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Chapter 1

Soil Fertility and Plant Nutrition



The word 'fertile' means bearing abundantly.

Fertile soil is considered to be one that produces

abundant crops under suitable environmental

condition.

Soil fertility is vital to a productive soil. But a fertile

soil is not necessarily a productive soil.

All fertile soils may or may not be productive. Poor

drainage, insects, drought and other factors can

limit production, even when fertility is adequate.

To fully understand soil fertility, one must know

other factors which support or limit productivity.

SOIL FERTILITY AND SOIL PRODUCTIVITY



SOIL FERTILITY:

It refers to the inherent capacity of soil to supply all the

essential nutrients to plant in suitable quantity and in the

right proportion.

SOIL PRODUCTIVITY:

Soil productivity is the ability of a soil for producing

a specified plant or sequence of plants under a specified

system of management. It is usually expressed in terms of

crop yield.



History of development of soil fertility
Francis Bacon (1591- 1624) suggested that the principle nourishment 

of plants was water and the main purpose of the soil was to keep plants 

erect and to protect from heat and cold.

Jan Baptiste Van Helmont (1577 – 1644) reported that water was sole 

nutrient of plants.

Robert Boyle (1627 – 1691) an England scientist confirmed the findings 

of Van Helmont and proved that plant synthesis salts, spirits and oil etc

from H2O.

Anthur Young (1741 – 1820) an English agriculturist conducted pot 

experiment using Barley as a test crop under sand culture condition. He 

added charcoal, train oil, poultry dung, spirits of wine, oyster shells and 

numerous other materials and he conduced that some of the materials 

produced higher plant growth.

Priestly (1800) established the essentiality of O2 for the plant growth.



J.B. Boussingault (1802-1882) French chemist conducted 

field experiment and maintained balance sheet. He was the 

first scientist to conduct field experiment. He is considered 

as father of field experiments.

Justus Von Liebig (1835) suggested that

 Most of the carbon in plants comes from the CO2 of the 

atmosphere.

 Hydrogen and O2 comes from H2O.

 Alkaline metals are needed for neutralization of acids 

formed by plants as a result of their metabolic activities.

 Phosphorus is necessary for seed formation.

 Plant absorb every thing from the soil but excrete from 

their roots those materials that are not essential.



Justus von Liebig’s Law of Minimum

• “The level of plant
production cannot
be greater than
that allowed by
the most limiting
of the essential
plant growth
factors”

Father of Agricultural chemistry



Soil is an 

important 

factor 

which 

determines 

plant/crop 

growth.



What do plants need to grow ?

Water

Sunlight Temperature

Nutrients



Crops depend on extrinsic and intrinsic

factors for their growth and environment to

provide them with basic necessities for

photosynthesis.

These essential plant growth factors include:

• light

• heat

• air

• water

• nutrients

• physical support



Maximum Plant Growth/Yield

• Light

• Heat / Temperature

• Air

• Water

• Nutrients
• Physical support

Internal FactorsExternal Factors

Genetic Make Up



J.B. Lawes and J. H. Gilbert (1843) established

permanent manurial experiment at Rothemsted

Agricultural experiment station at England & conducted

field experiments for twelve years and their findings were:

 Crop requires both P and K, but the composition of the

plant ash is no measure of the amounts of these

constituents required by the plant.

 No legume crop require N. without this element, no

growth will be obtained regardless of the quantities of P

and K present. The amount of ammonium contributed by

the atmosphere is insufficient for the needs of the crop.

 Soil fertility can be maintained for some years by

chemical fertilizers.

 The beneficial effect of fallow lies in the increases in the

available N compounds in the soil.



Serge Winogradsky

Serge Winogradsky (1856-1953)

Russian microbiologist, “Father of

Soil Microbiology”.

Studies on nitrification and sulfur

oxidation were especially noteworthy.

These resulted in the concept of

microbial autotrophy, wherein

inorganic substrates are used as a

source of energy for growth by

microorganisms.



Robert Warrington England

Showed that the nitrification could be

supported by carbon disulphide and chloroform

and that it would be stopped by adding a small

amount of unsterilized soil.

He demonstrated that the reaction was two

step phenomenon. First NH3 being converted to

nitrites and the nitrites to nitrates.



Soil as a Nutrient Source for Plant Growth:

 Mineral nutrients occur in the soil in both dissolved and bound

form.

 Only a small fraction (less than 0.2%) of the mineral nutrient

supply is dissolved in soil water.

 Most of the remainder, i.e., almost 98% is either bound in

organic detritus, humus and relatively insoluble inorganic

compounds or incorporated in minerals.

 These constitute a nutrient reserve, which becomes available

very slowly as a result of weathering and mineralization of

humus.

 The remaining 2% is adsorbed on soil colloids. The soil

solution, the soil colloids and the reserves of mineral

substances in the soil are in a state of dynamic equilibrium,

which ensures continued replenishment of supplies of nutrient

elements.



Adsorption and Exchange of ions in the soil

 Both clay minerals and humic colloids have a

negative net charge so that they attract and

adsorb primarily cations.

 There are also some positively charged sites where

anions can accumulate.

 How tightly a cation is held depends on its charge

and degree of hydration.

 In general, ions with high valences are attracted

more strongly for example, Ca2+ is more strongly

attracted than K+. Among ions with the same

valence those with little hydration are retained more

firmly than those that are strongly hydrated.

 The tendency for cations adsorption decreases in

the order: Al3+, Ca2+, Mg2+, NH4
+, K+ and Na+.
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Essential and beneficial elements

The criteria of essentiality: In order to distinguish 

elements, which are essential from those which may 

be taken up by the plant but are not essential, 

Arnon (1954) has laid down the following criteria: 

 The plant must be unable to grow normally or 

complete its life-cycle in the absence of the 

element;

 The element is specific and can not be replaced by 

another; and 

 The element plays a direct role in metabolism. 

Arnon and Stout (1939)



Essentiality of nutrients discovered by scientists

Nutrient   Essentiality discovered authors (Discoverer) Year of 

discovery

Discovered as element

H Henry Cavendish 1766

C A.L. Lavoisier 1789

Discovered as essential nutrient for plant 

O Joseph Priestley 1800

N Theodore de Saussure 1804

K, Ca, Mg & P C. Sprengel 1839

S Sachs and Knop 1860

CI T.C. Broyer, A.B. Carlton, CM. Johnson and P.R. Stout 1954

Fe E Gris 1843

B K. Warington 1923

Mn J.S. McHargue 1922

Zn A.L. Sommer and C. P. Lipman 1926

Cu A.L. Sommer, C. P. Lipman and G. McKinney 1931

Mo D.I. Arnon and P.R. Stout 1939

Ni P.H. Brown, R.M. Welch and E.E. Cary 1987



Essential nutrients so far recognized:  
Carbon (C), Hydrogen (H) and Oxygen (O), 

Nitrogen (N), Phosphorus (P) and Potassium (K), 

Calcium (Ca), Magnesium (Mg) and Sulphur (S), 

Iron (Fe), Manganese (Mn), Zinc (Zn), Copper (Cu), 

Boron (B), Molybdenum (Mo), Chlorine (Cl) and 

Nickel (Ni).

Total:17

Above nutrients are recognized as universally

essential.

There is convincing evidence that these mineral

elements are essential requirements for diverse

groups of plants algae, bacteria, fungi and the

green plants.



C, H, O

Ni



CLASSIFICATION OF ESSENTIAL PLANT 

NUTRIENTS:

(i) On the basis of amount of nutrients 

present in plants

(ii) On the basis of mobility in soils and 

plants

(iii) On the basis of metal and non metal

(iv) On the basis of cation and anion



(i) On the basis of amount of nutrients present in plants, they can 

be classified in to three groups:

Nutrien

ts

Average concentration 

in plant tissue

Function in plant Nutrient 

category

N 1.5% Proteins, amino acids
Primary

Macronutrients
P 0.2% Nucleic acids, ATP

K 1.0% Catalyst, ion transport

Ca 0.5% Cell wall component

SecondaryMg 0.2% Part of chlorophyll

S 0.1% Amino acids

Fe 100 mg/kg Chlorophyll synthesis

Micronutrients

Cu 6 mg/kg Component of enzymes

Mn 20 mg/kg Activates enzymes

Zn 20 mg/kg Activates enzymes

B 20 mg/kg Cell wall component

Mo 0.1 mg/kg Involve in N fixation

Cl 100 mg/kg Photosynthesis reactions



(ii) According to mobility:

(a) In soil:

1.Mobile: NO3
-, SO4

2-, BO3
3-, Cl- and Mn2-

2.Less mobile: NH4
2-, K+, Ca2+, Mg2+ and Cu2+

3.Immobile: H2PO4
-, HPO4

2- and Zn2+

(b) In plant:

1. Highly mobile: N, P and K

2. Moderately mobile: Zn

3. Less mobile: S, Fe, Mn, Cu, Mo and Cl

4. Immobile: Ca and B



(iii) According to metal and non metal

1. Metal: K, Ca, Mg, Fe, Mn, Zn and Cu

2. Non metal: N, P, S, B, Mo and Cl

(iv) According to cation and anion

1. Cation: K, Ca, Mg, Fe, Mn, Zn and Cu

2. Anion: NO3, H3PO4 and SO4



Beneficial elements

Apart from vanadium, silicon, aluminum,

iodine, selenium and gallium, which have been

shown to be essential for particular species of plants,

there are several other elements, like rubidium,

strontium, nickel, chromium and arsenic, which at

very low concentrations and often under specific

conditions have been shown to stimulate the growth of

certain plants or to have other beneficial effects.

These elements, the essentiality of which for growth

and metabolism has not been unequivocally

established but which are shown to exert beneficial

effects at very low concentrations are often referred to

as 'beneficial elements„.



Forms of nutrients in soil
Sr. 

No.
Nutrient Forms

1. Nitrogen Organic N (97%) and Mineral N NH4
+

, NO3
-

2. Phosphorus Solution P, Calcium, Iron, Aluminium and

Occluded P, Organic P (25%-90%) and Mineral

P

3. Potassium Water soluble K, Exchangeable K, Fixed K and

Mineral K (90-98%),

4. Sulphur Sulphate S, Non sulphate S, Adsorbed S, Organic

S(95%) and Total S,

5. Micronutrie

nts

Water soluble ion, Exchangeable, Adsorbed,

chelated or complexed ion, Cation held in

secondary clay mineral and insoluble metal

oxides and cation held in primary mineral



Mechanisms of nutrient transport to plants:

Two important theories, namely, soil solution theory and

contact exchange theory explain nutrient availability to plants.

(i) Soil solution theory :

Mass flow: Movement of nutrient ions and salts along with

moving water.

Diffusion : Occurs when there is concentration gradient of

nutrients between root surface and surrounding soil solution.

Ions move from the region of high concentration to the

region of low concentration.

(ii) Contact exchange theory: The important of contact

exchange in nutrient transport is less than with soil solution

movement. A close contact between root surface and soil

colloids allows a direct exchange of ions.



 Natural supply of nutrients in the soil which is

closely tied up to parent material of that soil and

vegetation under which it is developed.

 Soil pH as it affects nutrient release.

 Relative activity of microorganisms which play a

vital role in nutrient release. Example: Mycorrhiza

directly function in nutrient uptake.

 Fertility addition in the form of commercial fertilizer,

animal manure and green manure.

 Soil temperature, moisture and aeration.

Factors Influencing Nutrient Availability



Nutrient deficiency
Generalized symptoms of plant nutrient deficiency

Nutr

ients

Visual deficiency symptoms

N : Light green to yellow appearance of leaves, especially older

leaves, stunted growth, poor fruit development

P : Leaves may develop purple colouration, stunted plant

growth and delay in plant development

K : Marginal burning of leaves, irregular fruit development

Ca : Reduced growth or death of growing tips, poor fruit

development and appearance

Mg : Initial yellowing of older leaves between leaf veins spreading

to younger leaves, poor fruit development and production

S : Initial yellowing of young leaves spreading to whole plant,

similar symptoms to N deficiency but occurs on new growth



Fe : Initial distinct yellow or white areas between veins of young

leaves leading to spots of dead leaf tissue

Mn : Interveinal yellowing or mottling of young leaves

Zn : Interveinal yellowing on young leaves, reduce leaf size,

brown leaf spot on paddy (khaira diseases of paddy)

Cu : Stunted growth, terminal leaf buds die, leaf tips become

white and leaves are narrowed and twisted.

B : Terminal buds die, breakdown of internal tissues in root

crops, internal cork of apple, impairment of flowering and

fruit development

Mo : Resemble N deficiency symptoms, whiptail diseases of

qualiflower, leaves show scorching and whithering

Cl : Chlorotic leaves, some leaf necrosis

Conti………





Deficiency Symptoms - N

• General chlorosis. 

• Chlorosis progresses from 
light green to yellow. 

• Entire plant becomes 
yellow under prolonged 
stress. 

• Growth is immediately 
restricted and plants soon 
become spindly and drop 
older leaves. 

http://plantsci.sdstate.edu/woodardh/soilfert/Nutrient_Defi

ciency_Pages/soy_def/SOY-N1.JPG



Deficiency Symptoms - P

• Leaves appear dull, dark 
green, blue green, or red-
purple, especially on the 
underside, and especially 
at the midrib and vein.

• Petioles may also exhibit 
purpling. Restriction in 
growth may be noticed.

http://www-unix.oit.umass.edu/~psoil120/images/tomatox2.jpg

http://www.ext.vt.edu/news/periodicals/vit

iculture/04octobernovember/photo3.jpg



Deficiency Symptoms - K

• Leaf margins tanned, 
scorched, or have necrotic 
spots (may be small black 
spots which later coalesce). 

• Margins become brown and 
cup downward.

• Growth is restricted and die 
back may occur.

• Mild symptoms appear first 
on recently matured leaves.

http://www.ipm.iastate.edu/ipm/icm/files/images/antonio004f.jpg



Deficiency Symptoms - Ca

• Growing points usually 
damaged or dead (die 
back). 

• Margins of leaves 
developing from the 
growing point are first to 
turn brown. 

http://hubcap.clemson.edu/~blpprt/acid_photos/Blossom

EndRot.JPG



Deficiency Symptoms - Mg

• Marginal chlorosis or chlorotic 
blotches which later merge. 

• Leaves show yellow chlorotic 
interveinal tissue on some 
species, reddish purple 
progressing to necrosis on 
others. 

• Younger leaves affected with 
continued stress. 

• Chlorotic areas may become 
necrotic, brittle, and curl 
upward. 

• Symptoms usually occur late in 
the growing season.

http://quorumsensing.ifas.ufl.edu/HCS200/images/deficien

cies/-Mgcq.jpg



Deficiency Symptoms - S

• Leaves uniformly light green, followed by yellowing 
and poor spindly growth. 

• Uniform chlorosis does not occur 

http://www.ag.ndsu.nodak.edu/aginfo/entomol

ogy/ndsucpr/Years/2007/june/7/soils.jpg

http://www.ces.ncsu.edu/plymouth/cropsci/gra

phics/sulfur2.jpg



Deficiency Symptoms - Cu

• Leaves wilt, become 
chlorotic, then necrotic.

• Wilting and necrosis are 
not dominant symptoms. 

http://images.google.com/url?q=http://ipm.ncsu.edu/Scout

ing_Small_Grains/Grain_images/fig4.jpg&usg=AFQjCNE2

vzRwrqp65VR_xKRlo2LQOgWI3g



Deficiency Symptoms - Fe

• Distinct yellow or white 
areas appear between 
veins, and veins 
eventually become 
chlorotic. 

• Symptoms are rare on 
mature leaves. 

http://bexar-

tx.tamu.edu/HomeHort/F1Column/2003Article

s/Graphics/iron%20chlorosis.jpg



Deficiency Symptoms - Mn

• Chlorosis is less marked 
near veins. 

• Some mottling occurs in 
interveinal areas.

• Chlorotic areas eventually 
become brown, 
transparent, or necrotic.

• Symptoms may appear 
later on older leaves.

http://www.ca.uky.edu/HLA/Dunwell/KHC/110-122.JPG



Deficiency Symptoms - Zn
• Leaves may be abnormally small and necrotic. 

• Internodes are shortened.

http://plantsci.sdstate.edu/woodardh/soilfert/Nut

rient_Deficiency_Pages/corn_def/CORN-

ZN1.JPG

http://agri.atu.edu/people/Hodgson/FieldCrop

s/Mirror/Nutrient%20Def_files/slide24.jpg



Deficiency Symptoms - B

• Young, expanding leaves 
may be necrotic or 
distorted followed by 
death of growing points.

• Internodes may be short, 
especially at shoot 
terminals. 

• Stems may be rough, 
cracked, or split along the 
vascular bundles. http://www.canr.msu.edu/vanburen/ffc12.jpg



Management

 Addition of nutrient through fertilizer in soil as 

well as foliar application

 Addition of organic manure

 Correction of soil problems i.e. salinity, 

sodicity, acidity etc.



Nutrient toxicity

Nutrient toxicities in crops are more frequent for

manganese (Mn) and boron (B) than for other

nutrients.

Manganese toxicity is found on acid soils in many

parts of the world.

Boron toxicities occur in irrigated regions where

the well or irrigation waters are exceptionally high

in B.

Most other nutrient toxicities occur when large

amounts of nutrients in question have been added

in waste, e.g., sewage sludge.



Conti….

Crops grown near mines and smelters are prone to 

nutrient toxicities. 

Generally, the symptoms of toxicity in crops occur 

as burning, chlorosis and yellowing of leaves. 

Toxicities can result in decreased yield and/or 

impaired crop quality.



Prevention or management of nutrient toxicity

 With the exception of Mo, toxicity of other nutrients

can be reduced by liming.

 Following recommended rates of fertilizers and the

safe and controlled use of waste materials, such as

sewage sludge and coal fly ash, should reduce metal

loading and nutrient toxicity in crops.

 Use of crop species and genotypes less susceptible

to toxicity are recommended where toxicity is

suspected.

 Provided sufficient drainage because availability of

nutrients like Fe and Mn is increases up to toxicity

level under water logged condition.



Conti…..

 Ground water must be monitored regularly,

if content of B and Cl is too high, stop to

applied water or applied with dilution.

 Addition of sufficient amount of organic

matter, that bind the some of the toxic

elements.

 Ploughing in dry soil so increase the

infiltration rate and leach the toxic element

with rain water.



Thank  you


