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SECTION A

• Soil quality and health, Distribution of Waste land

and problem soils in India. Their

• categorization based on properties.

SECTION B

• Reclamation and management of Saline and sodic

soils, Acid soils, Acid Sulphate soils, Eroded and

Compacted soils, Flooded soils, Polluted soils.



SECTION C

• Irrigation water – quality and standards,

utilization of saline water in agriculture.

Remote sensing and GIS in diagnosis and

management of problem soils.

SECTION D

Multipurpose tree species, bio remediation

through MPTs of soils, land capability and

classification, land suitability classification.

Problematic soils under different Agro-

ecosystems.



Assignment 
Discuss the soil fertility & Productivity.

 Discuss the brief history of Waste land and problem soils in India.

 Discuss the reclamation and management of Saline and sodic soils.

 Irrigation water – quality and standards.

Discuss the LCC.

Discuss the brief history agro-climatic zone of  India.

Discuss bio-remediation .

Land Suitability Classification.





























THE WASTELANDS IN INDIA 
• About one fourth of the Earth’s surface is covered by land.

• In many instances, the biological and physical makeup of the land
contributes to how it is used.

• Some land areas which contain rich soils are the most suitable zones for
farming. At the same time, some land areas which are prone to be
affected by floods are less suitable for any activity including settlement.
Land is a valuable natural resource. It is the home for all life.

• The needs of human population are met by the land for Food, Fiber,
Medicine, Housing and settlement, Energy supply, Water supply,
Material supply, Engineering construction and also for Congenial
environment for all life to survive.

• Land is the most important ingredient for any ecological and economic
development in the world. When it is good, a land can be used for
several activities including cultivation, construction, grazing and for all
other development works. Land is a terrestrial bio-productive eco
system.

• It comprises of soil, water, plant and other biota.



Land systems are classified 

based on the ecological conditions 

a) Cropland 

b) Barren Land 

c) Wet Land 

d) Arid dry land 

e) Range land 

f) Grass land 

g) Snowy land and 

h) Wastelands. Wasteland is a major category    
by itself. 



• Cropland: It is the land in which crops are
regularly planted and harvested.

• It includes land in fallow or pasture as a part of a
regular rotation system.

• Barren Land are areas characterized by exposed
bed rocks, desert pavements scarps, talus, slides
and other accumulations of rock without
vegetative cones. It is considered to be a track of
up productive land.

• Wet Land is an area of land whose soil is 
saturated with moisture either permanently or 
seasonally. 



The type of wastelands 

a) Degraded land 

b) Stalinized soil 

c) Water logging 

d) Desertification and 

e) Soil erosion. 



1. Gullied or ravenous land 

2. Land with or without scrub 

3. Waterlogged land or Marsh land 

4. Land of soil salinity/alkalinity 

5. Land of shifting cultivation 

6. Underutilized Degraded Notified Forestland 

7. Degraded Pasture/ Grazing Land 

8. Degraded Land of Plantation Crops 

9. Desertic sands or Coastal sands 

10. Mining or industrial waste lands 

11. Barren land with rock/ stony wastes 

12. Steep sloping lands 

13. Snow covered lands 

S. 
No.

Area (in M ha) Area (in %) 





Section B

• Reclamation and management of

saliine and alkali/sodic soil, Acid

soil, Acid sulphate soil, eroded

soil and compacted soil, Flooded

and polluted soils



Saline and Alkaline Soils

• In saline and alkaline soils there is presence an 
excess of sodium salts or predominance of 
sodium among exchangeable bases and pH is 
greater than 7.00.



Saline Soils

• These soil contain primarily the soluble salts 
of chlorides and sulphates of sodium, calcium 
and magnesium. The EC is greater than 4 dSm-
1 and ESP is less than 15% and pH is less than 
8.5. These soils correspond to Hilgards “White 
alkali soils”

• Predominantly Nacl, Na2 SO4 and Na2 CO3 is 
always absent in saline soils.



Alkali/ Sodic Soils

These soils contain of sodium on the exchange 
complex. The ESP is greater than 15%, pH is 
greater than (8.5-10) and EC is less than 4 dSm-1. 

These soils were called black alkali/ Sodic
soil/degraded alkali soil.

Due to high pH and dominance of Na+ in this 
soils, SOM dissolves and comes into the soil 
solution.

Alkali soils may be divided into following groups 



a. Saline alkali Soils
• When they contain soluble salt in excess. The ESP is 

greater than 15%, pH is more than 8.5 and EC greater 
than 4 dSm-1, they are known as saline alkali soils.

• b. Non saline alkali soils (alkali soils) When they do not 
contain soluble salt they are known as non saline alkali 
soils.

• c. Degraded alkali soils: Under certain circumstances 
the clay clay complex of some alkali soils is broken 
down to give rise to degraded alkali soils. The ESP is 
greater than 15% and EC is less than 4 dSm-1.

• These soils absent CaCO3, horizon A and B acidic, Dark-
coloured, compact soils, low infiltration



Area under Saline and Alkali soils
State Area (Lakh ha) State Area (Lakh ha)

UP 12.95 Karnataka 4.04

Gujrat 12.14 MP 2.24

West Bengal 8.50 AP 0.42

Rajasthan 7.28 Delhi 0.16

Punjab 6.89 Kerala 0.04

Maharashtra 5.34 Bihar 0.04

Haryana 5.26 TN 0.04

Orissa 4.04 Total Area 69.49 

(7 million ha)



Detrimental effects of soil salinity and alkanity

• Bad effect of saline soils:

• Absorption of water and nutrients

• Salt toxicity

• Bad effect of Alkali soils:

• Physical properties affected

• Availability of plant nutrients reduced



Reclamation of Alkali and saline Soils

• Principle for any reclamation technique  to be 

permanent, three essential requirements have 

to be met with (Kelley 1951)

• The land must be prevented from reverting to 

original conditions

• Salt of alkali must be remove from red zones

• The repair of the damage, already done to the 

soil, should be substantial.



Reclamation of saline soils:

• 1. Mechanical Method:

• Construction of embankment to prevent tidal 
see water.

• Land leveling and contour bunding.

• Establishment of drainage network.

• Breaking of hardpan in the subsurface layer 
through boring auger hole



• 2. Hydrological :

• Flushing of salt

• Leaching of salt

• Drainage 

• 3. Chemical Method:

• Use of amendments like Fe S2,Lime sulphur

• 4. Physical Methods:

• Scraping of salt crust.

• Deep tillage, subsoiling, profile inversion

• Use of soil conditioners e.g. sand,tanch, ash, 
manure and synthetic polymers like PVPC.



Saltwater and drainage is a continual problem for 
lowland agriculture near Puget Sound.



Solutions:  Soil Conservation



• Biological Method:

• Use of manures

• Green manure

• Water hyacinth 

• Selection of salt tolerant crops variety for 
partially reclaimed soil

• Ex. CSR 23, CSR89 and CSR 36

• KRL 210, KRL211 and KRL1-4



Water hyacinth in lakes and rivers due to pollution 
-chokes fish landing sites, e.t.c.



Reclamation of Alkali/ sodic soils
• Chemical methods:

• Application of Gypsum

• Na2 CO3 + CaSO4- CaCO3 + Na2 SO4

• Use of Sulphur:

• 2S + 2H2O +3O2- 2H2SO4

• Na2 CO3+H2SO4-CO2 +H2O+ Na2 SO4

• Adding of OM:

• Use of Sulphuric acid :

• Na2 CO3+H2SO4-CO2 +H2O+ Na2 SO4



Cultural method
• Mechanical Method:

• Construction of embankment to prevent tidal 

see water.

• Land leveling and contour bunding.

• Establishment of drainage network.

• Breaking of hardpan in the subsurface layer 

through boring auger hole



Hydrological :

• Flushing of salt

• Leaching of salt

• Drainage 

Physical Methods:

• Scraping of salt crust.

• Deep tillage, subsoiling, profile inversion

• Use of soil conditioners e.g. sand,tanch, ash, manure and synthetic 
polymers like PVPC.

• Biological Method:

• Use of manures

• Green manure

• Water hyacinth 

• Selection of salt tolerant crops variety for partially reclaimed soil

• Ex. CSR 23, CSR89 and CSR 36

• KRL 210, KRL211 and KRL1-4



Management of saline and Alkali soils

• Selection of crops varieties 

• Tillage

• Layout

• Seed rate and spacing

• Irrigation and Dranage

• Fertilizers



Acid and acid sulphate soils

• Out of 157 million hectares of

cultivated land of India,

approximately 49 million hectares of

land are acidic, in which 26 million

hectare of land pH value less than 5.6

and the rest 23 million hectare of

land having pH range 5.6-6.5.



Acid Soils

• Acid soil is a base unsaturated soil which has

got enough of adsorbed exchangeable

hydrogen ions (H+) so that to give soil a pH of

lower than7.0.

• In acid soil most of the plant nutrients become

unavailable form and consequently plant

growth is affected.



Source of hydrogen Ions

• Soil acidity is caused by ion able hydrogen 

ions. The sources of H ions are moderately 

acid soil, Strongly acid soils and acid sulphate 

soils.

• Nature of acidity : Active acidity (H+ remains  

freely present in soil sulphate  soil)

• Exchangeable acidity

• Residual acidity 



Development and Formation of Acid Soils

• Leading due to heavy rainfall.

• Microbiological action. 

• Acid parent rock material.

• Removal of bases by crops.

• Application of acid-forming fertilizer.
• Ca (Colloid) + (NH4)2 SO4 – 2NH4 (Colloid) + CaSO4.

• 2NH4 (Colloid) +3O2 - Nitrification 2H (Colloid) +2HNO3.



Effects of Soil Acidity on plants

• Toxic effect of H on root tissues

• Effect on permeability of plant membrane 

• Adverse effect on the availability of nutrients 

i.e. P, Cu, Zn etc.

• Al, Mn and Fe become available in toxic 

amount

• Activities of soil microorganisms adversely 

affected



Reclamation of acid soils or Management

• Addition of lime 

• Use of basic fertilizer, e.g Sodium Nitrate

• Soil and water Management

• Growing of acid tolerant crop varieties

• Lime requirement :

• a. Laboratory  b. Field method

• Method of application : Lime should be applied 
one or two months before the sowing of crop.

• Lime should be well-mixed in the soil.



• Increasing the efficiency of nitrogen and 

potassic fertilizers in acid soils 

• Water management 

• Lime materials :

• Lime stone (CaCO3)

• Quick lime (CaO)

• Hydrated lime (Ca(OH)2)

• Basic slag (CaSiO)3)

• Dolomitic lime stone (CaMg(CO3)2)

• Miscellaneous sources, such as wood ash etc.



Efficiency of liming material

• a. Chemical composition  e.g., oxide or hydroxide

• b. Fineness of liming material.

• Effect of lime on acid soil.

• Lime makes P more available 

• Increases availability of N, K, Ca, Mg etc.

• Encourages the activities of soil microorganisms

• Renders Al, Fe and Mn insoluble and harmless

• Improves physical condition of soil.

• Checks soil erosion

• Increases fertilizer effectiveness

• Decreases plant diseases.



Area of acid soils in India

Soil Groups pH  

Range

Area 

(mha)

States

Laterites soils 4.8-7.0 12.65 Mysore,MP, Orissa, 

WB,Maharashtra, Kerala, Assam

and Bihar

Laterite and laterite red 

soils

5.0-7.0 11.80 Kerala, Orissa, WB, and Assam

in Bihar, MP and  UP

Mixed red and 

black/yellow soils

5.5-6.5 23.66 Mysore, Bihar, MP and UP



Acid sulphate soil

• These soils are extremely acid soils (pH below 4)

• The acidity is due to the presence of sulphuric

acid and iron (Fe) and Aluminium sulphates.

• Management of Acid sulphate Soils

• When submerged, these soils are nearly natural

in reaction. In order to keep these soils normal,

the soils are keep flooded or saturated.

• Liming of soils are also effective in keeping soil

normal.



Eroded Soils
• It is process of detachment and transportation of soil by natural 

agencies like water, wind etc. that affected soils known as eroded 
soils.

Nearly 5.5 mha area is affected by soil erosion. Area affected by wind 
erosion is estimated to be 0.90 mha, 0.15 mha by glacial erosion, 
2.92 mha by sheet and rill erosion and 1.53 mha area is under gullies 
erosion. 

• Development of eroded soils

• Water erosion:

• Rainfall

• Slope of the land 

• Vegetation

• Tillage

• Nature of the soil like texture, structure, OM, presence of hard pan 
and high water table. 



Type of water erosion

• Splash erosion

• Sheet erosion

• Rill erosion 

• Gully erosion 

• Slip erosion

• Stream bank erosion

• Sea-shore erosion

• Soil and water conservation 





Soil erosion in a wheat field



Type of wind erosion

• Saltation

• Soil creep

• Soil suspension

Tillage

Soil structure

Organic matter

Barren surface

Continuous dry weather

Wind velocity and turbulence.



Soil Degradation on Irrigated Land

• Salinization 

• Water logging
Evaporation

Transpiration
Evaporation

Waterlogging

Less permeable

clay layer



Control of eroded soils formation
• Reduce the erodibility of the soil

• Reduce wind velocity at ground level.

Conservation of soil moisture

Vegetative cover

Mulching

Trash tillage

 Increasing SOM

Regulating grazing

Strip cropping

Wind break and shelterbelt

Vegetative barriers



Traditional

Industrialized

Plantation



Causes of eroded soils

• Deforestation and overgrazing of pastures 

Loss of soil moisture

No Vegetative cover

Decreasing SOM

No wind break and shelterbelt

No Vegetative barriers



Overgrazing typically strips the land of any natural protection 

and leaves the soil very susceptible to erosion



Polluted Soil 

• The term of pollution is derived from Latin

word

• Pollution comes from Polluere word.

“Soil pollution is defined as the build-up in soils

of persistent toxic compounds, chemicals,

salts, radioactive materials, or disease causing

agents, which have adverse effect on plant

growth, animal health and human health”.



Soil Pollution

Soil pollution is caused by the presence of chemicals or other

alteration in the natural soil environment.

Resulting in a change of the soil quality

likely to affect the normal use of the soil or endangering public

health and the living environment.



Causes of Soil Pollution

• Soil erosion/degradation is the loss of top soil erodes 
fertility of soil & reduces its water-holding capacity. 

• Excessive farming, construction, overgrazing, burning of 
grass cover and deforestation

• Excess salts and water (Salinization)

• Excessive use of fertilizers & pesticides

• Solid waste sewage.

• Seepage from a landfill.

• Discharge of industrial waste into the soil.

• Percolation of contaminated water into the soil.

: 





The most chemicals involved in 

causing soil pollution are :

• Petroleum hydrocarbons.

• Heavy metals.

• Pesticides.

• Solvents.



Type of soil pollution

1. Agricultural soil pollution

i) Pollution of surface soil.

ii) Pollution of underground soil.

2. Soil pollution by Industrial materials 

i) Pollution of surface soil.

ii) Disturbances in soil profile.

3. Soil pollution by Urban activities

i) Pollution of surface soil.

ii) Pollution of underground soil.



Sources of soil pollution

a. Agrochemicals : 1. Pesticides 2. Insecticides 
3. Herbicides 4. Fungicides 5. Fertilizers 

b. Industrial wastes : 1. Effluents 2. Dust and 
others wastes 3. Radioactive wastes 4. Heavy 
Metals 5. Acid precipitation.

c. Urban wastes : Municipal solid wastes           
2. Municipal sewage 3. Vehicular exhaust

d. Rural wastes : 1. Home wastes 2.Litter          
3. Livestock wastes 4. Plant residues 5. 
Sediments



Result of soil pollution

• A soil pollutant is any factor which

deteriorates the quality, texture and minerals

contents of the soil or which disturb the

biological balance of the organisms in the soil.

• Pollution in soil has adverse effect on plant 

growth.



Effects of soil pollution

• Agricultural

• Reduced soil fertility

• Reduced nitrogen fixation 

• Increased erodibility

• Larger loss of soil and nutrients

• Deposition of silt in tanks and reservoirs 

• Reduced crop yield

• Imbalance in soil fauna and flora



Industrial
• Dangerous chemicals entering underground 

water

• Ecological imbalance

• Release of pollutant gases

• Release of radioactive rays causing health 

problems

• Increased salinity

• Reduced vegetation



Urban 

• Clogging of drains

• Inundation of area

• Public health problems

• Pollution of drinking water sources

• Foul smell and release of gases

• Wastes management problems.



Control of soil pollution 

• To help prevent of soil erosion.

• We can limit construction in sensitive

area. In general we would need less

fertilizers and fewer pesticides if we

could all adopt the three R’s:

Reduce, Reuse and Recycle



• Reducing chemical fertilizer and pesticide use.

Applying bio-fertilizers and manure can

reduce chemical fertilizers and pesticides

use. Biological methods of pest control

can also reduce the use of pesticides and

thereby minimize soil pollution.

• Reusing of materials : Materials such as

glass containers, plastic bags, paper, cloth

etc. can be reused at domestic levels

rather than being disposed, reducing solid

waste pollution.



Recycling and recovery materials

• This is the reasonable solution for

reducing soil pollution. Materials such as

paper, some kind of plastics and glass can

and are being recycled. This decreases the

volume of refuse and help in the

conservation of natural resources. For

Example recovery of one tonne of paper

can save 17 trees.



Reforesting 
• Control of land loss and soil erosion can be attempted

through restoring forest and grass cover to check
wastelands. Soil erosion and floods. Crop rotation and
mixed cropping can improve the fertility of the land.

• Solid waste treatments :Proper methods
should be adopted for management of solid
waste disposal.

• Industrial waste can be treated by physically,
Chemically and biologically until they are less
hazardous.

• Acidic and Alkaline waste should be first
neutralized etc.



Flooded Soil 
“Flooded soil are a condition in which an area of soil

is oversaturated with water, often due natural
occurrence or with intended purpose for agricultural
reasons”.

Flood reclamation : The impact of land reclamation
coastal environment and marine ecology is well
recognized and widely studied. It has not been
recognized yet that reclamation may change the
regional ground water regime, which may in turn
modify the coastal environment, flooding pattern
and stability of slopes and foundations.



Flood control 

• Some methods of flood control have been

practiced are following

• These methods include planting vegetation

to retain extra water, terracing hillsides to

slow flow downhill and the construction of

floodways, other techniques include the

construction of levees, lakes, dams,

reservoirs, retention ponds to hold extra

water during times of flooding.



Management of flooded soil

• Dams

• Diversion canals

• Floodplains and ground water replenishment

• River defenses

• Coastal defenses

• Self-closing flood barrier

• Temporary perimeter barriers





Compacted Soil 

• Soil liners have traditionally been

compacted in the field to a minimum dry

weight over a specified range in water

content. This approach evolved from the

practice for structural fills for which

strength and compressibility are of

primary concern. With soil liners,

hydraulic pressure etc.



Management of compacted soil 

• Deep tillage

• Sub-soiling

• Profile inversion

• Breaking of hardpan in the

subsurface layer through boring

auger hole etc.




