Criteria of essentiality of elements:
This concept was propounded by Daniel Arnon and Perry Stout (1939) and they considered
16 elements essential for plant nutrition. For an element be regarded as an essential nutrient, it
must satisfy the following three criteria-
1.The element should be required for growth and reproduction of the plant. In its
absence the plant fails to complete the vegetative or reproductive stage of its life
cycle.
2. The element should not be replaced by any other element.
3. The element must directly be involved in the nutrition and metabolism of the plant
and have a direct influence on plant apart from its possible effects in correcting some

micro-biological or chemical conditions of the soil or other culture medium.

Absorption of Mineral Salts from Soil by Plants:

Mechanism of Mineral Salt Absorption:

Mineral salts are absorbed from the soil solution in the form of ions. They are chiefly absorbed
through the meristematic zone and the zone of cell elongation at the root tips.

Plasma membrane of the root cells is not permeable to all the ions. It is selectively permeable.
All the ions of the same salt are not absorbed at equal rate but there is unequal absorption of
ions. First step in the absorption of mineral salts is the process of lon-Exchange which does not
require energy but greatly facilitates mineral salt absorption.

lon-Exchange:

The ions adsorbed on the surface of the walls or membranes of root cells may be exchanged
with the ions of same sign from external solution. For example, the cation K* of the external
soil solution may be exchanged with H* ion adsorbed on the surface of the root cells. Similarly,
an anion may be exchanged with OH™ ion. There are two theories regarding the mechanism of
ion exchange:

(i) Contact Exchange Theory:

According to this theory, the ions adsorbed on the surface of root cells and clay particles (or

clay micelles) are not held tightly but oscillate within small volume of space. If the roots and



clay particles are in close contact with each other, the oscillation volume of ions adsorbed on
root-surface may overlap the oscillation volume of ions adsorbed on clay particles, and the ions
adsorbed on clay particle may be exchanged with the ions adsorbed on root-surface directly

without first being dissolved in soil solution (Fig. 7.1 A).

Fig. 7.1. Diagrammatic representation of (A) the contact-exchange theory and (B) the carbonic acid
exchange theory.

(if) Carbonic Acid Exchange Theory:
According to this theory, the CO- released during respiration of root cells combines with water
to form carbonic acid (H2CO3). Carbonic acid dissociates into H* and an anion HCOs™ in soil
solution. These H* ions may be exchanged for cations adsorbed on clay particles.

The cations thus released into the soil solution from the clay particles, may be adsorbed on root
cells in exchange for H* ions or as ion pairs with bicarbonate (Fig. 7.1 B). Thus, soil solution
plays an important role in carbonic acid exchange theory.

The further process of the absorption of mineral salts may be of two types:

(1) Passive and

(2) Active

(1) Passive Absorption of Mineral Salts:

When the concentration of mineral salts is higher in the outer solution than in the cell sap of the
root cells, the mineral salts are absorbed according to the concentration gradient by simple
process of diffusion. This is called as passive absorption because it does not require expenditure
of metabolic energy.

(2) Active Absorption of Mineral Salts:
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It has often been observed that the cell sap in plants accumulates large quantities of mineral
salts ions against the concentration gradient. For example, in alga Nitella the cell sap
accumulated K* and phosphate ions to such an extent that their concentrations were thousands
and hundred times greater than in the pond water in which the plant was growing.

This cannot be explained by simple diffusion or Donnan’s Equilibrium and has led people to
believe that absorption and accumulation of mineral salts against the concentration gradient is
an active process which involves the expenditure of metabolic energy through respiration.
Following evidences favour this view:

(i) The factors which inhibit metabolic activities like respiration in plants also inhibit
accumulation of ions.

(i1) Rate of respiration is increased when a plant is transferred from water to salt solution.

It has now been accepted that active absorption of mineral salts involves the operation of a
carrier compound present in the plasma membrane of the cells.

The Carrier Concept:

According to this theory the plasma membrane is impermeable to free ions. But some
compound present in it acts as carrier and combines with ions to form carrier-ion-complex
which can move across the membrane. On the inner surface of the membrane this complex
breaks releasing ions into the cell while the carrier goes back to the outer surface to pick up
fresh ions (Fig. 7.2).
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Fig. 7.2. Diagrammatic representation of a model illustrating the carrier concept.

Following observations strongly support the carrier concept of active absorption of mineral
salts:
(i) Isotopic Exchange:
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Several times, it has been found that actively absorbed radioactive ions cannot diffuse back or
be exchanged with other ions in the outer solution indicating thereby that the plasma membrane
Is not permeable to free ions.

(i) Saturation Effects:

Beyond a certain limit, increased concentration of salts in outer solution does not bring about
an increase in the rate of mineral salt absorption. It is because the active sites on the carrier
compound become saturated with ions.

(iii) Specificity:

Active sites on carrier compound may be specific which can bind only some specific ions. This
also explains the selective and unequal absorption of ions by the plants.

There are two common hypotheses based on the carrier concept to explain the mechanism of
active salt absorption, although they are not universally accepted.

(1) Lundegardh’s Cytochrome Pump Theory:

Lundegardh and Burstrom (1933) believed that there was a definite correlation between
respiration and anion absorption. Thus, when a plant is transferred from water to a salt solution
the rate of respiration increases. This increase in rate of respiration over the normal respiration
has been called as anion respiration or salt respiration.

The inhibition of salt respiration and the accompanying absorption of anions by CO and
cyanides (which are known inhibitors of cytochrome oxidase of electron transport chain in
mitochondria), later led Lundegardh (1950, 1954) to propose cytochrome pump theory which
is based on the following assumptions:

(i) The mechanism of anion and cation absorption is different.

(if) Anions are absorbed through cytochrome chain by an active process.

(i) Cations are absorbed passively.

According to this theory (Fig. 7.3), (i) Dehydrogenase reactions on inner side of the membrane
give rise to protons (H*) and electrons (e").

(if) The electron travels over the cytochrome chain towards outside the membrane, so that the
Fe of the cytochrome becomes reduced (Fe*™) on the outer surface and oxidised (Fe*™™) on the

inner surface.



(iii) On the outer surface, the reduced cytochrome is oxidised by oxygen releasing the electron
(e7) and taking an anion (A").
(iv) The electron thus released unites with H* and oxygen to form water.

(v) The anion (A") travels over the cytochrome chain towards inside.
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Fig. 7.3 Diagrammatic representation of the Lundegardh’s cytochrome pump theory.

(vi) On the inner surface the oxidised cytochrome becomes reduced by taking an electron
produced through the dehydrogenase reactions, and the anion (A") is released.

(vii) As a result of anion absorption, a cation (M™) moves passively from outside to inside to
balance the anion.

Main defects of the above theory are:

(i) It envisages active absorption of only anions.

(i) It does not explain selective uptake of ions.

(iii) It has been found that cations also stimulate respiration.

(2) Bennet-Clark’s Protein-Lecithin Theory:

In 1956, Bennet-Clark suggested that because the cell membranes chiefly consist of phos-
pholipids and proteins and certain enzymes, the carrier could be a protein associated with the
phosphatide called as lecithin. He also assumed the presence of different phosphatides to
correspond with the number of known competitive groups of cations and anions.

According to this theory, (i) the phosphate group in the phosphatide is regarded as the active

centre binding the cations, and the basic choline group as the anion binding centre.
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(i1) The ions are liberated on the inner surface of the membrane by decomposition of the lecithin
by the enzyme lecithinase.

(iii) The regeneration of the carrier lecithin from phosphatidic acid and choline takes place in
the presence of the enzymes choline acetylase and choline esterase and ATP. The latter acts as

a source of energy.

Once inside the epidermal cells of the root, the mineral salts in their ionic form move from one
cell to another by:

(i) Apoplastic pathway (i.e., through cell walls and intercellular spaces),

(if) Trans membrane pathway (i.e., by crossing the membranes) and

(iii) Symplastic pathway (i.e., through plasmodesmata), and ultimately reach to xylem vessels
and tracheids (Fig. 7.5) from where they are carried to different parts of the shoot along with
ascent of sap.

Donnan’s Equilibrium: According to this theory there are some pre-existing ions inside the
cell which cannot diffuse outside the cell membrane known as fixed ions. Suppose there are
certain fixed anions in the cells which have contact with outer solution containing anions and
cations. Normally equal number of both ions would have to diffuse, but to balance fixed anions,
more cations will diffuse into the cell. This equilibrium is known as Donnan’s Equilibrium. If
there are fixed cations inside the cell, the Donnan’s Equilibrium will result in accumulation of

anion inside the cell.



