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Definition of Transportation in Plants 

Transportation is the process of transporting water, minerals and food to all parts of the plant body. 

Transport in plants occurs at three levels: 

The uptake and release of water and solute by individual cells. 

Short distance transport of substances from one cell to another. 

Long distance transport of sap within xylem and phloem. 

  

Definition of Translocation 

Translocation is the movement of materials from leaves to other tissues throughout the plant. Plants produce 

carbohydrates (sugars) in their leaves by photosynthesis, but non-photosynthetic parts of the plant also require 

carbohydrates and other organic and nonorganic materials. 

In other words, translocation is the movement of water and other nutrients from soil to all parts of the plant. 



 Direction of Transport 

Direction of transport is an important aspect in plants. In case of rooted plants, transport in xylem of both minerals 

and water is unidirectional from roots to stems. In this, mineral and organic nutrients undergo multidirectional 

transport. It includes the organic compounds that are formed during photosynthesis are exported to all parts of the 

plants along with storage organs. Plant growth regulators, hormones and chemical stimuli are also transported in 

unidirectional or polarized manner, in very small amounts, from where they are formed to other parts. 

 Means of Transport 

There are three means of transport as follows: 

Diffusion 

Facilitated diffusion 

Active Transport 

 Diffusion – It is an important process in the life of a plant. Movement by this process is passive and may be from cell 

to cell or from one part of the plant to the cell. Diffusion process does not result in the expenditure of energy and 

movement of molecules takes place in random fashion. 

The substance move from higher concentration region to lower concentration region. It is a slow process and occurs 

most likely in liquid and gases. In plants, diffusion is the only means of transport for gases. The rate of diffusion 

depends on the gradient of concentration, pressure, temperature and permeability of membrane separating them. 

Following figure shows the diffusion of water vapor from higher concentration to lower concentration. 

 Facilitated Diffusion – 

Presence of gradient is important for the process of diffusion and its rate depends on the size of substance. It is 

important to note that smaller substance diffuse faster as compared to larger ones. Along with size, the rate of 

diffusion also depends on solubility in lipids and the major constituent of the membrane. The substances with 

hydrophilic moiety are difficult to pass via membrane and therefore, its movement is facilitated. In this, the site is 

provided by membrane protein at which such molecules are able to cross the membrane. The concentration gradient 

is already present for molecules to diffuse even if facilitated by protein and this process is referred as facilitated 

diffusion.In this process, special protein helps the substance move across the membrane without the use of energy 

of ATP. It does not cause net transport of molecules and the rate of transport is maximized when all the protein 

transporters are being used. 

 

Facilitated diffusion is the passive process and include three type of transport protein namely Uniport, Symport and 

Antiport. “The Uniport proteins carry a single solute across the membrane. Symport proteins translocate two 

different solutes simultaneously in the same direction and Antiport proteins exchange to solute by transporting one 

into the cell and one out of the cell.” All of these types are explained via figure below: 

 Active Transport – 



Active transport use energy in the form of ATP in the process of pumping molecules against the concentration 

gradient. The ATP donates a phosphate to a particular gateway molecule which then pumps the desired molecule 

across membrane, even if goes opposite concentration gradient. Thus, the energy of ATP is used to drive the pump. 

Following figure shows the active transport in cell: 

 Water Potential 

Plants use water potential to transport water to leaves and this helps in carrying out photosynthesis. The term water 

potential is defined as “the measure of potential energy in water and drives the movement of water through plants.” 

Following equation represents the water potential in plants: 

  

Where, 

ΨS is solute potential, 

Ψp is pressure potential, 

Ψg is gravitational potential and 

Ψm is capillary potential 

Water always moves from higher water potential to lower water potential. The two main components of water 

potential are Solute Potential and Pressure Potential. 

Solute potential is also referred as osmotic potential. It is negative in plant cell and zero in case of distilled water. 

Typical values of solute potential of cytoplasm are -0.5 MPa to -1.0MPa. Solutes can reduce water potential by 

consuming potential energy available in water. Solute molecules can dissolve in water because water molecules can 

bind to them by hydrogen bonds. 

Pressure potential in plants is positive. In plant cell, pressure potential is the pressure exerted by the rigid cell wall 

that can limit or stop further uptake of water. 

Water molecules have kinetic energy. Higher the concentration of water in the system, greater will be the kinetic 

energy or water potential. Thus, we can conclude that pure water has highest water potential. Consider the two 

systems containing water. When both these systems come in contact with each other, random movement of 

molecules takes place such that the water from higher energy will move to lower energy system. This process of 

movement of molecules down the gradient of free energy is referred as diffusion. 

 Osmosis  

“Osmosis is the spontaneous movement of a solvent (water) through a Cellular Membrane. This is a special kind of 

diffusion that moves water molecules from a place of higher concentration to a place of lower concentration to 

create a stable and equal cellular environment.” 

The cell of the plant is surrounded by cell wall and cell membrane. The wall of the cell is freely permeable to 

substances in solution and water and therefore, is not a barrier for the movement. The plant cell contains large 



vacuole, with the vascular sap, and contributes to the solute potential of the cell. In plant cell, the membrane of 

vacuole, cell membrane and tonoplast are the important determinants of the movement of molecules. 

     

 Osmosis occurs spontaneously in a reaction to the spontaneous force. The rate of osmosis and net direction 

depends on concentration gradient and pressure gradient. Water moves from higher concentration to lower 

concentration until equilibrium is reached. At the equilibrium state, equilibrium of both the chambers is achieved. 

Following figure shows the process of Osmosis via Semi Permeable Membrane. 

  

Plasmolysis / Definition of Plasmolysis 

The term Plasmolysis is defined as “the contraction of the protoplasm of cells within plants due to loss of water 

through osmosis.” 

In other words, the behavior of plant tissues or cells regarding movement of water depends on surrounding solution 

and this process occurs when water is drawn out of the cell through the process of osmosis. Osmosis occurs when 

the cell has higher concentration as compared to its surroundings. 

Plasmolysis depends on the three type of solution: 

Isotonic – It is the condition when the external solution balances the osmotic pressure of cytoplasm. 

Hypotonic – In this case, external solution is dilute as compared to cytoplasm. 

Hypertonic – In hypertonic, external solution is more concentrated. 

Cell swells in case of hypotonic while it shrinks in hypertonic ones. Following figure shows the three type of solution: 

 Imbibition 

It is a special type of diffusion which includes the absorption of water by solids, called colloids, resulting in enormous 

increase in volume. 

Example of Imbibition: Absorption of water by dry wood and seeds are the examples of imbibition. 

  

How do Plants Absorb Water? 

Plants absorb water with the help of roots. The absorption of minerals and water is more specifically the function of 

root hairs that are present in millions at the tip of roots. These hairs are thin – walled slender extensions that 

increase the surface of absorption. Once the water is absorbed by root hairs, it moves deeper in the root layers via 

two different pathways: 

Apoplast pathway 

Symplast pathway 



The Apoplast Pathway is the condition when water takes the route from cell wall to cell wall and not entering 

cytoplasm at any point of time. 

On the other hand, Symplast Pathway is the pathway where water moves between cytoplasm of adjacent cells. 

 Water Movement up a Plant 

The water is moved/ transported in various parts of the plants, via different processes. It is important to understand 

if the transport is active or passive. Moreover, it is also the matter of concern that the water moves against gravity in 

the stem and from where this energy is achieved. This question can be answered via Root Pressure. 

  

Root Pressure: 

As different ions are transported in vascular tissues via active process, the pressure inside the xylem increases. This 

positive pressure is regarded as root pressure and this pressure is responsible for pushing up water to the small 

heights in the stem. The root pressure provides only modest push but does not play an integral role in water 

movement in case of tall trees. The greatest contribution of root pressure is to re-establish to chain of water 

molecules in the xylem that results in transpiration and thus, transpiration pull is the root cause of water movement 

in the tall trees. 

Transpiration Pull: 

Plants do not have any circulatory system, but the flow of water upward via xylem is achieved by fairly high rates and 

that is upto 15 mts/ hr. According to researchers, water is “Pulled” through the plant and this driving force is 

transpiration from the leaves. It is termed as cohesion – tension – transpiration pull model of water transport.  

 Transpiration / Definition of Transpiration 

 “Transpiration is the process by which moisture is carried through plants from roots to small pores on the underside 

of leaves, where it changes to vapor and is released to the atmosphere. Transpiration is essentially evaporation of 

water from plant leaves.” 

In other words, transpiration is the evaporative loss of water that occurs primarily through stomata in leaves. 

Following diagram shows the transpiration process in plants whereby water is absorbed by roots. The water 

molecules travels through plant and water is evaporated from the surface of leaves. 

Along with the loss of water vapor in transpiration, exchange of carbon dioxide and oxygen also occurs in the pores 

of stomata. These stomata are open during day and closed in the night. The opening and closing of stomata is 

because of turgidity of guard cells. The inner wall of guard cell is elastic and thick and called as Stomatal Aperture. 

Transpiration is affected by light, temperature, wind speed and humidity. Several plant factors also affect 

transpiration such as distribution and number of stomata, percent of open stomata, canopy structure and water 

status of plant. The transpiration driven ascent of xylem sap depends on physical properties of water, which are as 

follows: 

Cohesion –  It is the mutual attraction between water molecules. 



Adhesion –  It includes the attraction of water molecules to polar surface. 

Surface tension – In this, water molecules are attracted in liquid phase which is more than the water in gaseous 

phase. 

The above listed properties results in high tensile strength of water, i.e. an ability to resist a pulling force, and high 

capillarity, i.e. the ability to rise in thin tubes. Added to this, tracheid and vessel elements are the two elements via 

which the capillarity of plants is aided. 

 The process of photosynthesis requires water and the system of xylem helps in the supply of water from roots to 

leaf veins. During this process, the evaporation of water takes place via stomata, thin film of water result in pulling 

effect in leaves from xylem. Because of lower concentration of water vapor in atmosphere in comparison to 

substomatal cavity and intercellular spaces, water gets diffused in the surroundings and creates a “pull”. This process 

is explained in the figure right hand.The above figure shows the movement of water in leaf, where evaporation from 

the leaf set up the pressure gradient between outside air and the air spaces of leaf. This gradient is transmitted in 

photosynthetic cell and also on water – filled xylem in the leaf vein. 

 Uptake and Transport of Mineral Nutrients 

In plants, carbon and oxygen is obtained primarily from carbon dioxide and rest nutritional requirements are fulfilled 

from absorbing nutrients from soil. 

Uptake of Mineral Ions – Like water, all the minerals cannot be absorbed by roots. The uptake of mineral ions 

depends on two conditions: 

The minerals are present in soil in the form of charged ion. These ions cannot transport or move across the cell 

membranes. 

The level of concentration of mineral ions in the soil. It must be lower as compared to concentration of that mineral 

in roots. 

Majority of the minerals are absorbed via active absorption via roots into cytoplasm of epidermal cells. This active 

uptake of ions is partly responsible for the water potential gradient in roots and results in osmosis. Added to this, 

some ions also move passively in the epidermal cells. Thus, it can be said that absorption of ions is carried out via 

both active and passive transport. 

Following diagram shows the uptake of mineral ions via root hairs from soil.  

  

Translocation of Mineral Ions – When the ions reach xylem via active or passive uptake or combination of two, the 

further transport of minerals to all parts of the plants is carried out through transpiration stream. These ions are 

frequently remobilized and older leaves export much of their nutritional content to younger leaves. The most readily 

mobilized elements are Nnitrogen, Potassium, Sulphur and Phosphorus. 

Phloem Transport: Flow from Source to Sink – Food (sucrose) is transported from source to sink by Vascular Tissue 

Phloem. 



Q1. How Facilitated Diffusion works? 

Sol. The process of diffusion is controlled by control of movement of particular type of molecules. Some molecules 

are able to freely pass the cell membrane while larger ions and polar molecules are not able to diffuse through lipid 

bilayer. In facilitated diffusion, a special carrier protein along with central channel act as the selective corridor and 

this helps the molecules to move across the membrane. 

  

Q2. What are Aquaporins in plants? 

Sol. “Aquaporins are channel proteins present in the plasma and intracellular membranes of plant cells, where they 

facilitate the transport of water and/or small neutral solutes (urea, boric acid, silicic acid) or gases (ammonia, carbon 

dioxide).” These are present in all life forms and allow efficient permeation of water. 

 Q3. What is Vesicle Transport? 

Sol. Some particles or molecules are very large which makes them unable to pass through plasma membrane. So, 

cells use two active transport processes to move these macromolecules in and out of the cell. These are two types of 

vesicle transport, i.e. Endocytosis and Exocytosis. “Endocytosis is the process in which the cell membrane is 

invaginated forming a vesicle that contains extracellular medium.” In this process, the molecules to be transported 

are enclosed in tiny portions of cell membrane that forms vesicles. These enclosed molecules are then bought into 

the cell by using energy. On the other hand, “Exocytosis is used by the cells to release secreted proteins to the 

exterior. Expulsion of waste products takes place by exocytosis. This process is the reverse of endocytosis in which 

the cell membrane fuses with the particle and releases the contents outside.”  

 

  

Q4. What occupies space between cell wall & shrunken protoplast in the plasmolysed cell? 

Sol. When the cell is placed in isotonic solution, no net flow of water takes place inside or outside the cell. When the 

water flow in and out of the cell, and are in equilibrium, the cells are said to be flaccid. On the contrary, when cells 

are placed in hypotonic solution, water diffuses into the cell which exerts the pressure on the wall of cell and this 

pressure is referred as turgor pressure. Added to this, “the pressure exerted by protoplast due to entry of water 

against rigid cells is referred as pressure potential.” Due to the rigidity of the cell wall, cells do not rupture and this 

turgor pressure results in enlargement of cell and extension growth of cells. 

  

Q5. What are Plasmolysis & Deplasmolysis? 

Sol. Plasmolysis refers to “the shrinking of the protoplasm due to loss of water by osmosis.” This phenomenon occur 

when the cell has higher amount of water molecules as compared to the outside; this movement of water molecules 

results in the shrinkage of protoplasm and this process can be reversed by placing the cell in hypotonic solution as 

this will result in entering of water into cell and normal size of protoplasm is thereby achieved. This reversal process 

of plasmolysis is known as Deplasmolysis. 



 

Q7. Define Guttation. 

Sol. “Guttation is the exudation of drops of xylem sap on the tips or edges of leaves of some vascular plants, such as 

grasses. Guttation is not to be confused with dew, which condenses from the atmosphere onto the plant surface.” 

Transpiration usually does not occur in night due to the closure of stomata, but when the level of moisture is high in 

soil, the water enters in the plant roots. This water is accumulated in plant, resulting in increase in root pressure. This 

root pressure forces some water to exude from the edge structures or special leaf tip. The process of guttation is 

noticeable in case of suppression of transpiration and the increase of relative humidity during night.   

 

mineral nutrition 

Absorption, utilization 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 inorganic materials 

obtained from soil which are used as raw material by plants is called Mineral Nutrients. 

In other words, all living organisms have common basic needs as all of them need macromolecules i.e. Fats, Proteins, 

Carbohydrates, Water and Minerals for proper growth and development. 

  

What is Nutrition? 

The supply and absorption of specific chemical compounds needed for normal growth and metabolism of plants is 

defined as Nutrition. 

What are Nutrients? 

The chemical compounds that functions as raw material for synthesis of different structural and functional substance 

of plants are termed nutrients. 

  

Methods to study the Mineral Requirement of Plants 

With the rapid growth of population, it is important to adopt the reliable ways in order to meet the increasing need 

of food. One such technique is referred as Hydroponics. 

 Hydroponics 

In the year 1860, a prominent German Botanist, Julius Von Sachs, explained that fact that “plants can be grown to 

maturity in a defined nutrient solution in complete absence of soil. Hydroponics is a technique of growing plants 

without soil in water containing dissolved nutrients.” By this method, the scientists were able to identify essential 

elements and nutrients required by plants along with their symptoms. Following image shows the Organic 

Hydroponics in real life: 



  

 Some of the advantages of this technique are: 

It enables the plants to be grown anywhere. 

It helps in controlling the growth of plants. 

Nutrients and water are conserved in this process. 

The nutritional elements are present in the soil in ionic form and are absorbed via roots. Soil consists of more than 

60 elements out of 105 elements discovered in different plants. These elements may occur in the soil in the form of 

some aqueous solution, or are adsorbed on inorganic and organic soil colloids, or in the form of insoluble inorganic 

compound or as a constituent of organic compound. 

  

Criteria of Essentiality 

Following is the Criteria for Element Essentiality for plants: 

An element must be absolutely important for the normal growth of plant and reproduction. In absence of those 

elements, plant will not be able to set seeds or complete their life cycle. 

The requirement of an element must be specific in nature. It implies that an element cannot be replaced by another. 

Thus, in case of deficiency of one element, supplying another element does not fulfill the requirement. 

The element must directly participate in metabolism. 

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. 

Categorization of Mineral Nutrients on the basis of their Diverse Functions 

The Mineral Nutrients are categorized under four heads, on the basis of their diverse functions, which are as follows: 

Essential elements are the components of biomolecules and structural elements of cell. It includes Hydrogen, 

Carbon, Oxygen and Nitrogen. 

Essential elements that are related with the component of energy, such as Magnesium in Chlorophyll and 

Phosphorus in ATP. 

Essential elements that activate or inhibit enzymes such as Carboxylase:Oxygenase and Phosphoenol Pyruvate 

Carboxylase. These enzymes are important in the fixation of photosynthetic carbon. 



Essential element with the capability to change the osmotic potential of cells. For Example: Potassium plays an 

integral role in opening and closing of stomata. 

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: 

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+. 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. In case of deficiency of nitrogen, plants show reduced growth, 

chlorosis, purples and red may intensify and reduced lateral breaks. 

Phosphorus – Phosphorus is absorbed by plants in the form of phosphate ions, i.e. HPO42- or H2PO4-. Phosphorus is 

one of the constituent of certain proteins, all nucleic acid, cell membranes and nucleotides. Phosphorous is required 

in phosphorylation reactions and is easily redistributed in several organs of plants. It activates coenzymes for the 

production of amino acid used in the synthesis of protein; and is important in metabolic processes as well. In case of 

deficiency of phosphorus, the plant show stunted growth, reddish purple tips and margins of leaves, dark green 

leaves with leathery texture and maturity is delayed. 

Potassium – Plenty of potassium is required in meristematic tissues, root tips, leaves and buds. It is absorbed as (K+) 

potassium ion and helps in maintaining anion – cation balance in leaves. Potassium is involved in opening and closing 

of stomata, protein synthesis, maintenance of turgidity of cells, facilitates cell division and growth and activation of 

enzymes. In case of deficiency of potassium, the plants remain smaller and shows brown margin on its leaves. 

Calcium – The calcium ions (Ca2+) are also absorbed from soil and are required by differentiating and meristematic 

tissues. Calcium improves the penetration of water and root via soil and helps in maintaining the stability of soil 

particles. During the cell division, calcium is used in the formation of wall of cells in the form of calcium pectate in 

middle lamella. Calcium is used and is involved in normal functioning of cell membranes during the formation of 

mitotic spindle. It regulates several metabolic activities and activates certain enzymes as well. In case of deficiency of 

calcium ions, the growth of the bud is inhibited, followed by cupping of mature leaves and weak growth. 

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 SO42-. 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 BO33- or B4O72- 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 (MoO22+). 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. 

Deficiency Symptoms of Essential Elements 

Each nutrient has an important role to play and perform specific functional or structural function. In the absence of 

those nutrients, plants show several morphological changes. These changes are indicative of certain deficiencies of 

an element is called Deficiency Symptom. These Symptoms vary from plant to plant and disappear as soon as the 

deficiency is recovered. It is important to note that if the deficiencies occur continuously, it may result in death of the 

plant. The symptom of deficiency also depends on mobility of the element in plant. For instance, if the elements that 

are actively mobilized and exported to younger developed tissues, the deficiency symptom tends to appear first in 

older tissues. On the other hand, in case the element is immobile, the deficiency symptoms are visible in younger 

leaves at the initial stage.   

Example of Deficiency – The Deficiency Symptom of Magnesium, Potassium and Nitrogen are visible in senescent 

leaves. 

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. 

Mechanism of Absorption of Elements 

The studies for understanding the Mechanism of 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. 

 

Q1. Define Plant Nutrition. 

Sol. Plant Nutrition is the study of the chemical elements and compounds necessary for plant growth, plant 

metabolism and their external supply. According to E. Epstein, 1972, there are two principles for an element to be 

important for the growth of plant: 

In its absence, plant is not able to complete the life cycle normally. 

The element is a part of some essential plant metabolite or constituent. 

 Q2. What are the hunger signs of plants? 

Sol. When the plant is not able to get sufficient amount of macro and micro nutrients, they portray poor growth and 

develop several deficiency symptoms. These symptoms are regarded as hunger signs of plants. 

 Q3. Define the term Critical Concentration. 

Sol. There are several situations when the plant growth is retarded due to limited supply of essential nutrients. The 

concentration of the essential elements below which plant growth is retarded is termed as critical concentration. The 

element is said to be deficient when present below the critical concentration. 

 Q4. What is the translocation in plants? 

Sol. “Translocation is the movement of materials from leaves to other tissues throughout the plants. Plants produce 

carbohydrates (sugars) in their leaves by photosynthesis but non photosynthetic part of the plant also requires 



carbohydrate and other organic and nonorganic material.” In this process, mineral salts are translocated via xylem, 

along with ascending water stream that is pulled up through the plant via transpirational pull. We can analyze the 

presence of mineral salts in xylem sap or use radioisotopes in order to get the evidence that they are transported via 

xylem.  

 Q5. Comment: “All elements that are present in plant need not be important for its survival.” 

Sol. Plants have tendency to absorb different nutrients from the soil and the nutrient that does not play any role in 

metabolism and physiology of plants is regarded as inessential. For example, plants growing near radioactive sites 

collect radioactive metals but these are not required by them. Similarly, selenium and gold is also collected in plants 

near mining sites and these are also unwanted for the survival of plant. 

 Q6. Explain the terms: macronutrients, micronutrients, beneficial nutrients, toxic elements and essential elements. 

Sol. Macronutrients are the nutrients required by the plants in large amount. They are present in tissues of plant in 

around 10 mole Kg-1 of dry matter, such as oxygen, nitrogen and hydrogen. Micronutrients are the trace elements 

present in the body of plant in very small amount, i.e. less than 10 mole Kg-1 of dry matter, such as manganese, zinc, 

cobalt, etc. Beneficial nutrients may not be essential nutrient, but are beneficial for the growth of plant, such as 

sodium, selenium, etc. Toxic elements are the elements that induce toxicity in plants, such as toxicity of manganese 

in large amount induces deficiencies of magnesium, calcium and iron by interfering in their metabolism. Essential 

elements are important for the growth and reproduction of plants. The requirement of these elements is specific and 

non-replaceable. 

 Respiration and photosynthesis  

respiration is an energy releasing, enzymatically controlled catabolic process which involves a step-wise oxidative 

breakdown of food substance inside living cells. 

  

Living organism require energy for all activities like absorption, movement, reproduction or even breathing. Energy 

required is obtained from oxidation of food during respiration. 

Cellular respiration is the mechanism of breaking down of food materials within the cell to release energy for 

synthesis of ATP. 

Breaking down of complex molecules takes place to produce energy in cytoplasm and in the mitochondria. 

Breaking down of C-C bond of complex compounds through oxidation within the cells leading to release of energy is 

called respiration. The compounds that get oxidized are called respiratory substrates. 

Energy released during oxidation is not used directly but utilized in synthesis of ATP, which is broken down when 

energy is required. Therefore, ATP is called energy currency of cells. 

The process of respiration requires oxygen. In plants oxygen is taken in by stomata, lenticels and root hairs. 

Plants can get along without respiratory organs because: 

Each plant part takes care of its own gas-exchange needs. 



Plants do not present great demands for gas exchange. 

Distance that gases must diffuse in large plant is not great. 

During photosynthesis O2 is released in leaves and diffuse to other part of leaves. 

During process of respiration oxygen is utilized and carbon dioxide and water is released along with energy 

molecules in form of ATP. 

Respiratory Quotient is the ratio of the volume of carbon dioxide produced to the volume of oxygen consumed in 

respiration over a period of time. RQ is equal to one for carbohydrate and less than one for protein and peptones. 

    

Aerobic Respiration is an enzymatically controlled release of energy in a stepwise catabolic process of complete 

oxidation of organic food into carbon dioxide and water with oxygen acting as terminal oxidant. 

  

Glycolysis 

The scheme of glycolysis is given by Gustav Embden, Otto Meyerhof, and J. Parnas. It is also called as EMP pathway. 

Glycolysis is the partial oxidation of glucose or similar hexose sugar into two molecules of pyruvic acid through a 

series of enzyme mediated reaction releasing some ATP and NADH2. It occurs in cytoplasm. 

In plants glucose is derived from sucrose or from storage carbohydrates. Sucrose is converted into glucose and 

fructose by enzyme invertase. 

Glycolysis starts with phosphorylation of glucose in presence of enzyme hexokinase to form Glucose-6-phosphate. 

One molecules of ATP is used in this process. 

In next steps Glucose-6-phosphate is converted into fructose-6-phosphate, catalysed by enzyme phosphohexose 

isomerase. 

Fructose-6-phosphate uses another molecule of ATP to form Fructose-1-6 biphospahte in presence of enzyme 

phosphfructokinase. 

  

In glycolysis two molecules of ATP are consumed during double phosphorylation of glucose to fructose 1,6 

biphosphate. Two molecules of NADPH2 are formed at the time of oxidation of glyceraldehyde 3-phosphate to 1,3 

biphosphoglycerate. Each NADH is equivalent to 3ATP, so that net gain in glycolysis is 8 ATP. 

Pyruvic acid is the key product of glycolysis, further breakdown of pyruvic acid depends upon the need of the cell. 

In animal cells, like muscles during exercise, when oxygen is insufficient for aerobic respiration, pyruvic acid is 

reduced to Lactic acid by enzyme lactate dehydrogenase due to reduction by NADH2. 

  



In fermentation by yeast, pyruvic acid is converted to ethanol and CO2. The enzyme involved is pyruvic acid 

decarboxylase and alcohol dehydrogenase catalyse this reaction. 

In both lactic acid fermentation and alcohol fermentation very less amount of energy is released. 

Yeasts poison themselves to death if concentration of alcohol reaches above 13%. 

Final product of glycolysis, pyruvate is transported from the cytoplasm into mitochondria for further breakdown. 

Oxidation of Pyruvate to Acetyl-CoA is done to produce CO2 and NADH. The reaction catalyzed by pyruvic 

dehydrogenase requires the participation of several Coenzymes including NAD+ . 

    

The Acetyl CoA enters a cyclic pathway called TCA cycle or Kreb’s cycle. 

  

Tricarboxylic Acid Cycle/Krebs Cycle 

TCA cycle was discovered by Hans Krebs in 1940. This cycle is called TCA cycle because initial product is citric acid. 

Acetyl CoA combine with OAA ( Oxaloacetic acid) and water to yield citric acid in presence of enzyme citrate synthase 

to release CoA. 

Citrate is then isomerised to isocitrate. It is followed by two successive 

steps of decarboxylation, leading to the formation of α-ketoglutaric acid and then succinyl-CoA. 

In the remaining steps, succinyl-CoA is oxidised to OAA allowing the cycle to continue. 

There are three points in the cycle where NAD + is reduced to NADH2 and one point where FAD + is reduced to 

FADH2 . 

A molecule of glucose produces two molecules of  , 2ATP and two pyruvate while undergoing glycolysis. The two 

molecules of pyruvate are completely degraded in Krebs cycle to form two molecules of ATP,   and  . 

pyruvic + 4NAD+ + FAD+ + 2H2O + ADP + Pi   3CO2   

Terminal Oxidation is the name of oxidation found in aerobic respiration that occurs towards end of catabolic 

process and involves the passage of both electrons and protons of reduced coenzyme to oxygen to produce water. 

  

Electron Transport Chain 

The metabolic pathway through which the electron passes from one carrier to another inside the inner mitochondrial 

membrane is called ETC or mitochondrial respiratory chain. 



Electrons from NADH produced during citric acid cycle are oxidized by NADH dehydrogenase and electrons are 

transferred to ubiquinone located within the inner membrane. Ubiquinone also receives electrons from FADH2 

which is transferred to cytochrome c via cytochrome bc1 complex. 

When the electrons pass from one carrier to another via electron transport chain, they produce ATP from ADP and 

inorganic phosphate. The number of ATP molecules synthesized depends upon electron donor. 

Oxidation of one molecule of NADH gives rise to 3 molecules of ATP, while oxidation of one molecule of   produce 

two molecules of ATP. 

Oxidative phosphorylation Photophosphorylation 

a) It occurs in respiration process. 

b) Energy of oxidation-reduction is used for production of proton gradient required for phosphorylation. a) It occurs 

in photosynthesis. 

b) Light energy is utilized for production of proton gradient for phosphorylation. 

  

The energy released during ETC is used to make ATP with the help of ATP synthase, which consists of two major parts 

F1 and F0. 

F1 is a peripheral membrane protein complex having site for synthesis of ATP from ADP and inorganic phosphate. F0 

is integral membrane protein that form channel for proton. 

For each ATP produced 2H+ passes through F0 from the intermembrane space to the matrix down the 

electrochemical proton gradient. 

Amphibolic Pathway 

Glucose is the favored substrate for respiration. All carbohydrates are usually converted into glucose before used for 

respiration. 

Fats needs to be broken down into glycerol and fatty acid, which is further broken converted into Acetyl CoA and 

enter the respiratory pathway. 

Proteins are broken into amino acids and further enter into Krebs cycle. 

Breaking down process within living organism is called catabolism and synthesis process is called anabolism process. 

So, respiration is an Amphibolic pathway. 

Photosynthesis  

 

Pigments involved in Photosynthesis – Chromatographic separation of leaf pigments are as follows- 

    



Maximum absorption by chlorophyll a occurs in blue and red regions having higher rate of photosynthesis. So, 

chlorophyll a is the chief pigment. 

Other thylakoid pigments like chlorophyll b, xanthophyll and carotenoids are called accessary pigments that absorb 

light and transfer energy to chlorophyll a and protect them from photo-oxidation. 

Light reaction 

Light reaction(photochemical phase) includes: 

Light absorption 

Water splitting 

Oxygen release 

Formation of high energy chemical intermediates (ATP and NADPH). 

The pigments are organized into two discrete LHC( light harvesting complex) within photosystem I and photosystem 

II. 

LHC are made up of hundreds of pigments molecules containing all pigments except single chlorophyll a molecules in 

each PS. 

  

The pigments in photosystem I and photosystem II absorbs the lights of different wavelength. Single chlorophyll a 

molecule makes the reaction centre. In PS I reaction centre has highest peak at 700nm, hence called P700. And PS II 

reaction centre has highest peak at 680 nm, so called P680. 

The Electron Transport System 

Reaction centre of photosystem II absorbs light of 680 nm in red region and causing electron to become excited. 

These electrons are picked by an electron acceptor which passes to electron transport system consisting of 

cytochromes. 

  

Electrons are passed down the electron transport chain and then to the pigment of PS I. 

Electron in the PSI also get excited due to light of wavelength 700nm and are transferred to another accepter 

molecule having a greater redox potential. 

When electron passes in downhill direction, energy is released. This is used to reduce the ADP to ATP and NADP+ to 

NADPH. The whole scheme of transfer of electron is called Z-scheme due to its shape. 

Photolysis of water release electrons that provide electron to PS II. Oxygen is also released during this process. 

  

Chemiosmotic Hypothesis of ATP FORMATION 



This hypothesis was proposed by Mitchell in 1961. ATP synthesis is linked to development of proton gradient across 

the membrane of thylakoid and mitochondria. 

The process that causes development of proton gradient across the membrane is- 

  

Splitting of water molecules occurs inside the thylakoid to produce hydrogen ion or proton. 

As electron passes through the photosystems, protons are transported across the membrane because primary 

acceptor of electron is located towards the outer side the membrane. 

The NADP reductase enzyme is located in the stroma side of membrane. Electrons come out from the acceptor of 

electron of PSI, protons are necessary for reduction of NADP+ to NADP + H+. These protons are also removed from 

the stroma. This creates proton gradient across the thylakoids membrane along with pH in the lumen. 

Gradient is broken down due to movement of proton across the membrane to the stroma through trans-membrane 

channel of F0 of ATPase. One part of this enzyme is embedded in membrane to form trans-membrane channel. The 

other portion is called F1that protrudes on the outer surface of thylakoid membrane which makes the energy packed 

ATP. 

ATP and NADPH produced due to movement of electron is used immediately to fix CO2 to form sugar. 

The product of light reaction used to drive the process leading to synthesis of sugar are called biosynthetic phase of 

photosynthesis. 

Calvin Cycle/C3 cycle/Reductive Pentose Sugar Phosphate Pathway 

Malvin Calvin, Benson and their colleagues used radioactive 14C and Chlorealla and Scenedesmus algae to discover 

that first   fixation product is 3-carbon organic compound (3-phosphoglyceric acid) or PGA. Later on a new compound 

was discovered which contain 4-carbon called Oxaloacetic Acid (AAO). On the basis of number of carbon atoms in 

first stable product they are named C3 and C4 pathway. 

Calvin cycle can be described under three stages: carboxylation, reduction and regeneration. 

Carboxylation is the fixation of   into 3-phosphoglyceric acid (3-PGA). Carboxylation of RuBP occurs in presence of 

enzyme RuBP carboxylase (RuBisCO) which results in the formation of two molecules of 3-PGA. 

Reduction is series of reaction that leads to formation of glucose. Two molecules of ATP and two molecules of 

NADPH are required for reduction of one molecules of  . Six turn of this cycle are required for removal of one 

molecule of Glucose molecules from pathway. 

Regeneration is the generation of RuBP molecules for the continuation of cycle. This process require one molecules 

of ATP. 

C4 pathway/Hatch Slack Pathway 

This pathway was worked out by Hatch and Slack (1965, 1967), mainly operational in plants growing in dry tropical 

region like Maize, Sugarcane, Sorghum etc. 



In this pathway first stable product is a 4-carbon compound Oxaloacetic acid (AAO) so called as   pathway.   plants 

have Kranz Anatomy (vascular bundles are surrounded by bundle sheath cells arranged in wreath like manner), 

characterized by large no of chloroplast, thick wall impervious to gases and absence of intercellular spaces. 

The primary   acceptor is a 3-carbon molecule Phosphoenol Pyruvate present in mesophyll cells and enzyme involved 

is PEP carboxylase. 

OAA formed in mesophyll cell forms 4-carbon compound like malic acid or aspartic acid which is transported to 

bundle sheath cells. 

In bundle sheath cell, it is broken into   and a 3-carbon molecule. The 3-carbon molecule is returned back to 

mesophyll cells to form PEP. 

The   molecules released in bundle sheath cells enters the Calvin cycle, where enzyme RuBisCO is present that forms 

sugar. 

  

Photorespiration 

It is a the light dependent process of oxygenation of RuBP and release of carbon dioxide by photosynthetic organs of 

plants. 

Photorespiration decreases the rate of photosynthesis when oxygen concentration is increased from 2-3% to 21%. 

Presence of light and higher concentration of Oxygen results in the binding of RuBisCO enzyme with O2 to form. 

RuBisCO +   PGA + phosphoglycolate 

This pathway involves Chloroplast, Peroxisome and Mitochondria. Photorespiration do not occurs in   plants. 

Light- as light intensity increases, the rate of photosynthesis also increases until light saturation point. 

Carbon dioxide concentration– with increase in concentration of   rate of photosynthesis increase till the 

compensation point. 

Temperature- it does not influence the rate of photosynthesis directly but at higher temperature enzyme activity is 

inhibited due to denaturation of enzymes which affect the dark reaction. 

Water– due to increase in amount of water, rate of photosynthesis does not increase proportionally as after 

saturation no more water is required during photosynthesis. 

Blackman’s Law of Limiting Factors states: 

If a chemical process is affected by more than one factor, then its rate will be determined by the factor which is 

nearest to its minimal value: it is the factor which directly affects the process if its quantity is changed. 

 

 



Coordination is the process through which two or more organs interact and complement the function of each other. 

Neural system provides an organized network of point to point connection for quick coordination. The endocrine 

system provides chemical integration through hormones. 

Neural system of animals is composed of specialized cells called neuron, which can detect, receive and transmit 

different kinds of stimuli. In hydra neural system is composed of network of neuron. In insects it consists of brain and 

a number of ganglia. Vertebrates have highly developed neural system. 

Central nervous system (CNS) includes brain and spinal cord. It is the site for information processing and control. 

  

Peripheral nervous system includes all nerves associated with CNS. There are two types of nerve fibres- 

Afferent fibres- transmit impulses from tissue/organ to CNS. 

Efferent fibres- transmit regulatory impulses from CNS to concerned peripheral organs. 

Somatic neural systems relay impulses from CNS to skeletal muscles. Autonomic neural system transmits impulses 

from CNS to involuntary system and smooth muscles. 

  

Neuron as Structural and Functional Unit of Neural System 

Neuron is made up of three major parts- cell body, dendrite and axon. 

Cell body contains cytoplasm, cell organelles and Nissl’s granules. Short fibres projecting out from cell body is called 

dendrites. The axon is long fibre having branched structure at the end that terminates into knob like structure called 

synaptic knob. 

Based on number of axon and dendrites neuron are of three types- 

Multipolar– one axon and two or more dendrite found in cerebral cortex. 

Bipolar– one axon and one dendrite found in retina of eyes. 

Unipolar– cell body with only one axon found in embryonic stage. 

  

There are two types of axon- 

Myelinated– fibres are enveloped with Schwann cells to form myelin sheath around the axon. The gap between two 

myelin sheaths is called nodes of Ranvier. Found in spinal and cranial nerves. 

Unmyelinated- fibre is enclosed by Schwann cells that do not form myelin sheath around the axon. Found in 

autonomous and somatic neural system. 

Generation and Conduction of Nerve Impulse 



Ion channels are present in neural membrane which is selectively permeable to different ions. When neuron is not 

conducting impulse (resting), axonal membrane is more permeable to K+ ions and impermeable to Na+ ions. 

Ionic gradient across the resting membrane is maintained by active transport of ions by sodium-potassium pump. 

This will develop positive charge outside the axonal membrane and negative charge on inner side. 

  

The electrical potential difference across the resting membrane is called resting potential. 

When stimulus is applied at site A, the membrane becomes permeable to Na+ ions to make rapid influx of Na+ ions 

to create outer surface negatively charged and inner membrane positively charged that create Action Potential or 

nerve impulse. 

The nerve impulse from A moves to B in inner surface and B to A on outer surface. This process is repeated several 

times to transmit the impulse. 

Nerve impulse is transmitted from one neuron to another neuron through synapse. 

There are two types of synapse- 

Electrical synapse- the membrane of pre and post synaptic neuron is very close to each other and current flow 

directly from one neuron to another. 

Chemical synapse- pre and post synaptic neuron is separated by fluid filled space called synaptic cleft. 

Neurotransmitters are involved in transmission of impulses. 

Central Neural System –Brain is the central information processing organ of our body and act as command and 

control centre. Human brain is protected by skull (cranium) and three layers of cranial meninges- outer dura mater, 

middle arachnoid and inner pia mater. 

  

Thorax 

STERNAL ANGLE: The junction between the Manubrium and the Sternum body. 

At the level of T4 and T5 posteriorly. 

Anteriorly, it articulates with the 2nd Costal Cartilage. 

The Bifurcation of the Trachea occurs directly posterior to the Sternal Angle. 

STERNUM: The breast bone, composed of three parts. 

Manubrium: Superior portion, composed of 1st and 2nd costal cartilages. 

Sternal Body: Main middle portion. 3rd thru 7th Costal Cartilages. 

Xiphoid Process: Extending below the sternal body, not connected to any costal cartilages. 



CLAVICLE: Collar bone. It covers the 1st rib, so that the 1st rib cannot be palpated. 

STERNOCOSTAL JOINTS: Joint between the sternum and each costal cartilage. 

COSTOCHONDRAL JOINTS: Joint between each costal cartilage and respective rib. 

COSTOVERTEBRAL JOINTS: Joint between each rib and vertebrata, joined at the transverse process of the vertebrata 

and the articular facet of the rib (at the tubercle). 

SUPERIOR MEDIASTINUM: Defined as the region of the thorax above the sternal angle (above T4-T5). 

Contains the Aortic Arches and the Thymus. 

INFERIOR MEDIASTINUM: Defined as the region of the thorax below the Sternal Angle. Divided into Anterior, Middle, 

and Posterior Mediastinum. 

Middle Mediastinum: The pericardial sac, holding the heart. 

Posterior Mediastinum: The esophagus and trachea. 

Anterior Mediastinum: Not much is there. 

THE MID-AXIAL LINE: The side of the thorax. The line running from the armpits to the hips. 

THE SUPERIOR THORACIC APERTURE: Surrounded by the clavicle, the superior border of the thorax, above which is 

the base of the neck. 

THE BORDERS OF THE THORAX: 

Superior Border: Superior Thoracic Aperture. 

Inferior Border: Diaphragm. 

Anterior Border: The sternum. 

Posterior Border: Thoracic Vertebrata, T1-T12 

Lateral Border: Mid-Axial Line. 

THE RIBS: 

They articulate with the Thoracic Vertebrata. As they come anteriorly, they move inferiorly and then stop. Then, the 

Costal Cartilage comes back a little superiorly. 

That means, in the back along the spinal column, the level is up higher than the same level in the front along the 

sternum. 

True Ribs: T1-T7. They have their own Costal Cartilage on the anterior side. 

False Ribs: T8-T10. They all share one common costal cartilage (which mends into each other) 

Floating Ribs: T11 and T12. They have no Costal Cartilage. 



1st Rib: 

It has no angle. 

It is the shortest and flattest of all ribs. 

It has grooves for the subclavian veins and arteries. 

COMPONENTS OF A RIB: 

Head: Connected to the Vertebrata. 

Neck 

Tubercle: Contains the articular facet, which articulates with the transverse process of the vertebrata. 

Angle 

Shaft, containing the Costal Groove. 

Costochondral Joint: The joint where bone ends and cartilage begins. The bone extends anteroinferiorly, whereas the 

cartilage extends back posterosuperiorly. 

Costal Groove: Groove for intercostal arteries, veins, and nerves, on inferior aspect. 

COMPONENTS OF THORACIC VERTEBRATA: 

The body is the anterior portion of Thoracic Vertebrae. 

The Spinous Process articulates posteriorly. 

The Transverse Process articulates laterally and contains the facet for each rib, at the costovertebral joint. 

The Pedicle is the short, thicker section that connects the transverse process to the body. 

The Lamina is the longer, thinner section that connects each transverse process to the spinous process 

The cranium (skull) is the skeletal structure of the head that supports the face and protects the brain. It is subdivided 

into the facial bones and the brain case, or cranial vault (Figure 1). The facial bones underlie the facial structures, 

form the nasal cavity, enclose the eyeballs, and support the teeth of the upper and lower jaws. The rounded brain 

case surrounds and protects the brain and houses the middle and inner ear structures. 

 

In the adult, the skull consists of 22 individual bones, 21 of which are immobile and united into a single unit. The 

22nd bone is the mandible (lower jaw), which is the only moveable bone of the skull. 

 

Bones of Cranium 



Frontal: Forms the forer.ead (anterior or front part of the top of cranium) and some upper parts (roofs) of eye 'orbits 

or sockets and nasal cavities. A newborn infant displays a faint suture in midline of frontal, indication that adult 

frontal is actually formed of two completely fused frontal. Frontal suture between two frontal .disappear by age 6 

years. It persists throughout life it is referred as metopic sutures.  

 

Parietals : Articulated to and situated just behind frontal. Form the main parts of bulging top and sides of cranium. 

 

Occipital: Articulated to and situated just behind parietals, Forms posterior (back) and lower (base) parts of cranium. 

Foramen magnum is a large perforation in this bone. On each side of the foramen, the occipital bears a prominent 

elevation called occipital condyle. The condyles articulate the skull with first vertebra (atlas). Thus, human skull is 

dicondylic, 

 

Temporals: Form lower parts of right and left sides of cranium, as well as, the floor of cranial cavity. These house 

structures of internal and middle ears and forma part of external auditory meatus. The middle ear of each side 

encloses the three small ear ossicles' - malleus, incus and stapes. The mastoid process with mastoid air cells in adult. 

 

Sphenoid: A typically butterfly-shaped bone that forms the .middle and anterior parts of base of cranium in front of 

occipital in the middle and temporals on the sides. It articulates with all skull bones, keeping these firmly together. It 

also formsparts of lateral walls and floors of eye orbits. 

 

Sphenoid with sella turcica depression for pituitary body. 

 

Ethmoid: A small, irregular bone in front of sphenoid and behind nasal bones. It fashions the front (anterior) 

extremity and closer of cranial cavity. It also contributes to the architecture of eye orbits and proximal parts of nasal 

chambers. 

  

 

Facial Bones 

Nasals: Small, oblong bones in middle of upper part of face, forming proximal part of the bridge of our nose. The 

remaining, lower part of our nose is formed of cartilage. 

 



Inferior nasal conchae (Turbinales): Two highly coiled, scroll-like processes of ethmoid bone, called conchae project 

into each nasal cavity from lateral wall of the proximal bony part of concerned nasal chamber. One ethmoidal concha 

is superior (uppermost). The other one is called middle concha, because it is followed by a thin, separate scroll-like 

bone which is named inferior nasal concha or turbinate. 

 

Vomer: A thin, elongated, platelike bone, forming a part of the septum which separates the two nasal cavities. 

 

Lacrimals: Small and thin, finger-shaped bones, each located in front part of the medial (inner) side of corresponding 

eye orbit. These form a part of the passages of corresponding tear ducts. 

 

Zygoma tics (Malars): Cheek-bones; form the prominences of our cheeks and parts of the floor and side walls of eye 

orbits. 

 

Palatines: L-shaped bones that form the back (posterior) part of our hard palate (roof of mouth). Also contribute to 

the framework of nasal cavities and floor of eye orbits. 

 

Maxillae: Large, upper jaw bones that form the major part of our face and upper jaw. Comprise entire front (anterior) 

part of our hard palate. Also contribute to the architecture of eye orbits and nose. Bear the teeth of upper jaw. 

 

Mandible: Largest bone of our face, and strongest of all bones of the body. Forms entire lower jaw and bears all 

lower jaw teeth. Articulated with temporal bones of skull. Only skull bone that moves. 

 

The skull region articulates with the superior region of the vertebral column with the help of two occipital condyles 

(dicondylic skull). 

 

  



Portal system is a system of blood vessels that begins and ends in capillaries. Hepatic portal carries nutrients 
from digestion to the liver to store and metabolize, after a meal. 

Explanation: 

Portal system can be defined as a part of the systemic circulation, in which blood draining from the capillary bed 
of one structure flows through larger vessels to supply the capillary bed of another structure, before returning to 
the heart. 
Simply, a system of blood vessels that begins and ends in capillaries is called portal system. Following is a 
diagram showing the blood circulation of the body. We can see hepatic portal vein here (a part of portal system), 
this vein begins in a capillary (of intestines) and ends in anothercapillary (of 

liver). schoolbag.info 
The hepatic portal circulation travels from the intestine of the digestive tract to the liver. 

www.slideshare.net 
The function of this portal system is to carry nutrients from the digestive tract to the liver after a meal to store and 
metabolize. 
Diagram of hepatic portal system : 
 
 



Pleura of the Lungs. The pleura includes two thin layers of tissue that protect and cushion the lungs. The inner 

layer (visceral pleura) wraps around the lungs and is stuck so tightly to the lungs that it cannot be peeled off. 

The outer layer (parietal pleura) lines the inside of the chest wall. 

The bronchi, singularly known as a bronchus, are extensions of the windpipe that shuttle air to and from 

the lungs. Think of them as highways for gas exchange, with oxygen going to the lungs and carbon dioxide 

leaving the lungs through them. They are part of the conducting zone of the respiratory system 

The Trachea 

Anatomical Position 

The trachea marks the beginning of the tracheobronchial tree. It arises at the lower border of cricoid 
cartilage in the neck, as a continuation of the larynx. 

It travels inferiorly into the superior mediastinum, bifurcating at the level of the sternal angle (forming 
the right and left main bronchi). As it descends, the trachea is located anteriorly to the oesophagus, 
and inclines slightly to the right. 

Structure 

The trachea, like all of the larger respiratory airways, is held open by cartilage – here in C-
shaped rings. The free ends of these rings are supported by the trachealis muscle. 

The trachea and bronchi are lined by ciliated pseudostratified columnar epithelium, interspersed 
by goblet cells, which produce mucus. The combination of sweeping movements by the cilia and 
mucus from the goblet cells forms the functional mucociliary escalator. This acts to trap inhaled 
particles and pathogens, moving them up out of the airways to be swallowed and destroyed. 

At the bifurcation of the primary bronchi, a ridge of cartilage called the carina runs anteroposteriorly 
between the openings of the two bronchi. This is the most sensitive area of the trachea for triggering 
the cough reflex, and can be seen on bronchoscopy. 

Neurovascular Supply 

The trachea receives sensory innervation from the recurrent laryngeal nerve. 

Arterial supply comes from the tracheal branches of the inferior thyroid artery, while venous drainage 
is via the brachiocephalic, azygos and accessory hemiazygos veins. 

Bronchi 

At the level of the sternal angle, the trachea bifurcates into the right and left main bronchi. They 
undergo further branching to produce the secondary bronchi. Each secondary bronchi supplies a lobe 
of the lung, and gives rise to several segmental bronchi. 

Along with branches of the pulmonary artery and veins, the main bronchi make up the roots of the 
lungs. 

Structure 

•  By TeachMeSeries Ltd (2019) 



 

Fig 1.1 – Transverse section of the trachea, showing its bifurcation. 
Right main bronchus – wider, shorter, and descends more vertically than its left-sided counterpart. 
Clinically, this results in a higher incidence of foreign body inhalation. The right superior lobar bronchus 
arises before the right main bronchus enters the hilum. 

• Left main bronchus – passes inferiorly to the arch of the aorta, and anteriorly to the thoracic aorta 
and oesophagus in order to reach the hilum of the left lung. 

Within the lungs, the main (primary) bronchi branch into lobar (secondary) bronchi. Each secondary 
bronchi supplies a lobe of the lung, thus there are 3 right lobar bronchi and 2 left. The lobar bronchi 
then bifurcate into several segmental (tertiary) bronchi, each of which supplies 
a bronchopulmonary segment. Bronchopulmonary segments are subdivisions of the lung lobes, and 
act as the functional unit of the lungs. 

The structure of bronchi are very similar to that of the trachea, though differences are seen in the 
shape of their cartilage. In the main bronchi, cartilage rings completely encircle the lumen. However 
in the smaller lobar and segmental bronchi cartilage is found only in crescent shapes. 

Neurovascular Supply 

The bronchi derive innervation from pulmonary branches of the vagus nerve (CN X). Blood supply to 
the bronchi is from branches of the bronchial arteries, while venous drainage is into the bronchial 
veins. 

Urine Formation 

3 processes are involved in urine formation: 

• Glomerular Filtration is the first step of urine formation, In this step blood enters the glomerulus via afferent arteriole. This 

blood is filtered in glomerulus. Water and most solutes are filtered whereas blood proteins and blood cells are not filtered. 

• Tubular Reabsorption is a selective process where water, glucose, amino acids, urea, ions, such as potassium ions, sodium 

ions, chloride ions etc. are reabsorbed. 

Proximal Convoluted Tubule reabsorbs water, sodium ions, potassium ions, glucose, amino acids, urea, bicarbonate ions etc. 

Loop of Henle absorbs water, sodium ions, glucose, amino acids, urea, calcium ions, magnesium ions etc. are reabsorbed. 

 

Distal Convoluted Tubule reabsorbs water, sodium ions, chloride ions and calcium ions. 

• Tubular Secretion helps in removal of those substances from the body which are not required by 

the body. For Example: urea, creatinine and some drugs. 

  

Composition of Urine 

Urine is a liquid waste product of the kidneys. It comprises of 90% to 96% of water, inorganic salts, some proteins, hormones and 

variety of metabolites. The yellow color of urine is due to a pigment known as Urochrome. 

  


