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ABSORPTION OF MINERAL SALTS

Q‘, Explain t{!e me‘:ha"iSm of absorption of mineral salts from the soil by plants.
What is Donnan’s Equilibrium ?

| | MECHANISM OF MINERAL SALT ABSORPTION

Pre\‘nously, 1t was thought that the absorption of mineral salts from the soil took place
along with the abSOTPtlpn of water but it is now well established that the mineral salt absorp-
tion and water absorption are two different processes.

Mineral salts are absorbed from the soil solution in the form of ions. They are chiefly
absorbed_through the meristematic regions of the roots near the tips.

Plasma membrane of the root cells is not permeable to all the ions. It is selectively per-
meable. All the ions of the same salt are not absorbed at equal rate but there is unequal ab-
sorption of ions.

First step in the absorption of mineral salts is the process of Ien-Exchange which does

not 2 lcal energy but greatly facilitates mineral salt absorption.
Passivioy CVAON-EXCHANGE

The ions adsorbed on the surface of the walls or membranes of root cells may be exchanged
with,_the 1ons 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, Simi-
larly, an anion may be exchanged with OH- ion. There are two theories regarding the mecha-

nism of 1on exchange :

() Contact Exchange Theory

According to this theory, the ions adsorbed on the surface of root cells and clax 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 vol. of ions adsorbed on clay particles, and the
lons adsorbed on clay particle may be exchanged with the ions adsorbed on root-surface di-

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

(#) Carbonic Acid Exchange Theory

According to this theory, the CO, released duning respiration of root cells combines with
Waler to form carbonic acid (H.CO,). ‘Carbonic acid dissociates into H- and an anion HCO," in
“otl solunon These H™ 1ons may be exchanged for cations adsorbed on clay particies. The
“abons thus released nto the soil solution from the clay particles, may be adsorbed on root
¢lis m exchange for H' 1ons or as ion pairs with bicarbonate (Fig. 7.1 B). Thus, soil solution
PaYs an important role in carbomc acid exchange thcor}'.A
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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 min-
eral salts :

(/) Isotopic Exchange

Several times, it has been found that actively absorbed radio active ions (such as **SO,)
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.

(éf) 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.

(i) 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 solu-
tion the rate of respiration increases. Thls increase in rate of respiration over the normal res-
eratlon 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 on led Lundegardh (1950, 54) to propose cytoch:ome pump theory which
is based on the following assumptions :

(/) the mechanism of anion and cation absorption is different.

(i) anions are absorbed through cytochrome* chain by an active process.

*(Cytochromes are iron-porphyrin proteins that act as enzymes and help in some oxidation-reduc-
tion reactions in the cells. These are very important intermediate ‘one electron redox- -systems’ of elec-
tron transport chains in chloroplasts and mitochondria transferring electrons from one end of the chain
to other along an electrochemical gradient. Cytochromes are usually divided into 3 classes cytochromcs
a, b and c.) —— - -
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(1ii) cations are absorbed passively.
Accordmg to this theory (Fig. 7.3), (i) dehydrogenase reactions on inner side of the
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Q Fe* Fe" Fe'w A/~ " 777 A
. INSIDE

TSIDE . + ‘ +
SRISE I Fe’ Fe’ Fe’ j
1/40, 4+—»H . Dehydrogenase
l REACTIONS

<

HQ

@ e e T L TP - > @

<«1—1/2H,0

Fig. 7.3 Diagrammatic representation of the Lundegardh’s cytochorome pump theory.

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

(vir) As a result of anion absorption, a cation (M*) moves passively from outside to inéidr
to balance the anion. :

Main defects of the above theory are : , i

(1) It envisages active absorption of only anions.

(11) It does not explain selcctive'uptake of ions.

(i17) 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 seem to be located on them. the carrier could be!

protein associated with the phosphatide called as lecithin. He also assumed the presence sence

different phosphatides to correspond with the number of known competitive groups of cation
and anions (which will be taken inside the cell).

According to this theory (Fig. 7.4), (i) the phosphate group in the phosphatide is regardet
as the active centre binding the cations, and the basic choline group as the anion bindi

centre,
(if) The ions are liberated on the inner surface of the membrane by decomposition of tht

lecithin b nzyme lecithi,
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Fig. 7.4. Diagrammatic representation of the Bennet-Clark’s Protein-Lecithin theory.

DONNAN’S EQUILIBRIUM

The accumulation of ions inside the cells without involving expenditure
energy can be explained to some extent by Donnan’s equilibrium theory.

According to this theory, there are certain pre-existing ions inside the cell which cannot
diffuse outside through membrane. Such ions are called as indiffusible or fixed ions. However,
the membrane is permeable to both anions and cations of the outer solution.

Suppose, there are certain fixed anions in the cell which is in contact with the outer solu-
tion containing anions and cations. Normally equal number of anions and cations would have
diffused into the cell through an electrical potential to balance each other, but to balance the
fixed anions more cafions will diffuse into the cell. This equilibrium is known as Donnan’s
equilibrium. In this particular case, there would be an accumulation of cations inside the cell.

If however, there are fixed cations inside the cell, the Donnan’s

the accumulation of anions inside the cell.

UNIVERSITY QUESTIONS
Give concise account of the mechanism of ion uptake in plants.

of the metabolic

ilibrium will in

(Lucknow 1975)

2. Write explanatory notes on :

(i) .ion uptake in plants
(if) ion exchange (Lucknow 1974)
3 Discuss the mechanism of absorption of mineral salts by plants. How does it differ
(Lucknow 1973)

from absorption of water ?
4 Describe the mechanism of mineral salt absorption by plants.
(Meerut 1976, Kanpur 1984)

5. Distinguish between active and passive ion absorption. (Meerut 1976)
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