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Topic-1 

Anatomical feature of Hydrophyte and Xerophyte 

Adaptation of Hydrophytes 

The various adaptations are as follows: 

(i) The reduction of protective tissue (epidermis here is meant for absorption and not for 

protection). 

(ii) The reduction of supporting or mechanical tissue (i.e., absence of sclerenchyma). 

(iii) The reduction of conducting tissue (i.e., minimum evolution of vascular tissue). 

(iv) The reduction of absorbing tissue (roots chiefly act as anchors, and root hairs are lacking). 

(v) There is special evolution of air-chambers (aerenchyma) for aeration of internal tissues. 

Epidermis: 

 The epidermis in typical hydrophyte has an extremely thin cuticle, and the thin cellulose walls 

which permit ready absorption from the surrounding water. Generally the chloroplasts are found 

in epidermal cells of leaves, especially when the leaves are very thin, these chloroplasts utilize 

the weak light under water for photosynthesis.In submerged plants, stomata are not present, and 

exchange of gases takes place directly by the cell walls. The floating leaves of aquatic plants 

have abundant stomata on the upper surface. 

Lack of Sclerenchyma: 

Submerged plants generally have few or no sclerenchymatous tissues and cells. The water itself 

gives support to the plant, and protects it to some extent from injury. The thick walls of tissues, 

their density and the presence of collenchyma in certain plants give some rigidity. The strands of 

sclerenchyma occasionally exist, especially along the leaf margins, and increases tensile strength. 

A few star-shaped idioblasts or sclereids are present, which give mechanical support to the body 

of aquatic plant. 

Minimum Development of Vascular Tissue: 

In the vascular tissues, the xylem exhibits greatest reduction and in many aquatic plants consists 

of only a few elements, even in the stele and the main vascular bundles. In certain aquatic plants 

in the stele and large bundles, and frequently in the small bundles, xylem elements are lacking. 
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In these plants, there is well evolved xylem lacuna in the position of xylem. These lacunae 

resemble typical air-chambers (air-spaces). In several aquatic plants, the phloem is fairly well 

developed as compared with the xylem. The endodermis is generally present around the stele, but 

it is weakly developed. 

Reduction of Absorbing Tissue: 

The root-system in hydrophytes is feebly evolved and root hairs and root cap are absent. In some 

floating plants such as Utricularia, Ceratophyllum, etc., no roots are evolved, and in submerged 

plants such as Vallisneria, Hydrilla, etc., water dissolved mineral salts and gases are absorbed by 

their whole surface. In plants like Pistia, Eichhornia, etc., no root cap evolves, but root pocket is 

formed instead. In hydrophytes the root system is functioning mainly as holdfasts or anchors, and 

a large apart of the absorption takes place through the leaves and stems. 

Anatomy of Hydrophytic Stem of Hydrilla 

Development of Air-Chambers: 

Chambers and passages filled with gases are usually found in the leaves and stems of 

hydrophytes. The air-chambers are large, generally regular, intercellular spaces extending 

through the leaf and often for long distances through the stem (e.g., Potamogeton, Pontederia). 

The spaces are generally separated by partitions of photosynthetic tissue only one or two cells 

thick. The chambers prepare and internal atmosphere for the plant. These air-chambers on the 

one hand give buoyancy to the plant for the floating and on the other they serve to store up air 

(oxygen and carbon dioxide). 

 Another specialized tissue frequently found in aquatic plants that gives buoyancy to the plant 

part on which it occurs is aerenchyma. Here, very thin partitions enclose air spaces and the entire 

structure consists of very feeble tissue. The term aerenchyma is applied to any tissue with several 

large intercellular spaces. 

Anatomical Features of Hydrophytes ( Summary): 

1. Cuticle is completely absent in submerged parts of the plants. 

2. Cuticle may be present as a thin film on surface of parts exposed to atmosphere. 

3. Epidermal cells are with chloroplast useful for absorption and assimilation. 

4. Stomata are totally absent in submerged hydrophytes. 

5. Exchange of gases takes place through diffusion. 

6. Non-functional stomata are seen in Potamageton. 
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7. Epistomatous leaves (stomata found only on upper surface) are present in hydrophytes with 

floating leaves Eg; Nelumbo. 

8. Mechanical tissues like collenchyma and sclerenchyma are more or less absent 

9. Xylem is poorly developed in Hydrophytes as the water absorption takes place all over surface 

of the plant body 

10. Hydrophytes have aerenchyma in all parts of the plants. Aerenchyma proves provides 

buoyancy to the hydrophytes. 
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The characteristic anatomical features of the xerophytes are as follows: 

i. Epidermis and Thick Cuticle: 

Heavy cuticularization and extreme cutinization of the epidermis and even of sub-epidermal cells 

are common in xerophytes. The thickness of the cuticle shows different gradations. In certain 

cases the thickness of cuticle is only slightly greater than normal, like that of plants of semi-

xerophytic habitats. In extreme xerophytes the cuticle may be as thick as, thicker as, the diameter 

of the epidermal cell. 

 

In addition to the presence of thick cuticle, the walls of epidermal cells become cutinized and 

sometimes also those of underlying cell. Along with well-evolved cutinized layers the epidermal 
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and subepidermal cells also become lignified. In some cases the covering of wax is formed on 

the epidermis (viz., Calotropis). The epidermal cells are usually radially elongated. In the leaves 

of Nerium and Ficus, the epidermis becomes multilayered. 

In many xerophytes in addition to a cutinized epidermis, single to multi-layered hypodermis is 

also present. In most plants, the hypodermis of leaves is morphologically mesophyll and can be 

in the form of a sheet of fibrous tissue or a layer of sclereids. The hypodermis of the stems seems 

to be a part of the cortex. The hypodermis of stems and leaves can be cutinized to lignified. In 

many plants, the mucilage, gums and tannins are commonly found in hypodermis. 

Hairs: 

In several xerophytic plants, especially those of alpine regions exposed to strong winds, a 

covering of matted epidermal hairs on the underside of the leaves prevent water loss. Hairs can 

also be abundant over the entire aerial part of the plant. The thick matting of hairs also prevents 

rapid evaporation through stomata. The xerophytes that contain abundant hairs, on their leaves 

and stems, are commonly called trichophyllous. 

Anatomy of Xerophytic Stem  

Structure of Stomata: 

The stomata are very minute opening produced in the epidermal layer in green aerial parts of the 

plants. The stomata are essential for intake of carbon dioxide and oxygen and or the passage 

inward and outward of other gases. The evaporation of the surplus water takes place by the 

stomata. When the stomata are open, water escapes even when water loss is harmful to the plant. 

This way, the reduction of transpiration is of great importance in xerophytes. The xerophytes can 

contain less stomata, either by reduction of leaf surface or of stomatal number per unit area. To 

reduce excessive transpiration usually the stomata that remain sunken in pits are formed. Such 

stomata are commonly called sunken stomata (e.g., Hakea, Agave, etc.). In certain cases the 

stomata are found in groups and they remain confined to depressions found on leaf surface (e.g. 

Nerium, Banksia, etc.). Generally the depressions attack of wind gusts. 

Structure of Xerophytic Leaf 

 Sclerenchyma: 

The xerophytes commonly have a large proportion of sclerenchyma in their leaf structure than is 

observed normally in mesophytes. The sclerenchyma is either found in groups or in continuous 

sheets. 

 

Structure of Xerophytic Leaf 
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. Rolling of Leaves: 

The leaves of several xerophytic grasses roll tightly under dry conditions. In these grasses, the 

stomata are confirmed to the ventral surface of the leaf, so that when the leaf edges roll inward, 

the stomata are effectively shut away from the outside air. As the stomata are situated on the 

inner surface of the leaf, the air enclosed by the rolled leaf soon becomes saturated with water 

arid the outward water diffusion stops. 

Xerophytes, T.S. of a Xerophytic Stem  

In Ammophila arenaria, there is tight upward folding of the leaf and also the sheltered situated of 

the stomata in furrows, greatly reduce air movement over stomatal areas. Special motor cells 

(hinge) on the upper surface of the leaf are responsible for the inward rolling of leaves. In the 

xerophytic grasses, the motor cells are well evolved. 

 Reduced Leaf Surface: 

In many xerophytes, reduction of the leaf surface partly checks water loss because the total 

exposed surface of the plant body is relatively small as compared with that of normal 

mesophytes (viz., Casuarina, Asparagus, etc.). In such xerophytes the leaves are either scale-like 

or very small in size. Generally they are not found in the mature plant, or they persist as small 

scales or bracts.In some plants the photosynthesis takes place in the stem where assimilatory 

tissues are well- developed. The reduction of leaf surface is usually accompanied by well-

evolved sclerenchyma, water storage tissue and sunken stomata. Xerophytes, with reduced 

leaves, are called micro- phyllous. 

Anatomy of Xerophytic Stem 

Water Storage Tissue: 

Many fleshy xerophytes contain water storage tissue and mucilaginous substance in them. In 

leaves such tissues are situated beneath the upper or the lower epidermis or upon both sides of 

the leaf and sometimes in the centre too. The storage cells are visually large and often thin- 

walled, as in Begonia. The storage tissue can actually serve as a source of reserve water during 

drought. The xerophytes, that possess fleshy leaves or stems, are called malacophyllous. 

Abundant Palisade Parenchyma: 

In the stems of several xerophytes, the palisade tissue is present (viz., Capparis decidua). In the 

xerophytic leaves the palisade is abundant and completely arranged. 

. Latex Tubes: 

In many xerophytic stems and leaves the laticiferous canals are present (viz., Calotropis, 

Euphorbia, Asclepias, etc.). Because of vicosity latex the transpiration is reduced to some extent. 
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Ecological Adoptation in Xerophytes(Summary): 

1. Plants growing in habitats where water supply is absent or physiologically dry are called 

Xerophytes. 

2. Xerophytes classified based on their (a) Morphology (b) Physiology (c) Life cycle pattern 

3. Plants growing in dry or arid zones are called Ephimerals or Drough evaders or drought 

escapers. Eg; Tribulus 

4. Ephemerals are Annuals and complete their life cycles in 6-8 weeks. 

5. Xerophytic plants absorbing more water during rainy season and storeing them in different 

body parts are called Succulents or drought avoiding plants. 

6. Succulents store water in the form of mucilage. 

7. Leaf succulents: Bryophylum, Aloe, Agave. 

8. Root succulents: Asparagus 

9. Perennial plants which can withstand prolonged period of drought are called Non-succulents 

or true xerophytes Eg: Casurina, Nerium, Ziziphus, Calotropis etc. 

10. Ecological adaptations of Xerophytes. 

11. The all three major groups of xerophytes have some common adaptations to survive in very 

dry conditions. 

a. Roots: 

1. Root system is very well developed with extensive branching and often longer than shoot 

system. 

2. Root hairs and root caps are very well developed. 

b. Stems: 

1. Mostly they are stunted, woody hard and covered with thick bark. 

2. In some xerophytes stem becomes underground. 

3. In some plants stem becomes fleshy, green, leaf-like phylloclades covered with spines, Eg: 

Opuntia. 

4. Stems are usually covered by hairs and or waxy coatings. 

c. Leaves: 
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1. Leaves are very much reduced small scale like and sometimes modified in to spines to reduce 

the rate of transpiration. Lamina may be long narrow needle-like or divided in to many leaflets as 

Eg: Acacia. 

2. Foliage leaves become thick fleshy and succulent or tough and leathery in texture. Eg: Aloe. 

3. Leaf surfaces are shiny glazed to reflect light and heat. Eg. Calotropis. 

5. Anatomical features of Xerophyte: 

1. Epidermis is covered thick cuticle to reduce the rate of transpiration. 

2. Epidermal cells may have silica crystals. 

3. Epidermis is multilayered Eg: Nerium. 

4. Waxy coating is present on leaves and stem Eg: Calotropis. 

5. Stomata are generally confined to lower epidermis of leaves called hypostomatous. 

6. Stomata are present in pits called sunken stomata. They are lined with hairs Eg: Nerium. 

7. Mesophyll is differentiated in to palisade and spongy parenchyma. 

8. Mechanical & vascular tissues are well developed. 
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Topic-2 

Meristem 

 

The adult body of vascular plants is the result of meristematic activity. Plant meristems are 

centers of mitotic cell division, and are composed of a group of undifferentiated self-renewing 

stem cells from which most plant structures arise. Meristematic cells are also responsible for 

keeping the plant growing. The Shoot Apical Meristem (SAM) gives rise to organs like the 

leaves and flowers, while the Root Apical Meristem (RAM) provides the meristematic cells for 

the future root growth. The cells of the shoot and root apical meristems divide rapidly and are 

considered to be indeterminate, which means that they do not possess any defined end fate. In 

that sense, the meristematic cells are frequently compared to the stem cells in animals, which 

have an analogous behavior and function. Meristematic tissue can be classified on the following 

basis: 

1. Classification based on origin and development: 

2. Classification on basis of position: 

3. Classification on basis of function: 

1. Classification based on origin and development: 

Meristems on the basis of origin can be classified into following types 

(i) Promeristem  

A group of young meristematic cells of a growing organ which is likely to develop into a new 

tissue is Promeristem. It is located in the embryonic tissue and hence is also called as embryonic 

meristem.In a plant; it occupies a small area at the tip of stem and root. It further divides to form 

primary meristem 

(ii) Primary meristem: 

These are derived from promeristem. They are present below the promeristem at shoot and root 

apices. These cells divide and form permanent tissues. 

(iii) Secondary meristem:  

With lapse of time and pace of growth a plant attains a structure and a height. In order to stand 

the the effect of blowing wind and running water it must acquire a girth .Tissues developing 

from Primary meristem which is responsible for secondary growth is called as secondary 

meristem. Such as Cork-cambium, cambium of roots and inter fascicular cambium of stem. 
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2. Classification on basis of position: 

On the basis of their position in the plant body, meristems are of three types  

 (i) Apical meristem:  

These are found at the apices or growing points of root and shoot and bring about increase in 

length. It includes both pro-meristem as well as primary meristem. 

Several theories have been put forward to explain the activity of apical meristem: 

Apical cell theory:  

The theory was first proposed by Hofmeister (1857) and advanced by Nageli (1878). According 

to this theory, a single apical cell is the structural and functional unit of apical meristem which 

governs the entire process of apical growth. However, such organization has been found only in 

cryptogams. 

Histogen cell theory: 

This theory was given by Hanstein (1868). According to this theory root and shoot apices 

consists of the central or inner mass called Plerome surrounded by the middle region composed 

of isodiametric cells called periblem and the outermost uniseriate layer of Dermatogen. 

Dermatogen gives rise to epidermis, periblem to cortex and endodermis and plerome to vascular 

bundle and pith. These three layers were called Histogen by Hanstein. 

Tunica-corpus theory:  

This theory was proposed by Schmidt (1924). According to this theory, mass of dividing cells 

are of two types: Tunica, the outer consisting of one position of different meristems or more 

peripheral layers of cells, forming the outer region and Corpus, the central undifferentiated 

multilayered mass of cell. Epidermis is derived from outer layer of tunica and other tissues from 

remaining layer of tunica and corpus. 
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(ii) Intercalary meristem: 

It lies between the region of permanent tissues and is considered| as a part of primary meristem 

which has become detached due to formation of intermediate permanent tissues. It is found either 

at the base of leaf e.g. Pinus or at the base of internodes e.g. grasses. 

(iii) Lateral Meristem: 

These are arranged parallel to the sides of origin and normally divide periclinally or radially and 

give rise to secondary permanent tissues. These increase the thickness of the plant part. 
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III. Classification on basis of function: 

On the basis of their function, meristems have been classified into three types:  

(i) Protoderm meristem: 

It is the outermost layer of the young growing region which develops to form epidermal tissue 

system. 

(ii) Procambium meristem: 

It is composed of narrow, elongated, prosenchymatous, meristematic cells that give rise to the 

vascular tissues system. 

(iii) Ground Meristen: 

It is composed of large, thick-walled cells which develop to for ground tissue system, i.e. 

hypodermis, cortex and pith. 
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IV. Classification on basis of plane of divisions: 

The growth pattern and plane of division of meristematic tissue is important to govern the mode 

of growth. 

These tissues can be divided into three types: 

(i) Mass meristem: 

In such meristem, cell divisions occur in all planes resulting in an increase in volume. It can be 

observed in meristems of cortex and pith. 

(ii) Rib or file meristem: 

The cells divide only on one plane e.g., formation of filaments in algae. 

(iii) Plate meristem: 

These cells divide in two planes resulting to an increase in the area of an organ e.g. Leaf 

formation. 
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Topic-3 

Anomalous secondary growth 

In many vascular plants, secondary growth is the result of the activity of the two lateral 

meristems, the cork cambium and vascular cambium. Arising from lateral meristems, secondary 

growth increases the girth of the plant root or stem, rather than its length. During secondary 

growth Cambium becomes active as a meristematic tissue and cuts of new cells called as 

Secondary phloem(towards outside) and secondary xylem(towards inside). In this manner the 

plant goes on adding cells to provide girth to the plant. The behavior of the cambium remains 

same throughout the growth. However, in Anomalous secondary growth‖ cambial 

conformations, cambial products, and cambial numbers  differ from the most common ―normal‖ 

condition, namely, a single cylindrical cambium that produces phloem externally and xylem 

internally.. 

The following points highlight the five major reasons of anomalous secondary growth in plants. 

The reasons are:  

1. The Activity of Normal Cambium is Abnormal 

 2. Abnormally Situated Cambium Forms Normal Secondary Vascular Tissues  

3. Formation of Secondary Tissues by Accessory Cambium 

 4. Formation of Interxylary Phloem  

 5. Formation of Intra-Xylary Phloem. 

  1. The Activity of Normal Cambium is Abnormal: 

Cambia of this category function mostly in two ways. Certain segments of cambia cease 

producing secondary xylem; instead these segments donate secondary phloem only towards 

exterior. The other segments of cambium produce secondary phloem and secondary xylem 

normally. As a result a ridged and furrowed stele is formed (ex. Bignonia). In other cases the 

interfascicular cambium forms non-vascular tissues. Vascular- tissue formation is restricted to 

fascicular cambium only (ex. Aristolochia, Tinospora, Clematis etc.). 
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2 Abnormally Situated Cambium Forms Normal Secondary Vascular Tissues: 

Cambia of this category produce secondary vascular tissues in normal fashion, but their positions 

are anomalous. These cambia form discrete vascular cylinders and their arrangements differ 

according to species. Most of the climbing species of Serjania exhibit a principal vascular 

cylinder surrounded by small peripheral vascular cylinders. The vascular cylinders and the 

pericycle compose the stele. Endodermis delimits the stele on the peripheral side. 

In Serjania stem several cambial layers are present from the first. In the cross- section of stem the 

cambia are arranged in various ways. Different species of Serjania  exhibit the various 

arrangements of cambia. In the stele of Serjania caracasana  stem a central principal cambial 

cylinder occurs. 

Several minor cambial cylinders surround the principal cambial cylinder. In Serjania corrugata  

there is no central cambium. In the stele five to seven peripheral cambial cylinders occur in a 

circle and the cambia are approximately equal. In all species individual cambial layer behaves in 

normal fashion, i.e. donates secondary xylem on the inside and secondary phloem on the 

peripheral side. 
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3. Formation of Secondary Tissues by Accessory Cambium: 

Baugainvillea, Amaranthus, Boerhaavia, Achyranthes, Celosia etc. exhibit accessory cambia that 

form vascular and non-vascular tissues. This type of anomaly is illustrated below taking the 

example of Boerhaavia diffusa. 

In Boerhaavia diffusa endodermis delimits stele of stem. All segments of endodermis are not 

always distinct. Just below the endodermis there occurs the pericycle. It is narrow and consists of 

one or two cell layers. In older stems just below the endodermis a few scattered fibers are 

present. The position of fibers is of special interest because they locate the endodermis when the 

latter is indistinct. The other structures of stele include parenchymatous ground tissue, 

conjunctive tissues and primary vascular bundles. 
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4. Formation of Interxylary Phloem 

The secondary phloem strands or layers that remain surrounded by secondary xylem are referred 

to as interxylary phloem. Interxylary phloem is also termed as included phloem/interxylary soft 

bast as it remains embedded in wood. Eames and MacDaniels illustrated the following two 

methods by means of which interxylary phloem becomes embedded in secondary xylem. 

In Combretum, Leptadenia  and Entada, during secondary growth a normal cambium ring is 

formed by the union of intra-fascicular and interfascicular cambium. The cambial ring function 

normally, i.e. produces secondary xylem inside and secondary phloem outside. 

Subsequently certain small segments of cambial ring donate secondary phloem toward the inside 

for a brief period. Normally these segments produce secondary xylem. During the production of 

interxylary soft bast these segments form secondary phloem in place of secondary xylem. 

  5.Formation of Intra-Xylary Phloem (= internal phloem): .  

The stele of Tecoma radicans is siphonostele. The primary vascular bundles are arranged more 

or less in a ring and each vascular bundle is collateral, open with protoxylem endarch. During 

secondary growth intra-fascicular cambium and interfascicular cambium unite to form complete 

cambium ring. The cambium ring has normal function, i.e. produces secondary phloem on the 

peripheral side and secondary xylem towards inner side, the secondary xylem being in excess of 

secondary phloem. 

As a result primary vascular bundles are pushed towards the centre. After a period of activity two 

strips of additional cambia originate below secondary xylem on two opposite sides of pith. Each 

strip of cambium functions abnormally. Each cambial strip donates secondary phloem towards 

the centre or pith side and secondary xylem towards the peripheral side. 

 

 



21 
 

                                  

 

                                    

Anomalous secondary growth in Dracaena stem: 

Dracaena is arborescent in habit, and belongs to the monocotyledonous family Agavaceae. The 

vascular bundles of monocotyledons are closed, i.e. intra-fascicular cambium is absent. So 

monocotyledons lack normal secondary growth from a vascular cambium. In Dracaena the stele 

is atactostele. 

The primary vascular bundles are distributed over the ground tissue without having any definite 

arrangement. The primary vascular bundles are not compactly arranged on the ground tissue and 

the interfascicular region is moderately wide. The ground tissue is composed of parenchyma 

cells and the parenchyma shows no radial seriation of cells. 

Each primary vascular bundle is leptocentric/amphivasal, i.e. the xylem completely surrounds 

phloem and there exists no intra-fascicular cambium. Each vascular bundle is circular or oval in 

transverse section. The xylem consists of tracheids only. Protoxylem with annular and spiral 

thickening is present. 
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The cross-section of mature stem of Dracaena, where certain amount of secondary growth has 

occurred, exhibits secondary vascular bundles and ground tissue commonly termed as 

conjunctive tissue. Conjunctive tissues are parenchymatous, the walls of which are thin and may 

sometimes become thickened or even lignified. 

The conjunctive tissue exhibits radial arrangement of cells and thus aids in differentiation from 

the primary interfascicular ground tissue. The secondary vascular bundles are to some extent 

arranged in radial rows. The vascular bundles are more or less compactly arranged and 

anastomose in some regions in contrast to primary vascular bundles. 

Each vascular bundle is oval in t. s. and leptocentirc/amphivasal like primary vascular bundles. 

The secondary phloem is small in amount in comparison to primary phloem. The secondary 

phloem elements are sieve tubes, companion cells and phloem parenchyma. The sieve tubes are 

short with transverse end walls and the sieve plate is simple 
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Topic-4 

Types of Vascular Bundle 

 

Xylem and phloem compose vascular tissues, which transport water and dissolved minerals to 

the photosynthetic tissues through xylem. The elaborate food and other substances are 

translocated to all parts of the plant through phloem. 

Ground tissues between bundles are the medullary rays that assist in lateral transport of minerals, 

water and other substances. Vascular bundles also provide mechanical support. The fascicular 

cambium within bundles forms secondary tissues during secondary growth. 

The plant tissues transport water and nutrients that are pumped through the plant's whole 

structure, often against gravity. Plant vascular tissue is arranged in vascular bundles. The 

vascular bundle is the unit of vascular tissue system consisting of xylem, phloem and sometimes 

cambium. 

Types Of Vascular Bundle 

The vascular bundles are of four types depending on its structural types, those are 

i) Collateral, 

ii) Bi-collateral, 

iii) Radial, 

iv) Concentric. 

Collateral and Conjoint Vascular Bundles 

The vascular bundle in which xylein and phloem are together present and remain side by side is 

called conjoint, collateral. 

Structure of Collateral Vascular Bundle 

i) In this vascular bundle, the phloem lies on the outer side facing the cortex (external phloem) 

and the xylem remains towards the pith (internal xylem). 

ii) The vascular bundle is conjoint because both xylem and phloem are present. 

iii) On the basis of the presence of cambium the vascular bundles can be of the two following 

types : 

a) Conjoint collateral open vascular bundle 
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b) Conjoint collateral closed vascular bundle 

Conjoint collateral open: - In this, the cambium is present between the xylem and phloem, which 

initiates secondary growth (e.g. dicot stem). 

Conjoint collateral closed: -: In this, the cambium is absent, so secondary growth is not observed 

(e.g. monocot stem, leaves).  

Bi-Collateral Vascular Bundle 

Vascular Bundle of Monocot 

Bi-collateral vascular bundle is special type of collateral vascular bundles, where the phloem 

patches are present on both sides of the xylem, separated from the xylem by the strip of 

cambium. 

Structure of Bi-Collateral Vascular Bundle 

i) The vascular bundle contains xylem, phloem and cambium and hence it is also called conjoint, 

bicollateral, open type and is observed in Cucurbita stem. 

ii) The patch of phloem facing the cortex is external phloem, while that facing the pith is internal 

or included phloem. 

iii) Like that, the cambium is facing the external and internal phloem is called outer and inner 

cambium respectively. 

Radial Vascular Bundle 

The vascular bundle in which xylem and phloem strands occur separately on alternate radii in a 

ring-like fashion separated by non-vascular tissues within the vascular cylinder, is called radial 

vascular bundle. 

Structure of Radial Vascular Bundle 

i) Radial vascular bundle are present in dicot and monocot roots. 

ii) The xylem is metaxylem towards the center while protoxylem towards the margin. 

iii) The number of vascular strands may be 4-6 in dicot root but in monocot root there are 8-10 

strands. 

Concentric Vascular Bundle 

The vascular bundle in which xylem and phloem are remain together in such a way that one 

encloses the other. 
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Xylem  

Endarch- Endarch arrangement results in the centrifugal pattern of development-Stem . 

Exarch - arrangement results in the centripetal pattern of development-Root 

Mesarch-Combination of Centripetal and Centrifugal xylem 
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Topic-5 

Mechanical Tissue 

The tissue that supports a plant and their growing organs against any deformation and provides 

mechanical strength is termed as mechanical tissue. Plant organs are to withstand various strains 

like stretching due to presence of large fruits, bending due to natural calamities like high wind 

and passing animals and downpour, heavy snow etc. 

An account of the distribution of mechanical tissues in accordance with the principle stated 

above is being given: 

Inflexibility: 

If a load is put at the middle portion of a straight girder supported at the ends, the result would be 

a curvature when the upper surface would be shortened and the lower lengthened. That shows 

that the upper surface is subjected to compression and the lower to tension, while at the middle 

portion tension will come to zero. 

Requisite tissues should be concentrated on the two surfaces, which are regions of greatest 

tension. The typical girders are constructed accordingly, so that they appear as I in cross section . 

Here the top and bottom portions, called flanges, are really stronger and the upright middle 

portion, known as web, connecting the two flanges may be made of lighter materials. In fact, 

web represents the neutral line or null-line where no strain operates. 

I-griders 

Many plant organs, particularly the cylindrical ones like stems, etc., are frequently subjected to 

bending stress or flexion involving compression on one side and tension on the other. 
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The mechanical tissues are distributed at the peripheral region here, so that they approach the I-

girders in construction, the web being made of parenchyma or other tissues. Typical dicotyledons 

like sunflower possess mechanical tissues in hypodermis, in the region of pericycle and in 

association with vascular tissues where the large pith at the central region serves as the web. 

Thus it resembles a group of composite I-girders. In the square stems of members of family 

Labiatae like Leonurus, extra patches of collenchyma occur at the four corners, so that they 

appear like diagonally-placed I-girders. 

In a typical monocotyledon like maize sclerenchyma is present as a band in hypodermal region 

and the bundles with sclerenchymatous sheaths remain more crowded towards the periphery. 

Some members of sedge family, Cyperaceae possess patches of mechanical tissues just internal 

to epidermis and corresponding semilunar patches of the same on the lower side of the bundles, 

the two patches constituting the flanges of a girder.  

The central portion being hollow (web) the vascular bundles with associated mechanical tissues 

constitute composite I-girders. In some monocotyledons, as in the onion family, Liliaceae, the 
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vascular bundles remain completely embedded in a peripherally located cylinder of mechanical 

tissues. 

Mechanical tissues in stem 

Bilaterally symmetrical organs like the foliage leaves have mechanical tissues arranged in form 

of I-girders parallel to one another and at right angles to the surface. 

In the leaves of many grasses and sedges sub epidermal I-girders extend from one surface to 

another , the web being composed of the bundle and parenchyma.  

In case of long leaves the upper surface is subjected to more vigorous tension, and so patches of 

sub epidermal mechanical tissues occur at the outer surface to prevent tension, and the small I-

girders present at the lower surface are meant for withstanding compression . 

Inextensibility: 

The roots and other organs which attach the plants to the soil or other substratum suffer from 

longitudinal pull or tension. Mechanical tissues are advantageously put in the central region in 

form of a compact mass in these organs. The degree of resistance of course depends on the cross-

sectional area of the mechanical elements. Thus the roots have mechanical tissues associated 

with the vascular elements inside the stele. 

The underground rhizome has also centrally located hollow or solid mechanical strand. The 

aquatic plants, particularly those which are adapted to grow in rapidly running water, e.g., 

Potamogeton of family Potamogetonaceae are inextensitibility and naturally possess mechanical 

tissues at the central region.  

The same principle is applicable to the inflorescence axis and pendulous fruit-stalks. The stilt 

roots of the members of grass family, e.g., maize, have to encounter both flexion and 

longitudinal pull. 

So here in addition to aggregation of mechanical tissues at the central region forming a massive 

stele, a peripheral band is also present. 
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Mechanical tissues in underground organs in sectional view 

Incompressibility: 

The axis of a spreading tree with its arrays of branches and leaves has to bear the weight of the 

heavy crown, which may be compared to putting a load at the top of a cylindrical axis. Here the 

axis is subjected to longitudinal compression. The mechanical tissues are effectively aggregated 

at the central portion which serves as a solid column for withstanding longitudinal compression. 

The underground and aquatic organs are subjected to radial or crushing pressure by the 

surrounding medium. The aquatic plants have loosely-arranged cortical cells which give requisite 

protection.In plants like Sagittaria, Alisma, etc., the epidermis also becomes associated with the 

outer layers of cortex for the purpose. The roots of grasses in particular develop tubular sheaths 

of cells, often with suberized walls. 

Shearing Stresses: 

The flat organs like the leaves are often subjected to violent shearing stresses due to movement 

of surrounding air or water. The wind currents work at right angles to the surface of the leaves 

and cause considerable laceration. To stand against this stress the I-girders present for securing 

inflexibility are firmly held together by a large number of cross-ties in form of veins which often 

form a network. 

The I-girder arrangement is more pronounced in monocotyledonous leaves, usually having 

parallel venation The margins of the leaves are particularly exposed to shearing stresses. They 

have special arrangement for protection by increased thickness of the epidermis, and frequent 

occurrence of thick-walled collenchyma in the sub epidermal region. 
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Topic-6 

Xylem 
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Topic-7 

Replication of DNA in Prokaryotes and Eukaryotes 

 

Replication of DNA 

 Continuity of life is based upon the principle of transfer of genetic material laden with 

genetic information to the next generation. So, a parental cell before entering into next 

generation must pass on its genetic information to a newly synthesized genetic material. This is 

an important event in the life of a cell, which is represented by S phase (synthesis phase) in the 

life of a cell. A cell can produce two daughter cells before undergoing cell division. During S 

phase the duplication of DNA takes place when a diploid cell (2N) becomes tetraploid (4N). This 

tetraploid cell, soon, get divided into two 2N (Diploid cells). The first question raised was that 

the genetic information to the newly synthesized DNA can be either semi conservative (one 

strand from the parent) or conservative (both the strands from the parent).  Three models were 

also proposed to explain the replication of DNA as: 

1. Semi conservative replication: One strand is new, while the other is parental. 

2. Conservative replication: Both the strands are of parental origin.    

3. Dispersive: Both the strands of DNA acquires fragments of parental DNA as well as 

newly synthesized DNA. 

 Evidence to support conservative mode of replication and dispersive mode of replication 

could not be obtained, but evidence to support semi-conservative mode of replication could be 

obtained by the classical experiment of Meselson and Stahl. 

The Experiment 

 M. Meselon and F.W. Stahl (1958) differentiated parental and newly formed DNA, by 

incorporating normal isotope of Nitrogen (14N) or heavy isotope (15N). During metabolism 

nitrogen gets accumulated in the DNA. Culture media (for growth of bacteria) was supplemented 

with N
14

 and N
15

 for growth and development. 

 E. coli was cultivated in culture media containing N
15

 as nitrogen source for several 

generations. DNA was extracted and centrifuged by density gradient centrifugation (separates 

molecules by its density) to obtain a heavy band at the bottom of the centrifuge tube (named as 

generation zero). Sample was withdrawn from the N
15

 growing culture and transferred to culture 

media which contained N
14

 source of nitrogen. DNA was again isolated and centrifuged to obtain 

a band in the centrifuge tube which also shifted its position (slightly raised) and hence called as 

Intermediate band (named as generation I). Sample withdrawn from N
14

 culture media was sub-

cultured on N
14

 media a fresh. DNA isolated from E. coli cells demonstrated two tubes of band 
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(named as generation II) as light band (upper most) and intermediate band. Interpretation of 

Meselson and Stahl report can be shown by Figure given below 
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Generation I

Generation II

HeavyHeavy

Only 14N

Intermediate

Mixture

(Only 15 )N
(Only 15 )N

(Mixture of 15  + 14 )N N

(Only 15N & 14N)
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15N15N

15N 14N

14N

14N
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 The experiment conducted by Meselson and Stahl proved that Replication of DNA is 

semi conservative in E.coli. This raised doubt regarding the mode of replication of DNA in 

Eukaryotes.  

Replication of Chromosomes in Eukaryotes 

 J.H. Taylor (1958) demonstrated the semi-conservative mode of replication in DNA and 

hence in the chromosomes. Root tip of Vicia faba a member of family Fabaceae was used as 

experimental material. The technique of Autoradiography was used where radioactive material is 

used in biological system. Root tips were first fed with radioactive thymidine 3H (half-life few 

months and then it decays). This treatment was marked as first generation. After this generation 

root tip (another set) was transferred to colchicine (to induce cell division) marked as IInd 

generation. Slide was prepared after every generation, and left as such at low temperature to all 

3H to decay. On the basis of observation made in the slide semi-conservative mode of DNA 

(chromosome) was established as shown in Figure given below. 
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3H No

1st generation Ilnd generation

3HDecaying 

 

  Both the chromatids in 1st generation have black dots (leaving dots of 3H during decay) 

but in generation II, one chromatid returned to parental type, while others have black dots. This 

proved that during replication of chromosome, one chromosome is old while other is fresh (new). 

This justifies the semi-conservative mode. 

Mechanism of Replication of DNA 

 Replication occurs at specific times during the cell cycle. This requires soft of protein, 

enzymes and energy in the form of ATP. The Replication begins with initiation and ends in 

elongation. The initiation begins with separation of weak hydrogen bonds between the 

Nitrogenous bases. These two strands of DNA have nitrogenous bases complementary to each 

other (A to T and C to G). The separation of two strands is difficult due to their ant parallel 

nature and torsion generated by complementary strands. The point from where unwinding of 

DNA begins is called as initiation point. In viruses and also in bacteria the replicating unit in 

only one hence origin of replication initiates at only one point. IN Eukaryotes with large DNA 

molecule, there may be more than one initiation point, and each initiation point finally merge 

with one another.  

 Unwinding of the double helical ant parallel DNA is the first condition of replication. 

The unwinding of the DNA takes place by break down of hydrogen bonds with the help of 

enzyme helicases. To minimize the torsion effect of DNA helix, the enzyme Topoisomerases cut 

and rejoins the DNA strand to relax to torsion effect, leading to separation of DNA strand. Due 

to this upzipping of DNA strands replication bubbles are formed which subsequently extends as 

Y–shaped replication fork.   
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 The formation of replication bubble and Y-fork in bacteria and phages is bidirectional but 

in eukaryote it multidirectional (Fig………….) 

 

Bisectional bubble Multidirectional bubble  

  

  

 After the formation of replication fork, the unwinding protein called single strand binding 

protein (SSB protein) keeps the separated strand apart. 

 DNA directed RNA polymerase forms the RNA primer. This RNA primer forms hetero 

duplex structure (DNA–RNA) for sometimes. The RNA is ultimately removed enzymatically 

and the gap is filled up with newly synthesized nucleotides. The enzyme DNA polymerase 

polymerises the nucleotides only 5`–3` direction. Because the two strands of DNA are in 

antiparallel direction, the two strands have to be synthesized by growing in opposite direction. 

 The enzyme synthesizes a new strand in a continuous pieces 5`–3` direction and is called 

leading strand on the other strand of DNA, the enzyme forms DNA fragments in small pieces 

again 5`–3` direction called as Okazaki fragments.  

 The Okazaki fragment soon joins together with the help of enzyme DNA ligase to be 

called as lagging strand. The enzyme DNA primase helps in addition of new strand to the DNA 

template whereas enzyme exonuclease (a type of DNA polymerase) helps in removal of RNA 

primer. The process of DNA replication has been summarized in Figure given below 
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During replication of DNA, wrong base may get incorporated, which must be removed by 

another set of enzymes called as DNA polymerases. This enzyme removes the wrong base and 

performs editing. The enzyme nuclease (a type of DNA polymerase) cuts off the wrong base and 

replaces it with the correct one. 
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Topic-8 

Mitosis 

 

Interphase occurs prior to the beginning of mitosis and encompasses what’s called stage G1, or 

first gap, stage S, or synthesis, and stage G2, or second gap. Stages G1, S, and G2 must always 

occur in this order. The cell cycle begins with stage G1, which is a part of interphase.  

 During interphase, the cell is busy growing. It’s producing proteins and cytoplasmic organelles 

during the G1 phase, duplicating its chromosomes during the S phase, and then continuing to 

grow in preparation for mitosis in the G2 phase. 

Prophase 

Prophase is the first step of mitosis. This is when the genetic fibers within the cell’s nucleus, 

known as chromatin, begin to condense and become tightly compacted together.  

During interphase, the parent cell’s chromosomes are replicated, but they aren’t yet visible. 

They’re just floating around in the form of loosely collected chromatin. During prophase, that 

loose chromatin condenses and forms into visible, individual chromosomes. 

Since each of the parent cell’s chromosomes was replicated during interphase, there are two 

copies of each chromosome in the cell during prophase. Once the chromatin has condensed into 

individual chromosomes, the genetically-identical chromosomes come together to form an ―X‖ 

shape, called sister chromatids. 

These sister chromatids carry identical DNA and are joined at the center (in the middle of the 

―X‖ shape) at a point called the centromere. The centromeres will serve as anchors that’ll be 

used to pull the sister chromatids apart during a later phase of mitosis.  

After the sister chromatids form, two structures called centrosomes move away from each other 

outside of the nucleus. As they move to opposite sides of the cell, the centrosomes form 

something called the mitotic spindle. The mitotic spindle will eventually be responsible for 

separating the identical sister chromatids into two new cells and is made up of long protein 

strands, called microtubules.  

Late Prophase: Prometaphase 

Prometaphase is often referred to as ―late prophase.‖ (Though it’s also sometimes called ―early 

metaphase‖ or referred to as a distinct phase entirely!) Regardless, some really important things 

occur during prometaphase that propel cell division along and that help explain what happens in 

metaphase.  
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Prometaphase is the phase of mitosis following prophase and preceding metaphase. The short 

version of what happens during prometaphase is that the nuclear membrane breaks down.  

 During Late Prometaphase , the nuclear membrane or nuclear envelope (i.e. the lipid bilayer 

surrounding the nucleus and encasing the genetic material in the nucleus) breaks apart into a 

bunch of membrane vesicles. Once the nuclear envelope breaks apart, the sister chromatids that 

were stuck inside the nucleus break free.  

Now, the kinetochore microtubules move near the sister chromatids and attach to them at the 

centromere (that spot at the center of the ―X‖). Now these kinetochore microtubules are anchored 

at opposite poles on either end of the cell, so they’re extending themselves toward the sister 

chromatids and connecting them to one of the edges of the cell.  

Metaphase 

Metaphase is the phase of mitosis that follows prophase and prometaphase and precedes 

anaphase. Metaphase begins once all the kinetochore microtubules get attached to the sister 

chromatids’ centromeres during prometaphase. The force generated during prometaphase causes 

the microtubules to start pulling back and forth on the sister chromatids. Since the microtubules 

are anchored at opposite ends of the cell, their back-and-forth pulling on different sides of the 

sister chromatids gradually shifts the sister chromatids to the middle of the cell. This equal and 

opposite tension causes the sister chromatids to align along the equator.  

Anaphase  

The third phase of mitosis, following metaphase and preceding telophase, is anaphase. Since the 

sister chromatids began attaching to centrosomes on opposite ends of the cell in metaphase, 

they’re prepped and ready to start separating and forming genetically-identical daughter 

chromosomes during anaphase.  

During anaphase, the centromeres at the center of the sister chromatids are severed. (It sounds 

worse than it is!) Remember how the sister chromatids are attached to the mitotic spindle? The 

spindle is made up of microtubules, which start shrinking during this phase of mitosis. They 

gradually pull the severed sister chromatids toward opposite poles of the cell. Finally, during the 

second half of anaphase, the cell begins to elongate as polar microtubules push against each 

other.. At the end of anaphase, chromosomes reach their maximum condensation level. This 

helps the newly separated chromosomes stay separated and prepares the nucleus to re-form  

which occurs in the final phase of mitosis.  

Telophase 

Telophase is the last phase of mitosis. Telophase is when the newly separated daughter 

chromosomes get their own individual nuclear membranes and identical sets of chromosomes.  
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Toward the end of anaphase, the microtubules began pushing against each other and causing the 

cell to elongate. Those polar microtubules keep elongating the cell during telophase. In the 

meantime,  the separated daughter chromosomes that are being pulled to opposite ends of the cell 

finally arrive at the mitotic spindle. 

Cytokinesis 

 Cytokinesis is the actual division of the cell membrane into two discrete cells. At the end of 

mitosis, there are two new nuclei contained within the existing parent cell, which has stretched 

out into an oblong shape. So at this point, there’s actually two complete nuclei hanging out in 

one cell! Cytokinesis is responsible for completing the process of cell division by taking those 

new nuclei, separating the old cell in half, and ensuring that each of the new daughter cells 

contains one of the new nuclei.  
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Topic-9 

Ultra structure of Chloroplast 

 

 

 

 

 

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.             
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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 
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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 
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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). 
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Topic-10 

Secondary metabolites 

 

Secondary metabolites (SM) are compounds that are not necessary for a cell (organism) to live, 

but play a role in the interaction of the cell (organism) with its environment. These compounds 

are often involved in plants protection against biotic or abiotic stresses. Secondary metabolites 

are from different metabolites families that can be highly inducible in response to stresses. 

Primary metabolites perform essential metabolic roles by participating in nutrition and 

reproduction. A few SMs are used as especially chemical such as drugs, flavours, fragrances, 

insecticides, and dyes and thus have a great economic value. These new technologies will serve 

to extend and enhance the continued usefulness of the higher plants as renewal sources of 

chemicals, especially medicinal compounds. A continuation and intensification efforts in this 

field is expected to lead to successful biotechnological production of specific, valuable and as yet 

unknown plant chemicals. 

. These compounds are often involved in plants protection against biotic or abiotic stresses. 

Secondary metabolites are from different metabolites families that can be highly inducible in 

response to stresses. Primary metabolites perform essential metabolic roles by participating in 

nutrition and reproduction. A few SMs are used as especially chemical such as drugs, flavours, 

fragrances, insecticides, and dyes and thus have a great economic value. These new technologies 

will serve to extend and enhance the continued usefulness of the higher plants as renewal sources 

of chemicals, especially medicinal compounds. A continuation and intensification efforts in this 

field is expected to lead to successful biotechnological production of specific, valuable and as yet 

unknown plant chemicals.. Unique carbon skeleton structures are basic properties of plant 

secondary metabolites. Secondary metabolites are not necessary for a cell (organism) to live, but 

play a role in the interaction of the cell (organism) with its surroundings, ensuring the continued 

existence of the organism in its ecosystems. Formation of SMs is generally organ, tissue and cell 

specific and these are low molecular weight compounds. These compounds often differ between 

individuals from the same population of plants in respect of their amount and types. They protect 

plants against stresses, both biotic(bacteria, fungi, nematodes, insects or grazing by animals) and 

abiotic (higher temperature and moisture, shading, injury or presence of heavy metals). SMs are 

used as especially chemical such as drugs, flavours, fragrances, insecticides, and dyes by human 

because of a great economic value. In plants, SMs can be separated into three groups 

(Terpenoids, Polyketides and Phenypropanoids) based on their biosynthesis origin 

 (1). Alkaloids are additional class of SMs, which are nitrogenous organic molecules 

biosynthesized mainly from amino-acids, e.g.,tryptophan, tyrosine, phenylalanine, lysine and 

arginine using many unique enzymes  
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(2). Many of the most important therapeutic agents are alkaloids. The sites of biosynthesis are 

compartmentalised at cellular or sub-cellular level. However SMs can be transported long 

distances and accumulate from their location of synthesis. Metabolites of Plants and their Role 

      (2). Sometimes it is hard to discriminate primary and secondary metabolites. For example, 

both primary and secondary metabolites are found among the terpenoids and the same compound 

may have both primary and secondary roles. Secondary metabolites are broad range of 

compounds from different metabolite families that can be highly inducible in stress conditions. 

Carotenoids and flavonoids are also involved in cell pigmentation in flower and seed, which 

attract pollinator’s and seed dispersers. Therefore, they are also involved in plant reproduction 

 (3). Plant primary products refer to the compounds of nucleic acids proteins, carbohydrates, fats 

and lipids and are related to structure, physiology and genetics, which imply their crucial role in 

plant development. In contrast, secondary metabolites usually take place as minor compounds in 

low concentrations. Primary metabolism refers to the processes producing the carboxylic acids of 

the Krebs cycle. Secondary metabolites, on the other hand, are non-essential to life but contribute 

to the species’ fitness for survival. In fact, the specific constituents in a certain species have been 

used to help with systematic determination, groups of secondary metabolites being used as 

markers for botanical classification(chemotaxonomy). 

 Plants secondary metabolites can be divided into three chemically distinct groups viz: 

Terpenes, Phenolics, N (Nitrogen) and S (sulphur) containing compounds 

I)Terpenes : Terpenes comprise the biggest group of secondary metabolites and are free by their 

common biosynthetic origin from acetyl-coAor glycolytic intermediates. An immense bulk of the 

diverse terpenes structures produced by plants as secondary metabolites that are supposed to be 

concerned in defense as toxins and feeding deterrents to a large number of plant feeding insects 

and mammals. In Gymnoperms (conifers)á-pinene, â-pinene, limonene and myrecene arefound. 

(II) Phenolic compounds : Plants produce a large variety of secondary products that contain a 

phenol group, a hydroxyl functional group on an aromatic ring called Phenol, a chemically 

heterogeneous group also. They could be an important part of the plants defence  system against 

pests and disease including root parasitic nematodes  

.(III)  Sulphur containing secondarymetabolites: They include GSH, GSL,Phytoalexins, 

Thionins, defensins and allinin which have been linked directly or indirectly with the defence of 

plants against microbial pathogens. GSH is the one of the major form of organic sulphur in the 

soluble fraction of plants and has an important role as a mobile tool of reduced sulphur in the 

regulation of plant growth and development and as a cellular antioxidants in stress responses , 

reported as a signal of plant sulphur sufficiency that down regulates sulphur assimilation and 

sulphur uptake by roots. 
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Topic-11--    ECONOMIC BOTANY 

 

 

 

 

 

 

 

 

 

 

 

 

 



49 
 

a) Five medicinal plants 

 

S N 

Name of Plant Source of plant 

(Scientific) 

Uses 

 

1 

Aconite Aconitum ferox –plant 

root(Family- 

Rananunculaceae 

Leprosy, cholera,catarrh 

 

2 

Arjuna Terminalia Arjuna-Tree 

dry Bark,Family- 

Combertaceae  

Correct Blood pressure, 

heart beat, congestive 

heart failure, OPD for 

easy breath 

 

3 

Ashwagandha Withania somnifera-

roots & stem bases, 

Family-Solanaceae 

Neurotonic, 

Rheumatism, gout, 

hypertension, cancer 

 

4 

Belladonna Atropa accuminata-

leaves & flowers, 

Family- Solanaceae 

Anti-spasmodic, 

anticholinergic, antidote 

for chloral hydrate & 

opium poisoning 

b) OIL Yielding plant 

S N  Name of Plant  Source of plant 

(Scientific)  

Uses 

1 Mustard   Brassica 

campestris(Family-

Cruciferae) 

Oil yielding-seeds 

2 Coconut  Cocos 

nucifera(Family- 

Palmae)  

Oil yielding-from 

endosperm 

3 Ground nut   Arachis 

hypogea(Family-

Fabaceae) 

Oil yielding –from 

seed 

4 Linseed  Linum usitatissimum( 

Family-Linaceae)  

Oil yielding-seeds 

5 Corn oil  Zea mays( Graminae)  Oil yielding-seeds 

. 
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c) Five Pulse yielding Plant 

 

S N 

 

 

  

Name of Plant  Source of plant 

(Scientific) 

Uses 

1 Kala chana   Cicer aeritinum 

(Papilionaceae) 

 

2 Rahar( Pigeon pea)  Cajanus 

cajan(Papilionaceae 

 

3 Lentil( Masoor)  Lens 

esculentum(Papilionaceae) 

 

4 Matar               Pisum 

sativum(Papilionaceae) 

 

5 Moong               Phasolus 

mungo(Papilionaceae) 

 

 

d) Five Edible fruits yielding Plant 

S N Name of Plant  Source of plant (Scientific) Uses/edible part 

1 Mango      Mangifera indica( Family-Anacardiaceae) Drupe(Mesocarp) 

2 Apple   Malus domestica( Family-Rosaceae)          Pome( Thalamus) 

3 Banana   Musa sapientum( Family-Musaceae)    Berry( Mesocarp and 

Endocarp) 

4 Guava      Psidium guajava( Family-Myrtaceae)--     Berry( Entire fruit) 

5 Grapes Vitis vinifera( Vitaceae) Berry(Entire fruit) 

 

For knowledge    

Name of Fruit फल        

Edible Parts              

Apple     Fleshy thalamus        

Pear         Fleshy thalamus        

Mango आ  Mesocarp    फल     

Guava      Entire Fruit फल    ,        

Grapes       Pericarp and Placenta फल    ,         

Papaya       Mesocarp    फल     
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Coconut      ल Endosperm        

Tomato       Pericarp and Placenta फल    ,         

Banana   ल  Mesocarp and Endocarp                 

Wheat      Starchy endosperm                

Cashew nut      Peduncle & cotyledons                   

Lichi ल    Aril    ल 

Gram     cotyledons and embryo               

Groundnut     फल  cotyledons and embryo               

Mulberry       Entire Fruit    ल      ल     

Jackfruit    ल Bract, Perianth and seed     ल             

Pineapple       Bract and Perianth     ल     

Orange        Juicy Hair           

i) Mango: Mango is a type of drupe fruit. A drupe (or stone fruit) is an indehiscent fruit in which 

an outer fleshy part surrounds a single shell of hardened endocarp with a seed inside. The 

mesocarp (fleshy part) is the edible part of mango.  

(ii) Custard apple: Custard apple is a compound fruit. In custard apple, the berries become very 

fleshy and being crowded together on a thick thalamus form a complex single fruit. the 

mesocarp, i.e the fleshy part is the edible part of custard apple. 

(iii) Sweet orange: Sweet orange is considered a hesperidium, a kind of modified berry; it is 

covered by a rind originated by a rugged thickening of the ovary wall. The mesocarp or the pulp 

is the edible part of the fruit. 

(iv) Banana: Banana is a type of false berry. A berry is a fleshy fruit without a stone produced 

from a single flower containing one ovary. The endocarp and less developed mesocarp are the 

edible parts of banana.  

(v) Guava: Guava is a berry type fruit. A berry is a fleshy fruit without a stone produced from a 

single flower containing one ovary. pericarp, placenta and thalamus are the edible parts of guava. 
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(vi) Litchi: Litchi is a nut type simple fruit. When a single fruit develops from a single ovary of a 

single flower, it is called a simple fruit. An aril which is a specialized outgrowth from a seed that 

partly or completely covers the seed is the edible part of litchi. 

(vii) Pomegranate: Pomegranate is a balausta which is a berry with an outer hard rind formed of 

epicarp and a part of mesocarp. Succulent testa is the edible part of pomegranate. 

(viii) Fig: It is a synchronous type of fruit. This fruit develops from the hypanthium type of 

inflorescence. Fleshy receptacle or thalamus is the edible part of fig. 

(ix) Grapes: Grape is a berry type fruit. Berry is a fleshy fruit in which there is no hard part 

except the seeds. The pericarp and the placenta are the edible part of grapes.  

(x) Apple: Apple is a type of pome fruit in which a simple, fleshy but false fruit as it is 

surrounded by a fleshy thalamus which is edible while actual fruit lies within. The fleshy 

thalamus is the edible part of apple. 

(xi) Mulberry: Mulberry is a type of Sorosis. Mulberry fruit develops from catkin in which fleshy 

perianth encloses dry achenes. The succulent perianth and the fleshy axis are the edible part of 

the fruit. 

(xii) Strawberry: Strawberry is the etaerio of achenes. In strawberry the thalamus is fleshy and 

becomes red on maturation and is the edible part. 

(xiii) Peach: Peach is a drupe type fruit. The fleshy part of the fruit called mesocarp is the edible 

part. 

(xiv) Date palm: Date palm is a type of berry. The pericarp and the placenta are the edible parts 

of date palm. 

e) Fiber yielding plant 

S N 

             

                                  

Name of Plant Source of plant (Scientific) Uses 

1 kapas                          

  

Gossypium herbaecaeum( Family- 

Malvaceae) 

Textile fibre 

2 Tissi            Linum usitatissimum (Family-

Linaceae).         

Soft Fibre 

3 Narial   Corchorus capsularis, C. olitorius 

(Family-Tiliaceae)-  

Hard fibre. 

4 Bamboo 

  

Bambusa sp. (Family-Poaceae)                    Paper making 

5 Sedge Cyperus compressus( Family-

Cyperaceae)         

mats and culm 
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Classification of fibre 

We can categorise fibres into 6 main groups or classes: 

1. Textile fibre 

2. Brush fibre 

3. Rough weaving fibre 

4. Filling fibre 

5. Natural fabrics fibre 

6. Paper making fibre 

1. Textile fibre 

Textile fibre is the most important fibre. 

• They are connected with industries concerned with manufacture of fabrics. 

• They are always long and possess cohesiveness and pliability. 

• They must possess a fine, uniform lustrous and readily available. 

Textile fibre is classified into 3 sub-classes: 

i. Surface fibre 

ii. Soft fibre 

iii. Hard fibre 

i. Surface fibre 

• It contains cotton. 

• Cotton is the world’s greatest industrial crop. 

• Obtained mainly from the pericycle or secondary phloem of the stems of dicots. 

• Structural elements found in the leaves of many tropical monocots. 

• They may also be found in stems or fruits. 

Example: Gossypium arboretum, G. herbaceum, G. hirsutum, G. barbadense (Malvaceae). 
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Uses 

• Making of print clothes, fine cotton goods. 

• Cotton is used in mattresses. 

• Sterilize absorbant cotton. Cotton is used in medicals and surgical purposes. 

• Seeds are of great importance and ovary part is utilised.• Hulls are used as fertilizer and a fruits 

of xylose. 

• Sugar can be converted into alcohols. 

ii. Soft fibre 

• It is also called bast fibre or phloem fibre or skin fibre. 

• It is collected from the phloem or the bast surrounding the stem of certain dicot plants. 

• Most of the economically important bast fibres are obtained from herbs. Sometimes they are 

also collected from wild plants. 

Example: Linum usitatissimum (Linaceae). 

Uses 

• Flax is used as cotton. 

• Flax was used some 1000 years ago by Swiss lake dwellers. 

• They are used in manufacture of linen clothes. 

• The finest writing papers, insulating materials. 

Example: Corchorus capsularis, C. olitorius (Tiliaceae). 

Uses 

• Used for rough weaving, barlen bags. 

• Used for making ropes, bags. 

• Used for decorating purposes. 

• Jute stick is used as imperfect furniture and doors. 

iii. Hard fibre 

• This fibre is obtained from the leaves of monocot plants. 
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• These fibre are long and stiff. 

• The leaves from which the fibre is obtained is usually sword shaped, thick, fleshy and 

often hard surfaced. 

Example: Agave sisalina (Agavaceae). 

Uses 

• The fibre is utilised in the manufacture of cable marine, cordage, industrial ropes and 

other form. 

• Considerable amount of fibre is also used for making fibre carpet. 

• Used in the manufacture of carbon paper. 

Example: Cocos nucifera (Arecaceae). 

Uses 

• Coir is a natural fabric. 

• Mostly used for cordace, cable, mattresses and floor covering. 

• This fibre is considered superior to other fibre for manufacturing cable because of its 

light, elastic proportions and it is exceedingly resistant to water. 

• Used in paper production. 

2. Brush fibre 

• It is those type of fibre which is very strong, elastic, stiff and flexible. 

• Twit, root, stem, leaves are the source of these types of fibre. 

Example: Borassus flabellifer (Arecaceae). 

Uses 

• Used for making brushes, dromes. 

• Fibre is also used for making ropes. 

• Leaves are used for making fans, umbrella. 

Example: Cocos nucifera (Arecaceae). 
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3. Rough weaving fibre 

• Include the stem of leaves, rids, grasses, willows, bamboo etc. 

• Used for making mats, baskets and similar types of goods. 

Example & use 

1) Cyperus compressus 

Used for manufacture of mats and culm. 

2) Bambusa tulda 

Used for making baskets, fans and papers. 

3) Clinogyne dichotoma (Morantaceae) 

Shitol pati. 

4. Filling fibre 

• Include those fibres which are used for stuffing cushions, matress and some furnitures. 

• They are also employed for manufacturing or stiff for milling purposes, packings or 

machine, bearings, delicate objects. 

Example & use 

1) Bambusa ceiba (bombacaceae) 

Used for making pillows, cushions. 

2) Calotropis gigantean or giant milk weed (Asclepiadaceae). 

Used for making fishing nets, fishing lines and stuffing purposes. 

5. Natural fabrics 

Example & use 

1) Hibiscus tiliaceus 

Large shrub or small tree. 

Bark is a source of fibre. 

The fibre is used for making ropes and mats. 

2) Antiaris toxicaria (Moraceae) 

Sack tree. 

Fibre obtained from bark for cordage, matting.6. Paper making 
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Example & use 

1) Cyperus papyrus (Cyperaceae) 

Chinese first used this for making papers formally. 

2) Bambusa sp. (Poaceae) 

f) Five vegetable yielding plants 

S N Name of Plant Source of plant (Scientific)/Family Uses 

1 Kaddu                        

  

Luffa aegyptiaca(Family-Cucurbitaceae) Vegetable 

2 Ladies’ fingers  Abelmoschus esculentus (Family-Malvaceae) Vegetable 

3 Pea               Pisum sativum(Family- Fabaceae) Vegetable 

4 Soya bean 

   

Glycine max.(Family-Leguminosae/Fabaceae) Vegetable 

5 Sugar beet               

 

Beta vulgaris ( Family - Amaranthaceae) Vegetable 

g) Spice yielding plants 

S N 

                      

                    

Name of Plant Source of plant (Scientific)/Family Uses 

1 Turmeric       Curcuma longa(Family-Zingiberaceae) - Antiinflammatory/Antioxidant 

2 Black cumin                     

  

Nigella sativa(Family-Rananculaceae) Flavouring agent 

3 Black mustard                   Brassica nigra(Family- Brassicaceae)   

4 Cinnamon                        Cinnamomum verum(Family-Lauraceae) Obtained from bark-

Flavouring agent 

5 Clove                             

 

Syzygium aromaticum(Family-Myrtaceae) Flower bud-

Antiseptic,antiviral and 

antimicrobial.Heals sore 

throat,cold and cough. 

6                                       

Coriander                     

Coriandrum sativum (Family-Apiaceae) Dried seeds and fresh leaves- 

used in digestion problem,loss 

of appetite,hernia,nausea and 

intestinal gas. 

7 Cumin                           

  

Cuminum cyminum (Family-Apiaceae) Seed-promotes digestion, rich 

source of 

iron,antioxidant,maintains 

blood cholesterol,and 

antiinflammatory 

8 Fennel Foeniculum vulgare(Family-Apiaceae) Seed-for digestive 

problem,good for heart,cancer 

fighting capacity,antibacterial 

properties. 

9  Fenugreek                      Trigonella foenum-graecum(Family- Fabaceae) Seed- hormone 

induction,control 

diabetes,checks cholesterol 

level,reduces heart burn. 

10 Cardamom                     Elettaria cardamomum( Family-Zingiberaceae) Seed- Antioxidant and 

diuretic property,may lower 

blood pressure,cancer fighting 

compounds,helps solve 

digestive problem,reduces 

teeth problem,help improve 

breathing and oxygen 

use,lowers blood sugar. 
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 Timber yielding plants 

S N Name of Plant Source of plant (Scientific) Uses 

1 Arjun Terminalia arjuna Terminalia elliptica( 

Family- Combretaceae) 

It is heavy and strong                                                         

It has such uses as beams, 

rafters, and posts 

2 Gambar  Gmelina arborea(Family- Lamiaceae) It is used for such products as 

furniture, carriage, well curbs, 

yokes, and door panels. 

3 Sal  Shorea robusta ( Family- 

Dipterocarpaceae) 

It is durable under ground and 

water. It is used for railway 

sleepers, shipbuilding, and 

bridges 

4 Sissoo  Dalbergia sissoo(Family- Fabaceae) It is used for high quality 

furniture, plywoods, bridge 

piles, sport goods, and railway 

sleepers. It is a very good 

material for decorative works 

and carvings 

5 Teak  Tectona grandis( Family-Verbenaceae) It takes up a good polish and 

is not attacked by white ants 

and dry rot. It does not 

corrode iron fastenings and it 

shrinks little. It is among the 

most valuable timber trees of 

the world and its use is limited 

to superior work only. 

6 Tamarind  Tamarindus indica(Family- Fabaceae) . It is used for agricultural 

instruments, well curbs, sugar 

mills, carts and brick burning.
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Topic-12 

Ultrastructure of Mitochondria 

 

 

 

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: 
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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 
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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. 
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ETS 


