
• (Problem Soils) . 

 

• It is believed that drought and problematic soils 
constitute about 50% of the significant problems 
encountered in agriculture production. Problem soils 
includes saline, sodic, saline – sodic and acid soils. 
Acidic soils are usually referred to as sour soils, while 
alkaline soils as sweet soils.   

 



Salt affected soils  

 Soils in which concentration of salts is so high as to 

adversely affect plant growth and crop productivity, 

are called salt-affected soils from agriculture point of 

view. Salt affected soils includes saline, sodic and 

saline-sodic soils.  

Extent of salt affected soils  

         These exist in all over the world. About 952 m ha 

land is under salt affected Soils. In India about 7.5 m 

ha area is under salt affected soils, in which Gujarat 

comprises highest area (1.649 mha) followed by 

Rajasthan (1.183), U.P. (0.958 mha), Haryana ( 0.555 

mha), Punjab(0.480 mha).  



Classification 

i. Saline soils - Soils containing sufficient neutral soluble salts to adversely affect 

the growth of most crop plants. The soluble salts are chiefly sodium chloride 

and sodium sulphate. But saline soils also contain appreciable quantities of 

chlorides and sulphates of calcium and magnesium. 

 

ii. Sodic soils - Soils containing sodium salts capable of alkaline hydrolysis, mainly 

Na2CO3, these soils have also been termed as ‘Alkali’ in older literature 

 

iii. Acid-sulphate soils 
These are soils that have somewhere within a 50 cm depth a pH below 3.5 to 4.0 

that is directly  or indirectly caused by sulphuric acid formed by the oxidation of 

pyrite (FeS2) or, rarely of other  reduced sulphur compounds. Potential acid 

sulphate soils occur in tidal swamps. They have high levels of pyrite, low levels of 

bases and produce strongly acid sulphate soils when pyrite is oxidized to sulphuric 

acid after drainage (Pons, 1973). Pyrite formation is favoured in brackish and 

saline mangrove swamps dissected by tidal creeks where deposition and build up 

of coastal sediments is slow. Apart from high salinity, the productivity of acid 

sulphate soils is restricted dueto such soil factors as iron and aluminium toxicities, 

deficiency of phosphorus, et. soils are found although sodium forms only a minor 

proportion of the exchangeable ions. It is possible that these soils originally had 

enough exchangeable sodium for the solonetiz.  



Degraded sodic soils : Degraded sodic soils are usually considered to be an advanced 

stage of soil development resulting  from the washing out of salts. 

 The details of the type of soil developed as the leaching proceeds  depends on local 

conditions, particularly soil texture and type of clay present.  

As a result of the leaching processes there is a tendency for the dispersed clay and organic 

matter to move down  the profile resulting in the formation of a dark, extremely compact 

layer having a sharply defined upper surface and merging gradually into the subsoil with 

increasing depth.  

The darker colour of the compact layer compared with the layer above may be due to its 

higher clay content since  it does not always have a higher content of organic matter.  

The upper soil layers have a loose porous, laminar structure due to loss of clay and the 

upper surfaces of this layer may be paler than the lower, possibly because of silica being 

deposited on them.  

The clay pan cracks on drying into well defined vertical columns having a rounded top and 

smooth, shiny, well defined sides.  

These can be broken into units about 10 cm high and 5 cm across with a flat base. Below 

this the column breaks into rather smaller units with flat tops and bottoms which on light 

crushing break into angular fragments.  

There are large areas in western Canada (Toogood and Cairns, 1973; Cairns and Bowsa, 

1977), Australia (Northcote and Skene, 1972), USA (Rasmussen et al., 1964) and other 

countries where soils having profile morphology typical   of solonetz/solod z-solod 

morphology to develop in the profile but that most of this sodium has now been lost through 

leaching this sodium has now been lost through leaching 



 Common features of Saline soils 
 1. Sufficient  concentration of salts, like chlorides  and 

      sulphates of  calcium, magnesium and sodium. 

2.  Na+/(Cl-+SO4
2-) is <1.0.  

3. Water availability to the plants is affected in such soils 

and consequently the plant growth is retarded.  

4. A very saline soil may form a white crust on it surface, 

which is commonly referred to as solonchack or "white 

alkali". known as reh, thur etc 
6. The relative proportion of Na+ with Ca2+or Mg2+ is very 

low,  

7. Increase in flocculation of the clay particles  which 

resulted in relative difficulty for the removal of cations 

from exchangeable complex in the following order as 

Al3+>Ca2+>Mg2+>K+>Na+ as well as soils are highly 

permeable.  



PROBLAM SOILS 

SSsWhite alkali 
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Acid sulphate soils 



Coastal Saline Soils 

http://www.google.co.in/imgres?imgurl=http://www.ciseau.org/pictures/Thailande.png&imgrefurl=http://qwickstep.com/search/saline-soils.html&h=201&w=282&sz=111&tbnid=FdIv0XpbjFzNBM:&tbnh=81&tbnw=114&prev=/images%3Fq%3Dimages%2Bof%2Bsaline%2Bsoils&zoom=1&q=images+of+saline+soils&hl=en&usg=__cLUGxzUmjH0QmkXVvuI2G0eSPLI=&sa=X&ei=1GNWTff7Mc-yrAeg57jPBw&ved=0CBwQ9QEwAQ


White Alkali soils 
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Saline soils 

Sodic Soils 
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Occurrence  

 
 These May also exist even in humid and sub- 

humid climate. There are 4 major regions in the 

country where these soils are commonly found. 

           

          1. Semi- arid Indo- Gangetic alluvial  

               region( mainly in Punjab, Haryana 

               part of U.P.) 40% of salt affected area.       

          2.  Arid tracts of Rajasthan and Gujrat.  

          3.  Arid and semi- arid area of southern  

               states. 

          4. The coastal alluvium. 
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Salt Affected Soils 

 
1. Saline Soil : 

 

   Predominant salts that accumulate in soils are 

sulfates, chlorides, carbonates, and bicarbonates  of 

calcium, magnesium, sodium and potassium. The 

soils which have ECe greater than 4 dS/m 

(mmhos/cm), SAR greater than 13,and /or ESP less 

than 15. Soil pH can be between 7.5- 8.5 

 



2. Sodic Soils 
Sodic soils are high in exchangeable sodium compared 

to calcium and magnesium. ECe is less than 4 dS/m and 

often less than 2 dS/m (SSSA). Soil pH usually is greater 

than 8.5 and can be as high as 10 or even 11 in extreme 

cases. It cause soils to disperse, meaning that individual 

soil particles act independently.  

 

3. Saline Sodic Soils 
Saline-sodic soils are high in sodium and other salts. 

They typically have EC greater than 4 dS/m (m mhos 

/cm), SAR greater than 13, and /or ESP greater than 15. 

Soil pH can be above or below 8.5. 



Genesis of saline and sodic soils 
1. Parent material 

        e.g.   basalt, sand stone. 

2. Low rainfall 
          Insufficient water to  remove bases from soil 

horizon resulting accumulation of salts in soil. This is 

more common in   semi arid and arid regions.  

 

3. High Evaporation 

 
     More common feature in semi arid and arid regions 

which resulting more capillary movement of water 

from sub surface to surface and leaving the salt to 

accumulate on the surface of soils.   



4.  Poor drainage 

    Water logged salinity / sodicity is a common 

seen in low lying area of islands particularly in 

high clay soils. Improper drainage leads to 

accumulation of salts at surface horizon. 

5. Water is having poor quality for irrigation 

6. High water table 
     High water table at alluvial plains and other areas 

7. Sea water intrusion 
     In coastal regions sea water intrudes into land and 

pollutes the soil as well as ground water of     that  

locality. 

8. Base forming fertilizers :          NaNO3 etc. 

  



Measurement of salinity 

Can be done on the basis of soluble salts. The effect 

will differ according to soils e.g. sandy and clay 

soils. The following may be the measurements: 

a) Total soluble salts (m.eq. / l):  

 10.37 x ( EC of saturation extract x 103) x 1.065 

b) Per cent soluble salts: 

 0.064 x EC of saturation extract x 103 x saturation %  

    100 

c) Atmospheric pressure (Atm.)= 

                0.36 x EC of saturation extract x 103 



Measurement of alkalinity 

The soil alkalinity can be measured as follows: 

a)SAR = Na+/ √Ca2++ Mg2+/2 

b)ESP =  100 ( - 0.0126 + 0.1475 SAR) 

    1 + ( - 0.0.126 + 0.1475 SAR) 

 

c)Ca: MG Ratio  :  1: 8 is more hazards than 1:1 

d) Mg : Ca ratio  :  1: 9 is more hazards than 1:1 

c)Cl: SO4 ratio   :  3:1 is more hazards than 1:1 

 

 



Effect on Plant growth 
Hard surface restricted root system. 

•  Nutritional imbalance 

• High concentration of carbonate and bicarbonate of 

Na leads to cell collapse. Cl and SO4 toxicity 

• Low micronutrients availability  N & P, Ca and Mg 

deficient 

• Oxygen deficiency in root zone due to breakdown of 

soil structure (deflocculation). 

•  Toxicity of carbonate, bicarbonate and other 

ions.(0.5 % salt conc. root start to  decay and at 30% 

root completely damaged) 



Management / reclamation of saline soils 

Scrapping: only in serious problem areas and in very 

small area.  

a) Flushing: washing out of salts by run off water and 

its collection at slope end. Useful in very low 

permeable and hard layered soil profile. 

b)Leaching:Very effective method for salinity 

reclamation. Done after leveling and bunding.  

 



Other management methods:  

a) Crop management: growing of crops according to 

salinity level.  

i) High salt tolerant crops: cotton, ragi, barley, barseem, 

sugarcane, susbania, sugar beet, bermuda grass, 

cowpea, spinach etc. 

ii) Medium salt tolerant crops: paddy, wheat, onion, maize 

, safflower, caster, tomato, cabbage, potato, grape etc. 

iii) Salt sensitive crops: pulses, reddish, lime etc.  

b) Fertilizer and manure management: Do not use base 

forming fertilizers as NaNO3 for longer time, use acid 

forming fertilizers as urea, DAP, SSP etc. Add GM as 

sun hemp, susbania etc. to produce acidity. Add 20-25 % 

extra RDF to compensate N availability. Use CANc 



c) Irrigation management: Apply good quality 

irrigation water. Apply drip/ sprinkler method to 

avoid salt deposition. 
i) low salinity water (good) – 0.25 dSm-1   

ii)  medium salinity water (fair) – 0.25 - 0.75 

iii) high salinity water (poor) – 0.75- 2.25    

 iv) very high salinity water (very poor) - >2.25 

d) Soil/ cultural management: grow crops on sloppy 

ridge or raised bed, make good drainage in water 

logged area, compact the soil by roller (4 tonnes) for 8-

10 times, use mulch, provide polythene to below the 

surface. Plant Acacia (kikar), Tamarix (Farash) and 

Azadirachta (Neem) etc. Some exotic species have also 

been very useful for this purpose i.e. Eucalyptus 

(Safaidah) and Atriplex (Salt bush). 





Drainage: Removal of excess water from surface 

and sub surface of soil. 

Leaching Requirement:  

“ Fraction of water that must be leached through 

the root zone to control salinity at a specified 

level.” 

    OR 

“ Ratio of equivalent depth of the drainage water to 

depth of applied water.” 

  LR  =           EC iw 

                       EC dw 

  LR ( crop) =              EC iw 

                 5( ECse) – ECiw 

*To leach the one meter water in the soil under 

continuous ponded condition normally removes 

80% of soluble salts. 



Management / reclamation of Sodic soils 
To make soil in good condition there are 3 important practices: 

a) reclamation of sodic soil by amendments 

b) selection of crops, and 

c) improved agricultural technologies/methods. 

 

But for permanent reclamation following things or practices must 

 The main principle to reclaim sodic soil is to replace the 

exchangeable Na by Ca.. Therefore, the most effective method 

is the use of chemical amendments. The amendments can be 

broadly grouped as: 

a) Soluble sources of Ca – gypsum, calcium chloride, phospho-

gypsum etc. 

b) Sparingly soluble ca salts – calcite,  

c) Acid formers – sulphur, sulphuric acid, sulphates of Al or Fe, 

pyrite, lime sulphur etc.    



a) Chemical amendments: 
“The amount of gypsum require to lower the ESP of sodic soil to desired 

level”.          

                      GR (C mol/ kg soil) = ( ENai – ENaf) CEC  OR 

                        GR (kg/ha) = 1720 ( ENai – ENaf) CEC 

This formula is based on 100% replacement of Na+ by Ca2+ ions. But in field 

condition the efficiency is always much lower. Therefore, 25% extra gypsum 

should be applied. To remove this problem Schnoover has proposed a 

formula. 

GR (m e/ 100 g soil) = (C1 – C2) x 2        C1 = conc. of Ca2+ of saturated 
gypsum , C2 = conc. Of Ca2++Mg2+ in filtrate 

 GR (t/ha/30 cm)=GR (m e /100 g soil) x 1.72x 2.47 



b) Improved agricultural practices: 

1.Tillage practices - deep ploughing/ profile inversion to breaks the hard 

pan, once in 2-3 years, do not plough in moist condition to avoid clod 

formation, do not use heavy machinery.  

2.sand feeling – to reduce hardness and for capillary movement of water. 

3.drainage – to improve aeration and to check salts accumulation. 

4.apply more seed rate or maintain more plant population. 

5.use acid forming fertilizers as urea, SSP, DAP etc. 

6.Use organic and inorganic combination of inputs, apply FYM, green 

manure, crop residues etc. 

7.Irrigation management -  use good quality water and excess water in row 

crops.  

 SAR – low sodic - <10  medium sodic – 10-18 

     high sodic – 18-26 very high sodic - > 26 



S. No.  Range of EC (dS/m)  Class 

1.    Below 1.50  Low 

2.                1.50-2.50  Moderately low 

3.                2.50-5.00  Medium 

4.                5.00-7.50  High 

 Above    7.00  Very high 

S. No.  Range of SAR (dS/m)  Class 

1.    Below 10  Low 

2.                10-18  Moderately low 

3.                18-26  Medium 

4.                26-40  High 

 Above    40  Very high 

Table 2: Water quality ratings  based on sodium  EC,SAR and RSC 

S. No.       RSC (meq/l)         Class 

1.        Below 1.50         Low 

2.              1.50-3.0         Medium 

3.              3.0-6.0         High   

4.        Above 6.0         Very High 



S.No. Local name of tree  Scientific name Usage 
1. Scarlet Bottlebrush Callistemon rugulosus Wood, forage,  

2 Scrub Sheoak Allocasuarina paludosa  Wood, shrub 

3 GUM ARABIC (Acacia senegal)  Gum, Wood, forage savanna shrub/tree 

4 TOOTHBRUSH TREE  (Salvadora persica  

and S. angustifolia) 

Oil-rich (40%), seeds soap, candles, and salve effective in 

mitigating body pains.  

5 SHEA  (Vitellaria paradoxa and V. nilotica) Fuel wood, charcoal, and domestic utensils.  

6 SEA BUCKTHORN  (Hippophae rhamnoides) deciduous shrub/tree that grows in coastal dunes 

7 RUSHES  (Juncus spp.) pulp and fiber is used for paper production 

8 River Sheoak Casuarina cunninghamiana  Wood, shrub 

9 SEA BUCKTHORN  (Hippophae rhamnoides) Siberian pineapple 

10 ACACIA    A. elechantha, A. thomsonii,    Oilseed grain(27% Oil) 

11 ALKALI SACATON (Sporobolus airoides ornamental, erosion control                               forage 

12 ARGAN TREE  Argania spinosa) plum-sized fruits contain high oil content (over 50%), with a 

fatty acid composition similar to olive oil. 

13 BARLEY (Hordeum vulgare) Fodder, food grains 

14 COCONUT PALM  (Cocos nucifera Wood, Fodder, fruits 

15 CROWFOOT GRASS  (Dactyloctenium aegyptium) forage 

16 EEL GRASS  (Zostera marina) submerged aquatic herb 

17 IODINE BUSH (Allenrolfea occidentalis) Forage, Food, Madicinal 

18 PALMER SALTGRASS  Distichlis palmeri) Forage, Food, Madicinal 

19 PEARL MILLET  (Pennisetum typhoides) Food flour 

20 QUINOA  Chenopodium quinoa) High Vitamines/minerals,food 

21 SALICORNIA  (Salicornia spp.) Halophyte, pickleweed, glasswort and samphire soap making 

22 WHITE MULBERRY  (Morus alba Wood, Fodder, fruits 

23 SEA OATS  (Uniola paniculata)  Food flour 

24 CACTUS APPLE  (Cereus peruvianus) Wood, Fodder, fruits 

25 CHINESE WOLFBERRY  (Lycium barbarum) Wood,Fodder, fruits 

26 BERSEEM CLOVER (Trifolium alexandrinum)  Forage,fodder, green manure 

27 BIRDSFOOT TREFOIL (Lotus corniculatus) Forage,fodder, green manure 

28 BERMUDA GRASS (Lotus corniculatus) Forage,fodder, green manure 

29 ALFALFA/LUCERNE (Medicago sativa) Forage,fodder, green manure 

30 DATE PALM  (Phoenix dactylifera) Wood,Fodder, fruits, commercial 

31 NATAL PLUM  (Carissa edulis, C. grandiflora, and C. macrocarpa) Wood,Fodder, fruits, commercial 
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Acid soils (vEyh; e`nk;sa  ) 

1. These soils are more common in humid region where immmense   

     weathering is done due to heavy rainfall resulting in washing out 

of the soluble salts specially excahngeable base forming cations as 

Ca2+, Mg2+, K+, and Na+. These are also deficienct in P.  

 

2. Highly leached soils are also deficient in B and S. Active H+, Al3+ 

       and Fe2+ ions are bound to clay, therefore, these are base 

unsaturated soils.  

3. Excessive amount of soluble Fe, Al and Mn in strongly acid soils 

(pH <5.0) are harmful to crop growth, these may also contain 

toxic amount of Cu and Zn.  

 

4. Laterization, podzolization and accumulation of un-decomposed 

OM under marshy conditions contribute  to soil acidity.  

5. These soils have high bulk density, low OM, WHC, nutrients 

except NH4-N and P, shallow water table, low CEC and microbial 

activity etc. 







http://www.clw.csiro.au/acidsulfatesoils/murray.html


http://flickr.com/photos/29379350@N08/3395082256/


http://www.clw.csiro.au/acidsulfatesoils/murray.html


Extent –  
World – 3950 mha, Asia – 1044 mha, America – 1616 

mha, and about 30% of total geographical area of the 

world. 

About 12-16 m ha area in India out of  which 2.2 mha in 

WB, 2.0 mha in Bihar and 0.33 mha in HP. Largest area 

in NE states and Kerla. Assam (90%), Orissa (80%), 

Kerla (88%), Karnataka (45%), J & K (30%) and  

Maharastra (20%) are acidic. Soil acidity in HP is due 

to ex. Fe3+, in NE regions due to Al3+ and in Kerla due to 

SO4
2- of  H, Fe and Al.  

strongly acidic (< 5.0)                        - 12% area 

moderately acid (5.0 – 5.5)           - 48% area 

slightly acidic ( 5.5 – 6.5)           - 40% area 



Causes of soil acidity 
a) precipitation/ acid rain :Mainly due to anthropogenic 

activities as gases e.g.  SO2, NH3, NO, NO2, N2O etc. 

emitted by industries, lightning etc. Washing out of the 

soluble salts in heavy rainfall areas.  

b) organic matter –  Releasing of CO2 after decomposition 

of OM resulting in various acids production. Conifer  

vegetation produces more acid than  others. 

c) nutrient transformation and uptake –  When cations 

exceed anion uptake, excess H+ released while when 

anoin exceeds cation uptake relesases OH-/ HCO3
-.  

Generally most plants take up more cations than anions, 

resulting soil acidification.  

d) leaching of bases – bases are continuously leached from 

the soil surface by transporting water resulting in 

reducing PBS and pH. 



e) parent materials – Soil developed from acid forming 

parent materials as gibbsite (Al(OH)3, geothite (Fe (OH)3 

etc. contribute soil acidity. 

f) clay minerals – The dissociation of H+ ions from edges of 

clay minerals, iron oxides and surfaces of OM contribute 

to soil acidity. 

g) fertilizers – Fertilizers like ammonium sulfate and 

ammonium chloride, ammonium sulphate, urea, DAP etc.. 

Nitrate containing fertilizers causes less acidity than 

ammonium containing fertilizers. Moreover fertilizers 

having P, S and N combine produce more acidity than N 

alone. 



Effect on plant growth 
These may affect the crop growth due to: 

• low availability of nutrients like nitrogen, phosphorus, 

calcium,   magnesium, and  molybdenum. 

• poor root growth 

• more availability of Al, Mn, and Fe to plant causes 

toxicity.Reduces the entry of cations in to plant membrane. 

• reduce the enzymes activity within the plants.  

• less activities of microorganisms as bacteria, 

actenomycetes etc. ,  but fungi are more   active. 



Management / reclamation of acid soils 

 There are several liming materials, the commonly used liming 

materials (supply Ca to remove H+ + Al3+) to reclaim acid soils 

are: 

                a) quick / burnt / oxide of lime (CaO) 

             b) hydrated lime [Ca (OH)2-] 

             c) lime / calcite (CaCO3) 

             d) dolomite [Ca Mg (CO3)
2- ] 

             e) marl/oyster shells/ basic slag etc) 

 Calcite and dolomite react slowly with soil colloids while 

burned lime (CaO) and hydrated lime (Ca(OH) react faster 

and bring changes in soil pH in few days but calcite (CaCo3) 

and Dolomite [Ca Mg (CO3)
2-] are mostly used for reclamation 

of acid soils. 



Lime Requirement (LR) 
  The procedure developed by Shoemaker, McLean 

and Pratt (1961) is widely used in all over the world to 

determine the required amount of liming materials. 

Procedure: 
 1.Take 10 g   soil  in 100 ml beaker. 

2.Add 25 ml of distilled water into the beaker and shake 

   well the soil with glass rode for 10 minutes. 

3.After shaking, the pH  measured after standardization 

   of  pH meter. 

4.If pH of soil water suspension is below 6.0  means there 

   is need of lime determination. 

5.For lime determination, 5g air dry  soil sample is taken  

   into a 50 ml beaker.  

             



            6.  Add 5 ml of distilled water and 10 ml of  extract 

             ant buffer  solution to the soil. 

 

        7.  Stir continuously for 10 minutes or intermittently  

             for 20 minutes with a glass rod. 

 

        8.  Measure the pH of the soil –buffer suspension on a 

             pH meter after standardizing with known pH  

             buffer solution. 

 

        9. Against the measured pH find out the amount of  

            lime required to bring down the desired level of pH 

            as per the table. 



Reaction of liming materials in soil 
CaO + H2O + CO2     --------→ Ca (HCO3)2 

Ca (OH)2  + CO2          -------→ Ca (HCO3)2 

CaCO3 + H2O + CO2 --------→ Ca (HCO3)2 

This calcium bicarbonates replace the H+ and Al3+ from the 

colloidal surface by the following ways: 

H+ 

           (clay) + Ca(OH)2  Ca2+- clay + 2H2O  

H+ 

H+ 

               (clay)  + Ca(HCO3 )2   Ca2+ - clay + 2H2O + 2CO2 

H+ 

 

  



pH of soil 

buffer 

suspensio

n 

Lime (Tones/ha of pure CaCO3) 

required to bring the soil to 

desired pH* 

6.0 6.4 6.8 

6.7 2.5 3.0 3.5 

6.6 3.5 4.3 4.8 

6.5 4.5 5.5 6.3 

5.0 20.5 24.0 28.0 

4.9 21.5 25.3 29.5 

4.8 22.8 26.5 31.0 



Measured pH of the 

soil buffer suspension 

Lime requirement in tones/ha of pure 

CaCO3 For achieving the desired soil pH  

  pH 6.0    pH 6.4  pH 6.8 

6.7 

6.6 

6.5 

6.4 

6.3 

6.2 

6.1 

6.0 

5.9 

5.8 

5.7 

5.6 

5.5 

5.4 

5.3 

5.2 

5.1 

5.0 

4.9 

4.8 

  2.43 

  3.40 

  4.37 

  5.59 

  6.56 

  7.53 

  8.50 

  9.48 

10.69 

11.66 

12.64 

13.61 

14.58 

15.79 

16.77 

17.98 

18.95 

19.93 

20.99 

22.11 

  2.92 

  4.13 

  5.35 

  6.56 

  7.78 

  8.99 

10.21 

11.42 

12.64 

13.85 

15.07 

16.28 

17.50 

18.71 

19.93 

20.90 

22.11 

23.33 

24.54 

25.76 

  3.40 

  4.62 

  6.07 

  7.53 

  8.99 

10.21 

11.66 

13.12 

14.58 

15.79 

17.25 

18.71 

20.17 

21.63 

22.84 

24.30 

25.76 

27.22 

28.67 

30.13 



Chemical equivalence of liming materials: 
     

                 Chemical equivalence of  pure  

            

                                       Ca O             =    1.786 

                            Ca (OH)2     =     1.35 

                            Mg CO3       =     1.19 

                            Mg O            =     2.25 



Planting Acid-Tolerant Crops.  

 Different plant species (even varieties within a species) 

grow best at different pH ranges. For example, azalea 

and camelia grow well only at pH below 5.5, and 

appear to suffer from Fe and/or Mn deficiencies at 

higher pH. Also, pineapple can tolerate soil acidity 

much better than sugarcane.  
-------------------------------------------------------------------- 
     Plants                                   pH ranges     
-------------------------------------------------------------------- 

 buckwheat                                             5.0- 6.5 

  Alfalfa                                                   6.5-  7.5  

  Avocado                                                6.0-  6.5 

  Millets                                                   5.0 - 6.5  

  Moong, wheat                                       5.5- 7.5 

  Sorghum                                               5.0-  6.5   



Grow acid tolerant crops and varieties  

 
1.  Rice ( short duration rice in uplands),  tea, jute,   

    (highly), 

 

2. Miner millets, sorghum, Bengal gram,  lentil,   

    groundnut, maize, wheat etc 

       ( medium)  

 

3. Pigeon pea, cotton, soybean etc.  

     (sensitive). 



Some other practices 

•  Add liming material every year @ 10% rather 

than 50% or 100% and use basic slag/ fly ash 

/active clay. 

• Add FYM in combination  with  lime,   pressmud, 
   decomposed  OM. 

• use rock phosphate and SSP in 1:1 ratio to supply  
better   phosphorus. 

• Include green manure as susbania,sun hemp, 
cowpea etc.    amendments for better microbial 
activity. 

• Integrated use of bio inoculants, organics and 
chemical  

• Add more K fertilizers to reduce Fe toxicity. 

• Inclusion of leguminous crops in crop rotation.  



● Avoid water stagnation (anaerobic condition). 

 ● Apply micronutrient deficient fertilizers. 

 ● Avoid excess accumulation of un-decomposed OM. 

 ● Grow acid tolerant crops and varieties as  

      rice ( short duration rice in uplands), tea, jute,  

           (highly), 

      miner millet, sorghum, Bengal gram, lentil, 

      groundnut, maize, wheat etc ( medium)  

      pigeon pea, cotton, soybean etc. (sensitive). 

 ● Avoid use of acidic fertilizers as urea, SSP, DAP,  

    ammonium sulphate etc. 

● Use industrial wastes as amendment as basic slag, 

   steel mill slag, lime sludge, blast furnace slag etc. 



1ty eXu e`nkvksa dk lq/kkj % tyeXu e`nk;sa dks d`f"k ;ksX; cukus ds 

fy, muds cuus ds dkj.kksa ij /;ku nsus dh vko’;drk gksrh gSA 

tyeXu e`nk;sa fo’ks"k rkSj ij fupyh lrgksa esa ik;h tkrh gSaA bu 

e`nkvksa esa Hkjs gq, ikuh dks uydwi ;k vU; lk/kuksa }kjk ÅWps {ks=ksa 

dh rjQ fudkyk tkrk gSA ty Hkjko ds le;] ty Hkjko dh ek=k 

rFkk ty Hkjko dh xgjkbZ ds vuqlkj Qlyksa dk p;u fd;k tkrk 

gSA cjlkr ds le; ty Hkjko gksus ij /kku dh Qly yh tk 

ldrh gS          tyfudkl 

 2jsrhyh e`nk;sa % bl izdkj dh e`nk;sa jktLFkku ds tSlyesj] xaxkuxj 
rFkk tks/kiqj ftyksa esa fo’ks”k :Ik ls ik;h tkrh gS ij o"kkZ dsoy 
uke ek= dh gksrh gSA bu e`nkvksa esa dksbZ okuLifrd ikS/ks ;k 
o`{k ugha ik;s tkrs gS ftlds dkj.k bl e`nkvksa esa tSoka’k inkFkZ dh 
vf/kd deh gksrh gS      tSoka’k inkFkZ   



• Growing of sodicity tolerant crops,    
   

i)   high sodicity tolerant – paddy, ragi 

 

 ii) medium tolerant – sorghum, cotton, sugarcane, 

      sunflower,  

 

iii) sensitive – pulses etc. 

  

Grasses – rhod, para, dub, blue, Chloris guyana, 

Brachiaria mulicha palmarosa etc. 

Trees – Azadirachta indica, Propis juliflora, 

Tamaarix articulata, Albizia laback, Zizyphu sp., 

Acacia sp., Casia sp., Eucalyptus etc. 





Electrical conductivity 

(EC); d S / m or    below 0.75  0. 75–4   above 4          EC is an indicator of the m 

mhos/cm                                                                         of dissolved salts. High 

                                                                                         salt concentrations may  

                                                                                         reduce seed germination 

                                                                                         and plant growth.  

                                                                                         specific ion toxicities   

                                                                                         caused by salts. 

Exchangeable  below 5%     5–15%      above 15%      As ESP (sodium) increases, 

Na                                                                                     soil structure decreases;  

                                                                                          the infiltration rate of water 

                                                                                          into soil and the rate of  

                                                                                          water movement  through 

                                                                                          soil may be  reduced. High  

                                                                                          concentrations of  Na   

                                                                                          can be toxic to plants. 

SAR                   below 5       5–13           above 13         Same as ESP above. 

pH                     below 7.5     7.5–8.5      above 8.5         Soil iron, manganese,  

                                                                                          and other micronutrients 

                                                                                          are less available for  

                                                                                          plant uptake. If pH is  

                                                                                          above 8.5,  needs careful  

                                                                                          monitoring of SAR or ESP 

 



CAT clay 

 These soils also known as acid sulphate soils or typical 

peaty saline soil, formed in low land areas with submergence 

or high water table e.g. Kuttanad areas of Kerla, 

Sundarbans of W.B. and some tarai soils. Locally known as 

kari or pokkari. In these soils there is accumulation of large 

quantity of soluble salts or free acidic substances as H2SO4 , 

Al (SO4)
3 and Fe (SO4)

3. These soils have very low soil pH 

<4.0 and sometimes goes to as low as 1.0 and H2SO4 is mainly 

responsible for it. Under submerged condition the SO4
2- have 

been reduced to SO2 (sulphide) as Fe and Al sulphides. 

During partial drying the some elemental S is formed by the 

partial oxidation of the sulphides and the presence of 

sulphides and elemental S is about 100 times greater than the 

normal cultivated soils. When high sulphides lands are 

drained, the sulphides and elemental S are quickly oxidized 

forming H2SO4 .  



Common features of Sodic / Alkali soils 
 These soils results due to the accumulation of carbonates and 

bicarbonates of Na in the soil and lack of neutral soluble salts. Clay 

saturated with Na deflocculated or dispersed leading to unsatisfactory 

physical conditions of soils specially poor drainage. Na+/(Cl- +SO4
- -) is 

>1.0.These soils are found in those conditions where Ca and Mg are 

deposited on soil colloids but Na concentration increases in soil water. 

When soil water becomes more viscous due to evaporation then 

compounds becomes to precipitate . In this condition exchangeable Na 

replaces the Ca and Mg from colloids. Under highly sodic soil dosssolved 

OM may be deposited on the surface which gives the dark colour to the 

surface known as black alkali soil or solonetz. In India these soils are also 

known as Usar, kallar etc. Under field conditions, soil suraface soil is quite 

dry and hard. Due to poor drainage, the muddy water stands over the soil 

for longer time in rainy season. Cracks are formed on drying and create 

serious problem in tillage operation. The presence of undurated layer of 

clay pan or kankar pan in the sub soil is common feature.. The grasses 

formed a thick cover during rain and dry up completely after rain.  
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Soil Erosion Problem 
Soil is the most precious gift of nature -Prime resource-

for food, fodder etc. -Soil mismanaged-less productivity. 

In India, more than 100 million hectares soil degraded, 

eroded, unproductive 

About 17 tones/ha soil detached annually- >20% of this 

is transported by river to sea10% deposited in reservoir 

results 1 to 2% loss off storage capacity. 
 



. 

Soil Erosion Problem… 

Soil erosion deteriorates soil quality & reduces 

productivity of natural , agricultural & forest 

ecosystem 

Soil erosion deteriorates quality of water. Increased 

sedimentation causes reduction of carrying 

capacity of water bodies.  



Introduction to Soil Erosion 

        Introduction to Soil Erosion 
 

 
 

 
 

 Definition : 
– soil erosion is the detachment, transport & 

deposition of soil particle  on land surface - termed 

as loss of soil. 

– measured as mass /unit area -10-12 tonnes/ha or 

2.0-2.5 Kg/sq.m 

•Soil loss is of interest primarily on-site 

effect of  erosion succession as loss of 

crop productivity 

•Off site effect of soil erosion are siltation 

in ditches, streams , reservoirs 

•Sediment generated by erosion processes     

are prime carrier of agricultural chemicals 

that  pollutes stream or lakeses 
  



 
 

Causes of Soil Erosion 
Human Induced & Natural Causes 

Land use - Over grazing by cattle, 

Deforestation, arable land use, faulty farming, 

construction, mining etc. 

Climatic conditions: precipitation & wind 

velocity 

Soil: soil characteristics - texture, structure, 

water retention and transmission properties. 

Land forms: Slope gradient, slope length and 

shape of slope 

Hydrology: Infiltration, surface detention, 

overland flow velocity, and subsurface water 

flow. 



Types of Soil Erosion 

Geological erosion, Natural erosion & 

Erosion from activities of human & 

animal 

– Geological erosion:-Soil forming and 

distribution 

àLong time process 

– Human and animal:-Tillage, removal of 

plants and other vegetation àaccelerated 

erosion 

– Stream bank erosion 

– Landslide, Volcanic eruption, flooding 
  



Soil Erosion Processes 

Agents of Soil Erosion 

Wind 
Water 

Glaciers 

 

Water forms 

Mass movement 

 

 

 

Glaciers 
 

Eg. Landslide 

Rainfall 
Runoff 

Reservoirs 
Runoff And Oceans 

Sheet/Interrill           Rill                     Gully              Stream bank     
erosion 



Soil Erosion Parameters 

Soil erosion – function of: 
Erosivity – depends on rainfall 

\Erodibility – property of soil 

•Topography – property of land 

•Management – contributed by man 

Erodibility: Detachability & 

transportability Topography: Slope, 

length, relation to other 

Land Management: Land use & crop 

management  



Water Erosion 

Detachment & transport of soil particles 

from land mass by water including rain, 

runoff, melted snow 

Depends on: soil nature & capacity of 

water to transport 

More on sloppy land 

More velocity more transport 

Water erosion  accelerated by 

agriculture, grazing and construction 

activities 



 

Climate  : Precipitation, temperature, wind, humidity and 

solar radiation 

Soil size : type of soil, soil texture, structure, 

organic matter 

Vegetation :  interception of rainfall-reduce 

surface sealing & runoff, decrease surface 

velocity, improvement of aggregation, increased 

biological activity and aeration, transpiration, 

physical holding  

Topography à degree of slope, shape and length 

of slope and size and shape of watershed 

 

Factors affecting Erosion by water 



Types of Water Erosion 

Water Erosion Types: Interrill (raindrop and sheet),  

rill, gully & stream channel erosion 

Raindrop erosion (splash erosion) Soil detachment 

& transport - from impact of raindrops directly on soil 

particles or on thin water surfaces 

On bare soil  about 200 t/ha soil is splashed into the 

air by heavy rains 

Relationship - erosion, rainfall momentum & energy - 

by raindrop mass, size, shape, velocity & direction 

Relationship: Rainfall intensity & energy (Foster et al., 

1981) 

E = 0.119 + 0.0873 log10i ; E- kinetic energy in MJ/ha-

mm; i = intensity of rainfall in mm/h 

 



Sheet Erosion/ Interrill Erosion 

Sheet erosion: Uniform removal of soil in thin layers from 

            sloping land resulting from overland flow - Idealized 
 

form of sheet erosion rarely occurs 

nFunction of soil properties, rainfall and land slope Watson and 

Laften(1986) formula 

where, Di- interrill erosion rate in kg/m2-s 

Ki-interrill erodibility of soil in kg-s/m4 and I-rainfall intensity in m/s 

Sf-slope factor=1.05 - 0.85exp(-4sinθ); θ-slope in degrees 

           form of sheet erosion rarely occurs 

nSplash & sheet erosion sometimes combined & known as Interrill erosion 

  

nFunction of soil properties, rainfall and land slope Watson and 

Laften(1986) formula              

                                Di═ Ki  I Sf 



Rill erosion Detachment and transport of soil particles by 

concentrated flow of water; Predominant form of 

erosion; Depends on hydraulic shear of water 

flowing in the rill, rill erodibility and critical shear 
•Critical shear: shear below which soil detachment is negligible 

•Rill detachment rate (Dr)-erosion rate occurring 

beneath submerged area of the rill 

 

•Dr ═Kt ( t-tc) { 1-Qs/Tc} 
 

Dr-Rill detachment rate in kg/m2-s 

Kτ-Rill erodibility resulting from shear in s/m 

τc-critical shear below which no erosion occurs in Pa 

Qs-rate of sediment flow in kg/m-s 

Tc-sediment transport capacity of rill in kg/m-s 

τ-hydraulic shear of flowing water in Pa=ρ g r s 
 

 
 

 

 

 

 

where, ρ-Density of water in kg/m3; g-acceleration due to gravity in m/s2 

r-hydraulic radius of rill in m; s-hydraulic gradient of rill flow  

Rill erosion 



Gully erosion 
Advanced form of rill erosion –forms larger channels 

than rills 

•Four stages 

– Formation stage 

– Development stage 

– Healing stage 

– Stabilization stage 

–Gullies may be small-1m or less 

–Medium-1m to 5m 

–Large-more than 5m 
Gully & rill erosion in a watershed 
 

Soil erosion in a watershed 

Stream channel Erosion: Removal of soil for 

stream banks or soil movement in channel 

 
 



Measurement from runoff plots   :  Size varies from 
1/250 to 1/125 Hectare 
Runoff measured by Flume 
Measurement from streams : Silt observation 
Posts (SOP) 

– Suspension, saltation and surface creep (bed load) 
– Both separately measured and added 
– Soil Sampler: S = p* q*86400/1000 

S-amount of material transported in tones/day 

p-amount of material (1m3 of water in kg), 
       q-rate of stream flow in m3/sec 

 Measurement of Soil Loss – Water Erosion 



Estimation of Soil Loss- Water Erosion 
 
 

 

A-Average annual loss: in ton/ha/year 

– R-Rainfall & runoff erosivity index for location 

– K-Soil erodibility factor 

– L-slope length factor 

– S – slope steepness factor 

– C-cover management factor 

– P-conservation practice factor 

–Universal soil loss equation (USLE) (through 

experiments) (Raj Vir Singh, 2000)  

  A ═RKL S C P 



  Rainfall and Runoff Erosivity Index (EI) 
  EI30    ═  ( Ke I 30 ) /100 
  Ei-by multiplying kinetic energy of storm to a 
  maximum 30 min. intensity for that storm 
  Ke  ═kinetic energy of storm 
  I30=Maximum 30 minutes rainfall intensity 
  of storm 

 Ke=210.3 + 89 log I – in ton/ha-cm 
 I-rainfall intensity in cm/hr 



K 

Soil erodibility factor K can be found by  regression 
equation by Foster et.al (1981) 

Erodibility factor (K) Erodibility factor (K) 

Where, M-particle size parameter (    % silt    +    % very fine sand X 
                          (100    -    %  clay) 
a-percent organic matter;  
b-soil structure code 
(very fine granular 1, fine granular 2, Medium or course granular 3, 
blocks, platy or massive 4) 
c-profile permeability class 
 (rapid 1;moderate to rapid  2; moderate 3;slow to moderate 4;slow 
5;very slow 6) 

K  ═ 2.8X 10-7 M1.14(12-a)+ 4.3 X10-3( b-2) + 
3.3X 10-3(c- 3) 



Where,  

L-slope length factor ; I-slope length in m 

M 

MM 

22 

m- dimensionless exponent 

Slope Length Factor (L) 

L═ ( I/22)
m

 

 

m- dimensionless exponent 

Where θ-field slope steepness=tan-1(s/100) 
 s-field slope in % 

                                               Sin ϴ                        
         M ═  -------------------------------------------------- 
                                  Sin ϴ + 0.269( Sinϴ)0.8+0.05 



S 

Slope Steepness Factor (S) 

 Slope Length shorter than 4m 

S  ═   3.0( Sinϴ)
0.8

+0.56 S  ═   3.0( Sinϴ)
0.8

+0.56 S  ═   3.0( Sinϴ)
0.8

+0.56 S  ═   3.0( Sinϴ)
0.8

+0.56 S  ═   3.0( Sinϴ)
0.8

+0.56 S  ═   3.0( Sinϴ)
0.8

+0.56 

S  ═   3.0( Sinϴ)0.8+0.56 
 

For slope length longer than 4m and s<9 % 

S  ═   10.8( Sinϴ)
0.8

+0.0.3 

S  ═   10.8( Sinϴ)0.8+0.0.3 
 

Slope length more than 4m and s >=9% 

S  ═   16.8( Sinϴ)0.8+0.5 
 



Assignment For IInd Hourly 2019-20 
APS-341 Problematic Soils and their Management 

 1. How would you  differentiate soil quality and soil health ?                                   1.0 

2. What are the criteria to assess soil health?                                                               1.0 

3. What do you mean by problem soils ?  How they are formed ?                            2.0 

4. What are major characteristics of sodic soils? Describe reclamation practices  2.0 

5. How acid soils are originated ? Write about reclamation techniques.                 2.0                                                                

6. How Acid sulphate soils are formed ? What are management options               2.0  

    to improve these soils.  

7. Write reasons/causes of the following                                                                        5.0 

 1.  In humid temperate region, soils have yellowsh gray colour. 

 2.  Acidic soils are originated in high rainfall area. 

 3.  In  south-eastern state of India, Red soils are found. 

 4.  Saline soils are called white alkali soils. 

 5.  Acid sulphate  soils are called cat clays. 

 6.  Percentage base saturation of acid soils are low. 

 7. Gypsum is used to amend sodic soils. 

 8. Lime is used to reclaim acid soils. 

 9. Sodic soils are poor in organic matter. 

10. Hill soils face surface crusting problem. 



K 

Soil erodobility factor K is suscptiblity  of soil to 
rainfall and runoff can be found by  regression 
equation by Foster et.al (1981) 

Erodibility factor (K) Erodobility factor (K) 

Where, M-particle size parameter (    % silt    +    % very fine sand X 
                          (100    -    %  clay) 
a-percent organic matter;            b-soil structure code 
(very fine granular 1, fine granular 2, Medium or course granular 3, 
blocks, platy or massive 4) 
c-profile permeability class 
 (rapid 1;moderate to rapid  2; moderate 3;slow to moderate 4;slow 
5;very slow 6) 

K  ═ 2.8X 10-7 M1.14(12-a)+ 4.3 X10-3( b-2) + 
3.3X 10-3(c- 3) 



Where,  

L-slope length factor ; I-slope length in m 

M 

MM 

22 

m- dimensionless exponent 

Slope Length Factor (L) 

L═ ( I/22)
m

 

 

m- dimensionless exponent 

Where θ-field slope steepness=tan-1(s/100) 
 s-field slope in % 

                                               Sin ϴ                        
         M ═  -------------------------------------------------- 
                                  Sin ϴ + 0.269( Sinϴ)0.8+0.05 



S 

Slope Steepness Factor (S) 

 Slope Length shorter than 4m 

S  ═   3.0( Sinϴ)
0.8

+0.56 S  ═   3.0( Sinϴ)
0.8

+0.56 S  ═   3.0( Sinϴ)
0.8

+0.56 S  ═   3.0( Sinϴ)
0.8

+0.56 S  ═   3.0( Sinϴ)
0.8

+0.56 S  ═   3.0( Sinϴ)
0.8

+0.56 

S  ═   3.0( Sinϴ)0.8+0.56 
 

For slope length longer than 4m and s<9 % 

S  ═   10.8( Sinϴ)
0.8

+0.0.3 

S  ═   10.8( Sinϴ)0.8+0.0.3 
 

Slope length more than 4m and s >=9% 

S  ═   16.8( Sinϴ)0.8+0.5 
 



Crop management factor (C) 
 Combined effect of crop sequences, productivity 

level, length of growing season, tillage practices, 

residue management &  expected time distribution 

of erosive rain  storm with respect to planting & 

harvest date 

Hyderabad      crop       Soil loss(t/ha)   C value 
                  Cultivated              5.0                            1 

                      Grass                   0.59                        0.12 
                      Bajra                    2 .0                         0. 38 
                      maize                   4.2                        0.73 
                     Wheat                   4.1                        0.73 
                     moong                    2.1                        0.47 
                     cowpea                  1.5                        0.32 



Place kanpur 

a) Up and down cultivation of Jowar            1.0              

b) Contour  cultivation of Jowar                 0.39 

Strip cropping 3:1 Maize:cowpea               0.51 

                           4:1 Maize:cowpea               0.62 

 

Ups and Down cultivation                              1.0 

Cultivation with contours                                0.74   

 

 

Conservation practice factor (P) 



Wind Erosion 
Process of detachment transportation and 
deposition of soil by action of wind. 

 Depends on wind speed, soil, topographic 
features and vegetative cover 

 More problems in arid or semi-arid region 
 Change in texture of soil 
 In India: Mainly occur in Rajasthan, 

Gujarat   and parts of Punjab 



Mechanism of Wind Erosion 

 Initiation of movement –due to turbulence and 

    wind velocity 

 Transportation –depends on particle size,   

    gradation, wind velocity and distance 

 Deposition—occurs when gravitational force is 

    greater   than forces holding soil particles in air 

 Types of soil movement by wind 

    Saltation- Fine particles (<0.1mm) lifted from 

    surface and following specific path w.r.t wind 

     and gravity 

    Suspension-floating of small particles(0.1-0.5mm 

    Surface creep -rolling or sliding of large soil  

      particles ( >0.5mm) along soil surface. 



Estimation of soil loss through Wind Erosion 

E = f (I K C L V ) 

Average annual loss(t/ha/yr 

Where, E-estimated average annual loss (tn/ha/year) 
 I- soil erodobility index (ton/ha-yr), K-ridge roughness 
factor, C-climate factor, L-unsheltered length of 
eroding field (m), V-vegetative cover factor 
I-Soil erodibility index (ton/ha-yr) 

                                                     - 0.05 F         

  I    =       525 (2 718 )       



Roughness Factor 

A measure of effect of ridges made by tillage implements on 
wind erosion 
Ridge roughness in mm , 
h ridge height in mm; d ridge spacing in mm 
                                          
                      K= 0.16 h2 / d 
 
h =ridge height in mm;              d ridge spacing in mm  from Kr,      
roughness factor K 
 
 
 
 

 

                             12 
K= 0.35+------------- +6.2 x 10-6 x Kr2 

                     Kr+18 
 



Climatic Factor 

Index of climatic erosivity-> depends on wind velocity 
and soil surface moisture 
Mean wind velocity profile expression 

Where, uz-wind velocity at z height (L/T) 

u*-friction velocity (L/T)= (τ0/ρ)0.5 

τ shear stress at boundary (F/L2) 
τ0-ρ-air density (m/L3) 

k- Karman’s constant=0.4 

z-Height above a reference surface 

d-an effective surface roughness height 
z0-a roughness parameter (h) 
d=0.7h; z0=0.13h 
h height of vegetation 

           U*                       Z  -    d 
Uz   = ------  1n    ( -----------------) 

            K                        Z0 



Unsheltered Belt & Vegetative Cover Factor 

1.Unsheltered distance (L)- Distance from a sheltered edge 

of a field to end of unsheltered field 

2. Vegetative Cover- Factor represented by relating the 

land, quantity and orientation of vegetative material to its 

equivalent of small grain residue 

V = aRw b 

V-vegetative cover factor expressed as small 

grass equivalent w in kg/ha; a, b-crop 

constants 

 Rw – quantity of residual to be converted 

to small grain equivalent in kg/ha 





Soil Conservation Practices - Types 

 Vegetative practices 

       – Contouring 

       – Strip cropping 

       – Tillage operations 

       – Mulching 

 Mechanical practices 

      – Terraces 

      – Bunds (graded & contour) 

      – Check dams , gully plugs, gabion structure 

         spill ways, flumes 

      – Vegetated outlets & watercourses 







Soil Conservation Practices 

Conservation measures - reduce soil erosion by 
both water & wind. 

 Tillage and cropping practices, as well a land 
management practices, directly affect the overall soil 
erosion problem. 

 Combination of approaches (Eg. contour plowing, 
strip cropping, or terracing) 

 Other measures: Silt Fencing, Erosion Control 
Blankets, Sediment Traps, Plastic Covering/Bank 
Stabilization, Pipeline Sand Bagging, Check Dams, 
Drain Inlets, Filter Berms & Silt Dikes 





 Water logged or Flooded soils 

 

Waterlogged soils are soils that are saturated with 

water for a sufficiently long time annually to give the 

soil the distinctive gley horizons resulting from 

oxidation-reduction processes: (a) a partially oxidized 

A horizon high in organic matter, (b) a mottled zone 

in which oxidation and reduction alternate, and (c) a 

permanently reduced zone which is bluish green . - 

Robinson (1949)  



What is waterlogging? 
Water logging is excess water in the root zone 
accompanied by anaerobic conditions. The excess 
water inhibits gaseous exchange with the atmosphere, 
and biological activity uses up available oxygen in the 
soil air and water – also called anaerobiosis, anoxia or 
oxygen deficiency. 
Soils don’t have to be saturated (waterlogged) for gas 
exchange to be inhibited. 
These conditions affect agricultural plants in several 
ways: 
•nutrient deficiencies or toxicities 
•root death 
•reduced growth or death of the plant 



Measuring waterlogging intensity 
Measure waterlogging in the plant's root zone with shallow wells. 
Water that is perched on subsoil clays progressively saturates the 
topsoil from below and inhibits the exchange of oxygen, carbon 
dioxide and ethylene with the atmosphere. 
To install the wells: 

•Drill holes just into the clay subsoil, or to 70 cm if no clay had                                                              
been encountered by that depth. 
 

•If the well is to be used for the season, fit slotted PVC pipe to 
the depth of the hole and leave a small amount above ground 
to help prevent surface water entering. 
 

•Pack coarse sand around the slotted PVC pipe, so that water 
perched on the clay subsoil can enter through the slots. Use 
clay from the hole to form a seal around the neck of the PVC 
pipe to prevent surface water entering. 

 



How waterlogging affects plant growth 

1.  Waterlogging lowers oxygen levels in the root zone, which reduces plant 
growth.  

2.  Waterlogging increases the reduction potential of the soil and changes 
       the chemical equilibrium of many elements which then enter the soil- 
        water solution in their ionic forms. 
3. This change in chemical equilibrium can include transient toxicities of 
         some soil nutrients that are normally safe when soil is freely drained. 
 4.  Examples of these are iron and manganese compounds which can be 
       converted into free ions when reduction potential is high. 
 5.  The reduction potential can take several days or longer to return to 
       normal levels after the waterlogged soil has drained.  
6. Regular rainfall can cause repeated waterlogging and drainage cycles, 
         and the soil can have high reduction potential for long periods. 
7. Clay that is repeatedly waterlogged for long periods often appears blue- 
         grey, and may have a swampy smell. 
8. Waterlogging causes root tip death within days. This limits the uptake of 

         nutrients (particularly nitrogen) and water after waterlogging. As a result, 

plants that have been waterlogged ripen early and grain is often pinched. 

 



Nitrogen is lost from waterlogged soils by leaching and 

denitrification – the process where nitrogen is 

converted to gaseous oxides of nitrogen 

 

Waterlogging also directly reduces nitrogen fixation by 

the nodules of legume crops and pastures. 

Waterlogged soils tend to collapse quickly  through 

dispersion of clay particles. This is especially the case 

in soils with high sodium:calcium ratios; these soils are 

often called dispersive or sodic soils. 
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https://www.agric.wa.gov.au/dispersive-and-sodic-soils/dispersive-sodic-soils-western-australia
https://www.agric.wa.gov.au/dispersive-and-sodic-soils/dispersive-sodic-soils-western-australia
https://www.agric.wa.gov.au/dispersive-and-sodic-soils/dispersive-sodic-soils-western-australia


 Types of waterlogged soils 

Agropedia (2010)   

 

  1. Riverine flood waterlogged soil   

   2.Oceanic flood waterlogged soil  

   3.Seasonal waterlogged soil  

   4.Perennial waterlogged soil  

   5.Sub-soil waterlogging  

https://image.slidesharecdn.com/submergedsoilchemistryandmanagement-150806052927-lva1-app6891/95/submerged-soil-chemistry-and-management-8-638.jpg?cb=1438839124


Properties of waterlogged soil  

Physical  
 i. Oxygen depletion 

 ii. CO2 accumulation  
iii. Compaction  
iv. Increasing BD  
v. Massive structure 

 vi. Normal soil structure Increased bulk density, 
compaction, lesser porosity Physical properties 
Nishiuchi (2012) Depletion of oxygen 



Chemical 

1. Lowering diffusion coefficient of gases Electro-

chemical i. Soil-pH ii. Increase specific conductance iii. 

Decrease redox potential (Eh) Biological i. Reduced 

aerobic microbial activity ii. Mineralization iii. 

Immobilization 

 

 2.     Soil reduction  

 

 3.     Micronutrient toxicity (cationic) Waterlogged soil Das (2002) 

  

 4. The specific conductance of the solution of most soils 

      increase after submergence, attain a maximum, and decline 

      to a fairly stable value,  mmhoscm-1 meqliter-1 Weeks of  

      submergence, which is varies with the nature and properties 

      of soils 

 

         Ponnamperuma (1972) Specific conductance in waterlogged 

soil Total alkalinity 

                      Ca2+ +Mg2+ +NH4 + +Na+ +K+ Fe2+ +Mn2+  



 5.   Redox potential(mV) Waterlogging time (days) Redox 

potential  

 

               Eh=E0+RT/nF*ln(Ox)/(Red) -Nernst equation   

                E0=Standard redox  potential ,  F=Faraday 

const.(96500 coulombs/equivalent) R=Gas constant(8.314 

J/deg/mole), T=Absolute temp. n= Number of electrons  

 

 Eh decrease Yaduvanshi et al. (2012) Eh(mV) = -59 pH 

     

6.  Waterlogging caused a 12-15 fold increase in DTPA-Mn in 

both the soils at 21 days after waterlogging Yaduvanshi et 

al. (2012) Manganese toxicity with waterlogging 

                in waterlogged soil  



MANAGEMENT OF WATER LOGGED SOILS 

1.Drainage 

2,Increase infiltration 

3,Leveling 

4,Bunding 

5.Selection of water loving crops/tall plants 

6.Planting of trees  by mound methods in which burrow pits 

    are made 

7,salt tolerant crops 

8. Fish  ponds with crops 



Soil compaction is the process of increasing the density 

of soil by packing the soil particles closer together causing 

a reduction in the volume of air. Soil water acts as a 

lubricant increasing compaction when a load is imposed on 

the soil. 

Soil compaction, also known as soil structure degradation, is the 

increase of bulk density or decrease in porosity of soil due to 

externally or internally applied 

Soil compaction occurs when soil particles are pressed 

together, reducing pore space between them (Figure 1). 

Heavily compacted soils contain few large pores, less total 

pore volume and, consequently, a greater density. 

A compacted soil has a reduced rate of both water 

infiltration and drainage 

Soil compaction or compacted soils 

Soil impedance 



Forms of soil compaction 

Surface 

Subsurface 

1.Pedogenic : such compaction is due to natural processes of   soil  

     formation or parent material stratification 

            Clay pan 

         Silt pan 

         Cemented or indurated horizons or layers 

2.Anthropogenic :Main induced compaction 

         ploughing same depth for many years 

         use of heavy machinery 

         desertification  of structure due to crust formation 

Soil consolidation : This compaction due to squeezing 

out of water from a saturate soil soil 



Occurrence of soil compaction 

 soil Impedance 

Surface crust  : beating and dispersion action of raindrops 

Indurated crust 
Subsurface crust ; densely packed granular sediment called 

nodules. Less indurated crust partially cemnted 

Hard pan ; it is indurated layers ; it can be in variable texture with 

cementation of soil particles with organic matter or with silica 

sesquioxide or caco3. it does nt slakes in water 

Fragipans ; at extreme state, indurated layer exhibit rock like 

prperties which is totally impermeable to roots, water and air, 

Clay pan .it is sub soil layer containing high clay. It is plastic and 

relatively impermeable to wter and air. In humid, it remain 

perpetually wet and give rise to perched water table. 



Soil compaction can have a number of negative effects 

on soil quality and crop production including the 

following:  
         •  causes soil pore spaces to become smaller  

       •  reduces water infiltration rate into soil  

       •  decreases the rate that water will penetrate into the soil 

           root zone and  subsoil  

      •  increases the potential for surface water ponding, water 

          runoff, surface soil water logging and soil erosion 

      •  reduces the ability of a soil to hold water and air, which 

           are  necessary for plant root growth and function  

      •  reduces crop emergence as a result of soil crusting  

      • impedes root growth and limits the volume of soil explored 

          by roots 

      • limits soil exploration by roots and decreases the ability of 

          crops to take up nutrients and water efficiently from soil  

      • reduces crop yield potential 



Causes : 

1. Soil compaction can occur naturally by the drying and wetting process 

called soil consolidation,[17][9] or when external pressure is applied to the soil. 

The most relevant human-induced causes of soil compaction in agriculture are 

the use of heavy machineries,  

2. tillage practice itself, inappropriate choice of tillage systems, as well 

as livestock trampling. 

3. Use of large and heavy machineries for agriculture often causes not 

only topsoil  

4. subsoil compaction. Subsoil compaction is more difficult to be regenerated 

than topsoil compaction. Not only may the weight of machineries i.e. axle load, 

but also velocity and number of passages affect the intensity of soil 

compaction.[18][19] Inflation pressure of wheels and tyres also plays an 

important role for the degree of soil compaction.[20 

 

 5.  Whether heavy machinery is in use or not, tillage practice itself can cause soil  

      compaction. While the major cause of soil compaction in a tillage activity 

      nowadays is due to machineries, the influence of compaction resulting from 

      lighter equipments and animals to  the topsoil should not be neglected.[21]  

 

6. Significant livestock trampling resulting from livstock farming on meadows 

and agricultural land is also viewed major cause of soil compaction.[24] This is 

not affected whether the grazing is continuous or short term,[25] however it is 

affected by the intensity of grazing.[26  
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Management option 

1. Rotate crop pattern 

2. Optimum tillage 

3. Reduce the frequency of mahinery use 

4. Ploughing at various depths 

5. Organic residues incorporation 

6. Organic matter addition 

7. Avoid cattle garazing, passing  footpath,  roads 

8. Use chisel to invert the hard pan 
 



Soil tilth : 

 this is related with infiltration of rainfall water, sufficient moisture 

And adequate aeration and favourable temperature of soils.  Thus 

tilth is related with size distribution of soil aggregates. Good tilth is 

manifested in friable range of consistance 

Good tilth can be achieved  by loosening and granulating  of soil by 

tillage operations, 

 

Methods of tilth measurement ; 

 

Dry seiving of soil clods ; measures relative fineness or coarseness. 

Penetrometer ; measures compression 

 



Requirement of tillage/tilth for crops 

 1.permits infiltration 

2.Water holding 

3.Airation 

4.Little resistance to root penitration 

5,Resistant to soil erosion 

Type of tillage 

Conventional, normal, zero, minimum, optimum 

The End 



 Land or Soil pollution 

 In March 2009, the issue of [punjab] attracted press coverage. It was 
alleged to be caused by f ly ash ponds of thermal power stations, which 
reportedly lead to severe birth defects in children in the Faridkot and 
Bhatinda districts of Punjab.  

 The news reports claimed the uranium levels were more than 60 times 
the maximum safe limit.[46][47] In 2012, the Government of India 
confirmed[48] that the ground water in Malwa belt of Punjab has 
uranium metal that is 50% above the trace limits set by the United 
Nations' World Health Organization.  

 Scientific studies, based on over 1000 samples from various sampling 
points, could not trace the source to fly ash and any sources from 
thermal power plants or industry as originally alleged.  

 The study also revealed that the uranium concentration in ground 
water of Malwa district is not 60 times the WHO limits, but only 50% 
above the WHO limit in 3 locations. This highest concentration found 
in samples was less than those found naturally in ground waters 
currently used for human purposes elsewhere, such as Finland.[49] 

  Research is underway to identify natural or other sources for the 
uranium.  
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Greenhouse gas emissions 

India was the third largest emitter of carbon dioxide, 
a major greenhouse gas, in 2009 at 1.65 Gt per year, 
after China and the United States . With 17 percent of 
world population, India contributed some 5 percent 
of human-sourced carbon dioxide emission; 
compared to China's 24 percent share. On per capita 
basis, India emitted about 1.4 tons of carbon dioxide 
per person, in comparison to the United States’ 17 
tons per person, and a world average of 5.3 tons per 
person. 
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Definition 

Soil pollution refers to anything that causes contamination of 
soil and degrades the soil quality. It occurs when the pollutants 
causing the pollution reduce the quality of the soil and convert 
the soil inhabitable for microorganisms and macro organisms 
living in the soil. 
 

https://www.toppr.com/guides/chemistry/environmental-chemistry/particulate-pollutants/
https://www.toppr.com/guides/biology/microorganisms/microorganisms-and-its-uses/


Natural Pollution of Soil 
    This can occur due to the differential deposition of soil by the atmosphere. Another 
manner in which this type of soil pollution can occur is via the transportation of soil 
pollutants with precipitation water. An example of natural soil pollution is the 
accumulation of compounds containing the perchlorate anion (ClO4

–) in some dry, 
arid ecosystems.  For example, perchlorates can be formed in soils containing chlorine 
and certain metals during a thunderstorm. 
 Volcanic  eruptions, earthquakes, rainfall pattern, psunamies, melting snow 
Anthropogenic Soil Pollution 
 Solid wastes, Agricultural Practices, Chemical wastes, Radioactive wastes, Mining, 
Constrction 
 
 
 



Main Causes of Soil Pollution 
 

 1. Industrial Activity : Most industries are dependent on extracting 
minerals from the Earth. Whether it is iron ore or coal, the by-products 
are contaminated and they are not disposed of in a manner that can be 
considered safe. As a result, the industrial waste lingers in the soil 
surface for a long time and makes it unsuitable for use. 

 2. Agricultural Activities : Chemical utilization has gone up 
tremendously since technology provided us with modern pesticides and 
fertilizers. They are full of chemicals that are not produced in nature 
and cannot be broken down by it. As a result, they seep into the ground 
after they mix with water and slowly reduce the fertility of the soil.. 

 3. Waste Disposal  ; While industrial waste  While much of it moves 
into the sewer the system, there is also a large amount that is dumped 
directly into landfills in the form of diapers. Even the sewer system ends 
at the landfill, where the biological waste pollutes the soil and water  
and are now seeping into the land and causing pollution of soil. 

 4. Accidental Oil Spills : Oil leaks can happen during storage and 
transport of chemicals. This can be seen at most of the fuel 
stations. The chemicals present in the fuel deteriorates the 
quality of soil and make them unsuitable for cultivation and 
make the water undrinkable. 

 5. Acid Rain : Acid rain is caused when pollutants present in the air mix 
up with the rain and fall back on the ground. The polluted water could 
dissolve away some of the important nutrients found in soil and change 
the structure of the soil. 
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What are the Pollutants that Contaminate Soil  ? 
 
The presence of heavy metals (such as lead and mercury, in abnormally high 
concentrations) in soils can cause it to become highly toxic to human beings 
and plants. Some metals that can be classified as soil pollutants are tabulated 
below. 
Toxic Metals that Cause Soil Pollution 
 
Arsenic            Mercury           Lead                   Antimony          Zinc                 Nickel        
Cadmium       Selenium         Beryllium          Thallium           Chromium     Copper 
 
These metals can originate from several sources such as mining activities, 
agricultural activities, electronic waste (e-waste), and medical waste. 
 



Chemicals responsible for soil poll ution 
1. Polycyclic Aromatic Hydrocarbons 
P    Polycyclic aromatic hydrocarbons (often abbreviated to PAHs) are organic compounds 
that: 
Contain only carbon and hydrogen atoms.Contain more than one aromatic ring in their 
chemical structures. Common examples of PAHs include naphthalene, anthracene, and 
phenalene. Exposure to polycyclic aromatic hydrocarbons has been linked to several 
forms of cancer. These organic compounds can also cause cardiovascular diseases in 
humans. Soil pollution due to PAHs can be sourced to coke (coal) processing, vehicle 
emissions, cigarette smoke, and the extraction of shale oil. 
2.Industrial Waste 
The discharge of industrial waste into soils can result in soil pollution. Some common soil 
pollutants that can be sourced to industrial waste are listed below. 
Chlorinated industrial solvents ,Dioxins produced from the manufacture of pesticides 
and the incineration of waste. Plasticizers/dispersants, Polychlorinated biphenyls (PCBs) 
The petroleum industry creates many petroleum hydrocarbon waste products. Some of 
these wastes,such as benzene and methylbenzene, are known to be carcinogenic in 
nature. 
Herbicides :Triazines    Carbamates    Amides    Phenoxyalkyl acids     Aliphatic acids 
Insecticides :Organophosphates, Chlorinated hydrocarbons,  Arsenic-containing 
compounds,   Pyrethrum                            
 Fungicides  :Mercury-containing compounds, Thiocarbamates ,  Copper sulfate 
 
 

https://byjus.com/chemistry/aromatic-hydrocarbons/
https://byjus.com/chemistry/aromatic-hydrocarbons/
https://byjus.com/chemistry/aromatic-hydrocarbons/
https://byjus.com/chemistry/cuso4/


Impacts of soil pollution 
 Crop growth : 

 Soil Properties 

 Underground water 

 Human health 

 Climate  : droughts, floods 



Management options for mitigating soil 

pollution 

 Cropping 

  Tillage 

  Fertilizers 

 Pesticides 

 Irrigations 

 Incorporation of organic matter 

 Industrial effluent  

 Seawage sludge 

 Phytoremediation 

 Bioremediation 

 Plantation - AgroForestry 



 How to prevent Soil Pollution (Soil Conservation)  
 Preventative measures. 

 (A) Biological 
 (i) Agriciultural Practices 
 Go organic: Organic agriculture uses much fewer chemical fertilizers and 

pesticides, preventing chemicals from seeping into the soil. 
 Proper farming methods: Finding alternatives to chemical fertilizers and 

pesticides is an ideal way to avoid soil erosion. Rotational and mixed farming 
are also encouraged. Use good quality irrigation water. 

 Dispose of household waste responsibly: Recycling waste and not dumping 
it in landfill will keep the soil free of pollution. Not throwing batteries and 
electrical items into household waste bins will help to keep the soil free of 
dangerous chemicals. 

 Prevent or Manage industrial waste: Properly managing industrial and 
domestic waste can help prevent soil erosion. Solid waste treatment is also a 
good preventive measure. Regular health and safety checks and adequate waste 
disposal methods will ensure that industrial chemicals and other waste are not 
allowed to contaminate our precious soil. 

 Use treated urbon compost 
 Community Awareness: Creating awareness about the effects of soil pollution 

can help prevent its occurrence. 

 ( ii)Tree plantations :  Forest trees, ornamental, grasses 



 (B) Mechanical method 

 1.Contour holding system – In this, the fields are planted in the right direction of the sloping 
direction, so that the water flowing through the slopes cannot erode the soil. 

 2.Making bunds – Bunds across the slopes prevent erosion in excessive sloping place. 

 3.Gully control – (i) By stopping the flooding water (ii) by increasing the vegetative cover and (iii) 
creating new pathways for runoff. 

 4.Government efforts for soil conservation 
         There are many areas worldwide where erosion has led to serious degradation of the land and 

made it unfit for crop production. With the introduction of the first Five Year Plan in India, many 
steps were taken in this direction. The problem area is being identified with the help of remote 
sensing technology. A nationwide introduction of forestry has been initiated in different areas. It 
also includes social forestry. In Rajasthan, Indira Gandhi Canal Project, Dessert Development 
Program and Wasteland Plantation Research Centre etc. have been started. 
 

 5.Jhum cultivation, a traditional form of shifting cultivation or rotational agro-forestry has 
been started with 100% central assistance in North Eastern states, Andhra Pradesh and Orissa. Apart 
from this, many programs are being conducted directly and indirectly for soil conservation. 
 

 6.Organic Farming:  Organic farming is a good option for reducing soil pollution.  If the fertile 
capacity of the land is reduced, the day is not far when the problem of getting food will become 
common. To avoid this, we should try to safeguard the environment and reduce soil pollution.  
 

     In chemical fertilizers, phosphate, nitrogen and other chemicals are polluting the environment 
and groundwater resources of land.  

                  The use of organic chemicals in the last thirty years has increased by more than 11 times. In 
India alone every year, there is a use of approximately 1,00,000 tonnes of biochemicals. The best way 
to reduce the use of these chemicals and reduce soil pollution is by organic farming. 

                   In organic farming in place of chemical fertilizers, insecticides and weeds, bacterial 
fertilizer nutrients such as compost, green manure, bacterial culture, organic manure, bio-pesticides 
and bio-agents are used.  

 7.Phytoremediation : 
 



 (c )  Bioremediation   :        

 1. Phytoremediation : At least 45 families have been identified to have hyperaccumulater 

plants; some of the families are Brassicaceae, Fabaceae, Euphorbiaceae, Asteraceae, 

Lamiaceae, and Scrophulariaceae [15,33]. Among the best-known hyper accumulators is 

Thlaspi caerulescens commonly known as alpine pennycress [59], without showing injury 

it accumulated up to 26,000 mg kg-1 Zn; and up to 22% of soil exchangeable Cd from 

contaminated site [60,61].  

          Brassica juncea, commonly called indian mustard, has been found to have a good 

ability to transport lead from the roots to the shoots. The phytoextraction coefficient for 

Brassica juncea is 1.7 and it has been found that a lead concentration of 500 mg/l is not 

phytotoxic to Brassica species [3]. Phytoextraction coefficient is the ratio of the metal 

concentration found within the surface biomass of the plant over the metal concentration 

found in the soil. Brassica juncea is capable of removing 1,1550 kg of lead per acre 

 Aquatic plants such as the floating Eichhornia crassipes (water hyacinth), Lemna minor 

(duckweed), and Azolla pinnata (water velvet) have been investigated for use in 

rhizofiltration, phytodegradation, and phytoextraction [27]. Farago and Parsons [64] 

reported the bioremoval of platinum using Eichhornia crassipes. Many aquatic plants are 

used in the bioremoval of heavy metals e.g. Azolla filliculoides, A. pinnata, Typha 

orientalis and Salvinia molesta. Jin-Hong et al. in their study of twelve wetland species 

reported, Polygonum hydropiperoides Michx (smartweed) as the best for heavy metal 

phytoremediation, due to its faster growth and high plant density [65]. Recently, a fern 

Pteris vitatta has been shown to accumulate as much as 14,500 mg kg–1 arsenic in fronds   

without showing symptoms of toxicity [ 

 



 The advantages of rhizofiltration include it ability to be used as in-situ 
or ex-situ applications and species other than hyper accumulators can 
also be used. Plants like sunflower, indian mustard, tobacco, rye, 
spinach and corn have been studied for their ability to remove lead 
from effluent, with sunflower having the greatest ability. Indian 
mustard has proven to be effective in removing a wide concentration 
range of lead (4 – 500 mg/l) [21]. The technology has been tested in the 
field with uranium (U) contaminated water at concentrations of 21-874 
μg/l; the treated U concentration reported by Dushenkov was < 20 μg/l 
before discharge into the environment 

 No. Process Mechanism Contaminant ‘ 
 Rhizofiltration Rhizosphere accumulation 
 Phytostabilisation Complexation : Phytostabilisation can occur through the 

sorption, precipitation, complexaction, or metal valence reduction 

 Phytoextraction -Hyper-accumulation :As the plant absorb, concentrate and 
precipitate toxic metals and radionuclide from contaminated soils into the biomass 

  Phytovolatilization Volatilisation by leaves:It involves the use of plants to 
take up contaminants from the soil, transforming them into volatile form and 
transpiring them into the atmosphere.  

 Phytodegradation :Phytodegradation is the breakdown of organics, taken up by 
the plant to simpler molecules that are incorporated into the plant tissues 

 Rhizodegradation ; This is the breakdown of organics in the soil through 
microbial activity of the root zone (rhizosphere) and is a much slower process 

than phytodegradation.  
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 WATER QUALITY or IRRIGATION WATER 

 QUALITY  : 
 Introduction  

Ground water : The ground water resources are being 

utilized for drinking,  domestic, irrigation and industrial 

purposes.  

There is growing concern on deterioration of  ground 

water quality due to geogenic and anthropogenic 

activities.  

     1.  Increase in salinity (TDS) 

     2.  High concentrations of  F, NO3, Cl, SO4, CO3 

          HCO3, BO3   

     3.  Metals of  iron, arsenic, Pb, Li ,Se, As 

     4. Total hardness and few toxic metal ions 

     5. Bacterial disease germs 

  The quality of  ground water is concern to crop 

irrigation 



 

Classification of  Dissolved constituents  :  

Basis of  concentrations- mg/L 

Charges( positive or negative)  

Level of  Toxicity ( toxic or non-toxic) 

Based on Concentrations : 

 Major ions( > 10 mg/L)  

    Mostly Bicarbonate, calcium, Magnesium,  

     Chloride, sodium, sulphate and silicon  

  Minor ions ( 0.1-10 mg/L)  

    Mostly Carbonate, fluoride, nitrate, potassium,  

     iron, strontium,  boron. 

 Trace elements( < 0.1 mg/L) 

    Mostly Aluminium, Arsenic, Barium, Bromide,  

    Cadmium, Chromium, Cobalt, Copper, Lead, Zinc,  

     Nickel, Phosphate, Silver, Tin and Vanadium 

 



Total Dissolved Total Dissolved Solids(TDS) : 

Solids (TDS)  :  

Concentration of  non-volatile substances 

present in colloidal or molecular state  

Total of  all ions present in water, expressed in 

ppm or mg/L  

Increases due to dissolution of  more mineral 

substances by water on its path  

TDS determines the suitability of  water for our 

use and consumption. 
  

https://image.slidesharecdn.com/waterqualityparameters-170723103039/95/water-quality-parameters-20-638.jpg?cb=1500805919


 

 
Biological Properties :   

Dissolved Oxygen (DO)  
Biochemical Oxygen Demand(BOD)  
Chemical oxygen Demand(COD)  
Microorganisms-Bacterial counts 

Dissolved Oxygen ( DO ) : 
Is related to the solubility of air in water at 0 deg. C 

temp 
 Solubility of oxygen in water decreases with high 
temperatures  

Important property for aquatic organisms  
Surface water bodies should have enough DO  
If DO depletes, it will be difficult to many aquatic 

organisms for their survival. 

 



 Biochemical Oxygen Demand ( B O D ) : 

  This a measure of  the biodegradable material  

   It is determined by incubating a water sample and 

measuring the decrease in dissolved oxygen as 

bacteria decompose these materials. 

Chemical Oxygen Demand ( C O D ) : 

  Is determined by chemical oxidation of  water with 

 dichromate 

Water Quality Parameters :  

Limits the suitability of  water for  

Drinking  

Domestic consumption  

Agriculture  

Industrial Processes           

 Cleaning and Recreation. 



 West Bengal : Birbhum, Bardhman, 

Bankura, Purulia, Malda, U.Dinajpur & 

D.Dinajpur  

To combat the growing problem of fluorosis,  
Inland Salinity Inland salinity in ground water is 

prevalent mainly in the arid and semi arid regions of  

Rajasthan, Haryana, Punjab and Gujarat and to a lesser 

extent in Uttar Pradesh, Delhi, Madhya Pradesh 

Maharashtra, Karnataka , Bihar and Tamil Nadu. About 2 

lakh sq.km area has been estimated to be affected by 

saline water of  Electrical Conductivity in excess of  4000 

μS/cm. .  

Uttar Pradesh   :   Unnao, Agra, Meerut, 

Mathura, Aligarh, Raibareli , Sonbhadra 



 

Drinking and irrigation water (contents in ppm) 

 

        Non-saline                     <500  

        Slightly saline                 500    - 1500  

        Moderately saline         1500   -  7000 

           Highly saline                7000 -  15 000 

   

Secondary drainage water and groundwater 

         

       Slightly saline           < 5000 

       Very saline water     5000 – 15000 

       Very highly saline   15000-35 000 

        Brine                      >35000   Seawater 

 



Water quality parameters 

• pH 

• Total Dissolved Salts 

• SAR 

• ESP 

• RSC 

• Boron Toxicity 

• Cl,CO3,HCO3,SO4 toxicity 

• Metal toxicity Li,Pb, As 

 



Electrical conductivity of irrigation water 

Best water  0-0.25  

Good Water 0.25-0.75 

Marginal water 0.75-2.00 

Suspecious water 2.00-3.00 

Unsiutable water  more than 3.00 

1.Total Dissolved salt : (EC dS/m) 

2.Sodium Hizards 

     

                           100(-0.0126+0.01475 SAR) 

           ESP   =     --------------------------------------               = 

                           1+(-0.0126+0.01475 SAR) 

                                              Na
+
 

    SAR     =     --------------------------------      = 

                                  √
 
   Ca

++ 
+ Mg

++ 
  

                                           ------------------ 

                                                     2         



S. No.             Range of EC (dS/m)  Class 

1.                  Below 1.50  Low 

2.                1.50-2.50  Moderately low 

3.                2.50-5.00  Medium 

4.                5.00-7.50  High 

              Above    7.00  Very high 

S. 

No. 

                     Range of SAR   Class 

1.                       Below 10  Low 

2.                            10-18  Moderately low 

3.                          18-26  Medium 

4.                           26-40  High 

                   Above    40  Very high 



Ayers and Westcot (1976) calculated 

adjusted SAR using the semi-

quantitative equation: 

 

 

       adj. SAR = SAR [1 + (8.4 - pH
C
)] 

 

It was held that the adj. SAR would 

more correctly predict the sodicity 

hazard of an irrigation water than 

either the SAR or the RSC concept. 

However, in their revision and 

updating of  



Potential Irrigation Problem  Units  

Degree of Restriction on 

Use 

None Slight to 

Moderate 

Severe 

Salinity (affects crop water availability)
2
 

 

   

Ec
w
 (or) dS/m < 0.7 0.7 - 3.0 > 3.0 

TDS mg/l < 450 450 - 

2000 

> 2000 

Infiltration (affects infiltration rate of water into the soil. Evaluate 

using EC
W
 and SAR together)

3
 

 

   

SAR  = 0 - 3 

and EC
W

 

C1S1= > 0.7 0.7 - 0.2 < 0.2 

= 3 - 6 
w
 C2S2= > 1.2 1.2 - 0.3 < 0.3 

= 6 - 12 C3S3= > 1.9 1.9 - 0.5 < 0.5 

= 12 - 20 C4S4= > 2.9 2.9 - 1.3 < 1.3 

= 20 - 40 C5S5= > 5.0 5.0 - 2.9 < 2.9 



3.RSC of Irrigation water  
• Eaton (1950) suggested that Residual Sodium Carbonate 

(RSC) defined by the formula: 

• RSC = (CO
3

 - 
+ HCO

3

-
) - (Ca

++
 + Mg

++
), 

•  Thisis a good index of the sodicity hazard of an 

irrigation water.  

• The anions HCO
3

-
 and CO

3

 - 
in the irrigation water tend to 

precipitate calcium and magnesium ions in the soil 

resulting in an increase in the proportion of the sodium 

ions. For this reason, RSC was considered to be 

indicative of the sodicity hazard of water.  

• Wilcox (1958) concluded that water with   

• RSC more than 2.5 mmol/l  is not suitable for irrigation. 

RSC Water containing 1.25 to 2.5 mmol/l is marginal  

•   RSC less than            1.25 mmol/ l probably safe 



Sensitivity 

Chloride 

(mg/l) 

Sodium 

(mg/l) 

Affected crop  

Sensitive <178 <114 

Almond, apricot, 

citrus, plum  

Moderately 

Sensitive 

178–355 114–229 

Capsicum, grape, 

potato, tomato  

Moderately 

tolerant 

355–710 229–458 

Barley, cucumber, 

sweetcorn  

Tolerant >710 >458 

Cauliflower, cotton, 

safflower,  

sesame, sorghum, 

sunflower  



2. High Na soils cause crust, disperse, and swell. All these 
phenomena interfere with water movement through the soil 
such as the reduction in infiltration rate and in aeration.  
3.The reason is that Na is held by relatively weak force, Thus, the 
diffuse double layer with Na+ as the counter ion is very wide, 
which causes the soil to disperse.  

3. High Na in water also upsets the balance among cations and 
interferes with cation uptake by plants 

EC to salt concentration. There are several empirical relationships for 
converting one type of water quality measurement to another.  Salt 
content in soil solution affects availability of water. 
For solutions in the EC range from 0.1 to 5 dS m-1.  
Sum of cations (mmolc/L) = EC (dS m-1) x 10    
 Ionic strength (I) = 0.013 x EC (dS m-1)  
 TDS (mg/liter or ppm) = EC (dS m-1) x 640  
Example: an irrigation water containing 3 mmolc/L Ca2+ , 2 mmolc/L Mg2+  3 

mmolc/L Na2+  =    8 mmolc/L 

 total cations) ===> EC ≈ 0.8 dSm-1            And TDS ≈ 510 mg/l.  

Impacts of poor quality irrigation 



4.  Bicarbonate hazard. Another hazard that irrigation water may cause is 

     bicarbonate. High bicarbonate causes high pH and CaCO3 precipitation.  

                                           Ca2+ + 2HCO3- CaCO3 + H2O + CO2↑ 

5. Lowers solution Ca conc., and concentration of most 
     micronutrients, especially Fe. Fe deficiency in plants may result 

 

A slight excess of boron in the irrigation water or in the soil solution can cause 7. 
7.Boron is taken up by the crop and is accumulated. For example, as little as 
0.6 mg elemental boron per litre in the irrigation water may produce toxicity 
symptoms in citrus leaves; 1 mg/l may reduce the yields of citrus and certain 
stone fruits and 4 mg/l is harmful to many crops.  

6.Toxicity results when the concentration of these elements 
exceeds the tolerance limits of the plants. ‘Leaf burn’ scorch, and 
dead tissue along the outside edges of leaves are typical 
symptoms of sodium toxicity which first occur in the oldest 
leaves, usually appearing as a burn or drying of tissue at the outer 
edges of the leaf.  



9.Other constituents of some irrigation water, such as lithium, 
selenium, molybdenum, fluoride and chromium may have 
deleterious effects on plants or animals even at very low 
concentration; however their occurrence in irrigation water 
has only very occasionally been reported. 

8.magnesium has a specific effect on clay dispersion and loss 
of hydraulic conductivity of non-calcareous soils, but the 
calcareous soils which have higher mineral dissolution rates 
were less affected and did not show the specific effect of 
magnesium on either clay dispersion or hydraulic conductivity 
losses 



1 More frequent irrigation 
2 Selection of salt tolerant crops and varieties 
3 Use of extra water for leaching (Flushing) 
4 Conjunctive use of fresh and saline waters 
5 Cultural practices 

6. Organic matter applications  

7. Drainage measures 

Management options for poor quality irrigation water 

1.Chemical amendment for Sodic water 

http://www.fao.org/3/x5871e/x5871e07.htm
http://www.fao.org/3/x5871e/x5871e07.htm
http://www.fao.org/3/x5871e/x5871e07.htm
http://www.fao.org/3/x5871e/x5871e07.htm
http://www.fao.org/3/x5871e/x5871e07.htm


Potential Irrigation 

Problem  

Units  

Degree of Restriction on Use 

None Slight to 

Moderate 

Severe 

Specific Ion Toxicity (affects sensitive crops) 

 

   

Sodium (Na)
4
 

 

   

surface irrigation SAR < 3 3 - 9 > 9 

sprinkler irrigation mmol/l < 3 > 3 

Chloride (Cl)
4
 

 

   

surface irrigation mmol/l < 4 4 - 10 > 10 

sprinkler irrigation mmol/l < 3 > 3 

Boron (B)
5
 mg/l < 0.7 0.7 - 3.0 > 3.0 

Trace Elements 

Miscellaneous Effects (affects susceptible crops) 

 

   

Nitrogen (NO
3
 - N)

6
 mg/l < 5 5 - 30 > 30 

Bicarbonate (HCO
3
) (overhead 

sprinkling only) 

mmol/l < 1.5 1.5 - 8.5 > 8.5 

pH  6.5 - 8.4 





What is a multipurpose tree? 

In ancient period  men  grow the plants for following purpose 

 Fuel wood,  food and shelter,  

. More precisely, though, this manual uses the term  

           multipurpose tree species to mean:  

.Tree species that are grown to provide more than one 

  significant crop of function or form. These may include soil 

  conservation, shade, fuelwood, timber, fibre, fodder, food or  

   medicine. 

Tree species can be multipurpose in two ways: 
• A single tree can yield more than one crop. For example, farmers in 

   Central America and the Philippines grow Gliricidia sepium as living 

   fences that provide fuel, fodder, and green manure for agricultural 

   crops — all at the same time. 

. Trees of the same species, when managed differently, can yield  

    different crops. In the Philippines, for example, Leucaena  

     leucocephala is managed so that some trees will principally yield  

     wood while others principally produce leaf meal . 



Selection of MPTs appropriate species 
Successfully growing multipurpose trees depends, 

 1. Tree crops match the needs of their particular farming 

      system  

2. This can survive in local agroecological condition 

3.  That should provide  timber, fuelwood, fodder, or food; to 

conserve the soil; or a combination of these.  

4. Trees can also be grown in different land use systems, 

such as alley cropping, home gardens, farm woodlots, or 

industrial plantations.  

5. These different purposes and growing systems determine 

the criteria that farmers must consider when selecting 

which species to grow  



Fuelwood 
Species grown for this purpose should: 

•adapt quickly and yield a maximum volume of wood in a short 

time; 
•stabilize the soil and maintain its fertility; 
•require minimum time and effort for management; 
•tolerate diseases and pests; 
•tolerate drought and other climatic stresses; 
•coppice well, that is readily sprout shoots from stumps; 

have other uses that contribute to the farm enterprose  

Some species often used 

for fuelwood are: Acacia 

auriculiformis, Casuarina 

equisetifolia, Gliricidia 

sepium, Calliandra 

calothyrsus, and Leucaena 

leucocephala. 

Roundwood (poles and posts) 
Species grown for this purpose should: 
•Have a straight stem; 
•have a single main stem rather than multiple stems; 
•produce few or thin branches; 
•have little taper from bottom to top; 
•have bark that strips easily; 
•produce wood that is durable, light, and capable of 

supporting heavy cross loads; 
•resist termites and other wood borers; 

be able to absorb chemical preservatives easily  

•be self pruning and without knots, for strength; 

Some species often used 
for roundwood are: 
Acacia auriculiformis, 
Acacia mangium, Albizia 
lebbek, and Casuarina 
equisetifolia 



Fodder 
Species grown for this purpose should: 

•produce leaves or pods that animals like to eat; 
•withstand lopping, pruning, pollarding, and coppicing; 
•adapt easily to different sites and environments; 
•withstand intense shade if planted with other species; 
•fix nitrogen to enhance soil fertility; 
•withstand damage by pests, diseases, and browsing 

animals; 

have other uses  

•grow quickly, especially in early stages; 

Some species often used for 
fodder are: Faidherbia albida, 
Albizia lebbek, Leucaena 
leucocephala, Azadirachta 
indica, Artocarpus 
heterophyllus, Gliridia sepium, 
Prosopis cineraria and Sesbania 
grandiflora 

Live fences 
Species planted for this purpose should: 

•grow well under adverse conditions; grow well in 

close spacing; 
•require minimal maintenance;  withstand lopping and 

trimming; 
•propagate easily from cuttings; grow fast to a medium 

height, and be long-lived; 
•have prickles or stiff branches and leaves that animals 

don't like to eat; and 

produce suckers  

Some species often used for live 

fences are: Cajanus cajan, 

Erythrina poeppigiana, Calliandra 

calothyrthus, Gliricidia sepium, 

Casuarina equisetifolia and 

Pithecellobium dulce. 



Windbreaks and shelterbelts 
Species grown for this purpose should: 

•tolerate harsh environments; 
•keep lower limbs for a long time; 
•have strong roots;grow quickly; live long 
•tolerate pests and diseases; and 
•not have roots that compete excessively with nearby 

crops for water and nutrients. 

•have a bushy, deep crown that still allows some wind 

penetration; 
 

Some species often used 
for windbreaks and 
shelterbelts are: Casuarina 
equisetifolia and Erythrina 
peoppigiana 

Industrial uses 
Species grown for sawn timber, plywood, veneer, 

pulpwood, or other industrial uses should: 
•grow fast; 
•have a maximum rate of growth in early stages of 

development; 
•have a straight stem, uniform size, and small branches; 
•show good natural pruning with rapid healing of wounds 

if used for producing sawn timber and plywood. 
•have a good physical, mechanical seasoning, preserving 

and processing properties if used for producing sawn 

timber; 
•have wood that is easy to peel, slice, and free of knots if 

used for producing plywood and veneer; 
•have wood with a high density and, preferably, long fibres 

if used for producing pulp. 

Some species often grown for 

industrial uses are: Pinus spp, Tectona 

grandis, Populus spp and Terminalia 

spp. (for sawn timber); Dipterocarpus 

spp and Tectona grandis (for pywood 

and veneer); Acacia spp, Leucaena 

spp, Pinus spp, and Eucalyptus spp 

(for pulpwood). 

Trees can also be planted to produce 

other commodities: Eucalyptus spp 

(essential oils and honey), Acacia spp 

(tannin for making dyes), Azadirachta 

indica (pesticides), Morus alba (silk), 

and Hevea brasiliensis (latex). 



Decoration and enjoyment 
Species grow for this should: 
•grow fast; perhaps be evergreen; 
•have attractive flowers and possibly fruits that can be 

eaten by birds and small animals; 
•have a heavy and spreading crown, if shade is desired; 
•establish easily; tolerate adverse site conditions; tolerate 

some pruning; 
•require little maintenance; protect the soil; and 
•not have a large bilateral root system, where planting is 

near buildings or paved roads. 

 

Some species often used for 
decoration and enjoyment 
are: Acacia auriculiformis, 
Casuarina equisetifolia, 
Pterocarpus indicus, Albizia 
saman and Tamarindus indica 

Shade and nurse trees 
Species grown for this purpose should: 
•have fast early growth; establish easily, preferably by cuttings; 
•be evergreen; live long; 
•tolerat soil compaction by animals walking and sitting beneath 

them, as happens on pasture land; 
•coppice well and withstand some lopping; 
•fix nitrogen in the soil to enhance soil fertility; 
•have a dense, spresing crown, if used to shade grazing animals; 
•have a light crown, if used as nurse trees for other crops; and 

not compete with crops for soil nutrients if used as nurse trees  

Some species often used as shade 

or nurse trees are: Erythrina 

poeppigiana, Gliricidia sepium, 

Leucaena leucocephala, and 

Sesbania grandiflora. 



1.AGRISILVICULTURAL SYSTEM FOR SALT AFFECTED SOIL AMELIORATION   
Multipurpose  trees  (MPTs.)  Trees  such  as Eucalyptus  tereticornis,  Acacia  nilotica,  
Albizia  lebbeck,  Terminalia arjuna, Prosopis julifl ora are selected on the basis of ability 
species tolerant to sodicity; however, agricultural crops are grown as intercrops on the 
basis of local need (Biswas  and  Biswas,  2014).  Singh  studied  the  change  in  the various 
soil properties through tree crop combination in  partially  reclaimed  lands,  where  there  
was  decrease  in  soil  pH  and  EC  with  enriched  soil  organic  carbon,  available N, P, and 
K through growing agricultural crops of berseem, rice, wheat, and mustard under Populus 
deltoides, E. tereticornis, and A. nilotica-based agrisilvicultural system at 5 years age 
(Singh, 2011) The lowest soil pH (7.53) and EC (0.24 dS/m) were recorded in A. nilotica 
followed by Dalbergia sissoo, whereas organic carbon content was significantly high in 
Leucaena leucocephala (6.15 g/kg) followed by A. nilotica (5.98 g/kg). This may be 
attributed to different ability of tree species to produce leaf litter and thereby cause the 
reduction in pH and EC (Devaranavadgi et al., 2005)  

Some techniques for waste land use 



2.AGRI-HORTI-SILVICULTURAL SYSTEM FOR SALT AFFECTED SOIL 
AMELIORATION 
Salt tolerant horticultural fruit trees or small trees along with  agricultural  crops  are  
practiced  for  production  of  various products, as well as to reclamation the soil. Fruit 
species are generally sensitive to salt stress; however, some of  the  species  viz.,  
Zizyphus  mauritiana,  Punica  granatum, Syzygium cumini, Emblica officinalis, and 
Tamarindus  indica showed  good  performance  on  saline  soils  (Singh  et  al., 2004). 
Tomar et  al.  also  reported  the  soil  amelioration  in  terms  of  reduction  in  soil  pH,  
improvement  in  organic  matter  and  available  nitrogen  contents  under  
agrihorticultual system. Moreover, agricultural crops such as  Egyptian  clover,  wheat,  
onion,  and  garlic  cultivated  under Carissa  carandus,  P.  granatum,  E.  offi cinalis,  
Psidium  guajava, Syzygium cumini, and Z. mauritiana also improves the soil properties 
of alkali soils (Tomar et al., 2004).  

3. Agro forestry  cropping system : 
Some species often used for soil protection and rehabilitation are: Acacia 
auriculiformis, Casuarina equisetifolia and Prosopis juliflora. 
 



EC 25-35 dS/m)     (EC 15-25 dS/m)      (EC 10-15 dS/m)   (EC 7-10 dS/m) 

Acacia 

farnesiana 

    Acacia pennatula      Acacia 

auriculiformis                          

Acacia deamii    

Parkinsonia 

aculeata 

   Acacia tortilis                                           Albizia caribaea Albizia guachapele  

Pithecellobium 

dulce 

   Acacia nilotica                               Casuarina 

cunninghamiana 

Alelia Alelia  

herbertsmithite 

Prosopis juliflora   Casuarina 

equisetifolia                      

 Eucalyptus 

tereticornis         

Caesalpinia 

eriostachya  

Tamarix 

troupil 

Casurana 

glucosa 

Pongamia 

pinnata 

Salix spp. 

Callistemon 

lanceolatus 

      Samanea saman                          Syzygium cumini 

Eucalyptus 

camaldulensis,                        

,     Samanea saman                          Syzygium 

fruticosum 

Leucaena 

leucocephala                                                                        

Terminalia arjuna Tamarindus indica 



 best in soil 
 with pH>10.0            pH 9.5-10.0       with pH 9.0-9.5)                 with pH<9.0)  
Prosopis juliflora,      Acacia catechu              Acacia auriculiformis         Bauhinia variegata 
Acacia nilotica,          Butea monosperma             Albizia procera               Bombax ceiba 
Tamarix articulata,    Butea monosperma       ,Azadirachta indica                Cedrela toona 
Casuarina equisetifolia    Cordia rothii,                Bambusa spp                        Ficus virens 
                                       Eucalyptus tereticornis,   Cassia siamea            Hardwickia binata, 
                                      Pithecellobium dulce,      Dalbergia sissoo                 Populus deltoids 
                                     Pongamia pinn                Grevillea robusta              Tectona grandis, 
                                  Tamarindus indica,           Kigelia pinnata                Thespesia populnea  
                                  Terminalia arjuna          Leucaena leucocephala 
                                                                                Acacia auriculiformis, 
                                                                              Albizia procera, 
                                                                              Azadirachta indica, 
                                                                                 Bambusa spp., 
                                                                              Cassia siamea, 
                                                                                  Dalbergia sissoo, 
                                                                                 Grevillea robusta, 
                                                                                   Kigelia pinnata, 
                                                                             Leucaena leucocephala, 
                                                                             Melia azedarach, 
                                                                                     Moringa oleifera, 
                                                                                        Morus alba, 
                                                                                          Sesbania sesban 



Tolerance, to ESP and 

range at which affected 
Crops 

Growth response under 

field conditions 

Extremely sensitive 

(ESP = 2-10)  

Deciduous fruits , Nuts  Citrus (Citrus spp.) , 

Avocado (Persea americana Mill.) 

Sodium toxity symptoms 

even at low ESP values.  

Sensitive 

(ESP - 10-20) 

Beans (Phaseolus vulgaris L.) Stunted growth at these 

ESP values. 

Moderately tolerant 

(ESP - 20-40)  

Clover (Trifolium spp.), Oats (Avena saliva L.),Tall 

fescue (Festuca arundinacea  Schreb.) 

Rice (Oryza saliva L.)Dallisgrass (Paspalum dilatum 

Poir.) 

Stunted growth due to 

both nutritional factors 

and adverse soil 

conditions.  

Tolerant 

(ESP - 40-60)  

Wheat (Triticum aestivum L.),Cotton (Gossypium 

hirsutum L.),Alfalfa (Medicago sativa L.), Barley 

(Hordeum vulgare L.),Tomatoes (Lycopersicon 

esculentum Mill.)Beet, garden (Beta vulgaris L.) 

Stunted growth usually 

due to adverse physical 

conditions of soil.  

Most tolerant 

(ESP more than 60)  

Crested and Fairway wheatgrass (Agropyron spp.) Stunted growth usually 

due to adverse physical 

conditions of soil.  
Tall wheatgrass (Agropyron elongatum Host Beau.) 

Karnal grass Diplachne fusca 

Rhodes grass (Chloris gayana Kunth)     Bermuda grass Cynodon dactylon 



What is Soil Pollution
Any undesirable change in the physical, chemical or
biological properties of the soil, which is harmful to
environment, living organisms and plants, is called
‘soil pollution’.
It adversely affects human nutrition and crop
production and productivity, and the quality and utility
of soil.
Cd, cr, cu, pesticide, chemical fertilizer, weed, toxic
gases etc. are major soil pollutants. For example, if
pesticides are used while farming, then it affects the
plants and the soil apart from killing the insects.
Fertility of the land is severely affected due to the
inclusion of toxic elements in the soil due to chemical
fertilizers, pesticides, and industrial effluents.



Soil polluting agents :
1.Domestic Waste :  Household waste includes :  food scraps, old newspapers, and plastic
items, bottles, wood, glasses, cans, old tools, tyres, worn out furniture, broken toys and many other
substances.
The domestic wastage mainly includes dry wastes and wet leftovers of kitchens , vegetables, peels of
fruits-pulses, rotten fruit, vegetable stalks, fruit kernels, tea leaves, egg shells, and leftover after eating. .
Dry waste includes dust as a result of cleaning, waste paper, cardboard, wooden leaves, broken pots of
glass or porcelain, vials, tin containers, hearth-ash, pieces of clothing etc
Apart from these, some big items such as broken furniture, impaired motor vehicles equipment,
redundant components, tyres etc, can also be included in this.  
Per capita quantities of domestic waste depend on economic status and social
development. Thus, its average varies in different countries. For example, in the US,
domestic wastage is 50 kg/person /day. The amount of solid waste generated by our
urban population (about 20 crore) in the country is estimated to be 50crore tonnes per
annum.
2.Municipal Waste:
Under the municipality, the entire city’s garbage can be found which leads to contamination
of the soil. Diseases in humans such as dysentery, diarrhoea, plague, malaria and many
other diseases are the result of indiscriminate dumping of waste. Municipal waste includes
garbage removed from homes; human excreta, waste of fruits and vegetables thrown in
markets, waste of various industrial organizations, plant waste of gardens, dung mixed
with  fodder of animal shelters, garbage and sludge from street drains and gutters, and all
kinds of litter generated from slaughter houses, butcher’s shop, fish market, poultry centres
and leather research  institutions.



4.Chemical Waste
There are many types of chemical substances in the waste dumped by the industry
on the ground. Many times many chemical substances get merged in the soil,
accidentally or unconsciously. These pollutants are found in water of domestic
drains, flowing or underground water. Due to the irrigation of fields or vegetable
gardens with this water, there is great harm to fruits, vegetables, and various types
of food and pulses.

3.Industrial Waste:
1. Unused chemicals and unwanted industrial waste such as lead, copper, fly ash,
mud, plastic and sawdust are some unused chemicals which inhibit the growth of
organic agents in the soil.
2. In highly industrialized countries, domestic and municipal wastes comprise a
fraction of total waste.
3.The main waste there consists of industrial waste. Some of these wastes are bio-
degradable, some flammable, toxic, some foul-smelling and some are inactive, but
all of them occupy space and become the cause of soil pollution in some form or the
other.
4.The problem of deposition of industrial waste becomes more complex due to
economic limitations. It is less expensive and more convenient to throw industrial
waste on the available land or dump them by digging pits without treatment for
industry managers.
5.This is the reason why the pile of garbage is increasing everywhere on the
available land around the industrial areas.



5.Biological Agents
Biological agents such as bacteria, fungus, viruses, and
protozoa are a major source of soil pollution and these are
mostly spread through the discharge of human and animal
waste which is a major source of soil pollution.
 
6.Radioactive Pollutants
Radioactive pollutants are generated from explosive
devices, atomic tests and atomic activities in laboratories
of nuclear power plants. Radiation -106 and Rhodium -106,
Iodine-131, Barium-40, Lanthan-40, Serium-144, etc, reach
the radioactive waste and mud produced by nuclear testing
laboratories. All of these radio-nuclides emit gamma
radiations, which are also harmful to the soil.



1.
Types of soil pollution.

Acidification of the soil:
  The acids found in rainwater such as carbonic acid, and in decomposing
organic material such as humic and fulvic acids, etc., can stimulate leaching
by dissociating into H+ ions and their component anions which then displace
or attract base cations from the soil exchange complex.
2.Salinization of the soil:
It refers to an increase in salt content in the soil. It may lead to soli
erosion and may affect the crop output. Although salinization occurs
naturally in semi-arid and arid environments, it is often exacerbated
as a result of human activity. In India, an extensive portion of desert
region in Rajasthan consists of saline soil. In parts of southwest
Australia, for example, removal of indigenous eucalyptus forest has
resulted in extensive salinization of soils. This has occurred because
the deeply rooted trees have been replaced by shallow-rooted
grasses and crops, which are less effective in lowering the ground-
water level. Capillary action is most intense, and salinity is greatest
in soils where the water table is within about 2 meter of the surface.



3.Agro-chemical pollution: In recent decades, the use of
inorganic fertilizers has increased dramatically at the expense of more traditional
organic nutrient treatments. Chemical runoff from pesticides and fertilizers can
degrade soil quality, whilst animal manure can change its chemical composition.
 Inorganic fertilizers are used in preference to organic treatments because the
nutrients are in a more readily available form and are released rapidly after
applications. Fertilizers are applied in a variety of forms — solution, suspension,
emulsion and solid. The solid forms vary in particle size from fine powder to coarse
granules and either spread evenly (broadcast) over the soil surface or mechanically
placed, by drilling, into the rhizosphere.

4.Industrial soil pollution: Industrial development has been
associated with both physical degradation and chemical contamination of soils.
Problems of physical degradation include erosion, compaction and structural
damage resulting from construction activities and opencast mineral extraction. The
industry is also responsible for dumping industrial chemicals and heavy metals
(such as mercury) onto soil and thus polluting it.

5.Urban soil pollution: Human urban activities such as dumping
waste, disposing of sewage poorly and emitting greenhouse gases which dissolve
into the rain and seep into the soil are some of the main types of urban soil pollution.
Chemical problems result from waste disposal activities, discharge and spillage of
liquid effluents and atmospheric emission including acid deposition.



Effects of soil pollution.
Soil pollution is a very serious problem throughout the world. Soil contamination has
several negative impacts on the soil and the environment. These are some of the
effects soil pollution:
Poor crop output: Increased use of inorganic fertilizers, chemical fertilizers, as
well as pesticides, eventually decreases the soil fertility at a faster rate. It also alter
the soil structure. Reduced soil quality will lead to poor crop output. Soil can become
less productive for growing crops in when it is heavily polluted.
Unstable chemical composition: Different soil types naturally have
different chemical compositions that are carefully balanced. The introduction of
pollutants such as mercury or sulfides can destabilize this balance.
Effect on ecosystem and biodiversity: Soil pollution can lead to the lack
of biodiversity in an ecosystem. The life of bird, insect, mammal and reptile species
who live in the soil can get affected by pollution. The soil is an important habitat.
Effect on Human health: Living, playing or working on polluted soil can cause
skin complaints, respiratory issues and other ailments. Drinking contaminated water
as a result of surface run-off can also cause health problems.
Contamination of water sources: When it rains, surface run-off carries
contaminated soil into water sources causing water pollution. The contaminated
water is thus unfit for both animal and human consumption. It will also affect aquatic
life since the organisms that live in these water bodies will find their habitats
inhabitable.



As is evident from the list below, soil pollution is almost
always down to human activity such as agriculture and heavy
industry.
Industrial Pollution: Improper disposal of chemical wastes
from industries causes soil contamination. The main human
made causes of acidification include certain heavy metals,
industrial waste, oil and fuel dumping, toxic chemicals, and
acid deposition resulting from industrial pollution.
Needle-leaf afforestation: Needle-leaf forestation has been
associated with the acidification of soils and surface waters
for a number of reasons. First, needle-leaf trees produce litter
which is very acidic in comparison with most broad-leaf
species. Second, because of their high canopy surface area,
needle-leaf trees are able to ‘scavenge’ acid pollutants from
the atmosphere, later releasing them into the soil via through
fall and stem flow.
Use of Inorganic fertilizers: Excessive use of inorganic
nitrogen fertilizers in agricultural systems has also been
associated with soil acidification, partly through the process
of nitrification.



Poor irrigation practice: An important cause of soil salinity is poor
irrigation practice. Over-watering leads to a rise in the water table which,
in turn, causes enhanced capillary action. Similarly, poor maintenance of
irrigation channels and canals results in leakage of water into adjacent
agricultural land. Further, intensive farming and the lack of crop rotation
have an adverse effect on the quality of soil over time.
Urban activities: Urban activities such as improper waste disposal,
and building constructions pollute the soil by preventing proper drainage
and increasing surface run-off. Some of the wastes include chemical
wastes from residential areas and leaking sewerage systems. Human
sewage and animal manure can pollute soil by changing its chemical
composition.
Solid waste: Plastics, cans and other solids count as soil pollution, too.
Batteries and electrical goods can be particularly harmful as they contain
chemicals such as lithium that leach into the soil.
Burning fossil fuels: Air pollution can become soil pollution when
greenhouse gases such as CO, SO, nitrous oxide and CO2 dissolve into
the rain and then fall onto the soil, contaminating it with sulfides and
nitrates.



Preventative measures.
Soil pollution can have a devastating impact on plant and animal life, and as such it
should be halted. If we act now, we can prevent soil pollution from taking hold.
Some useful preventative measures that we can take to this end are listed below.
Go organic: Organic agriculture uses much fewer chemical fertilizers and
pesticides, preventing chemicals from seeping into the soil.
Proper farming methods: Finding alternatives to chemical fertilizers and
pesticides is an ideal way to avoid soil erosion. Rotational and mixed farming are
also encouraged.
Dispose of household waste responsibly: Recycling waste and not dumping it
in landfill will keep the soil free of pollution. Not throwing batteries and electrical
items into household waste bins will help to keep the soil free of dangerous
chemicals.
Prevent or Manage industrial waste: Properly managing industrial and
domestic waste can help prevent soil erosion. Solid waste treatment is also a good
preventive measure. Regular health and safety checks and adequate waste
disposal methods will ensure that industrial chemicals and other waste are not
allowed to contaminate our precious soil.
Community Awareness: Creating awareness about the effects of soil pollution
can help prevent its occurrence.
Burn fewer fossil fuels: Cleaner air makes it easier for us to have cleaner
soil. Fresh, pure rain will keep the soil free of pollutants.



Soil compaction, also known as soil structure degradation, is the increase of 
bulk density or decrease in porosity of soil due to externally or internally 
applied loads. ll Compaction can adversely affect nearly all physical, chemical 
and biological properties and functions of soil. Together with soil erosion, it 

is regarded as the "costliest and most serious environmental problem caused 

by conventional agriculture."E 
In agriculture, soil compaction is a complex problem in which soil, 

crops, weather and machinery interact. External pressure due to 
the use of heavy machinery and inappropriate soil management 
can lead to the compaction of subsoil, creating impermeable layers 
within the soil that restrict water and nutrient cycles. This process 
can cause on-site effects such as reduced crop growth, yield and 
quality as well as off-site effects such as increased surface water 
run-off, soil erosion, greenhouse gas emissions, eutrophication, 
reduced groundwater recharge and a loss of biodiversity 



Soil Compaction or compacted soils (Impeded soils) 

Definition Soil is pressed by any force or weight or reduction in 

fractional air volume of unsaturated soil or increase in density of is called 
Soil compaction or densification of soil is considered as soil compaction. 

Consolidation : Compaction due to squeezing out water from saturated

soils. 

B. Subsurface ( Sub soil or Plough sole 

plough pan) 
1. Less total porosity 

Occurance: A. Surface 

1. Less total porosity 
2. Restricted aeration 2. Restricted aeration 
3. Root penetration 3. Root penetration 

4. Water movement 4. Water movement 



Forms (Types) of Soil Compaction
1. Surface crust: Induced crust, beating action of raindrops 
2. Subsurface crust: Densely packed, granularsediments, 

nodules of Ca CO3, Induced pan, partially cemented, does 
slakes in water 

3. Hard Pan : Si accumulated, Ca CO3 accumulated, it does 
not slakes in water, Cemented 

4. Fragipan Rock like properties, Totally impermeable,
forms at two junction of layers 

5. Clay pan : It is formed due to accumulation of clay 
particles, hard layer 



Cause of Soil Compaction 
Pedogenic Anthropogenic 

Parent material stratification Man induced compaction 
1. Continuous ploughingat 

same depth 

2. Heavy machinery use 

3. Continuous cropping (Rice 

1. Humification 

2. Elluviation and lluviation
3. Calcification 

Wheat) 
4. Gvpsification 
5. Sodification 

4. Grazing of the field 

6. Salinization 
7.Podzolization : High silica sesquioxide, 6. Use of poor quality irrigation 

Silica accumulation, Fe & Al 
removal, ashy grey, pH 4-5 

8. Leterization : low silica sequioxide, 
desilication, si removal, Fe & Al 

5. Poor nutrition 

water 

7. Excesses use of fertilizers. 

accumulation 



Soil tilth 

Soil tilth depends on physical condition or size distribution of soil aggregates. 
It is friable range of consistence or deforming ability of soil is known as soil 

tilth. 

Soil tilth can be achieved by 
1. tillage 

2. loosening & granulating of soil 

3. Soil structure 

Measurement of Soil Tilth 
1. Dry Sieving method : Size distribution aggregates or clods 

2. Wet sieving method :Water stable aggregates, MWD 
3. Penetrometer :Compression or looseness 

compressibility and penetration vary 

with Consistence of soil at a given 
structure 



Physical condition is achieved (Tilth) 

Tillage 

Structure of Soil Physical Manipulation 

Strength of Soil 

Improved Physical condition 



Management for improvement in soil compaction 
1. Crop Rotation Deep rooting crops provide crop induced 

wetting and drying cycles that crack the soil, break up impermeable 

layers of soil by root penetration and increase organic matter 

Profused root system, Deep root system 
2. Minimum tillage or optimum tillage 

3. Reduce the frequency of Using heavy machinery 
4. Incorporation organic residue 

5. Avoid grazing, Road path 
6. Addition of organic matter (FYM) 
7. Differ depth of ploughing 

8. Use of chiselling at 30-50 cm to break the pan or plough sole. 



9. Planting pits that are being dug into poor soil (Barren Land). 
These pits, with an average diameter of 20-40 cm and a depth 
of 10-20 cm, are filled with organic matter then seeded after 
the first rain of the season. This technique conserves soil, 
captures water, and gradually rehabilitates the structure and 
health of the underlying soil 

10. A systematic way to regen erate degraded soil (e.g. 
compacted soil) in the long run is the transformation of 

conventional farming to agroforestry. Agroforestry 
systems aims at the stabilization of the annual yield as well 
as the healthy maintenance of the ecosystem by combining the 
cultivation of crop plants and trees on the same site 



Identification methods 
Soil compaction can be identified either in the field, the laboratory or via remote sensing. In order to get reliable data and results 
a combination of differe nt methods is necessary as "there is no single universal method availiable to idemtify com pact soils"23 

In the field 
Phenomena like waterdogeing on the surface or in subsurface layers, visible reduction in porosity and changes of soil structure, 
soil moisture and sail colour are indicators of soil compaction in the field2 A blue-grey soil colour and a smell of hydroge n 
Sulghide can occur in the top soil due to extenuated aeration An increase in soil strength can be me asured with a 

penetrometer which is basically a device for me asuring the resitan ce of a soil. An ather important indicator of soil compaction is 

the vegetation itself By means of pattems ofcrop growth, pale leafcolours and root growth, it is possible to draw conclusons to 

the extent of compactionEspecially when trying to identify soill compaction in the fiel d with the measurements mentioned 

above it has been considered particularly important to make a comparison between potentially compacted soil and 
ucected soil nearby. 

In the laboratory 
Soil bulk densty, pore-siæ distribution, water permeability and the relative apparent gas diffusion coefficient give a gpod 
overview of the permeability of soils to air and water and therefore on the degree of compaction. Snce the coarse pores are 

most important for water infitration, gas exchange and transport, fbcusng on them when measuring the porosity and the 

diffusion coefficie nt is recommended Data gained at a laboratory are reliable as long as a certain amount of samples has 
been analyzed. That is why it is necessary to gather a large number of soil samples throughout the entire sample plot that is of 
interest. 

Remote sensing: Remate sensing helps to recognie alterations of soil structure, root gowth, water storage capadites 
and bialogical activity. "Detection of the se features directiy on the surface of bare soil or indirectly by the vegetation lead to 

identification of this type of de grad ati on. Thisis espe dally helpful for large areas. As a prevention of soil compaction remote 

sensing can model the susce ptibility of sols by cons de ring sol texture, slope val ue, water regime and economic factors like the 
type of farming or the machinery being used. 

Limitations: Sail compaction is often local and de pe nds on many fact ors that may vary with in a few sauaremeters. This makes 

it very hard to estimate susce ptibility of soils to compaction at a large scale. Since methods of remote sensing are not able to 

identify soil compaction directy the re are limitations to ide tification, monitoring and quantifyinE, espedialy on a global scale. 

ldentification methods mentio ne d above are insufficent for large are as since it is nat possible to get a lare enough sample sze 
without harming the soil and keeping finandal afford to a reasonable level. 



Effect s On-site effects 
Major effects on soil properties due to soil compaction are reduced air permeability and reduced 

water infiltration Main physical negative effects to plants are restricted plant root growth in 

response to the accumulation of the plant hormone ethvlene2 and accessibility of nutrients due to 
increase in bulk density and reduced soil pore size This may lead to an extremely dry topsoil and 

eventually causes soil to crack because the roots absorb water requiring for transpiration from the 
upper partof the soil where plants can penetrate with their restricted root depth.2 

Soil chemical properties are influenced by change in soil physical properties. One possible effect is a 

decrease in oxygen diffusion that causes anaerobic cond ition. Together with anaerobic condition, 
increases in soil water saturation can increase denitrification processes in the soil. Possible 
consequences are an increase in N20 emission, decreases in available nitrogen in soil and reduced 
efficiency of nitrogen usage by cropsThis may cause in an increase offertilizer use 

Soil biodiversity is also influenced by reduced soil aeration. Severe soil compaction may cause reduced 
microbial biomass Soil compaction may not infuence the quantity, but the distribution of macro 
fauna that is vital for soil structure includingearthworms due to reduction in large pores.a 
All these factors affect plant growth negatively, and thus lead to reduced crop yields in most cases 
As soil compaction is persistent, loss of crop yield as one of the "soil compaction costs" may lead to 
a concern of long term economic loss. 

Off-site effects 
Soil compaction and its direct effects are closely interrelated with indirect off-site effects that have a 
global impact, visible only in the long-term perspective. Accumulating effects may result in complex 

environmental impacts contributing to ongoing global environ mental issues such as erosion, floodingE

climate change and loss of biodiversity in soil 



Food security 
Soil compaction causes reductions in crop gowth, viekd and quality. Locally, the se effects may have minor impacts 
on food security If one aggregates the osses in food supply due to soil compaction, however, compaction may 
threaten food security. This is especialy relevant for regons that are prone to droushts and floodings. Here, 
compacted soil may contribute to dry topsoil and increased urface runoff. In addition, climate change can worsen 
adverse of soil compaction. This is because cimate change features events such as heat waves and storms that 
can increase the risk of droughts and floodings and drainage systems. 

Climate change and Energy use 
Soil is a storage of greenhouse gases (GHG). It is seen as a major terrestrial pool of carbon.Providing nutrient 
cicling and filtering services, soil regulates GHG flxes. The loss of gases from soil to the atmosphere is often 
enhanced by the influence of soil compaction on permeability and changes in crop growth. When compacted soils 
are waterlogged or have an elevated water content, they tend to cause methane (CH4) osses to the atmosphere 
due to an increased bacteria activity. The release of the GHG nitrous oxide (N20) originates also from 

microbiological processes in soil and is reinforced by the use of nitrogenfertilizer on arable land, 
Furthermore, compacte d soil requires an extra energy input. More fuel and fertilizer are used for cultivation 

compared to uncampacted soil due to restrictions in crop growth resulting from a decreased efficiency in nitrogen 

use. The production of nitrogen fertilizer is highly energy demanding. 

Erosion, Flooding and Surface Water 
The reduced perme ability of compacted soil can resut in local flooding. When water can not infitrate, ponding and wter lozzins 
pose a general risk for soil erosion by wate r On compacted sols, wheel tracks are often the starting paint for ru nof and erosion. 

Soil erosion is likely to appe ar on sloping fie lds or epecialy hily land. This might lead to a transfer of sediments 55). Except for 
direct negative effects for farme rs, the risk aof surface runoff dose to whe el tracks affects the off-farm enironment indirectiy, as it for 

example redistributes "se dime nt, nutrients and pestid des within the field and beyond Especally when the risk of surface soil 
eroson is heightened, eutrophication of surface waters becomas a big problem due to an incre ased amout of nutrie nts.22 On high 
risk are as, such as wet sails on slopes, applied slumy can runoff easily This resuits in a loss of ammonia, which is polluting surface 
waters, as it creates a lack of onygen. Leading so to the deth of many species,22 soil erosion caused by compaction is responsible
fora decline in habitat quality and therefore spedes loss. 



Groundwater 
Another off-site effect can be seen with regard to groundwater 

The infiltration rate of grassland soil without traftic is five times 

higher than on soil with severe traffic.89 A consequence might 
be a reduced recharge of groundwater. Especially in dryer 

regions suffering from a lack of water reserves, th is poses a 

crucial risk. In regions where "the subsoil provides a significant 

proportion of the water required by crops to meet transpiration 
demands'"0 often being dependent on agriculture, this danger 

of compaction is most present. 
Moreover, the amount of fertilizer that is used on compacted 
soils is more than plants can take up. Thus, the surplus of nitrate 

in soil tends to leach into groundwater resulting in pollution. 

Due to a declining filter ability of soil, microbial decomposition 
of pesticides is restra in ed and also pesticides are more likely to 

reach groundwater. 


