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The outermost layer is termed as epiblema.
Cuticle and stomata are absent.
Cortex is formed of parenchymatous cells.
Endodermis is well developed.
Pericycle is distinct.
Vascular bundles are radial.
Xylem is exarch.
Phloem consists of sieve tubes, companion cells and phloem parenchyma. (In monocots however, the phloem parenchyma is absent).
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	1. PLANT GROWTH &  DEVELOPMENT
By Mr. Biswanath prusty
 


	2. PLANT GROWTH
  


	3. • Growth in  living organisms is not uniform
throughout the life span. Growth takes
Heredity place at a faster rate till the plants
or animals attain maturity. Then it slows
down and at a particular time it stops.
• Growth is an irreversible permanent
increase in size of an organ or its parts or
an individual cell.
• It involves metabolic processes that
consume energy.
PLANT GROWTH
Animal growth is stagnant where as plant growth is continuous through out their life.
 


	4. • All these  changes that occur in an organism starting
from its beginning till its death may collectively be
termed as development. Development is associated
with morphogenesis and differentiation.
Morphogenesis is the process of development of
shape and structure of an organism; and
differentiation is the process of change in cells,
tissues or organs to carry out different functions.
• Plant growth continues throughout the life due to
the presence of meristems.
• Meristematic cells have the capacity to divide and
self-perpetuate.
• The growth where new cells are always added to the
plant body by the activity of the meristem is called
open form of growth.
Growth is influenced by both intrinsic and extrinsic factor.
PLANT GROWTH Plant Growth Generally is Indeterminate
 


	5. • Growth is  accomplished by metabolic processes (both anabolic and catabolic), that
occur at the expense of energy.
• when anabolism exceeds the rate of catabolism, growth occurs. Therefore, for
example, expansion of a leaf is a growth. The swelling of piece of wood when
placed in water is not example of growth.
• If the suspension of growth is due to exogenously controlled factors (environmental
factors) then it is called quiescence.
• If the suspension of growth is due to endogenously controlled factors hormonal or
genetic factors) then it is called dormancy.
• Growth is diffused in animals, but in plants, growth is localized and irregular.
Plant development
• Development is considered as the sum of growth, morphogenesis and
differentiation activities.
• Growth, differentiation and development are the three very closely related events in
the life of a plant.
 


	6. • All plant  cells are descendants of the zygote (fertilized egg).
• The zygote develops into a mature plant through growth and differentiation forming
roots, leaves, branches, flowers, fruits and seeds. Then they eventually die.
Development of a plant from zygote to a mature plant
 


	7. ❖ Primary growth  : It occurs due to root apical meristem & shoot apical meristem. It
causes the elongation of plants along their axis.
❖ Secondary growth (In gymnosperms & dicots): It occurs due to lateral meristems,
vascular cambium & cork-cambium. These cause the increase in girth of the organs.
PLANT GROWTH Plant Growth Generally is Indeterminate
Plant growth is indeterminate
 


	8. • At cellular  level, growth occurs due to increase in the
amount of protoplasm.
• Since it is difficult to measure the increase in
protoplasm, one measures some quantity which is
proportional to protoplasmic increase.
• Increase in protoplasm is difficult to measure directly.
So growth is measured by parameters like increase in
fresh weight, dry weight, length, area, volume & cell
number.
➢ Cell number: A maize root apical meristem can
produce more than 17,500 new cells per hour.
➢ Cell size: Cells in a watermelon may increase in size
by up to 3,50,000 times.
➢ Length: Growth of a pollen tube.
➢ Surface area: Growth in a dorsi-ventral leaf.
PLANT GROWTH Growth is Measurable
 


	9. 1. Meristematic phase/Cell  division: It occurs in the
meristems at the root apex & the shoot apex. Cells
in this region have rich protoplasm and large nuclei.
Cell walls are primary, thin & cellulosic with
abundant plasmodesmata.
2. Elongation phase/cell elongation: It occurs in cells
proximal (just next, away from the tip) to
meristematic zone. Cells have increased
vacuolation, size and new cell wall deposition.
3. Maturation phase/cell differentiation: It occurs in
the cells further away from the apex (more
proximal to the phase of elongation). The cells
attain maximal size in terms of wall thickening and
protoplasmic modifications.
Detection of zones of elongation by the
parallel line technique.
Zones A, B, C, D immediately behind the
apex have elongated most.
PLANT GROWTH 3 Phases of Growth
 


	10. • It is  the increased growth per unit time.
• The growth rate may be arithmetic or geometrical.
1. Arithmetic growth
• In this, following mitotic
cell division, only one
daughter cell continues to
divide while the other
differentiates and matures.
• On plotting the length of
the organ against time,
a linear curve is obtained.
PLANT GROWTH Growth Rates
 


	11. • The simplest  expression of arithmetic growth is
exemplified by a root elongation at a constant rate.
1. Arithmetic growth
• Mathematically, it is
expressed as
Lt = L0 + rt
Lt = length at time ‘t’
L0 = length at time ‘zero’
r = growth rate / elongation
per unit time.
PLANT GROWTH Growth Rates
Constant linear growth
 


	12. 2. Geometrical growth
•  Here, both daughter cells continue mitotic cell
division.
• In most systems, the initial growth is slow (lag
phase), then it increases rapidly
(log or exponential phase).
• If nutrient supply is limited,
the growth slows down
leading to stationary phase.
• On plotting the parameter of
growth against time,
we get a sigmoid (S) curve.
PLANT GROWTH Growth Rates
Sigmoid growth curve
 


	13. 2. Geometrical growth
•  On plotting the parameter of growth against time, we
get a typical sigmoid (S) curve.
• A sigmoid curve is a characteristic of living organism
growing in a natural environment. It is typical for all
cells, tissues and organs of a plant.
• The exponential growth can be expressed as
W1 = W0 ert
W1 = final size (weight, height, number etc.)
W0 = initial size at the beginning of the period
r = growth rate (here, relative growth rate)
t = time of growth
e = base of natural logarithms
PLANT GROWTH Growth Rates
 


	14. • Here, r  is relative growth rate. It is also is the
measure of the ability of plant to produce new
plant material (efficiency index). Hence, final size
W1 depends on initial size, W0.
• Quantitative comparisons between the growth
can also be made in 2 ways:
i. Absolute growth rate: Measurement and
comparison of total growth per unit time.
ii. Relative growth rate: Measurement of growth
of the given system per unit time expressed on
a common basis, e.g., per unit initial
parameter.
– Relative growth is high in young developing
plant parts.
Diagrammatic comparison of absolute and
relative growth rates. Both leaves A and B
have increased their area by 5 cm2 in a given
time to produce A1, B1 leaves I.e. absolute
growth, but relative growth rate in leaf A is
100% while in B is 25%
PLANT GROWTH Growth Rates
Time period-7days
 


	15. • Water: For  cell enlargement. Turgidity of cells helps in
extension growth. Water provides medium for
enzymatic activities needed for growth.
• Oxygen: It helps to release metabolic energy for
growth.
• Nutrients: Macro & micro elements are needed for the
synthesis of protoplasm and act as source of energy.
• Temperature: Plants have an optimum temperature at
which growth is maximum. Deviation from this range
could be detrimental to its survival.
• Light & gravity: Affect certain phases/stages of growth.
• Minerals: Growth also requires many mineral elements;
whose deficiencies influence the rate of growth.
Conditions
for growth
Water
Oxygen
Nutrients
Temperature
Light
Gravity
PLANT GROWTH Conditions (essential elements) for Growth
Minerals
 


	16. Plant growth
Regulators
  


	17. Plant Growth Regulators
•  An organic compound which is produced in one part of the plant body and is translocated to other
regions where in extremely small amount, it induces definite physiological effects is called plant
hormone.
(a) Characteristics
• Plant growth regulators are small, simple molecules secreted in minute quantities that influence various
physiological functions in plants. Plant growth regulators can also be called as phytohormones or plant
growth substances. They are of diverse chemical composition, as given below
I. Indole compounds: Indole - 3 - acetic acid (IAA)
II. Adenine derivatives: Kinetin, N6 - furfuryl amino purine
III. Derivatives of carotenoids: Abscisic acid (ABA)
IV. Terpenes: Gibberellic acids
V. Gases: Ethylene
(b) Classification
• Plant growth regulators are grouped into two categories based on the nature of their action.
1. Plant growth promoters e.g. Auxins, Cytokinins, Gibberellins.
They promote growth activities like cell division, cell enlargement, flowering, fruiting and seed formation,
tropic growth movements etc.
2. Plant growth inhibitors e.g, Abscisic acid, Ethylene
They play an important role in plant response to wounds and stresses of biotic and abiotic origin. They are
involved in growth inhibiting activities such as dormancy, abscission etc
 


	18. Plant Growth Promoters
They  promote growth activities like cell division, cell enlargement, flowering, fruiting and seed formation, etc. e.g,
Auxins, Cytokinins and Gibberellins.
1. Auxins
(a) Discovery-
• Charles Darwin and his son Francis Darwin observed that the coleoptiles of canary grass responded to unilateral
illumination by growing towards the light source (phototropic curvature).
• After a series of experiments, it was concluded that the tip of the coleoptile is the site of production of a substance,
that caused the bending of coleoptile.
• Auxin was isolated by F.W. Went from the tips of coleoptiles of oat seedlings.
(b) Isolation-
• The word auxin is derived from Greek word 'auxein', meaning to grow and this name was given to growth substance
by F.W. Went.
• It was first isolated from human urine.
• Biosynthesis of auxin occurs by tryptophan amino acid in the presence of Zinc ion.
Synthetic auxins are:
• NAA: Nephthalene acetic acid
• 2,4-D: 2,4-Dichloro phenoxy acetic acid
• 2,4,5-T: 2,4,5-Trichloro phenoxy acetic acid
• IPA: Indole Propeonic/Pyruvic acid
• PAA: Phenyl/Phenoxy acetic acid
 



	20. Physiological effects and  applications of auxin
Apical dominance: The phenomenon, in which apical bud dominates over the growth
of lateral bud is called apical dominance. Pruning or decapitation in gardens promotes
densing of hedge and also used in tea plantation.
Root initiation: Rooting on stem cutting is promoted by 1BA and NAA. It is widely
used for plant propagation.
Potato dormancy: NAA induces dormancy of lateral buds in potato tuber and potatoes
can stored for longer duration.
Prevention of abscission: IAA and NAA prevent premature abscission of plant organs.
Flower initiation: Auxin promotes uniform flowering in pine-apple and litchi plants.
Parthenocarpy: Seedless fruits can be produced by spray of JAA. e.g., tomatoes.
Selective weed killer: 2,4-D and 2,4,5-T are used to eradicate dicot broad leave weeds,
however monocot plants are unaffected by them.
Bio war: Agent orange (a mixture of 2,4-D and 2,4,5-T) was used by USA in Vietnam
war for defoliation (Removal of leave) of forests.
 


	21. 2.Gibberellins
a) Discovery
• First  of all, Japanese farmers observed peculiar symptoms in rice seedlings and called it The 'Bakane'
(foolish seedling) disease'. Later on it was found that it was caused by a fungus Gibberella fujikuroi. Rice
plants become thin, tall and pale due to infection of Gibberella fungus.
• Yabuta and Sumiki were the first to extract a crystalline substance from the Gibberella fungus, which they
named as Gibberellin.
• E. Kurosawa found that the symptoms of the disease could be developed in uninfected seedlings by
treating them with sterile filtrate of the fungus. The active principle was later identified to the gibberellic
acid
b) Isolation
• 100 types of Gibberellins (GA, GA2 GA.GA100) are known.
• GA (C19H260s) is the first gibberellin to be discovered and is the most intensively studied form of GAs.
Synthetic Gibberellins are:
Various synthetic PGRs, such as
• uniconazole,
• mepiquat chloride, and
• daminozide
 



	23. Physiological effects and  applications
Stem/Internode elongation: GA induces internode elongation, leaf expansion, and used in sugarcane
cultivation. Gibberellins induce stem elongation in rosette plants (cabbage). This phenomenon is known as
bolting effect.
Elongation of genetic dwarf plant: When gibberellins are applied to dwarf maize and pea plants, they
become tall.
Breaking of dormancy: GA breaks the dormancy of seeds, buds and tubers.
Seed germination: Gibberellin induce the synthesis of hydrolyzing enzyme like α-amylase, lipases and
proteases.
Fruit and flower enlarge: GA increases size of grapefruit and bunch pomalin (a mixture of GA, GA7 and
6-Benzyl adenine) acts as an apple enlarger.
Delay senescence: Ihey delay senescence and hence the fruits can be left on the trees for longer period;
this increases / extends the market period.
In Fermentation: GA3 is used to speed up the malting process in brewing industry.
• By increasing the length of internodes in sugarcane, GA3 increases the yield sugar cane by about 20
tons/acre.
• Spraying juvenile conifers with GA3 hastens their maturity and leads to early seed production.
 


	24. Cytokinins (Kinetin)
(a) Discovery
Cytokinin  was first discovered by Miller when he was working on tobacco pith culture. He added the contents of an old
DNA (Herring fish sperms DNA) to the culture medium and observed that the tobacco pith callus could grow for longer
period.
(b) Isolation
• Miller isolated an active substance from autoclaved DNA from Herring sperm, which stimulated cell division. He named
this substance as Kinetin. Kinetin does not occur naturally in plants.
• The first natural cytokinin was isolated from immature corn grains (corn kernels) and named as Zeatin.
• Coconut milk also performs activity like cytokinin, thus used in tissue culture.
• Cytokinin is a derivative of adenine base.
• Root tips are major site of synthesis of cytokinin. Growing plant parts also synthesise cytokinin.
• Natural cytokinins are synthesized in plants in regions where rapid cell division occurs; e.g., root apices, shoot buds,
young fruits etc.
 


	25. Physiological effects and  applications
Cell division and cell enlargement: One of the most important biological effect of cytokinin on plants
and plant tissue culture is induction of cell division.
Morphogenesis: Lower cytokinin and higher auxin ration promote root formation and differentiation.
Whereas higher cytokinin and lower auxin ration promote shoot formation and differentiation.
Counter action of apical dominance: Cytokinins help in the growth of lateral Duds into branches and
help to overcome apical dominance.
Delay in senescence (Richmond Lang Effect): The ageing process of leaves usually accompanies with loss
of chlorophyll and rapid catabolism. This is called as senescence. Senescence postponed by cytokinin,
improves the phloem conduction (nutrients mobilization)
• They also promote adventitious shoot formation as they help to produce e new leaves and
chloroplasts in leaves.
Plant Growth Inhibitors
They are involved in growth inhibiting activities such as dormancy, abscission etc. e.g.,
Abscisic acid and Ethylene.
 


	26. Abscisic Acid (ABA)  C15H20O4
Discovery and isolation
• First growth was identified by Bennet-Clark and Kefford from dormant potato tuber and called it Inhibitor-B.
• Addicott and Okhuma obtained a growth inhibitor from mature cotton fruit and named it Abscisin-I
(C15H20O4).
• Waring and Robinson isolated a growth inhibitor from old betula leaves and named it Dormin.
• Thus, three independent researchers reported three kinds of growth inhibitors: Inhibitor-B, Abscisin-I and
Dormin.
• Later, all of them were found to be chemically similar and named as abscisic acid.
• Abscisic acid (ABA) is also synthesized by oxidation of carotenes.
• ABA is also known as stress hormone, because it protects plants from adverse conditions like water stress.
ABA increases tolerance of plants to various types of stresses.
• It was discovered for its role in regulating abscission and dormancy.
Physiological effects and applications
(I) Induce abscission: ABA causes ageing and abscission of leaves and fruits.
(ii) Induce bud and seed dormancy: ABA regulates (anti-GA) bud and seed dormancy. ABA plays a major role in
seed maturities enabling seeds to become dormant.
(iii) Induce senescence: ABA accelerates senescence of leaves.
(iv) Inhibition of cell division and cell elongation: ABA inhibit cell division and cell elongation.
(v)Stomatal closing: ABA causes the stomatal closing under conditions or intense solar radiations and water stress
conditions (anti-transpirant).
 


	27. Ethylene
a) Discovery
H.H cousins  confirmed that ripened oranges released a volatile substance that hastened the ripening of the stored banana later
this volatile substance is named as ethylene.
a) Isolation
• Ethylene is synthesized in large quantities by the tissues of ripening fruits and senescing organs.
• Ethylene is also formed in roots in waterlogged conditions.
Physiological effects
Post-harvest ripening of fruits: Citrus, oranges, banana, apple, tomato are ripened with Ethephon and CEPA (chlroethyl
phosphoric acid) at commercial level. Ethephon is the compound used to supply ethylene; it is an aqueous solution that is
readily absorbed and transported within the plant, and it releases ethylene slowly. Ethylene enhances the rate of respiration
during ripening of fruits.
Stimulation of senescence and abscission of leaves: Ethylene is synthesized in large quantity by ripening fruits and
senescent organs.
Triple response in stem: Apical hook formation in dicot seedlings, stimulation of radial swelling of stem and horizontal
growth of stem.
Root growth: It promotes root growth and root hair formation, thereby increasing the absorptive area.
• It promotes senescence and abscission of leaves and flowers.
• It promotes rapid elongation of internodes and petioles of deep-water rice plants and helps the leaves to be above water level.
• It hastens fruit ripening.
• It accelerates abscission of flowers and fruits in cotton, cherry, walnut etc.
• It promotes the production of female flowers on a monoecious plant and also on genetically male plant ; thus, it increases productivity.
 


	28. Photoperiodism is the  response in growth, transpiration, photosynthesis, and
reproduction (flowering) of a plant to the specific duration of light, which
falls on it per day.
On the basis of day-length required by the plants for flowering, the plants
are classified into the following three categories:
(i) Short-day Plants (SDP) : Some plants produce flowers when exposed to
a light period shorter than a required day-length. These are called Short-day
Plants. Chrysanthemum, Cosmos, Dahlia, Soyabean, are short-day plants.
(ii) Long-day Plants (LDP) : They produce flowers when exposed to a light
period longer than a fixed day-length. Gulmohar, radish, spinach, are long-
day plants.
(iii) Day-neutral Plants (DNP) : In these plants flowering is not affected by
length of light period i.e. they produce flower in almost all photoperiods.
Cucumber, Tomato, and Sunflower, are day-neutral plants.
 


	29. VERNALISATION—APPLICATION OF LOW  TEMPERATURES
You have already learnt that temperature affects growth and development of plants.
For flowering in some plants, a particular temperature is required. Studies show that if
temperature is reduced to a particular point then flowering occurs at an early stage. For
example by applying a temperature ranging between 1-10° C to certain
variety of wheat, rice and cotton, growth of seedlings is accelerated and flowering
occurs earlier. This method of inducing early flowering in plants at low temperature is
called vernalisation.
Vernalization is the process of accelerating the process of flowering by subjecting or
exposing the plant to low temperature.
Practical Utility of Vernalisation
Vernalization has some practical applications like:
(a) Plants whose life cycle is completed in two seasons (biennials) can produce flower
in one season if their seeds are pre-treated to a low temperature.
(b) Crops can be grown and harvested earlier i.e. biennials can be turned into annuals.
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