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The term ‘Soil’ has been derived

from Latin word ‘Solum’ this

means earthy material necessary

for the growth of plants.

Soil may be defined as a mixture of

organic as well as weathered rock

materials present in the uppermost

part of earth.

The soil is formed through a

number of physical, chemical and

biological processes occurring

slowly for long periods of time.



Important functions of SOIL are the following:
1. Sustaining biomass production to meet basic

necessities of a growing human population
2. Providing habitat for biota and a vast gene pool or a

seed bank for biodiversity
3. Creating mechanisms for elemental cycling and

biomass transformation
4. Moderating environment, especially quality of air and

water resources, waste treatment and remediation
5. Supporting engineering design as foundation for civil

structures, and as a source of raw material for
industrial uses

6. Preserving archeological, geological, and astronomical
records

7. Maintaining aesthetical values of the landscape and
ecosystem, and preserving cultural heritage



Soil health

❖ Soil health, also referred to as soil quality,
is defined as the continued capacity of soil to
function as a vital living ecosystem that
sustains plants, animals, and humans.

❖This definition speaks to the importance of
managing soils so they are sustainable for
future generations

(Source:  United States Department of Agriculture)
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50% pore 
space

50% solid 
material

25% air

25% water

45 to 48% 
mineral 
matter

2 to 5% organic matter

Volume composition of a desirable surface soil



Soil properties

A. Texture
B. Adhesive-Cohesive properties 

(Plasticity/Stickiness)
C. Structure
D. Color
E. Density



A. Texture

• Relative proportion of sand, silt, clay sized 
particles in a soil

• Does not change (in human lifetime)

• Most important property for agricultural and 
engineering uses



Soil particles

❖ Sand:

▪Particles range in size
from very fine (0.05 mm)
to very coarse (2.0 mm)
in average diameter.

▪Most particles can be
seen without a
magnifying glass.

▪Feel coarse and gritty
when rubbed between
the thumb and fingers,

except for mica flakes.

Sand texture
(Photo by Jim Baker, Virginia Tech)



Soil particles

❖Silt:

▪Particles range in 
size from 0.05 mm to 
0.002 mm.

▪Cannot usually be 
seen by the unaided 
eye 

▪When moistened, 
silt feels smooth but 
is not slick or sticky. 
When dry, it is 
smooth and floury 

Silt loam texture
(photo by Jim Baker, Virginia Tech)



Soil particles

❖ Clay:

▪Particles are finer 
than 0.002 mm.

▪Can be seen only 
with the aid of an 
electron microscope. 

▪Feels extremely 
smooth or powdery 
when dry, and 
becomes plastic and 
sticky when wet. Clay texture

(Photo by Jim Baker, Virginia Tech) 



• USDA fine earth fraction (“soil separates”):

– Sand 0.05 – 2.0 mm

• Very coarse  1.0 – 2.0

• Coarse  0.5 – 1.0

• Medium 0.25 – 0.5

• Fine  0.1 – 0.25

• Very fine  0.05 – 0.1

– Silt 0.05 – 0.002

– Clay <0.002



C. Structure

• Way in which soil particles are assembled in 
aggregate form

• Results from pedogenic processes

• Structural unit is ped

– e.g., blocky soil has blocks as peds

– Ped:  < cm to several cm





Structures:

1. Platy: flat horizontal units; diverse sizes



2. Prismlike: tall peds with flat sides

Prismatic: flat tops

Columnar: rounded tops 





3. Blocky

Angular: flat faces, sharp corners

Subangular: faces and corners are 
rounded





Angular blocky
Subangular blocky

columnar
prismatic



4. Granular: roughly spherical; porous



5. wedge-shaped peds: form in clays 
where cracking and swelling cause 

soils to slide along planes



6. Structureless

single-grained

massive



What gives structure to soil?

• Organic gums (HUMUS!)

– Decay products

– Shrink and crack on drying

• Shrink-swell clays

• Roots

• Freeze/thaw cycles

• Soil animals



Soil porosity and bulk density

❖Soil porosity, or pore space, is the volume percentage of the total soil that 
is not occupied by solid particles. Pore space is commonly expressed as a 
percentage: 

% pore space = 100 - [bulk density ÷ particle density x 100]

▪Bulk density is the dry mass of soil solids per unit volume of soils.

▪Particle density is the density of soil solids, which is assumed to be 
constant at 2.65 g/cm3.

❖Bulk densities of mineral soils are usually in the range of 1.1 to 1.7 g/cm3. 
A soil with a bulk density of about 1.32 g/cm3 will generally possess the 
ideal soil condition of 50% solids and 50% pore space. 

❖Under field conditions, pore space is filled with a variable mix of water 
and air: 

▪If soil particles are packed closely together, total porosity will be low 
and bulk density will be high. 

▪If soil particles are arranged in porous aggregates, total porosity will be 
high and bulk density will be low.



Soil porosity: Macropores and micropores

❖The size of the 
individual pore spaces, 
rather than their 
combined volume, will 
have the most effect on 
air and water movement 
in soil. 
❖Pores smaller than 
about 0.05 mm (or finer 
than sand) in diameter 
are typically called 
micropores.
❖Pores larger than 0.05 
mm are called 
macropores. 

micro-

pores

macro-

pores



Soil porosity: Macropores and micropores

❖Macropores allow the ready movement of air, 
roots, and percolating water.

▪Movement of air and water through a coarse-
textured sandy soil is often rapid despite its low 
total porosity because of the dominance of 
macropores.

❖Micropores in moist soils are typically filled with 
water, and this does not permit much air movement 
into or out of the soil. 

▪Movement of air and water through a fine 
textured clay soil may be slow (see picture at 
right) despite high total porosity because of the 
dominance of micropores.

Jim Baker, Virginia Tech



Soil organic matter

❖Soil organic matter: 

▪Plant and animal residues in various stages of 
decay. 

▪Sources: dead roots, root exudates, litter and 
leaf drop, and the bodies of soil animals such as 
insects and worms.  

▪Primary energy and nutrient source for insects, 
bacteria, fungi, and other soil organisms. 

▪After decomposition, nutrients released from 
the residues available for use by growing plants.

❖Soil humus: 

▪Fully decomposed and stable organic matter.  

▪Most reactive and important component of soil organic matter.

▪Form of soil organic material that is typically reported as “organic matter” on 
soil testing reports. 





PROCESS PROPERTIES SOIL FUNCTIONS



PROCESS PROPERTIES SOIL FUNCTIONS



Management practices to improve 
soil health

1. Reduce Inversion Tillage and Soil Traffic

❖ Tillage increases oxygen in the soil

❖ Stimulating microbial activity,

❖ Decomposition of organic matter.

❖Disrupts soil aggregates, exposing particles of
organic matter.

❖ If additions of organic matter are not sufficient
to counteract the losses from decomposition,
organic matter levels will decline over time,
reducing soil health.
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❖Tillage can also disrupt the hyphal network of
mycorrhizal fungi, which can lead to their
decline over time.

❖When not managed carefully, most inversion
and non inversion tillage methods compact
the subsoil.

❖ Excessive wheel and foot traffic can compact
the surface soil, reducing macroporosity and
impeding root growth.
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2. Increase Organic Matter Inputs

❖ To maintain or increase soil organic matter levels,
sufficient organic matter should be added.

❖Healthy crops can be a valuable source of organic
matter, and crop residues should be returned to the
soil to the extent possible.

❖ Incorporation of animal waste, green manure and
compost can also be used to increase or maintain
soil organic matter.

❖Soil organic matter content analysis should be
done over time.
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3. Use Cover Crops

❖Cover crops reduces the risk of erosion.
❖The biomass produced by cover crops enhance

organic matter levels of soil.
❖Cover crops with taproots can create

macropores and alleviate compaction.
❖ Fibrous-rooted cover crops can promote

aggregation and stabilize the soil.
❖Some Species of cover crops increase the

population of beneficial fungi.
❖ Legume cover crops helps in fixation of

nitrogen.
❖Cover crops can retain nitrate and other

nutrients that are susceptible to leaching losses.
36



4. Reduce Pesticide Use and Provide 
Habitat for Beneficial Organisms

❖ Beneficial insects can be harmed by the
application of broad-spectrum
insecticides.

❖ Farmscaping is a whole-farm, ecological
approach to increase and manage
biodiversity with the goal of increasing
the presence of beneficial organisms.
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❖ Farmscaping methods include the use of
insectary plants, hedgerows, cover crops,
and water reservoirs to attract and
support populations of beneficial
organisms.

❖ Farmscapes placed in contours between
fields, steep ditches, or places that are
easily eroded give stability to the soil.

❖Farmscaping can also be used as a filter
strip to prevent water runoff and soil
erosion.
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5. Rotate Crops

❖To break up soilborne pest and disease life
cycles.

❖Rotations can also assist in managing weeds.

❖Rotating crops can also help reduce nutrient
excesses.
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6. Manage Nutrients

❖Carefully planning the timing, application
method, and quantity of manure, compost,
and other fertilizers minimize nutrient
excesses.

❖Healthy, vigorous plants that grow quickly
are better able to withstand pest damage.

❖Overfertilizing crops can increase pest
problems.
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❖ Excessive nitrogen levels in plants decrease
their resistance to pests.

❖Maintaining a soil pH appropriate for the crop
to be grown will improve nutrient availability
and reduce toxicity.

❖Maintaining adequate calcium levels will help
earthworms thrive and improve soil
aggregation

(Source: https://extension.psu.edu/managing-soil-health-concepts-and-
practices)
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Conclusion

❑Soil is the media of food production, so it should
be properly managed with OM, biofertilizer,
biochar, mulching, and crop rotation
with legume crop.

❑ Reduced tillage, chemical fertilizer, and
pesticide use will eliminate carbon emissions
and prevent loss of soil biodiversity.

❑Therefore it is important to manage soil health
so that future aspects could meet the
necessities.
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The soils which possess characteristics that make

them uneconomical for the cultivation of crops

without adopting proper reclamation measures

are known as problem soils.

Types of problem soils 

Physical problem soils 

Chemical Problem soils 

Biological Problem soils 

Nutritional problem soils as a result 

of above constraints 



Types, formation and 

distribution of salt 

affected soils in India. 



The alkali/ sodic soils are largely predominant in the Indo-

Gangetic plains encompassing States of Punjab, Haryana,

Uttar Pradesh & Bihar and partly in states like,

Chhattisgarh, Rajasthan, Andhra Pradesh, Gujarat,

Maharashtra, Karnataka, Andhra Pradesh, Madhya Pradesh

and Tamil Nadu.

The saline soils are found mainly in the States of

Gujarat, Bihar, Haryana, Rajasthan, Maharashtra,

Odisha, Andhra Pradesh, Kerala, Tamil Nadu,

Uttar Pradesh and West Bengal. Isolated patches

of problem soils are also found in other States.

The maximum salt affected soils are in Gujarat (2.22 m ha) followed

by Uttar Pradesh (1.37 m ha).

http://www.fao.org/docrep/x5871e/x5871e03.htm

http://www.fao.org/docrep/x5871e/x5871e03.htm


Indian scenario

India’s total salt affected area is 6.74 M

ha,

out of which 3.79 M ha is suffering from

sodicity and the rest

2.95 M ha is affected with salinity

problems (also includes 1.25 M ha coastal

saline soils).

Salt affected soils exist across the length

and breadth of India covering 16

States/Union Territories.
http://www.fao.org/docrep/x5871e/x5871e03.htm

http://www.fao.org/docrep/x5871e/x5871e03.htm


 Central Soil Salinity Research Institute

(CSSRI) was established at Karnal in 1969

(Regional Stations at RRS, Bharuch, RRS,

Canning Town Kolkata, RRS, Lucknow) to

develop strategies for reclamation and

management of salt affected soils and

judicious use of poor quality ground water

resources.



Origin of salts

Soil weathering process- primary

salinization due to salt release during

weathering process.

Accumulation of the salt on the surface

due to irrigation under inadequate

drainage

 Irrigation with salty underground water

Shallow water table due to inappropriate

management of water



Origin of salts

Fossil salts- earlier deposits or entrapped

solution in former marine deposits

Seepage from the up slopes containing

salts

Ocean- by the ingress of sea water

through tidal waves, underground

aquifers or through wind transport of salt

spray.

Chemical fertilizers & waste materials



Classification:

SOIL TYPE Ec dS/m ESP pH

SALINE SOILS >4 <15 < 8.5

ALKALI/ SODIC SOILS <4 >15 >8.5

SALINE-ALKALI >4 >15 > 8.5

•The USDA system: The USDA salinity Laboratory staff (Richards, 1954)

•The FAO- UNESCO system (FAO, 1974)
•Solonchak soil- High salinity within 125 cm of the 
surface (>15dS/m)
•Solonetz soils:  upper 40 cm has ESP >15 & more 
exchangeable Na + Mg than Ca + exchangeable acidity 
(pH 8.2)



Indian system (Bhargava et al, 1976; 

Bhumbla, 1977 & Abrol et al, 1980)

SOIL

TYPE

Ec

dS/m

ESP pH Nature of the soluble salts

SALINE

SOILS

>4 <15 < 8.2 Neutral, mostly chlorides

& sulphates of Na, Ca and

Mg; HCO3 may be present

but CO3 is absent

ALKALI/

SODIC

SOILS

<4 >15 >8.2 Capable of alkaline

hydrolysis, preponderance

of HCO3 & CO3 of

sodium



THANK YOU ALL



Extent and distribution of waste lands and other problem soils  

 

 



 



 

 

 
  



 
  



 
 

 

 

 



Categorization of waste land and problem soils based on properties  

 

The soils which possess characteristics that make them uneconomical for the cultivation of crops 

without adopting proper reclamation measures are known as problem soils. 

Types of problem soils  

➢ Physical problem soils  

➢ Chemical Problem soils  

➢ Biological Problem soils  

➢ Nutritional problem soils as a result of above constraints  

 

A) Soils with Physical problems  

1. Slow permeable soils/Impermeable soils and their management 

Slow permeable soil is mainly due to very high clay content, infiltration rate < 6cm/day, so more 

runoff which eventually leads to soil erosion and nutrient removal. Since the capillary porosity is 

high it leads to impeded drainage, poor aeration and reduced conditions. 

Remedial measures  

(i) Incorporation of organics:  

(ii) Formation of ridges and furrows:  

iii) Formation of broad beds 

iv) Providing open/ subsurface drainage  

v). Huge quantity of sand /red soil application to change the texture  

vi). Contour /compartmental bunding to increase the infiltration  

vii). Application of soil conditioners like vermiculite to reduce runoff and erosion 

2. 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. It is 

predominant in Alfisols but also occur in other soils too.  

Impact on soil properties  

Prevent germination of seeds and retards root growth  

Results in poor infiltration and accelerates surface runoff  

Creates poor aeration in the rhizosphere  

Affects nodule formation in leguminous crops  

Remedial measures  

i. When the soil is at optimum moisture regime, ploughing is to be done.  

ii. Lime or gypsum @ 2 t ha-1 may be uniformly spread and another ploughing given for 

blending of amendment with the surface soil. 

iii. Farm yard manure or composted coir pith @ 12.5 t ha-1 or other organics may be applied 

to improve the physical properties of the soils. 

iv. Scraping the surface soil by tooth harrow will be useful.  

v. Bold grained seeds may be used for sowing on the crusted soils.  



vi. More number of seeds/hill may be adopted for small seeded crops.  

vii. Sprinkling water at periodical intervals may be done wherever possible.  

viii. Resistant crops like cowpea can be grown. 

3. Sub soil hard pan  

Occurrence and Causes  

Sub soil hard pan is commonly found in red soils. Though soil is fertile, crops cannot absorb 

nutrients from the soil which leads to reduction in crop yields. 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. 

 

Impact on soil physical properties  

The sub soil hard pan is characterized by high bulk density(>1.8 Mg m-3) which in turn lowers 

infiltration, water holding capacity, available water and movement of air and nutrients with 

concomitant effect on the yield of crops. 

Chiselling technology to overcome the sub soil hard pan 

4. Shallow soils  

Shallow soils are formed due to the presence of parent rocks immediately below the soil surface ( 

15-20 cm depth).  

Impact  

The shallow soil restricts root elongation and spreading. Due to shallowness less volume of soil is 

available exhaustive soil nutrients.  

Management  

➢ Growing shallow rooted crops.  

➢ Frequent renewal of soil fertility  

➢ Growing crops that can withstand shallowness (Mango, country goose berry, fig, tamarind, 

ber and cashew etc)  

 

5. Highly permeable soils  

Occurrence and Causes  

Sandy soils containing more than 70 per cent sand fractions occur in coastal areas, river delta and 

in the desert belts.  

Impact  

poor water retention capacity, very high hydraulic conductivity and infiltration rates.  

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.  

Management technology  

➢ The soils should be ploughed uniformly.  

➢ Application of clay soil up to a level 100 t ha-1 based on the severity  of the problem and 

availability of clay materials Application of organic materials like farm yard manure, 

compost, press mud, sugar factory slurry, composted coir pith, sewage sludge etc  



➢ Providing asphalt sheet, polythene sheets etc. below the soil surface to reduce the infiltration 

rate  

➢ Crop rotation with green manure crops like Sunhemp, sesbania, daincha, kolinchi etc  

➢ Frequent irrigation with low quantity of water  

➢ Frequent split application of fertilizers and slow release fertilizers like neem coated urea  

 

6. Heavy clay soils  

Clay soils are referred as heavy soils. it should be made up of about 40% clay particles, the finest 

particles found in soil. This is also slowly permeable soils.  

Main production constraints  

Heavy have very hard consistence when dry and very plastic and sticky ("heavy") when wet. 

Therefore the workability of the soil is often limited to very short periods of medium (optimal) 

water status. However, tillage operations can be performed in the dry season with heavy 

machinery. Mechanical tillage in the wet season causes serious soil. 

Most of the heavy clay soils belonging to Vertisols are chemically rich and are capable of 

sustaining continuous cropping. 

 

7. Fluffy paddy soils  

It is formed due to the continuous rice-rice cropping sequence.  

Impact of fluffiness  

high pulling power needed for the bullocks and slow movement of labourers during the puddling 

operations.  

low bulk density and very rapid hydraulic conductivity which in turn affects anchorage to the roots 

and the potential yield of crops is adversely affected.  

 

Management Methodology  

➢ Irrigation should be stopped 10 days before the harvest of rice crop  

➢ After the harvest of rice, when the soil is under semi-dry condition  

➢ Usual preparatory cultivation is carried out after compaction.  

 

B) Chemical Problem soils  

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. 

 

SOIL TYPE pH ESP Ec dS/m remarks 

SALINE SOILS < 8.5 <15 >4  white alkali” or “solonchack” 

ALKALI/ SODIC 

SOILS 

8.5-10.0  >15 <4  Solonetz 

SALINE-ALKALI  usually > 

8.5 

 

>15 >4  When soils dominated by exchangeable 

sodium, the pH will be > 8.5 and when 

soils dominated by soluble salts, the pH 

will be < 8.5. 

 



 

Alkali or sodic soil is defined as a soil having a conductivity of the saturation extract less than 4 

dS m-1 and an exchangeable sodium percentage greater than 15. The pH is usually between 8.5 – 

10.0. 

 

2. Acid Soils: Acid soils are highly leached, generally poor in fertility and water holding capacity 

with pH value of less than 5.5. Such soils are having production potential but due to severe 

deficiencies of phosphorus, calcium, magnesium, molybdenum and toxicities of aluminum & 

iron, soil productivity decreases over the years. 

 

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. 

 

4. Calcareous soil  

    Calcareous soil that contains enough free calcium carbonate (CaCO3) and give effervescence 

visibly releasing CO2 gas when treated with dilute 0.1 N hydrochloric acid. The pH of 

calcareous soil is > 8.5 and it is also regarded as an alkaline 

 

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 

 

C) BIOLOGICAL PROBLEM SOILS 

 

D) ERODED SOILS: Water/ wind erosion 

 

 

 



SALINE AND SODIC SOILS



















































































































https://www.slideshare.net/pabitramani/sodic-soil-pkm



MANAGEMENT 
STRATEGIES FOR 
SALINE AND SODIC SOILS



Cations are positively charged ions 

such as calcium (Ca2+), magnesium 
(Mg2+), and potassium (K+), sodium 

(Na+) hydrogen (H+), aluminum 
(Al3+), iron (Fe2+), manganese 
(Mn2+), zinc (Zn2+) and copper 

(Cu2+). The capacity of the soil to 
hold on to these cations called the 

cation exchange capacity (CEC). 

A sodic soil is defined as 

a soil with an 
exchangeable sodium of 

greater than 6% of the 
cation exchange 

capacity.

























































1 dS/m = 1000 µS/cm

=1 mS/cm= 1 millimho/cm







https://www.slideshare.net/pabitramani/sodic-soil-pkm



ACID AND ACID SULPHATE SOILS

 The most common classes of soil pH are: 

 Extremely acid 3.5 – 4.4 

 Very strongly acid 4.5 – 5.0 

 Strongly acid 5.1 – 5.5 

 Moderately acid 5.6 – 6.0 

 Slightly acid 6.1 – 6.4 

(USDA Natural Resources Conservation 

Service, 1998)

 Acid soils are those that have a pH value of less 

than 5.5 for most of the year.



In India 49 Mha land are acidic 

(out of cultivable area of 157 Mha-31.2%; 

8% of total geographical area)

pH > 5.6= 26 Mha

pH   5.6 - 6.5= 23 Mha



In India, Strong and very strongly acid soils (pH

4.5- 5.5) have been reported in the north-eastern,

eastern and peninsular regions including Bihar

plateau, sub-plateau regions of Bengal and major

parts of Odisha, Andhra Pradesh, Telangana,

Tamil Nadu, Kerala, Maharashtra, and Bay

Islands.

Moderately acid soils (pH 5.6-6.5) are found in the

states namely, Gujarat, Karnataka, Madhya

Pradesh (parts), Chhattisgarh (hills), Uttar

Pradesh and Uttarakhand (Panda et al., 1996).



A) MANDAL (1974) HAS CLASSIFIED

ACID SOILS OF INDIA INTO THE

FOLLOWING SEVEN GROUPS:

1. LATERITE SOILS

2. LATERITIC AND LATERITE RED SOILS

3. MIXED YELLOW RED SOILS

4. FERRUGINOUS RED SOILS

5. PODZOLIC SOILS

6. TERAI SOILS

7. PEATY SOILS



SOURCES OF ACIDITY IN SOIL

Climate- Humid regions which receive 
minimum 750 mm of rainfall and 
temperate regions

Rain fall- excessive rain fall leach base 
cations (Ca, Mg, K, Na) & dissolve CO2
& form carbonic acid in profile.

Parent material- Acidic rocks like 
granite, gneiss, quartz and silica

Fertilizer application- ammonical
fertilizers

Vegetation cover- Coniferous 
vegetation/ coastal region and marshy 
places. 



Topography- Sloppy places with good
drainage conditions are supposed to be good
for the development of acid soils.

Plant root activity- Plant must maintain
neutral charge on root surface so to
compensate extra positive charge in
rhizosphere roots release hydrogen ions

Decomposition of organic matter

Human interference: In urban areas,
industrial wastes containing sulphur or
sulphur dioxide also contribute much in the
development of acid soils.



THE MAJOR AND IMPORTANT PROCESSES

INVOLVED IN THE DEVELOPMENT OF ACID

SOILS ARE:

 (i) Laterisation of varying degrees.

 (ii) Podsolization in areas with sub-temperate to
temperate climate.

(The processes of laterite (Alfisols, Ultisols) and
podzol (Spodosols) formation are the soil forming
processes which control the degree of acidity)

 (iii) Intense leaching in light alluvial soils in high
rainfall of partly decomposed organic matter.

 (iv) Marshy conditions with significant amounts
of under decomposed or partly decomposed
organic matter.









The fertility of the acid soils suffers due to following

reasons:

A: CHEMICAL PROPERTIES

• High P-fixation capacity and low

availability of phosphorus to crops due to

high concentrations of Fe3+ and AI3+.

• Low base saturation (16-67%).

• Deficiencies of Ca, Mg,S, Mn, K, N, Mo, B

& Zn.

• Toxicities of Al & Mn in soils with pH

lower than 5.4 and of iron for rice grown in

ill-drained soils.

•more anion fixing capacity





The fertility of the acid soils suffers due to following

reasons:

B. BIOLOGICALPROPERTIES

❖Reduced growth of beneficial organisms

❖Slow decomposition

❖Degrade symbiotic activities

❖Incidence of diseases





The fertility of the acid soils suffers due to following

reasons:

C. PHYSICAL PROPERTIES

❖Poor aggregation

❖Less soil cover may lead to soil

erosion
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Thank you



AMELIORATION OF SOIL ACIDITY

ACID SULFATE SOILS, THEIR FORMATION, 
CLASSIFICATION AND MANAGEMENT





Management of acid soils:

Liming of the Acid Soils

Acidity and Al toxicity in surface soil can be ameliorated

through liming. The bulk of agricultural lime comes from

ground limestone, which can be calcite (CaCO3), dolomite

(CaCO3, MgCO3), or a mixture of the two. Other materials

used to neutralize soil acidity include marl; slag from iron and

steel making; flue dust from cement plants; and refuse from

sugar beet factories, paper mills, calcium carbide plants, rock

wool plants, and water softening plants.

Integrated Nutrient Management

Integrated nutrient management (inclusive of lime, organic

manure and inorganic fertilizers) is often recommended to

increase the crop productivity on acid soils.











Seed Priming
with water and nutrient solutions such as P and Zn is

an important strategy to reduce fertilizer

requirement, strengthen crop establishment

Pulp and Paper Mill Effluents
effluents generated from pulp and paper, tannery and

textile industries are useful as irrigation water in

acid soils.

Enriched Biogas Slurry
Biogas plant spent slurry (BSS) is rich in N, P, K and 

several micronutrients.

Organic Manure as an Acid Soil Amendment

Residue additions increased soil pH and decreased 

exchangeable Al in the order: Poultry manure > filter 

cake > household compost > grass residues on an 

acid Oxisol (Mokolabate and Haynes, 2002).



Choice of acid-tolerant crops:

The plants adapted to high levels of

aluminium are pineapple, coffee, tea,

rubber, cassava, sweet potato, rice, finger

millet, buckwheat, guinea grass and

molasses grass etc.

Submerged rice varieties tolerant to Fe

toxicity are ASD 16, TPS 1, ASD 18, IR

64, TKM 9, Samalai, CO 37 and CO 41.





Use of low grade rock phosphates:

The availability of phosphorus from chemical

fertilizers is reduced in acid soils due to

precipitation of P as less soluble Fe-and A1-

phosphates. But, availability of P is increased from

sparingly or insoluble phosphate sources due to acidic

reaction.









 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, Odisha, Andhra Pradesh, Tamil Nadu and 

West Bengal.



Acid sulfate soils contain a sulfuric

horizon which has a pH of the 1: 1

soil: water ratio of less than 3.5, plus

some other evidences of sulphide content

(Yellow colour).

SULPHAQUEPTS, SULPHIHEMISTS,

SULPHOHEMISTS, and

SULPHAQUENTS great groups are

included in acid sulphate soils.









SULFURICIZATION:



Hydrogen sulphide (H2S) often formed in lowland rice soils 

causing AKIOCHI disease.



MANAGEMENT OF ACID SULFATE SOILS:

Liming  & leaching

Water cover

Forestry

Slow drainage

Select suitable crop- rice, Rye 

grass and Bermuda grass



REFERENCE:

https://www.slideshare.net/pabitramani/problem-
soils-and-soil-acidity

Sanchez, P. A. (1977). Properties and Management of 
Soils in the Tropics. Soil Sci. 124, 1-187.

http://www.fao.org/soils-portal/soil-
management/management-of-some-problem-
soils/acid-soils/en/

Yamada, T. (2005). The cerrado of Brazil: a success 
story of production on acid soils. Soil Sci. Plant Nutr.

51, 617-620.

https://www.slideshare.net/Himashikt/distribution-
of-acid-sulphate-soils-and-their-management

https://www.slideshare.net/pabitramani/problem-soils-and-soil-acidity
http://www.fao.org/soils-portal/soil-management/management-of-some-problem-soils/acid-soils/en/
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Agencies or the energy sources involved in the
process of soil erosion are mainly water, wind, sea
waves, human beings and animals (Judson, 1965;
Merritt et al.,2003).











❖

Causes & effect of soil erosion







According to the National Bureau of Soil
Survey and Land Use Planning ~146.8 Mha
is degraded.
Water erosion: most serious degradation
problem in India, resulting in loss of topsoil
and terrain deformation.

The average soil erosion rate was ~16.4
ton/ha/year, resulting in an annual total
soil loss of 5.3 billion tons throughout the
country.
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❖SOIL IMPEDANCE, ITS NATURE AND IMPROVEMENT
❖ SOIL COMPACTION, SOIL TILTH AND TILLAGE AND
SOIL PUDDLING
❖CAUSES, PROPERTIES AND PROBLEMS OF FLOODED
SOILS
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Management of flooded soils:
Problem soils can be improved by three ways
1) through the selection of an appropriate

variety.
2) through proper swamp development, and
3) through effective water management

practices.

Development of flooded soils

Characteristics of flooded soils



REFERANCES:

https://www.nrdnet.org/sites/default/files/soil_erosion.pdf
https://sg.inflibnet.ac.in/bitstream/10603/148535/12/12_chap
ter%206.pdf
https://www.uwsp.edu/cnr-
ap/UWEXLakes/Documents/programs/convention/2015/talks/
Thursday%20PM%20Workshops/StacyDehne_BasicSoilErosion
AndTypes_BeginnerShorelineErosionControlWksp.pdf
http://ijcrt.org/papers/IJCRT1704172.pdf
https://shodhganga.inflibnet.ac.in/bitstream/10603/25954/13
/13_chapter%203.pdf
https://nptel.ac.in/content/storage2/courses/105101010/dow
nloads/Lecture06.pdf

https://www.nrdnet.org/sites/default/files/soil_erosion.pdf
https://www.nrdnet.org/sites/default/files/soil_erosion.pdf
https://sg.inflibnet.ac.in/bitstream/10603/148535/12/12_chapter%206.pdf
https://www.uwsp.edu/cnr-ap/UWEXLakes/Documents/programs/convention/2015/talks/Thursday%20PM%20Workshops/StacyDehne_BasicSoilErosionAndTypes_BeginnerShorelineErosionControlWksp.pdf
http://ijcrt.org/papers/IJCRT1704172.pdf
https://shodhganga.inflibnet.ac.in/bitstream/10603/25954/13/13_chapter%203.pdf
https://nptel.ac.in/content/storage2/courses/105101010/downloads/Lecture06.pdf


Thank you



CAUSES, PROPERTIES AND 
PROBLEMS OF FLOODED SOILS 





















# Extent & distribution of 
polluted soils in India.

# Causes of soil pollution



“Soil pollution” refers to the presence of a
chemical or substance out of place and/ or
present at a higher than normal concentration
that has adverse effects on any non-targeted
organism (FAO and ITPS, 2015).

The main sources of soil pollution are
anthropogenic, resulting in the accumulation of
contaminants in soils that may reach levels of
concern (Cachada, Rocha-Santos and Duarte,
2018).



Soil contamination occurs when the 
concentration of a chemical or substance is 

higher than would occur naturally but is 
not necessarily causing harm. 

Soil pollution, on the other hand, refers to 
the presence of a chemical or substance 
out of place and/or present at a higher 

than normal concentration that has 
adverse effects on any non-targeted 

organism. 



➢Soil pollution is defined as the build-up of soil
pollutant and contaminant (toxic compounds,
chemicals, salts, radioactive maerials or disease
causing agents).

Occurs due to:

➢ 1) Industrial waste,

➢2) Urban wastes,

➢3) Agriculture practices,

➢4) radioactive pollutants &

➢ 5) Biological agents









• Radio nuclides of Radium, Thorium, Uranium,
isotopes of Potassium (K-40) and Carbon (C-
14) are commonly found in soil, rock, water
and air.

• Explosion of hydrogen weapons and cosmic
radiations include neutron, proton reactions
by which Nitrogen (N-15) produces C-14.

• Radioactive waste contains Strontium90,
Iodine-129, Cesium-137 and isotopes of Iron

• Nuclear reactors produce waste containing
Ruthenium-106, Iodine-131, Barium-140,
Cesium-144 and Lanthanum-140 along with
primary nuclides Sr-90 with a half life 28 years
and Cs-137 with a half life 30 years.



• Biological pollutants include bacteria,
viruses, and parasites that are responsible
for waterborne diseases, such as typhoid
fever, cholera, dysentery, polio, hepatitis,
and schistosomiasis.

• The presence of Coliform bacteria is
indicator of recent fecal pollution. This
type of contamination is exclusively
attributed to human and animal waste.

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/human-wastes


CPCB Central Pollution Control Board identified 
critically polluted industrial areas and clusters or 
potential impact zone based on its 
Comprehensive Environmental Pollution Index 
(CEPI) rating. 

Forty three critically polluted zones were 
reported in the 16 states which have CEPI rating 
more than 70 (Table 11.1). 

Among the 43 sites, 21 sites exist in only four 
states namely Gujarat, Uttar Pradesh, 
Maharashtra and Tamil Nadu.

https://en.wikipedia.org/wiki/Central_Pollution_Control_Board












Innovative ideas for reuse of waste

❖ use of fruit covers as cups for fruit juices

❖Use of plastic bottles in construction

❖******

❖******
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http://ijcrt.org/papers/IJCRT1704172.pdf
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IRRIGATION WATER QUALITY







1. Salinity hazard





2. Alkali/ sodicity Hazard



2. Alkali/ sodicity Hazard



2. Alkali/ sodicity Hazard



3. pH (acidity /bacicity/ alkalinity)

• The acidity or basicity of irrigation water is
expressed as pH (< 7.0 acidic; > 7.0 basic).
The normal pH range for irrigation water is
from 6.5 to 8.4.

• High pH’s above 8.5 are often caused by high
bicarbonate (HCO3

-) and carbonate (CO3
2-)

concentrations, known as alkalinity.

• High carbonates cause calcium and
magnesium ions to form insoluble minerals
leaving sodium as the dominant ion in
solution.



4. Alkalinity





Specific ions

• Chloride- Although chloride is essential to
plants in very low amounts, it can cause
toxicity to sensitive crops at high
concentrations







NO3
-

me/l



• Presence of pathogens/ count 
of microorganisms
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Bioremediation of problematic soils through 

Agroforestry practices 
 

Hemlata Bhatt, Mohit Husain, Jagdeesh Prasad Rathore and VK Sah 
 
Abstract 
The review article shows the capacity of trees to maintain or improve soils characteristics shown by the 
high fertility status and closed nutrient cycling under natural forest, the restoration of fertility under forest 
fallow in shifting cultivation, and the experience of reclamation forestry and agroforestry. We can 
improve problematic soils using tree crops along with agricultural crops without using pesticides, 
fertilizers and insecticides. Soil transects frequently show higher organic matter and better soil physical 
properties under trees. Some species, most notably Faidherbia abide, regularly give higher crop yields 
beneath the tree canopy. Leguminous tree crops increases the fertility and productivity of soils. 
 
Keywords: Bioremediation, Agroforestry, Saline soil, Acidic soils and saline-acidic soils. 
 
Introduction 
"Remediate" means to solve a problem and "Bio-remediation" means to use biological 
organisms to solve an environmental problem such as contaminated soil or groundwater. 
Agroforestry is the collective name for all land use systems in which woody perennials are 
deliberately grown with agriculture crops and/or animals either in some form of spatial or 
temporal sequence. In agroforestry system there must be ecological and economic interaction 
between the components. Agroforestry systems have the potential to make use of marginal and 
degraded lands through the soil improving effects of trees (Lundgren and Raintree, 1982) [5]. 
Problematic soils are those soils which are not suitable for arable farming because of specific 
limitations. 
 
Soil 
Trees, whose roots reach deep into the underlying rock of most northeastern soils, break that 
rock down with both the mechanical force of root pressure and the chemical force of humic 
acids. They then take up the resulting minerals and other nutrients into their biomass as trunk, 
branches, leaves, roots, etc Eventually this material is deposited back in the forest floor as 
organic matter to build the soil. Over a lifetime, trees shed many times their own mass to the 
soil in which they grow. Trees have evolved in combination with another complex form of life, 
fungi. As Paul stamens makes clear in this issue and elsewhere, it is hard to overestimate the 
importance of mushrooms in forest life. Their mycelia form a complex forking network of 
interwoven strands of cells that grow beyond the immediate tree’s root zone, extending, in 
extreme cases, over many acres. The mycelia content of topsoil in a Pacific Northwestern 
Douglas Fir forest has been estimated to be as much as 10% of biomass! Each mycelium gives 
off enzymes which unlock organic compounds in the surrounding matrix, releasing carbon, 
nitrogen, and other elements that are then absorbed and concentrated directly into the network. 
Most of this work occurs in the rhizosphere, the area where roots and soil come into contact. 
About a millimeter in width, it surrounds both tree root hairs and mycorrhizae (the mycelia of 
certain mushrooms which form a symbiotic relationship with the roots of host plants). At the 
boundary of the root hairs, soil and mycelia, so many cells interpenetrate each other it is not so 
much an interface as a jelly, constantly exchanging water, carbohydrates, organic acids, 
vitamins and other substances. Both fungi and tree benefit from this collaboration, and 
ecologists believe that a healthy forest is dependent upon the presence of an abundance and 
variety of micro Because of their ability to rapidly decompose complex hydrocarbons into 
their basic constituent elements, fungi have recently been the focus of interest in 
decontaminating toxic waste sites. They can be used on-site without transporting the toxic 
material, a significant cost advantage over other technologies. Varieties such as white rot fungi 
and brown rot fungi, which produce powerful lignin peroxides and celluloses, are particularly 
efficient at such bioremediation.
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Approaches to soil management, including problems of soil 
degradation and low soil fertility, have recently undergone 
major changes. The former view was to concentrate on 
achieving high levels of production from the more fertile 
areas, leaving the marginal lands for extensive use only. 
Steeply sloping and highly drought-prone areas were 
preferably not to be cultivated at all. Soil constraints were to 
be overcome by inputs: improved crop varieties, fertilizers, 
chemical control of pests and diseases, and the use of 
irrigation. It had been demonstrated that crop yields could be 
raised by a factor of three to five times or more by the use of 
fertilizers, applied to the newly developed high-yielding crop 
varieties. This approach was successful in giving large 
increases in crop productivity in Western countries and Asia 
and moderate improvements elsewhere, but it encountered 
problems of many kinds. Fertilizers are costly in terms of 
energy resources to produce them, and continued high rates of 
use lead to environmental problems. Yield responses to 
fertilizers have declined, for example because of soil physical 
degradation or micronutrient deficiencies. Above all, large 
numbers of poor farmers simply cannot afford high levels of 
fertilizers and other purchased inputs, nor do they have the 
capital to take on the risk which these involve. Finally, the 
former solution of increasing the area under irrigation has run 
into severe constraints in the form of limits to available 
freshwater resources. Aspects of this new approach include: 
 find ways of making the use of marginal lands 

sustainable; reclaim and restore degraded land; 
 improve germplasm to produce plant varieties which are 

adapted to soil constraints; 
 maintain soil organic matter and biological activity, with 

benefits both for soil physical conditions and balanced 
nutrient supplies; 

 improve nutrient cycling and nutrient use efficiency in 
agro ecosystems; 

 use fertilizers and other external inputs at moderate 
levels, seeking strategic use to overcome deficiencies that 
cannot otherwise be remedied; 

 Improve water-use efficiency. 
 
Agroforestry can contribute to all these aspects and has a 
major role to play in some. The capacity of trees to grow 
under difficult climatic and soil conditions, coupled with their 
potential for soil conservation, gives agroforestry a potential 
in the main types of marginal lands: semiarid, sloping and 
those with soil constraints. There is a demonstrated potential 
for reclamation of degraded land. As well as crop breeding, 
research programmers’ are under way to select or, in the 
longer term, breed trees tolerant of adverse soil conditions. 
Tree litter and pruning’s can substantially help to maintain 
soil organic matter and improve physical properties and at the 
same time supply nutrients. The contrast between natural and 
agricultural ecosystems suggests a high potential for 
agroforestry to lead to improved nutrient cycling and hence 
fertilizer use efficiency. In the case of water-use efficiency, 
there is a known potential, as demonstrated in studies of 
windbreaks and contour hedgerow, although tree-crop 
competition for water presents problems. 
 
How Do We Know That Trees Improve Soils? 
Underlying all aspects of the role of agroforestry in 
maintenance of soil fertility is the fundamental proposition 
that trees improve soils. How we know that this is true? 
 
1. The soil that develops under natural forest and woodland is 

fertile. It is well structured, has a good water-holding capacity 
and has a store of nutrients bound up in the organic matter. 
Farmers know they will get a good crop by planting on 
cleared natural forest. 
 
2. The cycles of carbon and nutrients under natural forest 
ecosystems are relatively closed, with much recycling and low 
inputs and outputs. 
 
3. The practice of shifting cultivation demonstrated the power 
of trees to restore fertility lost during cropping. 
 
4. Experience of reclamation forestry has demonstrated the 
power of trees to build up fertility on degraded land. 
 
What Makes a Good Soil-Improving Tree? 
It would be useful to have guidelines on which properties of a 
tree or shrub species make it desirable for the point of view of 
soil fertility. This would help in identifying naturally 
occurring species and selecting trees for systems which have 
soil improvement as a specific objective. Nitrogen fixation 
and a high biomass production have been widely recognized 
as desirable. However, many properties are specific to 
particular objectives of systems in which the trees are used. 
Even species that are shunned for their competitive effects 
may have a role in certain designs. An example is the way in 
which Eucalyptus species with a high water uptake, which 
adversely affects yields in adjacent crops have been employed 
to lower the water table and so reduce Stalinization. 
The properties which are likely to make a woody perennial 
suitable for soil fertility maintenance or improvement are: 
 A high rate of production of leafy biomass. 
 A dense network of fine roots, with a capacity for 

abundant mycorrhizal association. 
 The existence of deep roots. 
 A high rate of nitrogen fixation. 
 A high and balanced nutrient content in the foliage; litter 

of high quality (high in nitrogen, low in lignin and 
polyphones). 

 An appreciable nutrient content in the root system. 
 Either rapid litter decay, where nutrient release is desired, 

or a moderate rate of litter decay, where maintenance of a 
soil cover is required. 

 Absence of toxic substances in the litter or root residues. 
 For soil reclamation, a capacity to grow on poor soils. 
 Absence of severe competitive effects with crops, 

particularly for water. 
 Low invasiveness. 
 Productive functions, or service functions other than soil 

improvement. 
 
Not all of these properties are compatible: for example, litter 
of high quality is not likely to have a moderate rate of decay. 
The last property, the existence of productive functions, is not 
directly concerned with soils but is of the highest importance 
if the tree is to be effective in fertility maintenance. A species 
needs to be acceptable and desirable in agroforestry systems 
from other points of view, especially production. A tree might 
have all the desirable properties above, but, if it is not planted 
and cared for, it will not be effective in improving soil 
fertility. 
 
Summary of Effects of Trees on Soils 
The capacity of trees to maintain or improve soils is shown by 
the high fertility status and closed nutrient cycling under 
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natural forest, the restoration of fertility under forest fallow in 
shifting cultivation, and the experience of reclamation forestry 
and agroforestry. Soil transects frequently show higher 
organic matter and better soil physical properties under trees. 
Some species, most notably Faidherbia abide, regularly give 
higher crop yields beneath the tree canopy. 
Trees improve soil fertility by processes which: 
 Increase additions to the soil; 
 Reduce losses from the soil; 
 Improve soil physical, chemical and biological 

conditions. 
 
The most important sets of processes are those by which trees: 
 Check runoff and soil erosion; 
 Maintain soil organic matter and physical properties; 
 Increase nutrient inputs, through nitrogen fixation and 

uptake from deep soil horizons; 
 Promote more closed nutrient cycling. 
 
Trees may also adversely affect associated crops. The effects 
of allelopathy (inhibition effects) have probably been 
exaggerated by mistaking them for, or confounding them 
with, other processes. Competition for water is a serious but 
not insuperable problem in all dry environments, whereas 
competition for nutrients has rarely been demonstrated. 
Where the net effect of tree-crop interactions is positive, the 
length of the tree-crop interface, or extent of the ecological 
fields, should be maximized. If the net effect is negative, the 
aim of agroforestry system design should be to reduce the 
length of the interface. A range of properties have been 
identified which make tree species suited to soil 
improvement. For many purposes, high biomass production, 
nitrogen fixation, a combination of fine feeder roots with tap 
roots and litter with high nutrient content are suitable. 
Tolerance to initially poor soil conditions is clearly needed for 
reclamation. About 100 species have been identified which 
are known to fulfill soil improving functions, but there is 
much scope to increase this range. 
 
Recent Study 
The soil-improving capacities of trees, and how these can be 
applied in practical agroforestry systems, continues to be a 
major focus of agroforestry. One important recent change of 
emphasis is that less attention is being given to hedgerow 
intercropping (alley cropping), in view of the observed 
reluctance of farmers to adopt this system, whilst more 
emphasis is now placed on systems of managed tree fallows 
An account of using trees to lower the water table, referred to 
above, is given by Burgess et al. (1998) [3]. Recent successful 
projects in soil fertility improvement by trees are described by 
Niang et al. (1999) [7]. A continuity of land disturbance from 
up- to down slope will facilitate sediment transport to streams. 
Roads, trails and footpaths within these land management 
mosaics will further exacerbate linkages to streams. 
Fragmented intensive land uses that are interspersed by trees 
or brush land appear to be a viable solution for mitigating 
down slope sediment transport by providing areas of high 
infiltration along with ‘roughness elements’ on the landscape 
where sediment deposition can occur. A better understanding 
of sediment transport and routing processes is needed at the 
catchment scale to develop improved predictive methods and 
to assess the cumulative effects of distributed tropical land 
uses. Recognition of the “truths, myths, and uncertainties” 

related to erosion processes and consequences in tropical 
Southeast Asia will assist land managers, land owners, and 
policy makers in formulating appropriate and prudent 
decisions that will contribute to more sustainable use of forest 
lands as well as options for rehabilitation of previously 
forested lands that have been degraded. While widespread 
land cover changes in support of recreation have been noted 
to increase erosion and sedimentation in the region few 
studies have attempted to link either surface erosion or 
landslide processes with specific recreational impacts, such as 
forest clearance, resort construction, water diversions, roads, 
hiking and animal trails, and all-terrain vehicle tracks, in steep 
terrain. Agroforestry proves to be one of the cheapest and best 
mode for the reclamation of all such degraded lands. 
 
Kinds of Problem Soils 
There are two types of problems. 
 
1. Physical problems  2. Chemical Problems 
 Fluffy paddy soil  1. Acidic soils 
 Sandy soil    2. Salt affected soils –Saline 

soils 
 Subsoil hardening or hardpan   -Sodic soils 
 Surface crusting      -Saline-sodic soils 
 Water logged soil 
 Peat and marshy soils 
 
1) Fluffy Paddy soils – these are the low mechanical 

strength soil developed under continuous rice cultivation 
practice. Puddling break soil aggregates into a uniform 
structure less mass. 

 
2) Sandy soil- Sandy soils are the result of the weathering 

and disintegration of a variety of rocks such as Granite, 
Limestone and Quartz. This soil is found in Haryana, 
U.P., Bihar states of India. 

 
3) Hardpan soil- these occurs in red soils due to illuviation 

of clay in association with oxides of Fe, Al and calcium 
carbonate. It prevents root proliferation and limits 
nutrient uptake from surface soil. 

 
4) Surface crusting – it refers to the crust formation at the 

surface of the soil.This is due to presence of colloidal 
oxides of iron and aluminium in Alfisols which binds the 
soil particles under wet regimes. 

 
5) Peat and Marshy Soil- Occur in Humid region Formed 

by accumulation organic matter black in colour and High 
acidic. Areas: Kottayam and Alleppey in Kerala, Coastal 
Odisha, Sunderbans of W.B.  

 
6) Waterlogged Soil- In any land where Excessive water 

content and inadequate aeration in the soil called 
waterlogged soil.  

 
Bioremediation through agroforestry  
 Tree species: Eucalyptus robusta, Syzygium cumuni, 

Terminalia arjuna, Salix tetrasperma, Dalbergia 
latifolia, Eucalyptus camaldulensis, Eucalyptus grandis  

 Grasses: Brachiaria mutica, Dichanthium caricosum, 
Paspalum notatum, Brachiaria decumbens. 
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Table 1: Major properties of waterlogged soils relevant to plant survival and growth. 
 

Property Waterlogged 
Electrical conductivity of water extracted from a saturated soil paste not applicable 

Exchangeable sodium percentage not applicable 
pH pH fluctuations 

Major products 
Anaerobic respiration 

end products 

Physical structure 
Variable: low 02 
concentrations 

Soil water Excess supply 
Essential nutrients Imbalance 

 (Marcar and Khanna (1997) [6]. 
 
Chemical Problem 
Acid soils – This soil having pH less than 7 is called Acidic 
Soil and extremely acidic soil has pH between 4- 4.75.These 
are formed due to leaching of bases in high rainfall zones and 
also due to development of soils from acidic parent materials 
like granite and sandstone and application of acid forming 
fertilizers. It is common in Pine forest. 
 
Areas: Karnataka, M.P., Odisha, West Bengal, Kerala, 
Assam, Bihar. 
 
Adverse effect on plant growth 
 High solubility of elements like Al, Mn and Fe in toxic 

amounts due to high soil acidity. 
 Beneficial activities of soil micro- organisms are 

adversely affected. 
 Due to soil acidity, nutrients such as Ca and K may be 

deficient.  
 
Salt affected soils – the salt affected land affect plant growth 
due to presence of excess soluble salts, high concentration of 
specific ions, adverse influence on different metabolic 
processes and imbalance in the uptake of ion. They develop 
from normal soils through the accumulation of salts from 
applied irrigation water, upward movement of salts from 
subsoil due to excess evaporation sea water inundation and 
deposition of wind blown salts. The main distinguishing 
chemical characteristics of different classes of salt affected 
soils are summarized below: 
 

Class EC (mmhos/cm) ESP pH 
Saline soil >4 <15 <8.5 

Alkali or sodic soil <4 >15 >8.5 
Saline-alkali soil >4 >15 >8.5 

 
Kinds of salt-affected soils 
1. Saline soils:   Salt problems in general 
2.  Sodic soils:   Sodium problems 
3.  Saline-sodic soils: Problems with sodium and other 

salts 
 
1. Saline Soil- The soil with excess salt (NaCl) is called 

Saline soil. It is found in Uttar Pradesh, Gujarat, West 
Bengal. 

 
Causes 
Salty irrigation water: The application of irrigation water 
without proper management (lack of drainage & leaching 
facility) increase the water table & surface salt content in soil. 
 
Upward movement of groundwater: Water move upward 
through capillary activity and salt accumulate on the soil 
surface in the form of crystallization. 

Canal and Sea: Sea water enters into the land by inundation 
and deposits salts on the soil surface. 
 
Saline Soil Problems: It is caused by the accumulation of 
soluble salts in the root zone. These excess salts reduce plant 
growth by altering water uptake and causing imbalance. 
 
Mechanism for reclamation of saline soils 
Halophytes are the native flora of saline soils. Few are 
suitable for reclamation. The basic principle of reclamation is 
the removal of excess salt to a desired level in root zone. 
Providing proper drainage, use of salt free irrigation water, 
acidic fertilizers, organic manures etc. are some of the 
mechanisms adopted. The process of salinization is 
accelerated by rapid evaporation from the surface. Leaching 
with water of good quality and adequate drainage of excess 
water from the soil is carried out. The selection of salt tolerant 
species is done which include suitable tree species such as 
Prosopis juliflora, Tamarix articulate, Acacia nilotica etc. 
Agricultural crops include barley, sugarbeet, cotton wheat, 
rice beans etc. 
 The removal of excess salts to a desired level in root 

zone. 
  Leaching and adequate drainage.  
 Mulching to reduce salinity. 
 Organic matter addition keeps the salts in diluted form 

and increases water holding capacity of soil. 
 Green manuring, tree planting.  
 
Bioremediation through Agroforestry 
 Promising woody species for saline soils are Salvadora 

spp., Prosopis juliflora, Acacia nilotica, Parkinsonia 
aculeata, Butea monosperma, Terminalia arjuna, Salix 
spp., D. sissoo and Casurina equisetifolia.  

 Highly salt tolerant and high biomass producing grass 
species include Aeluropus lagopoides, Sporobolus 
helvolus, Cynodon dactylon and Brachiaria ramosa. 

 
2. Sodic Soil 
Alkali or Sodic soil is defined as a soil having a conductivity 
of the saturation extract less than 4dSm-1 and an exchangeable 
sodium percentage (ESP) greater than 15. The pH is usually 
between 8.5-10.0. Formerly these soils were called black 
alkali soils and the soil so formed is called solod, soloth or 
degraded alkali or sodic soil. 
 
Areas: Haryana, Punjab, Uttar Pradesh, Bihar, Rajasthan & 
Madhya Pradesh. 
 
Causes: Sodic soil may impact plant growth by – 
1) Specific toxicity to sodium sensitive plants. 
2) Nutrients deficiencies or imbalance 
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3) High pH. 
 
Mechanism for reclamation of alkali soils  
  The reclamation practice include proper drainage of 

water to remove salts from the root zone use of salt free 
irrigation water, addition of organic matter, addition of 
molasses, alkali tolerant crops sush as paddy, cotton, 
mustard, wheat, tomato, onion etc. Green manuring of 
dhaincha has been found to be beneficial. Higher dose of 
N because of volatilization. Application of zinc in initial 
years of reclamation. 

 
Bioremediation through Agroforestry 
Prosopis juliflora and Karnal grass improves the soil 
condition to such an extent that after some time or years, less 
tolerant but more palatable fodder species such as-  
Berseem (Trifolium alexandricum) senji (Melilotus 
parviflora) and shaftal (Trifolium resupinatum) can be grown 
under trees (Singh et al., 1993; Singh, 1995) [9]. 
 

Table 2: Changes in soil organic carbon (C) over a period of 30 
years in a sodic soil planted with (Prosopis juliflora). 

 

Soil depth 
(m) 

Soil organic C (Mg ha-1) 

 
Original 

soil 
After 5 
years 

After 7 
years 

After 30 
years 

0.00–0.15 3.5 5.0 14.3 21.5 
0.15–0.30 3.5 3.5 7.2 10.1 
0.30–0.60 2.7 2.7 7.4 10.8 
0.60–0.90 1.6 1.6 3.7 8.3 
0.90–1.20 0.5 0.5 6 3.6 

Total 11.8 13.3 34.2 54.3 
(Bhojvaid and Timmer, 1998) [2]  
 
Table 3: Effect of P. juliflora -Leptochloa fusca silvopastoral system 

on alkali soil properties after 6 years. 
 

Soil property 
Original 
(year 0) 

P. juliflora 
only 

P. juliflora
+ L. fusca

pH 10.3 9.3 8.9 
Electrical conductivity 

(ds/m) 
2.2 0.46 0.36 

Organic carbon (%) 0.18 0.43 0.58 
Available nitrogen 

(kg/ha) 
79 133 165 

(Gurbachan Singh et al., 1995) 
 
3. Saline and Sodic Soil  
Soil that is high in both salt and sodium is considered to be 
saline - sodic soil. Due to high pH and the dominance of 
sodium (Na+) ions in alkali soil, part of the soil organic matter 
dissolves and comes into the soil solution. Extracts of such 
soils have a characteristic dark brown or black colour. The 
dissolved organic matter in the soil solution becomes 
deposited as a thin film on the soil surface. The prevalence of 
such black stains in such soils are called “Black alkali”. 
 
Areas: Parts of Gujarat, Rajasthan, Punjab, Haryana, 
Maharashtra. 
 
Mechanism for reclamation 
Such soils have the mixture of characteristics of both saline 
and alkali soils. Therefore soils showing high salinity should 
be reclaimed for both first for salinity and later for excessive 
exchangeable sodium. Growing of crops tolerant to high 
exchangeable sodium ensures reasonable returns during initial 
years of reclamation. Cropping practice including a green 

manure crop and/or legume is common. Low organic matter 
and high pH deters the biological activity and thus decreases 
the transformation of\and availability of nutrients, and causes 
significant volatilization of nitrogen from applied nitrogenous 
fertilizers. Tolerant crops such as rice, sugarbeet and dhaincha 
are used. Trees species include Prosopis juliflora, Acacia 
nilotica, Prosopis chinensis etc. 
 
Bioremediation through Agroforestry 
Acacia auriculiformis, Azadirachta indica, Casurina 
equisetifoia, Dalbergia sissoo, Alianthus excelsa, Prosopis 
cineraria, Acacia tortilis and A. nilotica tree species are used 
for bioremediation of the saline and sodic soils. 
 

Table 4: Effect of agri-silvi-horticultural system on physico-
chemical properties of salt-affected wastelands. 

 

S. 
No. 

Soil characteristics 
Wasteland 
land (1991) 

After 5 years of 
practicing 

Agroforestry(1996)
1 Soil colour Grey Grey 
2 Texture Silt loam Silt loam 

3 
Bulk density 

(gm/cm3) 
1.8 1.5 

4 
Infiltration rate 

(mm/hr.)
0.23 0.26 

5 Organic carbon (%) 0.12 0.22 
6 EC (mmhos/cm) 3.7 3.5 
7 ESP (%) 40 31 
8 N (kg/ha) 230 252 
9 P (kg/ha) 14.0 17.5 
10 K (kg/ha) 130 160 

(Singh, 1990) 
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The trees and shrubs on your new home site are growing 
poorly, so you take samples to the Extension office and 
the agent suggests a soil test.  Test results show that your 
soil has a pH of 4.5, which is rated as strongly acid.  The 
agent suggests you either take corrective action to raise 
the pH or grow different plants.

What do the test results mean?  What are “acid soils” 
and what does pH measure?   Why does this matter to 
your plants?  How can you correct the situation or what 
alternative trees and shrubs can you grow?

Acid soils
Acid soils are all soils that test lower than pH 7.0, which 
includes most soils east of the Mississippi River.  In 
reality, most of these soils do not have significant acidity 
problems.  Soils with pH’s below 6.0 may need special 
treatment or plant selection.  When soils become very 
acid, however, with pH’s below 4.5, problems develop 

Interveinal chlorosis often develops when soil pH, that is either too high or too low for a particular plant, makes an 
important nutrient unavailable for plant absorption.

for many common landscape trees and shrubs.  These 
strongly acid soils need either amendment to raise the 
pH or careful plant selection.  

pH
pH measures the available hydrogen ions in a solution, 
and describes the relative level of acidity or alkalinity 
measured on a scale of 1 (acid) to 14 (basic), with 7.0 
as neutral.  Vinegar is a mild acid; battery acid (sulfuric 
acid) is a strong acid.  Baking soda is a mild base when 
mixed with water; lye (Drano) is a strong base.  Pure 
water is neither basic nor acidic, and has a pH of 7.0. 

The pH scale is logarithmic, with 14 gradations.  Each 
increment of 1.0 actually represents a difference of ten 
times either more basic (alkaline) or acidic (i.e., 6.0 is 
ten times more acid than 7.0, 5.0 is a hundred times 
more acid than 7.0, and 4.0 is a thousand times more 
acid than 7.0).  Acid soils are often called “sour” soils 
and basic soils are often called “sweet” soils.
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Soil nutrients are available to plants for uptake and use 
only when they are dissolved in water as ions.   Nutrient 
availability differs depending on the pH of the soil solu-
tion.  A soil pH range of 6.0 to 7.0 provides the greatest 
compromise of nutrient availability for plants.  Moving 
away from the pH 6.0 to 7.0 range makes some nutri-
ents more available, while decreasing the availability of 
others.  A decreasing or more acid pH not only makes 
some nutrients less available, but it may also cause 
others, such as Al and Mn, to become available in toxic 
concentrations. 

Causes of acid soils
Acid soils may be due to natural conditions or human 
disturbance of the soil.  The same methods for adjusting 
acidity are recommended for either situation.  The pri-
mary difference is that naturally acidic soil will eventu-
ally return to that state after pH adjustment, while pH 
adjustments to disturbed soils present a more long term 
change.  Naturally acid soils occur when bedrock from 
which the soil evolved provides the natural elements 
for acidity, when rainfall leaches or washes away basic 
elements in the soil, or when land has been naturally 
forested.  All of these situations are present in Virginia 
soils.

Virginia soil pH’s range from 4.0 to 8.0 with most in 
the 5.1 to 5.5 range.  Virginia rainfall is high, averaging 
40 to 45 inches per year.  Over time this rainfall has 
carried away water-soluble  basic elements (i.e., Ca, Mg, 
K, NA), thus resulting in acid soils.  High rainfall has 
also supported Virginia’s forests.  In contrast, low rainfall 
tends to produce natural grasslands with minimal leach-
ing and thus alkaline (basic) soils. 

Manmade acidic soils occur as a result of mining 
operations, farming, construction site development, 
and similar events that remove topsoil and expose 
the naturally acidic subsoil, or that deplete the soil of 
basic-forming elements.  What is left is usually lacking 
in organic matter and available nutrients.  While pH 
recovery can occur naturally, it will be slow, as will be 
plant reestablishment. 

Landscape fertilization practices can also affect soil acid-
ity.  Repeated use of high ammonium or urea  fertilizers, 
especially to turf areas that cover tree roots, can com-
pound acidity problems.  In situations where the soil is 
too acid, it may be better to use more basic fertilizers, 
many of which are nitrate based.  Water used for land-

scape irrigation can also contribute to acidity problems 
and, therefore, it is valuable to have both your soil and 
your water tested before taking corrective measures.

Adjusting acid pH
Adding ground limestone, either calcium carbonate or 
calcium-magnesium carbonate (dolomitic lime) raises 
the pH of acid soils.  Quicklime and slaked lime are also 
used and act faster, but are more expensive and disagree-
able to use.  The amount of limestone needed to change 
the pH of the top 8 inches of soil from 4.5 to a desired 
6.5 varies according to soil type and ranges from approx-
imately 150 lbs/1000 ft2 for a sandy soil to 250-300 
lbs/1000 ft2 for a clay loam.  The rate needed will be 
provided as part of the soil test results from a soil testing 
lab, if the soil type and the intended use of the land are 
listed when the soil sample is submitted.

Ideally, lime should be worked into the soil to a depth 
of at least 8 inches.  This is possible when preparing a 
new site with bare ground.  Lime incorporation can be 
combined with deep tilling and the addition of organic 
matter (compost/manures) and fertilizer to revitalize a 
site that has been stripped or over-farmed.  Lime incor-
porated into the soil will increase the pH to the target 
level (i.e., 6.5) in about two years.

Raising the pH of an established landscape, however, is 
much harder because incorporating lime into the soil 
may damage existing plant roots.  If the total quantity of 
lime recommended exceeds 50 lbs/1000 ft2, split surface 
applications into a series of several smaller applications 
over time.  Unfortunately, surface applications take lon-
ger to significantly change the pH below a 4 inch depth.  
Adding lime to the surface without incorporating it is 
not a desirable method for correcting acidity deep in the 
soil. 

Trees and shrubs for acid soils
Many trees and shrubs that are tolerant of acid condi-
tions (including strongly acid conditions below pH 4.5) 
are available for Virginia landscapes.  These plants may 
often be a better solution than attempting to adjust the 
soil to a higher pH, particularly where the native soil 
condition is by nature acidic.  For the following trees and 
shrubs, check their hardiness and heat zone tolerances 
relative to their suitability for your particular area.  Note 
that most trees and shrubs native to Virginia are adapted 
to at least slightly acid soils.
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Soil pH categories
    Very Very
 Strongly Medium Slightly slightly slightly Slightly Medium Strongly
 acid acid acid acid alkaline alkaline alkaline alkaline
 4-5.5 5.5-6 6-6.5 6.5-7 7-7.5 7.5-8 8-8.5 8.5-10

pH 5.0 to 6.5 and above 
 Trees Shrubs
Common Name Latin Name Common Name Latin Name
Balsam and fraser fir Abies balsamea and A. fraseri Carolina allspice* Calycanthus floridus
Maples* (Red) Acer species  Summersweet* Clethra alnifolia
Serviceberry* Amelanchier arborea  Scotch broom Cytisus scoparius
Hinoki falsecypress Chamaecyparis obtusa Cleyera or ternstroemia Cleyera japonica
Fringetree* Chioanthus virginicus Redvein enkianthus Enkianthus campanulatus
China fir  Cunninghamia lanceolata  Gardenia Gardenia jasminoides
Franklinia* Franklinia alatamaha Witchhazel* Hamamelis virginiana
Hollies* (Some) Ilex species Bigleaf hydrangea Hydrangea macrophylla
Larch Larix decidua Hollies* (Some) Ilex species
Sweetgum* Liquidambar styraciflua Anise Illicium floridanum
Magnolias* (Some) Magnolia species Virginia sweetspire* Itea virginica
Crabapples Malus species Drooping leucothoe* Leucothoe fontanesiana
Norway and Colorado spruce Picea abies and P. pungens Mountain stewartia* Stewartia ovata
Longleaf pine* Pinus palustris
Eastern white pine* Pinus strobus
Scots or Scotch pine Pinus sylvestris
White and red oak* Quercus alba and Q. rubra
Weeping willow Salix babylonica
Sassafras* Sassafras albidum
Mountain ash Sorbus aucuparia
Japanese stewartia Stewartia pseudocamellia
Japanese snowbell Styrax japonica
Canadian hemlock* Tsuga canadensis

pH 5.0 and below
 Trees Shrubs

Common Name Latin Name Common Latin Name
River birch* Betula nigra Bottlebrush buckeye* Aesculus parviflora
Flowering dogwood* Cornus florida Heaths and heathers Erica species
Japanese dogwood Cornus kousa Fothergilla* Fothergilla species
Japanese cedar Cryptomeria japonica Junipers* Juniperus communis and 
American beech* Fagus grandifolia     J.  horizontalis
Carolina silverbell* Halesia carolina Mountain laurel* Kalmia latifolia
Black gum* Nyssa sylvatica Loropetalum Loropetalum chinense
Sourwood* Oxydendrum arboreum Japanese pieris* Pieris japonica
Loblolly pine* Pinus taeda Azaleas and  Rhododendron species and 
Virginia pine* Pinus virginiana     rhododendrons* (Some)    hybrids
Golden larch Pseudolarix kaempferi Blueberries, huckberries,  Vaccinium species
Douglas fir Pseudotsuga menziesii     etc.* (Some)

Pin oak* Quercus palustris
Willow oak* Quercus phellos

*Native to Virginia
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Delineating Agro-Ecological Regions 
 

D.K. Mandal, C. Mandal and S.K. Singh  

 

6.1  Introduction 

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. The AER is designed to address the issues related to 

agricultural production by delineating agriculturally potential areas suitable for particular 

genotype and is essentially needed for achieving the optimum production potential of a crop 

and crop variety. AER is capable in delineating agro-ecologically comparable regions for 

generating and transferring various agro-technologies. The agro-ecological region map 1992 

(Fig. 6.3 and Table 6.1) is being widely used by scientists and planners for regional level 

agricultural land use planning. Nevertheless, it has been found limiting due to the use of a 

relatively small scale soil map (1:7 million) and climatic data on a coarser resolution. 

Therefore, AER map of the country has been re-delineated using soil resource data acquired 

from 1:1 million scale soil map and climatic resource database from 600 weather stations 

across the country and also laying greater emphasis on soil quality parameters. Thus, the soil 

quality-based AER map opens a new vista of research to link the potential of natural 

resources and crop performance for better and realistic regional agricultural land use plan.  

6.2  Revisiting Agro-ecological Regions 

The scheme for preparing Agro-ecological Region Map of the country is given in fig.6.1. The 

revision is completed in two steps. In the first step, soil resource map of 1:1 million scale is 

generalized in terms of red, black, alluvial and sandy soil regions (Fig. 6.2). In the second 

step, Length of Growing Period (LGP) and bio-climate map are revised (Figs. 6.6 and 

6.8).Finally, bio-climate and LGP maps are superimposed on generalized soil map for 

developing revised agro-ecological region map of the country (Fig.6.4). 

 

Fig. 6.1. Methodology used for revising AERs  
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Black Soil Region in India Red Soil Region in India 

  
Alluvial Soil Region of India Sandy Soil Region of India 

Fig. 6.2. Major Soil Regions of India 
 

In the revised edition, AER map unit is defined in terms of two letters and two numerals. 

First letter is assigned to physiography region and first numeral represents soils; the 

subsequent letter and numeral are for climate and length of growing period. This could be 

explained further by decoding K5E2; K represents south Deccan plateau, 5 is assigned for 

black soils (moderately deep to deep), E for arid climate and 2 for LGP class of 90 to 120 

days. Sub bio-climate type and inclusions of LGP classes in a particular AER are also 
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indicated in the parenthesis with the main unit. Descriptive legend of AER 2015 is given in 

table 6.2.  

 

6.3  Revised Edition Vs AERs of 1992 

 

The revised edition of Agro-ecological Region map also has twenty agro-ecological regions 

in the country and first three units 1 to 3 covers arid ecosystem. In the year 1992, agro-

ecological units 4 to 8 are assigned to cover semiarid ecosystem, whereas agro-ecological 

units 4 to 9 represent semiarid ecosystem in the AER 2015. In the year 1992, agro-ecological 

units 9 to 13 have been kept for sub-humid agro-ecosystem, whereas agro-ecological units 10 

to 15 are allocated to represent this region in the AER 2015 (Table 6.2). 

 

  
Fig. 6.3. Agro-ecological Regions map of the 

country (1992) 

Fig.6.4. Agro-ecological Regions map of the 

country (2015) 
 
Table 6.1. Descriptive legends of AER (1992) 

AER Description 

1.  Western Himalayas. cold arid ecoregion, with shallow skeletal soils & length of Growing 

Period (GP) <90 days  

2.  Western Plain. Kachchh and part of Kathia war Peninsula. hot arid ecoregion, with desert & 

saline soils & GP <90 days  

3.  Deccan Plateau. hot arid ecoregion, with red & black soils & GP <90 days 

4.  Northern Plain and Central Highlands including Aravallis, hot semi-arid ecoregion, with 

alluvium-derived soils & GP 90-150 days  

5.  Central (Malwa) Highlands. Gujarat Plains & Kathiawar Peninsula. hot semi-arid ecoregion, 

with medium & deep black soils. & GP 90-150 days  

6.  Deccan Plateau. hot semi-arid ecoregion, with shallow and medium (with inclusion of deep) 

black soils.& GP 90-150 days  

7.  Deccan (Telangana) Plateau and Eastern Ghats. hot semi-arid ecoregion, with red & black 

soils & GP 90-150 days  

8.  Eastern Ghats. TN uplands and Deccan (Karnataka) Plateau. hot semi-arid ecoregion with 

red loamy soils & GP 90-150 days  
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9.  Northern Plain. hot sub humid (dry) ecoregion, with alluvium -derived soils & GP 150-180 

days 

10.  Central Highlands (Malva. Bundelkhand & Eastern Satpura), hot subhumid ecoregion, with 

black and red soils. & GP 150-180 (to 210) days 

11.  Eastern Plateau (Chhattisgarh), hot subhumid ecoregion, with red & yellow soils, & GP 150-

180 days & GP 150-180 days 

12.  Eastern (Chhotanagpnr) Plateau and Eastern Ghats. Hotsubhumid ecoregion with red & 

lateritic soils. & GP 150-180 (to 210) days 

13.  Eastern Plain. hot subhumid (moist) ecoregion, with alluvium-derived soils & GP 180-210 

days 

14.  Western Himalayas. Warm subhumid (to humid with "inclusion of perhumid) ecoregion 

with brown forest and podzolic soils. & GP 180-210 + days 

15.  Bengal and Assam Plain. hot subhumid (moist) to humid (inclusion of perhumid) ecoregion, 

with alluvium-derived soils & GP 210 + days 

16.  Eastern Himalayas. warm per humid ecoregion, with brown and red hill soils. & GP 210 + 

days  

17.  North-eastern Hills (Purvachal), warm perhumid ecoregion, with red and lateritic soils & GP 

210 + days  

18.  Eastern Coastal Plain. hot subhumid to semi-arid ecoregion, with coastal alluvium -derived 

soils & GP 90-210 + days 

19.  Western Ghats & Coastal Plain. hot humid-perhumid ecoregion, with red. lateritic and 

alluvium-derived soils. & GP 210 + days  

20.  Islands of Andaman-Nicobar and Lakshadweep hot humid to perhumid island  

ecoregion, with red loamy and sandy soils. & GP 210 + days  

 

Table 6.2. Descriptive legends of revised AER 

Ecosystem AER Region Description Area m 

ha (%) 

Arid 

Ecosystem 

1 

A13E1 

Western Himalayas, cold arid eco-region with shallow 

skeletal soils and LGP <90 days 

18.5 

(5.6) 

2 

M12E1(2) 

Western plains and Kutch Peninsula, hot arid eco-

region with desert saline soils and LGP <90 days 

(inclusion of 90-120 days) 

24.7 

(7.5) 

 

3 

K5E2 

Deccan plateau, hot arid eco-region with mixed red and 

black soils and LGP 90-120 days 

1.8 

(0.6) 

Total area 45.0 

Semi Arid 

Ecosystem 

4 

N10D(C)2-

3(4) 

Northern Plain (Upper Gangetic) semiarid to subhumid 

eco-region with coarse loamy alluvial soils (sandy loam 

to sandy clay loam) and LGP 90-150 and 150+ days 

7.0 

(2.1) 

5 

N9D3(2) 

Northern Plain (Rajasthan Upland and Gujarat plains) 

hot semiarid eco-region with old alluvial soils and LGP 

120-150 days (inclusion of 90-120 days) 

22.9 

(7.0) 

6 

N8D(C)4(3) 

Northern Plain (Middle Gangetic Plain) hot semiarid to 

subhumid eco-region with alluvial and Tarai soils and 

LGP 150-180 days (inclusion of 120-150 days) 

21.7 

(6.6) 

7 

K6D3(4-2) 

Deccan Plateau (Malwa Plateau, Gujarat plains and 

Kathiawar peninsula) hot, semiarid eco-region with 

moderately deep black soils (inclusion of shallow soils) 

and LGP 120-150 days (inclusion of 150-180 days and 

90-120 days) 

49.0 

(14.9) 

8 

K5D4-3 

Deccan Plateau, hot semiarid eco-region with mixed 

red and black soils and LGP 150-180  and 120-150 

days 

25.9 

(7.9) 
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Ecosystem AER Region Description Area m 

ha (%) 

9 

KID4(5) 

Deccan Plateau, hot semiarid eco-region with red 

loamy soils and LGP 150-180 (inclusion of 180-210 

days) 

18.7 

(5.7) 

Total area 145.3 

Subhumid 

Ecosystem 

10 

J6C4(3) 

Eastern Plateau (Satpura range and Mahanadi Basin) 

hot subhumid eco-region with moderately deep black 

soils (inclusion red soils) and LGP 150-180 days 

(inclusion of 120-150 days) 

15.2 

(4.6) 

11 

J3C4(3) 

Eastern Plateau (Bundelkhand Upland) hot subhumid 

eco-region with red and yellow soils and LGP 150-180 

days (inclusion of 120-150 days) 

21.7 

(6.6) 

12 

J2C5(4) 

Eastern Plateau, hot subhumid eco-region with red and 

lateritic soils and LGP 18-210+ days (inclusion of 150-

180 days) 

26.6 

(8.1) 

13 

N8C5(4) 

Northern Plains (Lower Gangetic) hot, subhumid eco-

region with alluvial soils (calcareous) and LGP 180-210 

days (inclusion 150-180 days) 

5.3 

(1.6) 

14 

A13C(B)3(6) 

Western Himalayas, warm to hot subhumid to humid 

eco-region sub montane shallow and skeletal hill soils 

and LGP 120-150 and >210 days 

15.6 

(4.7) 

15 

O8C5(6) 

Bengal basin, hot, subhumid eco-region with loamy to 

clayey alluvial soils and LGP 180-210 days (inclusion 

of >210 days) 

5.2 

(1.6) 

Total area 89.6 

Humid 

Perhumid 

Ecosystem 

16 

Q8B(A)6 

Assam and North Bengal Plain, warm humid to per 

humid eco-region with alluvial soils and LGP >210 

days 

9.7 

(3.0) 

17 

C13-1A6 

Eastern Himalayas, warm per humid eco-region with 

shallow and skeletal red soils and LGP >210 days 

8.7 

(2.6) 

18 

D3A6 

North Eastern hills (Purvanchal), warm perhumid eco-

region with red and yellow soils and LGP >210 days 

10.0 

(3.0) 

Total area 28.5 

Coastal 

Ecosystem 

19 

ST7C(B/A)4-5 

Eastern Coastal Plains and Island of Andaman and 

Nicobar, hot subhumid (with humid to perhumid 

inclusion) transitional zone with coastal and deltaic 

alluvial soils and LGP 150-210+ days 

11.3 

(3.5) 

20 

E2B-A(C)6(5) 

Western Ghats (Coastal Plains and Western Hills) hot 

humid to Per humid (inclusion of subhumid eco-region) 

with red and lateritic and alluvium derived soils and 

LGP >210 days (inclusion of 180-210 days) 

9.5 

(2.9) 

Total area 20.8 
(*) Subdominant character 

6.4. The Element of AER  

6.4.1  Bio-Climate 

Bio-climate is the very important component of AER calculated by using water balance 

method. On comparing the bio-climate type of AER 1992 (Fig. 6.5) and 2015 (Fig. 6.5), it is 

noted that the, area under hyper arid from 9.9 mha (3.0% of TGA) to 6.6 mha (2.0% of TGA) 

and the area under sub-humid moist from 72.4 mha, (22.0 % of TGA) to 13.2 mha (4.0% of 
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TGA) are refined (Table 6.3). Further the area under semi-arid moist from 78.9 (24.0% TGA) 

to 98.6mha (30.0% of TGA) and sub-humid dry 42.8, (13.0 % of TGA) to 78.9 mha (24.0% 

of TGA) is revised. Similarly the area under humid and per-humid is redefined from 32.9 and 

52.6 mha to 16.5 and 39.5 mha, respectively. The semi-arid (dry) areas have been corrected 

from 26.3 to 49.4 mha. 

  

Fig.6.5. Bioclimates of India (1992) Fig.6.6. Revised Bio-climates of India (2015) 

 

Table 6.3. Area under different bio-climates in two datum periods 

Bio-Climatic  Area in 1992 Area in 2015 

(mha) % TGA (mha) %TGA 

Hyper Arid 9.9 3.0 6.6 2.0 

Typic Arid 13.2 4.0 26.3 8.0 

Semiarid (Dry) 26.3 8.0 49.4 15.0 

Semiarid (Moist) 78.9 24.0 98.6 30.0 

Sub humid (Dry) 42.8 13.0 78.9 24.0 

Sub humid (Moist) 72.4 22.0 13.2 4.0 

Humid 32.9 10.0 16.5 5.0 

Per Humid 52.6 16.0 39.5 12.0 

                  Total 329.0 100.0 329.0 100.0 
 

6.4.2  Length of Growing Period (LGP) 

 

Length of growing period is another very important component of AER map. Comparing the 

revised map of LGP 2015 (Fig. 6.8) with that of 1992 (Fig. 6.7), it has been observed that the 

area under LGP class<60 days is revised from 16.5 to 29.6 mha and the area under LGP class 

of 60-90 days belonging to the western Rajasthan, arid part of Gujarat and Ladakh region of   

Jammu and Kashmir is corrected from 16.4 to 9.9 mha. The area under LGP class of 120-150 
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days, LGP class of 150-180 and 180-210 days belonging to the states of Maharashtra, 

Madhya Pradesh, Uttar Pradesh, Telangana and Karnataka is also refined. Area under LGP 

class of 210-240 covering Western Ghats of Kerala, Karnataka, Maharashtra and Uttaranchal 

state is revised from 6.6 to 26.3 mha. The area in LGP class of 240-270 and LGP class of 

>270 days encompassing western part of Assam and eastern part of West Bengal is also 

modified from 9.9 to 6.6 mha and from 13.2 to 23.0 mha, respectively.  

 

Shift in the area and extent of bio-climate type and in the LGP classes may be ascribed partly 

to the   climatic aberrations, particularly in the pattern and the amount of rainfall in the recent 

years. These have been noted from increasing incidence of dry spell, late   onset and early 

withdrawal of monsoon and cyclones of varying intensities. Shifts in the extent and area of 

bio-climate and LGP are also partially attributed to the development of irrigation facility 

under the state run watershed development programme and irrigation projects. The extent and 

severity of land degradation such as salinity, sodicity, nutrient depletion, multi-nutrient 

deficiency and acidity may be the other reasons for the shift in AER parameters. These 

parameters of   land resources affecting the elements of AER could   not be captured in the 

soil map of the country on 1:7 million scales. This was the used for preparing India’s Agro-

Ecological Regions, LGP and bio-climate type maps in the year 1992. Part of such variations 

could be delineated comparatively in workable manner while mapping the soils on1:250000 

scale for the states and on 1:1 million scales for the country which is the base for developing 

bio-climate type and LGP maps of 2015. This is expected to be revised further with the 

availability of data on still finer resolution. An attempt to generate such data is being made 

through a work programme on Land Resource Inventory in the country on 1:10000 scale.  

 

Table 6.4.Area under different LGPs in 1992 and 2015 

LGP Area in 1992 Area in 2015 

(mha) % TGA (mha) % TGA 

<60 16.5 5.0 29.6 9.0 

60-90 16.4 5.0 9.9 3.0 

90-120 9.9 3.0 19.7 6.0 

120-150 151.3 46.0 65.8 20.0 

150-180 98.7 30.0 105.3 32.0 

180-210 6.5 2.0 42.8 13.0 

210-240 6.6 2.0 26.3 8.0 

240-270 9.9 3.0 6.6 2.0 

>270 13.2 4.0 23 7.0 
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Fig.6.7. LGPs of India (1992) Fig.6.8. Revised LGPs of India (2015) 

 

6.5  Summary  

 

Thus the revision of agro-ecological region map of the country indicated that climate change 

is the reality and the arid region in terms of extent and severity is increasing on the cost of 

humid and sub-humid regions. Therefore, a strong resource base land use planning is needed 

for combating climate change and ensuring food security. Recently ICAR New Delhi has 

initiated the step and frame AER as the basis for district level planning for doubling the 

income of farmers by 2022. 

 

 


