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Bulk density (g cm-3 ) was calculated by following formula.

Bulk density (g ecm—3 ) = Oven dry weight of soil (g) /Volume of soil (cm3)
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Pore Space

» pore space -refers to the empty spaces or voids between individual soil
particles (sand, silt, clay) and aggregates (clumps of soil particles)

» Water Movement and Storage
» Air Exchange and Aeration

» Root Growth and Penetration
» Soil Health and Structure
Types of Pores space-

» Macropores (Large Pores): responsible for rapid water infiltration and
drainage, and for air exchange.

» Mesopores (Medium Pores): to hold water that is readily available to
plants.

» Micropores (Small Pores): for long-term water storage.
25
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Major Cations
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Major Cations
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Cations are positively charged ions formed when an atom loses electrons

anions are negatively charged ions formed when an atom gains electrons.

Cation 085 ac%gooé (Na*) féoocﬁo%ooé (K*)1 MNOSCOBLS (Ca**)i
Q@ _© C C Q0 C o C c
©0Q$S0VO6 (Mg*) &¢ FPCVOSVO6 (Al*+) ep) (ﬂocoop_on

Anion c{pzogé oocféecjor% (CI)i %n%oo?lcf) (NO)I 20500805 (SO--)i

MOQE305 (CO3--)i 66POBOS (HaPOs-) §C ©0206932D300 (BOs—) O3

o
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Minor Cations

Zinc- enzyme activation, protein synthesis, and hormone regulation,plant

growth and development

Copper- enzyme activity, redox potential, photosynthesis and lignin

formation
Manganese- photosynthesis, nitrogen metabolism,and enzyme activation

Iron- enzyme and protein, photosynthesis and respiration
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> pH - negative (log) of hydrogen ion activity
(G@agcgomé?saog&?oﬁ)
» pH scale -0-14

> pH 7 - neutral (weqcs%wqéo)

» pH>7 - acid soil (G@sﬂé)

» pH<7 - alkaline soil (G@C%%)

> 23:834P:dQ(§00g§:&C - pH 5.5-7

> G@acg)cgosgquag pH - 3.21t0 8.2 39533%’1
> gode(g (Acid sulphate soil) - pH < 3.2
> aoﬁ@osscxg%%ecﬂcﬁeoooc@ -pH>11
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» pH 7 saooorgac%qf:— P, Fe, Zn, Cu, B, and Mn o%org FPOC
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Acidic Soil
(low pH)

At pH levels lower than 5.5,
aluminum and manganese
can become highly
available to the point of
being toxic. At similarly
low pH levels, other
elements like nitrogen,
calcium, phosphorous,
magnesium, and potassium
become less available for
absorption by plants.

Slightly Acidic
to Neutral Soil

Ideal soil conditions
for most plants

9

10 11 12 13 14

Alkaline Soil
(high pH)

When the pH level of soil
is above 7, elements like
iron, zinc, copper, boron,
phosphorous, and
manganese also become
less available for
absorption by plants




Soil pH & nutrient availability

Optimum pH range
for plant growth

Low Soil pH High Soil pH
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o0l (Rice): pH 5.5 -6.5
c[gocs (Corn/Maize): pH 6.0 -7.0

Geﬁ[zo‘;) (Pulses - e.g., Green Gram, Chickpea, Lentil): pH 6.0 -7.5
¢[g0 (Groundnut/Peanut): pH 5.8 - 6.5

$6: (Sesame): pH 6.0 -7.0

ol (Cotton): pH 6.0 -7.5

3

030 (Sunflower): pH 6.0 - 7.5

mf:zogsz:zacf)qu (Vegetables): pH 6.0- 7.0

32000 (Potato): pH 5.0 - 6.0
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Phosphorus

ccC ¢ N N oc¢ o¢c ¢ c
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SCQ,005:002%(Gs -4MA30IID0I 6EREBOVO&E adenosine triphosphate

(ATP) 620D OO0 2GP2EN 38 30D FBOC:

colésen (30 © 65) GPSOL)(%JéLLQSZD[’.)_S, phosphorus ooé
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@ [§ oqﬁ (356 70) epac %300&0 inorganic Ooq)o:

> G@D@@Sl()sﬁol% é NSOV 39&38??()0& 20| @%30§®§(§: sgqonoeooo
o C o ﬁ C c o c C

§,60500Q06205q23E) eom@[g%qm§o@cq|3°§gsgm ©00Y6

o ¢ N A CoQ,
TRgsgapeelozos gess:

45



Phosphorus
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Potassium

> E’L)cy)cy%c%c)oéoop_% saoéqus@ogéz 8omg[§o°>o>équgoogc°: o]o&ﬂoop_Sn
» Potassium helps regulate the opening and closing of stomata which control
water vapor, oxygen, and carbon dioxide exchange. Adequate potassium

helps plants maintain turgor (cell rigidity), reduce water loss, and improve

drought tolerance.

» Nutrient and Sugar Transport: It plays a crucial role in the movement of
water, nutrients (like nitrates and phosphates), and carbohydrates (sugars
and starches) throughout the plant, from roots to shoots and to storage

organs like fruits and grains.
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Potassium

Enzyme Activation: Potassium activates at least 60 enzymes involved in plant
growth, including those essential for photosynthesis, protein synthesis, and starch

production.

Photosynthesis: It's vital for the production of ATP (adenosine triphosphate), which

provides energy for photosynthesis.

Protein and Starch Synthesis: Potassium is necessary for the synthesis of proteins

and starches, which are crucial for plant development and yield.

Cell Wall Strength: It contributes to building cellulose and strengthening cell walls,
which helps reduce lodging (plants falling over) and increases resistance to pests

and diseases.

Disease Resistance: Adequate potassium levels enhance the plant's natural defenses

against various diseases, pests, and environmental stresses (like cold temperatures

- 4
or salinity). 8
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6lodBwaru5gesa0s (CEC)

Cation exchange capacity (CEC) :)0@C sg[gpaeoooeaoocczeoao

0¢. .. S....9Q 90¢C _0Oo¢__ ¢ Q S g, S, RS .8
S?Cotg§oéﬂ’.)oo? (I)§o(I)Doc§L\CCD[§ G@&)CBOG’I SQU?CoGQU)DUDOD@L@(DOO[EII

> CEC 25955 NN Q Q Q NS Qo .
20 320COPONBTORM e@mc}googc cealbpaly[~l(epl> okR=le enlonll=Tex:
cO c¢ C N N PASN C
> eooocgwcpoo@cz§§ eomewc\?oo@cz (CEC  qpsqC ccalépnl]
oc¢ C Y C oc¢ ¢ e ¢ N
00$300DIRCHEE YOPVIDOICOISCIIIEQ[D3~ G@Gml §§31 ©3220§00QR0S

> :39300361@308( C,H,O,N, P, K, Ca, Mg, S, Fe, Cu, Zn, Mn, B, Mo, Cl..., etc)

cN ¢ c ¢ Cc c ¢
> 63250800900:(8p02 <1%, 320¢300¢ 1-2%, §)2:2-5%, 3CRs4qR: >5%)
Cation Exchange Capacity

Cations:
<*NH,*, K*,
Fat, Catt

Anions:

*NO,", SO42

51

Humus and clay carry a negative charge, and
so attract positively charged cations



The relationship between soil texture
and CEC

O Cations are held by negatively charged particles of clay and humus called
colloids.

O The stronger the colloid's negative charge, the greater its capacity to hold and
exchange cations

O CEC is conventionally expressed in meq/100 g, which is numerically equal to

centimoles of charge per kilogram (cmol(+)/kg)

Sands 3-5
Loams 10-15
Silt loams 15-25
Clay and clay loams 20-50
Organic soils 50-100
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CEC and soil management
implications

CECrangel-10
High sand content
Less lime needed to adjust soil pH
Low organic matter
Low water holding capacity

CEC range 11-50
High clay content
More lime required to adjust soil pH
Higher capacity to hold nutrients
Higher organic matter
Higher water holding capacity
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E([ec(trical condcuctivicty (EC A
(eQpPocCs02s docgo@c:ooo Ce)

> Electrical conductivity (EC) 20p5 00080300gC milliSiemens oos®
(MS/m) a36wr0> deciSiemens per meter (dS/m)

> G@@S 200¢ 907:0l0¢03 03E0M6D 5EC083980039:>5°[§
CB 08 ° n'toeee 61 cYO) L L° I.

> 8 dS/m co0d(03:630000§B: 3220 3ONE

> 16 dS/m comd(nJ:e0006(ggp:03 s00:6l05 Oloce(gcens
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() @) O C C
e@aocga EC crgsgcvmiaomeqomemeooa
329|2Q|2s

+»» Soil Texture

+» Clay with high cation-exchange capacity have high electrical

conductivity
+» Salts cannot leach through restrictive layers and therefore accumulate
Climate

+» Salts are more easily flushed through soil located in area of high
rainfall
+» Salts are flushed below the root zone into groundwater or streams
¢ Salts accumulate in soils found in dry areas
*» Mineral Content

: . . 55
¢ Slats come form the weathering of minerals and rocks found in soils
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Base Saturation

base saturation is a crucial indicator of soil fertility and health

percentage of the soil's cation exchange capacity (CEC) that is occupied by
"basic" cations.

Basic Cations: These are the positively charged ions that are generally

associated with higher soil pH and improved fertility.

Calcium (Ca2+)
Magnesium (Mg2+)
Potassium (K+)
Sodium (Na+)

Acid Cations: In contrast to basic cations, acid cations like Hydrogen (H+) and
Aluminum (Al3+) contribute to soil acidity and can be toxic to plants at high

concentrations
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Sodium Adsorption Ratio

> 08000 9006y (SAR) 2005 MUICOBWOE (Ca2+) §¢ ©Q8aBwo

(1)4p)

c ¢ 009 C O oOo¢ N c
(Mg2+) &¢ 9000006202 903006 (Na+) 0edOD 0)Cs oo:>[§c [§®:>op_on

N

(@) c o cO (@) o 00
> 13 ov[Zl6slesNoolooloplol=ebe SARs §|e200 G@qpoo? 03 G@T:Dp_on

o

. . N cx_¢rcCc_¢ C °
» Sodic  Soil  gPzoaC esaooe?®[§0®cq|:>°§g &Gmosagﬁqpo

So £¢

0] o0C(oe . . . c C o
ogzcx):)&ﬁc[gzl saturated hydraulic conductivity &¢ cocOlod op)

<, @ Q cQ, Q
GC\ZI?@&oG(D(DDG &)C_QDCHCDOLGODCD&

59




COC
33(? Qﬂf)o

> clgadagog] FCECigPioopd  6[gadaRoaunnaen0c0pS005(gtiope
OloCeaoo  @200YgseqPsl  IPOCSE  I>ADBOIBQYMOTBGPD
C c C c c _C C csN ¢ cC _¢ C
mogce@ocz@czl ODOYSONO0§:30RCS GS@DO@@@O@C@D:S@@@
Co N Co c C T ocC coO C Co
G@DCoC\)@Co§\§ @@Go QOORCEADD  IPEEOVOG G0 GOOPODPOB:E
c C C
sgogce@ocz@cz
> @e C, LQ 90¢ Qg Q Q <, No& Q
G(90QROMY$2E2GENIC0IGEPORC  IEMIIFIONE  OIOCVPY
coc¢C . ey
3pC@c:q:ed amylasel arylsulphatasel f-glucosidasel cellulasel chitinasel

dehydrogenasel phosphatasel protease §\c urease

Protease

00 igaiiion 0
Al = o
¢ Qg0 00

Protein molecule Amino acid molecules

60



How to Enhance Soil Structure

Add organic matter (crop residues/ green manures)
Introduce pasture plants (deep/ fibrous roots )to increase porosity

Add lime (Calcium availability helps flocculation- binding aggregates

through holding colloids, humus and clay particles, together)

Add a Microbial inoculant (EM will help build soil structure by

stimulating the biological function in the soil)

Systems of reduced tillage, minimum tillage and zero tillage benefit the

maintenance of structure in topsoil
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Physical properties:
Reduces bulk density

Reduces penetration
resistance

Increases water content

Increases aggregate
stability

-

Chemical properties: Biological properties:

Improves soil pH Improves soil respiration

Increases microbial biomass
CandN

Increases cation exchange
capacity

Increases earthworm
population

Increases nutrient
availability
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