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INTRODUCTION 
Plants need water to support cell structure, for metabolic functions, to carry nutrients, 

and for photosynthesis. Plant cells need essential substances, collectively called 

nutrients, to sustain life. There are seventeen essential nutrients for plant growth. These 

nutrients are required in different quantities and concentrations. Nutrients that plants 

require in large amounts are called macronutrients. Macronutrients include oxygen, 

carbon, nitrogen, hydrogen, phosphorous, calcium, potassium, magnesium and sulphur. 

Those elements required in smaller quantities are known as micronutrients. 

Micronutrients are iron, copper, manganese, zinc, molybdenum, boron and chlorine. 

 

Plants require both organic and inorganic compounds for proper growth. Under normal 

condition, all green plants are autotrophs. Hence, they require the supply of inorganic 

materials from outside for synthesis of their own organic material. The source of 

inorganic compounds in plants is the minerals present in soil. As the source of these 

inorganic materials in the soil is minerals, they are called as mineral elements or 

mineral nutrients. Absorption, distribution and assimilation of inorganic compound or 

minerals by plants for synthesis of essential material for their growth, development, 

structure and physiology is called mineral nutrition. The mineral nutritional elements 

are taken up by plant roots from the soil solution in ionic form. 
 



Following roles are ascribed to the mineral elements- 

1-Constituents of plant body- Various mineral elements are constituents of the organic 

molecules found in the protoplasm and cell wall of the plants. For example, the well 

known elements like carbon, hydrogen and oxygen are the components of the 

carbohydrates which constitute the major part of the cell wall and protoplasm. They are, 

therefore called framework elements. Elements like Nitrogen, Sulphur and Phosphorous 

are required in the formation of protein which is an important constituent of protoplasm. 

(Nitrogen and sulphur are found in proteins, phosphorous in nucleoproteins and nucleic 

acids.) These elements are therefore, known as protoplasmic elements. 

Elements like calcium (found in calcium pectate of the cell wall) and magenesium are 

important constituents of the cell wall and chlorophyll respectively. 

 

 2-Influence on the osmotic pressure of plant cells- The cell sap contains minerals 

salts and organic compounds. The osmotic potential of the plant cells depends on the 

concentration of mineral salts and organic compounds. Mineral salts dissolved in the 

cell sap partially influence the osmotic pressure of the cell. Suitable osmotic potential is 

required for water absorption and maintenance of cell turgidity. 

 

3- Catalytic Functions- Certain minerals like copper, zinc, iron, manganese etc act as 

catalysts in various enzymic reactions going on in the plants. 

 



4- Influence on the pH- The mineral elements absorbed from the soil by the roots, 

affect the H+ ions concentration and thus influence the pH of cell sap depending on the 

nature of the element. For instance, sodium (Na+) and some other monovalent increase 

membrane permeability while calcium (Ca++) and other divalent decrease the same. 

 

5- Influence on the permeability of Cytoplasmic membranes- The permeability of 

cytoplasmic membranes is influenced by cations and anions of the medium with which 

they are in contact. Some ions have an increasing effect on the permeability others have 

decreasing effect. For example, Calcium and other divalent decrease the membrane 

permeability while sodium and some other monovalent increase the same. 

 

Toxic effects of mineral elements- Many mineral elements like mercury, copper, 

arsenic, boron, lead, molybdenum, manganese etc in their ionic form when present in 

concentrations higher than the normal, produce a toxic effect upon the protoplasm. 

 

7- Antagonistic and Balancing effects- Sometimes, the effect of one ion can be 

reversed by another ion and it is called antagonism or balancing effects. For example, 

manganese in concentration of 300 to 400 ppm on dry weight basis in barley is toxic 

when the nutrient solution does not contain silicon, but is harmless when silicon is 

present. 
 



General roles of mineral elements in plants- When plant material is burnt in air, all 

the organic components destroyed leaving behind a white residue called plant ash that 

contains only the inorganic mineral elements in different concentrations. Plant ash 

contains all the essential and non-essential mineral elements except C, H, O, N and S 

which are burnt off as gases. 

 

Essential and Non-essential elements- 

On the basis of their effects on plant, mineral elements are generally of two types- 

(i) Essential  

(ii) Non-essential  

The term essential mineral element or mineral nutrient was proposed by Arnon and 

Stout (1939). They concluded three criteria must be met for an element to be considered 

essential. These criteria are: A plant must be unable to complete its life cycle in the 

absence of the mineral element, the element must be directly involved in plant 

metabolism, the function of the element must not be duplicated by another mineral 

element. 

The non-mineral essential plant elements include hydrogen, carbon and oxygen. These 

are either taken up as a gas or water. Water culture and sand culture experiments had 

established that the elements- calcium, iron, sulphur, phosphorous, nitrogen, 

magnesium, potassium and magnesium were indispensable for the plants. 

 



 

 

MINERAL NUTRITION 
 

The term "fertility" refers to the inherent capacity of a soil to supply nutrients to plants 

in adequate amounts and in suitable proportions. The term "nutrition" refers to the 

interrelated steps by which a living organism assimilates food and uses it for growth 

and replacement of tissue. Previously, plant growth was thought of in terms of soil 

fertility or how much fertilizer should be added to increase soil levels of mineral 

elements. Most fertilizers were formulated to account for deficiencies of mineral 

elements in the soil. The use of soilless mixes and increased research in nutrient 

cultures and hydroponics as well as advances in plant tissue analysis have led to a 

broader understanding of plant nutrition. 

Plant nutrition is a term that takes into account the interrelationships of mineral 

elements in the soil or soilless solution as well as their role in plant growth. This 

interrelationship involves a complex balance of mineral elements essential and 

beneficial for optimum plant growth. 

  

The term essential mineral element (or mineral nutrient) was proposed by Arnon and 

Stout (1939). They concluded three criteria must be met for an element to be considered 

essential. These criteria are: 

1-A plant must be unable to complete its life cycle in the absence of the mineral 

element. 

 



2-The function of the element must not be replaceable by another mineral element. 

3- The element must be directly involved in plant metabolism. 

 

MINERAL ELEMENTS 
It has been shown in numerous researches that certain elements are necessary for the 

healthy growth of plants. They are sometimes spoken of as essential elements and since 

some are needed in relatively large quantities and others in very small amounts, the 

former are referred to as “major” elements and the latter as “minor” or “trace” elements, 

or as micro nutrients. 

 

Based on this Criteria Elements are Categorized in two heads:  

Macronutrients – These nutrients are present in large amount in the tissues of the 

plant. It includes Oxygen, Hydrogen, Nitrogen, Carbon, Phosphorus, Sulphur, 

Potassium, Magnesium and Calcium. 

 

Micronutrients – These are also called Trace Elements as these are required in very 

small amount. It includes Manganese, Iron, Zinc, Copper, Chloride, Nickel and 

Molybdenum. 

 



ROLE OF MACRO AND MICRO NUTRIENTS 
 

Every element participates in one or the other metabolic processes in the cells of plants 

and therefore, carries out several functions. The role of different Macro and Micro 

Nutrients are explained below: 

1-Nitrogen – It is one of the very important nutrients required in greatest amount by the 

plants. It exists in soil in an organic form and is absorbed as No3
- and some are taken as 

No2
- or NH4

+. It is found in entire plant body, seeds and food storing regions in both 

organic and inorganic forms. 

Functions of Nitrogen: Nitrogen is important for all parts of plants such as 

metabolically active cells and meristematic tissues. It is the major constituent of 

hormones, vitamins, nucleic acids and proteins. It increases the size of the leaves, 

promotes rapid growth along with fruit and seed development and hastens the maturity 

of the crop. Atmospheric nitrogen can be fixed and made available to the plant by 

certain bacteria. It is necessary for the formation of amino acids, proteins, DNA and 

RNA. It is essential for plant cell division and vital for plant growth. 

Nitrogen deficiency: Nitrogen is very much mobile and is therefore, readily 

translocated to the younger leaves. Therefore, deficiency first appears on older leaves. 

Deficiency of nitrogen most often results in stunted growth, dormancy of lateral buds, 

late flowering, wrinkling of cereal grains inhibition of cell division, and chlorosis 

(leaves become yellow). 

 



2-Sulphur:  It is absorbed from the soil as sulphate ion or through the activity of 

micro-organisms by biological oxidation.  

 

Functions of Sulphur: 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. It is used in the formation of Sulphur- containing amino acids e.g., 

cysteine, cysteine and methionine. Sulphur is essential for the synthesis of Sulphur-

containing vitamins, e.g., coenzymes, biotin and thiamine. It imparts flavor to many 

vegetables e.g., onion, garlic and mustard oil and increase growth, cell divisions and 

fruiting. 

 

Sulphur deficiency symptoms: Sulphur deficiency results in a uniform pale green 

chlorosis throughout the plant that seems remarkably similar to nitrogen deficiency. 

With Sulphur depletion, problems tend to show up on the younger leaves first followed 

by the older leaves. Deficient plants are small and their growth is retarded, a general 

chlorosis, followed by the production of anthocyanin pigments in some species. The 

other effects of Sulphur deficiency are – hard woody stem and some accumulation of 

nitrates and carbohydrates, an extensive root system etc. Symptoms may vary between 

plant species.  

 



3-Phosphorous: It is absorbed by the plants from the soil in the form of phosphate ions 

H2PO4
- and HPO4

2-. 

 

Functions of Phosphorous: It is a constituent of cell membranes, nucleic acid and 

nucleotides, certain coenzymes of (NAD, NADP) and ATP (“energy unit” of plants 

forms during photosynthesis). It is involved in several key plant functions, including 

synthesis of nucleoproteins, energy transfer, transformation of sugars and starches, 

nutrient movement within the plant and transfer of genetic characteristics from one 

generation to the next. 

 

Phosphorous deficiency symptoms: Phosphorous deficiency symptoms resemble with 

nitrogen but they are comparatively less developed. Similar to nitrogen, phosphorous 

deficiency may cause premature leaf fall and purple anthocyanin pigmentation. The 

anthocyanin is found in excessive amount. Plants show stunted growth due to abnormal 

cell-division. Phosphorous deficiency may create an imbalance in the storage of 

carbohydrates. Plants show stunted growth due to abnormal cell-division and develop a 

characteristic dark blue-green or purple colouration and brown necrotic areas are 

developed on leaves and petioles. 

 



4-Calcium: Calcium is present in soil, in the form of cations or in mineral salts like 

anorthite (Ca-Al2-Si2O8) and calcite (CaCO3).  

 

Functions of Calcium:  It is taken up by roots from the soil solution and delivered to 

the shoot via the xylem. Calcium, in the form of calcium pectate, is responsible for 

holding together the cell walls of plants. In cell walls, calcium forms relatively 

insoluble salts by reacting with pectic acids in the middle lamella. Calcium pectases is 

essential for the continued growth of the apical meristems. It also activates specific 

plant enzymes, which send signals to the plant cells that coordinate certain growth 

activities. As a soil amendment, calcium helps to maintain chemical balance in the soil, 

reduces soil salinity, and improves water penetration, activate phospholipase, arginine 

kinase and ATP. It promotes translocation of carbo-hydrates, amino acids and root 

development.  

 

Calcium deficiency symptoms: Sulphur is relatively immobile and therefore, 

deficiency symptoms appear first in young leaves. Organic acid metabolism are 

seriously disturbed due to the calcium deficiency. Its deficiency induces deformation of 

affected leaves, Necrosis at the tips and margins of young leaves, general chlorosis, 

highly branched, short, brown root systems, bulb and fruit abnormalities. 

 



5-Potassium: It is found in soil solution in non-exchangeable or fixed form and in 

the cell in ionic form. It is found mostly in all cells except cork cells. 

 

Functions of Potassium: Potassium is the only monovalent cation essential for 

plant growth. It helps in determining anion-cation balance, and turgidity in cells 

and is involved in protein synthesis. Potassium is essential for the formation of 

sugar and starch and also for their translocation throughout the plant. It is also 

needed in cell division, reduction of nitrate, development of chlorophyll, opening 

and closing of stomata, etc. It maintains water balance and hydration of protoplasm 

and controls permeability of cytoplasm. 

 

Deficiency symptoms of Potassium: Potassium deficiency inhibits synthesis of 

protein, which results in the accumulation of organic nitrogenous compounds in the 

plant cells. Scorching of older leaves on fruit trees is the most important symptom. 

The leaf tips and margins show general chlorosis. Potassium scarcity shows 

yellowing of leaves and the stem becomes thin. It also shows shorter internodes, 

loss of apical dominance, bushy habit, loss of cambial activity, plastid 

disintegration and increase in rate of respiration. 

 



6- Magnesium: Magnesium is indispensable for the formation of chlorophyll, 

since it is one and the only mineral constituent of the chlorophyll molecule. 

Magnesium is present in the soil in water soluble, exchangeable and fixed forms. It 

is present in the soil solution in the form of magnesite (MgCO3), dolomite 

(MgCO3.CaCO3), and Olivine [(MgFe)2 SiO4]. It is found in sufficient quantity in 

seeds of pulses and cereals. 

 

Functions of Magnesium: It plays an important role in synthesis of ATP from ADP 

and inorganic phosphate. Magnesium acts as a activator of enzymes in phosphate 

transfer reactions in carbohydrates metabolism. It helps in fat synthesis and 

nucleoprotein synthesis. It is also believed to be an important binding agent in 

ribosomes where protein synthesis takes place. Magnesium probably combines 

strongly with ATP and makes it easy to break the bond. 

 

Magnesium Deficiency Symptoms: Magnesium deficiency includes extensive 

interveinal chlorosis of the leaves. The older leaves are affected first and the 

younger leaves are affected later on. Ultimately leaves develop anthocyanin 

pigments and necrotic spots or purple spots on mature leaves. 

 



7-Iron: It is absorbed in the both the ferrous (Fe++) and ferric (Fe+++) forms. It is in 

the insoluble form in a neutral or alkaline soil and always present in the soluble 

form in an acidic soil and is therefore readily absorbed by the plants. This element 

is always found to be present in the chromatin material of nucleus and protoplasm. 

 

Functions of Iron: Iron is important constituent of Ferredoxin which plays 

important role in primary photochemical reactions and Biological Nitrogen 

fixation. Iron is also an important constituent of iron porphyrin proteins like 

cytochrome catalases and cytochrome peroxidases. 

 

Deficiency of Symptoms: Deficiency of iron causes interveinal chlorosis of leaves. 

Iron deficiency also induces chloroplast disintegration, death of root tips, decrease 

in respiratory rate, etc. 

 



MICRONUTRIENTS OR TRACE ELEMENTS 
 

The role of the micronutrient elements are given below- 

 

1- Manganese: It is absorbed largely as bivalent manganous ions. It is found in the 

plant ash especially in the leaves. 

 

Functions of Manganese: Manganese functions as an enzyme activator in several 

reactions of respiration and nitrogen metabolism. The enzymes-malic dehydrogenase 

and oxalosuccinic decarboxylase in respiration and nitrite reductase and hydroxylamine 

reductase in nitrogen metabolism require manganese as activator. Manganese helps in 

splitting of water to liberate oxygen during photosynthesis. 

 

Deficiency Symptoms of Manganese: Manganese deficiency causes necrotic and 

chlorotic spots in the interveinal areas of the leaf. Its deficiency also has a marked effect 

on chloroplasts which lose chlorophyll and starch grains, turn yellow-green in colour. 

They become vacuolated and granular and finally disintegrate. Manganese deficiency 

causes Grey speck disease in oats. 

 



2- Boron: Boron is largely absorbed from soil in the form of soluble borate and 

tetraborate ions. It is present in the soil in the form of boric acid, calcium and 

manganese borate and silicates. 

 

Functions of Boron: Boron probably facilitates the translocation of sugars. It plays 

an important role in cellular differentiation and development of fertilization, fat 

metabolism, hormone metabolism, active salt absorption, photosynthesis etc. Boron 

helps in the formation of the nodules of the leguminous plants. 

 

Deficiency Symptoms of Boron: Boron deficiency results in the death of shoot tip, 

stunted root growth, suppressed formation of flowers. The leaves have coppery 

texture. Accumulates carbohydrates and amino acids in leaves. Physiological 

diseases like internal cork formation in apples, top root of tobacco, cracked stem of 

celery, browning of cauliflower, heart root of sugar beat, rolling of leaves in 

potatoes are development as a result of boron deficiency. 

 



3-Copper: Copper is largely absorbed by plants as cupric or cuprous ions. In soil, 

it is mainly present as chalcopyrite (CuFeS2) and copper sulphide. 

 

Functions of Copper: The element is required in very small quantity. Higher 

concentration of copper are toxic to plants. Copper undergoes alternate oxidation 

and reduction as its acts as an electron carrier and part of certain enzymes like 

phenolases, laccase and ascorbic acid oxidases. It is a part of plastocyanin and thus 

may function in electron transport chain of photosynthesis. 

 

Copper deficiency Symptoms: Copper deficiency causes necrosis of the tip of the 

young leaves. It also causes exanthema disease (formation of deep slit in bark from 

which gum exudes) in some trees. 

 



4- Zinc: Plants use zinc in the form of Zn++ which are absorbed to the soil surface 

and no organic matters in exchangeable form. It is usually found in the seeds. 

 

Functions of Zinc: Zinc helps in the formation of chloroplasts. Zinc functions as 

activator of certain enzymes, e.g., carbonic anhydrase, alcohol dehydrogenase, 

hexose, kinase, etc. It is also involved in biosynthesis of the growth hormone like 

auxin, indole-3-acetic acid (IAA). It also plays an important role in protein 

synthesis. 

 

Zinc Deficiency Symptoms: Zinc deficiency causes reduced stem growth due to 

decreased synthesis of auxin. It results in stunted vegetative growth and distorted 

leaves. Chlorosis of the older leaves which starts from tips and margins. The 

internodes are reduced in size and the effect in sometimes referred to as ‘little leaf’ 

diseases. Zinc deficiency causes mottle leaf disease in apple, citrus, walnut etc., 

Khaira disease in rice. In maize, zinc deficiency produces ‘white bud disease’ in 

which flowering and fruit formation is reduced. 

 



5-Molybdenum: Molybdenum exists to a large extent in soils in the form of 

molybdate ion and is active in hexavalent state. In exchangeable form it is found 

absorbed on soil particles while in non-exchangeable form it is present as 

constituent of soil mineral and organic matter. Molybdenum is required in very 

little quantity by the plants. 

 

Functions of Molybdenum: Molybdenum plays important in the nitrogen 

metabolism and gaseous nitrogen fixation. It acts as an activator for the enzyme 

nitrate reductase. 

 

Molybdenum Deficiency Symptoms: Molybdenum deficiency causes chlorotic 

interveinal mottling of lower leaves. It is followed by marginal necrosis and 

infolding of leaves. Flower formation is inhibited. ‘Whiptail’ disease of cauliflower 

has been reported to be due to deficiency of the molybdenum. 

 



 

6-Chlorine: Chlorine is absorbed from the soil solution as chloride ions (Cl-) 

 

Functions of Chlorine: It helps in maintaining anion-cation balance in cells and is 

essential for oxygen evolution in photosynthesis. It is required for cell division in roots 

and leaves. 

 

Chlorine Deficiency Symptoms: Chlorine deficiency in plants causes wilting of leaves 

which may eventually attain a bronze colour and stunted roots thickened near the tips 

and also reduced fruiting. 

 

Role of other Elements: Many other elements are present in plants in large or 

small amounts. It is assumed that most of these non-essential elements are quite 

important for the normal growth and development of the plants. Some of the most 

common are sodium, silicon, iodine, fluorine, cobalt, selenium, aluminium, etc.  

 

 Sodium: It is essential for blue green algae and at least for some of the higher plants. It 

regulates the transport of amino acids to the nucleus and therefore, controls the 

synthesis of nucleoprotein. It is believed to be involved in stomatal opening, oxalic acid 

accumulation, nitrate reductase activity, crassulacean acid metabolism, Hatch-Slack 

cycle and in maintaenece of water balance.  

 

 



Cobalt: It is part of vitamin B12 which is itself a part of an enzyme. It is known to 

be essential in symbiotic organisms for nitrogen fixation. It participates in 

leghemoglobin metabolism. It is needed by the enzyme ribonucleotide reductase in 

Rhizobium. 

 

Selenium: Certain plants like Astragalus are believed to have selenium 

metabolism. It some plants in behaves like sulphur. 

 

 Silicon: It is essential for the formation of the wall of diasoms. It reduces 

transpiration and improves resistance to pathogens. It neutralizes phosphate 

deficiency and reduces the toxicity caused by iron and manganese. 

 

Gallium: It is needed by the fungus Aspergillus niger in traces.  

 

Vanadium: It is needed by Scenedesmus in traces.  

 



METHODS OF DETECTION AND PHYSIOLOGICAL EFFECTS 
 

Mineral nutrients for plant growth are generally supplied by soil. The various elements 

that have entered into the composition of the plant body can be determined by ash 

analysis, and those essentially required by the plant by solution culture experiments. 

  

Ash analysis: The plant is subjected to high temperatures (around 6000c) and then its 

ash contents are analysed. The ash contains only mineral elements, as all organic 

compounds are decomposed and released in the form of gases. The primary elements, 

carbon, hydrogen and oxygen, are released as CO2, water vapours and oxygen and thus 

cannot be detected by this method. Nitrogen also cannot be accurately detected by this 

method as some nitrogen is released in the form of ammonia or nitrogen gas. Other 

mineral elements absorbed by the plant from the soil can be detected by the analysis of 

the plant ash. 

 



 

Solution culture experiments: A well-defined nutrient medium is used to 

determine the elements that are essential for plant growth and to record the symptoms 

that are produced by their absence or deficiency. Solution cultures provide an excellent 

mean for controlling the quantity and relative proportion of mineral elements provided 

to a plant in a culture experiment. Seedling are grown in thoroughly washed glass, 

glazed porcelain or plastic containers. Their roots are placed in a carefully made up 

nutrient solution. Only pure salts and glass distilled water should be used for preparing 

nutrient solution and care should be taken to exclude organic matter, microbial 

contaminants and dust. It is better if the solution is properly aerated with the help of a 

small aquarium pump. When a particular elements is excluded in the culture solution, 

its characteristic deficiency symptoms can be observed on the plant. 

The result obtained from solution culture experiments may then be used to determine 

deficiencies (hunger symptoms) under field conditions. 

 

Solid medium culture experiments: In solid medium culture experiments, 

seedlings are grown over highly purified silica sand and crushed quartz. This technique 

is superior in that the roots grow in a natural medium. Nutrient solution are added to the 

solid culture in three different ways: by pouring over the surface (slop culture), by 

dripping on the surface (drip culture), and by forcing solution up from the bottom of the 

container (sub-irrigation). 

 

 


