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v Sub-topic: Classification of soil; Soil architecture


















v Sub-topic: Physical properties of soil:
Soil texture, Soil water
holding capacity, Soil temperature, soil
colloids, Soil acidity and alkalinity, Soil

salinity and sodicity, Soil organic matter.




































Soil Temperature

W breaks with difficulty under pressure

Very hard : very resistant to pressure : cannot be broken bet

remely hard : extreme resistance t0 pressure; cannot be broken:

SOIL COLOUR

The colour of soil varies widely. It is an easily observable char
important criterion in description and classification of soils.
g ‘é’i of a soil is inherited from its parent rock material (t;emgg
. red soils developed from red sand stone. Often the soil
ng process and is termed as acquired or pedochromic

W W and Composition

and dark grey colour. The variations from black tﬁ
ége to o:rgamc l_natter
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l_\ L PHYSICAL PROPER,
"Mllv of the .nrh': ‘oil and the vanations in air temperature.
h_lnﬂu of Doeember“ January when the air temperatures are o

'Peratures are also low, The temperature of the surface soil is always hig
Ar temperature. .

~_Control of soil Temperature

e Regulation of soil temperature 1s possible upto some extent, under

Ci @' control of the amount of water in soil helps to regulate its tempera
'°_“ has a low temperature. The only way to increase the temperature
remove excess water by providing suitable drainage. The removal of ¢
its Specific heat and thus, increases the temperature. in ‘rease i
the soii also helps to increase the soil temperature lowering
m!'lmn of surface soil can be modified by altering its colour. A

1 powder when spread the surface of the soil i ase its
B e ot - e

» hence, a greater absorption of 3
€ regulated | applying straw mulch. During the day time, mu
m‘!w sun rays. At night however, it keeps the soil
other hand, vegetative cover and mulch keep the




Soil Colloid
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sl COLLODS

water and cations (Ca*, K* ete.) and higher cation exchange capacity than collowdal clay
(inorgamc collowds). ? "

PROPERTIES AND IMPORTANCE OF SOIL COLLOIDS

1. Brownian movement. Colloidal particles are found to be in continual motion.
The oscillation 18 due to the collision of colloidal particles or molecules with those of the
hqud n which they are suspended. This movement is mainly responsible for the
coagulation or flocculation of colloidal particles. When the particles in suspension colhde
with each other and form a loose aggregate of floc.

2. Flocculation. The colloidal particles are coagulated by adding an oppositely
charged 10on. Formation of flocs is known as flocculation. If the cations are held close to
the negatively charged particles, the negative charge would be neutralised and the
collodal particles flocculate and settle down. Na* (Sodium Cations) are highly hydrated
and are monovalent ; they are not so closely bound with the negatively charged immobile
particles. Thus, the particles continue to offer resistance to aggregation and do not
flocculate. Ca** (Calcium cations) are divalent and are not as easily displaced as sodium.
Thus, calcium ions are able to neutralise the negative charge more efficiently and the
colloidal system tends to flocculate. In a similar manner, trivalent ions like aluminium
(Al*") are still more efficient in flocculation of colloids. Thus, Na-clay produces
deflocculation and Ca-clay encourages aggregation. e 1

The phenomenon of flocculation plays an important part in the cultivation of soils.
When clay particles are flocculated, soil develops small clods of a crumby nature. Such a
wil allows free movement of air and water. If the particles are deflocculated, the
aggregates get dispersed, the soil gets water-logged, the movement of air and water is
impeded. a

3. Electrical charge. Colloidal particles often have an electrical charge, some
positive and some negative. When clay colloids susp : th
clectric charge. Collodial clay develops negative electric charge due to dissociation
hydroxyl groups attached to silicon in silica sheets of the clay mineral leaves residual
oxygen () carrying a negative it/ NI 2oy :

L}

take a cube of 1 cm
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‘lmmi\un hydroxides in acid range and by calcium in alkaline range. Amor - th
minerals, kaoliritic clay has a greater anion adsorbing capacity than montmori]j
ilhtic clay. I8
The property of adsorption plays in amportant role in soil fertility. ﬁ&!
property soil is able to hold water and nutrients and keep them available to plant.
5. Non-permeability. Colloids, are unable to pass through a
membrane. The membrane allows the passage of water and of the dissolved
through its pores, but retains the colloidal particles.

6. Cohesion and adhesion. Unlike sand, clay particles possess the
cohesion and adhesion. While forming aggregates, the colloidel clay parti
each other by virtue of the property of coheson. Clay particle: envelop
under the force of adhesion. The force of cohesion and adhesion are d
presence of water. When colloidal substances are wetted, water first :
particles and then brings about cohesion between two or more ad
particles. Soil when dried, the particles remain united because of the force
cohesion. These two forces help in the retention of water in the soil and
plants and microorganism. "

7. Swelling. A soil colloid when brought in contact with water they
quantity of water and swell and increase in volume.

8. Plasticity. Soil colloidal particles may present in
lasticity. Due to this property clay-colloids can be o







Soil acidity and alkalinity, Soil salinity and sodicity

ACID SOIL

Acid soil is a base unsat-irated soil which has got enough o adso;
hydrogen ions (H*) so that to give soil a pH of lower than 7.0.

Soil acidity is common in all regions where precipitation is hi
able quantities of exchangeable base-forming cations (calc
e soil layers of t}fe soils. The condition is widespread and
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W( an annual rainfall of 100 em (40 inces) or more (humid
Precentage of acid soils.

CO: + Hz O = Hz COs (Carbonic acid)
H: COs+ Ca COs= Ca (HCO3): {Leachable <

2. Microbiological. Several microorganisms are responsible h,
such as decomposition of organic residudes and nitrification. As a .
activity, acids are constantly being formed. If these acids are not n
(Ca**, Mg** etc.) then cause of soil solution to be acid. - i

3. Origin of Acid from Acid Parent Rock Material. Some
developed from parent rock materials which are of acid nature such u
the leaching effect is predominating is creating acidity.

4. Removal of Bases by Crops. Some crops like sugarbeet absorb b
soil. Due to removal of bases from the soil, acid soil develop.

5. Continuous Application of Acid-Forming Fertilizers.
sulphate and ammonium nitrate increase soil acidity. When n
ammonical nature added to soil, they are nitrified and nitric acid 1
developed reacts with calcium and other bases to form calcium and «
soluble, they are either removed by crops or lost in drainage. At the
the NH4* mns are ad by the soil colloidal material l&o‘

sor and other caﬁom whwh a:re

rise to acids hh sulphunc a.ndhy ochloric which fu
the colloidal complex of their bases. On these account
concentration increases and the soil pH is lowered
emouedgsundm
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uepreuduu should not be removed from the field. ‘

7. Water management. Acidification can be Weﬂ“a by
saturation. Where that is not pmxblo, the soils are drained and I
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H m“ H* +H,0+Ca(OH); —— H0+ ou
H o H (Lime) e
(Acid soil)

(2) Use of basic fertilizer, e.g, sodium nitrate (3) Soil and water m;
Growing of acid tolerant crop, e.g., rice, potato, barley, wheat etc.

Lime requirement, (a) Laboratory and (b) field method.

Methods of Applying Lime. Lime should be applied one or two
.owinc of crop. Lime should be well-mixed in the soil.
Efficiency of Liming Material. (a) Chemical
droxides (b) fineness of liming material. mom
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e AND ALKALINE SOIL n

(iii) As a consequence of low ESP, gunerally ol variss betwesn 7.5 and 85

iv) Total soluble salt content is mope than 0.1%. It is hi 5 &
’ normal growth of most plant species, 18 high enough to interfere m‘ |

(v) Electrical conductivity (E.C.) of g "
mmbhos/cm.

(vi) Saline soils remain in a flocculated condition (granulated). It is permeable to

water and air,

extract (saturated soil) 18 4 or more

(vii) Saline soils usually have a surface crust of white salts, especially in the season
when the net movement of soil moisture is upward. Salts dissolved in the soil

water move up to the surface, where they are left as a crust when the water
evaporates. "

Alkali Soil (Sodic Soil)

(a) Non-saline-alkali soils. The characteristic features are the presence of collodial

mplex that is saturated with exchangeable sodium, and the absence of appreciable

ntities of soluble salts. These soils are often called 'black alkali' soils, because they

black, owing to the effect of the high sodium content which causes the dispersion of

e organic matter. These soils are also called typical usarsoils. These soils contain

dium carbonates (Naz CO3) in abundance. .

(1) Exchangeable sodium percentage is greater than 15%.

(1) Consequently pH ranges from 8.5 to 10 (strongly alkaline).

(1) Total soluble salt (sodium) content is less than 0.15.

(v) Electrical conductivity (EC) is usually less than 4 mmhos/cm.

(v) Colloidal complex is deflocculated and dispersed. The clay swells and chokes the

soil pores. Hence, permeability to water and air is poor (or infiltration and
aeration is slow).

(vi) The presence of free sodium
high pH and poor ph i

(vit) Sodium carbonate :
matter. Therefore,

(b) Saline-alkali

A8es in transition witk

movement of




(1)) A variable pH, usually above 8.5, depending upon the relative ap
exchangeable sodium and soluble salts. When soluble salts ar
downward, the pH will rise above 8.5, but when the solubl
accumulated, the pH again falls to 8.5. i o

(iii) Generally soluble salts content is more than 0.1%. "

(iv) Electrical conductivity is greater than 4 mmhos/cm.

C. Degraded Alkali Soils.
The soil does not contain free calcium carbonate (CaCOs). As a r
leaching under this condition,Na-clay hydrolyses NaOH which combines
air and forms sodium carbonate (Alkaline condition).
. Na-clay+tH,0=—=H-clay + NaOH R
(acid soil) aol e
2NaOH + CO,——>Na,COy +H0
T e (alkali soil) oy

Sodium carbonate (ﬁt‘n COs) dissolves humus. Humus (organic
in the lower layer. The lower layer thus, acquires a black colour,

At the same time, a part of exchangeable so ;
hydrogen. H-clay (acid soil) formed in this way doe
break-down of H-clay under alkaline condition is known ¢
formed is called Solod, Soloth or degraded alkali soil.
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water evaporates, the salt is left in the soil. Such soils are generally developed in
When areas or in basin shaped areas.

_]\'lng
Jow (iii) High Water Table. The ground waters of arid regions usually contain
ble quantities of soluble salts. If the water table is high, large amounts of water

s del'a 1 1
;oniz‘ o the surface by capillary action and the evaporated, leaving soluble salts on the
mov

;Urface' :
e Overflow of Sea Water over Lands. Lowlying areas near the sea which get

, water during tides. Salt water accumulates and enrich the soils with salts.
se

) Introdgction of IrttigaFiQn .Water. The ground water of arid regions are
enerally galine in nature. With mJudlqous irrigation the percolating water may get
inked with the saline grgund water. During dry weather ‘the soluble salts of the ground
water may, thus, get carried to the surface and increase the salinity of the land.

The irrigation water may be itself rich in soluble salts and add to the salinity of the
;oils.

(vi) Salts Blown by Wind. In arid regions near the sea, lot of salt is blown by wind
vear after year and get deposited on the lands. Due to low rainfall they are not washed
back to sea and thus, add salinity to the land. The salinity of Rajasthan has developed to
a great extent, due to this reason.

(vii) Saline Nature of Parent Rock Materials. If soils develop from saline nature
of parent rock materials, soil would be saline.

(viii) Excessive Use of Basic Fertilizers. Use of alkaline fertilizers like sodium
nitrate, basic slag etc., may develop alkalinity in soil.

(ix) Humid and semi-humid Regions. Alkaline soils develop in other areas also,
e.g., in semi-humid and temperate regions, especially in depressions where drainage 1s
defective and where the underground water table is high or close to the surface.

There are three distinct stage in the evolution of saline and alkali soils. They are as
follows :

1. Saline soils (Salinization). Soil contains excess of sodium salts while the clay-
cmplex (soil-colloid) still contains exchangeable calcium and magnesium. In these soils
the colloids are not damaged by sodium.

2. Saline-alkali soils. When soluble sodium salts accumulate in a soil over a prolong
period, form sodium clay (sodium becomes the predominant cation in soil solution). If the
“luble salts (sodium) are not leached out due to the insufficiency of rain, they remain in
the soi, They are thus, developed as a result of the combined process of salimzation and
alkalization. Sodium salts keep soils in flocculaed conditions.

Ca—clay + Na—salts —= Na- clay + Ca - salts

3. Alkalinization (non-saline-alkali soils). When soluble salts (from saline-alkali
501!8) are removed by leaching as a result of the increase in rainfall, it gives rise to non-
s*“l"lt%alkali soil (only Na-clay in the soil colloids). Calcium carbonate (CaCOs) reacts
W:Lh Na-clay and give rise to Ca-clay and sodium carbonate (Na2COs). Due to low CaCO3
Na, co, converts Ca-clay into Na-clay. The clay is thus sodium saturated.

Na —clay + CaCO3 —= Ca-clay + Na: COs
li soils. Na-clay hydrolyses (during

If CaCOs i Lol ek degraded alka
aCO; is absent, it forms the COz and forms sodium carbonate.

“4hing) and liberates NaOH which combines with
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(dissolved with ¢
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soluble salts are low

(ii) Scrappin
surface, scrapping
develops on &ueh




soils, flooding 1s likely «w do more harm. Leaching (flooding) down of sol
the soil alkaline (only Na-clay remain in the soil). Soils get di
~compact (impervious). In alkali (non-saline-alkali) soils, exchangeable
80 great as to make the soil almost impervious to water. But even if wate
downward freely in alkali soils, the water alone would not leach out |
exchangeable sodium. The sodium-cation must be replaced by c n-catior
leached downward. Following chemical methods are used for reclaiming t
(A) Chemical Methods kg
(1) Application of gypsum. By cationic exchange, calcium is
sodium in alkah soil. ﬁ'ﬂn soil has no reserve of calcium c:

gypsum (caleium sulphate) is necessary. When gypsum is -
calcium nphm the ut;.hlhcnble sodium and converts the cl






4 _ . SALINE AND ALkay

Pyrite should not be applied in the rainy season or in Paddy field. T}
microorganism (Thiobacilli) decreases at very low at anaerobic (water e
The activity of microorganism 1s high in moist soil with good aeration a
temperature.

Dose of Gypsum and Sulphur. On an average for every one mill quivalent of
to be replaced, 1.7 tons of gypsum or 3.2 tons of sulphur is required.
gypsum and sulphur required to replace different amount of angeable &
given in the Table 9.2.

TABLE 9.2 : mammmm
Mmtot ange sodium
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Soil Organic Matter




CSOIS (HSTOSOLS) 5

0RGAN'

(iii) Soil structure. The surface layer of organic soils are granular or crumby. Its

_ohesion and plasticity are l}ow compared to mineral soils. Organic soils are therefore,
) rous, 0pen and easy to cultivate.
p() o

(iv) Water-holding capacity. Compared to mineral soils, organic soils having high
“er_hnldmg capacity. Therefore, a given layer of organic soil at optimum moisture will
supply only slightly more water to plants than a comparable mineral soil.

(B) Chemical Characteristics

(i) Cation exchangg capacity. Cation exchange capacity of organic colloides are
higher than those for the inorganic colloids (Table 11.1).

TABLE 11.1 : Cation exchange data for representative
organic and mineral soils

Exchange characteristics Weight basis
Organic soil Mineral soil
Exchangeable Ca 150 S
Other exchangeable bases, Mg 40 3
Exchangeable H and Al 60 5
Cation exchange capacity 250 16
Percentage base saturation 76 69
pH 5.0-5.2 5.6-5.8

(ii) Soil pH. pH of an organic soil at a given percentage base saturation is generally
lower than that of a representative mineral soil. Organic soils are highly acidic with a pH
value less than 5.5.

(iii) Buffering capacity. Histosols have a higher buffering capacity than mineral
soils.

(iv) Carbon-Nitrogen ratio. The representative organic soil possesses a high
carbon-mitrogen ratio (20:1) compared to 12:1 for a representative mineral soil. Even so
organic soils show vigorous nitrification (nitrate release) in spite of their high C/N ratio.
Apparently some of the carbon in peats is very resistant to microbial attack and is not
readily usable by general purpose decay organisms. Consequently, these organisms are
not excessively encouraged, and they do not tie up the nitrates.

(v) Availability of nutrients in organic soils. Nitrogen. Nitrogen content in
“rganic soils are high in comparison with a mineral soil.

Phosphorus and Potassium. Both the phosphorus and potassium content of an
‘reanic so1l are low as compared to a mineral soil. Unlike mineral soils, organic soils do
"L hix phosphorus and potassium. !

Caloluiia. Organic soils are compara 3 ’jy hjgh\in calcium. In spite of this high lime
“ntent, the majority of organic soils are distinctly acidic. Owing to high cation
adsorption capacity of organic soils that they may be at a low percentage base saturation
and carrying jargs sunotnbs nli -hangeable calcium. At the same time, the percentage
bas saturation is such as to assure a decidedly acid condition (Table 11.2). -
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Soil biodiversity
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