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PREFACE

We are passing through an "Era of Biology". Words like "Biotechnology’,
'‘Bioremediation”, "Biochips”, "Biomineralization", "Bioinformatics" etc. have
become familiar even with "common man". Certainly there is a new unusual never-
before-tried approach to address and solve many problems associated with modern
life and to enhance the quality and standard of living by application of modern
tools of Biology; particularly the Genetically Modified Foods (GM Foods) and
other GM Products have revolutionized our Life.

Application and exploitation of biological principles has become possible because
of extensive knowledge and study of descriptive and functional aspects of living
organisms over the years commonly studied under "Biology" which broadly
comprises Botany and Zoology. Infact, Botany/Zoology is the 'mother science' of
Molecular Genetics, Biochemistry, Microbiology, Molecular Cell Biology,
Biochemical Engineering and ultimately Biotechnology, These recent applied fields
are natrual outcome of a sound knowledge and study of basic Science, Botany
(and of course Zoology). Without the study of structural and functional aspects of
Green plants, Fungi, Bacteria, Viruses and their interrelationships, the"modern biology"
is not possible. In fact, applied sciences, however 'modern’, cannot replace basic
sciences.

The notion of 'Boring Botany' with its tasks of memorising 'technical terms',
drawing diagrams can be dispensed with if only it is realized that application of
the discipline BOTANY has unlimited potentialities in our complicated modern
life through what is called Modern Biology.

In this Book, BOTANY, a sincere attempt is made by my colleagues, on the
basis of syllabus placed, to provide a simple and lucid account of Botany at the
XI Standard.

Each chapter is discussed with simplicity and clarity with Self-Evaluation at
the end of each lesson. While preparing for the examination, students should not
restrict themselves to the question/problems given in the Self-Evaluvation, they
must be prepared to answer the questions and problems from the entire text. Infact,
they are advised to refer to 'Reference Books' listed at the end to further their
knowledge.

DR. A. JAFFAR HUSSAIN
Chairperson
Text-Book Writing Committee (XI-Bio-Botany)



SYLLABUS : HIGHER SECONDARY
- FIRST YEAR - BOTANY

Unit 1 : Biodiversity (20 hours)

Systematics ;. Two Kingdom and Five Kingdom Systems - Salient features of
various Plant Groups (Algae, Fungi, Bryophytes, Pteridophytes and Gymnosperms)
- Viruses - Bacteria - Algae : Spirogyra - Fungi : Mucor - Bryophyta : Riccia -
Pteridophyta : Nephrolepsis - Gymnosperms : Cycas.

Unit 2 : Cell Biology (20 hours)

Cells as the basic Unit of Life - Cell Theory - Prokaryotic and Eukaryotic cells
(Plant Cell) - Light Microscope and Electron Microscope (TEM & SEM) - Ultra
Structure of Prokaryotic and Eukaryotic Cells - Cell Wall - Cell Membrane (Fluid
Mosaic Model) Membrane Transport Model - Cell Organelles : Nucleus,
Mitochondria, Plastid, Ribosomes - Cell Divisions : Amitosis, Mitosis and Meiosis
and their significance.

Unit 3 : Plant Morphology (10 hours)

Structure and modifications of Root, Stem and Leaf - Structure and types of
Inflorescences - Structure and types of flowers, fruits and seeds

Unit 4 : Genetics (10 hours)

Concept of Heredity and Variations - Mendel's Laws of Inheritance - Chromosomal
basis of Inheritance - Intermediate Inheritance (incomplete Dominance) - Epistasis



Unit 5 : Plant Physiology (30 hours)

Cell as physiological unit - Properties of Protoplasm - Water relations - Absorption
and movement - Diffusion, Osmosis, Plasmolysis - Theories of Water Transport -
Root pressure - Transpiration pull - Factors affecting rate of Transpiration -
Mechanism of Stomatal opening and closing - Potassium ion theory - Factors
affecting Stomatal movement - Functions of Minerals - Essential major elements
and trace elements - Deficiency symptoms of elements - Theories of Translocation
- Translocation of Solutes - Nitrogen Metabolism and Biological Nitrogen Fixation
Movements - Geotropism - Phototropism - Turgor Growth Movements - Tropic -
Nastic & Nutation.

Unit 6 : Reproduction Biology (30 hours)

Modes of Reproduction in Angiosperms - Vegetative propagation (natural and
artificial) - Micropropagation - Sexual Reproduction - Pollination : types - Double
fertilization - Development of male and female gametophytes - Development of
Dicot Embryo - Parthenogenesis and Parthenocarpy - Germination of Seeds -
Parts of Seed - Types of Germination - Abscission & Senescence.

Unit 7 : Environmental Biology (20 hours)

Organisms and environment as factors : Air, Water, Soil, Temperature, Light and
Biota - Hydrophytes, Mesophytes, Xerophytes and their adaptations - Natural
Resources Types, use and misuse - Conservation of water (RWH) - Ecosystems:
(a) Structure & Function, (b) Energy flow, (c) Decomposition, (d) Nutrient Cycling,
(e) Major Biomes, Forests - Grasslands, Deserts - Ecological Succession :
Mechanism & Types (Hydrosere & Xerosere).



Unit 8 : Practical Work (30 periods)

1.

Study of the following plants through specimens and slides and labelled
sketches in the Botany Record Book

11
1.2
1.3
14
15

Spirogyra
Mucor
Riccia
Neprolepsis
Cycas

Study of the plant cells

2.1
2.2

2.3

Onion peel : Observe in the microscope and draw labelled sketches
Hydrilla leaves whole mount in pond water : observe and draw labelled

sketches
Squash preparation of onion root tip : Observe stages of Mitosis and

draw labelled sketches

Study of modifications of stem and root and draw labelled sketches

3.1

Undderground root modifications : Radish, Carrot, Beet-root

3.2 Aerial roots : Banyan Prop Roots - Climbiung Root of piper betel
3.3 Underground stem modifications : Potato, Ginger, Onion, Yams

Flower : Structure, Vertical Section, Floral Diagram and Floral Form
of the following

4.1 Hibiscus

4.2 Datura



5. Physiology Experiments

5..1 Transpiration
(a) Transpiration pull
(b) Ganong's Potometer

5.2 Osmosis
(@) Osmometer - using semipermeable plant memabrane
(b) Potato Osmometer

5.3 Root Pressure : Experiment to demonstrate root pressure in Dicots

6. Germination of Seeds
6.1 Hypogeal type
6.2 Epigeal type (students to do project work)

7. Hydrophytes & Xerophytes
7.1 To study the specimens and write to note
(a) Hydrophytes : Hydrilla / Vallisneria, Eichhornia, Pistia
(b) Xerophytes : Opuntia, Euphorbia tirucalli, E. antiqguorum,
Aloe, Nerium.

Vi



VI.

CONTENTS

Pages

PLANT PHYSIOLOGY ..o 226-274
1. CellasaPhysiological Unit.......cccccoooviiiiiiiiiiiiinecceeccee e, 226
1l.a Properties of Protoplasm ........ccccccoviiiiiiiiiiiiiiii e, 227
1b Water Relations ..., 228
1.c Absorption and MOVEMENT ........ccviiiiiiiiiiiiiiiiiiiee e 229
1.d Permeability and Water Potential .............ccccooeiviviiiieieieniiinns 233
2. Water TranSPOIT .....uuueueieiiiiiiiiiiiitieiiieereeebee e eeereeereeeeeeeeeeeeeeees 237
2.a Transpiration PUlltheory .........coeiiiiiiiii e, 237
2.b Factors Affecting Rate of Transpiration...........ccccceoeeeevveeinnnnnn. 239
2.c  Mechanism of Stomatal Opening and Closing ......................... 242
2.d Factors Affecting Stomatal Movement ..............ccceeeeeeeeeieenee, 243
3. MiIneral NULIILION ....uvveiieiiieiieeeeee e 246
3.a Functions of MiNEralS..............uuueuiiiiiimiiieiiieiieerieeeeeeeeeeeeeeeeeeeees 246
3.b Essential of Major Elements and Trace Elements.................... 248
3.c Physiological Role and Deficiency

Symptoms of Mineral Elements ...........ccccceeveeiiiiiiiiiiiieeeeen 248
3.d Theories of Translocation..............cccccviiiiiieee 255
3.e  Translocation of SOIULES .........cccccciiimmiiiiiiiiieeieees 258
3.f Nitrogen MetaboliSm ..........c.ovvviiiiiiiii e 260
4. Plant MOVEMENTS .....cooiiiiiiiiiiiiieee et 267
I 1= o 1 0] o 1< 1 o P 270
4.2  PhototropiSm........ccoooiiiii e 271
4.3 TurgoVv Growth MOVEMENTS .......ccceveiiiiiiiiiiiiieiieee e 272
REPRODUCTION BIOLOGY ..ocooiiiiiiiiiieeee e 275-317
1. Reproduction in ANQIOSPEIM ......uuviiiiiieiiieiieeiieeieeeeeeeeeeeeeeeeenaens 275
l.a Vegetative Propagation ..........cccccceeeeeiiiiiiiiiiieeseieseine e eeeeee e 275

Vi



1.b  MICropropagation ...........cooccureeieeeiiiiieiiee et e e 281
2. Sexual ReproduCtion ............ccceviiiiimieiiee e 283
2.2 POllINALION.......ccoii e 283
2.b Development of Male and Female Gametophytes .................. 291
2.c Double Fertilization...............eeeeieiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 299
2.d Development of Dicot EMbBryo .........ccccceeeiiiiiiiiiiiiicce e 303
2.e Parthenogenesis are Parthenocarpy .........cccccoveciivirieeiiennnnnnns 304
3. Germination Of SEEAS .......uuvuviiriiiiiiiii s 306
3.2 Parts of @ Seed ......cccviiiiiiiiie 306
3.b  Type of GErmination.............uvvviviiiiiiiiiiiiiieieereeeeeeeeeeeeee e eeeeeeee 308
3.C  ADSCISSION and SENESCENCE .......ccccuvvvviiiiieeeeeeiiieieeeee e e e e e e 313
VII. ENVIRONMENTAL BIOLOGY ..o, 318-367
1. Organisms and their EnVironment ............occcvvvvieeeeeiiiiiiinieneenn. 318
2.  Hydrophytes, Mesophytes and Xerophytes ..............ccceeeee. 327
3. NAtUral RESOUICES ....cuevviiieeiiiiiiiiiiiiiee e e e 339
N o]0 1) £] (=] 1 1 PP 350
5.  ECOIOQICal SUCCESSION ....oovviiiiiiiiiiiiiiiee e 364
REFERENGCES .ot aa s 368



VI.

VII.

BOTANY CHAPTERS

BIODIVERSITY

CELL BIOLOGY

PLANT MORPHOLOGY

GENETICS

PLANT PHYSIOLOGY

REPRODUCTION BIOLOGY

ENVIRONMENTAL BIOLOGY

HA AR

1-98

99-144

145-198

199-225

226-274

275-317

318-367



V. PLANT PHYSIOLOGY
1. Cell as a Physiological Unit

Living organisms are made up of structural and functional units called cells.
Every cell is made up of several biomolecules and organelles. The organelles are
membrane-bound structures involved in specific functions. The organelles are
absent in prokaryotic cells; yet a prokaryotic cell also can carry out all the
physiological functions required for its metabolism.

The plant cell can be referred to as a physiological unit as it has the capabilities
of carrying out physiological functions as a single entity.

The cell wall is a non-living outer limiting layer of the plant cell which provides
shape and rigidity to the cell.

The cell wall is followed by the plasma membrane or cell membrane which is
selectively permeable involved in the absorption of water by osmosis, and other
substances like ions and low molecular weight biomolecules.

The protoplasm which is the physical basis of life includes cytoplasm, nucleus
and cellular organelles which are involved in the various physiological processes
taking place within the cell. The protoplasm is a water retentive colloid holding
90% of water which is a universal solvent.

The plant cells are characterised by a prominent vacuole holding the cell sap
and functioning as an osmo-regulatory organelle of the cell.

Thus the cell is the principal seat of metabolic events.
Nutrition

Among the cell organelles, ti&hloroplast is the most important structure
unique to plant cells and involved in the most important physiological process called
Photosynthesis This process is the source of food for life on earth.

Respiration

The organelle of the plant cell involved in cellular respiration is the
mitochondrion. This organelle is concerned with the oxidation of food substances
to release CQ water and energy in the form of Adenosine Triphosphate (ATP).
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Protein Synthesis

The synthesis of proteins and their transport is carried out by the ribosomes
and the endoplasmic reticulum.
Secretion

Cell secretion takes place by the organelle calledablgi body which is
referred to as thdictyosomein plants.

The plant is thus able to co-ordinate the physiological activities of the various
organelles and behaves as a perfect physiological unit.

Thus the cell is the seat of important physiological functions.

1. a. Properties of Protoplasm

The protoplasm is the living component of the plant cell and involves four
parts (i) the cytoplasm, (ii) the vacuoles, (iii) a number of organelles and (iv) the
nucleus.

In young cells, the vacuoles are many, small and scattered, whereas in a
mature cell, there is a single large vacuole occupying the centre of the cell and the
cytoplasm forms a thin peripheral layer around the vacuole.

The Physical Nature of Protoplasm

Many theories have been put forth to expalin the physical nature of the
protoplasm.

The Alveolar Foam Theory

Butschili in 1882, said that the protoplasm is a semi-transparent, viscous and
slimy substance, essentially a liquid possessing a foaming or alveolar structure.
Colloidal Theory

Wilson Fischer (1894) considered the protoplasm as a polyphase colloidal
system.

This theory is a widely accepted one as the protoplasm is seen to exhibit the
properties of colloids.
Properties
i. Colloidal System

The protoplasm forms a colloidal system composed of a water phase in which
mineral matter is dissolved, also having a protein phase, a fat phase and many
minor phases. So it is said to bpayphase colloidalsystem.
ii. Solation and Gelation

The protoplasm exists mostly as a sol (which is semi-liquid) but sometimes it
becomes rigid and is viewed as a gel (which is sem-solid).
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Gelation
Sol —_— Gel
Solation
iii. Brownian Movement

The particles of the protoplasm show an erratic zig-zag movement. This
random motion, caused by the uneven bombardment of particle is Galbechian
movement

iv. Tyndall Effect

The scattering of a beam of light by the particles of a colloid is tetynddll
effect This is a property of the protoplasm also.

v. Ultrafiltration

The particles of the protoplasm cannot be filtered through ordinary filter paper
but can be filtered through ultrafilters such as millipore filters.

vi. Electrical Properties
The particles of the colloid carry an uniform electric charge.
vii. Flocculation or Co-agulation

When the particles of a colloid lose their charges they tend to aggregate and
increase in size. As a result they fall out and get precipitated. In other words
protoplasm loses its living property.

These properties of the protoplasm indicate that it is a living substance and
has rightly been termed as the physical basis of\ifain fluidun).

Chemical Nature of Protoplasm

The major constituent of the protoplasm is water which makes up 90% of it.
The dry matter has several organic and inorganic substances. Proteins and other
nitrogen-containing compounds constitute the bulk of organic matter. Liquids like
fats and oils are also present in small amounts. Compounds consisting of chlorides,
phosphates, sulphates and carbonates of magnesium, potassium, sodium, calcium
and iron are also present.

Since the protoplasm contains all the chemical constituents required for life, it
has been called tH#&hysical and Chemical Basis of Life”.

1.b. Water Relations

Water is the most important substance required for the sustenance of life.
The protoplasm which is the physical and chemical basis of life has 90% of water.
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Thus the dispersion medium of the protoplasmic colloid is water. Water has a
number of special properties by which it becomes the most suitable medium for
the organisation of a variety of life’s functions rather very easily. Absorbing of
substances from the environment, transporting these within and across the cells,
mediating important chemical reactions and properly maintaining the shape and
forms of organs to bring about their effective functioning are all advantages, the
protoplasm possesses due to the presence of water in it. At molecular level water
is the donor of electrons / hydrogen in photosynthesis and it is the end product in
respiration. Thus it is clear that any factor causing loss of water and subsequent
coagulation of protoplasm will eventually lead to death.

As far as plant cells are concerned water absorption for photosynthesis is
one of the most essential activities. So water relations in a plant cell are of greater
significance and form the fundamental process for the proper functioning of the
plant cell.

A typical plant cell consists of cell wall, a central large vacuole filled with
an aqueous solution called cell sap, and the cytoplasm. When a plant cell is subjected
to movement of water, many factors start operating and these will ultimately
determine, a property called water potential of the cell sap. It is the water potential
which controls movement of water into and out of the cells.

1.c. Absorption and Movement
Absorption of water

Absorption of water occurs in plants through roots. The zone of water
absorption in root is about 20 - 200 mm from the root tip and this redh&air
zone The ultimate units of water absorption are the root hairs. The root hair is a
unicellular tubular extension bound by an outer cell wall followed by plasma
membrane, enclosing the protoplasm inside. The cytoplasm of the root hair contains
a large central vacuole filled with cell sap.

Absorption of water by plants takes place due to the process, osmasis, which
is a passive diffusion.

Path of water across the root

The root hairs are unicellular extensions of the roots found extending into the
pore spaces of the soil particles. The pore spaces contain water and dissolved
minerals in the form odoil solution. This water first gets adsorbed to the wall of
the root hair, by imbibition thus wetting it. This forms a channel for further absorption
of water by the living cells of the root in an active manner. From the root hair
water reaches the cells of the rhizodermis, then through the cortical layers the
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water reaches thegassage
cells of the endodermis
which are opposite to the
protoxylem points. The
water then passes through
the parenchymatous
pericycle and reaches the
protoxylem.

The path of water is in
a lateral direction and so is
calledlateral transport of
water. Once the water
reaches the xylem, it has to be transported in an upward direction to the shoot
system and from there to the leaves. This is referred Aseesnt of Sap
Imbibition

Imbibition is the uptake of water or other solvents by non-living substances
such as gum, starch or wood causing swelling of these substances. Such substances
are calledimbibants. The phenomenon of imbibition creates a force called
imbibitional force between the imbibant and the solvent. In plant cells, the cell
wall is the imbibant which absorbs water and forms a channel for movement of
water into the cell by diffusion and osmosis. Imbibition plays a very important role
in most of the activities especially seed germination which involves absorption of
water by seed coats, their swelling and rupture causing the emergence of the
radicle andplumule.

Diffusion

Diffusion is the flow of matter, solid, liquids and gases from a region of higher
concentration to a region of lower concentration until equilibrium is attained.
Examples of diffusion are the smell of perfume, when we open a perfume bottle
and the spread of colour when a crystal of potassium permanganate is put into a
beaker of water.

When a substance undergoes diffusion, its particles start moving. When the
moving particles counter a surface, the surface offers resistance to the impact of
diffusing particles. This leads to development of pressure chffadion pressure
Always diffusion occurs from a level of higher diffusion pressure to a level of
lower diffusion pressure. A pure solvent has maximum diffusion pressure and
addition of solutes lowers the diffusion pressure. The amount by which the diffusion
pressure of a solution is lower than that of the pure solvent is dailtiesion
Pressure Deficit(DPD). But the recent trend is to use the term water potential
to explain diffusion of water.
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Osmosis

Osmosis is a special type of diffusion of liquids. When two solutions of different
concentrations are separated by a selectively permeable membrane, diffusion of
water or solvent molecules takes place from the solution of lower concentration to
the solution of higher concentration. This process is c&isehosis In other
words Osmosis is the diffusion of water or solvent from a region of its higher
concentration to a region of its lower concentration through a selectively permeable
membrane. This can also be expressed as the movement of water from a region
of higher free energy of water or water potential to a region of lower free energy
of water potential through a selectively permeable membrane.

Hypertonic, Hypotonic and Isotonic solutions

Imagine a system in which an agueous solutianith high concentration of
solute is separated by a selectively permeable membrane from an aqueous solution
B with a low concentration of solute. Solution A is said tohlgpertonic to
solution B, and solution Bypotonicto solution A. In this situation, there will be a
net movement of water or solvent molecules through the membrane from the
hypotonic solution to the hypertonic solution by osmosis. This will continue until
equilibrium is reached, at which point there is no further movement of water and
the two solutions are describedigstonic.

Demonstration of Osmosis

The process of osmosis may be demonstrated by the simple osmometer which
is the thistle funnel experiment.

Potato Osmoscope

Demonstration of osmosis
in a living system can be done
using the potato osmoscope.

A potato is peeled and one
side is flattened which serves
as the base. A cavity is made
in the potato and is filled with
concentrated sugar solution
and a pin mark is made to
indicate the initial level. This
potato is then placed in a beaker containing coloured water for some time.

Observation

It is observed that the sugar solution in the cavity of the potato becomes
coloured and level rises.
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Inference

This proves the entry of water into the sugar solution through the potato
tissues which serve as the selective permeable membrane.

Plasmolysis

When a plant cell is placed in hypertonic solution, the process of exosmosis
starts and water from the cell sap diffuses out into the solution of external medium.
This causes a reduction in the tension of the cell wall and brings about the contraction
of protoplasm due to the continuous loss of water. The protoplasm becomes rounded
in shape due to contraction and such a cell is said dsenolysedand the
phenomenon is referred to@lasmolysis The initial stage of plasmolysis where
the protoplasm just starts leaving the cell wall is caltetpient plasmolysis

When a completely plasmolysed cell is again placed in water or a hypotonic
solution, endosmosis takes place and the protoplasm regains its original state and
shape. i.e., the cell becomes fully turgid. This phenomenon is the reverse of
plasmolysis and is calledkeplasmolysis

Significance of Plasmolysis

1. Helps to understand the living nature of a cell.

2. Helpsto preserve meat, jellies and used in pickling as their salting kills
bacteria by plasmolysis.
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3. Used to prove the permeability of cell wall and selectively permeable
nature of plasma membrane.

Osmotic Pressure

Osmotic pressure of a solution is the pressure which must be applied to it in
order to prevent the passage of solvent due to osmosis. In other words, it is that
pressure which is needed to check the process of osmosis. Thestetic
potential is also used in place of osmotic pressure.

Turgor Pressure

When the plant cell is placed in water, it will swell but will not burst. Due to
the negative osmaotic potential of the cell sap, water moves into the cell and causes
the plasma membrane to press against the cell wall. This pressure responsible for
pressing the plasma membrane against cell wall is caligdr pressure.

Turgor pressure may also be defined as the hydrostatic pressure developed
inside the cell on the cell wall due éadosmosis

Wall Pressure

As a result of turgor pressure on the cell wall, the rigid cell wall exerts an
equal pressure in the opposite direction calkedl pressure Under these
conditions, the plant cell is said to be turgid.

When wall pressure becomes equal to turgor pressure, entry of water into the
cell stops and the water potential (Psi denoted as g) becomes equal to that of the
environment.

Diffusion Pressure Deficit (DPD) or Suction Pressure

The pressure exerted by diffusing particles is called diffusion pressure. When
solute is added, the diffusion pressure of a solution is lowered. The amount by
which diffusion pressure of a solution is lower than that of its pure solvent is
known asdiffusion pressure deficitwhich was described &siction pressure
by Renner (1915). Recently a new term called water potential is used for DPD
but with a negative value.

1.d. Permeability and Water Potential

Permeability

The entry and exit of water into and out of the plant cells is due to a phenomenon
calledpermeability of the plasma membrane. The plasma membrane is considered
to be selectively permeable because it allows the solvent, water and a few selected
molecules and ions to pass through it.
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Water Potential

The plant being a multiphase system, here the movement of water is expressed
in terms of free energy. Water will flow from a region of higher free energy to a
region of lower free energy. Free energy is the thermodynamic parameter which
determines the direction along which physical and chemical changes should occur
and may be defined as the sum of the energy of a system capable of doing work.

Based on free energy, water potential may be defined as the difference
between the free energy of water molecules in pure water and the free energy of
water in any other
system (eg) water
in a solution o — _
water contained in Diffusion Osmosis

the plant celliyoyement of solid{Movement of solven
Water potential i$ |iquid or gas moleculemolecules from a region
denoted by thefrom a region of highefof higher solvent
Greek lettempsi ¥ | concentration to a regiopconcentration to a regiof

and is measured ingf [ower concentration [of lower solvent
bars. Thus, water concentration.

potential is th

chemical potential o selectively permeabléTakes place through

of water. The nemprane is nofselectively permeablé

water poter!tlal OTinvolved membrane
pure water is zera

bar and water potential in a plant tissue is always less than zero bar and hence a
negative number.

Table 5.1. Differences between diffusion and osmosis

-

Components of Water Potential

When a typical plant cell containing cell wall, vacuole and cytoplasm is placed
in a medium containing pure water, there are a number of factors which determine
the water potential of the cell sap. These are called the components of water
potential and are named as

i. Matric potential, ii. Solute potential and iii. Pressure potential

Matric Potential

The term ‘matric’ is used for surfaces which can absorb water such as cell
walls, protoplast and soil particles. Matric potential is the component influenced
by presence of a matric and possesses a negative value and dem®ted as
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Solute Potential

It is a component of water potential which is also called Osmotic potential
which represents the amount of solute present and is denotéd‘#sof pure
water is zero and s#_ values are negative.

Pressure Potential

The cell wall exerts a pressure on the cellular contents inwards walled
pressure causing a hydrostatic pressure to be exerted in the vacuole called
turgor pressure which is equal and opposite to wall pressure. Pressure
potential which is denoted Wsp is equivalent to either the wall pressure or turgor
pressure. Water potentid =W _+W_+ W

Table 5.2. Differences between Diffusion Pressure Deficit and Water Potential

Diffusion Pressure Deficit (DPD) Water Potential

1. DPD was orginally called suction|it is called W, whereW ispsi and the

pressure chemicalpotential of water quivalent to
DPD with angative sgn

2. ltismeasuredin atm@$eres. Itis measured in bars.

3. DPD is the difference between theyater potential is the difference betwee
diffusion pressure of a solution anffree enegy of water molecules inpure
pure solvent. water and solution.

4. DPD=0P— TP where OP = Osmoticpw =W o+ W+ W whereW, = Matri
pressure and TP = Tgorpressure. potential ; P

W, = Solute potential ; W, = Pressur
potential.

5. Water moves from lower DPD tpvatermoves from fjher watepotential to
higherDPD. lowerwatemotential.

Water potential is thus the sum of the three potentials.

Thus the plant cell acts as an osmotic system having its own regulatory control
over absorption and movement of water through the concerted effect of phenomena

such as imbibition, diffusion and osmosis.
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SELF EVALUATION
One Mark
Choose the correct answer

1. The protoplasm was considered as a polyphase colloidal system by
a. Altmann b.Hemming  c. Wilson Fisher Rutschili

2. The movement of water into and out of cells is controlled by
a. Water potential b. Endosmosis c. Exosmosis d. Plasmolysis

3. Flow of matter from a region of higher concentration to a region of lower
concentration is called
a. Imbibition ~ b.Osmosis c. Diffusion d. Plasmolysis

4. The principle used in pickling is
a. Imbibition  b.Endosmosis c. Plasmolysis d. None of the above

Two Marks

1. Define: Tyndall effect / Brownian movement / Imbibition / Diffusion /
DPD / Osmosis / Hypertonic solution / Hypotonic solution / Isotonic solution
/ Plasmolysis / Osmotic pressure / Turgor pressure / Wall pressure / Water
potential / Permeability.

Five Marks

1. Why is the cell called a physiological unit?

2. Explain the physical nature of protoplasm.

3. Describe the properties of protoplasm.

4. Explain the components of water potential.

5. Explain plasmolysis and bring out its significance.

6. Differentiate between DPD and water potential.

Ten Marks

1. Explain osmosis with an experiment.

2. Write an essay on the physical nature and properties of protoplasm.

236



2. Water Transport

The water absorbed by the root hairs is translocated upwards through the
xylem. The mystery of the upward movement of water is yet to be solved in a
satisfactory way. The upward transport of water in plants which are 400 feet high
has not been satisfactorily explained till date.

Though the mechanism for upward movement of wat@soent of saps
not clear, it has been proved that ascent of sap takes place through xylem.

The girdling experiment was done is a plant with thick stem where the
outer layer of phloem was removed. Still it was found that ascent of sap continued
to take place proving that ascent of sap takes place through the xylem.

A young tomato or balsam seedling was taken and kept in a beaker containing
water coloured with eosin. After sometime it was seen that streaks of red colour
were running up the stem. When a cross section of the stem was taken, it was
found that xylem was coloured proving that ascent of sap takes place through the
xylem tissue.

Mechanism of Ascent of sap

A number of theories have been put forward at various times to explain the
mechanism of ascent of sap. These are (i) Vital theories, (ii) Root Pressure theory
and (iii) Transpiration pull.

Vital Theories

These theories had been given very early and have only historical importance.
Godslewskigave theelay pump theory. According to this theory the pumping
of water takes place upwards due to the vital activities of xylem parenchyma and
xylem rays.

J.C. Bosehas put forward thpulsation theory. According to this theory
water is pumped up due to the contraction and expansion of innermost cortical
cells which creates a pulsation causing upward movement of water.

2.a. Transpiration Pull Theory

This is also called asohesion-tension theoryput forward byDixon and
Joly (1894) and supported Wenner, Curtis andClark . This theory is based
on a number of features.
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Cohesion and Adhesion

Mutual attraction between water molecules is catigtesionand this force
may have a value as high as 350 atmospheres.

The wall of the tracheids and vessels which transport water are made up of
lignin and cellulose and have high affinity for water and this is caligesion

Xylem vessels have perforated end walls and form a tubular structure from
roots to the shoot tip. This provides a continuous channel for movement of water
which cannot be pulled away from xylem wall due to cohesive and adhesive
properties.

Transpiration Pull

The transpiration taking place through leaves causes negative pressure or
tension in xylem sap which is transmitted to the root. This is cailedpiration
pull which is responsible for the movement of water column upward.

Objections and Explanation

Air bubbles may enter the water column due to atmospheric pressure
variations. Dixon explained that the water continuity is maintained by network of
tracks of water due to interconnections between longitudinal vessels.

Septa in xylem vessels may check the flow of water. But the suction force or
negative tension developed by transpiration pull is sufficient to overcome resistance
developed by septa.

Experiment to Demonstrate Cohesion - Tension Theory

A young transpiring twig
is fixed to a glass tube fillegOrou
with water. The lower end gfyt Transpiring
the tube is kept dipping in a twig
dish containing mercury. As
transpiration occurs in the twig
the level of mercury rises in __ Water
the tube due to the suction
force created.

Water—

Instead of the transpiring Mercury —
twig, if a porous dry pot filled
with water is used, the same
results are got.

Mercury

Thus the cohesion - Fig : 5.5. Experiment to demonstrate

transpiration pull
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tension or transpiration pull theory best explains the ascent of sap as it stands
today but still this theory is also not completely accepted.

2.b. Factors Affecting Rate of Transpiration

The process of transpiration is influenced by a number of factors which may
be broadly classified as External factors and Internal factors.

External Factors

These include conditions of the environment which affect the rate of
transpiration. The external factors are humidity, wind, atmospheric pressure,
temperature, light and water.

Humidity

Humidity refers to the amount of water vapour present in the atmosphere. If
humidity is high, rate of evaporation is low and so the rate of transpiration is slow.

Wind

Wind is air in motion which enhances the rate of evaporation. Wind increases
the rate of transpiration. But winds at high velocity bring about closure of stomata
and thus reduce the transpiration rate.

Atmospheric Pressure

Low atmospheric pressure increases the rate of transpiration. Water vapour
from transpiring surfaces rapidly moves into the atmosphere which is at low
pressure.

Temperature

Increase in temperature increases the rate of transpiration as high temperature
causes the water in intercellular spaces to vaporize at a faster rate.

Light

Light influences opening of stomata and so rate of transpiration is high in light
and less in darkness.

Water

Less amount of soil water decreases the rate of transpiration. If the rate of
transpiration exceeds the rate of absorption, the stomata get closed the cells lose
their turgidity and the plant wilts. If the plant regains the turgidity, it will regain its
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original position and this is calledcipient wilting . If the wilting isirreversible
it is calledpermanent wilting.

Internal Factors

These are factors prevailing within the plant which are inherent properties of
the plant itself and include leaf structure, root-shoot ratio and age of plants.

Leaf Structure

In xerophytes, the rate of transpiration is reduced due to structural modifications
such as less surface area, thick cuticle with hard and leathery surface, leaf rolling,
sunken stomata, waxy coating, lower stomatal frequency, hairy covering and
development of mechanical tissue. In the case of the plants sQguasaand
Asparagusthe leaf is modified into thorns and the stem becomes flattened and
green to perform the function of the leaf. Such a structure is calléadade.

Root - Shoot Ratio

Transpiration shows a direct relation with the amount of water absorbed by
the roots and the water lost through leaves. Therefore the increase in the root-
shoot ratio will also increase the rate of transpiration.

Age of Plants

Germinating seeds generally show a slow rate of transpiration. It increases
with age and becomes maximum at maturity. But rate of transpiration decreases
during senescence.

Plants absorb water through the root system and only 2% is needed by the
plant for the various metabolic activities. The rest of the water is lost through the
aerial parts of the plant by a process cattadspiration .

The loss of water in the form of vapour from the aerial parts of the plant is
referred to asranspiration .

Types of Transpiration
Transpiration in plants is essentially of three types.
a. Cuticular
b. Lenticular
c. Stomatal
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a. Cuticular Transpiration

Cuticular transpiration takes place through outer covering of the epidermis
called cuticle made up of substance calledtin. Only a very little part of
transpiration takes place by this process.

b. Lenticular Transpiration

Lenticels are regions on the bark having loosely arranged cells called
complementary cells A very little amount of water is lost by transpiration through
lenticels.

c. Stomatal Transpiration

Stomataare minute openings on the epidermis of leaves and stems. Most of
the water lost by transpiration (about 95%) takes place through the stomata.

Structure of Stoma

A stoma is a minute pore on the epidermis of aerial parts of plants through
which exchange of gases and transpiration takes place.

Pare
"'-lli|ll-\.-\-‘-"‘--\.\_\_\_\_\_\_\_

Linard
cells
lmmEr ikic
wall

/]

i thi
e Duter ihin -
wall

Sahaddiary cells —

Shemad |||:r|:I

Fig : 5.4. Struciure ol Slamata Sloma Ukised

Each stoma is surrounded by a pair of kidney shapedd cells Each
guard cell is a modified epidermal cell showing a prominent nucleus, cytoplasm
and plastids. The wall of the guard cell is differentially thickened. The inner wall
of each guard cell facing the stoma is concave and is thick and rigid. The outer
wall is convex and is thin and elastic.

The guard cells are surrounded by a variable number of epidermal cells called
subsidiary cells
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2.c. Mechanism of Stomatal Opening and Closing

Opening and closing of stomata takes place due to changes in turgor of guard
cells. Generally stomata are open during the day and close at night.

The turgor changes in the guard cells are due to entry and exit of water into
and out of the guard cells. During ttigy, water from subsidiary cells enters the
guard cells making the guard cells fully turgid. As a result, the thin elastic convex
outer walls are bulged out causing the thick and rigid concave inner walls to curve
away from each other causing the stoma to open.

Duringnight time, water from guard cells enters the subsidiary cells and as a
result, the guard cells become flaccid due to decrease in turgor pressure. This
causes the inner concave walls to straighten up and the stoma closes.

The actual mechanism responsible for entry and exit of water to and from the
guard cells has been explained by several theories.

The most important theories are
i. The starch-sugar interconversion theory of Steward
i. Active K* transport of Raschke
ii. pH theory of Scarth
iv. Proton-potassium pump theory of Levitt.
I. The Starch - Sugar interconversion Theory

Steward (1964) holds that during the day the enzymsphorylaseconverts
starch to sugar, thus increasing osmotic potential of guard cells causing entry of
water. The reverse reaction occurs at night bringing about closure.

Phosphorylase (day)

Starch —— Sugar

(stoma opens)  night (stoma closes)
ii. Proton - Potassium Pump Hypothesis

Levit in 1974 combined the points in Scarth’s and Steward’s hypothesis and
gave a modified version of the mechanism of stomatal movement which was
called theproton - potassium pump hypothesis

According to this hypothesisthons are transported into the guard cells in the
presence of light. The sequence of events taking place are

i.  Under the influence of light, protons formed by dissociation of malic acid
move from cytoplasm in to the chloroplasts of guard cells.

i. To counter the exit of protons,*Kons enter the guard cells from the
surrounding mesophyll cells.
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i. K*ions react with the malate ions present in the guard cells to form
potassium malate.

iv. Potassium malate causes increase in the osmotic potential of guard cells
causing entry of water into the guard cells as a result of which the stoma
opens.

v. At nightthe dissociation of potassium malate takes place aimh&exit
out of guard cells causing loss of water from guard cells and so the stoma
closes

Noggle and Fritz (1976) supported this theory and gave a scheme for opening
of stomata.

Light

lStarch

Igroduction of Malic acid
IlDissociation into Hand Malate
IlExit of H* and entry of Kions
Il:ormation of Potassium malate
Ilncrease of OP of guard cells
IlEntry of water into guard cells
Ilncrease in turgor of guard cells
lStoma opens

This theory is the widely accepted one as Levitt was able to demonstrate rise
in K* ion level during the day and the formation of organic acids like malic acid
with the unused CQpresent in the guard cells.

2.d. Factors Affecting Stomatal Movement

There are a number of factors which influence stomatal movements. These
include light, temperature, potassium chloride, organic acid, carbondioxide
concentration, water and abscissic acid.

Light

Light greatly influences the opening and closing of stomata as it stimulates
production of malic acid due to conversion of starch to sugar. Stomata do not open
in U-V light and green light but remain opened in the blue and red regions of the
spectrum.
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Temperature

Stomata open with rise in temperature and close at lower temperature as light
and temperature are directly related. But higher temperatures also cause stomatal
closure.

Potassium Chloride
Accumulation of potassium chloride causes opening of stomata.
Organic Acid

The increase of organic acid content in the guard cells causes the stomata to
open.

Carbondioxide Concentration

Stomatal movement is influenced by the concentration of carbondioxide. At
low concentrations of CQthe stomata open. With increase in the concentration
of CO,, the stomata begin to close and when, C@hcentration of cells is higher
than its concentration in the air, the stomata completely close.

Stomatal movement is always influenced by the, €@nhcentration of the
intercellular spaces of the leaf and not the concentration of the air.

Water

Water is responsible for causing changes in the turgor of the guard cells.
Guard cells become flaccid on losing water and so the stomata close. Similarly the
guardcells become fully turgid on gaining water and the stomata open. Under
conditions of water scarcity also, the stomata close.

Abscissic Acid

Abscissic acid accumulates in the leaves when the plants experience water
stress or water deficit. It has been observed, that ABA (Abscissic acid) stimulates
closure of stomata under these conditions.

SELF EVALUATION
One Mark
Choose the correct answer

1. During the day the guard cells experience
a. exosmosis b.endosmosis c. fallinturgor d. loss of water
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2. The starch - sugar interconversion theory was given by
a. Steward b. Scarth c. Levitt d. Raschke
3. Scarth put forward the
a. active K transport theory b. pH theory
c. starch-sugar interconversion theory d. proton-potassium pump hypothesis
4, The relay pump theory was put forward by
a. Godslewski  b. J.C.Bose c. Stocking d. Dixon
5. J.C. Bose gave the
a. relay pump theory b. root pressure theory
c. pulsation theory d. cohesion-tension theory
6. The term root pressure was coined by
a. Stocking b. Stephan Hales c. Dixon d. J.C.Bose
7. Lignin and cellulose have affinity for water. This is called
a. adhesion b. cohesion c. root pressure  d. none of the above
8. The transpiration pull theory was supported by
a. Renner b. Curtis c. Clark d. All the above
Two Marks
1. Define : Stomata / Transpiration / Starch - sugar interconversion.
2. Define : Root pressure / Transpiration pull / Cohesion / Vital theories.
Five Marks
1. Explain the mechanism of stomatal opening and closing.
2. Describe the Proton - potassium pump hypothesis.
3. Demonstrate root pressure with the help of an experiment.
4, Give an experiment to demonstrate cohesion - tension theory.
5. Explain the objections to the root pressure theory.
6. Give an account of the inherent properties of the leaf which affect the rate
of transpiration.
Ten Marks
1.  Written an essay on the theories explaining mechanism of stomatal movement.
2.  Give an account of the factors influencing stomatal movement.
3.  Explain the postulates of the cohesion - tension theory. Add a note on the
objections and explanation.
4. List and explain the factors affecting transpiration.
5.  Give an account of the various theories explaining the ascent of sap.
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3. Mineral Nutrition

Mineral nutrition of plants was a phenomenon known from very ancient times.
Woodward (1699) observed for the first time that plants grow better in muddy
water than rain water. Later it was proved that minerals have specific functions
in plant metabolism.

When an oven-dried plant material is ignited at 400260@ll the organic
materials are oxidized and incombustible matter remains as plant ash. When this
ash was analysed it was found to contain 40 elements besides C,H,O,N and S
which were oxidized. All these are not essential for plant nutrition but on analysis
the important essential elements have been identified and based on their role in
plant metabolism and requirement, they have been classified as major elements
and trace elements.

The functions of the various minerals in general depends on the role of the
mineral in plant metabolism.

Criteria for Essentiality of a Mineral Element

Essential elements should have the following characteristics

Normal growth and reproduction must be dependent on particular mineral
elements.

An essential element must have direct influence on the plant.

Essential elements must be indispensable and their substitution by other
elements must be impossible.

Some elements are required in very low quantities and the status of
essentiality or non essentiality is doubtful. For exarsjbieon.

3.a.Functions of Minerals

Mineral elements are constituents of the various parts of plant body, for
example calcium which is found in the middle lamella, nitrogen and sulphur
in proteins, phosphorus in nucleic acids.

The mineral elements influence the osmotic pressure of the plant cell.
The mineral elements absorbed from the soil affect the pH of the cell
sap.

Elements like Fe, Cu, Mn and Zn act as catalysts in various enzymatic
processes.
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v) Elements like Ca, Mg, Na and K or their salts neutralize the toxic effects
of other elements in the cell.
vi) Elements like As, Cu, and Hg show toxic effects at certain stages of the
plant.
vi) Deposition of ions like Kand C&* on cell membrane change its
permeability.
Hydroponics

The termhydroponics has been use
for growth of plants in water culture. Tt
may also be referred to asoil-less
agriculture, test-tube farming, tank
farming or chemical gardening.

Commercially hydroponic cultures aH

g

Lark Io
bold plani

maintained in large shallow concrete, cen ™ [z

wood or metal tanks in which gravel a } -

nutrient solutions are taken. The tanks |47+

provided with pumps and empty auxili :-JZ* i -I;‘r'.h':l
tanks to pump out and circulate the gror 1=~

solution and to maintain proper aeratior 1= - A Nuirient
the nutrient solution. = Selutlen

The technique of hydroponics

Fog - 8.7 Hydrepenics

employed to know which mineral element s

essential for the growth and development of the plant. Commercially the application

of hydroponics involve the production lebrticultural andfloricultural crops.

This method may be used to increase yield of ornamentals such as gladioli,
shapdragon, roses and vegetables such as carrot, radish, potatoes, tomatoes and

lettuce.

Advantages of Hydroponics

iv.

V.

Vi.

Itis possible to provide the desired nutrient environment.
The acid-base balance can be easily maintained.

M ulching, changing of soil and weeding are eliminated.
Proper aeration of nutrient solution is possible.

Labour for watering of plants can be avoided.

Tilling is not necessary.
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Disadvantages of Hydroponics

i. Production is limited when compared to field conditions.

i. Technical skillis required to design equipment.

ii. If a disease appears all plants in the container will be affected.
iv. Can be used only for short duration.

3.b.Essential Major Elements and Trace Elements

The plant ash reveals the presence of 40 elements but all are not essential for
plant nutrition, only a few are essential for growth and development of plants.
These are called thessential elementsThe essential elements may be grouped
asmajor elementsor macronutrients andtrace elementsor micro nutrients,
based on their requirement by plants.

Major elements or Macro Nutrients

These elements are required in large amounts and form the plant consituents.
The major elements are otherwise knownmecronutrients. These include
carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium, calcium,
magnesium andsulphur. These elements form an integral part of complex organic
molecules. Some of these elements help in the functioning of enzyme systems.
The sources of macronutrients are generally the soil or the atmosphdren
is got from carbodioxide of the atmosphebBxygenis derived from water and
atmospheric oxygemitrogen is present in the atmosphere as an inert substance
which is brought to the soil and converted to soluble nitrates either by asymbiotic
or symbiotic nitrogen fixatiorRPhosphorousandsulphur and derived from rocks
during weathering. The sourcelofdrogenis water.

Trace elements or Micronutrients

Elements likeiron, boron, managanese, copper, zinand molybdenum
are required for plants only in very small amounts but these are indispensable for
the normal growth and development of plants.

3.c.Physiological Role and Deficiency
Symptoms of Mineral Elements

Macro Nutrients
1. Carbon, hydrogen and oxygen

These are not mineral elements in the true sense but have been included
because these elements form the composition of all organic compounds present in
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plants. They are a part of carbohydrates, proteins, and fats. Thus these elements
have a role to play in the general metabolism of plants.

Deficiency symptoms

Deficiency of these elements is very rare because the plants have a steady
supply of these through water and gaseous exchange. Deficiency affects the normal
growth and developments of plants.

2. Nitrogen

Nitrogen is an essential constituent of proteins, nucleic acids, vitamins and
many other organic molecules such as chlorophyll. Nitrogen also forms a constitutent
of various hormones, coenzymes and ATP.

Deficiency symptoms

i) Stunted growth

i) Chlorosis

i) Reduction in flowering

iv) Excessive colouring in apple and peach and reduction in fruit size.

v) Decrease in protein contents

vi) Change in the pigmentation pattern

3. Phosphorus

Itis present in plasma membrane, nucleic acids, nucleotides, many co-enzymes
and organic molecules. It plays an important role in energy metabolism. Phosphorus
promotes healthy root growth and fruit ripening.

Deficiency symptoms
i. Loss of older leaves
i. Reduction in growth
i. Increase in phosphatase enzyme activity

iv. Causes accumulation of carbohydrates in soyabean

4. Potassium

Potassium is required in the meristematic regions and regions of cell
differentiation. It accumulates in older leaves. Though it does not have a structural
role, it is involved in stomatal opening and closing. It is an activator of many
enzymes and has a role in protein and carbohydrate metabolism.
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Deficiency symptoms
i. Leaf tips curve downward
i. Causes mottled chlorosis
i. Development of chlorosis at tips and margins of leaves.
iv. Shortening of internodes and stunted growth.

5. Sulphur

Sulphur is the constituent of certain vitamins sucthisnine andbiotin. It
is constituent oEoenzyme - Aplaying an important role in respiration. It forms
the sulphydryl group in many enzymes and is a constitutent of sulphur containing
aminoacids such aystine, cysteineand methionine.

Deficiency symptoms

i.  Causes inhibition of protein synthesis.
i. Younger leaves show chlorosis first

i.  Chloroplasts of mesophyll show a decrease in stroma lamellae but grana
increase.

6. Magnesium

Magnesium is a constituent of chlorophyll molecule which cannot be formed
without magnesium. It has a vital role in carbohydrate metabolism and the binding
of ribosomal sub-units. Magnesium is the activator of many enzymes involved in
DNA and RNA synthesis. It acts as a phophours carrier and activates enzymes
such as PEP carboxylase and RuBP carboxylase.

Deficiency symptoms
i. Interveinal chlorosis takes place.
i. Anthocyanin pigment deposition takes place after chlorosis.

i. Necrotic spots appear in acute cases.

7. Calcium

Calcium forms an important constituent of the cell wall occurring in the
middle lamella as calcium pectate. It has an important role in the formation of
plasma membrane. Calcium plays a role in mitotic cell division and is a constitutent
of enzymes likgohospholipaseandadenyl kinasewhere it acts as an activator.
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Deficiency symptoms
i. Affects the carbohydrate metabolism.

i, The process of respiration is badly affected as number of mitochondria
are decreased.

ii. Meristematic tissues are affected and leaf and root tips die.
V. Cell wall may become brittle or rigid.

Micro Nutrients

8. Iron

Soil is generally not deficient in iron. Iron is a constituent of various
flavoproteins and forms a part of enzymes suchasalases, peroxidaseand
cytochromes.It plays an important role in the electron transport system of
photosynthesis being part of cytochrome and ferredoxin.

Deficiency symptoms
i. Causes interveinal chlorosis and the leaves become yellow or white.

i. Impairs aerobic respiration and related processes.
i. Fruittrees particularly show sensitivity to iron deficiency.

9. Boron

Leaves and seeds require boron. It is necessary for uptake and utilisation of
Caions, pollen germination, cell differentiation and translocation of carbohydrates.
It plays a role in nitrogen metabolism, hormone and fat metabolism.

Deficiency symptoms
i. It causesbrown heart-rot diseasein beetroots.
i. In apple internal tissues become corky.

ii. Causes leaf to curl and become brittle.
iv. Premature fall of fruits and flowers.

10. Managanese

Managanese is required by leaves and seeds. It is an activator of enzymes
like carboxylases, oxidases, dehydrogensasd kinases.

Deficiency symptoms
i. Causegrey spot diseasen oat.

i. Poor development of root system.
i. Interveinal chlorosis occurs.

251



11. Copper

This is required in all plant parts. Copper forms a component of enzymes
such as phenolases and tyrosinase. Copper being a constituent of plastocyanin
plays arole in photophosphorylation. Copper maintains the carbohydrate - nitrogen
balance.

Deficiency symptoms
i. Causedie back of shootsespecially inCitrus.

i, A disease calletexanthema’ causes the yield of gums on the bark.
ii. Reclamation diseasés caused in plants growing on newly reclaimed

soil where seed formation is affected.
12. Zinc

Zinc is involved in the synthesis of indole acetic acid by activating the enzyme
tryptophan synthetase.lt plays a role in protein synthesis. It acts as an activator
of many other enzymes such @abonic anhydrase, alcohol dehydrogenase,
hexokinaseand so on.

Deficiency symptoms
i. Causes distortion of growth.

i. Leaves become very small and rosetted callelittées leaf disease.
i. Interveinal chlorosis and stunted growth of stems is seen.

13. Molybdenum

Molybdenum has an important role to play inthetabolism of nitrogen.It
affects the synthesis of ascorbic acid. It activates the enzymes involved in nitrogen
metabolism.
Deficiency symptoms

i. It leads to mottling and wilting of leaves at the margins caugiipw
spot” diseaseof Citrus.

i, “Whiptail” disease in cauliflowers causing narrowing of leaf blades
and their rugged appearance due to distortion.
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Table 5.3. Physiological Role and Deficiency Symptoms of important
Mineral Elements

ﬁll(') Element Physiological Role Deficiency Symptoms

1. |Carbon General metabolism offAffect normal growth and

2. [Hydrogen plants development.

3. |Oxygen

] Constituent of proteins|,Chlorosis, stunted growth and

4. |Nitrogen nucleic acids, coenzymes andeductionin flowering.

ATP.

5. |Phosphorus Constituent of plasmaReductionin growth, increase pf
membrane, coenzymes appghosphatase activity.
nucleotides.

6. |Potassium Required in meristematigMottled chlorosis, shortening of
regions and in stomatginternodes.
movement

7. |Sulphur Constituent of thiamine anpinhibition of protein synthesis
biotin coenzyme-A, cystingand chlorosis ofyoung leaves.
and cysteine.

8. [Magnesium Constituent of chlorophylljintervenial chlorosis angd
activator of PEP and RuBpdeposition of anthocyanin
carboxylases. pigments.

9. [calcium Constituent of cell wall angCarbohydrate metabolisin
plasmamembrane, helping qffected, meristematic tissues
mitosis. affected.

10.liron Constituent of flavo proteingSensitivity in fruit trees|
catalases, peroxidases afiditerveinal chlorosis, impairs
cytochromes. aerobic respiration.
Necessary for uptake and@rown heart rot disease |n

11.|Boron utilisation of C§+, po||enb'eetroot, corkiness of interngl
germination an dtissues of apple, premature falljof
translocation o {fruitsandflowers.
carbohydrates.

12.|[Manganese |Required by seeds andrey spot disease in oats, pdor
leaves, activating enzymegsievelopmentofrootsystem.
like oxidase, carboxylase and
kinase.

13.|Copper Component of enzymes likglie back of shoots inCitrus |,
phenolase, tyrosinase arj@xanthema-producing gums on
plastocyanin. bark, Reclamation disease]| -

affecting seed formation.
14.|zinc Activates enzymes likgRosetted leaves causing little lgaf
tryptophan, synthetasdgdisease, stunted growth of stems.
carbonic anhydrase an|d
alcoholdehydrogenase.

15.[Molybdenum | Plays a role in nitrogepYellow spot disease ofCitrus |,
metabolism and synthesis ¢¥ hiptail disease in caulifloweis
ascorbic acid. causing narrowing of leaf bladeps.

253



Self Evaluation
One Mark
Choose the Correct Answer

1. Hydroponics is otherwise called
(a) soil-less agriculture (b) tank farming
(c) chemical gardening (d) all the above
2. This element is a constituent of chlorophy11
(a) Manganese (b) Magnesium
(c) Potassium (d) Zinc

Fill in the blanks

1. Exanthema is a disease caused due to deficiency of ...............

2. Deficiency of Molybdenum causes............... of cauliflower
3. Sulphur containing amino acids are.......... and ..............
Match

Boron - Thiamine

Sulphur - Reclamation

Copper - Stomatal Movements

Potassium - Translocation of Carbohydrates
Two Marks

1. Define Hydroponics/Exanthema/Reclamation

Five Marks

Explain the advantages and disadvantages of Hydroponics.

Describe the technique of hydroponics with a diagram.

Describe the criteria for essentiality of an element.

Explain the role and deficiency symptoms of any three macronutrients.
Describe the deficiency symptoms of copper, boron and molybdenum.

ARE ol ol A

Ten Marks

1. Write an essay on the role and deficiency of macro and micronutrients.
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3.d.Theories of Translocation

Plants absorb minerals from the soil and translocate them to other parts of
the body. Minerals are absorbed in the forraaf solutioncontained in the pore
spaces between the soil particles and the root hair. The soil solution contains the
mineral salts in the dissolved state. Several theories have been put forth to explain
the mechanism of translocation of mineral salts. These theories can be placed
under two headings (Passive absorptionand (ii) Active Absorption which
can be further subdivided as follows.

I. Passive Absorption

When the movement of mineral ions into the roots occurs by diffusion without
any expenditure of energy in the form of ATP it is calRabsive Absorption.
This form of absorption is not affected by temperature and metabolic inhibitors.
Rapid uptake of ions is observed when a plant tissue is transferred from a medium
of low concentration to a medium high concentration. Various theories have been
put forward to explain mineral salt uptake by passive absorption.

Theories ol Transhscation
I I I
Fassive Absarptlon Active .i.hn'rriul
I I | I |
Alass Flow i Dassn Carrier Concepl st oo
E:rhlnlu Equilibrium Pump Hypothesis
Cowtact Carbonieacid  Proteln - lecithin Goldascre's
exchange Exchange ileory theary

(a) lon exchange theory

Mineral elements are absorbed in the form of ions. The anions and cations
within the plant cells are exchanged with the anions and cations of equivalent
charge from the external medium in which the cells are kept. This mechanism can
be explained by two theories.

(i) Contact exchange theory

This was put forward by Jenny and Overstreet (1939). According to this
theory ions are transferred from soil particles to rovica versavithout passing
into solution. The ions are electrostatically adsorbed to surface of root cells or
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clay particles and held
tightly. These ions oscillal | y... | | f
within a small volume o | /' =, /

| Sl
i "

space calledscillation | [ CRMARRCRY: f Y
volume. when the | / ~ gl rj ﬂ". W, ""“*",.f Y

. . [} i T lary L i
oscillation volume of twe | | e i) v o/ iy )
ions of same charg ~ET -?.'_'_*.'F‘"
overlap, one is exchang Fig : 5.0 Contact sughange threr)

for the other. this is calledontact exchange.
(i) Carbonic acid exchange theory

According to this theory
the soil solution plays a B0
important role in exchange i "-_*f
ions by providing a mediun? f
CO, released durin} *e i+ o,
respiration combines wit \
water to formcarbonic acidl 4
(H,CO,) which dissociate ¢
as H (Hydrogen ions) an H/“ -
HCO, (bicarbonate ions). , K HCn,
cation adsorbed on cle, Fig: 55 Carbenic acid sichangs theary
micelle may be exchanged with thedf soil solution and this cation diffuses into
the root in exchange for'tén.

"hay i bewlle

(b) Donnan Equilibrium

This was proposed by.G.Donnanin which thefixed or indiffusible ions
play an important role. These ions are present on the inner side of the cell and
cannot diffuse out. When a cell having fixed anions is immersed in sals solution,
anions equal in number and charge to the fixed ions move into the cell. To balance
the negative charges of the fixed ions additional cations also move into the cell and
the cell sap cation concentration becomes higher than the external medium. This
is calledDonnan Equilibrium.

In the same way if there are fixed cations, additional anions will accumulate
from the external medium.

[I. Active Absorption

The absorption of ions against the concentration gradient with the expenditure
of metabolic energy is callextttive absorption.In plants, the vacuolar sap shows
accumulation of anions and cations against the concentration gradient which cannot
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be explained by the theories of passive absorption. The mechanism of active
absorption of salts can be explained by several theories.

(a) Carrier Concept

The cell shows the presence@irriers or transporters which are highly
specific for a particular ion. The carrier picks up an ion from external medium to
form a carrier-ion complex, undergoes rotation af 18@ves across the membrane
and releases the ions on the inner side of membrane and returns to pick up another
ion. The carrier may be an enzyme or a protein. Metabolic energy is expended in
this process. This concept is supporteddmtopic exchangeusing radioactive
isotopes saturation effect and specificity of carriers. The carrier concept is
explained by two theories:

(i) Protein-Lecithin as carrier
(i) Goldacre’s theory

Protein - Lecithin as carrier

Bennet - Clark propose
that the carrier can be i C T L] k
protein associated with /
phosphatide e.g. Lecith ['l— o

which carries both anions a

cations and formslacithin- . Cholhne |
ion complex this moves t ; &, N ACETY acetylase |

the inner side of membrar % IJ SN e i
releases the ion by hydroly: Fig : 5.10, Protein
forming phosphatidic acid arwu

choline due to the action of the enzyleeithinase.Lecithin is regenerated with
the help of enzyme€holine esteraseandcholine acetylase.This requires

expenditure of metabolic energy.

- Lecithin as carrier

(b) Cytochrome Pump Theory or Electron Transport Theory

This theory was proposed by H.Lundegardh (1954) who suggested that anions
could be transported across the membranes by cytochrome system utilising energy
released by direct oxidation of respiratory intermediates.

The important postulates are:
i)  Only anions can be actively transported.
i) Cytochromes act as carriers in absorbing anions.

i) Oxygen gradient helps in oxidation at outer surface and reduction at the inner
surface.
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iv) Transport of cations can |
along the electrical gradie I

created by ol ol ol : ' '
) L] P L L
accumulation. il
v) Selectivity in ion absorptio - x,-’u.,, "‘A‘r A i
cannot be explained and \ R
. . . . e
vi) this is absent in plant HHH . -"--—l
.. . v - dlehpdiragrrsar| |
respiring anaerobically. il E [ty |
_ . _ i L =
Therefore this theor l e W
explains respiration due to ani  #+——i1H ~ I
absorption which was calle M~ S ihmenas | 1O
anion respiration or salt Fig : 5.01. Cytechrome pump

respiration.

3.e.Translocation of Solutes

In higher plants food is synthesised only in the green leaves which are the
sites of Photosynthesis. From here the food is traslocated to the different parts of
the plant in the soluble form. the process by which the synthesized food from the
leaves is translocated to the different parts of the plant depending on their
requirement is calletanslocation of food.the food materials in excess than the
required amount are stored in insoluble form in the various storage organs and are
translocated in solution or soluble form. Therefore thisis also referred to as
translocation of solutes.

Direction of translocation
Translocation of food occurs in the downward upward and lateral directions.
Down ward translocation

Downward trnaslocation takes place from the leaves downwards to the stem,
roots and storage organs.

Upward translocation

In some stages of plant life such as seed germination, emergence of new
shoots from underground storage organs and development of buds, flowers and
fruits, the food materials are translocated upward.

Lateral translocation

In certain parts of stem and roots food is translocated in lateral direction
through medullary rays.
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Ringing experiment to demonstrate downward translocation
Take a plant and remove all the tiss~~

outerto xylem and pith inthe formof rit_. -~ &

atany place on the stem. The portion fr "+, —=0y | e Ll
where tissues are removed is sealed ' . | ————Tuig
melted wax. After 7 or 8 days th “. ==l | e

epidermis and cortex of upper portion ’ M| LT

the ring become very much swollen ¢ - L dventilious
from this swollen part the adventitio o

roots emerge out. It happens because = Beaker
food material translocated from the lea e |
does not pase through the ring and is st

in the upper portion. Fig : £.12. Ringing experiment

Kvlem
Fidl

Mechanism of Translocation

Following theories were proposed to explain the mechanism of translocation
of solutes.

Munch’s “Mass Flow” Hypothesis

A few scientists
believe that the solub —= ]
food material in thi J 1
s

|d=,_—..- - ———
phloem move just like th ¢, . «iraied r'L)_ AT
blood which moves in th segar selatien 78X Ji] P Vi Dilte sugar

blood vessels. Based SR e

this Munch in 193( Figg : 513 Mass Mw hypaibeiis

proposed a hypothesis according to which the soluble food materials in the phloem
show mass flow. The fundamental idea behind this hypothesis is that the sugars
synthesized by mesophyll cells of leaves increase the osmotic pressure (OP) of
these cells causing entry of water into mesophyll due to absorption of water by the
xylem cells of root. In other words a turgor pressure gradient exists through phloem,

between the source which is the mesophyll cell and the sink which refers to

regions of requirement.

Warer

As aresult, the turgor pressure of mesophyll cells increases on the upper side
which forces the solutes dissolved in water to flow en masse into the phloem of
stem and finally into the roots.

This can be explained by a physical system. It consists of a glass tube bent at
right angles. At the two ends differentially permeable membranes are tied. thus
there are two osmometers x and y.
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The osmometer x has concentrated sugar solution while y has dilute sugar
solution. The two osmometers are kept in two separate water containers connected
with each other through a tube.

Osmosis will take place and water enters both the osmometers x and y but
the water entering ‘x’ is more and as a result of turgor pressure developed, water
will move out of x and will enter y. Here the solute molecules are carried to y en
masse with the flow of water explaining Munch’s hypothesis.

The most important objection for this hypothesis is that it explains only
unidirectional flow of solutes.

Importance of Munch'’s hupothesis
This forms basis of the principle of phloem loading and unloading.

Phloem loading is caused by movement of photosynthates from mesophyll to
phloem. Unloading of phloem is caused by movement of photosynthates from
phloem to other parts where required. This is the source-sink relationship.

3.f. Nitrogen Metabolism

Nitrogen is an inert gas which constitutes 78% of the atmosphere. It is an
important mineral present in the bodies olf living organisms. It forms a component
of proteins and aminoacids and is also present in nucleic acids, cytochromes,
chlorophyll, vitamins, alkaloids and so on.

Nitrogen cannot be used directly and is converted to Nitrites, Nitrates and
Ammonia by a process called Nitrogen Fixation. There are many free living
organisms like bacteria and blue-green algae which are involved in nitrogen fixation.
The ammonia and urea present in the soil are directly absorbed by plants.

Nitrogen Cycle

The atmosphere is the source of elemental nitrogen which cannot be used
directly by plants. The atmospheric nitrogen is converted to ammonia, nitrite, nitrate
or organic nitrogen in the soil.

The death and decay of organic systems causes cycling of ammonia from
amino acids, purnies and pyrimidines. Some of these forms may also be converted
to Nitrogen gas and may be cycled back into the atmosphere.

The process by which these forms get inter converted to maintain a constant
amount of nitrogen in atmosphere, by physical and biological processes is called
nitrogen cycle.the cycle includes 5 stages.

i. Ammonification ii. Nitrification
il Nitrate assimilation iv. Denitrification and
V. Nitrogen fixation
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(i) Ammonification
This involves conversion of organic nitrogen to ammonium ions by microbes
present in the soil. The sources of organic nitrogen in the soil are animal excreta
and dead and decaying plant and animal remains which are acted upon by
ammonifying saprotrophic bacteria suctBagillus ramosus, Bacillus vulgaris,
certain soil fungi and actinomycetes.
(i) Nitrification
_In'warm moist Nitrosomonas Nitrobacter
soils having d Ammonia - NO, ——— Nitrate
temperature of 30 Nitrite
35°C and neutra
pH, ammonia gets
oxidized to nitrite (NQ-) and then nitrate (NQ by the process of nitrification.
Nitrifying bacteria like Nitrosomonas convert ammonia to nitrite and another
bacterium called Nitrobacter converts nitrite to nitrate.
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(iii) Nitrate Assimilation
The nitrate

present in the soil i NO= 26 B 66

absorbed by plants -3 WNOZ ~Fd(red) . NH3
through the root Nitrate Nitrate Nitrite. AmMmonia
system in the form o reductase reductase

NO,-ions. But is
cannot be used by plants directly. So it is first reduced to nitrite by the enzyme
nitrate reductase. Nitrite is then converted to Ammonia by the enzymitate
reductaseseries of steps requiring a total of eight electrons provided by reduced
NAD and Ferredoxin (Fd). This reduction of Nitrate of Ammonia and its
incorporation into cellular proteins by aerobic micro organisms and higher plants is
callednitrate assimilation.

(iv) Dentrification

The process of conversion of nitrate and nitrite into ammonia, nitrogen gas
and nitrous oxide (D) is calleddenitrification. This process ends in the release
of gaseous nitrogen into the atmosphere and thus completes the nitrogen cycle. A
number of bacteria such as Pseudomonas denitrificans, Bacillus subtilis and
Thiobacillus dentrificans are involved in this process.

(v) Nitrogen fixation

Nitrogen fixation refers to the conversion of elementary dinitrogesNjN
into organic form to make it available for plants. Nitrogen fixation is essentially of
two types-

(i) Non-Biological or Physical and

(i) Biological Nitrogen Fixation

Sitroeem Fixation

Physical / MNon Rindopical
Biolagical

Indmstrial Nalmral Non- Symbiodic
Symbiotic

| epumies Non Legwmis
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Non-Biological or Physical Nitrogen Fixatior]

This involves fixation of nitrogen by chemical process in industry or naturally
by electrical discharges such as lightning.

Biological Nitrogen Fixation

Nitrogen fixation that takes place by living things is called biological nitrogen
fixation. These include some bacteria and blue-green algae, which have acquired
the capaicity to fix atmospheric nitrogen during the evolutionary process by
possessing a set of genes callad ' (Nitrogen
fixing) genes. They fix Nitrogen as given in the (6e7)

following reaction. 2 Fd(red) / NADPH NH3
Nitrogenase

These organisms may be freeliving which
otherwise calledhon-symbiotic nitrogen fixers
and may form symbiotic associations in some plants when they aresyatibibtic
nitrogen fixers.

Non-Symbiotic Nitrogen Fixation

This is carried out by free livina
organisms in the soilsuch as Bacteria, |
green algae.

Frimary roel

Howl modu les

Bacteria include aerobic bacteria st
asAzotobacteand anaerobic baceria s
as Clostridium, Chlorobium and
Chromatium

Blue green algae incluc
Chroococcus Rivularia, Anabaena
Tolypothrix and Nostoc

Retondary
raal

These organisms contain an enzy
system calledlitrogenasewhich is a Mo-
Fe (Molybdenum-ferredoxin) protein. tf
progressively reduces the dinitrog
molecules to form ammonia, with the hi ' '
of Ferredoxin and energy from ATP. 'J'%*

Fiag ¢ 515 Nodulaied raai
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Symbiotic Nitrogen Fixation

This involves nitrogen fixation by micro organisms living in symbiotic
association with higher plants which are commonly legumes, but non-legumes
may also be involved. A symbiotic association is a mutually beneficial relationship
between two living organisms which are calégtinbionts.

lafectinn thread

= |mmgr Cerlical cell
sndrrpaing miloi

$laba re s iile
Fig : 516 Musdr o] #evelepmen) ol real aodule

Nitrogen fixation in non-legumes

An actinomycete liké&rankiaestablishes a symbiotic relationship with roots
of higher plants such as casuarina Afmis Blue-green algae likdostoaestablish
symbiotic relationships in the corolloid roots@jcas or thalli of Anthoceros

Nitrogen fixation in legumes

This is the commonest type of symbiotic nitrogen fixation which has been
elaborately studied. A soil bacterium calRizobiuminfects roots of leguminous
plants (belonging to Family Leguminosae) and forms the root nodules.
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These are involved in nitrogen fixation. The bacteria living in the soil enter the
root hair and penetrate the root cortex through an infection thread. When the
bacteria enter the cortical cells of roots, the latter get stimulated to divide vigorously
and form nodules on the root. The bacteria come to occupy the nodules, and at
this stage lacl a rigid cell wall being callbdcteroids. These make use of the
food substances of the root cells and secrete a pinkish pigment called
leghemoglobinwhich is an oxygen carrier like hemoglobin.

The Rhizobia in the form of bacteroides contain the enzyitnegenase
which is responsible for fixation of Nitrogen thus benefitting the host plant.
Leghemoglobin is supposed to protect the nitrogenase enzyme as it can function
only under anaerobic conditions.

Table 5.4. Major Nitrogen-fixing Biological Systems.

|. Free-Living (asymbiotic) microorganisms
Bacteria
Aerobic, SpeciesoAzotobacter
Aerobic,non-photosynthetic ~ Species@fostridium
Aerobic, photosynthetic Species BRhodospirilhum
Cyanobacteria Species dffostoc, Anabaena
and others
[I. Symbiotic Systems
Host Microorganisms Location
1. Angiosperms
Leguminous Species ®hizobium RootNodules
Non-leguminous
Alnus, Casuarina Speciesofactinomycetes RootNodules
Psychotria Klebsiella Leaf Nodules
2. Gymnosperms
Certain Cycads Certain unidentified Symbiotic relation
speciesofbluegreen notwelldocumented
algae
3. Ferns
Azolla Anabaena Leafpockets
4. Non-vascular plants
Lichens Fungi and blue-green algae
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Self Evaluation
One Mark
Choose the correct answer

1. Thetheory explaining passive absorption of mineral salts is:
a.lon exchange b.Carrier Concept
c.Cytochrome pump theory d.None of the above.

2. Contact exchange theory was put forward by:
a.Jenny and Overstreet  b.Hylmo and Kramer
c.Bennet and Clark d.De Vries and Curtis

Fill in the Blanks

1. The bacterium involved in symbiotic nitrogen fixation is.............

2. The nitrifying bacteria are .............. and ...

Match

Bacillus ramosus - Yeast

Pseudomonas aeruginosa Ammonification

Bennet & Clark - [®nitrification

Rhodotorula - Carrier concept

Goldacre - Protein - lecithin carrier

Two Marks

1. Define Translocation of solutes/Ammonification/Denitrification/Donnan
equilibrium.

Five Marks

1. Explain Munch’s mass flow hypothesis.

2. Explain the theories of active transport of mineral salts.

3. Describe the transports of mineral by ion exchange.

4. Write notes on the cytochrome-pump hypothesis of mineral salt transport.
5. Describe the ringing experiment to demonstrate translocation of solutes.

Ten Marks

1. Write an essay on the theories of mineral salt absorption.
2. Describe the Nitrogen cycle.
3. Explain biological Nitrogen fixation.
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4. Plant Movements

Plants are sedantary living things generally lacking the power of
locomotion. But they possess the property of irritability i.e. the ability to respond to
an external or internal stimulus. This causes some kind of movement in plants,
which is generally a very slow movement and often escapes notice by the human
eye. But these movements can be actually demonstrated by a technique called
time - lapse motion picturephotography or by simply observing the plant at
intervals of several hours and noting the changes in positions of the plant organs.
The movements showed by plants can be classified broadly ldgdddscopic
due to loss or gain of water and {&)al -due to irritability of the cytoplasm.

The vital movements may be further subdivided as follows.

Vital Movements

Movements of locomotion Movements of curvature
— —
Autonomic Paratonic Growth Movements
(a) Ciliary (a) Phototactic Movements of Variation
(b) Amoeboid (b) Thermotactic |
(c) Cyclosis (c) Chemotactic \ \
(d) Gliding Autonomic Paratonic
Telegraphic Plant (a) Siesmonagt

(b) Nyctinasy
I

Thermonast Photonast

Autonomic Paratonic
(a) Nutational (a) Phototrgic
(b) Nastic (b) Geotric
| (c) Hydrotropic
(d)
(e)

Chemotrpic

Epinasy Hyponasy Thigmotropic
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I. Movements of Locomotion

These are generally very fast movements which may be (A) autonomic or
Spontaneous and (B) induced or Paratonic. These movements are very common
among lower plants and mostly exhibited by unicellular organisms. These
movements are relatively faster and more pronounced.

(A)  Autonomic Movements: The spontaneous locomotory movements may

be
0] Ciliary : due to beating of cilia as Paramecium.
(if) Amoeboid : by the formation of pseudopodia aimoeba.

(iii) Cyclosis : due to streaming of cytoplasm.
(iv) Gliding : as seen iRnlydra.
(B) Paratonic movements

The induced locomotory movements are also called tactic movements induced
by external stimuli. Based on the nature of stimuli, these may be of three types :

() Phototatic movement :

Seen in zoospores and gametes which are provided with a light sensitive
eyespot which is attracted by low light intensities.

(i) Thermotactic movement :

Movement in response to heat stimulus is seen in certain motile algae like
Chlamydomonasgvhich moves from a colder to a warmer place.

(i)  Chemotactic movement :

In bryophytes and pteridophytes, the swimming antherozoids are attracted
towards the archegonium by chemical stimuli such as organic substances like
sugar, malic acid and so on.

(i)  Movements of curvature

These movements are generally exhibited by higher plants which remain
anchored in one place. These can change or move the position of their organs by
means of curvature. These types of movements may be further classified as (A)
Movements of growth and (B) Movements of Variation.

(A) Movements of growth :

There is a change in the position of the organ either due to increase in number
of cells or enlargement of cells or both. These movements can be Spontaneous or
Autonomic and Induced or Paratonic.
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(i) Spontaneous growth movements :
These include the (1) Nastic and the (2) Nutational movements
(1) Nastic Movements

These movements are generally observed in leaves, flowers, petals and bud
scales. In these structures at
some stage of developme
growth in one surface is mo
than the growth on the oth
surface. There may be tv Cionirg of

u Cesaig i
types of such movements : /’ﬁ \\“
Epinasty : If the upper o
inner surface has more grow fﬁﬂ‘( %_

the movement is calle

epinasty. An example fo s prasty
epinasty is the opening up ofa  Fig.5.17 Nastic movements
flower and the drooping of a bud.

Hyponasty : This indicates rapid growth on the abaxial or lower side of an
organ. An example for this is the unfolding of a fern frond and closing of a flower.

(2) Nutational Movement

This is an irregula m
movement shown by growir £
tips as they elongate.
tendrils and runners, there
a spiral type of growth of th
stem apex calledircum
nutation. Ordinarily,
nutational movements occ
due to alternate change int
opposite sides of the ape .
These movements are ve Fig.5.18 Circum nutation
slow and cannot be clear.y
seen.

(i) Paratonic growth movements
These are the induced movements of growth caused by external stimuli such
as gravity, light, water or contact. The movements show a directional relation to
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the stimulus. The stimuli are effective in causing growth movements only when
they are unidirectional. Such movements are generally known as tropic movements
and the phenomenon is referred tdrapism. Based on the nature of stimulus,
tropisms may be of various types.

(A) Geotropism

(B) Phototropism

(C) Hydrotropism

(D) Chemotropism

(E) Thigmotropism

4.1 Geotropism

This is also calledravitropism and it is the ability of a plant organ to assume
a definite position in relation to the force of gravity. Plants show five different
types of geotropic responses.

() Positive Geotropism
This is observed in primary roots where the taproot grows downwards, along
the force of gravity.

(i) Negative Geotropism

This is exhibited by the sporangiophores of fungi, shoots of mosses,
pneumatophore of mangrove plants and the stems of flowering plants all of which
grow upward against the force of gravity.

(iii) Diageotropism

Shown by rhizomes and runners which grow at right angles to the force of
gravity.
(iv) Plagiogeotropism

This is the property of secondary lateral roots which grow obliquely downwards.

(v) Apogeotropism
The lateral roots and branches of higher plants are not sensitive to the stimulus
of gravity.

Experiment to demonstrate negative geotropism in aerial stems
The effect of gravity on the plant can be demonstrated using an apparatus
called klinostat.

Klinostat: The klinostat has a rotating pot like container mounted on an axial
rod. A potted plant is fitted horizontally on the klinostat and is slowly rotated
at about four rotations per hour. By this, the effect of gravity is completely
eliminated, as all the sides of the plant are equally stimulated by gravity. If the
rotation of the klinostat is stopped for a considerable period of time, then the tip of
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the stem is observed to curve and grow upwards. This proves that the stem tip is
negatively geotropic.

Potted

4.2 Phototropism
plant

The tropic movement taking pla
as a response to the light stimulus is ca
Phototropism. Some of the plant par
such as stems, branches, leaves
pedicels of flowers move towards t
stimulus of light and are said to |
positively phototropic while others
such as roots and rhizoids which mc
away from the stimulus of light are s¢
to be negatively phototropic.

Phototropism was first studied t
Charles Darwinin 1880 in Canary Gras
and oatcoleoptiles. Later énw. Went
in 1923, suggested the involvement
auxins in this phenomenon.

Experiment to demonstrate positive
phototropism in shoot tips

A darkened black box is take
having a small window at one side.
well-watered potted plant is placed insi_#
the box. The is referred to as a
phototropic chamber or heliotropic

Rotating
Axis

Klinostat

Fig. 5.19 Klinostat used to
eliminate effect of gravity

chamber.
Open
Window
Closed e
Window Direction

oflight

=
E
=
=
=
=
=
=

e e e e e
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The window is kept closed for about 24 hours and the plant shows normal
growth. If the window is kept opened, it is found after two days, that the shoot tip
bends and grows towards light proving that it is positively phototropic.

4.3 Turgor Growth Movements

These types of movements are brought about by changes in turgor pressure
of the cells causing the movement. These may be divided into two types.

(i) Autonomous or spontaneous and
(i) Paratonic or Induced.

Terminal

(i) Autonomous Turgor Movements leaflet =

These do not require any stimulus ant
are observed in thimdian Telegraphic
plant - Desmodium gyransHere the
compound leaf shows three leaflets, oni
terminal large leaflet and two very small
lateral, opposite leaflets.

The two lateral leaflets show rhythmic
movements during the day. These mowt
up, then move back, and then move dowi
finally back to the original position. This
type of movement is due to variation ori=seia= i
change in the turgor pressure at the bas€19- 5.21Desmodium gyrans
of the stalk of each leaflet. Indian Telegraphic plant

Lateral
leaflet

(i) Paratonic or induced turgor

Leaves unfolded Leaves folded
movements

by stimuli such as light, temperature
contact. These movements are also ce
Nastic movements and may be of vari |
types such as J

These are turgor movements induc l

0] Siesmonasty l-

i Nyctinas

_() y v Fig.5.22 Siesmonasty -
(1) Siesmonasty Mimosa pudica

This means a response to shaking. The best examplariesa pudica
(Touch - me - not plant) which is the sensitive plant. Such plants respond to stimuli
such as touch, blow or mechanical shock by folding their leaflets and lowering
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their leaves. This effect is caused by a change

in the turgidity of the leaflets brought about day-leaves Night
by the movement of water into and out of the  open leaves
parenchymatous cells of thmilvinus or folded

swollen leaf base.

(2) Nyctinasty or sleep movements
The movements are also callstkep § 4

movementsand are caused by relativéd
changes in cell size on the opposite sides o
the leaf base callguulvinus. The movements
are attributed to the amount of auxir,isns
and therefore the movement of water. Entr)