Plant Growth and Development Class 11
Notes Biology Chapter 15

All plant organs are made up of various kinds of tissues which occupy specific
locations within an organ and perform specific designated functions. Thus, the
development of a plant follows a very precise pattern, during this period complex
body organisation is formed, i.e., produces, roots, leaves, branches, flowers, fruits,
seed which finally dies.

Topic 1 Growth, Differentiation and Development

The life of a plant initiates from a single cell called zygote. All the structures of plants
such as roots, stems, leaves, flowers, fruits and seeds arise from a single cell in a
very orderly sequence.
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Fig. 15.1 Germination and seedling development in bean ‘

Growth

It is regarded as an essential, fundamental and one of the most conspicuous
characteristics of a living being. Growth can be defined as a dynamic, irreversible
permanent increase in size of an organ, its parts or even an individual cell.

The growth is generally accompanied by the metabolic processes, i.e, anabolic and
catabolic reactions occurring in an organism (mainly protein synthesis). Thus, growth
in living organism is an intrinsic phenomenon (unlike, non-living organisms in which
growth is extrinsic).

Plant Growth Generally is Indeterminate

Growth of plant is unique as they retain the capacity for unlimited growth throughout
their life. In plants the growth is generally confined only to the meristematic tissues
present at certain locations in the body. Meristems in the plant have certain cells that
have the capacity of dividing and self-perpetuation.

The new cells produced by the action of division of meristematic cells, soon loose,



the ability of dividing and make up the plant frody.

The form of growth in which newly producing cells are always being added to the
body erf the plant by the activity of meristems is called open form of growth.

| If the meristem ever ceases to divide, the growth of | the plant will not occur and
they may undergo a j period of dormancy depending upon the seasonal j changes in
the climate.

Regions of Growth

Apical, lateral and intercalary are the special regions, where growth is localised in
plants.

At the apex of every root and shoot apical meristems are present which are
responsible for the elongation of plant along their axis. This is known as primary
growth of the plant.

Note:

* A meristematic tissue consists of a group of cells, which remain in active and
continuous state of division, and they retain their power of division. It consists of
immature, living,

thin-walled cells, which are rich in cytoplasm.

* In the mature plant, meristem is also found in intercalary and lateral regions. .
The lateral meristems, vascular cambium and cork cambium appear later in life in
dicotyledonous plants and gymnosperms and are responsible for the increase in the
girth of the stem. This increase in girth is known as secondary growth of the plant.
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Fig. 15.2 Diagrammatic representation of locations of root apical
meristem, shoot apical meristem and vascular cambium. Arrows
exhibit the direction of growth of cells and organ

Growth is Measurable

As stated that at cellular level, growth is the consequence of increase in the amount
of protoplasm. It is difficult to measure the increase in the protoplasm directly, so it
can generally be measured by measuring some quantity of it that is more or less
proportional to it.

Hence, growth can be easily measured by a variety of parameters such as

() Dry weight (i) Fresh weight

(iii) Length (iv) Area

(v) Volume (vi) Cell number

Growth can be expressed in terms of increase in the cell number, e.g., Single root



apical meristem in maize which give rise to more than 17,500 new cells per hour.
It can also be expressed as an increase in the size of the cell, e.g., Cells in
watermelon increases about 3,50,000 times per hour.

Growth can be measured in terms of its length, e.g., Pollen tube and can also be
measured in terms of surface area, e.g., In a dorsiventral leaf.

Phases of Growth

Under favourable conditions, growth of plant shows a characteristic course. The
period of growth is generally divided into three phases.

All three phases can be easily understood by taking the example of root tip.

i. Meristematic Phase

The cells that are constandy dividing, i.e., both at the apex of the root and shoot
represents the meristematic phase of growth.

Features shown by this phase are

* rich in protoplasm.

* has large conspicuous nuclei.

* cell walls are primary in nature.

a thin, cellulosic, has plasmodesmatal connections.

This phase is also known as division phase.

ii. Elongation Phase

This phase lies just behind the growing parts, i.e., behind the meristematic zones
away from the tip.

Features shown by this phase are

* increased vacuolation.

* enlargement of cell.

* deposition of new cell wall.

Enlargement of cell during this phase occurs in all direction. Maximum elongation is
seen in conducting tissues and fibres.
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Fig. 15.3 Detection of zones of elongation by the parallel line
technique. Zones A, 8, C,.0immediately behind the apex have
elongated most

iii. Maturation Phase

Just behind the phase of elongation, occurs a phase of maturation. It occurs further
away from the apex, i.e., more proximal to the elongation phase.

Features shown by this phase are

* cells attain maximum thickening of their wall.

* protoplasmic modifications are maximum.

Growth Rate

The growth rate is defined as the increased growth per unit time. Rate of growth can
be expressed mathematically. It shows increase that may be arithmetic or



geometrical in nature.
i. Arithmetic Growth

Somatic cells increases in number due to mitosis. In this type of growth, following
mitotic cell division, only one daughter cell continues to divide, while others follow
differentiation and attains maturity.
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Fig. 15.4 Diagrammatic representation of
arithmetic growth

Expression of arithmetic growth can be exemplified by a root elongating at a
constant rate. A linear curve is obtained on plotting the length of root against time.
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Fig. 15.5 Constant linear growth, a plot of
length L against time ¢

L=Ly+nr
where L, = Length at time ‘7
Ly = Length at time ‘zero’
and 7= Growth rate/elongation per unit time.

ii. Geometrical Growth
In living organisms, during geometric type of growth rate, pattern follows three



important phases

(a) Lag Phase (initial or the beginning phase) It is mainly characterised by very slow
growth.

(b) Log Phase (exponential phase) It is the middle phase of the system and is
characterised by very fast and rapid growth of the plant body. After initiation of
growth, it increases rapidly at an exponential rate.

During this phase, both progeny cells undergoing mitotic cell division retain the ability
to divide and continue dividing till the next phase appears till the time nutrient supply
IS appropriate.

(c) Stationary Phase (steady phase) This phase occurs when either the plant
reaches maturity or the supply of nutrients become limited. Due to these mentioned
factors, the growth of the plant slows down to come to a halt.
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Fig. 15.8 Diagrammatic regresentation of
(a) Geometric growth and (b) Stages during
empryo development showing geometric and
arithmatic phases
Under favorable conditions, the characteristic course of growth is observed. Thus, if
we plot the parameter of growth rate against time, the typical shaped, a sigmoid
curve is seen.
It shows a characteristic feature of all living organism growing in a natural
environment. This curve is typical for all cells, tissues and organs of a plant.
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Fig. 15.7 An Ideal sigmoid growth curve typical of cells in
culture and many higher plants and plant organs

The exponential growth can be expressed as
W, =Wye"

where, W, = Final size (weight, height, number, etc.)
W, = Initial size at the beginning of the perlod
¢t = Time of growth
¢ = Base of natural logarithms

and, r — relative growth rate that measures the ability of the plant to produce new
plant material, known as efficiency index.

The final size (W) depends on the initial size (W.).

Quantitative Comparisons of Growth Rate The quantitative comparisons between
the growth of living systems is done in following two ways

i. Absolute Growth Rate

It is known to be the measurement and comparison of total growth per unit time.

ii. Relative Growth Rate

It is the growth of the given system per unit time expressed on a common basis, e.g.,
Per unit initial parameter.
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Fig. 15.8 Diagrammatic comparison of absolute anc relative
growth rate. Both leaves A and & have increased ti 2ir area
by 5 cm? in a given time to produce A & leaves.

Leaves A and B shown in the figure have grown 5 cm, in one day. Although their



sizes are different, i.e., 5 cm, and 50 cm, respectively but both of them shows
absolute increase in area in the given time to give leaves A and B, i.e., 5 cm, in both
cases. Out of these two the relative growth rate is higher or faster in leaf A.
Conditions or Factors for Growth

The growth of a plant is influenced by a variety of external and internal factors.
Growth of plant involves synthesis of protoplasm, cell division, cell enlargement and
cell differentiation.

Some of the factors due to which growth of plants is influenced are mentioned
below

i. Water

It is the first and the foremost requirement of the plants for the enlargement of cell,
maintaining turgidity of growing cells, for extension of growth. It also acts as a
medium for many enzymatic activities. In water stress conditions growth of the plants
seems to get retarded.

ii. Oxygen

It helps in releasing metabolic energy essential for growth activities.

iii. Nutrients

These acts as (macro and micro essential nutrients) major raw materials for
protoplasmic synthesis and also acts as a source of energy. However, under nutrient
deficient conditions the growth of the plant is affected.

Details of each and every essential nutrient has already been studied in chapter 12.
iv. Light

The requirement of the light to the plants for its growth is called photo-periodism. It
helps in synthesis of food. It also determines the root and shoot growth. Along with
light, gravity also serves as art environmental signal that affects certain
phases/stages of growth.

v. Temperature

For normal and appropriate growth of plant optimum temperature range is
necessary, i.e., 25-30°C (this happens because enzymatic reactions are very fast at
optimum temperature range).

Differentiation, Dedifferentiation and Redifferentiation

Differentiation

During growth, meristematic cell divides by mitotic division to form daughter cells.
The cells from root and shoot apical meristem, cambium or other meristems tends to
differentiate and mature to perform specific functions. This act leading to maturation
is known as differentiation.

e.g., Cell tends to loose their protoplasm, in order to form tracheary element. These
cells also develop a very strong, elastic, lignocellulosic secondary cell wall in order to
carryout water to long distance even under extreme conditions.

Dedifferentiation

The living differentiated cells also show another interesting phenomenon during
which they regain the capacity to divide mitotically under certain conditions. The
dedifferentiated cell can act as a meristem, e.g., Formation of meristems-
interfasicular cambium and cork cambium from fully differentiated parenchyma cells.
Redifferentiation

The products of dedifferentiated.cells or tissue when lose the capacity to divide but
mature taperform specific functions is known as redifferentiation, e.g, Secondary
cortex and cork.

Parenchyma cells that are made to divide to form callus under controlled laboratory
conditions are examples of dedifferentiated tissue. From the above discussion, it is



very much clear that growth in plants is open in spite of differentiation shown by
them.

It is so because cells/tissue that arise out of the single or same meristem shows
different structures after attaining maturity. Thus, the final structure at maturity of a
cell/tissue arising from the same tissue is also determined by the location of the
cells, e.g, Cells positioned away from the root apical meristems differentiate as root
cap cells, while those which are pushed to the periphery develops and matures as
epidermis.

Development

It is the process that includes a series of changes that an organism goes through
during its life cycle, i.e., from germination till senescence.

Cell Division Death
lSenescence
$ Plasmatic , L
Meristematic __growth Differentiation
opt > 5> Mature
Expansion  Maturation cell
(elongation)

Fig. 15.9 Sequence of the developmental
process in a plant cell

In broad terms development is the sum total of both growth and differentiation in
plants.

The developmental process, of growth and differentiation is controlled by several
intrinsic and extrinsic factors

() Intrinsic factors includes, both intracellular (genetic) or intercellular factors (such
as plant growth regulators).

(ii) Extrinsic factors includes, light, temperature, water, oxygen, nutrition, etc.
Plasticity

Plasticity refers to a phenomenon in which plants follows different pathways in
response to environment or phases of life forming different kinds of structures, e.g.,
Heterophylly, the phenomenon in plants by which more than two types of leaves
occurs on the same plant.

Topic 2 Plant Growth Regulators

It has been suggested from sufficient evidences that the plants have certain
chemical substances, which help to the control the mechanism of growth in the plant.
Plant growth regulators are variously described as plant growth substances, plant
hormones or phytohormones. These are the small, simple organic molecules of
diverse chemical composition produced naturally in higher plants that controls the
growth and other physiological functions. These are required in a very small amount
by the plant.

Classification of Plant Growth Regulators

The plant growth regulators falls under the following categories

(i) Indole compounds, e.g., Indole Acetic Acid (IAA)

(i) Adenine derivatives, e.g., forfuryl amino purine, kinetin



(iir) Carotenoid derivatives, e.g., Abscisic acid (ABA)

(iv) Terpenes, e.g., Gibberellic acid (mainly )

(v) Gases, e.g., Ethylene .

On the basis of junctions they perform in a living plant body in broad terms, PGRs

are divided into two groups

1. Plant Growth Promoters

PGRs that shows growth promoting activities such as cell division, cell enlargement,

tropic growth, pattern formation, flowering, fruiting, seed formation, etc., are called

plant growth promoters, e.g., auxins, gibberellins and cytokinins.

2. Plant Growth Inhibitors

These perform function in response to wounds and stresses i.e., of biotic and abiotic

origin. These are also involved in various growth inhibiting activities like dormancy

and abscission, e.g., Abscisic acid.

The gaseous form of PGR, i.e., ethylene, can fit in either category and may function

both as promoter and inhibitor. But largely it functions as an inhibitor of growth

activities.

Discovery of Plant Growth Regulators

It is interesting to know that the discovery of all five major groups of plant growth

regulators have been done accidentally. All these help in understanding the

phenomenon of development and abnormalbehaviour in plants.

1. Discovery of Auxin

This was the first growth hormone to be discovered. It come into existence through

the observation of Charles Darwin and his son Francis Darwin.

They observed the coleoptiles of canary grass that responded to unilateral

illumination by growing towards the source of light (phenomenon known as photo-

periodism).

After performing series of experiments they came to the conclusion that coleoptile tip

was the site that has the property of transmittable influence due to which bending of

complete coleoptile was caused. The first PGR i.e., auxin was isolated by FW Went

in 1928, from coleoptile tip of oat seedlings.
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Fig. 15.10 Experiment used to demonstrate that; tip of
the coleoptile is the source of auxin. Arrows indicate
direction of light

2. Discovery of Gibberellins

In early part of 20 century. The bakane (foolish seedlings), was reported to be
caused by a fungal pathogen Gibberella fujikuroi, symptoms shown by the plant were
elongated stems, little or no production of grains and plant became weak thus, it was
later identified that the active substances was gibberellic acid.

The Japanist plant pathologist E Kurosawa, reported the appearance of symptoms of
the disease in uninfected rice seedlings when they were treated with sterile filtrate of



fungus.

3. Discovery of Cytokinins

F Skoog and his coworkers, while studying the nutritional requirements of tissue
culture derived from the internodal segments of tobacco stems, observed that from
that internodal segments, a callus (i.e., a mass of undifferentiated cells) proliferated,
only when the nutrient medium containing auxin was supplemented with the extract
of vascular tissues or yeast or coconut milk (water of endosperm of coconut) or DNA.
It was later found that the active substances were a modified form of adenine which
was crystallised and identified as Kinetin. Further the compounds that exhibited
kinetin like properties were termed as cytokinins.

4. Discovery of Abscisic Acid

With the progression in the research on plant growth regulators three independent
researchers reported the purification and chemical characterisation of three different
kinds of inhibitors (during mid 1960), i.e., inhibitor B, abscission Il and dormin. Later,
three were proved to be chemically identical in nature and were named Abscisic Acid
(ABA).

5. Discovery of Ethylene

Cousins (1910), confirmed the release of a volatile substance from ripened oranges
that enhance the ripening of stored unripened bananas. This volatile substance was
later identified to be a gaseous plant growth regulators, i.e., ethylene.

Physiological Effects of Plant Growth Regulators

Allfive categories of plant growtbregulators discussed above are described have
under with their physiological effects on the growth of the plant

1. Auxins

Auxin (Gk. auxein to grow) was initially isolated from the urine of human, but later on,
their presence was also found in plants and was proved to be the first PGR ever
known. The real plant auxin is chemically known as Indole -3-Acetic Acid (IAA).

The term is also applied to other natural and synthetic compounds having various
growth regulating properties. Production of auxin generally takes place in the region
of growing apices of the stems and roots from where they migrates to the site of their
action.

Auxins can move only through cell to cell by diffusion, i.e., they cannot move through
vascular tissues.

Types of Auxins

There are generally two basic categories in which auxins are divided

a. Natural Auxins

It occur naturally in plants and fungi e.g., Indole Actic Acid (IAA) and Indole Butyric
Acid (IBA).

b. Synthetic Auxins

These are prepared from synthetic compounds that causes several responses to
IAA. They can easily move in all directions inside the plants, e.g., Naphthalene
Acetic Acid (NAA), 2-4- dichlorophenoxyacetic acid (2, 4-D).

All these types of auxins are extensively been used in agricultural and horticultural
practices.

Note:

* The compounds, which can be converted into auxins, are called auxin precursors,
e.g., IAA is synthesised from tryptophan hormone.

* The compounds, which inhibit the actions of auxins, are termed anti- auxins.

* Indole-3 acetic acid is a derivative of an amino acid tryptophan.

Functions of Auxins



Auxins performs severaljunctions, these are as follows

(a) Cell Elongation Auxin stimulate the elongation of cells of shoots.

(b) Initiation of Roots In contrast to stem, higher concentration of auxin inhibits the
elongation of shoots, but it initiates more lateral branches of roots.

(c) Inhibition of Abscission Natural auxins delay abscission of young fruits and leaves
and also used to control pre-harvest fruit drop.

(d) Apical Dominance Presence of auxin in higher concentration (in higher plants) in
shoot apex, promotes apical dominance. It is been seen commonly in many vascular
plants, that presence of apical buds does not allow the lateral buds to grow. They
only start developing into branches when the apical bud is removed.
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Fig. 15.11_Apical dominance in plants (i) A plant with apical
bud intact (ii) A plant with apical bud removed

(e) Promotes Flowering Presence of auxin helps in promoting flowering in pineapple
litchi, etc.

(f) Parthenocarpy Auxins are used to unpollinated pistil and make them develop into
parthenocarps, which carry a better market value.

(g9) Metabolism Application of auxin can enhance metabolism due to mobilisation of
plant resources.

Applications of Auxins

As stated, use of synthetic auxins is widely accepted now-a-days in various
agricultural and horticultural practices.

Following are the applications of auxins

(a) Eradication of Weeds Auxins are used as weedicides and herbicides. Application
of 2, 4-dichlorophenoxyacetic acid (2, 4-D) is widely done in
order to kill dicotyledonous weeds. It inflict does not affect mature,
monocotyledonous plants.

The growth of lateral buds into branches after decapitation.

(b) Helps in Cell Division Besides cell elongation auxin may also be active in cell
division.

(c) Controls Xylem and Phloem Differentia-tion Auxin controls differentiation of
xylem and phloem is stems and roots. There are evidences that low concentration of
auxin induces phloem differentiation while higher concentration of auxin is
responsible for differentiation of both xylem and phloem tissues.

2. Gibberellins

These are another kind of plant growth regulators, which are known to be weakly



acidic growth hormones. There are more than 100 different gibberellins reported
from widely different organisms like fungi and higher plants. All of them are known to
be acidic in nature, . thus, they are termed as Gibberellic Adds (i.e, GA , GA, ,
GA:;and so on). However, GA; is the most important gibberellic acid which was first
to be discovered. It was most extensively studied.

Functions of Gibberellins

Gibberellins show various important physiological effects

(a) Elongation of Internodes It elongate the internodes so, as to increase the height
of the plant. They cause an increase in length of axis and is also used in increasing
length of grapes stalks.

(b) Elongation of Genetically Dwarf Plants It has been seen that if gibberellins are
administered to a dwarf plant (pea, maize, etc), it may help in overcoming dwarfism.
It also causes fruits to elongate and improve their shape, e.g., in apples etc.

(c) Bolting and Flowering The gibberellins also helps in promoting bolting (internode
elongation) just prior to their reproductive phase or flowering. This is seen in rosette
plants like beet, cabbage as these plants shows retarded internodal growth and
profuse leaf development.

Rosette plants require either long days or cold night for bolting process and for the
initiation of flowering.

(d) Breaking Dormancy It also helps in overcoming natural dormancy of buds, tubers,
seeds, etc, and allows them to grow.

Seed Dormancy

The state of the seed is said to be the dormant state when it remains dry and non-
germinating. Thus, by ‘breaking seed dormancy’, we simply mean, to make the seed
to germinate.

(e) Flowering This can also be induced in long day plants by the action of
gibberellins.

Applications of Gibberellins

Gibberellins, apart from showing varied .physiological effects, also have numerous
application.

These are as follows

(a) Delays Senescence Gibberellins can delay the ripening of fruits such as Citrus
fruits, apples, etc. This can be also used for safe and prolonged storage of the fruits.
(b) Malting Process The process of malting in brewing industry can be speedup by
the use of GA; .

(c) Sugar Yield As carbohydrate is stored in the form of sugar in the stems of
sugarcane. Thus, if crop of sugarcane is sprayed with gibberellins. It results in
increased length of the stem. This, enhance, increases the yield of sugarcane as
much as 20 tonnes per acre.

(d) Early Seed Production like and when sprayed on juvenille conifers, hastens the
maturity period of them leading to early seed production.

Cytokinins

These are growth promoters that are basic in nature. They have specific effects on
cytokinesis (division of cytoplasm) and were discovered as kinetin (a modified form
of adenine, a purine).

Lethometal (1964) while searching for a substance with cytokinin like activity isolated
Zeatin from corn kernels and coconut milk. Now presendy, several naturally
occurring cytokinins and some synthetic compounds having cell division promoting
activities have been identified after the discovery of Zeatin.

Region of Synthesis of Cytokinins



Natural cytokinins are known to be synthesised in the regions where rapid cell
division takes place, e.g., root apex, developing shoot buds, young fruits, etc., out of
these roots are the major source of synthesis of cytokinins, from where, they move
upwards through xylem.

Naturally Occurring Cytokinins

Coconut milk factor The liquid endosperm of coconut is known as coconut milk. This
contains some factors, that shows kinetin like activity and enhance, stimulate the
growth in many plant tissues (in vitro). All these factors are collectively called as
‘coconut milk factor’. These represents an example of naturally occurring cytokinins?
Zeatin Itis also a naturally occurring cytokinin, isolated from maize grains. Itis
remarkably known to be more active than any other cytokinin.

Functions of Cytokinins

Cytokinins have following remarkable physiological effects

(a) Promotes cell division This is one of the most common and important biological
effect of kinetin on plants, i.e., to induce cell division in the presence of sufficient
amount of auxin (I1AA).

(b) Reduces apical dominance They promote the growth of lateral buds by breaking
apical dominance.

(c) Morphogenesis Differentiation or morphogenesis of plants tissues/organs is seen
to be in control, if ratio of cytokinins and auxins is proportionate.

(d) Resistance They also increase resistance of plants to high or low temperature
and diseases.

(e) Delays senescence These also helps in delaying senescence (ageing) of leaves
and other organs by controlling synthesis of protein and mobilisation of resources or
nutrients.

Applications of Cytokinins

(a) Tissue culture Cytokinins are essential for tissue culture; apart from cell division
they are also involved in morphogenesis.

(b) Shelf life Administration of cytokinins to harvest fruits and vegetables keeps them
fresh for several days and increase their shelf life.

Shelf life of flowers and cut shoots can also be increased by using cytokines.

4. Ethylene

It is a simple gaseous plant growth regulator, which is synthesized from the amino
acid methionine. In plants synthesis of ethylene takes place in almost every part of
the plant, i.e., roots, leaves, flowers, seeds, fruits, etc. Most important effect of
ethylene is promotion of senescent changes in the plant. Thus, it is synthesized by
tissue in large amounts that undergo senescence and also by ripening fruits due to
this property it is also known as fruit ripening hormone.

As ethylene is a volatile substance, its production in one plant may influence the
growth of other plants near to it.

Functions of Ethylene

Ethylene shows various important physiological effects

(a) In divot seedlings, ethylene influences the horizontal growth of seedling, swelling
of the axis and formation of apical hook.

(b) It is highly effective in fruit ripening. It also increases the rate of respiration. This
rise in the respiration rate is called respiratory climacteric.

(c) Helps in breaking seed and bud dormancy.

(d) Initiation of germination in peanut seeds and sprouting of potato tubers is also
due to the

production of ethylene in plants.



(e) In deep water rice plants, ethylene promotes rapid internode petiole elongation.
(f) It proves to be helpful in increasing absorption surface of plants by promoting
growth of root and formation of root hairs.

(9) It also stimulates flowering in fruits like pineapple, mango and other related
plants.

Ethylene apart from so many positive responses also has negative feedback.
Release of ethylene commonly inhibits the synthesis of auxins.

Applications of Ethylene

As ethylene helps in regulating these many physiological process in plants. Itis
known to be the most widely used PGR in agricultural field.

Ethephon It is the most widely used compound as a source of ethylene. This tends to
absorbs readily in an aqueous solution and transported within the plant. This slowly
releases ethylene.

(a) Ethephon is known to control fruit ripening (in tomatoes and apples).

(b) It also helps in accelerating abscission in flowers and fruits (causes thining of
fruits like cotton, cherry, walnut, etc).

(c) Helps in promoting female flowers inhance, the yield of the fruits, e.g., Cucumber.
5. Abscisic Acid

It is slightly acidic growth hormone that functions as a growth inhibitor by interacting
with other mentioned growth hormones, i.e., auxins, gibberellins and cytokinins.
Thus, like other PGR, abscisic acid also has a wide range of effects on growth and
development of plants.

As its production is stimulated under stress (unfavourable conditions such as
drought, water lodging, excessive temperature, etc). Thus, it is known as stress
hormone. It acts antagonistically to gibberellic acid.

This hormone is transported to all parts of the plants through the process of diffusion
by conductive channels.

Functions of Abscisic Acid

Abscisic acid shows various important physiological effects

() It has a primary role in regulating abscission and dormancy of buds and seeds. By
inducing dormancy it helps the seeds to withstand the desiccation and other factors
related to unfavorable growth.

(ii) It acts as a general plant growth inhibitor and also inhibits metabolism of plants.
(i) It has its role in inhibition of seed germination.

(iv) Also plays an important role in seed development and maturation.

(v) Abscisic acid stimulates the closure of stomata.

Abscisic acid is also known as dormin as promotes several kinds of dormancy in
plants.

The Mechanism of Stomatai Ciosmg by ABA

ABA binds to receptors of the plasma membrane at the surface of the guard cells.
The receptors in turn activate several interconnecting pathways, which causes a rise
in pH in the cytosol promoting the transfer of Ca*? from the vacuole to the cytosol.
All this causes stomata to close, and opening of stomata occurs when conditions are
just reverse to it.

Interaction between Growth Regulators

For the regulation of every phase of growth, i.e., for differentiation and
developmental processes in plants two or more phytohormones are intimately
related to each other. These can either act synergistically or antagonistically.

Thus, every PGR has one or the other role to play. Likewise, there are also number
of events in the life of a plant where more than one PGR is also involved to affect



that particular event to takes place, e.g.,

(i) Dormancy of seeds and buds is mostly due to abscisic acid, while it is broken
down by gibberellins.

(i) Auxins and cytokinins acts antagonistically in controlling apical dominance, i.e.,
auxins causes apical dominance, while cytokinins helps to overcome them.

(iif) Senescence is prevented by both auxins and cytokinins, while its stimulation is
done by abscisic acid.

(iv) Auxins and cytokinins acts synergistically in promoting cell division.
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