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Sources of plant nutrients (in general)

Plants obtain nutrients in the following ways:

From the solil solution. i.e., the free water in soil containing
dissolved salts.

From exchangeable ions on the surface of tiny particles of soils
and organic matter called “humus” particles, respectively.

From readily decomposable minerals.

Through the tiny openings on the surface of leaves, called
“stomata.’

Chief sources of nutrients to plants are clay and humus of soil.

Nutrients such as NHs+, Ca*™ k*, Mg**, etc., are held on clay
particles in an exchangeable and availlable form for use by plants.

Soil organic matter serves as the principal storehouse for the
supply of anions such as H,PO,or SO, to the plants.



https://agriculturistmusa.com/essential-plant-nutrients-available-forms/

The following elements are derived:

From air; carbon (C) as CO, (carbon
dioxide);

From the water: hydrogen (H) and oxygen
(O) as H,O (water);

From the water: fertilizer and animal
manure : nitrogen (N) a considerable
amount of nitrogen iIs also fixed by

leguminous plants through root nodule
bacteria




ESSENTIAL ELEMENTS

Carbon (C)
Hydrogen (H)
Oxygen (O)
Nitrogen (N)

Phosphorus (P)
Potassium (K)
Calcium (Ca)
Magnesium (Mg)
Sulfur (S)

Boron (B)

Zinc (Zn)

Copper (Cu)
Manganese (Mn)
iron (Fe)
Chloride (CIl)
Molybdenum (Mo)

Sourced
from air,
water,
and soil

Sourced
from soil
and/or
fertilizers




Essential plant elements, source, roles and relative quantities in the plant

| Element | Source _ Role in the Plant Concentration

Carbon (C) Air
Oxygen (O)

Hydrogen (H) Water

Nitrogen (N)
Potassium (K) Soil

Phosphorous (P) Soil

Magnesium (Mg)
Sulfur (S)
Chlorine (CI)

Iron (Fe)

Manganese (Mn)
Boron (B)
Zinc (Zn)

Copper (Cu)

Molybdenum (Mo)

Nickel (Ni)

AirWater

Air/Soil

Constituent of carbohydrates: necessary for photosynthesis.

Constituent of carbohydrates: necessary for respiration.

Maintains osmotic balance; important in many biochemical reactions,

constituent of carbohydrates.
Constituent of amino acids, proteins, chlorophyll, and nucleic acids.
Involved with photosynthesis, carbohydrates translocation, protein

synthesis.

Constituent of proteins, coenzymes, nucleic acids, and metabolic
substrates; important in energy transfer.

Enzyme activator, component of chlorophyill.
Component of certain amino acids and plant proteins.

Involved with oxygen production and photosynthesis.
Involved with chlorophyll synthesis and in enzymes electron transfer.

Controls several oxidation-reduction systems and photosynthesis.
Important in sugar translocation and carbohydrates metabolism.
Involved with enzymes that regulate various enzymes.

Catalyst for respiration; component of various enzymes.
Involved with nitrogen fixation and transforming nitrate to ammonium.

Necessary for proper functioning of urease and seed germination.

45%

6%
1-5%
5-1%

A1-5%

A-4%
1-4%
01-.1%
50-250ppm

20-200ppm
6-60ppm

25-150ppm
5-20ppm

o-2ppm

A-1ppm




Plant Nutrition Definition

Plant nutrition may be defined as the
supply and absorption of chemical
compounds required for plant life, growth,
and metabolism. It is the process of
absorption and utilization of essential

elements for plant growth and

reproduction
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Arnon (1954) has defined the following criteria/objectives
for the essentiality of any nutrient
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1. Major or macronutrient:

Those nutrients required by plants in concentrations
exceeding 1000 ppm (0.1%) are termed major or
micronutrients. The term ‘macro’ refers to the amount used
(usually 50mg/ kg or more in the plant body) and essential.

Primary nutrients: C, H, O, N, P, K are the primary

elements that are essential for seed germination and for
plant growth. C, H, O are found abundantly in water and
the atmosphere. N, P, K are either obtained from soil or
supplied through chemical fertilizers.

Secondary nutrients: They are secondary because they
are needed only to grow (secondary growth). They are Ca,
Mg and S.




2. Minor or micronutrients:

The elements required by plants in a concentration less
than 100 ppm are termed minor or macronutrients. They are
also called “trace elements.” The term ‘micro’ refers to the
amount used (usually less than 50mg/ kg in the plant body)
rather than the essentiality.

3.Beneficial elements: They are helpful for some specific
plants, not for all. e.g., Na, Si (for rice).

4.Trace elements: Some micronutrients and other non-
essential elements (but not macro-nutrients) present in soill
or in the plant body in minimal amounts. e.g., Cd, Pb. As, V,
Se.




Non-mineral nutrients:

Three elements, carbon (C), hydrogen (H), and
oxygen (O), are non-mineral nutrients because
they are derived from the air and water. Although
they represent approximately 95% of plant
biomass, they are generally given little attention in

plant nutrition because they are almost always
In sufficient supply. However, other factors such
as soll management and the environmental
conditions can influence the availability and crop
growth response.




NUTRIENTS REQUIRED FOR PLANT GROW
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C H 0 Available through soil, but usually N P K
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Figure 1. Mineral Nutrients Required for Plant Growth



The 14 mineral nutrients are classified as either
macronutrients or micronutrients based upon plant
requirements and relative fertilization need. There are 6
macronutrients: nitrogen (N), phosphorus (P), potassium
(K), calcium (Ca), magnesium (Mg), and sulfur (S). The
macronutrients, N, P, K, are often classified as primary
macronutrients, because deficiencies of N, P, K are more

common than the secondary macronutrients, Ca, Mg, and
S. The micronutrients include boron (B), chlorine (CI),
copper (Cu), iron (Fe), manganese (Mn), molybdenum
(Mo), nickel (Ni), and zinc (Zn). Most of the macronutrients
represent 0.1 -5% or 100-5000 parts per million (ppm), of
dry plant tissue, whereas the micronutrients generally

comprise less than .025% or 250ppm, of dry plant tissue.
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Nitrogen (g il
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Nitrogen is an important component of many essential structural, genetic
and metabolic compounds in plant cells. It is also an elementary
constituent of numerous important organic compounds including amino
acids, proteins, nucleic acids, enzymes, and the chlorophyll molecule.

Of all the essential nutrients, nitrogen is the one that is most often limiting
for crop growth. Nitrogen is the nutrient which normally produces the
greatest yield response in crop plants, promoting rapid vegetative growth
and giving the plant a healthy green color.

Roots uptake nitrogen in its inorganic forms, nitrate (NO;) and ammonium
(NH,*) ions. Once inside the plant, NO, is reduced to the NH, form and is
assimilated to form the organic compounds.

Adding nitrogen is not recommended for legume crops such as soybean,
since they manufacture their own nitrogen supply. Nitrogen-fixing soll
organisms (rhizobium) associated with the roots of legumes

capture atmospheric nitrogen and make it available to the plant.




il g A il Gl jall e ag0ell Lage L S (g iadl) aa
O el 1l 0 5 4l LS Al LAl 8 A ul) AVl
i gl g Apina) (alaall) Gy 8 Loy dagall 4 gzl LS Ll

S g sISN A e g cilay 3V Ay g5l palea ¥l s
Lo Llle 31 g cpaa g il ) 4000e)) jualinll apen G (e
G M) Sl uaiell oa Cpa g il Jialaall sai e 2

el sl 3 L edalaall cilils 8 Al Alat) i bole

A pamall YA guianll e AT 8 g il Uil gda atiad
NH,* astise¥ls NOg el il cilisl ¢ dam Je(




N-Deficiency Role of N in plant

NITROGEN TS NITROGEN

deficiency symptoms \ 3gn The role of nitrogen in crop production

Nis a major component of
chlorophyll, the compound by
N éeficiency in corn which plants use sunlight enargy
during phatosynthesis
=

\
[ Growth Is usually stunted

Nis a significant component
of muleic acids such as DNA,
the genetic material that allows e

plants to grew and reproduce : -
N is an essential part of ving
cells and a component of
i |
General yellowing of alder proleins and enzymes essenta
leaves (battom of plant), The far metabolic processas
rest of the plant is often

light green

N is a component al ATP, the

Since nitrogen is mobile within energy-transfer cermpound
which allows cel’s to use the

the plant, deficiency symptoms
appear on lower and older energy released in metabalism
leaves first |

crop davelopment as well as

N stimulates root growth and
uptake of ather nutrients




Types of Nitrogen Fixation (Al cudial) g gl
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Nitrogen Fixation(BNF)

Biological nitrogen fixation (BNF) is a natural
process of changing atmospheric nitrogen (N2)

Into a simple soluble nontoxic form (NH4 which
IS used by plant cell for synthesis of various
biomolecules. Nitrogen fixation is one of the
major sources of nitrogen for plants and a key
step distributing this nutrient in the ecosystem.
Optimization of BNF is critical to sustain both
food production and environmental health
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Nitrogenase

N, + 3H; > 2NH;

Nitrogenase

NH3 + (glutamate)  Clutamine synthetase  5ming acide
glutamic synthase

l Bio synthesis

Protein
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N-Fixation by Soil microorganisms

Figure 1. The three groups of nitrogen-fixing erganisms including some main genera. In

red: genera including symbiotic nitrogen-fixing species; in black: orders or genera (in

italics) including free living nitrogen-fixing species.
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2NH3; + CO, > NH>COONH,4

NH,-COONH,; ——— = NH>COONH-, + H>,O
(Urea)




N,(g) +3H,(g) — 2NH,(g)

nitrogen
from the air

nitrogen and hydrogen

1:3 by volume &

uneacted

__hydrogen recyded
o] R ke

400 - 450°C
200 atm
iron catalyst

l

gases are cooled
and ammonia tums

1o liquid

liquid ammonia

Figure 1: Scheme of the Haber Process
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