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Topic-1 

Photosynthesis/C3 Cycle 

 

Brief Summary of Mechanism of Photosynthesis 

1. Sunlight trapped by Chloroplast enters into PS1 and PSII to transduce solar energy into 

Chemical energy, this chemical energy is required during Carbon fixation or Calvin cycle. This 

has been shown below in the z scheme. This Scheme is operative in thylakoid. This process is 

also called as Light reaction which involves Photolysis of water to release e- which is 

instrumental in operation of PSII. The left over e- enters into PSI to carry out operation. he 

resultant energy product during these two cycle is ATP and NADPH. 

2. The energy produced during light as ATP and NADPH is consumed during dark reaction 

as shown Calvin cycle below.             

 

 

 

 

  



 

 

 

 

 

 

 

  

 



 

Chloroplasts are organelles found in plant cells and eukaryotic algae that conduct photosynthesis. 

Chloroplasts absorb light and use it in conjunction with water and carbon dioxide to produce 

sugars, the raw material for energy and biomass production in all green plants and the animals 

that depend on them, directly or indirectly, for food. Chloroplasts capture light energy to 

conserve free energy in the form of ATP and reduce NADP to NADPH through a complex set of 

processes called photosynthesis. Chloroplasts are members of a class of organelles known as 

plastids. Chloroplasts are a type of plastid—a round, oval, or disk-shaped body that is involved 

in the synthesis and storage of foodstuffs. Chloroplasts are distinguished from other types of 

plastids by their green colour, which results from the presence of two pigments, chlorophyll a 

and chlorophyll b. A function of those pigments is to absorb light energy. In plants, chloroplasts 

occur in all green tissues, though they are concentrated particularly in the parenchyma cells of 

the leaf mesophyll. 

Chloroplasts are roughly 1–2 μm (1 μm = 0.001 mm) thick and 5–7 μm in diameter. They are 

enclosed in a chloroplast envelope, which consists of a double membrane with outer and inner 

layers, between which is a gap called the inter membrane space. A third, internal membrane, 

extensively folded and characterized by the presence of closed disks (or thylakoids), is known as 

the thylakoid membrane. In higher plants, the thylakoids are arranged in tight stacks called grana 

(singular granum). Grana are connected by stromal lamellae, extensions that run from one 

granum, through the stroma, into a neighbouring granum. The thylakoid membrane envelops a 

central aqueous region known as the thylakoid lumen. The space between the inner membrane 

and the thylakoid membrane is filled with stroma, a matrix containing dissolved enzymes, starch 

granules, and copies of the chloroplast genome. 



Envelope 

The chloroplast envelope is double-membrane structure comprising an outer and an inner 

membrane. Each of these membranes is a phospholipid bilayer, and is 6 – 8 nm thick. A 10 – 20 

nm thick space present between the two membranes is known as intermembrane space. 

Stroma 

The aqueous matrix present inside this double-membrane envelope is called the stroma. The 

internal components as well as several solutes are dispersed into the stroma. The stroma is 

especially rich in proteins, and contains several enzymes necessary for vital cellular processes. 

The chloroplast DNA is also present in the stroma along with ribosomes and other molecules 

required for protein synthesis. Starch synthesized through photosynthesis is stored in the stroma 

in the form of granules. 

Thylakoids 

In addition to the two membranes that form the envelope, chloroplasts contain a third internal 

membrane system called thylakoid membrane. Thylakoids are the internal, membrane-bound 

compartments formed by such thylakoid membranes. The internal portion of the thylakoid is 

called the thylakoid lumen, and contains plastocyanins and other molecules required for the 

transport of electrons. 

Grana 

Some of the thylakoids are arranged in the form of discs stacked one above the other. These 

stacks are termed grana, and are connected to each other through inter grana thylakoids and 

stroma thylakoids. 

Photosystems 

Present in the thylakoid membranes, these are the structural and functional units for harnessing 

solar energy. A photosystem comprises a reaction center surrounded by light-harvesting or 

antenna complexes that contain chlorophyll, carotenoids, and other photosynthetic pigments, as 

well as the associated proteins.  

Peripheral Reticulum 

The chloroplasts of certain plants contain an additional set of membranous tubules called 

peripheral reticulum that originate from the inner membrane of the envelope. Tiny vesicles bud 

off from the inner membrane of the chloroplast, and assemble to form the tubules of peripheral 

reticulum. 

The Photosynthetic Machinery 



The thylakoid membrane houses chlorophylls and different protein complexes, including 

photosystem I, photosystem II, and ATP (adenosine triphosphate) synthase, which are 

specialized for light-dependent photosynthesis. When sunlight strikes the thylakoids, the light 

energy excites chlorophyll pigments, causing them to give up electrons. The electrons then enter 

the electron transport chain, a series of reactions that ultimately drives the phosphorylation of 

adenosine diphosphate (ADP) to the energy-rich storage compound ATP. Electron transport also 

results in the production of the reducing agent nicotinamide adenine dinucleotide phosphate 

(NADPH). 

 

 

 

 

 

                                                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Topic-2 

C4 Cycle 

The first experiments indicating that some plants do not use C3 carbon fixation but instead 

produce malate and aspartate in the first step of carbon fixation were done in the 1950s and early 

1960s by Hugo Peter Kortschak and Yuri Karpilov. The C4 pathway was elucidated by Marshall 

Davidson Hatch and Charles Roger Slack, in Australia, in 1966; it is sometimes called the 

Hatch–Slack pathway.Photosynthesis is a process that uses water, carbon dioxide (CO2) and 

solar energy to synthesize sugars. It is carried out by many plants, algae and bacteria. In plants 

and algae, photosynthesis occurs in special parts of the cell called chloroplasts; located in the 

leaves and stems. Whereas most plants perform what is known as C3 photosynthesis, plants that 

have adapted to hot environments perform a modified form known as C4 photosynthesis 

C4 Plants 

Only about 3% of all land plant species use the C4 pathway, but they dominate nearly all 

grasslands in the tropics, subtropics, and warm temperate zones. C4 plants also include highly 

productive crops such as maize, sorghum, and sugar cane.  Maize and other crop plants are also 

used as animal feed, converting the energy to meat—another inefficient use of plants. 

Species: Common in forage grasses of lower latitudes, maize, sorghum, andsugarcane 

Enzyme: Phosphoenolpyruvate (PEP) carboxylase 

Process: Convert CO2 into 4-carbon intermediate 

Where Carbon Is Fixed: The mesophyll cells (MC) and the bundle sheath cells (BSC). C4s have 

a ring of Bundle sheath surrounding each vein and an outer ring of Mesophyll surrounding the 

bundle sheath, known as the Kranz anatomy. 

C4 photosynthesis is a biochemical modification of the C3 photosynthesis process in which the 

C3 style cycle only occurs in the interior cells within the leaf. Surrounding the leaves are 

mesophyll cells that contain a much more active enzyme called phosphoenolpyruvate (PEP) 

carboxylase. As a result, C4 plants thrive on long growing seasons with lots of access to sunlight. 

Some are even saline-tolerant, allowing researchers to consider whether areas that have 

experienced salinization resulting from past irrigation efforts can be restored by planting salt-

tolerant C4 species 

 

 

. 



 

C4 Photosynthesis 

In this type of photosynthesis environmental CO2 is first incorporated into 4-carbon acids in 

cells known as mesophylls. These acids are transported to other cells known as bundle sheath 

cells. In these cells, the reaction is reversed, CO2 is released and subsequently used in the normal 

(C3) photosynthetic pathway. The incorporation of CO2 into 3-carbon compounds is catalyzed 

by an enzyme known as Rubisco. 

 

                     

 

 

Advantages of C4 Photosynthesis 

In hot and dry environments C4 photosynthesis is more efficient than C3 photosynthesis. This is 

due to two reasons.  

The first one is that the system does not undergo photorespiration, a process that runs counter to 

photosynthesis.  



The second one is that plants can keep their pores shut longer periods of time, thus avoiding 

water loss. 

Photorespiration 

This is a process in which, instead of adding CO2 to the growing sugar, Rubisco adds oxygen. In 

situations in which photosynthesis is taking place fast (at high temperature, high levels of light or 

both), there is so much O2 available that this reaction becomes a significant problem. C4 plants 

solve this problem by maintaining a high concentration of CO2 in the relevant portion of the leaf 

(the bundle sheath cells). 

Water Loss 

Plants exchange gases, CO2 and O2, with their environment through pores known as stomata. 

When the stomata are open CO2 can diffuse in to be used in photosynthesis and O2, a product of 

photosynthesis can diffuse out. However, when the stomata are open the plant also loses water 

due to transpiration, and this problem is enhanced in hot and dry climates. Plants that perform C4 

photosynthesis can keep their stomata closed more than their C3 equivalents because they are 

more efficient in incorporation CO2. This minimizes their water loss. 

Disadvantages 

Although C4 photosynthesis is clearly advantageous in hot and dry climates, this is not true in 

cool and moist ones. This is because C4 photosynthesis is more complex: it has more steps and 

requires a specialized anatomy. For this reason, unless photorespiration or water loss are 

significant issues, C3 photosynthesis is more effective. This is why the majority of plants 

perform C3 photosynthesis. 

 

 

 

 

 

 

 

 

 



Topic-3 

CAM Cycle 

Some plants that are adapted to dry environments, such as cacti and pineapples, use the 

crassulacean acid metabolism (CAM) pathway to minimize photorespiration. This name comes 

from the family of plants, the Crassulaceae, in which scientists first discovered the pathway. 

In most plants, the stomata – which are like tiny mouths that take in oxygen all along the 

surfaces of their leaves – open during the day to take in CO2 and release O2. 

Plants must take in CO2 because they use it as a source for carbon atoms to build sugars, 

proteins, nucleotides, and the other building blocks of life. They must also release waste O2, 

which is the biproduct that is left over after the carbon atom from has CO2 been incorporated 

into a sugar. 

Most plants open their stomata during the day because that is when energy is received from the 

Sun. The energy from the Sun is harvested by the chloroplasts and used to make ATP and 

NADPH. These short-term energy storage molecules are then used to power the fixation of 

carbon into sugar.  

Plants in the desert can't leave their stomata open during the day because they will lose too much 

valuable water. A plant in an arid environment has to hold onto all the water that it can! So, it 

must deal with photosynthesis in a different way. CAM plants need to open the stomata at night 

when there is less of a chance of water loss via transpiration. The plant can still take in CO2 at 

night. In the morning, malic acid is formed from the CO2 (remember the bitter taste Heyne 

mentioned?), and the acid is decarboxylated (broken down) to CO2 during the day under closed 

stomata conditions. The CO2 is then made into the necessary carbohydrates via the Calvin cycle. 

CAM plants take in CO2 at night and store it in the form of a four-carbon acid called ―malate.‖ 

Then the malate is released during the day, where it can be combined with the ATP and NADPH 

created by the Sun‘s energy. 

This allows the plants to conserve their water by closing their stomata during the hot daytimes. 

The name ―Crassulacean Acid Metabolism‖ comes from the Crassula plant, which was the first 

place that CAM metabolism was discovered and studied. 

Steps of CAM Photosynthesis 

1. CAM photosynthesis begins at night, when the plant‘s stomata open and CO2 gas is able to 

diffuse into the cytoplasm of CAM mesophyll cells. 



In the cytoplasm of those cells, the CO2 molecules encounter hydroxyl ions, OH−, which they 

combine with to become HCO3 the enzyme phosphoenolpyruvate carboxylase (PEP 

carboxylase). 

CO2 + OH− → HCO3 

2. The PEP carboxylase enzyme catalyzes the following reaction to add the CO2 to a molecule 

called phosphoenolpyruvate (PEP). 

PEP + HCO3− → OXALOACETATE 

3. Oxaloacetate then receives an electron from NADH and becomes a molecule of malate. This 

reaction is catalyzed by the enzyme Malate Dehydrogenase (MDH). That reaction looks like: 

OXALOACETATE + NADPH + MDH → MALATE + NADP+ 

Interestingly, malate dehydrogenase catalyzes a reversible reaction, meaning that it can either 

add electrons to oxaloacetate, or take electrons away from molecules of malate. 

4. Malate is now stored in vacuoles within the plant cells, until the sun rises and photosynthesis 

begins. When that happens, malate enters the Calvin Cycle, just like 3-phosphoglycerate would 

in a plant using a 3-carbon, or ―C3‖ pathway for carbon fixation. 

 

 

 



 

 

 

Topic-4 

Glycolysis and Krebs cycle 

 

 

 

Structure 

Mitochondria are bounded by an envelope consisting of two concentric membranes, the outer 

and inner membranes. The space between the two membranes is called inter-membrane space. 

A number of invaginations occur in the inner membrane; they are called cristae . The space on 

the interior of the inner membrane is called matrix. 



Outer Membrane: 

The outer mitochondrial membrane has high permeability to molecules such as sugars, salts, 

coenzymes and nucleotides etc. It has many similarities with the ER but differs from it in some 

respects, e.g., mono-amine-oxidase is present in the mitochondrial outer membrane but not in 

ER. 

On the other hand, the enzyme glucose-6-phosphatase is absent from the mitochondrial outer 

membrane but is present in ER. The mitochondrial outer membrane contains a number of 

enzymes and proteins. 

Inter-Membrane Space:  

The inter-membrane space is divided into two regions: 

(1) Peripheral space and 

(2) Intracristal space . 

Large flattened cristae are connected to the inner membrane by small tubes called peduculi 

cristae which are few nanometers in diameter. The inter-membrane space has several enzymes of 

which ―adenylate kinase‖ is the chief one. This enzyme transfers one phosphate group from ATP 

to AMP to produce two molecules of ADP. 

Inner Membrane: 

The inner mitochondrial membrane invaginates inside the matrix; the invaginations are called 

cristae . This membrane has a high ratio of protein to lipid. ―Knobs‖ or ―spheres‖ of 8-9 nm 

diameter are spaced 10 nm apart on the cristae membranes. These knobs contain F1 proteins and 

ATPase responsible for phosphorylation. They are joined to the cristae by 3 nm long stalks called 

―F0―. The F0-F1 ATPase complex‖ is called ATP synthase. The inner membrane contains large 

number of proteins which are involved in electron transfer (respiratory chain) and oxidative 

phosphorylation. The respiratory chain is located within the inner membrane, and consists of 

pyridine nucleotides, within the inner membrane, and consists of pyridine nucleotides, 

flavoproteins, cytochromes, iron-sulphur proteins and quinones. 

Besides its role in electron transfer, and phosphorylation, the inner membrane is also the site for 

certain other enzymatic pathways, such as, steroid (hormone) metabolism. 

The interior of mitochondrion is called matrix. It has granular appearance in electron 

micrographs. Some large granules ranging from 30 nm to several hundred nanometers in 

diameter are also present in the matrix. The matrix contains enzymes and factors for Krebs cycle, 

pyruvate dehydrogenase and the enzymes involved in β-oxidation of fatty acids. 



However, succinate dehydrogenase is present in the inner membrane instead of matrix; this 

enzyme catalyses the direct transfer of electrons from succinate to the electron transfer chain 

The enzyme pyruvate dehydrogenase converts pyruvate to acetyl-Coenzyme A (acetyl-CoA) 

which enters the Krebs cycle. Besides above, matrix also contains DNA, RNA, ribosomes and 

proteins involved in protein and nucleic acid syntheses. 

Function of Mitochondria: 

Mitochondria are regarded as the power house of the cell as it is the site of respiration. The 

general formula for glucose oxidation is,  

C6H12O6 + 6O2 ———-> 6CO2 + 6H2O + 686 kcal  

The above described process of Respiration is completed in two steps, called as  

1. Glycolysis- occurring in cytoplasm –the last break down product of this cycle is two 

molecules of Pyruvate( three carbon compound).Further break down of this pyruvate takes place 

in the Mitochondria where all the necessary enzymes for its metabolism is present. The 

metabolic pathway is called as Kreb cycle or Tricarboxylic acid cycle. 

2. Krebs cycle- This cycle operates in the Mitochondria .The pyruvate is converted to 

acetyl-Coenzyme A (acetyl-CoA) which is then metabolised  further. In this cycle, energy is 

liberated and CO2 is produced. Some of the released energy is used to produce ATP, while a 

major part is conserved in the form of reduced coenzymes NADH and FADH2 (FAD = 

flavinadenine dinucleotide). The energy conserved in NADH and FADH2 is released by re-

oxidizing them into NAD+ and FAD, respectively; the energy so obtained is utilized to produce 

ATP (oxidative phosphorylation).This process occurs in different steps in a strict sequence called 

electron transfer chain or respiratory chain located in the cristae. The electrons are finally 

transferred to oxygen, and H2O is produced at the end of this chain. The carriers of electrons are 

organized into three complexes, viz., I, III, and IV, and the sequence of electron transfer is as 

follows. 

3. Energy transfer in ETC: The oxidation of acetyl coenzyme A (acetyl-CoA) in the 

mitochondrial matrix is coupled to the reduction of a carrier molecule such as nicotinamide 

adenine dinucleotide (NAD) and flavin adenine dinucleotide (FAD). The carriers pass electrons 

to the electron transport chain (ETC) in the inner mitochondrial membrane, which in turn pass 

them to other proteins in the ETC. The protons move back across the inner membrane through 

the enzyme ATP synthase. The flow of protons back into the matrix of the mitochondrion via 

ATP synthase provides enough energy for ADP to combine with inorganic phosphate to form 

ATP. The electrons and protons at the last pump in the ETC are taken up by oxygen to form 

water. The concept provided by Peter D. Mitchell is known as the chemiosmotic hypothesis in 

1961. 
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Topic-5 

Types of movement in plant 

 

 

 

                                

         

 

 

 

 

Nutation- rotary or helical, or spiral pattern of movement of plant organs, such as stems, tendrils 

and roots, without physical contact with any object. Example: Costus. 



Nastic movement : In many plants the leaves and flowers acquire a particular but different 

position during day and at night. Such movements are called as nyctinastic movements or sleep 

movements. If these movements result in response to the presence or absence of light, they are 

called as photonastic movements e.g., Oxalis sp. where the flowers and leaves open in the 

morning and close at night. In other plants such as Crocus and Tulip the flowers open at higher 

temperatures. Such movements which occur in response to temperature stimulus are called as 

thermonastic movements. 

Tropic movement:     When growth movements occur in response to an external stimulus 

which is unidirectional, they are called as tropical movements and the phenomenon of such a 

movement is called as tropism. Depending upon the nature of the unidirectional external stimulus 

the tropical movements are  

a)  Geotropism -- The tropical movements which take place in response to the gravity stimulus 

are called as geotropic movements and this phenomenon as geotropism. The primary roots grow 

down into the soil and are positively geotropic.of many types:-    That the geotropic curvature 

results due to unilateral gravity stimulus can be demonstrated by using a clinostat. If a young 

potted plant is fixed on a clinostat in horizontal position and rotated, neither the root will bend 

down nor the stem will curve upward. It is because in such case, the effect of gravity will be 

uniform all round the stem and root. 

b) Phototropism-- The tropical movements which occur in response to an external unilateral 

light stimulus are called as phototropic movements. These movements are commonly found in 

young stem tips which curve towards the unilateral light stimulus and thus, are called as 

positively phototropic. 

c) Hydrotropism- The tropical movements occurring in response to water stimulus are called as 

hydrotropic movements. These are commonly found in young roots and can be demonstrated by 

the following simple experiment: Some seeds soaked in water the previous night are kept on a 

wire gauze covered with saw dust. The water gauze is then kept slanting in humid condition. 

After a few days, the radicles will be seen bending towards the moist saw dust 

d) Chemotropism-Certain chemical substances are responsible to bring about curvature 

movements in plant organs. For instance, movement of Pollen tube towards ovary due to 

absorption of calcium and borate from style of carpel; movement of tentacles in Drosera, closing 

of lid of Nepenthes due to nitrogenous food, and penetration of haustoria of parasite into host 

body etc. 

e) Thigmotropism-Thigmotropism is one example of tropism, which is the responding of a plant 

to environmental stimuli by growing towards or away from them. In other words, the reaction 

can be positive or negative. For instance, a stem can grow upwards towards the sun, and roots 

can grow away from an object in the soil. Other forms of tropism include phototropism, which is 

a plant‘s response to light.  



Tactic movement 

a) Phototactic-These movements occur in response to an external stimulus, the light and 

are exhibited by zoospores and gametes of certain algae e.g., Chlamydomonas, Volvox, 

Ulothrix, Cladophora etc. They show a positive phototactic movement under diffused 

light and a negative phototactic movement under intense light. 

b) Chemotactic-These movements occur in response to an external chemical stimulus. Such 

movements are exhibited most commonly by the antherozoids in bryophytes and 

pteridophytes where the archegonia secrete some chemical substances having a peculiar 

odour towards which the antherozoids are attracted chemotactically. 

c) Thermotactic-Such movements result due to an external heat stimulus. For instance, if a 

large vessel containing some Chlamydomonas in cold water is warmed on one side, the 

Chlamydomonas cells will move and collect towards the warmer side (positive thermotaxis). 

However, a negative thermotaxis will occur if the temperature becomes too high. 

Nastic movement 

a) Nyctinastic-These movements are commonly called ‗sleeping movements‘. Some 

authors have classified such movements under the category of photonastic or 

thermonastic movements. These movements are induced by alternation of day and night. 

The leaves of some plants like Enterobium, clover and oxalis, growing approximately 

horizontal during the day, begin to droop and close toward evening and do not rise again 

until the next morning. 

b) Chemonastic-Chemonastic movement can be define as the movement or response of parts of 

plant, animals or any other organisms towards a chemical stimulus.This attraction brings a 

change in structure, position and organ affected by the stimulus.The example of chemonastic 

movement includes the growth of fungal hyphae   and penetrating the soil surface so as to 

obtain the chemicals in the organic matter to obtain energy.Another example the growth of 

plant roots against the gravity to obtain nutrients from the soil.The development of pollen 

tube towards the ovule to impart chemical or pollen to the ovule and to conduct fertilization. 

c) Seismonastic-These movements are brought about by mechanical stimuli such as contact 

with a foreign body, fast wind and rain drops etc. Seismonastic movements are seen in 

stigmas, stamens and leaves of many plants. For instance, movements of leaf lets in 

Mimosa pudica (Sensitive plant, , Biophytum sensitivum and Neptunia, etc. 

 

 

 

 



Topic-6 

Respiration 

This is a process by which living cells break down complex high energy food molecules into 

simple low energy molecules, i.e., CO2 and H2O, releasing the energy trapped within the 

chemical bonds. The energy released during oxidation of energy rich compounds is made 

available for activities of cells through an intermediate compound called adenosine triphosphate 

(ATP).During process of respiration, the whole of energy contained in respiratory substrates is 

not released all at a time. It is released slowly in several steps of reactions controlled by different 

enzymes.Respiration takes place in all types of living cells, and generally called cellular 

respiration. During the process of respiration oxygen is utilised, and CO2 water and energy are 

released as products. The released energy is utilised in various energy-requiring activities of the 

organisms, and the carbon dioxide released during respiration is used for biosynthesis of other 

molecules in the cell. 

Types of Respiration: 

There are two main types of respiration: 

(i) Aerobic, and 

(ii) Anaerobic.  

(i) Aerobic Respiration: 

This type of respiration leads to a complete oxidation of stored food (organic substances) in the 

presence of oxygen, and releases carbon dioxide, water and a large amount of energy present in 

respiratory substrate. Such type of respiration is generally found in higher organisms. 

The overall equation is: 

 

 

(ii) Anaerobic respiration: 

This type of respiration occurs in complete absence of oxygen. In the absence of free oxygen, 

many tissues of higher plants, seeds in storage, fleshy fruits, and succulent plants, such as cacti 

temporarily take to a kind of respiration, called anaerobic respiration. Such respiration generally 

occurs in lower organisms like bacteria and fungi.This results in incomplete oxidation of stored 

food and formation of carbon dioxide and ethyl alcohol, and sometimes also various organic 



acids, such as malic, citric, oxalic, tartaric, etc. Very little energy is released by this process to 

maintain activity of protoplasm. 

The equation is as follows: 

 

This process of oxidation in microbes is known as fermentation. This is quite similar to that of 

anaerobic respiration in case of higher plants. Mitochondria is the structure concerned with 

Aerobic respiration 

Structure of Mitochondria 

Mitochondria are bounded by an envelope consisting of two concentric membranes, the outer 

and inner membranes. The space between the two membranes is called inter-membrane space. 

A number of invaginations occur in the inner membrane; they are called cristae . The space on 

the interior of the inner membrane is called matrix. 

Outer Membrane: 

The outer mitochondrial membrane has high permeability to molecules such as sugars, salts, 

coenzymes and nucleotides etc. It has many similarities with the ER but differs from it in some 

respects, e.g., mono-amine-oxidase is present in the mitochondrial outer membrane but not in 

ER. 

On the other hand, the enzyme glucose-6-phosphatase is absent from the mitochondrial outer 

membrane but is present in ER. The mitochondrial outer membrane contains a number of 

enzymes and proteins. 

Inter-Membrane Space:  

The inter-membrane space is divided into two regions: 

(1) Peripheral space and 

(2) Intracristal space. 

Large flattened cristae are connected to the inner membrane by small tubes called peduculi 

cristae which are few nanometers in diameter. The inter-membrane space has several enzymes of 

which ―adenylate kinase‖ is the chief one. This enzyme transfers one phosphate group from ATP 

to AMP to produce two molecules of ADP. 

Inner Membrane: 



The inner mitochondrial membrane invaginates inside the matrix; the invaginations are called 

cristae . This membrane has a high ratio of protein to lipid. ―Knobs‖ or ―spheres‖ of 8-9 nm 

diameter are spaced 10 nm apart on the cristae membranes. These knobs contain F1 proteins and 

ATPase responsible for phosphorylation. They are joined to the cristae by 3 nm long stalks called 

―F0―. The F0-F1 ATPase complex‖ is called ATP synthase. The inner membrane contains large 

number of proteins which are involved in electron transfer (respiratory chain) and oxidative 

phosphorylation. The respiratory chain is located within the inner membrane, and consists of 

pyridine nucleotides, within the inner membrane, and consists of pyridine nucleotides, 

flavoproteins, cytochromes, iron-sulphur proteins and quinones. 

Besides its role in electron transfer, and phosphorylation, the inner membrane is also the site for 

certain other enzymatic pathways, such as, steroid (hormone) metabolism. 

The interior of mitochondrion is called matrix. It has granular appearance in electron 

micrographs. Some large granules ranging from 30 nm to several hundred nanometers in 

diameter are also present in the matrix. The matrix contains enzymes and factors for Krebs cycle, 

pyruvate dehydrogenase and the enzymes involved in β-oxidation of fatty acids. 

However, succinate dehydrogenase is present in the inner membrane instead of matrix; this 

enzyme catalyses the direct transfer of electrons from succinate to the electron transfer chain 

The enzyme pyruvate dehydrogenase converts pyruvate to acetyl-Coenzyme A (acetyl-CoA) 

which enters the Krebs cycle. Besides above, matrix also contains DNA, RNA, ribosomes and 

proteins involved in protein and nucleic acid syntheses. 

 

 

                                        

 



Function of Mitochondria: 

Mitochondria are regarded as the power house of the cell as it is the site of respiration. The 

general formula for glucose oxidation is,  

C6H12O6 + 6O2 ———-> 6CO2 + 6H2O + 686 kcal  

The above described process of Respiration is completed in two steps, called as  

1. Glycolysis- occurring in cytoplasm –the last break down product of this cycle is two 

molecules of Pyruvate( three carbon compound).Further break down of this pyruvate takes place 

in the Mitochondria where all the necessary enzymes for its metabolism is present. The 

metabolic pathway is called as Kreb cycle or Tricarboxylic acid cycle. 

2. Krebs cycle- This cycle operates in the Mitochondria .The pyruvate is converted to 

acetyl-Coenzyme A (acetyl-CoA) which is then metabolised further.In this cycle, energy is 

liberated and CO2 is produced. Some of the released energy is used to produce ATP, while a 

major part is conserved in the form of reduced coenzymes NADH and FADH2 (FAD = 

flavinadenine dinucleotide). The energy conserved in NADH and FADH2 is released by re-

oxidizing them into NAD+ and FAD, respectively; the energy so obtained is utilized to produce 

ATP (oxidative phosphorylation).This process occurs in different steps in a strict sequence called 

electron transfer chain or respiratory chain located in the cristae. The electrons are finally 

transferred to oxygen, and H2O is produced at the end of this chain. The carriers of electrons are 

organized into three complexes, viz., I, III, and IV, and the sequence of electron transfer is as 

follows. 

3. Energy transfer in ETS: The oxidation of acetyl coenzyme A (acetyl-CoA) in the 

mitochondrial matrix is coupled to the reduction of a carrier molecule such as nicotinamide 

adenine dinucleotide (NAD) and flavin adenine dinucleotide (FAD). The carriers pass electrons 

to the electron transport chain (ETC) in the inner mitochondrial membrane, which in turn pass 

them to other proteins in the ETC. The protons move back across the inner membrane through 

the enzyme ATP synthase. The flow of protons back into the matrix of the mitochondrion via 

ATP synthase provides enough energy for ADP to combine with inorganic phosphate to form 

ATP. The electrons and protons at the last pump in the ETC are taken up by oxygen to form 

water. The concept provided by Peter D. Mitchell is known as the chemiosmotic hypothesis in 

1961. 

 

 

 



 

 

 

 

 

 

 

 

                       

 

                         



Topic-7 

TRANSLOCATION OF SOLUTES 

The classical concept of movement-of inorganic solutes upwards through the xylem is 

unquestionably true but it is difficult to estimate with certainty the proportion of mineral salts 

thus trans located downward. Any solute conducted through the xylem is carried along with the 

ascending streams of water which are pulled up through the plant by transpirational suction. 

The rates at which inorganic solutes are trans located through the xylem vessels correspond 

closely with the rates of translocation of water. There is much indirect evidence for the view—

analysis of xylem sap reveals the presence of inorganic salts. By feeding plants with radio-

isotopes, it was shown conclusively that inorganic substances move up the plant in the xylem. 

Most of the evidence, indicating that organic solutes move downwards from the aerial parts 

towards the basal portions of stem and that xylem is the main pathway of movement of inorganic 

solutes upwards, have been obtained by the so-called ringing experiments. Ringing really refers 

to the removal of a narrow continuous band of the tissue external to the xylem. 

Translocation of organic solutes 

The movement of organic food materials or the solutes in soluble form one place to another in 

higher plants is called as translocation of organic solutes 

Directions of translocation 

Translocation of organic solutes may take place in the following directions. 

1. Downward translocation 

Mostly, the organic material is manufactured by leaves and trans located downward to stem and 

roots for consumption and storage. Product of Photosynthesis moves downward. 

2. Upward translocation 

It takes place mainly during the germination of seeds, tubers etc. When stored food after being 

converted into soluble form is supplied to the upper growing part of the young seedling till it has 

developed green leaves.Upward translocation of solutes also takes place through stem to young 

leaves, buds and flowers which are situated at the tip of the branch. 

3. Lateral translocation 

Radical translocation of organic solutes also takes place in plants from the cells of the pith to 

cortex. 

Path of the translocation of organic solutes 



1. Path of downward translocation 

Downward translocation of the organic solutes takes place through phloem. This can be proved 

by the ringing experiment. 

2. Path of upward translocation 

Although translocation of organic solutes take place through phloem, but under certain 

conditions it may take place through xylem. 

3. Path of lateral translocation 

Lateral translocation from pith to cortex takes place through medullary rays. 

Mechanism of translocation 

Various theories have been put forward to explain the mechanism of phloem conduction. Among 

them Munchs‘ (1930) hypothesis is not convincing. 

A)Munchs mass flow on pressure flow hypothesis 

According to this hypothesis put forward by Much (1930) and others, the translocation of 

organic solutes takes place though phloem along a gradient of turgor pressure from the region of 

higher concentration of soluble solutes (supply end) to the region of lower concentration 

(consumption end). The principle involved in this hypothesis can be explained by a simple 

physical system as shown below: 

 

                                     

 

Recent investigations further show that the osmotic pressure of the sieve tubes is actually greater 

than the osmotic pressure of the mesophyll cells. Another difficulty encountered is that 

cytological observations do not normally reveal interconnecting plasmodesmata channels from 



one sieve cell to another along which a continuous flow of solution is supposed to take-place. 

Moreover if such channels do exist, they must be so narrow that resistance to such a flow would 

be very great indeed. 

Other weaknesses of mass-flow theory include a complete lack of our knowledge relating to the 

resistance offered by cross-sectional walls in the phloem and also by the plasmodesmata 

connections of the leaf and root cells. The resistance offered by passage through phloem 

parenchyma or companion cell will also be considerable and it seems incredible that turgour 

pressure of such magnitude could develop in the leaves and other supplying tissues to move a 

solution for any great distance and at such a speed in the phloem. 

B) Protoplasmic Streaming: Accelerated Diffusion Theory 

The fact that the protoplasm of most living plant cells is frequently in active motion has been 

widely observed in the cells of many aquatics like Chara, Vallisneria, Elodea, etc., as well as in 

root hair cells, staminal hairs and also in many kinds of leaf hairs. This is known as cyclosis. The 

mechanism of this movement (shown by the movement of course, protoplasmic granular plastids 

which are actually taken along the stream) is not known but expenditure of energy seems clearly 

indicated. The most serious objection against the protoplasmic streaming hypothesis is that 

active streaming, though easily observed in young sieve tube elements, is difficult to observe in 

mature sieve tubes. Careful technique has, however, succeeded in demonstrating that streaming 

does occur in mature sieve tubes. 

According to Spanner the surface of the pore walls is negatively charged and positively charged 

ions (e.g. K+) are held rather firmly by intermolecular forces; ions in the outer wall are held only 

weakly and are thus mobile. This results in the movement of a current of K+ ions from one tube 

to another. Each K+ will carry with it the water molecules which hydrate it along with the 

dissolved uncharged sugar molecules. 

Current status of Translocation of Solutes 

1.ATP from bordering companion cells of the sieve elements provide the energy required for 

driving the K+ ions through the sieve plate pores overcoming any resistance; the internal surface 

of the sieve tube cell wall is believed to be rough. So that the adjacent plasma membrane has a 

large surface area, which further helps in the transport of the K+ ions. Solute movement through 

sieve tube thus, according to Spanner is by electro-osmosis. 

2.Fensom thinks that the swishing of micro-fibrils results in the development of a fast wave and 

particles attached to micro-fibrils were actually found to move with a sort of bouncing motion, as 

observed in the case of Brownian movement; this results is a slower motion involving mass flow 

of the fluid in the sieve tube. This explains the bidirectional movement of solute in the same 

sieve tube. 



Topic-8 

ASCENT OF SAP 

The water after being absorbed by the roots is distributed to all parts of the plants. In order to 

reach the topmost part of the plant, the water has to move upward through the stem. 

The upward movement of water is called as Ascent of sap. 

Ascent of sap can be studied under the following two headings. 

1. Path of ascent of sap 

2. Mechanism of ascent of sap. 

1. Path of ascent of sap 

Ascent of sap takes place through xylem. It can be shown by the experiment. A leafy twig of 

Balsam plant (it has semi transpiration stem) is cut under water (to avoid entry of air bubble 

through the cut end of the stem) and placed in a beaker containing water with some Eosine (a 

dye) dissolved in it.After sometimes coloured lines will be seen moving upward in the stem. If 

sections of stem are cut at this time, only the xylem elements will appear to be filled with 

coloured water. 

2. Ringing experiment 

A leafy twig from a tree is cut under water and placed in a beaker filled with water. A ring of 

bark is removed from the stem. After sometime it is observed that the leaves above the ringing 

part of the stem remain fresh and green. It is because water is being continuously supplied to the 

upper part of the twig through xylem. 

B. Mechanism of ascent of sap 

In small trees and herbaceous plants, the ascent of sap can be explained easily, but in tall trees 

like Eucalyptus and conifers reaching a height of 300-400 feet), where water has to rise up to the 

height of several hundred feet, the ascent of sap, it feet, becomes a problem. To explain the 

mechanism of Ascent of sap, a number of theories have been put forward. 

a. vital theory 

b. root pressure theory 

c. physical force theory 

d. transpiration pull and cohesion of water theory 



A. Vital theories 

According to vital theories, the ascent of sap is under the control of vital activities in the stem. 

1. According to Godlewski (1884) – Ascent of sap takes place due to the pumping activity xylem 

tissues which are living. 

2. According to Bose (1923) – upward translocation of water takes place due to pulsatory activity 

of the living cells of the inner must cortical layer just outside the endodermis. 

B. Root pressure theory 

Although, root pressure which is developed in the xylem of the roots can raise water to a certain 

height but does not seem to be an effective force in ascent of sap due to the following reasons. 

Magnitude of root pressure is very low (about 2 atmos).Even in the absence of root pressure, 

ascent of sap continues. For example, when leafy twig is cut under water and placed in a beaker 

full of water it remains fresh and green for sufficient long time. 

C. Physical force theories 

Various physical forces may be involved in ascent of sap. 

1. Atmospheric pressure 

This does not seem to be convincing because it cannot act on water present in xylem in roots In 

case it is working, and then also it will not be able to raise water beyond 34. 

2. Imbibition 

Sachs (1878) supported the view that ascent of sap could take place by imbibition through the 

walls of xylem. But imbibitional force is insignificant in the A. of sap because it takes place 

through the lumen of xylem elements and not through walls. 

3. Capillary force 

In plants the xylem vessels are placed one above the other forming a sort of continuous channel 

which can be compared with long capillary tubes and it was thought that as water rises in 

capillary tube due to capillary force in the same manner ascent of sap takes place in the xylem. 

D. Transpiration pull and cohesion of water theory 

This theory was originally proposed by Dixon and Jolly (1894) later supported and elaborated by 

Dixon (1924). This theory is very convincing and has now been widely supported by many 

workers. 



Although H- bond is very weak (Containing about 5 K –cal – energy) but they are present in 

enormous numbers as in case of water, a very strong mutual force of attraction or cohesive force 

develops between water molecules and hence they remain in the form of a continuous water 

column in the xylem. The magnitude of this force is very high (up to 350 atm), therefore the 

continuous water column in the xylem cannot be broken easily due to the force of gravity or 

other abstractions offered by the internal tissues in the upward movement of water. The adhesive 

properties of water i.e. attractions between the water molecules and the containers walls (here the 

walls of xylem) further ensure the continuity of water column in xylem. When transpiration takes 

place in the leaves at the upper parts of the plant, water evaporates from the intercellular spaces 

of the leaves to the outer atmosphere through stomata. More water is released into the 

intercellular spaces from mesophyll cells. In turn, the mesophyll cells draw water from the xylem 

of the leaf. Due to all this, a tension is created in the xylem elements of the leaves. This tension 

is transmitted downward to water in xylem elements of the root through the xylem of petiole and 

stem and the water is pulled upward in the form of continuous unbroken water column to reach 

the transpiring surfaces up to the top of the plant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Topic-9 

Photoperiodism 

Photoperiodism , is the functional or behavioral response of an organism to changes of duration 

in daily, seasonal, or yearly cycles of light and darkness. Photoperiodic reactions can be 

reasonably predicted, but temperature, nutrition, and other environmental factors also modify an 

organism‘s response. Photoperiod is a light duration or the length of day and night, while the 

photoperiodism is the effect of light duration in the growth of a plant. Depending upon the 

photoperiodic effect on flowering, the plants classify into three groups, namely long day, short 

day and day-neutral plants. 

Garner and Allard were the two scientists who have first introduced the phenomena of 

photoperiodism in the year 1920. Plants experience some physiological changes as a 

developmental response (like flowering) relative to the length of photoperiod. 

Long-Day Plant (LD): A long-day plant requires >12 hours of sunlight, or <12 hours of 

uninterrupted darkness, to produce a bloom or flower. 

Short Day Plant (SD): A short-day plant requires <12 hours of sunlight, or >12 hours of 

uninterrupted darkness, to produce a bloom or flower. 

Day-Neutral Plant (DN): Day-neutral plants do not initiate flowering based on photoperiods. 

Many of these types of plants instead flower after reaching a certain developmental stage or age, 

or in response to other environmental factors such as vernalization. 

These classifications of photoperiodism have been acknowledged by botanists for many years, 

but it was not until the mid-twentieth century that crop researchers first came to the 

understanding that it is actually the length of uninterrupted darkness experienced by a plant - 

rather than the length of daylight - that is the most crucial to its development. 

For example, a short-day plant that requires >12 hours of uninterrupted darkness to initiate 

flower production will still produce a flower if it is shielded from light for some time during its 

10-12 hours of daylight exposure; it will not, however, produce a flower if it is exposed to light 

for a period of time during the 12+ hours of darkness it requires. 

Mechanism of Photoperiodism 

Florigen is a phytohormone that is supposed to induce flowering in plants in response to the 

changes in photoperiod length. Depending upon the length of photoperiod, plants incite 

flowering in different ways and categorize into three types: 

 

 



Long day plants 

If the day length surpasses the critical photoperiod, then a plant will induce flowering. 

Oppositely,  if the day length is below the threshold period than the plant will not induce 

flowering. The third condition is quite interesting as if the day length is below the threshold and 

there is an interruption in the night length, in such case also a plant will incite flowering. 

Short day plants 

When the day length is below the threshold period, then only the short-day plants will induce 

flowering. If the day length surpasses the critical photoperiod, and if there will be any 

interruption in the night length due to a flash of light, then in both the cases the plant will not 

induce flowering. 

Day-neutral plants 

These plants are independent of the photoperiod effect. Day-neutral plants will develop flowers 

in all three conditions, whether the day or night length exceeds the critical photoperiod or not. 

Photoperiodic Induction 

It is a process of inciting a floral stimulus in the leaf. Leaves are the region perceiving a light 

stimulus, which then releases photopigment like phytochromes. A Phytochrome changes its 

conformation depending upon the type of plants. In LDP, PR (Phytochrome inactive) transforms 

into PFR (Phytochrome active) during day time. In contrast, there is a reversion of PFR into PR 

during night time in SDP and the phenomena refer as a dark reversion. 

 

              

 

A change in Phytochrome configuration will induce the synthesis of flowering stimulus or 

florigen. Leaf translocates the flowering stimulus into the shoot apex under particular 



photoperiod. When a flower stimulus reaches an active region of the shoot apex, it incites the 

growth of flower primordia. 

Flower induction 

In long-day plants, the flower induction occurs under daylength longer than their critical 

photoperiod (more than 12 hours). Oppositely in short-day plants, the flower induction occurs 

under daylength shorter than their critical photoperiod (less than 12 hours). The induction of 

flowering is thus dependent on the photopigments and phytohormones present in the plant that 

responds to the light stimulus in different ways or produces flowers in different seasons. 

Phytochrome 

Phytochrome in plants is a soluble protein pigment that carries out photomorphogenic growth. It 

is present almost in all eukaryotic plants and was first discovered by a scientist named Sterling 

Hendricks and Herry Borthwick in the year 1940-1960. Phytochrome consists of two elements; a 

protein part and a prosthetic group. A protein part refers as apoprotein, and the prosthetic group 

refers as phytochromobilin or chromophore. Neither apoprotein nor chromophore can absorb the 

light alone, i.e. both should be present in combination to form a complete protein or holoprotein. 

In plants, plastid synthesizes the chromophore component of phytochrome, while nuclear 

genome synthesizes the protein complex (apoprotein).A term phytochrome was also given by 

Warren Butler. Depending upon the day and night light, the phytochrome exists in two disparate 

conformations like PR and PFR.  

Photomorphogenesis 

A phytochrome absorbs light at a different wavelength and changes its structural configuration 

either into PR and PFR forms, relative to the light absorbed. Both PR and PFR forms are 

interconvertible, and their concentration in different plants may vary. When plant‘s leave absorbs 

red-light of wavelength around 670 nm, then the PR will change into an active PFR form. In 

contrast, the far red-light of wavelength around 730 nm transforms an active PFR into inactive 

PR conformation. 

Photoperiodicity 

When the phytochrome exists as an active PFR form, then the plant will produce a response that 

further induce flowering. In a PR state, a plant will not incite flowering. Phytochromes can also 

define as the photoreceptors, which respond to the environmental light conditions and controls a 

variety of photomorphogenic responses. Its concentration is highest near the shoot apex, where it 

induces flowering. 

Significance 



 It is an example of ―Physiological preconditioning‖ which means a plant receives a 

photoresponse once and then undergoes physiological changes like seed germination, flowering 

etc. in a particular season. Exposure of the plants to longer photoperiods transforms inactive PR 

to an active form PFR that initiates flowering. Oppositely, an exposure of the plant to dark period 

transforms PFR to PR that inhibits flowering. 

 

 

 

 

                                                 

 

 

 

 

 

 

 



Topic-10 

Vernalization 

Vernalization defines as a process of growing flowers and fruits through a phase of cold 

treatment. It reduces the time period of the juvenile vegetative growth phase in the plants. The 

active meristematic cells of the shoot apex, root apex, embryo tips etc. participate in the 

production of stimulus refers as ―Vernalin‖. The term vernalization has been originated from the 

Latin word ―Vernalis‖ which means ―of the spring‖. Before reproduction, it allows vegetative 

maturity.  

Definition of Vernalization 

Vernalization can define as the process where the seedling is subjected to low temperature (5-10 

degrees Celsius) during winter followed by exposure  to a high temperature (about 40 degrees 

Celsius). The process of subjecting seedling from the cold temperature to the high temperature is 

called devernalization. The temperature and the time period of the chilling process depend upon 

the plant species. 

Effect of vernalization  

Vernalization can occur in two ways, namely facultative and obligate. Facultative vernalization 

results in early flowering once exposed to the low temperature, while obligate vernalization 

requires exposure of the seedling to the desired time period to induce flowering. 

The factors affecting vernalization includes: 

1.   Low temperature   

2.  Time period: The time period of vernalization depends upon the plant type, and can vary 

from a few days to weeks or even several months. 

3. Actively dividing cells: The process of vernalization occurs in the germinating seed, 

which comprises an active embryo. 

4.  Water and Oxygen: Proper protoplasmic hydration is a prerequisite need for the seedling to 

recognize a stimulus. Vernalization needs the presence of adequate oxygen as it is an aerobic 

process which regulates metabolic energy inside a plant cell. 

The hypothesis of phasic development 

According to Lysenko, vernalization method completes in two stages: 

Lysenko hypothesis of phasic development 

Thermostage: It can define as the primary stage, where the slightly germinated seeds are exposed 

to a low temperature of 0-5 degrees Celsius in the presence of oxygen and moisture. During this 



stage, structures like root, stem and leaves develop and also refers as a vegetative phase. Here the 

seed loses its dormancy and starts to germinate. 

Photostage: It is the secondary stage, where the seedling after vernalization is subjected to the 

phase of correct photoperiod or high temperature upto 40 degrees Celsius. It can define as the 

reproductive stage, where the seedlings grow the reproductive structures like flowers and fruits. 

The hypothesis of hormonal involvement 

According to Chailakhyan, vernalization method has two possibilities: 

In long-day plants: A flowering hormone ―Anthesins‖ is present that convert vernalin hormone 

into the growth-regulating hormone gibberellic acid, which finally induces flowering in a plant. 

In short-day plants: These lacks a flowering hormone ―Anthesins‖ that convert vernalin into 

gibberellic acid, and do not induce flowering. 

Advantages 

Vernalization gives adequate time to the plants to get mature and prevents pre maturing during 

their growing season. It reduces the vegetative phase and hastens the reproductive period. 

Vernalization increases the growth yield.It makes the plant more adaptable by allowing them to 

grow in such regions where they usually don‘t grow.It also removes wrinkles on kernels of 

Triticale.This process is not only applicable to the temperate plants but also some tropical plants 

like wheat, rice, millets etc. 

 

 

 

 

 

 

 

                                                     

 

 

 



Topic- 11 

Role of Trace elements in Physiology of Plants 

Trace element, also called micronutrient, in biology, any chemical element required by living 

organisms in minute amounts (that is less than 0.1 percent by volume [1,000 parts per million]), 

usually as part of a vital enzyme (a cell-produced catalytic protein). 

Trace Elements in soil and Plants: 

There are many types of trace elements which are required in a minute amount to plants.  some 

of the following are given below: 

Iron (Fe) 

Copper (Cu) 

Zinc (Zn) 

Chromium (Cr) 

Selenium (Se) 

Manganese (Mn) 

Molybdenum (Mo) 

Iron deficiency in Plants: Iron is a key catalyst in chlorophyll production which makes the 

leaves green. Iron deficiency turns new leaves pale yellow or white while the veins remain green. 

High soil prevents plants from absorbing iron. Iron is an essential micronutrient for almost all 

living organisms because of it plays critical role in metabolic processes such as DNA synthesis, 

respiration, and photosynthesis. Further, many metabolic pathways are activated by iron, and it is 

a prosthetic group constituent of many enzymes. An imbalance between the solubility of iron in 

soil and the demand for iron by the plant are the primary causes of iron chlorosis. 

Copper deficiency in Plants: Copper is the main component of enzymes. It is concentrated in 

the roots of plants and plays a part in the nitrogen metabolism. Its deficiency causes the death of 

shot‘s tips. Due to copper deficiency, brown spots occurs in leaves.If it is in higher concentration 

it causes toxicity in plants. Copper activates some enzymes in plants which are involved in lignin 

synthesis and it is essential in several enzyme systems. It is also required in the process of 

photosynthesis, is essential in plant respiration and assists in plant metabolism of carbohydrates 

and proteins. 

Zinc deficiency in Plants: The function of zinc is to help the plant produce chlorophyll. Leaves 

discolor when the soil is deficient in zinc and plant growth is stunted. Zinc deficiency causes a 



type of leaf discoloration called Chlorosis which causes the tissue between the veins to turn 

yellow while the veins remain green. The Zn plays very important role in plant metabolism by 

influencing the activities of hydrogenase and carbonic anhydrase, stabilization of ribosomal 

fractions and synthesis of cytochrome. Plant enzymes activated by Zn are involved in 

carbohydrate metabolism, maintenance of the integrity of cellular membranes, protein synthesis, 

regulation of auxin synthesis and pollen formation. The regulation and maintenance of the gene 

expression required for the tolerance of environmental stresses in plants are Zn dependent 

Selenium deficiency in Plants: Selenium is an essential but trace element for plants. If it is in 

higher concentration it causes toxicity selenium is typically low on acidic soils and higher in 

rainfall areas. Plants suffering from selenium toxicity may be stunted and may die earlier than 

usual. Leaves of affected plants may exhibit chlorosis or may dry. Plants absorb Se mainly in the 

form of selenate using high affinity root sulfate transporters. Consequently, availability of sulfur 

(S) has a major impact on Se accumulation due to competition effects of the two oxyanions. In 

addition, Se has an impact on S uptake through interference with intrinsic regulatory 

mechanisms. Inside cells, selenate can access the sulfate assimilation pathway and influence the 

production of S-organic compounds that are of vital importance in plant responses to biotic and 

abiotic stress conditions. 

Manganese deficiency in Plants: Manganese regulates the mineral metabolism, enzyme activity 

and other metabolic processes in plants.Manganese deficiency symptoms, which often look like 

those of iron deficiency, appear as interveinal chlorosis(yellow leaves with green veins) on the 

young leaves.Sometimes sunken spots that appear in the chlorotic areas between the veins.Plant 

growth may also be reduced and stunted. Manganese is one of nine essential nutrients that plants 

require for growth. Many processes are dependent on this nutrient, including chloroplast 

formation, photosynthesis, nitrogen metabolism and synthesis of some enzymes. This role of 

manganese in plants is extremely crucial. Deficiency, which is common in soils that have neutral 

to high pH or a substantial deal of organic matter, can cause serious problems with plants 

Molybdenum deficiency in Plants: It is the component of the enzyme that reduces nitrates to 

Ammonia.It is required to plants in very little amount.It blocked the process of protein synthesis. 

Plant growth ceases. Pale green leaves will have rolled margins. Molybdenum is an essential 

trace element for several enzymes important to animal and plant metabolism: mammalian 

xanthine oxidase/xanthine dehydrogenase, aldehyde oxidase, sulfite oxidase, formate 

dehydrogenase, nitrate reductase and nitrogenase. Molybdenum functions as an electron carrier 

in those enzymes that catalyse the reduction of nitrogen and nitrate. 

 

 

 



 

Topic-12 

Growth hormones in plants 

Hormones are chemical signals that coordinate the different parts of an organism. The word 

'hormone' comes from a Greek term that means 'to excite.' These chemicals are produced in very 

small amounts in one area of an organism and are then sent to another part, where a response is 

triggered. Let's use the human hormone adrenaline to illustrate this. Our adrenal glands are 

located above our kidneys. They produce a hormone called adrenaline that, when needed, is 

transported through our bodies to cause an increase in heart rate, dilation of pupils and other 

responses to make us more alert. 

Hormones in plants act in similar ways. They are produced by cells in one area of the plant - 

such as the leaves, stems or root - and then transported to a different area of the plant in order to 

produce a response. While the five major plant hormones we will look at sometimes have 

countless functions, we will focus on the main responses they trigger. 

Different types of Plant Hormones: 

Auxin 

Went (1928) collected the growth stimulating substance in agar jelly.It was discovered that the 

hormone travelled basipetally, i.e., from tip or apex towards the base. Agar block containing the 

chemical caused bending of a decapitated coleoptile according to its concentration. The growth 

promoting substance was named by him as auxin (Gk. auxein- to grow). Kogl and Haagen-Smith 

(1931) isolated three chemicals from human urine.They were named as auxin a, auxin b, and 

hetero-auxin. Kogl (1934) found that hetero-auxin is the real plant auxin and is chemically indole 

3-acetic acid or lAA. It is also present in urine of human beings suffering from pellagra, a 

disease caused by deficiency of niacin (= nicotinic acid). 

Indole 3-Acetic Acid  is the universal natural auxin. It was discovered by Kogl (1934). Related 

chemicals are indole 3-acetaldehyde, indole 3-acetonitrile, indole 3-butyric acid (IBA), phenyl 

acetic acid and 4-chloro indole acetic acid. All of them have auxin like activity.This hormone is 

present in the seed embryo, young leaves, and apical buds‘ meristem. 

Functions of Auxins  

Stimulation of cell elongation, cell division in cambium, differentiation of phloem and xylem, 

root initiation on stem cuttings, lateral root development in tissue culture 

a)Delaying leaf senescence 

b)Suppression of lateral bud growth when supplied from apical buds 



c)Inhibition or promotion of fruit and leaf abscission through ethylene stimulation 

d)Fruit setting and growth induced through auxin in some plants 

e)Auxin can delay fruit ripening 

f)the auxin hormone promotes flowering 

g)Stimulation of flower parts, femaleness of dioecious flowers, and production of high 

concentration of ethylene in flowering plants 

Use of Auxin 

(1) Apical Dominance: 

(2) Meristematic Activity: 

(3) Rooting: 

(4) Parthenocarpic or Seedless Fruits: 

(5) Flowering in Pineapple: 

(6) Prevention of Premature Fall of Fruits: 

(7) Prevention of Sprouting of Potatoes: 

(8) Weed Killing: 

(9) Control of Lodging: 

(10) Differentiation of Xylem and Phloem: 

Cytokinin 

The first cytokinin was discovered from degraded autoclaved Herring sperm DNA by Miller 

1955. It is called kinetin (6-furfuryl amino-purine). Kinetin does not occur naturally. It is a 

synthetic hormone. The first natural cytokinin was obtained from unripe maize grains or kernels 

by Letham (1964). It is known as zeatin (6-hydroxy 3-methyl trans 2-butenyl amino-purine).It 

also occurs in coconut milk. Up to now 18 types of cytokinins have been discovered. Some of 

them are constituents of transfer RNAs. Roots seem to be the major source of cytokinin 

synthesis. From roots the cytokinins pass upwardly through xylem.Some cytokinin synthesis also 

takes place in other areas where cell divisions are occurring like endosperm region of seeds, 

growing embryos and developing seeds, young fruits, developing shoots buds, etc. Coconut milk 

is a rich source of cytokinin. 

They are synthesized in roots and then transported to other parts of the plant. 



Functions of Cytokinins 

a)Stimulation of cell division, growth of lateral buds, and apical dominance 

b) Stimulation of shoot initiation and bud formation in tissue culture 

c) Leaf cell enlargement that stimulates leaf expansion 

d) Enhancement of stomatal opening in some plant species 

e) Etioplasts converted into chloroplasts through stimulation of chlorophyll synthesis. 

f) Seed Dormancy 

g) Phloem transport 

h) Flowering and Parthenocarpy 

Uses of Cytokinin 

1.Used as growth regulator in tissue culture 

2.Resistance against plant pathogens 

3.Delays senescence 

Ethylene 

History of Ethylene: Ethylene was recognised as a plant hormone by Crocker (1935). Ethylene is 

produced in plants from the amino acid methionine . It is formed in almost all plant parts— 

roots, leaves, flowers, fruits, seeds.Ethylene is present in the tissues of ripening fruits, nodes of 

stems, senescent leaves, and flowers  

Functions of Ethylene 

a)Leads to release of dormancy state 

b)Stimulates shoot and root growth along with differentiation 

c)Leaf and fruit abscission 

d)Flower induction in Bromeliad 

e)Stimulation of femaleness of dioecious flowers 

f)Flower opening is stimulated 

g)Flower and leaf senescence stimulation 



h)Stimulation of Fruit ripening 

 

Use of Ethylene 

1 Fruit Ripening: 

2. Feminising Effect: External supply of very small quantity of ethylene increases the number of 

female flowers and hence fruits in Cucumber. 

3. Sprouting of Storage Organs:Rhizomes, corms, tubers, seeds (e.g., Peanut) and other storage 

organs can be made to sprout early by exposing them to ethylene. 

4. Thinning: Excess flowers and young fruits are thinned with the help of ethylene, e.g., Cotton, 

Cherry, and Walnut. It allows better growth of remaining fruits. 

Abscisic Acid 

History of Abscisic Acid. In 1963, abscisic acid was first identified and characterized by 

Frederick Addicott and his associates. They were studying compounds responsible for the 

abscission of fruits (cotton). Two compounds were isolated and called 42bscising I and 

42bscising II. 

Abscisic acid is found mostly near leaves, stems, and unripe fruit.  

Functions of Abscisic Acid  

a)Stimulation of closing of stomata 

b)Inhibition of shoot growth 

c)Inducing seeds for synthesizing storage of proteins 

Use of Abscissic acid 

1 Antitranspirant: Application of minute quantity of abscisic acid to leaves shall reduce 

transpiration to a great extent through partial closure of stomata. It conserves water and reduces 

the requirement of irrigation 

2.Flowering: It is useful in introducing flowering in some short day plants kept under un-

favourable photoperiods. 

3. Rooting: Use of abscisic acid promotes rooting in many stem cuttings. 

4. Dormancy:Abscisic acid can be used in prolonging dormancy of buds, storage organs and 

seeds. 



 

Gibberellin 

The effect of gibberellins had been known in Japan since early 1800 where certain rice plants 

were found to suffer from bakane or bakanae (foolish seedling) disease.Such rice plants were 

thin, pale green, spindle shaped, longer by 50% than the healthy plants, and were sterile. The 

disease was found by Hori (1918) and Kurosawa (1926) to be caused by a fungus, Gibberella 

fujikori. The fungus is the perfect stage of Fusarium moniliforme. 

Gibberellins are present in the meristems of apical buds and roots, young leaves, and embryo. 

Functions of Gibberellins  

a)Stimulates stem elongation 

b)Leads to development of seedless fruits 

c)Delays senescence in leaves and citrus fruits 

d)Ends seed dormancy in plants that require light for induction of germination 

Use of Gibberellins 

1. Fruit Growth:Application of gibberellins increases the number and size of several fruits, e.g., 

Grape, Tomato.  

2. Parthenocarpy: Seedless pomaceous fruits can be produced by application of gibberellins to 

un-pollinated flowers. 

3. Malt: Gibberellins (e.g., GA3) increase the yield of malt from barley grains. 

4. Overcoming Dormancy: Gibberellins can be employed for breaking seed and bud dormancy. 

5. Delayed Ripening:  Ripening of Citrus fruits can be delayed with the help of gibberellins. This 

is useful in storing the fruits. 

6. Flowering: Gibberellins can be used in inducing offseason flowering in many long day plants 

as well as plants requiring vernalisation. 

7. Sugarcane:Sugarcane crop with gibberellins increases length of stem and yield of sugarcane to 

as much as 20 tonnes/acre. 

8. Early Maturity: Quite early resulting in early seed production. 

 



                                         

Topic-13 

Biogeochemical cycle 

 

The flow of chemical elements and compounds between living organisms and the physical 

environment is called as Biogeochemical cycle. Chemicals absorbed or ingested by organisms 

are passed through the food chain and returned to the soil, air, and water by such mechanisms as 

respiration, excretion, and decomposition. As an element moves through this cycle, it often 

forms compounds with other elements as a result of metabolic processes in living tissues and of 

natural reactions in the atmosphere, hydrosphere, or lithosphere. These chemical elements cycles 

are: 

a)Carbon cycle. 

b)Nitrogen cycle. 

c)Nutrient cycle. 

d)oxygen cycle. 

e)Phosphorus cycle. 

f)Sulfur cycle. 

g)Rock cycle. 

h)Water cycle. 
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                                                   Oxygen cycle 

 

 

 

 

     Students are advised to obtain a detailed account of this cycle from SLM 

 

 

 

 

 



                                      Nutrient cycle 

 

 

 

Students are advised to obtain a detailed account of this cycle from SLM 

 

 

 

 

 

 



 

 

 

Students are advised to obtain a detailed account of this cycle from SLM 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Students are advised to obtain a detailed account of this cycle from SLM 

 

 

 

 

 

 



 

 

 

 

Students are advised to obtain a detailed account of this cycle from SLM 

 

 


