such
that the pH can serve as an
approximate index of sail
sodicity (alkali) status.

e) Sodium is the dominant
soluble cation. High pH of
the
precipitation of soluble Ca
and Mg such that their
concentration

soils results in

in the soil
solution becomes very low.
f) Gypsum is nearly always
absent in such soils.
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sparingly soluble calcium
compounds, like gypsum.
a) In the presence of
excess neutral soluble
salts, the clay fraction is
flocculated and the soils
have a stable structure.

b) Permeability of soils to
water and air and other
physical characteristics
are generally comparable

to normal soils.

Plant growth is adversely
affected through i) effect
of excess salts on the
osmotic pressure of soil
solution resulting in
reduced availability of
water to plant roots and
(ii) toxicity of specific
ions, e.g. Na, Cl, B, etc.

Improvement of saline
soils essentially requires
removal of soluble salts
in the root zone through
leaching and drainage.

Application of

0% dodez
SR\

a) Excess exchangeable
sodium and high pH result
in the dispersion of clay and
the soils have an unstable
structure.

b) Permeability of soils to
water and air is restricted.
Physical properties of the
soils become worse with
of
exchangeable sodium and
pH.

Plant growth is adversely
affected through: i) the
dispersive effect of excess

increasing levels

exchangeable sodium
resulting in poor physical
properties, ii) effect of high
pH

imbalances

soil on nutritional
including a
deficiency of calcium andiii)
toxicity of specific ions, e.g.
Na, CO3, HCO3, Mo, etc.

Improvement of sodic soils
the

replacement of sodium in

essentially requires

the soil exchange complex

by calcium through use of
soil amendments such as
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amendments is generally
not required.

Saline soils generally
occur in arid and semi-
arid regions.

Ground water in areas
dominated by saline soils
high

electrolyte concentration

has generally

and poses a potential
salinity hazard.
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gypsum and leaching and
drainage of salts resulting
of

from reaction

amendments to reduce
exchangeable sodium.
Sodic soils generally occur
in semi-arid and sub-humid
regions.
Groundwater in  areas
dominated by sodic soils
low to

has generally

medium electrolyte
concentration and some of
it may have high residual
alkalinity having a potential

sodicity hazard.

(Choudhary and Kharche, 2018)

8.6 Sources of Salinity and Alkalinity

The main sources and causes of salt accumulation include:

e Geo-chemical weathering of rocks and parent materials and the salts

brought down from the upstream to the plains by rivers and

subsequent deposition along with alluvial materials

e Derived directly from sea water by flooding or intrusion into

groundwater resources

e Salt-laden sand blown by sea winds
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e |Indiscriminate and injudicious use of irrigation waters of different
qualities
e Capillary rise from subsoil salt beds or from shallow brackish ground
water
e Lack of natural leaching due to topographic situation and economic
activities in arid and semi-arid regions
The major constituents of dissolved salts in soil are the cations viz. sodium
(Na*), calcium (Ca?" and magnesium (Mg?*), and the anions viz. chloride
(CI), sulphate (SO4%), carbonate (COs3*) and bicarbonate (HCOs"). The
salinity can be expressed as electrical conductivity (EC) of the irrigation
water (ECw), the soil water (ECss) or the saturated soil extract (ECe).
Sodicity is measured in the soil by exchangeable sodium percentage (ESP)

and in soil solution by sodium adsorption ratio (SAR).

8.7 Soil salinization processes (Types of soil salinity)

On the basis of types of source, salinization is classified into two types:
8.7.1 Natural processes of soil salinization (i.e., primary salinization)

a. Weathering of parent material: During the process of weathering of
rock minerals or sediments with high salt content (physically, chemically,
and biologically), salts are released and made soluble. They are transported
away from their source of origin through surface or groundwater streams.
In arid regions, the concentration of salts gradually increases until they
start precipitating in soil due to limited natural precipitation and leaching,

high evaporation and transpiration rates. Low-lying areas with high
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groundwater table and locked topography favours salinization (Kumar and

Sharma, 2020).

b. Fossil salts: The fossil salt deposits (e.g., marine and lacustrine deposits)
are also responsible for salinization in arid regions. Fossil salts can be
dissolved underwater storage or water transmission structures causing

salinization (Bresler et al., 1982).

c. Salinization in coastal lands: The ingression of sea-water along the coast
increases salt contents in coastal areas (Rao et al., 2014). The salt-laden
winds and rains (sea sprays) along sea coasts carry oceanic salts along with
them in quantities sufficient to cause salinization in coastal areas. The sea
sprays may contain salt content as high as 14.2 pg m=3, and may show
impact as deep as 80 km inland or even more. The coastal regions are also
exposed to the risk of progressive salinization of land due to processes like

storms, cyclones, tidal surges, flooding etc.

d. Transport of salts in rivers: The salts brought down from the upstream
by rivers to the plains and their deposition along with alluvial materials and

weathering of rocks may also cause salinization.

8.7.2 Anthropogenic reasons of soil salinization (i.e., secondary

salinization)

a. Land clearing for cultivation: Replacement of perennial vegetation with
annual crops, may result into soil salinization due to saline seepage

process. Change of land use from natural forest vegetation to annual food
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crops decreases evapotranspiration and increases leaching. The presence
of impermeable/less permeable subsoil layers may intercept the
percolating water passing through saline sediments resulting in lateral

seepage, causing salinization in low lying areas.

b. Incorrect irrigation: Indiscriminate use of brackish and saline irrigation
water, poor drainage conditions, rising water tables etc., lead to secondary
salinization of land and water resources (Rao et al., 2014). Even irrigation
with good quality water over a period of time in the absence of proper soil-
water-crop management practices may cause salinization. Fall of
civilizations like Mesopotamia, Nile Valley, Mohanzoadaro, and Indus
Valley are glaring examples of imminent occurrence of salinity following
irrigation (Dagar, 2005). Currently worldwide 310 million ha area is
irrigated, out of which 20-33% area is estimated to be salt-affected.

Irrigation with sea water causes salinization in coastal areas.

c. Over extraction of groundwater: It brings salts to soil surface where they

get precipitated when water evaporates.

d. Canal water seepage: It is a serious problem leading to rise in water
table and salinity development along the banks of canals. Water-logging
and soil salinization in the Indira Gandhi Nahar Priyojna (IGNP) area in India
is a glaring example of this process. Around 50% of the command area of

IGNP has experienced water-logging (Tewari et al., 1997).

e. Over-use of agro-chemicals: Over-use of chemical fertilizers and soail

amendments (lime and gypsum) may also lead to soil salinization.
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f. Use of waste effluents: Use of sewage sludge and/or untreated sewage
effluent, dumping of industrial brine onto the soil etc. may also cause soil

salinization concerning to the entry of heavy metals into soils.

At several occasions the socio-economic and political considerations
become extremely important in accelerating soil salinization processes.
Many times, such factors are beyond the control of individual farmers.
Some of such examples, especially in developing countries, may be the ill-
conceived or poorly implemented irrigation schemes, intensive vs.
extensive irrigation, over-irrigation due to zero water pricing, small and
scattered land holdings etc. It is, therefore, the responsibility of respective
governments to take appropriate policy decisions and corrective measures

in order to keep a check on soil salinization.

8.8 Visual Indicators of Soil Salinity

Once soil salinity develops in irrigated agriculture fields, it is easy to see the
effects on soil properties and plant growth. Visual indicators of soil

salinization (Shahid and Rahman, 2011) include:

e White salt crusts

e Soil surface exhibits fluffy

e Salt stains on the dry soil surface
e Reduced or no seed germination
e Patchy crop establishment

e Reduced plant vigour
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e Foliage damage — leaf burn

e Marked changes in leaf colour and shape occur

e The occurrence of naturally growing halophytes — indicator plants,
increases

e Trees are either dead or dying

e Affected area worsens after a rainfall

e Waterlogging
8.9 Impact of Saline soil in Agriculture

The soil salinization has tremendous environmental, ecological,
agricultural, and social impacts in terms of shrinkage of agricultural lands,
low agricultural productivity, uncertain and unstable livelihood security,

low economic returns, and poor quality of life.

Excess salts in soil affect the metabolism of soil flora and fauna,
leading ultimately to the destruction of all soil life, transforming fertile and
productive lands into barren and desert lands. Soils are rendered useless
agriculturally as well as for several other purposes (e.g., construction
work). The salt accumulation damages existing infrastructure, farm
machinery, waterways, roads etc. History records that soil salinization
were partly responsible for the collapse of ancient civilizations like

Mesopotamia, Nile Valley, Mohanzoadaro, and Indus Valley (Dagar, 2005).

Salinity affects almost all aspects of plant development including
germination, vegetative growth, and reproductive development due to

drought and high soil salinity, and harsh environmental conditions. Plants
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in salt-affected environments experience two types of stress, the osmotic
stress and nutrient stress. The osmotic stress is due to low osmotic
potential of water in saline soils which adversely affects water absorption
by plants. Nutrient stress is due to both toxicity (Na, Cl, B) and deficiency
of plant nutrients (N, Ca, K, P, Fe, Zn). It also results in nutritional
imbalances. Soil salinity significantly reduces phosphorus uptake by plants
because phosphate ions precipitate with Ca ions. Gujarat and Uttar
Pradesh have the largest salt-affected area (>50% of cultivated area) in the
country. These two states alone share around 79% monetary losses in the
country. All these states deserve policy attention for management of salt-
affected areas to reduce the crop production and monetary loss. Peoples’
living standard, daily life activities, and socio-economic conditions are
adversely affected. Farmers in response to salinity problem are forced to
shift their livelihood strategies. Farmers in salt affected areas are generally
resource constrained and require financial and technical assistance to
sustain their livelihood efforts. Such degraded ecosystems, nevertheless,
offer immense opportunities to harness the productivity potential through
appropriate technological interventions. Even marginal to modest gains in
crop yields in such soils would mean dramatic improvements in the lives of
thousands of poor farmers in salinity affected regions in a country facing

many challenges in agriculture.

Disclaimer: All the acknowledgements are made from where the text,
images and tables are taken and there are no copyright violations in the
prepared course content
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Learning Objectives

e Recognize the constrained plant water relations, nature of salts,
process for their removal from the root zone, crop selection and
management interventions for sustainable agricultural production
under saline conditions.

e Understand the soil water relations, nutrient relations, chemistry of
saline soils and salinity parameters for characterization of saline
soils.

Glossary of terms

1. Bioremediation: Bioremediationis a process used to treat
contaminated media, including water, soil and subsurface material,
by altering environmental conditions to stimulate growth of

microorganisms and degrade the target pollutants.

2. Drainage: The removal of excess water either from the ground
surface or from the root zone is called drainage. Excess water may
be caused by rainfall or by using too much irrigation water, but may
also have other origins such as canal seepage or floods.

3. Leaching: Means the loss of water-soluble plant nutrients from the
soil; or applying a small amount of excess irrigation to avoid soil
salinity.

4. Gypsum Requirement (GR): The quantity of gypsum or its equivalent
required to reduce the exchangeable sodium fraction of a given
amount of soil to an acceptable level where dispersion of soil colloids

does not take place.
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5. Phytoremediation: Phytoremediation is a bioremediation process
that uses various types of plants to remove, transfer, stabilize,
and/or destroy contaminants in the soil and groundwater.

6. Soil Reclamation: Soil Reclamation is the process of reclaiming the
soil’s quality like lost fertility, minerals, nutrients and moisture to
make it fit for intensive use again. The reclamation of soil, its
nutrients and fertility are done with an objective to increase further
land use and enhance agricultural activities like cropping and

irrigation.

9.1 Introduction

Saline lands can be converted to more productive croplands by preventing
the influx of salt water through proper farm management practices,
correcting soil toxicities and nutrient deficiencies, and leaching the salts
out of the root zone. Leaching of soluble salts with ponded fresh water,
sub-surface drainage, mulching between two irrigations and during fallow
period, judicious irrigation management are some of the effective and
well-known technological intervention to tackle the problems of water-
logging and soil salinity (Arora and Sharma, 2017). The subsurface drainage
technology has been successfully adopted in Haryana, Rajasthan, Gujarat,
Punjab, Andhra Pradesh, Maharashtra, Madhya Pradesh, and Karnataka,
restoring around 110,000 ha waterlogged saline soils (Sharma et al., 2014).
The reclamation costs can be reduced by growing salt-tolerant cultivars.

These practices are discussed below.
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9.2 Importance of reclamation of salt-affected soils and food security in
India

It is estimated that due to soil salinization, India loses around Rs. 230.20
billion annually equivalent to the loss in crop production to the tune of
16.84 million tons (Mandal et al.,, 2018). The Indian Government,
therefore, has attached highest priority to the policy planning for the
reclamation of degraded lands, including salt affected soils in the country.
The Indian Government is keen to restore 26 million ha of degraded lands
by the year 2030 in order to ensure food security in the country. Significant
research efforts have been made during the last 4 decades with
encouraging results. The response of the farming community in salt-

affected regions is overwhelming.

Sharma and Chaudhari (2012) reported reclamation of 1.5 million ha
of salt-affected soils in the country, with addition of around 15 million tons
of food grains to the national food basket annually. It provided additional
income of around Rs. 13.5 billion per annum, and also generated 8.33
million man-days per year in terms of on-farm and off-farm rural
employment opportunities. According to a recent publication of Mandal et
al. (2018), around 2.18 million ha salt-affected soils (0.11 million ha saline
soils and 2.07 million ha sodic soils) have been reclaimed in India. The
reclamation has been achieved through gypsum technology in saline soils
and sub-surface drainage technology in sodic soils. It has contributed an
estimated 17.16 million tons of food-grains per annum (16.6 million tons

from saline soils and 0.56 million tons from sodic soils) to the national food
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basket, with additional income of as high as Rs. 15.5 billion annually

(Mandal et al., 2018).

The technological interventions on other aspects of salt affected soils
such as alternate land-use systems, saline aquaculture, cultivation of salt
tolerant crop varieties, agroforestry, phytoremediation, bioremediation
etc. have proved their worth by positively influencing food and nutritional
security, women empowerment, involvement of landless labourers and
minimizing rural migration, besides restoration of the ecological balance

by its positive impact on environment (Sharma and Chaudhari, 2012).

9.3 Various Reclamation Management techniques
a. Farm management practices

Salinity can be restricted by adopting the alternative farm
management practices. Munns et al. (2002) proposed that irrigated
agriculture could be sustained by better irrigation practices such as
adoption of partial root zone drying methodology, and drip or micro-jet
irrigation to optimize use of water. They suggested that, salinity could also
be contained by reducing the amount of water passing beyond the roots
by reintroducing deep rooted perennial plants that continue to grow and
use water during the seasons that do not support annual crop plants. This
may restore the balance between rainfall and water use, thus preventing
rising water tables and the movement of salt to the soil surface. Deep-
rooted perennial lucerne (Medicago sativa) has been found to lower the

water table sufficiently to allow subsequent cropping. Such practices will
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rely on plants that have a high degree of salt tolerance. Salt tolerance in
crops will also allow the more effective use of poor-quality irrigation water.
Niknam and McComb (2000) suggested that trees could be planted to take
up some of the excess salt since they have high water use and can lower
water tables to reduce salt discharge into streams and prevent secondary
salinization of the surrounding areas. However, it has not been proven to
what extend the tree planting would assist in preventing salt stress in

neighbouring fields.

b. Amelioration through fertilization

Salinity causes nutrient imbalances, mainly resulting in lower
concentrations of the microelements (N, P, K and Ca) in plant tissues.
Hence, the most direct way to recover the normal nutrient concentrations
within the plant would be by raising their concentrations in the root zone
on application of higher dosages of fertilizer. Many studies have shown
that salt-stress can be alleviated by an increased supply of calcium to the
growth medium. Depending on the concentration ratio, sodium and
calcium can replace each other from the plasma membrane, and calcium
might reduce salt toxicity. Increased Na* in the growth medium generally
decreases the K™ content, suggesting an antagonism between Na* and K".
Addition of K* to the nutrient solution has been found to raise K*
concentrations in the leaves and ameliorate salinity stress effects. The
effect of salinity on P in plants depends on P concentration in the nutrient

solution. At high P concentrations, leaf injury has been interpreted as P
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toxicity induced by salinity. However, at low P concentrations in the root
medium, salinity was reported to inhibit P uptake by roots and
translocation to the shoot. At low P concentration in the root medium,
supplementary P applied to the saline growth medium enhanced the
capacity of tomato plant to regulate Na*, CI" and K* distribution, and
improved plant growth. Under salt stress conditions, the uptake of N by
plants is generally affected, and application of supplementary N has been
found to ameliorate the deleterious effects of salinity. The approach of
raising fertilizer dosages may work for irrigation with water at low salt
concentrations. When water of high salinity is applied, however, the
concentration of antagonistic ions required is so high that it causes a
marked increase in the osmotic pressure of the soil solution, compounding
the stress imposed by the salinity creating ions. Furthermore, in some
species a very high concentration of nutrients, e.g. P, could interact

negatively with salinity ions, resulting in severe toxic effects.

c. Leaching and Drainage

Leaching soils to remove soluble salts is the most effective method known
to reclaim saline soils. This requires good permeability of the soil and good
qguality irrigation water. Removal of salts by leaching reduces salt hazard
for plants but might cause permeability to decrease and pH to increase
resulting in decomposition of roots as soil is changed from saline sodic to
sodic. Although the best long-term solution to salinization is to provide

adequate drainage, this process is expensive. Hence, many irrigation
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schemes, particularly in developing countries there is lacking of adequate
drainage facilities. Provision of lateral and main drainage channels of 60
cm deep and 45 cm wide and leaching of salts could reclaim the soils. Sub-
surface drainage is an effective tool for lowering the water table, removal
of excess salts and prevention of secondary salinization of ions like

chloride, sulphate, etc.

d. Uses of salt stress tolerant plants

Some areas have naturally occurring salinity and salt-tolerant crop plants
may provide a better or perhaps the only means of utilizing these resources
for food production. Salinity can possibly also be managed through
biologically manipulating the plants. Identification of plant genotypes with
tolerance to salt, and incorporation of desirable traits into economically
useful crop plants, may reduce the effects of salinity on productivity (Table
1). Developing crop plants tolerant to salinity has the potential of making
an important contribution to food production in many countries. This will
permit the use of low-quality water and thereby reduce some of the
demand for higher quality water. Great effort is, therefore, being directed
toward the development of salt-tolerant crop genotypes through the use
of plant-breeding strategies involving the introgression of the genetic
background from salt-tolerant wild species into cultivated plants.
However, it should be borne in mind that there is also the risk that the

availability of salt tolerant genotypes will result in less effort to reclaim
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saline areas or to prevent salinization. In the longer term this will be

counter-productive.

Table 1 Salt tolerant crop

Field crops Vegetables & Fruits
Plant species Threshold Plant species Threshold
salinity (dSm™) salinity (dSm™)

Barley 8.0 Sugarbeet 7.0
Cotton 7.7 Peas 3.4
Sorghum 6.8 Cucumber 2.5
Wheat 6.0 Tomato 2.5
Soybean 5.0 Cabbage 1.8
Sunflower 4.8 Potato 1.7
Groundnut 3.2 Onion, Radish 1.2

Rice 3.0 Carrot 1.0

Maize 1.7 Citrus 1.7
Sugarcane 1.7 Strawberry 1.0

e. Soil/cultural management

Planting the seed in the centre of the raised bed/ridge may affect the
germination as it is the spot of greatest salt accumulation. A better salinity
control can be achieved by using sloping beds with seeds planted on the
sloping side just above the water line. Alternate furrow irrigation is

advantageous as the salts can be displaced beyond the single seed row.
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Application of straw mulch had been found to curtail the evaporation from
soil surface resulting in the reduced salt concentration in the root zone

profile within 30 days.

f. Irrigation management

Proportional mixing of good quality (if available) water with saline water
and then using for irrigation reduces the effect of salinity. Alternate furrow
irrigation favours growth of plant than flooding. Drip, sprinkler and pitcher
irrigation have been found to be more efficient than the conventional flood
irrigation method since relatively lesser amount of water is used under

these improved methods.

Disclaimer: All the acknowledgements are made from where the text,
images and tables are taken and there are no copyright violations in the
prepared course content
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Learning Objectives

e Understand the dispersive action and constrained infiltration profile
with sodium salts, practices for improvement and sustained
production from sodic soils

e Understand the concept of irrigation water quality, chemistry of
sodic soils and parameters for characterization of soil sodicity

Glossary of terms

1. Flushing: Washing away the surface accumulated salts by flushing
water over the surface is sometimes used to desalinize soils having
surface salt crusts.

2. Leaching requirement (LR): It can be defined as “Fraction of
irrigation water that must be leached through root zone to control
soil salinity at any specific level.”

3. Phytoaccumulation: Process by which plants remove excess salts
from soil through root absorption and accumulate them in their
biomass. Also termed as phyto-extraction

4. Salt Balance: A salt mass balance considers the amount of water plus
salt entering a system and the amount of water plus salt leaving.
When inputs and outputs are in balance, the system is said to be in
equilibrium.

5. Scraping: Removing of the salts that have accumulated on the soil
surface by mechanical means.

6. Sodicity: Soil sodicity is the accumulation of sodium salt relative to

other types of salt cations, especially calcium. An increase in soil
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pH and decreases in calcium and magnesium usually accompany this
process.

7. Surface Sealing: Surface sealis defined as the orientation and
packing of dispersed soil particles which have disintegrated from the
soil aggregates due to the impact of rain drops. By definition, surface
seals are formed at the very surface of the soil, rendering it relatively
impermeable to water.

8. Trenching: It is the process of digging small pits on the field and
taking the sub soil on the surface and vice versa in order to bury the

saline soils.

10.1 Introduction

Sodicity is a measure of sodium ions in soil water, relative to calcium and
magnesium ions. It is expressed either as sodium adsorption ratio (SAR) or
as the exchangeable sodium percentage (ESP). If the SAR of the soil equals

1)%>, or the ESP equals or is greater than 15,

or is greater than 13 (mmoles |
the soil is termed sodic (USSL Staff 1954). Sodic soils (also called “non-
saline sodic soils” or “alkali soils,” or “solonetz”) are high in exchangeable
sodium compared to calcium and magnesium; sodium carbonate and
sodium bicarbonate are the predominant salts; SAR >13; ESP >15; pH =8.5—
10.0; EC of saturation extract < 4 dS m™; black color; poor permeability for

water and air; soils formed due to exchange of Ca?* and Mg?* ions by Na*

ions; sodium problems.

10.2 Visual Indicators of Soil Sodicity
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Soil sodicity can be predicted visually in the field in the following ways

e Poorer vegetative growth than normal, with only a few plants
surviving, or with many stunted plants or trees

e Variable heights of the plants

e Poor penetration of rain water — surface ponding

e Raindrop splash action — surface sealing and crusting (hard setting)

e Cloudy or turbid water in puddles

¢ Plants exhibit a shallow rooting depth

e Soil is often black in color due to the formation of a Na-humic
substances complex

e High force is required for tillage (especially in fine textured soils)

e Difficult to get soil saturation extracts in laboratory due to a filter

blockage with dispersed clay
10.3 Field Testing of Soil Sodicity

Field assessment of relative level of soil sodicity can be determined
through the use of a turbidity test on soil: water (1:5) suspensions, with

ratings:

e Clear suspension —non sodic
e Partly turbid or cloudy — medium sodicity

e Very turbid cloudy — high sodicity

The relative sodicity can be further assessed by placing a white plastic

spoon in these suspensions, as below.

4

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute



£ 00
SR\

Problematic soils and their Management

e The spoon is clearly visible means non-sodic
e The spoon is partly visible means medium sodicity

e The spoon is not visible means high sodicity
10.4 Laboratory Assessment of Soil Sodicity

Accurate soil sodicity diagnostics can be made by analyzing soil samples in
the laboratory. The standard presentation of soil sodicity is the
exchangeable sodium percentage (ESP) derived from sodium adsorption
ratio (SAR). Alternately, ESP can be determined through measurement of

exchangeable sodium (ES) and cation exchange capacity (CEC), as below:
ESP = (ES/CEC) X 100

Where, ES and CEC are represented as meq100 gsoil. An ESP of 15 is the
threshold for designating soil as being sodic (USSL Staff 1954). At this ESP
level, the soil structure starts degrading and negative effects on plant

growth appear.
10.5 Sodicity and Soil Structure

A lack of sufficient volumes of fresh water for irrigation use in arid and
semi-arid regions often results in the need to use water with a relatively
high salinity and high sodium ion levels. It has, generally, been recognized
that the sodicity affects soil permeability appreciably. The swelling and
dispersion of soil clays ultimately destroy the original soil structure — likely
the most important physical property affecting plant growth. The soil bulk

density (the weight of soil in a given volume) and porosity (open spaces
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between sand, silt and clay particles in a soil) are mainly used as
parameters for the soil structure. The hydraulic conductivity (the ease with
which water can move through the soil pore spaces) is the net result of the
effect of physical properties in the soil and is markedly affected by soil

structure development.

The effect of the sodicity of soil water on irrigated soils can be both
a surface and subsurface phenomenon, causing surface sealing, as well as
subsurface sealing respectively. In surface sealing, the soil water sodicity
causes a breakdown and slaking of soil aggregates due to wetting. When
the soil surface dries, a surface crust is formed. In subsurface sealing, the
clay particles in the soil are dispersed and translocated to subsurface
layers, where they are deposited on the surface of the voids, thereby
reducing void volume and blocking the pores, thus restricting further water
movement, e.g. yielding non-conducting pores. The surface sealing and
crusting due to either water sodicity, or through combined effects of
sodicity and raindrop splash action, have both positive and negative

effects.

10.5.1 Negative Effects of Surface Sealing

e Increased runoff particularly on slopes leading to sheet and rill
erosions

e Mechanical impedance of plant seedling emergence

e Lack of aeration just below the sealed structure

e Retardation of root development
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e Increased mechanical force needed for tillage (cultivation)

operations
10.5.2 Positive Effects of Surface Sealing

e Protection against wind erosion
e More economic distribution of irrigation water since longer furrows
are possible

e Protection against excessive water losses from the subsoil
10.6 Sodic soil in relation to plant growth

The enhanced Na* absorption in sodic soils reduces K* absorption which
adversely affects the enzymatic activities involved in metabolic processes
like photosynthesis and protein synthesis, which is detrimental for plant
growth. Reduced leaf area, chlorophyll content and stomatal conductance
in salt-affected soils also affect photosynthesis. Apart from high ESP and
nutrient deficiencies and toxicities, other constraints for plant growth in
sodic soils include poor soil physical conditions, viz. low water and air
permeability, high runoff, low water holding capacity, surface crusting, and
hard setting and thus affecting plant root penetration, seedling

emergence, and tillage operations.
10.7 Management and Reclamation

10.7.1 Mechanical/physical method: This is not actually removing sodium

from exchange complex but improve physical condition of soil through
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improvement in infiltration and aeration. The commonly followed physical

methods include;

a. Scraping of the salts — If the white salt concentrations are visible then
they must be removed at once from the field with the help of domestic

tools like khurpi.

b. Trenching — It is the process of digging small pits on the field and taking
the sub soil on the surface and vice versa in order to bury the saline soils.
Also, deep ploughing is adopted to break the hard pan developed at
subsurface due to sodium and improving free-movement of water. This

also helps in improvement of aeration.

c. Flooding and flushing of salts — Saline soils are first flooded with high-
quality water (water which is free from salts) and after the water now
containing the dissolved salts are flushed through drainage channels. This
process reduces the concentration of salts at the surface layer and if
repeated, gives better results. Scofield (1940) evolved a term salt balance
which relates the quantity of dissolved salts carried into an area in
irrigation water to the quantity of dissolved salts removed by drainage
water. If salt input exceeds the salts output then salt balance is regulated
as adverse. Drainage is also practiced to improve aeration and to remove

further accumulation of salts at root zone.

d. Leaching of salts — Leaching means the removal of salts below the solum
of the soil. Leaching of soluble salts from root zone is essential in irrigated

soils. When there is no leaching then salt accumulation will occur
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Concentration of salt in soil solution results due to water evaporation and
transpiration. Depth of irrigation water (Diw) can be calculated which will

create the salinity.

Leaching requirement (LR) — LR has been defined as that fraction of
water that must be leached through the root zone to control soil salinity at

a specified level. It depends on:

(i) Salt concentration of irrigation water.

(ii) Permissible limit of salt at root zone.

LR % (Leaching Requirement) = (EC;,,/EC4w)X 100
Here, EC;,= EC of irrigation water in inches
ECqw = EC of drainage water

e. Drainage —Salinity control depends upon the drainability of soil. The LR
is only possible when required amount of water is passed through root

zone. This may be improved by:

i) Improving drainage outlet facilities

ii) Improving soil permeability
f. Other measures are —

i) To check surface evaporation.
ii) To reduce water table.
iii) To break the hard layers and pans of calcium carbonate, clay soil etc.

iv) To use salt free water with short intervals of irrigation.
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v) To provide better drainage conditions

vi) To grow crops which are salt resistant

10.7.2 Chemical methods: The technology package based on chemical
amendments consists of the components such as land levelling, bunding,
flushing, drainage for removal of excess water, good quality irrigation
water, application of amendments, selection of crops and efficient nutrient
management. Different chemical amendments used for the reclamation of
sodic soils may be grouped into two categories: soluble calcium sources
(e.g., gypsum, calcium chloride, and phospho-gypsum) and acids or acid
formers (e.g., elemental sulfur, sulphuric acid, sulfates of iron and
aluminium, pyrites and lime sulfur). Farmyard manure and pressmud are
also used as amendments for reclaiming sodic soils. Chemical amendments
require moisture (rainfall or irrigation) to activate the chemical processes
that can reduce sodium levels or leach salts from the root zone. The organic
amendments, on the other hand, are capable of alleviating problems

associated with excessive salts or sodium without supplemental irrigation.

The amount and type of chemical amendments required for
reclamation of sodic soils depend primarily on soil pH, EC, and ESP. Soluble
calcium sources are recommended for use in non-calcareous soils while for
calcareous soils, acids or acid-formers are recommended. Gypsum
followed by pyrites has emerged as the most preferred and acceptable

chemical amendment for sodic soils in India due to their easy availability
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and low. Pyrite was much less effective than gypsum. The pyrites to be

effective for reclamation must contain at least 5—6% soluble S.

Gypsum requirement (GR) for restoring an alkali soil depends on the initial
exchangeable sodium percentage (ESP), texture and mineralogy of soil,
depth of soil to be reclaimed and tolerance of crops to sodicity. A good
correlation exists between soil pH and gypsum requirement. Generally,
10-15 Mg ha™ gypsum is required for the reclamation of alkali soils. The
guantity of gypsum required to replace an initial level of exchangeable
sodium (Enai) and achieve its reduction to a desired level of exchangeable
sodium (Enaf) per unit area and per unit depth of the soil, can also be

calculated using Equation:
GR (in cmol/kg soil) = (Enai-Enaf) CEC
Where, En.and CEC are in cmol(p*) kg™ soil

Since one cmol gypsum/kg soil is equal to 860 kg gypsum/10° kg soil, for
one hectare to a depth of 0-15 cm (2 x 10°kg soil), the GR can be calculated

by Equation:
GR (kg/ha) =1720 x (ENai'ENaf) CEC

The GR worked out by this method is based on 100% replacement of
Na* by Ca?* ions. Under actual condition, the efficiency is always much
lower. To compensate for the lack of a quantitative replacement, the GR

worked out by this method should be multiplied by 1.25.
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The addition of organic materials in conjunction with gypsum
hastens the reclamation process and also reduces the gypsum
requirement. Addition of organic material increases soil microbial biomass,
while gypsum lowers soil pH. Industrial by-products such as
phosphogypsum, pressmud, molasses, acid wash, and effluents from milk
plants help in the reclamation of sodic soils by providing Ca directly or
indirectly by dissolving soil lime. The equivalent amounts of other
amendments relative to gypsum are given in Table 1.

Table 1 Equivalent quantity of some common amendments for sodic soil
reclamation

Amendment Relative quantity
Gypsum(CaS0,4.2H,0) 1.0

Calcium chloride(CaCl,.2H,0) 0.85

Sulphuric acid(H,S0,) 0.57

Iron sulphate(FeS0O,4.7H,0) 1.62

Aluminium sulphate | 1.29

[Al,(SO4).18H,0]

Sulphur (S*) 0.19

Pyrite (FeS,*) (30% S) 0.63

Pressmud (Lime sulphur, 9% Ca, | 0.77
24% S)

*Based on assumption of 100% oxidation of materials like sulphur or pyrite
in order to be as effective as soluble calcium compounds. Since in practice
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this assumption is not fulfilled, their effectiveness is much lower than
gypsum.

Source: Choudhary and Kharche (2018)
Chemical reaction of gypsum and other amendments:

a. Sodic soils containing lime
(i) Gypsum:
2Na[X] + CaSOx—  Ca[X] + Na,SO,

Where: [X] = Soil colloids

(ii) Sulphur:
2S+30, — 2503
SO3+H,0 «——m H,SO,

H,SO4 + CaCO¥=————  CaS04;+ CO, + H,0
2Na[X] + CaSOF¥/————=  Ca[X] + Na,SO,
(iii) Sulphuric acid:

H,SO, + CaCOF¥———  (CaS04 + CO, + H,0
2Na[X] + CaSOF#=———=  Ca[X] + Na,SO0,

(iv) Lime sulphur (Calcium polysulphide):

CaSs + 80, + 4H,0/————  (CaSO04 + 4H,S0,
H,SO4 + CaCO; +———  CaSO, + CO; + H,0

2Na[X] + CaSO, =———=  Ca[X] + Na,S0,
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(v) Iron sulphate:

FeSO,+H,0 +———  H,50, + FeO
H,SO4 + CaCO3 +=———=2 (CaS04 + H,0 + CO,
2Na[X] + CaS0, =———>  Ca[X] + Na,SO,
(vi) Aluminium sulphate:

Aly(SO4); + 3H,0V————  3H,S0, + Al,0;
H,S04 + CaCOs*——"—>  CaSO; + H,0 + CO,
2Na[X] + CaSO,+———  Ca[X] + Na;SO4

b. Sodic soils containing no lime

(i) Gypsum: Same as type 1

(ii) Sulphur:

25+30,———  2S0;

SO; + H,0——  H,SO,

2Na[X] + CaSOF—————  Ca[X] + Na,SO.

(iii) Lime sulphur:

CaSs + 80, + 4H,@——  CaSO, + 4H,S0,
2Na[X] + CaS0,¥———  Ca[X] + Na,SO,4

(iv) Iron sulphate:

FeSO, + H,0 +—— H,SO, + FeO
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2Na[X] + CaSOa7—= Ca[X] + Na,SO4

10.7.3 Phytoremediation of Salt-Affected Soils

Phytoremediation of salt-affected soils refers to the processes of removing
excess salts from soil by growing different type of plants. Growing of salt
tolerant trees, shrubs, and grasses is a cost-effective and environmental-
friendly way of restoring salt affected soils. Different species of salt
tolerant trees, shrubs, and grasses have been identified and put to use
(Table 2). Plants remove excess salts from soil through root absorption and
accumulate them in their biomass, a process called phytoaccumulation or
phyto-extraction. It decreases exchangeable sodium and soluble salt
concentrations in soil. They also augment soil organic carbon and nutrient
content thereby gradually improving physical (bulk density, porosity,
infiltration, water holding capacity etc.), chemical (nutrient
concentrations), and biological (microbial population) properties of soils

and overall soil productivity.

Table 2 Soil ECe and SAR reduction through phytoremediation and

chemical amendments using different plants (; initial, final).

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute

Amendment/pl | ECe; ECes ECe SA |SA |SAR Remar
ant species (dSm™ | (dSm" reducti |R; |Rf |reducti |ks
) ) on (%) on (%)
Sesbania 7.5 5.5 27 55. |43. |22
aculeata 6 5
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Leptochloa 7.4 5.3 28 57. | 44. |23 1t year
fusca 9 |7
Sorghum 7.8 6.4 18 62. | 55. |12
bicolor 3 1
Gypsum 9.0 7.2 20 73. | 53. |27
0 |3
Sesbania 5.5 4.4 20 43. 130. |31
aculeate 5 1
Leptochloa 5.3 4.9 8 44. [32. |27 2nd
fusca 7 5 year
Sorghum 6.4 6.0 6 55. 140. | 27
bicolor 1 0
Gypsum 7.2 6.8 6 53. |24. |54
3 7

Source: Qadir et al. (1997)

10.7.4 Bio-Remediation

The bio-remediation approach, which involves plant-microbial interaction,
has received increased attention worldwide for enhancing productivity of
salt-affected soils. The microorganisms have the capability of rapid
adjustment toward environmental changes and deterioration, and thus
can play an important role in the maintenance and sustainability of any
ecosystem. Microorganisms possess some unique properties such as salt

stress tolerance, genetic diversity, synthesis of compatible solutes,
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production of plant growth promoting hormones, bio-control potential,
and their interaction with crop plants. If these traits are suitably exploited,
microorganisms can play a significant role in alleviating salt -effects on crop

plants.

A low-cost microbial bio-formulation “CSR-BIO,” a consortium of
Bacillus pumilus, Bacillus thuringenesis, and Trichoderma harzianum, is
rapidly becoming popular with the farmers in many states. This bio-
formulation acts as a soil conditioner and nutrient mobilizer and has been
found to increase the productivity of the high value crops such as banana,

vegetables, and gladiolus in sodic and normal soils by 22-43%.

10.7.5 Cultivation of salt tolerant crops and crop varieties

Cultivation of salt tolerant crops and crop varieties is another way to
address the problem of soil salinization. This technique is viable and cost
effective and suits well to the small and marginal farmers who without
financial support are unable to bear the high costs of chemical
amendment-based reclamation technologies. Salt tolerant varieties of rice,
wheat, mustard, and other crops, grasses, shrubs, fruit trees, and medicinal
and aromatic plants have been developed/identified for commercial
cultivation in salt-affected soils. The relative tolerance of some crops to

total sodicity (ESP) is shown in Table 3.

Table 3 Relative tolerance of some crops to soil sodicity (ESP)

17
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Tolerant (ESP= 35-50) | Moderately tolerant | Sensitive (ESP<15)
(ESP= 35-50)
Karnal grass Wheat Gram/Chickpea
Rhodes grass Barley Mash
Para grass Oat Lentil
Bermuda grass Shaftal Soyabean
Dhaincha Lucerne Groundnut
Sugarbeet Turnip Sesamum
Teosinte Sunflower Mung
Safflower Pea
Berseem Cowpea
Linseed Maize
Onion Cotton
Garlic
Pearl millet

Source: Abrol and Bhumbla (1979)

Disclaimer: All the acknowledgements are made from where the text,
images and tables are taken and there are no copyright violations in the
prepared course content
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Learning Objective

e Learn about pH of soil water suspension, sources of soil acidity and
nutrient relations under acid soil conditions.

Glossary of terms

1. Acid soils: Acid soils, by definition, are those with pH below 7.0. The
lower the pH, the more acid is the soil.

2. Acid Rain: Acid rain, or acid deposition, is a broad term that includes
any form of precipitation with acidic components, such as sulphuric
or nitric acid that fall to the ground from the atmosphere in wet or
dry forms. This can include rain, snow, fog, hail or even dust that
is acidic

3. Active acidity: Active acidity is the quantity of hydrogen ions that are
present in the soil water solution. The active pool of hydrogen ions is
in equilibrium with the exchangeable hydrogen ions that are held on
the soil's cation exchange complex.

4. Cation Exchange Capacity (CEC): Cation Exchange Capacity (CEC) is
the total capacity ofa soil to hold exchangeable cations. CEC is an
inherent soil characteristic and is difficult to alter significantly. It
influences the soil's ability to hold onto essential nutrients and
provides a buffer against soil acidification.

5. Exchangeable acidity: Exchangeable acidity refers to the amount of
acid cations, aluminium and hydrogen, occupied on the CEC. When

the CEC of a soil is high but has a low base saturation, the soil

2
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becomes more resistant to pH changes. As a result, it will require
larger additions of lime to neutralize the acidity.
6. Potential acidity/Reserve acidity: Potential acidity is often referred

to as the soil's buffer capacity or resistance to change in pH.

11.1 Occurrence

Acid soils occupy approximately 30% of the world’s ice free land area and
occur mainly in two global belts where they have developed under udic or
ustic moisture regimes. The northern belt (cold and temperate climate) is
dominated by Spodosols, Alfisols, Inceptisols and Histosols and the

southern tropical belt consists largely of Ultisols and Oxisols.

Out of 328 million hectares of geographical area of India, nearly 145
million hectares is cultivated and a rough estimate indicate that 48 million
hectare of soil is acidic out of which 25 million hectare of soil shows pH <
5.5 and are critically degraded acid lands with low productivity (Sharma
and Sarkar, 2005) as shown in the map (Figure 1). In all those tracts of the
country where rainfall and temperature are high, acid soils are
predominantly found. The North-eastern region has the largest stretches
of acid soils, followed by neighbouring states of West Bengal, Bihar and
Orissa. In the coastal region of Kerala, not only high rainfall and
temperature have contributed to the development of acid soils but rich

organic deposits resulting information of peat and muck have also been
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found responsible for the extension of acid soil area in the state. Parts of
Tamil Nadu, Andhra Pradesh, Karnataka, Madhya Pradesh, Uttar Pradesh,

Bihar, Himachal Pradesh and Jammu & Kashmir also have acid soils.

4
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Figure 1 Distribution of Acid soil in India Source:

Maji et al. (2012)

11.2 Genesis and Chemistry of Acid Soils
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Soil acidity is determined by the amount of hydrogen ion (H) activity in soil
solution and is influenced by edaphic, climatic, and biological factors. Soils
that develop from granite parent materials acidify at a faster rate than soils
developed from calcareous parent materials. Sandy soils acidify more
rapidly due to their smaller reservoir of alkaline cations and higher leaching
potential. High rainfall affects the rate of soil acidification depending on
the rate of water percolation through the soil profile. Organic matter
decaying to form carbonic acid and other weak acids also contributes to

acidification.

11.2.1 Climate

As mentioned earlier, acid soils are mostly found in the areas of high
rainfall. Rainfall is most effective in causing soils to become acidic if plenty
of water moves through the soil rapidly. In acid soil regions (ASR),
precipitation exceeds evapotranspiration and hence leaching is
predominant causing loss of bases from soil. The iron and aluminium
derivatives are relatively insoluble, seldom leached and contributes to
surface acidity particularly in laterite soils. Since the effect of rainfall on
acid soil development is very slow, it may take hundreds of years for new
parent material to become acidic under high rainfall. When the process of
weathering is drastic, the subsoil and in many cases the whole profile

becomes acidic.

11.2.2 Organic Matter Decay
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Decaying organic matter produces H ion which is responsible for acidity.
The carbon dioxide (CO;) produced by decaying organic matter reacts with
water in the soil to form a weak acid called carbonic acid. This is the same
acid that develops when CO; in the atmosphere reacts with rain to form
acid rain naturally. Several organic acids are also produced by decaying
organic matter, but they are also weak acids. Like rainfall, the contribution

to acid soil development by decaying organic matter is generally very small.

11.2.3 Vegetation

Plants influence the earth surface through the uptake, transformation and
redistribution of materials in the atmosphere, pedosphere and
lithosphere. Although all plants leave such an imprint (e.g., input of organic
matter and respired CO,, enhancement of rock weathering, etc.),
variations in size, growth rate, life span, allocation, tissue chemistry, and
many other attributes affect cycling patterns and the properties of soils
differently. In the regions of very low temperature the acid soils can
develop easily. The foliage of coniferous trees which are most likely to grow
in these regions is devoid of alkali elements. When the leaf litter of
coniferous trees on ground is degraded, organic acids are released which
gradually make the soil acidic. Vegetation of coastal zones and marshy
places facilitates development of acidity. The places where excessive
vegetation is accompanied by heavy rainfall and water pounding, soils are

very acidic in reaction.
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11.2.4 Parent Material

Acidic parent materials (granites, rhyolites, diorites) are the basis for acidic
soil formation. In these soils, predominant minerals are quartz, feldspar
and oxides. Al and Fe are in soluble forms. Usually these soils are less fertile
because of low content of nutrient elements like Mg, Ca, etc. and more
risky for pollutants movement through the soil profile. Due to differences
in chemical composition of parent materials, soils will become acidic after
different lengths of time. Thus, soils that develop from granite material are
likely to be more acidic than soils developed from calcareous shale or
limestone. Some young soils exhibit acidic nature even in the areas of
medium rainfall and vegetation. These soils still reflect the nature of rocks
from which they have developed. Some rocks (parent material) are acidic
in nature (e.g. igneous rocks). After weathering of these rocks, acidic
constituents dominate the composition of soil.

Podzolization (or Podsolization) is complex soil formation process by which
dissolved organic matter and ions of iron and aluminium, released through
weathering of various minerals, form organo-mineral complexes (chelates)
and are moved from the upper parts of the soil profile and deposit in the

deeper parts of soil.

11.2.5 Topography

Topography has an influence on soil formation, most likely through
hydrological processes. Increases in pH, CaCOs, Ca and Mg, as well as base
saturation are observed in down slope. Correlations between topography

and soil chemistry were generally stronger for the O-horizon than for the
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B-horizon, indicating that the organic layer is more exposed to topographic
controls. Several studies have found a down-slope increase of pH, but have
not quantified it against topography. Sloppy places with good drainage

conditions are often acidic in nature.

11.2.6 Human interference

Excessive use of water or keeping the field submerged for a long time
accompanied by improper drainage may lead to the development of acidity
in the soil. Nitrogen and phosphorus fertilizers also contribute significantly
to the formation of acid soils. Ammonium nitrogen can be a major factor
in the acidification of sandy, low buffer-capacity soils. When ammonium is
converted to nitrate by soil microbes, hydrogen ions are released. While it
is less acidifying than ammonium, the monocalcium phosphate
[Ca(H,PO4),], often used as one component of fertilizer, can also be a
factor. It will react with water to form dicalcium phosphate (CaHPQ,) and
phosphoric acid (HsPO,). Because of the tendency of HsPO, to give up some
of its hydrogen ions, very low pH values can occur in the band. This acidity

will then gradually diffuse into the soil surrounding the band.

11.2.7 Presence of Soluble salts

Presence of soluble salts leads to increase in soil acidity due to
displacement followed by hydrolysis of adsorbed Fe**, Al*3, Mn*? ions by

the cations of the soil.

11.2.8 Acid rain
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Acid rain contain H* ion at a concentration > 2 micro molecules. NH;" ion
are also present. The positive charge is balanced by variety of anions

generally SO,™ & NOs". The effect of acid precipitation is to acidify the soil.

Acid soils are often characterised by low CEC, intermediate textured
ranging from sandy loam to loam, low organic matter content except in
case of hill, terai soils and soils under forest and low P content while the N
content is variable. Acid soils have higher amount of Fe & Al ions in soil
solution and also have high exchangeable H* and Al** ions. Conventionally,
acid soils have been defined in terms of soil pH and base saturation both

of which are low.
Jackson grouped soil acidity as:

1. Strong soil acidity (pH < 4.2)
2. Weak soil acidity (4.2 to 5.2)
3. Very weak soil acidity (5.2 to 6.5 or 7.0)

11.3 Kinds of soil acidity

11.3.1 Active acidity: Develops due to H* and Al*3 ions concentration of the
soil solution. The magnitude of this acidity is limited and can be reclaimed
very easily.

11.3.2 Exchangeable acidity: Develops due to adsorbed H* and Al** ions on
the soil colloids. The magnitude of this acidity is high.

11.3.3 Potential acidity/Reserve acidity: H* and Al*® ions present inside the

soil crystal lattice. Soil constituents capable of contributing H* ions to the
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soil solution through ionization, dissociation, hydrolysis, etc. It is the major
contributor of soil acidity (Das, 2015).

Total acidity = (Reserve + Exchangeable) + Active Acidity

11.4. Effect of Soil Acidity on Plants
Except for a few crops like tea, coffee and potato,
most of the crops do not find optimum conditions
for their growth and development. But the effects
are more pronounced when the soil pH is below 6.0.
Acidity affects the plants both directly and
indirectly.
11.4.1 Direct effect

e Extremely high concentration of hydrogen ions just outside the plant
roots has a toxic effect on roots.

e The permeability of the plasma membrane surrounding root hair is
reduced. Consequently, the activity of root hair that absorbs water
and nutrients from the soil is highly slackened.

e Excessive presence of hydrogen ions in soil solution also results in
increased absorption of H" ions by the plant roots. This phenomenon
disturbs acid-base balance inside the plant which virtually inhibits
plant growth.

e Numerous essential chemical reactions are carried out by the
enzymes secreted by soil organisms as well as plant itself. These
enzymes lose their effectiveness if hydrogen ion concentration goes

too high.

11

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute



P A
PN

p 2

1} :S }'
=R

Problematic soils and their Management

11.4.2 Indirect effects

e Availability of nutrients increases e.g. P, Cu, Zn

e Some essential micronutrients such as Fe, Mn, Cu and Al etc. become
highly soluble in acid soils and their availability to the plant roots
goes so high that they become toxic to the plants.

e |n most of the acid soils plants show deficiency symptoms of Ca and
Mg. This is because of the fact that acid soils are mostly deficient in
these elements.

e Some disease causing agents (especially fungi) flourish well in acid
soils. Incidence of disease is, therefore, increased.

e At the same time a large population of beneficial microorganisms
suffers badly due to high concentration of hydrogen ions. This results

in decreased soil fertility.
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Figure 2 A representation of the relationship between soil pH and

nutrient availability
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11.4.3 Effects of soil acidity on plant growth

Most soil used for vegetable cultivation become gradually more acidic as
calcium is lost due to leaching by rainwater and irrigation. The process is
further accelerated by the use of nitrogenous fertilisers such as ammonium
nitrate and ammonium sulphate. Vegetables vary in their tolerance to soil
acidity. In general, the most favourable pH range for vegetable is between

5.5 to 6.5 in mineral soil and 5.0 to 6.0 in organic soil (Figure 2).

1. Ca, K, Mg and Na are alkaline elements, which are lost with increasing
acidity whereas P is more available in acidic soil conditions.

2. Acidity can also induce deficiencies of micronutrients such as Mo and
B, although a deficiency in the latter is more commonly seen in
alkaline soils where over-liming has occurred.

3. Acidic soil often causes the stunting and yellowing of leaves, resulting
in the decrease in growth and yield of crops as the pH levels falls.

4. Plants grown in adverse pH conditions may be more prone to disease
and fungal attack.

5. pH can affect the absorption of nutrients by plant roots pH values
above 7.5 cause iron, manganese, copper, zinc and boron ions to be
less available to plants.

6. pH values below 6 cause the solubility of phosphoric acid, calcium
and magnesium to drop.

7. Aluminium toxicity is the most widespread problem in acid soils.

Aluminium is present in all soils, but dissolved Al** is toxic to plants;
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AI** is most soluble at low pH, above pH 5.2 little aluminium is in
soluble form in most soils. Aluminium is not a plant nutrient, and as
such, is not actively taken up by the plants, but enters plant roots
passively through osmosis. Aluminium damages roots in several
ways: In root tips and Aluminium interferes with the uptake of
Calcium, an essential nutrient, as well as bind with phosphate and
interfere with production of ATP and DNA, both of which contain
phosphate. Aluminium can also restrict cell wall expansion causing
roots to become stunted.

Disclaimer: All the acknowledgements are made from where the text,

images and tables are taken and there are no copyright violations in the
prepared course content
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Learning Objective

e Understand the concepts of liming, acidity tolerant plants and sub-
soil acidity

Glossary of terms

1. Liming: Liming is the application of calcium and magnesium-rich
materials to soil in various forms, including marl, chalk, limestone, or
hydrated lime. This neutralises soil acidity and increases activity of
soil bacteria.

2. Lime requirement (LR): Lime requirement is defined as the amount
of agricultural limestone or other basic material needed to increase
the pH of the soil from an unacceptably acidic condition to a value
that is considered optimum for the desired use of the soil.

3. Liming factor: The factor by which the actual amount of lime can be
calculated from the estimated theoretical amount of lime or liming
materials.

4. Neutralizing value (NV) or Calcium Carbonate Equivalent (CCE): It
is defined as acid neutralizing capacity of an agricultural liming

material expressed as a weight percentage of calcium carbonate.

12.1 Introduction

The acid soils occur primarily in high rainfall, hilly/mountainous and coastal
regions. The soils are under different land uses for growing of food crops,
horticulture & plantation crops and forests. The highly leached soils are

generally poor in fertility and water holding capacity. A substantial area
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with pH value less than 5.5 is more problematic with severe deficiencies of
phosphorus, calcium, magnesium and molybdenum and toxicities of
aluminium and iron. The average productivity of one tonne/ha of the soils
is very low. The poor soil resource is one of the main factors of poverty and
backwardness in the acid soil. The addition of lime to these soils
neutralizes soil acidity and creates favorable environment for microbial

activity, nutrients release and their availability to plants.

12.2 Methods for Management of Acid soils

12.2.1. Liming

Liming is a widely accepted practice for ameliorating acid soils. It decreases
exchange acidity and increases soil pH. It improves base saturation percent
of soils, inactivates Al, Fe and Mn, reduces P fixation and stimulates
microbial activity leading to the mineralization of organic nitrogen.
Increased availability of major, secondary and micronutrients due to liming
of acid soils has been reported. Among the naturally occurring lime
sources, calcite, dolomite and stormatolitic lime stones are important.
Since calcite and dolomite have industrial use, its application in agriculture

iS not economic

12.2.1.1 Reactions of liming materials in soil
Reaction of CaO

This is also known as un-slaked lime or burnt limestone or quicklime. It is

a white powder and difficult to handle as it is caustic and explosive. When
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added to a moist acid soil, the calcium cation in CaO displaces the

exchangeable H & Al from surface soil colloids.

: Ca
Soil |, +4Ca0 + 2H0 C="= Soi g: + 2A(OH)2 |
Al Ca

Reaction of Ca(OH)2

This is commonly known as slaked lime or building lime. This is prepared
by mixing water with calcium oxide under controlled conditions. Much

heat is generated in the process. When added to the acid soil

Ca(OH) == Ca'?+ 2(0HY

: Ca
Al
Ca

Dolomite (CaCO3, MgCO3)
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Dolomite deposits are found in many places of India. Besides calcium, it
also contains nearly equal amount of magnesium which is an essential

plant nutrient. Acid soils are often deficient in this nutrient.

12.2.1.2 Lime Requirement (LR) and liming factor

The desirable pH range for most of the crops is 6.0 to 7.0. The amount of
lime or liming materials that must be added to the acidic soil to raise the
pH of that soil to a desired value is known as Lime requirement (LR). Any
increase in pH will still depend on the amount of lime applied, with the
general rule of thumb being a 0.1 unit increase in pH for every tonne of

lime applied.

Liming Factor may be defined as the factor by which the actual
amount lime can be calculated from the estimated theoretical amount of
lime or liming materials. This depends on rate of limestone solution, plant
uptake and leaching during the reaction period.

Table 1 Lime requirement to bring the soil to desired level of pH
indicated below (Das, 2015)

pH of soil buffer | Lime required to bring the soil to indicated pH
suspension (tonnes per acre of pure calcium carbonate
i.e.CaCOs)
pH 6.0 pH 6.4 pH 6.8
6.7 1.0 1.2 1.4
6.6 1.4 1.7 1.9
6.5 1.8 2.2 2.5
6.4 2.3 2.7 3.1
6.3 2.7 3.2 3.7
5
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6.2 3.7 3.7 4.2
6.1 3.5 4.2 4.8
6.0 3.9 4.7 5.4
5.9 4.4 5.2 6.0
5.8 4.8 5.7 6.5
5.7 5.2 6.2 7.1
5.6 5.6 6.7 7.7
5.5 6.0 7.2 8.3
5.4 6.5 7.7 8.9
5.3 6.9 8.2 9.4
5.2 7.4 8.6 10.0
5.1 7.8 9.1 10.6
5.0 8.2 9.6 11.2
4.9 8.6 10.1 11.8
4.8 8.1 10.6 12.4

The amount of the liming material depends upon the soil texture.
The smaller the soil particles, the greater will be the site exposed for
hydrogen ions to stick on. Neutralizing the hydrogen ions present in the
soil solution (active acidity) is not enough. The amount of amendment
should be enough to neutralize hydrogen ions around the soil particles
also. Soil testing for lime recommendation must take this point into
account. Reserve acidity is sometimes thousand times greater than active
acidity. In clay soils, reserve acidity is very high, whereas in sandy soils it
is comparatively low. The amount of liming material required to
neutralize total acidity (active + reserve), therefore, varies greatly
according to soil texture. Even if amount of liming material is not given in
the soil testing report, it can be found out from the table below taking

the help of soil testing report (soil pH).
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Table 2 Calcium Carbonate needed to increase the pH of a soil textural

class by one unit.

SI. No. Soil texture Lime in
1 Sand 2.50
2 Sandy loam 3.75
3 Loam 5.00
4 Silt loam 6.25
5 Clay loam 7.50
6 Clay 8.25

12.2.1.3 Application of lime

Lime is not mobile in the soil. Therefore, it should be spread in the field
with maximum possible uniformity and worked well into the soil. This can
be done during the preparation of field. Soil should be sufficiently moist
at the time of liming or a light irrigation may be given to the field after
mixing the lime. If slaked lime is used, seeds should be sown in the field
at least 3-4 weeks after liming. To maintain desirable soil reaction in the

humid regions, liming at every 3-5 years interval is recommended.
12.2.1.4 Benefits of liming

1. Reduces the possibility of Mn?* and Al** toxicity.

2. Improves microbial activity.

3. Improves physical condition (better structure).

4. Improves symbiotic nitrogen fixation by legumes.

5. Improves palatability of forages.

6. Provides an inexpensive source for Ca** and Mg®" when these

nutrients are deficient at lower pH.

7
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7. Improves nutrient availability (availability of P and Mo increases as
pH increases at 6.0 — 7.0, however, other micronutrients availability
increases as pH decreases).

8. Improves fertilizer use efficiency.

12.2.1.5 Effects of liming
Advantages of liming are three fold viz. physical, chemical and

biological. They are described below:
a. Physical effects

Liming improves physical condition of heavy soils; they become
granular in structure and their water holding capacity is improved. Liming
also encourages the decomposition of organic matter and consequently,
there is greater production of organic colloids. The Ca-humus so produced
is believed to be an effective cementing agent in binding the soil particles.
Liming also prevents soil erosion because soils which have received liming
treatment support good plant growth.

b. Chemical effects

Among the principal chemical properties influenced by liming is the
reduction of H ions in the colloidal complex. It increases the availability of
almost all the nutrients such as nitrogen, phosphorus, potassium, calcium,
magnesium, boron, zinc, copper and molybdenum, and reduces the

toxicity caused by soluble iron, aluminium and manganese.

c. Biological effects

8

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute



0% dadez
SR\

Problematic soils and their Management

One of the outstanding biological effects of liming is to encourage
the microbial activity of the soil. By raising the soil pH, it makes the soil
more congenial for a number of micro organisms. Nitrifying and nitrogen
fixing bacteria, both symbiotic and non symbiotic are stimulated by the
addition of lime to an acid soil. Lime also brings about a more rapid
decomposition of organic manure, both native and added, as a result of
improved microbial activity. This further increases the availability of

nitrogen, phosphorus and sulphur.

12.2.1.6 Adverse effects of over liming

e The main effect of over liming is to reduce the availability of some of
the essential nutrients, both major and minor, such as P, K, Fe, Mn,
B, Cu, Zn etc, and thus bring about nutritional deficiency.

e Excess lime also interferes with the absorption of certain elements
like potassium, phosphorus, boron, etc. by plants thus hindering
their utilization.

e The very rapid decomposition of organic matter in soils of arid of
semi arid regions is also attributed to the accumulation of excess lime

in these soils.

12.2.1.7 The effectiveness/efficiency of liming material

The amount of lime or effectiveness of lime to apply depends on four main
factors; neutralizing value, fineness of the lime, purity of lime and soail

texture.

9
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i. Neutralizing value (NV) or Calcium Carbonate Equivalent (CCE).
It is defined as acid neutralizing capacity of an agricultural liming material

expressed as a weight percentage of calcium carbonate.

Molecular wt. of CaCO3

CCE of a liming material = — X 100
Molecular wt of a liming

material whose CCE is to be
determined

The required amount of various amendments is expressed in terms of
Calcium Carbonate Equivalents (CCE). The CCE means amount of calcium
carbonate which can neutralise as much acidity as 100 kg of a liming
material in question can neutralise. As shown below, 100 kg of CaO can

neutralize as much acidity as 179 kg of calcium carbonate and vice versa.

Table 3 Calcium Carbonate (CaCOs) equivalent of some important liming

materials

Calcium carbonate
SI.No. Liming material (100 kg)
[CaCOs] (kg)

1 Calcium oxide (CaO) 179
2 Calcium hydroxide 139
3 Dolomite 109
4 Limestone (calcium carbonate) 100
5 Basic slag 60-70

ii. Degree of fineness of material

10
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The finer the particles of lime, the faster they react with soil. Lime
manufacturers have to specify the percentages of different-sized particles

in their product.

iii. Purity of liming materials: The purer the liming material, the higher

will be its effectiveness in amelioration of soil acidity.

12.2 Organic matter - loss and replenishment in acid soils

The role of organic matter in the productivity of mineral soils is still grossly
underestimated and neglected in most of the tropical areas except China.
There are nine major benefits of organic matter, the most important being
increased available nutrient supply and CEC, reduced surface temperature,
improved water relations (conservation, infiltration), and reduced soil
erosion and surface water run-off. Organic matter additions as crop
residues, and/or green manure crops in rotation or as intercrops (alleys)
must be the key components of crop management systems for acid upland
soils planted to food crops. They should be left on the soil surface as a
mulch, incorporated into the soil, or, ideally, used both ways.
Complexation of aluminium (Al) in soil solution by decomposition products
of organic materials, particularly low molecular weight organic acids. The
mechanism that best explained the neutralization reaction was found to
be microbial decarboxylation of calcium-organic matter complex leading to
the release and subsequent hydrolysis of calcium ions. The hydroxyl ions

released in the hydrolytic reaction then reacts with both the exchangeable
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hydrogen and Aluminum ions to form water and insoluble Aluminum

hydroxide [Al(OH)s], respectively.

12.3 Phosphate management in acid soils

The fixation and immobility of P in acid soils of the tropics can be either
major problems or blessings in disguise, depending on how soils and P
fertilizers are managed. Phosphorus fixation is often high in Oxisols and
Ultisols because they are most likely to have P-fixing clay minerals
(amorphous and crystalline hydrous oxides of Fe and Al), high Fe and Al,
and low pH, all of which are conducive to P fixation. When soil P
concentration exceeds a certain level, P uptake by crops will actually be
inhibited. Thus, highly concentrated bands of P fertilizer should be avoided.
Because of strong interest in rock phosphates for direct application to tree
crops in Southeast Asia, one must know that rock phosphates differ
significantly in their reactivity. Because of their low cost, high Ca content,
and residual effects, rock phosphates are especially well suited for

amendment of acid soils poor in P and Ca.

Inherent soil properties and climate affect crop growth and how crops
respond to applied P fertilizer, and regulate processes that limit P
availability. Climatic and site conditions, such as rainfall and temperature,
and moisture and soil aeration (oxygen levels), and salinity (salt
content/electrical conductivity) affect the rate of P mineralization from
organic matter decomposition. Organic matter decomposes releasing P

more quickly in warm humid climates and slower in cool dry climates.
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Phosphorus is released faster when soil is well aerated (higher oxygen
levels) and much slower on saturated wet soils. Soils with inherent pH
values between 6 and 7.5 are ideal for P-availability, while pH values below
5.5 and between 7.5 and 8.5 limits P-availability to plants due to fixation

by aluminum, iron, or calcium, often associated with soil parent materials.

12.4 Management of Secondary Nutrients in Acid Soils

Most of the acid soils are deficient in Ca, Mg and S except acid sulphate
soils which contain high amount of S. Soils having Ca saturation less than
25% of the total cation exchange capacity requires Ca application to most
of the crops. Deficiency of Ca and Mg can be corrected by using lime or
liming materials @ 4-5 g/ha. Increasing usage of relatively pure, sulphur-
free fertilizers, e.g. urea, TSP, ammonium phosphates, will lead to
increasing S and trace element deficiencies as high crop yields increase

removal.

12.5 Crops Tolerant to Acidity
Most crop plants grow well when the soil pH is between 5.5 and 7.5,
a fairly wide range even under field condition. Serious trouble develops
when the pH drops below 5.0. Crops which can be successfully grown in

acid soils are listed in the following table.
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Sl. | Slightly tolerant Medium tolerant | Very tolerant
NO. | hH6.0-6.8 pH 5.5-6.8 pH 5.0-6.8

1 Berseem Maize Mustard

2 Sugarcane Potato Buck wheat

3 Cauliflower Wheat Coffee

4 French bean Soya bean Rubber

5 Cabbage Barley Tea

6 Watermelon Oats --

7 Lucerne Rice --

Disclaimer: All the acknowledgements are made from where the text,
images and tables are taken and there are no copyright violations in the

prepared course content
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Learning Objectives

e Understanding the formation, mineralogy, properties and
reclamation of acid sulphate soils.

Glossary of terms

1. Acid Sulphate Soils: Soils with sufficient sulphides (FeS, and others)
to become strongly acidic when drained and aerated enough for
cultivation are termed as acid sulphate soils or as Dutch refer to
those soils as cat clays.

2. Potential acid sulphate soils: Acid Sulphate Soils (ASS) which have
not been oxidised by exposure to air are known as potential acid
sulphate soils.

3. Actual acid sulphate soils: When potential acid sulphate soil is
exposed to oxygen, the iron sulfides are oxidised to produce sulfuric
acid and the soil becomes strongly acidic (usually below pH 4). These
soils are then called actual acid sulphate soils.

4. Liming: Liming is the application (to soil) of calcium and magnesium-
rich materials in various forms, including marl, chalk, limestone,
burnt lime or hydrated lime. In acid soils, these materials react as
a base and neutralize soil acidity.

5. Leaching: Leaching refers to the practice of applying a small amount
of excess irrigation where the water has a high salt content to

avoid salts from building up in the soil.

13.1 Introduction

2
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In modem system of soil classification, acid sulphate soils have been
assigned separate position and these soils have been placed in a group
called sulpha-aquepts. This group includes soils in which the top horizon
contains sulphuric horizon at some level or the other in top 25 cm thick
layer. This is mineral or organic sub-layer with yellow colouration due to
jarosite.

13.2 Occurrence

Soils with sufficient sulphides (FeS, and others) to become strongly
acidic when drained and aerated enough for cultivation are termed as acid
sulphate soils or as Dutch refer to those soils as cat clays. When allowed to
develop acidity, these soils are usually more acidic than pH 4.0. Before
drainage, such soils may have normal soil pH and are only potential acid
sulphate soils. Generally acid sulphate soils are found in coastal areas

where the land is inundated by salt water.

The total area under acid sulphate soil is approximately 10-15 million
hectare globally or about one percent of the total area of cultivated
agricultural land. About half of the total area of acid sulphate soil is located
in Asia. Major areas of acid sulphate soils occur in the coastal low lands of
South East Asia, (Indonesia, Vietnam, Thailand), West Africa (Senegal, the
Gambia, Guinea, Bissau, Sierra, Leone Liberia) & along the north eastern
coast of South America (Venezuela, the Guyanas). In India, acid sulphate
soil is, mostly found in Kerala, Orissa, Andhra Pradesh, Tamil Nadu and
West Bengal. The area covered under acid sulphate soils in Thailand and

India combinedly is about 2 million acres.
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13.3 Formation of Acid Sulphate Soils

Lands inundated with waters that contain sulphates, particularly salt
waters, accumulate sulphur compounds, which in poorly aerated soils are
bacterially reduced to sulphides. Soils are not usually very acidic when first
drained in water.

Acid sulphate soils (ASS) are naturally occurring soils and sediments
containing iron sulfides, most commonly pyrite. When Acid sulphate soils
are exposed to air the iron sulfides in the soil react with oxygen and water
to produce a variety of iron compounds and sulfuric acid. Initially a
chemical reaction, the process is accelerated by soil bacteria. The resulting
acid can release other substances, including heavy metals, from the soil

and into the surrounding environment.

13.3.1 The Genesis and underlying chemistry of formation of Acid
Sulphate Soils

The soils and sediments which are most prone to becoming acid sulphate
soils are those which formed within the last 10,000 years after the major
sea level rise. When the sea level rose and inundated the land, sulphate
(SO4%) in sea water was mixed with land sediments containing iron oxides
and organic matter. Under such anaerobic conditions, lithotrophic bacteria
such as Thiobacillus ferrooxidans form iron sulphides (pyrite). For pyrite to
form, it requires supply of sulphur (Seawater), anaerobic (02 free)
condition, supply of energy for bacteria (usually rotting organic matter, e.g.

mangrove leaves), system to remove reaction products (tidal flushing
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system, source of iron (most often from terrestrial sediments) and a
temperature greater than 10 °C.

Acid sulphate soils are usually formed under waterlogged conditions.
These soils contain iron sulphides minerals (predominantly as the mineral
pyrite) or their oxidation products. In an undisturbed state below the water
table, acid sulphate soils are benign. However if the soils are drained,
excavated or exposed to air by a lowering of the water table, the sulphides

will react with oxygen to form sulphuric acid.

2FeS, +90, +4H,0->8H™ +450, +2Fe(OH); (solid)

Under waterlogged anaerobic soils, sulphate derived from the sea water is

reduced by anaerobic microorganisms.

2 Desulfovibrio . Siltation
SOs" ~“Desulfotomaculum * S Fe™ FeS + FeS;

13.4 Types of acid sulphate soils
13.4.1 Potential acid sulphate soils

Acid Sulphate Soils (ASS) which have not been oxidised by exposure to air
are known as potential acid sulphate soils (PASS). They are neutral in pH
(6.5-7.5) , contain unoxidised iron sulfides, are usually soft, sticky and

saturated with water and are usually gel-like muds but can include wet
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sands and gravels have the potential to produce acid if exposed to oxygen.
While contained in a layer of waterlogged soil, the iron sulfides in the soil
are stable and the surrounding soil pH is often weakly acid to weakly

alkaline.

13.4.2 Actual acid sulphate soils

When PASS is exposed to oxygen, the iron sulfides are oxidised to produce
sulfuric acid and the soil becomes strongly acidic (usually below pH 4).
These soils are then called actual acid sulphate soils (AASS). They have a
pH of less than 4, contain oxidised iron sulfides, vary in texture and often
contain jarosite (a yellow mottle produced as a by- product of the oxidation

process).
13.5 Appearance and physico-chemical properties of acid sulphate soils

Acid sulphate soils are often mid to dark grey to greenish grey in colour and
soft and buttery with the consistency of clay. Pale yellow mottles are seen
in the subsoil of acid sulphate soil and red coloration is found when acid
sulphate soils are drained. Acid sulphate soils possess strong muddy odour
due to presence of ferrous and hydrogen sulphide. The unique character
which very often identifies an active acid sulphate soil is the presence of
typical yellow mottles which resemble the mineral, jarosite. The available
N and P contents are usually low while K and S contents are quite high. The
salinity levels in acid sulphate soils are variable, due to seasonal changes

and high EC values in the surface horizon of the soils may be due to the
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upward movements of salts by capillary action. Strongly acid sulphate soils
result in toxicities of aluminum and iron, soluble salts (unless leached),
manganese and hydrogen sulphide (H,S) gas. Hydrogen sulphide often
formed in lowland rice soils causing akiochi disease that prevents rice

plants roots from absorbing nutrients.
13.6 Problems

The growth of most dryland crops on acid sulphate soils is hampered by
the toxic levels of aluminium and the low availability of phosphorus. Toxic
levels of dissolved iron plus low phosphorus are the most important
adverse factors for wetland rice. In the near-neutral potential acid sulphate
soils (Sulfaguents, Sulfic Fluvaquents), high salinity, poor bearing capacity,
uneven land surface, and the risk of strong acidification during droughts
are the main disadvantages. Young acid sulphate soils (Sulfaquepts) in
which the pyritic substratum occurs near the surface are often more acid
than those soils (Sulfic Tropaquepts, Sulfic Haplaquets) in which this
horizon is found at greater depths. Acid floodwater generated in large
swamps with very acid Sulfaquepts, may adversely affect crops grown on

adjacent better land.
13.7 Present land use

Most potential acid sulphate soils are under natural vegetation (mangrove
swamps, tidal marshes) or are used for mangrove forestry (charcoal, nipa

thatch, nipa sugar). Fishponds in potentially acid land can be fairly
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productive, provided that the pyritic substratum is not exposed and
oxidized. In climates with a marked dry season, potentially acid swamps
can be used for salt extraction. In some tidal swamps where the surface
water is seasonally fresh, tidal swamp rice is grown on cleared mangrove
land. Young, shallow, acid sulphate soils are commonly left uncultivated,
although with good water management they can be used with some
success for oil palm and rice. Older acid sulphate soils are used extensively
for broadcast deep water rice, giving low to moderate yields. Droughts and
sudden deep flooding, however, are probably at least as much to blame for
lower rice yields on these older soils as are phosphorus deficiency and

aluminium toxicity.
13.8 Reclamation Possibilities

The easiest and most effective way to avoid the harm caused by acid
sulphate soils is to leave them alone—so identification and mapping are
important. Avoiding acid sulphate soils is encouraged when possible.
However, acid sulphate soils are common in places where humans live, and
sometimes construction in and around these sediments cannot be
avoided. In such cases, the first step is to minimise the level of disturbance

as much as possible.

13.8.1 Minimising disturbance

Minimising disturbance can be quite easy, and may involve:
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« Designing a construction project that limits the amount of excavation—
for instance, building an above-ground car park instead of a basement,
building smaller structures on stilts or push-piles, or placing clean fill in
a thick layer before building

« Locating a construction project on the part of a property where acid
sulphate soils are buried deepest, so the amount of acid sulphate soil
removed is reduced

« Using construction methods and site management procedures that
don't leave acid sulphate soils exposed to air without treatment

« Aligning and designing linear infrastructure in tidal areas so that natural
water flows (both surface and groundwater) are not blocked

« Making farm and urban drains broad and shallow so they don't dig into
buried acid sulphate soil layers but can still remove excess surface water
efficiently.

The older, deeply developed acid sulphate soils require no specific

reclamation measures, and can be greatly improved by good fertilizer

application, moderate dressings of lime (1-5 ton/ha) and probably most
important, good water management. In reclaiming or improving potential
and young acid sulphate soils two diametrically opposite approaches are

possible:

- Pyrite and soil acidity can be removed by leaching after drying and

aeration, and
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- Pyrite oxidation can be limited or stopped, and existing acidity inactivated

by maintaining a high water-table.

13.8.2 Keeping the area flooded

The first method, combined with leaching by seawater has been used with
some success in experiments, and these efforts have attracted
considerable attention. The method can only be applied under specific
conditions: close proximity to the sea, an appreciable tidal range and
strongly contrasting wet and dry seasons. Even then, costly annual
dressings of lime are still necessary, and no instances of a successful large-
scale application have been reported. Most of the available experience
from field and laboratory experiments shows that leaching is too slow to
remove an appreciable and relatively immobile fraction of the soil acidity
(mainly adsorbed aluminium, adsorbed sulphate and basic sulphate such
as jarosite) from most of the soil within an acceptable time. However,
leaching is often necessary to remove accumulations of soluble acid salts
(Al-Fe-Mg sulphates) near the surface of rice fields on young acid sulphate
soils after a dry fallow, and to remove acid surface water generated above
flooded, reduced acid sulphate soils. This is usually done in the course of
the growing season by lateral drainage of surface water after repeated wet

tillage.

13.8.3 Controlling water table

The second reclamation method, maintaining a high water-table to stop

pyrite oxidation and to inactivate existing soil acidity, has the advantage

10

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute



0% dodez
SR\

Problematic soils and their Management

that its effects are usually noticeable within two years or so. This is
especially true in young acid sulphate soils that are generally high in
organic matter. Upon waterlogging, soil reduction caused by microbial
decomposition of organic matter lowers acidity and may cause the pH to
rise rapidly to near-neutral values. The method is particularly suitable with
rice cultivation, but even in oil palm plantations, maintaining a shallow
water-table has given far better results than deeper drainage with
intensive leaching. The crucial factor is, of course, the availability of fresh
water for irrigation. Large-scale engineering schemes for reclaiming
potentially acid, and usually strongly saline, coastal swamp are rarely
economic. In the areas, where patches of Sulfaquepts occur among better
soils, improved water management and intensive irrigation have
dramatically increased the productivity of these highly acid soils. So, unless
sufficient fresh water is available and other prerequisites for good water
management exist, potential acid sulphate soils and young, strongly acid
sulphate soils should not be reclaimed, but are better left for other types
of land use (conservation, forestry, fisheries and, sometimes, salt pans). If
fishponds are constructed on such land, they should be kept shallow,
because deep excavation will cause the water to turn toxic. The injudicious
reclamation of seemingly suitable land in coastal swamps by excluding salt
water through diking and by excavating fishponds has led to the
destruction and abandonment of thousands upon thousands of hectares
of mangrove land in southeast Asia. The less toxic and deeper developed

older acid sulphate soils are moderately suitable for rice and can be
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improved by sound agronomic practices, such as growing adapted cultivars
and applying phosphorus. By intensifying water and soil management,
including dry season irrigation, the productivity of these soils for rice will
increase and they can probably be made productive for a wide variety of

annual and perennial dryland crops.

13.8.4 Liming and Leaching

If acid sulphate soil is disturbed, it must be treated. Additional liming and
fertilization, especially with phosphorus, are usually necessary with either
method. Liming alone, while technically and agronomically feasible, is
always prohibitively expensive on these very acid soils. The most common
method of treatment is to mix an alkaline material into the soil, where it
can react with acidity and neutralise it. Agricultural lime (powdered
calcium carbonate—CaCOs) is the most common neutralising material in
use. If these soils are leached during early years of acidification, lime
requirements are lowered. Leaching, however, is difficult because of the
high water-table commonly found in this type of soil and low permeability

of the clay. Sea water is sometimes available for preliminary leaching.

Disclaimer: All the acknowledgements are made from where the text,
images and tables are taken and there are no copyright violations in the
prepared course content
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Learning Objective

Understand various types of soil erosion and the geographic,

meteorological and anthropogenic reasons for soil erosion.

Glossary of terms

1.

Accelerated Erosion: If the rate of soil loss exceeds the rate of soil

formation then it is called accelerated erosion.

. Erodibility: It is considered as a dynamic property of the soil, which

defined as resistance of soil to both detachment and transport of soil
particle and depends on physical, chemical, mineralogical and
biological property of soil . The resistance of soil to erosion include
texture, structure, water retention and transmission properties and
shear strength.

Eutrophication: Excessive richness of nutrients in a lake or other
waterbody, frequently due to run-off from the land, which causes a
dense growth of plant life.

Deforestation: Deforestation refers to the conversion of a forest into
a non-forest use such as farmland, ranches, pasture, industrial

complexes, and urban areas.

. Natural or geological erosion: One in which rate of soil loss does not

exceed the rate of soil formation.
Sheet Erosion: When a thin layer of soil is removed by raindrop
impact and shallow surface flow from the whole slope, it is called

sheet erosion.
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7. Soil Erosion: Soil erosion refers to the detachment and
transportation of soil particles to another place by the agencies of
water, wind or gravitational forces etc.

8. Splash  Erosion: Splash erosionis the first stage of
the erosion process. It occurs when raindrops hit bare soil. The
explosive impact breaks up soil aggregates so that individual soil
particles are 'splashed' onto the soil surface.

9. Saltation: As the wind speeds pick up, the surface particles start
leaping off the surface into the air, this process is saltation.

10. Suspension: Movement of fine dust particles smaller than 0.1
mm diameter by floating in the air is known as suspension.

11. Surface Creep: A stage in the wind erosion process in which
sand grains are moved along the ground surface by impact of other

grains in saltation.

14.1 Introduction

Soil erosion refers to the detachment and transportation of soil particles
to another place by the agencies of water, wind or gravitational forces etc.
It is the most destructive phenomenon causing the loss of fertile soail,
degrading the environment and reducing the storage capacity of water
bodies. Natural or geological erosion is one in which rate of soil loss does
not exceed the rate of soil formation and if the rate of soil loss exceeds the

rate of soil formation then it is called accelerated erosion.

14.2 Types of Erosion
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Based on the causal agents, soil erosion can be classified as water erosion
when the detachment and transportation of soil particles takes place by
the moving water; and wind erosion when the detachment and

Erosion
transportation of soil particles thT..a y the wind.

A 4 v
Natural or Geological Accelerated

A 4

Water erosion Wind erosion
|

Based on movement of soil particles

Y v v l v v v
RaindropS || Sheet Rill Gully StreamB Saltation Suspension Surface
plash ank creep

Figure 1 Schematic diagram for Soil Erosion

14.3 Soil Erosion by Water
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14.3.1 Extent of Water erosion in India

Of the total degraded land in India, more than 80% is affected by soil
erosion and out of it about 80% of it occurs by water. The annual water
erosion rate value ranges from 5 t halyr? (for dense forest, snow-clad cold
deserts, and the arid regions of western Rajasthan) to more than 80 halyr
lin the Shiwalik hills in northwest region with an average value of 16 t ha’
lyrl. The red soils, covering about 70 Mha, being shallow and have low
intake capacity due to crusting, suffer from rapid surface runoff and

erosion.

The flood plains of Ganga and its tributaries in Uttar Pradesh and
Bihar transported about 30 Mt of eroded materials every year to the Bay
of Bengal. Similarly, the Brahmaputra transported 10 Mt Yr?! from the

Brahmaputra valley to the Bay of Bengal (Das, 2015).

It has been also estimated that more than 1.5 Mha of forest land is
cleared for shifting agriculture every year. The total area affected by
shifting cultivation is estimated to be 4.5 Mha. Shifting agriculture, locally
known as “jhumming” has caused severe soil erosion in the tribal areas of
Assam, Meghalaya, Nagaland, Mizoram, Kerala, Andhra Pradesh, Orissa,

Madhya Pradesh, Chhattisgarh etc.
14.3.2 Significance of Soil Erosion

a. Loss of fertile soil: The upper 15 cm soil layer (plough layer) lost as run-
off consist of fertile soils and fresh or active organic matter. The fertile soil

carries along with the essential plant nutrients leading to decreased
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fertility of eroded soils. An estimated loss of nutrient due to soil erosion by

water in the country is to the extent of 5.4 to 8.4 Mt.

b. Loss of crop productivity: The consequences of fertile soil loss and
deterioration of soil structure by water erosion led to reduction in the crop

productivity.

¢. Water pollution: The runoff water carries dissolved mobile nutrients like
nitrogen whereas the eroded sediments in runoff water nutrient adsorbed
on the soil particles. Nutrient-rich runoff-water causes ‘eutrophication’ of

water bodies.

d. Loss in reservoir capacity: The water reservoirs get silted up due to high
sediment load of the runoff water entering in to these reservoirs, thus

decreasing their storage capacity and minimising their useful life.

e. Flash floods and mudslides: The high intensity rain in the hilly regions in
absence of sufficient vegetative cover led to high velocity runoff resulting
in flash floods in the plains. The detachment of soil by rainwater coupled

with gravitational forces leads to mud slides in the mountainous region.

14.3.3 Causes of Soil Erosion

a. Deforestation: Deforestation refers to the conversion of a forest into a
non-forest use such as farmland, ranches, pasture, industrial complexes,
and urban areas. Forest clearance exposes the bare soil to the scorching
effect of the sun and the beating action of the rains. Due to elevated

temperature, soil organic matter is decomposed at a faster rate, and soil
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aggregates are broken down by raindrop impact. Infiltration rate is
reduced and more water runs off. The natural vegetation not only protects
the soil surface from kinetic energy of raindrops, but also the soil particles

are adhered strongly to the plant roots.

b. Overgrazing: Overgrazing is one of the most devastating causes of
desertification in arid lands. The forage and overgrazing of livestock cause
a chain of degradation, critically reducing vegetation cover and soil fertility,
as well as increasing erosion. Domestic animals rapidly clear vegetation,
placing stress on a land that already has a low vegetation cover. They also
move in large groups and have sharp hooves that easily break up the soil,
leaving it susceptible to erosion. These factors coupled with high
temperatures destroy the rest of the natural vegetation and prepare the

ground for large scale soil erosion with high intensity rainfall.

c. Inappropriate cultivation practices: Cultivation practices viz. up and
down cultivation, cultivating sloping lands, unsafe disposal of excess runoff

water, etc. lead to the accelerated soil erosion by water.

d. Intensive tillage: The intensive tillage of soils results in decrease in soil
organic carbon, breakdown of particles aggregates into smaller particles,
eases the soil detachment and transportation, and finally accelerates the

rate of soil erosion by water.

e. Population pressure: The need to feed the ever-increasing population
coupled with increasing urbanization has resulted in conservation of forest

and grassland for agricultural practices.
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14.3.4 Types of Soil Erosion

a. Splash Erosion: At the start of a rain event, falling raindrops beat the soil
aggregates, break them, and detach soil particles. These particles clog the
large soil pores and, thus, reduce the infiltration capacity of the soil. Water
cannot enter the soil, and soon a thin film of water covers the ground.
Further, raindrops beat the water and splash the suspended soil particles
away. Soil particles are transported to some distance by the splashing. The
splashed particles can rise as high 60 cm above the ground and move up to
1.5 m from the point of impact. Actually, splash erosion is the beginning of

other types of soil erosion, particularly sheet erosion.

b. Sheet Erosion: When a thin layer of soil is removed by raindrop impact
and shallow surface flow from the whole slope, it is called sheet erosion. It
removes the finest fertile topsoil with plenty of nutrients and organic
matter. It is the most dangerous type of soil erosion because it occurs

gradually and almost silently leaving little or no signs of soil removal.

c. Rill Erosion: When rainfall exceeds the rate of infiltration, water
accumulates on the surface, and if the land is sloping, it moves along the
slope. On gently sloping lands, with standing crops or in fields that have
been recently tilled, moving water concentrates along tiny channels called
rills. Rills are less than 30 cm deep. The cutting action of flowing water
detaches soil particles, and runoff water carries them away. The amount

of soil loss may be high, but the small channels do not usually interfere
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with tillage implements. The rills may be levelled by normal tillage

operations. Rill erosion is often the initial stage of gully erosion.

d. Gully Erosion: Gully erosion is an advanced stage of rill erosion where
surface channels have eroded to the point where these cannot be
obliterated by tillage operations. The channels with cross section area of
0.1 m? or more have been recently designated as gullies. Gullies are the
most spectacular evidence of the destruction of soil as it permanently
dissects the land. Gully erosion is responsible for removing amounts of soil
irreversibly destroying farmlands, roads, and bridges and deteriorating the
water quality by increasing the sediments load in the streams. Gullies not
only transport the sediments but also contribute to these sediments due

to erosion of sides and bottom of these channels.

e. Stream Bank Erosion: Stream/riverbank erosion occurs due to bank
scour and mass failure. The direct removal of bank materials by the
physical action of flowing water is called bank scour. It is often dominant
in smaller streams and the upper reaches of larger streams and rivers.
Mass failure occurs when large chunks of bank material become unstable
and topple into the stream or river. Riverbank erosion can be accelerated
by lowering streambed, inundation of bank soils followed by rapid drops in
water flow, saturation of banks from off-stream sources, removal of
protective vegetation from stream banks, poor drainage, readily erodible
material within the bank profile, wave action generated by boats, excessive

sand and gravel extraction, and intense rainfall.
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f. Mass movements and Land sliding: The downward and outward
movement of a large block of soil and regolith caused by gravity are called
landslides and landslips. Landslides are deep-seated mass movement, and
soil slip is a shallow and rapid sliding or flowing movement of the soil. There
are different forms of landslides, including mudflows, mudslides, debris
flows, rock falls, and rockslides. Slides move in contact with the underlying
surface. Flows are plastic or liqguid movements in which land mass breaks
up in water and flows during movement. Landslides are caused by unstable
geological conditions, steep slopes, intense rainfall, weak soils,
earthquakes, and human- induced changes of landforms. Human-induced
causes are excavation, loading, deforestation, irrigation, mining,

vibrations, and water impoundment.

14.3.5 Factors affecting Soil erosion

The major factors affecting soil erosion are: climate, soil, vegetation and

topography

a. Climate: Climatic variables affecting soil erosion by water are
precipitation, temperature, wind, humidity and solar radiation. It is rain
and snow that play a major role in soil erosion. Temperature and wind are
most evident through their effect on evaporation and transpiration;
however, wind also changes raindrop velocities and angle of impact.
Humidity and solar radiation are somewhat less indirectly involved as these

are associated with temperature and rate of soil water depletion. Rainfall
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characteristic affecting soil erosion are amount, intensity, distribution,

raindrop size etc.

b. Soil: The soil characteristic describes soil detachability and
transportability, which when combined is designated as soil ‘erodibility’. It
is considered as a dynamic property of the soil, which is defined as
resistance of soil to both detachment and transport of soil particle and
depends on physical, chemical, mineralogical and biological property of soil
that affect the resistance of soil to erosion including texture, structure,

water retention and transmission properties and shear strength.

c. Vegetation: Vegetation act as protective layer or buffer between the
atmosphere and the soil. The major effects of vegetation in reducing

erosion include:

i. Interception of rainfall by absorbing the energy of raindrops and thus
reducing surface sealing and runoff.
ii. Reducing of erosion by decreasing surface velocity
iii. Physical restraint of soil movement
iv. Improvement of aggregation and porosity of soil by roots and plant
residues
v. Increased biological activity in soil
vi. Transpiration, which decreases soil water, resulting in increased
strong capacity and less runoff.
d. Topography: Landform and slope of land play an important role in the

origin of erosion, entailment, and deposition of entailed sediment.
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Topographic feature that influences soil erosion are degree, shape and
length of the slope, and size and shape of the watershed. Erosion expects
to increase with increase in slope steepness and slope length as a result of

increase in velocity and volume of surface runoff.

14.4. Soil Erosion by Wind

Wind erosion means detachment and transportation of soil particles by the
forces generated by wind. Wind erosion takes place normally in arid and
semi-arid regions devoid of vegetation, where the velocity of wind is high.
The soil particles on the land surface are lifted and blown off as dust
storms. When the velocity of the dust bearing wind is retarded, coarser soil
particles are deposited in the form of dunes and thus fertile lands are
rendered unfit for cultivation. In other place, fertile soil is blown away by
winds and the subsoil is exposed, as a result the productive capacity of the
soil is considerably reduced. Lifting and abrasive action of wind results in
detachment of tiny soil particles from the granules or clods. The impact of
these rapidly moving particles dislodges other particles from clods and
aggregates. These dislodged particles are ready for movement. Movement
of soil particles in wind erosion is initiated when the pressure by the wind

against the surface soil grains overcomes the force of gravity on the grains.

14.4.1 Extent and Significance of Wind Erosion

Extent
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About 13.5 M ha area, representing 4.1% of the total geographical
area in the country is affected by wind erosion. Wind erosion is moderate
to severe in the arid and semi-arid regions of north-west covering an area
of 2.8 Mha, in states of Rajasthan, Gujarat, Haryana and Punjab. Out of this,
68% is covered by sand dunes and sandy plains. Rate of wind erosion is not

measured in many geographic locations ,but, it may be as high as 0.5 mm

1

yr.
Significance

i. Loss of soil fertility: Soil fertility is reduced because of the loss of the
plant nutrients that are concentrated on fine soil particles and
organic matter in the topsoil. This reduces the soils’ capacity to
support productive pastures and sustain biodiversity.

ii. Crop damage: The strong soil particle laden-winds damage the
young seedling, blowing away the recently sown seeds, exposing the
roots. With the deposition of soil particles carried away by wind, the
plant may be buried under. Weed seeds also spread from one field
to another field, thereby reducing the crop productivity.

iii.  Pollution: Dust particles can pollute water bodies and spread many
disease pathogens. Air pollution caused by fine particles in
suspension can affect people's health and cause other allergic
problems.

iv. Desertification: Wind erosion is one of the major factors of

desertification as deserts are expanding at the rate of 2 m yr™.
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14.4.2 Causes of Wind Erosion

Wind erosion is a serious problem in the arid and semi-arid regions where
vegetation is sparse, rainfall is low, and temperature is high. Potential
evaporation is higher than precipitation for most of the year, which causes
depletion of soil moisture, organic matter, and structure. Storms are
regular events there, and in dry warm season, strong winds uplift small soil
particles and carry them to distant places. Ecosystems in arid and semiarid
regions are fragile by nature and are sensitive to human disturbances.
Under population pressure and socio-economic backwardness, human
actions cause stresses on all-natural resources. Land mismanagement,
overgrazing, overcutting for fuel wood and deforestation, and misuse of
water resources have been responsible for the loss of natural vegetative

cover and hence accelerated wind erosion.

14.4.3 Types of Wind Erosion

Moving air has energy that can detach and transport soil particles.
Detachment occurs when the energy exerted by wind exceeds the forces
keeping the soil particles in place, such as weight and ‘cohesion’.
Detachment can also occur via the impact of particles already in motion
dislodging other particles. Once detached, soil can be transported in one

of three ways: suspension, saltation, or creep.
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Figure 1 Different types of soil movement by wind. (From USDA, 1989)

i. Suspension: Movement of fine dust particles smaller than 0.1 mm
diameter by floating in the air is known as suspension. Soil particles
carried in suspension are deposited when the sedimentation force is
greater than the force holding the particles in suspension. This occurs
with decrease in wind velocity. Suspension usually may not account
for more than 15% of total movement.

ii. Saltation: The major portion of soil carried by the wind is moved in a
series of short bounces called “saltation.” The soil carried in a
saltation consists of fine particles ranging from 0.1 to 0.5 mm in
diameter. About 50-75% of soil erosion by wind carried out by
saltation. Saltation is caused by the direct pressure of wind on soil
particles and their collision with other particles. After being pushed
along the ground surface by the wind, the particles leap almost

vertically in the first stages of saltation.
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iii. Surface creep: Soil particles, larger than about 0.5 mm in diameter
but smaller than 3.0 mm, are too heavy to be moved in saltation but
rolled and sliding along the surface by the pressure of wind and
hitting during saltation. About 5-25% of soil erosion carried out by
surface creep. About 90% of the total soil movement in wind erosion
is below the height of 30 cm and about 50% of it is within 5 cm of the

ground level.
14.4.4 Factor affecting Wind Erosion

i. Wind erosivity: Wind characteristic like velocity, turbulence,
frequency, duration seasonality are important parameters affecting
erosion. Wind velocity is the most important wind factor affecting
erosion; higher wind velocity equates to higher wind energy and
erosivity. Wind speed of about 20 km hr? is required to initiate
movement. At higher velocities the transport capacity of moving air
increases with the cube of wind velocity.

ii. Soil erodibility: Soil erodibility refers to the ease of detachment and
transport by wind. Soil characteristics that affect erodibility of soil
due to wind are texture, structure, and water content. Texture is
considered as the most dominant factor, and it is commonly agreed
that particles smaller than 0.25 mm and larger than 0.08 mm are
most easily eroded by wind. Soils with characteristics like fine sand

particles having low organic matter contents, single grains to massive
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in arrangement, with friable and non-sticky consistence, etc. are
more easily subjected to wind erosion.

The soil erodibility factor (K-factor) is a quantitative description of
the inherent erodibility of a particular soil; it is a measure of the
susceptibility of soil particles to detachment and transport by rainfall
and runoff. For a particular soil, the soil erodibility factor is the rate
of erosion per unit erosion index from a standard plot. The factor
reflects the fact that different soils erode at different rates when the
other factors that affect erosion (e.g., infiltration rate, permeability,
total water capacity, dispersion, rain splash, and abrasion) are the
same. Texture is the principal factor affecting K, but structure,
organic matter, and permeability also contribute. The soil erodibility
factor ranges in value from 0.02 to 0.69.

iii. Landform: Features of landscape that affect wind erosion are the
field length, exposed topographic location, field orientation, and
shelter relative to erosive wind.

iv. Cover: Vegetative covers reduce the wind velocity at the soil surface
and also generally decrease the soil erodibility. The relationship
between vegetation coverage and wind erosion rate is an
exponential function, i.e., with the increase of vegetation coverage
the wind erosion rate decreases exponentially.

Disclaimer: All the acknowledgements are made from where the text,

images and tables are taken and there are no copyright violations in the

prepared course content
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Learning Objectives

Understand the principles and techniques of soil loss measurements.
Understand the biological, agronomic and engineering measures of

soil conservation and management of ravinous and eroded lands.

Glossary of terms

1.

Agroforestry: Agroforestry is a system of growing agricultural or
horticultural crops or/and rearing livestock along with trees

simultaneously or sequentially in the same piece of land.

. Alley Cropping: In alley cropping, crops (grains, forages, vegetables,

etc.) are grown between tree rows spaced widely enough to
accommodate the mature size of the trees without interfering for
light and moisture with the crops between the rows.

Conservation Tillage: Conservation tillage is any system that reduces
the number of tillage operations, reduces the area of tilling in the
field, and maintains residue cover on the soil surface.

Contour cropping: Ploughing and planting crop in the contour that is

across the slope is called contour cropping or contour farming.

. Contour strip cropping: Contour strip cropping is planting row crops

in strips on the contour. It is more efficient in erosion control than
contour farming and strip cropping alone because of the plant and
crop diversity.

Cover Crops: Cover crops are close-growing crops that provide soil

protection, seeding protection, and soil improvement between
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periods of normal crop production or between trees in orchards and
vines in vineyards.

7. Grassed Waterways: Grassed waterways are natural or constructed
channels established at an appropriate place over the field for safe
transport of concentrated water at a reduced velocity using
adequate grass cover. They are generally broad and shallow
drainways to transport surface water across farmland without
causing soil erosion.

8. Mulching: A cover spread or laid over the surface to protect soil is
called mulch.

9. Rainfall Erosivity factor: Rainfall erosivity is the kinetic energy of
raindrop's impact and the rate of associated runoff. The R-factor is a
multi-annual average index that measures rainfall's kinetic energy
and intensity to describe the effect of rainfall on sheet and rill
erosion

10. Soil Loss Tolerance Value (T Value): The soil loss tolerance
value has been defined as an indication of how much erosion should
be tolerated.

11. Strip cropping: In strip cropping, two or more crops are grown
in alternate strips. Crops of different strips vary in their root/shoot
characteristics and cultural requirements.

12, Soil Erodibility Index: It is defined as the potential soil loss in

tonnes per hectare per year from a wide, unsheltered isolated field
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with a bare, smooth, non-crusted surface. This index is a function of

soil aggregates greater than 0.84 mm in diameter.

15.1 Introduction

Estimating soil erosion is important for determining erosion severity and
its influence on land use and management plans. Erosion is often best
estimated with models, due to the number of variables involved. The most
commonly used models are the Universal Soil Loss Equation (USLE),
Revised Universal Soil Loss Equation (RUSLE), used to estimate water
erosion, and the Wind Erosion Equation (WEQ). Both USLE and WEQ are
defined by equations where a number of factors affecting erosion are
taken into account to determine average annual erosion rates. Factors
include climate, soil erodibility, surface roughness, length of field,

vegetative cover, and in some scenarios, an erosion control practice.
15.2 Assessment of Soil Erosion by Water

15.2.1 Soil Loss Tolerance Value (T Value)

The soil loss tolerance value has been defined as an indication of how much
erosion should be tolerated. The T value is the maximum soil erosion loss
that does not cause significant loss in productivity. It depends on soil
characteristics. For example, shallow soils over hard bedrock have small T
values. More erosion loss can be tolerated for thick permeable soils on
permeable unconsolidated parent materials. The T value is the maximum

average annual soil loss that allows continuous cropping and maintains soil
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productivity without requiring additional management inputs. Many soils
that have developed from thick sediments of loess are agriculturally
productive. Where subsoils have physical properties unsuitable for rooting,
erosion results in reductions in soil productivity that cannot be overcome
with only fertilizer application. Such soils have low tolerance levels (small

T value).

15.2.2 Soil Loss Equations (USLE and RUSLE)

Soil erosion is influenced by many different variables, the essence of the
universal soil loss equation (USLE) is to isolate each variable and reduce its
effect to a number, so that when these numbers are multiplied together,
the answer is the amount of soil loss. The soil loss is an average erosion
rate for the landscape profile. RUSLE uses the same factorial approach

employed by the USLE:
A=RxKxLSxCxP

A — Potential long-term average annual soil loss in tons per acre per year
(x 2.24 Mg ha ! year 71). This is the amount that is compared to the

“tolerable soil loss” limits.

R — Rainfall and runoff factor. The greater the intensity and duration of the

rainfall, the higher the erosion potential.

K —Soil erodibility factor. K is a measure of the susceptibility of soil particles

to detachment and transport by rainfall and runoff. Texture is the principal
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factor affecting K, but structure, organic matter, and permeability also

contribute.

LS — Slope length and steepness factor. The LS factor represents a ratio of
soil loss under given conditions. The steeper and longer the slope is, the
higher is the risk for erosion. This is a very important factor in the overall

erosion rate.

C — Crop management factor. It is used to determine the relative
effectiveness of soil and crop management systems in terms of preventing
soil loss. The C factor is a ratio comparing the soil loss from land under a
specific crop and management system to the corresponding loss from
continuously fallow and tilled land. The crop grown, type and timing of
tillage, the use of winter cover, and the application of solid manure will all

impact on the C factor.

P — Support practices factor. The P factor compares the soil losses from up-
and downslope farming to losses that result from practices such as cross-

slope cultivation, contour farming, and strip cropping.

In RUSLE, the factors have been updated with recent information,
and new factor relationships have been derived based on modern erosion

theory and data.
Major changes to the USLE incorporated into RUSLE include:

R factor: new and improved is erodent maps and erodibility index

distributions for some areas
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K factor: time-variant soil erodibility which reflects freeze — thaw in some

geographic areas
LS factor: new equations to account for slope length and steepness

C factor: additional subfactors for evaluating the cover and management

factor for cropland and rangeland
P factor: new conservation practice values for cropland and rangeland
a. Rainfall Erosivity Factor (R)

Generally, local variations in rainfall erosivity (+5 %) can be represented
with a single R value. R values can be calculated for specific locations from
rainfall intensity data. However, this is a very time- and labor-intensive
process requiring erodibility index calculations for each storm event

greater than 0.5 in. for each rain gauge over a period of years.
b. Soil Erodibility Factor (K)

The K factor represents both susceptibility of soil to erosion and the
amount and rate of runoff. Soil texture, organic matter, structure, and
permeability determine the erodibility of a particular soil. K values for

various soil types are given below.

Soil type Erodibility K value range
Fine-textured; high in | Low 0.05-0.15
clay
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Coarse-textured; Low 0.05-0.20
sandy
Medium-textured; Moderate 0.25-0.45
loams
High silt content High 0.45-0.65

b. Slope Length and Steepness Factor (LS)

The LS factor represents the combined effects of slope length and
steepness relative to a standard unit plot on the erodibility. Slopes of non-
uniform steepness require dividing the slope into segments. Usually, five
segments comprised of slope length and steepness are sufficient to define
a non-uniform slope profile. There are different equations for calculating

LS factor for different slope conditions.

b. Cover and Management Factor (C)

The C factor represents the effect of plants, soil cover, belowground
biomass, and soil-disturbing activities on soil erosion. Both time-variant
(cropping/rotation scenario) and time-invariant (average annual values)
modules have been constructed. The time-variant option is used when
plant and/or soil conditions change enough to significantly affect erosion
during the year, during a rotation cycle, or over an extended period. This
option is typically applied to croplands; rangelands where cover changes
significantly during the year such as from grazing, burning, or herbicide

application. The time-invariant option is used where constant conditions
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can be assumed. The C factor depends on effective root mass in top 4" of

soil, percent canopy, average fall height (ft), surface roughness value (index

of average micro- elevation: generally ranges from 0.3 to 1.5), percent

ground cover (rock + litter, excluding plant basal cover), and surface cover

function expressed as B value (the relative effectiveness of surface cover

for reducing soil loss). The choices of B value are based on the ratio of

rill/inter rill erosion under bare soil conditions. Some typical B values are

given below:

Field Conditions (B Value)

Flat and short slopes, where soil is resistant to erosion by flow,
consolidated lands (e.g., pasture)
Moderate slopes and slope lengths with moderate disturbance

Steep and long slopes where soil is highly disturbed and where
soil is susceptible to erosion by flow

Range lands, where runoff tends to be low and affected by
cover

Long-term no-till cropping, especially where no-till significantly
reduces runoff

0.025

0.035

0.045

0.045

0.050

15.3 Control of soil erosion by water is based on the following principles:

e Reducing raindrop impact: This can be achieved by providing a cover on

the soil during the rainy season. Dense forest canopy, close-growing crops

such as cover crops and mulches on the bare or cropped soils can provide

necessary protection against raindrop impact.
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e Stabilizing soil aggregates: Stable soil aggregates are obtained in soils
supplied with sufficient organic matter. Aggregation improves porosity

and infiltration and reduces runoff.

e Increasing infiltration and reducing runoff: Infiltration can be increased
by mulching and by modification of the slope. Organic mulches soak water
and allow water more time to infiltrate. Level lands have more infiltration

capacity than sloping soils.

e Reducing velocity of runoff: Velocity of runoff can be reduced by
modifying the degree and length of slope through terracing and
contouring. Contour cropping, strip cropping, and contour strip cropping
effectively reduce runoff velocity. When velocity of runoff is reduced, rate

of infiltration increases.

e Minimum disturbance of soil: Tillage makes the soil more erodible.
Conservation tillage systems, including no-tillage, minimum tillage, and

subsoil tillage are efficient soil conservation practices.

e Preventing concentration of runoff water in channels: Levelling
previously developed rills, growing crops closely, and keeping crop

residues in field prevent concentration of runoff water.

e Carrying runoff water safely out of field: Runoff water can be driven

safely out of the field by grassed waterways.
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e Integrating erosion control measures: Usually, no one method alone is
sufficient for the control of soil erosion. For example, integrating mulching

with no-tillagecan effectively reduce erosion.

® Regular maintenance of erosion control measures: Practices for erosion
control need to be maintained regularly. Terraces may need mending and

barriers may need reconstruction.

15.4 Control Measures for Water erosion
15.4.1 Amendments

Addition of manures and composts favours structure formation; increases
aggregate stability, porosity, and infiltration; and thus, reduces runoff.
Manuring can reduce water runoff by 70—-90 % and sediment loss by 80—
95 % as a result of increased organic matter content (Grande et al. 2005).
Using manure in combination with other conservation practices, such as
no-till may be an effective strategy for reducing soil erosion. However,
indiscriminate use of manure may have detrimental impacts on water

quality as well.

15.4.2 Cover Crops

According to the Soil Science Society of America, cover crops are close-
growing crops that provide soil protection, seeding protection, and soil
improvement between periods of normal crop production or between
trees in orchards and vines in vineyards (SSSA 2008). Cover crops are

presently used as an important companion practice to no-till, reduced
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tillage, alley cropping, agroforestry, and other conservation practices
designed to reduce soil erosion and improve quality of soil and water
resources. Retaining cover crops as mulch is more benefitting than
ploughing under in soils where the erosion rate is high. Cover crop mulch
on the soil surface increases soil organic matter content and suppresses

weeds in addition to protection against erosion (Blanco and Lal, 2008).

i

Figure 1 Cover crops on a field in Black Hawk County, lowa (Photo

courtesy of USDA-NRCS)
15.4.3 Conservation Tillage

Conservation tillage is any system that reduces the number of tillage
operations, reduces the area of tilling in the field, and maintains residue
cover on the soil surface. The Soil Science Society of America (SSSA)
defines conservation tillage as a tillage system that leaves at least 30 % of

residue cover on the soil surface.

When combined with prudent management of crop residues, crop
rotations, and cover crops, conservation tillage is a useful technology for

protecting soil and sustaining crop production (Blanco and Lal, 2008).
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Conservation tillage includes no-till and reduced or minimum tillage
systems such as mulch tillage, strip tillage, and ridge tillage. Cropping with
no-tillage or limited tillage is not as popular as with tillage. But for negative
impacts of conventional tillage, including exposure of the soil surface to
wind and water erosion, and loss of soil organic matter through oxidation,
conservation tillage is gaining popularity. These management strategies
have proved effective for controlling soil erosion and improving soil
quality. In no-tillage, crops are planted directly in the residues of the
previous crop with no prior tillage. For row crops, a slit is made in the soil
in which the seed is sown. Minimum tillage involves the minimum
manipulation of soil. It is actually a localized tillage. Minimum and no-
tillage leave more residues on the soil surface than conventional tillage,
resulting in enhanced infiltration and reduced runoff and soil erosion for
which they are called conservation tillage. A strip 30—-45 cm wide is tilled
in the row between undisturbed spaces during strip tillage. Strip-till is less
effective than no-till and subsoil systems, because bare soil exposed in the
tilled strip is susceptible to erosion. It can be made effective by covering

the exposed part with organic residues.
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Figure 2 Young soybean seedlings in a no-till
field (Photo courtesy of USDA-NRCS) tillage (Photo courtesy of USDA-NRCS)

15.4.4 Mulching

A cover spread or laid over the surface to protect soil is called mulch.
Organic mulches are efficient soil conservation measures. Organic mulches
include compost, composted manure, grass clippings, newspaper, straw,
and shredded leaves. They are natural and cheap, and along with
protection, they improve soil fertility. Mulching has multiple advantages. It
reduces the impact of solar radiation and raindrops. It protects soil
aggregates from detachment by raindrops. It reduces evaporation and loss
of soil moisture; it increases infiltration and reduces amount and velocity
of runoff. It decreases surface sealing, crusting, and compaction. Stubble
mulching is frequently recommended for reducing runoff and erosion.
Residues of wheat or stalk of corn of the previous crop are retained during
tilling the land for next crop without turning them under. Stubble mulch is
a very efficient protector of wind erosion. Organic mulches release

polysaccharides, polyuronides, and other cementing agents which improve
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soil structure. Mulched plants have more roots than plants that are not
mulched. Inorganic mulches also provide many benefits to the landscape.
Materials that can be used as inorganic mulches are crushed gravel and
granite, river rock or small stones, lava or granite rock, decorative and
colored stones, sand, crushed brick, crushed graded recycled glass,

landscape fabric sometimes referred to as geo-textiles, plastic mulch, and

aluminized mulch.

Figure 4 Soybean mulched with corn straw (Photo courtesy of USDA-

NRCS)
15.4.5 Contour Cropping

Ploughing and planting crop in the contour that is across the slope is called
contour cropping or contour farming. Contours are arbitrary lines drawn
perpendicular to the direction of slope. So, contour farming is a cross-slope

farming system. Contours reduce velocity of runoff, give accumulated
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water more time to infiltrate, and deposit detached soil particles along the
contour lines. It retains sediments in the field. In contour farming, ridges
and furrows are formed by tillage, planting, and other farming operations
to change the direction of runoff from directly down slope to around the
hill slope. Contour farming is most effective on slopes between 2 and 10 %.
Contour farming is not well suited to rolling topography having a high
degree of slope irregularity. Several factors influence the effectiveness of
contour farming to reduce soil erosion. They are rainfall intensity, slope
steepness, soil properties, ridge height, cover and roughness, and the
critical slope length. Cover, roughness, and ridge height can be influenced
by management. Spacing of contour lines is chosen on the basis of slope,
soil, rainfall, and crop type. Annual and perennial crops are planted in the

ridges or furrows of the contours. Contour farming can be combined with

strip cropping.

Figure 5 Contour cropping (Photo courtesy of USDA-NRCS)
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15.4.6 Strip Cropping

In strip cropping, two or more crops are grown in alternate strips. Crops of
different strips vary in their root/shoot characteristics and cultural
requirements. Crop strips break sloping landscapes in wide segments with
diverse vegetative cover which intercepts runoff and promotes water
infiltration, thereby reducing runoff and soil erosion. Sod-forming crops
may be alternated with cereals, legumes with non-legumes, and root crops
with vegetables. Strip cropping gives yields as good as monocropping. The
width of the strips depends on soil slope, erosion potential, crop type, and
equipment size. Narrow strips reduce flow lengths more effectively than
wide strips. The width of strips must match the equipment turn or width
for cultivation. On gentle slopes of up to 5 %, a strip width of about 30 m
is recommended while on steeper slopes the width must be less than 20 m
(Bravo and Silenzi, 2002). Strip cropping may be successfully combined

with contour farming.
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Figure 6 Strip cropping (Photo courtesy of USDA-NRCS)
15.4.7 Contour Strip Cropping

Contour strip cropping is planting row crops in strips on the contour. It is
more efficient in erosion control than contour farming and strip cropping
alone because of the plant and crop diversity. The grass, legumes, or small
grains used in strips slow runoff and trap sediments leaving row crops.
Permanent grass/legume strips must be maintained between strips in soils

with severe erosion. These strips can be used as traffic lanes for cultural

operations (Blanco and Lal, 2008).

Figure 8 Contour strip cropping (Photo courtesy of USDA-NRCS)
15.4.8 Sloping Agricultural Land Technology (SALT)

SALT is a technology package of soil conservation and food production that
integrates several soil conservation measures (Tacio, 1993). It involves
planting field crops and perennial crops in bands 3-5 m wide between

double rows of nitrogen fixing shrubs and trees planted along the contour.
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15.4.9 Agroforestry

Agroforestry is a system of growing agricultural or horticultural crops
or/and rearing livestock along with trees simultaneously or sequentially in
the same piece of land. The objectives of agroforestry include conserving
soil, recycling nutrients, and enhancing crop vyields, while producing
fuelwood, fodder, grain, fruit, and timber. It involves the integration of
trees, plants, and animals in conservative, long-term, productive systems.
The positive interactions among all these components are exploited in
carefully designed sustainable agroforestry systems (Sanchez, 1995) by (i)
multiple use of land; (ii) improved utilization of land, labour, and resources;
(iii) protection and improvement of soil by reducing erosion and providing
soil organic matter; (iv) production of diverse food crops such as fruits,
nuts, grains, and seeds; (v) production of feed for farm animals; (vi) long-
term production of tree products; and (vii) enhanced productivity and net

economic returns.
15.4.10 Alley Cropping

In alley cropping, crops (grains, forages, vegetables, etc.) are grown
between tree rows spaced widely enough to accommodate the mature size
of the trees without interfering for light and moisture with the crops
between the rows. When light-demanding crops like corn (maize) will be
grown, the alleyways need to be wide enough to let in plenty of light even
when the trees have matured. Alternatively, the cropping sequence can be

planned to change as the trees grow. For instance, soybeans or corn could

19

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute



5% daawe
> quat |

Problematic soils and their Management

be grown when the trees are very small; as the tree canopy closes, forages
could be harvested for hay; and finally, when the trees are fully grown and
the ground is more shaded, grazing livestock, or shade-tolerant crops like

mushrooms or ornamental ferns could occupy the alleyways.

Figure 9 Alley cropping of cowpea
with Leucaena (Photo courtesy of
IITA)

15.4.11 Buffer Strips

Buffer strips are zones of permanent vegetation — trees, shrubs, and
grasses — used for different purposes including reduction of erosion.
Buffers reduce runoff by obstructing its way and cutting downslopes, filter
sediments, and remove sediment borne chemicals and dissolved nutrients
and agrochemicals. Buffer strips are generally established between
agricultural lands and streams, rivers, and lakes. When placed
perpendicular to the direction of water flow, buffers are effective
measures for reducing sediment fluxes. Buffers are commonly used in
sloping lands of developing regions where access to heavy equipment and
construction of mechanical structures (terraces) can be unachievable.
Benefits of buffers include vyield of good quality water, enhanced
agricultural production, secured wildlife habitat, and desired landscape

aesthetics. Buffers can trap > 70 % of sediments and > 50 % of nutrients

20
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depending on the plant species, management, and climate (Blanco and Lal,
2008). Buffers are multifunctional systems. Above the surface, buffers
reduce the runoff velocity and trap sediments and nutrients, and below the
surface, they stabilize the soil in place, bind the soil aggregates, improves
the structural characteristics, and increase soil organic matter content and

water transmission characteristics.
15.4.12 Grassed Waterways

Grassed waterways are natural or constructed channels established at an
appropriate place over the field for safe transport of concentrated water
at a reduced velocity using adequate grass cover. They are generally broad
and shallow drainways to transport surface water across farmland without
causing soil erosion. Grassed waterways are used as outlets to prevent rill
and gully formation. The grass cover slows the flow of water and minimizes
channel erosion. Efficient grassed waterways can transport large water
flows downslope without causing any harm. Grassed waterways also act as
diversion channels. Grasses trap suspended sediments and absorb
dissolved nutrients. It also traps dissolved nitrates, phosphates, herbicides,

and pesticides and improves water quality of adjacent reservoirs.
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Figure 10 Grassed waterways
(Photo courtesy of USDA-
NRCS)

15.4.13 Terracing

Terracing refers to the building of a mechanical structure, a channel and a
bank or an earthen ridge or a stone wall on the land to reduce steepness
of slope and divide the slope into short gently sloping sections. Terraces
are created to encourage infiltration, to intercept surface runoff, or divert
toward a pre-determined and protected safe outlet at a controlled velocity
to avoid soil erosion. Terracing reduces runoff velocity below this threshold
values. It is one of the oldest means of saving soil and water. Moreover, it
is the most widely used soil conservation practice throughout the world.
The diversion terraces are used to intercept runoff and channel it across
the slope to a suitable outlet. The retention terraces are used when the
objective is to conserve water by storing it on the hillside. These terraces
are normally recommended only for permeable soil on slope of less than
4.5°C. The bench terraces consist of series of alternating shelves and risers

and are employed on steep slopes up to 30 °C.

Cut
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Fill

Original land profile

Figure 11 A sketch of a typical bench terrace (FAO 2000)
15.5 Assessment of Soil Erosion by Wind
Wind Erosion Equation

Several factors of wind erosion have been included in the wind erosion
equation (WEQ), which is an erosion model designed to predict long-term
average annual soil losses from a field having specific characteristics. The

equation is shown as
E=f (IKCLV)
where

E = estimated average annual soil loss expressed in tons per hectare per

year

| = soil erodibility index (t ha™ yr?). It is defined as the potential soil loss in

tonnes per hectare per year from a wide, unsheltered isolated field with a
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bare, smooth, non-crusted surface. This index is a function of soil

aggregates greater than 0.84 mm in diameter.

K = soil ridge roughness factor is a measure of soil surface roughness other
than that caused by clods or vegetation, i.e., it is the natural or artificial
roughness of the soil surface in the form of ridges or small undulations. It

can be determined from a linear measure of surface roughness.
C = climatic factor indicated by wind velocity and surface soil moisture

L = equivalent unsheltered distance across the field along the prevailing

wind erosion direction

V = equivalent vegetative cover factor which depends on standing line

biomass, standing dead residue and flattened crop residue.

15.6 Principles of Wind Erosion Control

As early as in 1910, a USDA Farmers’ Bulletin listed actions to control soil

blowing as follows:

e Increase the water content of the soil.

e |ncrease the amount of humus (organic matter).

e Provide a cover of growing vegetation.

e Leave the stubble of the previous crop still standing on the land.

e Provide an artificial cover of straw and brush lines.

e Plant windbreaks to protect fields.

e Leave the soil surface in small clods instead of in a finely pulverized

condition.

24

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”

Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute




X (1A
A\

Problematic soils and their Management

e Roughen the surface by proper cultivation at right angles to the

direction of dangerous winds.
15.7 Wind Erosion Control Measures

Many conservation practices can be implemented to control wind erosion.
Conservation practices are designed to either reduce the wind force at the
soil surface or create a soil surface more resistant to wind forces. Some
practices also trap saltating particles to reduce the abrasion of soil surfaces

downwind.

15.7.1 Stabilization of Soil

Various soil stabilizers have been employed for the control of wind erosion.
Many of these products successfully control wind erosion for a short time.
However, easy and inexpensive stabilization may also be obtained by
vegetative measures such as wheat straw anchored with a rolling disk
packer. Often, chemical soil-stabilizing agents are used with varying
success. The criteria for surface soil stabilizers according to Armbrust and
Lyles (1975) are as follows: (1) 100 % of the soil must be covered, (2) the
stabilizer must not adversely affect plant growth or emergence, (3) erosion
must be prevented initially and reduced for the duration of the severe
erosion hazard, usually for at least 2 months each season, (4) the stabilizer
should apply easily and without special equipment, and (5) cost must be
low enough for profitable use. They found five polymers and one resin-in-
water emulsion that met all these requirements. These were Coherex,

DCA-70, Petroset SB, Polyco 2460, Polyco 2605, and SBR Latex S-2 105.
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These stabilizers may prevent wind erosion if applied to the total soil
surface and at a sufficiently high rate, but their costs are prohibitive. For
applying soil stabilizers in agricultural land, we need to develop (i) methods
for applying large volumes rapidly, (ii) reliable pre-emergent weed control
chemicals for use on coarse-textured soils, (iii) films strong enough to
withstand raindrop impact and still allow water and plant penetration, and
(iv) films that at have no adverse effects on the soil-water—air

environment.

15.7.2 Cover Crops

Cover crop means plants or a green manure crop grown for seasonal soil
protection or soil improvement. Cover crops help control soil movement
and protect the soil surface between crops. Cover crop reduces wind
erosion by shielding the soil with vegetation and anchoring the soil with
roots. Green manuring cover crops are tilled into the ground in the spring,
at least 1 month before planting the next crop. This provides additional
nutrients to the crop, as the cover crop decomposes. The Dust Bowl (a
period of severe dust storms causing major ecological and agricultural
damage to American and Canadian prairie lands in the 1930s) has taught
farmers the importance of planting cover crops for the control of wind
erosion. Legumes, such as soybean or clover, are common choices for
cover crops. Their vegetation reduces ground air pressure, and their roots
hold the soil in place, in addition to their contribution to fixation of

nitrogen.
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15.7.3 Ridging and Surface Roughening

Chepil and Milne (1941) observed that the initial intensity of drifting was
always much less over a ridged than a smooth surface. Ridging cultivated
soils reduces the severity of drifting. However, ridging highly erosive dune
materials was less effective because the ridges disappeared rapidly.
Experimental data showed that the rate of flow varied inversely with
surface roughness. It is influenced by ridge spacing and ridge height, and it
is defined relative to a 1:4 ridge height to ridge spacing ratio. A soil ridge
roughness of 6 cm reduces wind erosion 50 %. Emergency tillage is most
effective when done at right angles to the prevailing wind direction.
Because clods eventually disintegrate (sometimes rapidly), emergency
tillage offers, at best, only temporary wind erosion control (Woodruff et al.

1972).

15.7.4 Residue Management

Residues of the harvested crops protect soil against wind erosion. Standing
crop residues provide non-erodible elements that absorb much of the
shear stress in the boundary layer. When crop residues are sufficiently high
and dense to prevent intervening soil, surface drag from exceeding
threshold drag, soil will not erode. Standing stubble effectively protects the
soil from wind erosion. Stubble mulching is a crop residue management
system using tillage, generally without soil inversion and usually with
blades or V-shaped sweeps. The goal is to leave a desirable quantity of

plant residue on the surface of the soil at all times. Residue is needed for a
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period of time even after the crop is planted to protect the soil from
erosion and to improve infiltration. The residue used is generally that
remaining from a previous crop. Any crop residue, either grown in place or
hauled in and spread, can control wind erosion. Last year’s wheat or corn
residues are uniformly spread over the field; they form effective cover
mulch. However, residues must be spread and anchored to the soil surface
by a packer or an anchoring agent such as cutback asphalt or asphalt
emulsion. Depending on residue type, minimum amounts needed to

control wind erosion are 5-10t ha™.

15.7.5 Wind Barrier

Barriers reduces wind erosion by (1) reducing the field width, (2) reducing
the distance that wind travels in crossing unprotected field strips, (3)
decreasing wind velocity, and (4) trapping wind-blown and saltated soil.
Use of wind barriers is an effective old wind erosion control measure.
Different combinations of trees, shrubs, tall-growing crops, and grasses can
reduce wind erosion. Besides the more conventional tree windbreak many
other barrier systems are used to control wind erosion. They include
annual crops like small grains, corn, sorghum, Sudan grass, sunflowers and
tall wheat grass. Most barrier systems for controlling wind erosion,
however, occupy space that could otherwise be used to produce crops.
They are arranged usually perpendicular to the direction of the prevailing
wind. They reduce the velocity of the wind at the ground level to a distance

approximately ten times of the height of plants.

28

Designed and developed under the aegis of NAHEP Component-2 Project “Investments In ICAR Leadership In Agricultural Higher Education”
Division of Computer Applications, ICAR-Indian Agricultural Statistics Research Institute



X (1A
A\

Problematic soils and their Management

15.7.6 Strip Cropping

The practice of farming land in narrow strips on which the crops alternate
with fallow is an effective aid in controlling wind erosion. Strips are most
effective when they are at right angles to the prevailing wind erosion
direction but also provide some protection from winds that are not
perpendicular to the field strip. Strip cropping reduces erosion damage in
the following ways: it reduces the distance the wind travels across exposed
soil, localizes drifting that starts at a focal point, and reduces wind velocity
across the fallow strip when adjacent fields are covered with tall stubble or

crops.

15.7.7 Stabilization of Dunes

A dune is usually a low hill of sand built by the flow of wind or water. Dunes
occur in different forms and sizes throughout the world, from coastal and
lake shore plains to arid desert regions. In addition to the remarkable
structure and patterns, they are habitats of a variety of life adapted to this
unique environment. Most kinds of dunes are longer on the windward side
where the sand is pushed up the dune and have a shorter slip face in the
lee of the wind. Dunes are sensitive and unstable ecosystems. Dunes need
to be stabilized, and for it, every effort should be made to protect the
integrity of the natural dune ecology. Dune stabilization involves structural
and vegetative measures. Vegetative measures are more effective to
stabilize and rehabilitate the dunes. Vegetation establishment can be done

by planting native grasses, trees, shrubs, or ground covers. Dune grasses
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can be effectively used for dune stabilization. Grass should be planted in a
staggered or diamond pattern for maximum erosion control. Holes should
be spaced 50 cm apart in areas where wind velocities and sand movement
are high. Culm-to-culm distance should be 60 cm in areas not directly
exposed to strong wind. The holes for plants should be between 15 and 25
cm deep to prevent the base of the stem from drying out and to prevent
the entire plant from blowing out. Sand should be firm and moist around
roots, with no air pockets near the base of the plants. Mulch should be
applied between plants to protect plantings against rain and wind. Trees
can be planted in beach grass after it has controlled sand movement, but
before the grass becomes too dense. This may be done about 2 years after

planting beach grass. Spacing of trees should be 2 x 2 m.

The mulch technique which consists of covering the dune uniformly
with a natural or artificial protective cover to prevent saltation can be
adopted on flat or reasonably even surfaces. The mulch can be made of
various materials, such as straw, branches, stalks, plastic film or acrylic
fiber, and mesh.

Disclaimer: All the acknowledgements are made from where the text,

images and tables are taken and there are no copyright violations in the
prepared course content
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Learning Objectives
e Understanding soil compaction in terms of reduced porosity,
aeration, infiltration and increased bulk density.
e Understand the factors for soil compaction, mechanical impedance

to root growth and management of compacted soils.

Glossary of terms

1. Hardpan: It is a hardened soil layer in the lower A or in the B horizon
caused by cementation of soil particles with organic matter, silica,
sesquioxides and calcium carbonate, etc. The hardness does not
change appreciably with variation in soil moisture.

2. Hydraulic conductivity: Hydraulic conductivity is a measure of a
material's capacity to transmit water. It is defined as a constant of
proportionality relating the specific discharge of a porous medium
under a unit hydraulic gradient in Darcy's law

3. Infiltration: Infiltration is the process by which water on the ground
surface enters the soil. Infiltration is governed by two forces, gravity,
