
Unit-IV

Mineral nutrition: Essential micro and macro elements and

their role, mineral uptake, deficiency and toxicity

symptoms. Nitrogen metabolism: Biology of nitrogen

fixation – nif genes – mechanism of nitrogen fixation and

assimilation of ammonia.





Plants, like all other living things, need food for 
theirgrowth and development.
Plants require 17 essen-tial elements. Carbon, 

hydrogen, and oxygen are de-rived from the 
atmosphere and soil water. 
The remain-ing 13 essential elements (nitrogen, 
phosphorus, po-tassium, calcium, magnesium, sulfur, 
iron, zinc, man-ganese, copper, boron, molybdenum, 
and chlorine) are supplied either from soil minerals 
and soil organic matter or by organic or inorganic 
fertilizers.



• For plants to utilize these nutrients efficiently, 
light,heat, and water must be adequately supplied.

• Each type of plant is unique and has an optimum 
nutrient range as well as a minimum requirement 
level. 

• Below this minimum level, plants start to show 
nutri-ent deficiency symptoms.

• Excessive nutrient uptake can also cause poor 
growth because of toxicity. Therefore, the proper 
amount of application and the placement of 
nutrients is important.

• In addition to the levels of plant-available nutri-
ents in soils, the soil pH plays an important role in 
nutrient availability and elemental toxicity 











•Magnesium – Magnesium is absorbed in the form of divalent Mg2+. It is responsible for activating the enzymes of 

photosynthesis, respiration and is involved in synthesis of nucleic acid (RNA and DNA). Magnesium is important constituent of

ring structure of chlorophyll and helps in regulating metabolic activities. It also helps in the formation of fruits and nuts and in 

germination of seeds as well. Deficiency of magnesium results in extensive interveinal chlorosis that initiates with basal leaves 

and progresses to younger leaves.

•Sulphur – Sulphur is obtained by plants in the form of sulphate ion SO4
2-. It is present in two amino acids and is the main 

constituent of several coenzymes like methionine and cysteine. Sulphur is also taken by leaves in gaseous form SO2. Deficiency 

of sulphur results in general chlorosis of leaves, including vascular bundles.

•Iron – Iron is obtained in the form of ferric ions (Fe3+) and plenty of ferric ions are required by plants as compared to other 

micronutrients. It is an important constituent of protein which is involved in transference of electrons such as cytochromes and

ferredoxin. It is reversibly oxidized from Fe2+ to Fe3+ during the transfer of electron, activates catalase enzyme and is important 

for the formation of chlorophyll. Deficiency symptoms are larger amount of interveinal chlorosis, starting with younger leaves.

•Manganese – Manganese is absorbed in the form of manganous ions Mn2+ and helps in activating enzymes required in 

respiration, nitrogen metabolism and photosynthesis. Its main role is in splitting of water to release oxygen during the process of 

photosynthesis. The deficiency of this nutrient results in disorganization of chloroplast thylakoid membrane.

•Zinc – Zinc is obtained as Zn2+ ions and activates enzymes like carboxylase. Zinc is important in the synthesis of auxin and 

absence or deficiency of zinc results in interveinal chlorosis of upper leaves. Absence of zinc results in slowing down of shoot, 

resulting in rosette like appearance of plants.



•Copper – Copper is absorbed in the form of cupric ions (Cu2+) and is important for the overall metabolism of plant. Copper is 

associated with the enzymes involved in redox reactions as iron and is irreversibly oxidized from Cu+ to Cu2+. More than half 

of the copper is present in chloroplast and plays an integral role in photosynthesis. Absence of copper results in dieback of

shoots.

•Boron – Boron is absorbed as BO3
3- or B4O7

2- and is required for uptake and utilization of Ca2+, pollen germination, 

functioning of membrane, cell differentiation, cell elongation and translocation of carbohydrate. In case of deficiency of Boron, 

terminal buds are damaged, resulting in rosette effect on leaves. Fruits, roots and tubers are discolored, cracked and flecked 

with brown spots.

•Molybdenum – Molybdenum is obtained as molybdate ions (MoO2
2+). It is a component of various enzymes like nitrogenase 

and nitrogen reductase, enzymes which participate in the metabolism of nitrogen. Absence of molybdenum results in pale 

green leaves with cupped or rolled margins.

•Chlorine – Chlorine is absorbed in the form of chloride ions (Cl-) and adding with Na+ and K+ it helps in determining solute 

concentration and anion – cation balance in cells. Chlorine is important in water splitting reaction in photosynthesis and as a 

result of this; it leads the evolution of oxygen. Absence of chlorine results in reduced growth, interveinal chlorosis, reduced 

growth and nonsucculent tissue.



Toxicity of Micronutrients

The micronutrients are the nutrients that are 

required in very less amounts and therefore, even 

their little deficiency results in deficiency 

symptoms. On the other hand, even the moderate 

increase of nutrient causes toxicity. Thus, it can be 

said that plants have the optimum requirement of 

nutrition. The symptoms of toxicity are difficult to 

identify because level of toxicity varies from plants 

to plants. There are several cases where an 

excess of an element may prevent the uptake of 

another element. For instance, in case of toxicity of 

manganese, the plants show prominent symptom, 

i.e. appearance of brown spots all over chlorotic

vein. It, on the other hand, inhibits translocation of 

calcium in the apex of shoots. Moreover, 

Manganese competes with magnesium and iron for 

uptake and with magnesium for binding with 

enzymes. Thus, the toxicity of manganese results 

in Deficiency Symptoms of Magnesium, Calcium 

and Iron.



Absorption of Elements in plants are carried on isolated organs of it like tissues and cells. According to these 

studies, two main phases are included in the absorption of elements. In the initial phase, the passive uptake 

of ions takes place in outer space or free space of cells - Apoplast. In the latter phase of uptake, ions are 

slowly absorbed in inner space referred as the symplast of the cells. The passive movement of ions into the 

apoplast is carried out via ion – channels, the trans-membrane proteins that act as selective pores. Added to 

this, the entry and exit of ions to and from symplast need metabolic energy and thus, it is an active process. 

This movement of ions is referred as Flux, whereby inward movement into the cells is influx and vice versa, 

i.e. outward movement is Efflux.

Following diagram shows the mechanism of absorption in plants. For instance, water travels with the help of 

root hairs to xylem via three routes, i.e. transmembrane route, apoplastic route and symplastic route.





Biological nitrogen fixation Chemically, this process is same as 
abiological. Biological nitrogen fixation is reduction of molecular 
nitrogen to ammonia by a living cell in the presence of enzymes called 
nitrogenases. 



The nif genes are genes encoding enzymes involved in the fixation of atmospheric into a form 

of nitrogen available to living organisms. The primary enzyme encoded by the nif genes is 

the nitrogenase complex which is in charge of converting atmospheric nitrogen (N2) to other nitrogen forms such 

as ammonia which the organism can use for various purposes. Besides the nitrogenase enzyme, the nif genes 

also encode a number of regulatory proteins involved in nitrogen fixation. The nif genes are found in both free 

living nitrogen – fixing bacteria and in symbiotic bacteria associated with various plants. The expression of 

the nif genes is induced as a response to low concentrations of fixed nitrogen and oxygen concentrations (the low 

oxygen concentrations are actively maintained in the root environment of host plants).




