


I. Plant organisation:

Characteristics of Plants
1. Made of cells (with DNA, cell wall,
chioroplasts)

2. Multicellular = no single celled
plants

3. Producers - make own food
(Photosynthesis)

4. Body plan (cells to organ systems)

General caracteéristics of plants:

Seedless
plants

Plants

Vascular

plants

Seed plants

Nonvascular

seedless



Plant Characteristics

Gymnosperms

Non vascular Seedloss

imosses and Liverwon) (mosses and horsetads )
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Mains divisions

Nonvascular Plants are

Types of Plants Simple Plants.

1. Nonvascular Plants_- do not have * They are small.

roots, stems or leaves * No vascular tissue means water has to

a. NO Vascular tissue and NO seeds! move by osmosis from the ground through
the plant.

* This means they must live in moist places.
* They produce spores for reproduction.

* Liverworts




o Types of Plants a. seedless vascular
- , plants
2. Vascular Plants — contain vascular 1. Vascular tissue

tissue (transpors food and water) 2. No seeds, still have spores
3. Examples: horsetails and ferns

a. Some contain seeds

c. Some have flowers, so
Don't have flowers




b, Vascular seed plants

* Gymnosperm- produce seeds on the 1y « Anglosperm- their seeds are inside.
scales on of female cones. {/* - Al produce flowers
| Tl'!E\j do nol o oduce flowars - most common plants on earth
- Have needlelike o scale like leaves
~ Examples; conifers, evergreens

< A seed 1s a structure
that contains a plamt
embryo and a supply of
food inside a protective
covering
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Vascular plants with Seed Vascular plants with Seed

PLANTS
vascular Nonvascular

{ Aagosperms

+ Gymnosperms are a group of
vascular plants whose seeds
are housed in cones,

» Angiosperms, also known as
flowering plants, produce
seeds within a fruit
tree
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I1. Organisation of Plant cells

Nucleus

Mucleolus

Ribosomes

Rough endoplasmic
reticulum

Smooth endoplasmic
reticulum

Golgi apparatus

Cell wall ——= ‘

Cell membrang ————= °

Plant Cell

Peroxisome

Chloroplast

Amyloplast

Mitochondrion

Vacuole

Cytoskeleton



Parts of plant cell

The Cell Wall o Cell Walls

plasmodesmats  PUMTE MasmBrang
N . tes -t

o Cellulose cell walls help distinguish plants
rom other orgamsms

o The main component of a cell wall is
cellulose arranged in microfibers

o The cellulose framework is interpenetrated

by a cross-linked matrix of non-cellulose
molecules - primarily hemicelluloses and

pectin
o Cell walls are layered - there is a primary cell
TEM image of ced =ui wall, a middle lamella between two cells and
winuchure I pland rects sometimes a secondary cell wall
@ Cell Wall

Plant Cell Waill

*Provides support
*Double lavered

«Made from cellulose




0 Cell Walls

o The primary cell wall s
deposited before and
during growth of the cell

0 Actively dividing celts
typical r only have primary
cell walls

o Secondary cell walls are
usually formed after the
cell has slopped growi
and the primary cell wallis
0 longer increasing in
surface area

o The secondary cell wall

forms between the primary

céll wall and the prolopiast

L] Plasmodesmata

o Plasmodesmatn
allow the transport
of substances from
one cell to the next

o They are
cytoplasmic threads
which connect the
living protoplasts of
adjoining cells




o Cell Membrane @ Plasma Membrane

Controls what enters
The plasma membrane has several

and leaves the cell funcilons
iBoed i ALL cilli 1. It mediates the transport of

substances o and oul of the
protoplasm

2. It coordinates the synthesis and

*Phospholipid bilayer

with !I‘Mhpﬂn assembly of cellulose
proteins, and microfibrils
cholesterol (for 1. It relays hormonal and
lexibility) environmental signals involved
in the control of cell growth and
© Cell Organelles
o MNucleus
o Ribosomes
o Endoplasmic reticulum
o Golgi apparatus
o Lysosomes
o Vacuole
o Organelles with DNA(mitochondria and
chloroplasis)
o Cyroskeleton




> Nucleus
Nucleolus puclear
jitpg  Nuclear, ', envelope e,
'f- : pores X Nuclear
- pore
L&y )
L, -
7
T " Inner
(a) membrane mfnl:l?rgnu
Nucleoplasm
J Nucleus
e - T g e ]
Nuclear Envelope
tunianr {umur nuelear membrane gﬁ“ﬂ'"f
WeloRe |inner nuclear membrane
tough Chromalin
ndoplasmic
eticiluim

Nucleus

o Stores genetic material
o Contains DNA
o Nucleolus: site where RNA is made

© Chromatin and ribosomal subunits present
o Nuclear envelope:
Double membrane with pores
o Largest organelle
o BRAIN of the cell - controls protein synthesis




e Nucleus

The nueleus 15 usually the most The £l Wuclews
prominent structure in the
protoplast of cukaryote cells

. It controls the ongoing
pctivitics of the cell by
determuning which protein
molecules are produced by
the cell and when they are
produced

2. It stores genctic
information, passing it oo
daughter cells during cell

' Ribosomes

o Ribosomesi80s) are RNA-protein complexes
composed of two subunits{50s & 30s) that join and
attach to messenger RMNA, S —

= sit¢ of protein synthesis
o assembled in nuclealus

e Endoplasmic reticulum

* Transports materials through the cell
» 2 types:- (1) Rough ER
(1i) Smooth ER

Rough ER - studded with ribosomes
 Attached to nuclear membrane
* site of protein synthesis and processing
Smooth ER - lacks ribosomes

« site of synthesis of phospholipids and the
packaging of proteins into vesicles

e ‘ Endoplasmic reticulum




L Golgi apparatus

Collection of Golgi
bodies

Stacked flattened
sacks
Site where cell
products are
packaged for export
Proteins are
modified by being
combined with fats
or carbohvdrates

° Lysosomes

o Vesicles produced by the
Golgi apparatus,

o Lysosomes contain
digestive enzymes and are
imvolved in intracellular
digestion of food
particles, disease causing

bacteria and worn out cell

parts

© They are known as the
“suicidal bags of the cell”

Golgi apparatus

Q_ trans
0 9

Vesicles then pinch
off from the Golgi
body to be sccreted
(outside the cell)

Involved in the .
production of
lysosomes

Fusion forms
secondary
lysosome



e | Vacuoles S ke

o Found in PLANT and ANIMAL cells

o The vacuole acts a container, storing walter and
dissolved particles

o Plants have a large central vacuole for water
storage

o Unicellular animals can use contractile vacuoles
for movement

o Vacuoles nre membrane
hoaend organelles filled wiil
cell sap

o The membrane is refermed b
a5 the tonoplast

o Diferent kinds of vecunles
moy hove different function
within the same cell

o Along with water based cel
sap, vacuoles typically
contain salts, sugars and
some dissolved proteins
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Organelles With DNA

e ]

o Mitochondria
© site of cell respiration

o Chloroplasts
© site of photosynthesis




0 Mitochondria »e Mitochondria

D g A1 L oo . o Mitochondria are another
o "Powerhouse of the cell” - cellular metabolism arganelic Boundad i hve

o Structure- outer and inner membranes, cristae membranes

. : = oh : o The inner membrane is folded
o Found in both plant and animal cells inlo many pleats alled cristae

o Very active cells have more mitochondria Mitochondria are the sites of
cellular respiration -
converting organic melecules
to ATP the main immediate
energy source for living
eukaryote cells - plant cells
may have hundreds o
thousands of mitochondria




e » » | Chloroplasts ' Leucoplasts

0 Leucoplasts are
non-pigmented
plastids some of
which synthesize
starch while others
produce oils or
proteins

0 Upon exposure o
light they may
develop into
chloroplasts

= Chromoplasts

o Chromoplasts lack
chlorophyll but
synthesize and retain
carolenoid pigments
which are responsible
for the yellow, orange
or red colors of many
flowers, old leaves,
some fruits and some
roots







here are three phases of growth: The plant life cycle consists of four stages

> meristematic, > seed
> elongation » sprout
> maturation » small plant

I oo lan

In biology, growth can be classified into two main types:

» Determinate Growth: In determinate growth, an organism grows
only until it reaches a certain size. Most animals and some plants
exhibit this type of growth. ...

» Plant growth could be defined as the increasing of plant volume
and/or mass with or without formation of new structures such as
organs, tissues, cells or cell organelles. Growth 1s usually associated
with development (cell and tissue specialization) and reproduction

(production of new individuals).



» Plant life cycle describes the various stages of plant life. The main
stages 1n the life cycle of a plant are seed germination, seedling
formation, growth, development and differentiation

» Plant growth and development relies on water for transpiration,
photosynthesis, and respiration.

Stage 3: Stem Elongation Or Rosette Growth And Shoot Development.
theare two types of growth in plants:

» The increase in length of the stem and the root is referred to
as primary growth, and 1s the result of cell division in the stem apical
meristem. Secondary growth is characterized by an increase in
thickness or girth of the plant, and 1s caused by cell division in the
lateral meristem.
the different plant growth forms:

» We defined nine plant growth forms based on woodiness (woody or

non-woody), shoot structure (self-supporting or not self-supporting),
and root traits (rooted 1n soil, not rooted in soil, parasitic or

aquatic): Epiphyte, Liana, Vine, Herb, Shrub, TrIe):e, Parasite, or

Aquatic.

= - - -
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Types of Growth-
Classified by Developmental Stages

Primary growth:

Apical meristems extend
roots and shoots by giving
rise to the primary plant

body

Secondary growth:

Lateral meristems add

girth by producing secondary
vascular tissue and

periderm.




Diagrammatic representation of
locatians of rool apical meristem,
shoot aplical meristem and
vascular cambéum. Arrows exhibit

th diretion o growth ofcells and
organ



MEASUREMENT OF GROWTH

It can be measured in terms of:

* Increase in length or growth - in case of
stem and root.

* Increase in area or volume - in case of leaves

and fruits.

* Increase in the number of cells - in algae,
yeast and bacteria.
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Types of Growth & Development

* Vegetative Phase
— Carbohydrate Utilization
*Reproductive Phase

- Accumulation or storage of
carbohydrates



Factor

Factor is a substance that takes part in 3 biochemical reaction or a
biological process or A component in the environment that
influence other components of the environment.

Environmental Factors

Environmental factor or ecological factor Is any factor, ablotic or
biotic, that influences living organisms.




Abiotic Factors

Ablotic factors are nonliving chemical and physical parts of the
environment that affect Iiving organisms and the functioning of
ecovystems.

Ablotx components Include physical condtions and non-lving
resources that affect living organisms in terms of growth,
maintenance, and reproduction. Resources are dwtinguished a8
swbstances or objects in the environment required by one organism
and consumed of otherwise made unavailable for use by other

OFganeLms.




Types of Growth &
Developmen

Vegetative Phase

Reproductive PFhase

Vegetative growth

el enlargement

Cell differentiation
({initial stages)
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3. Development of flower buds, flowers, fruit and seed, or the
development of storage organs

4. Relatively littie cell avision occurs

5. Most of the carbohydrates are accumulated in the frult, seed or
storage organs
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fenstematec: both at the root apex and the shoot apex represent the
menstematic phase of growth

Meristermmatic Cells
(Stem Cells)




Abiotic Factors
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Temperature

This ablotic factor influences all the plant growth

processes such as photosynthess, respiration,
iranspiration, breakng of seed dormancy, seed
germination, protein synthesis.

“Plants survive within a temperature range of 0rto
$0'C" [Poincelot 1980

The favorable or optimum day & nght temperature
range for plant growth and manimumn yields varies
CIoR $Peies.

1 M lomparators | 00
1 Masmgs Tomperslon 140
1 Optiwem fempirstarn: 1) I C
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Phytohormones and their roles

1. Auxins
o Auming were the first plant hormones discovered

Plant Growth Regulators (Hormy

« Th# argani OO D ottiier Tha

morphologpical structure and physiok * Aumn i a general term used to indicate substances that promote
roncentratans are krnosern Flant Grosw)
e ;.I.r“_ M PRy Elﬂﬁﬂ‘tlﬂﬂ ':IT 1“:'.-1.!!"1

* Plant hormones control the com * Indole acetic acid (LAA) i an auxin that occurs naturafly in plants
germination, rooting, growth, flowe
death. * Natural auxing =

# 'lh:n,l -HdL.II'.I."'ﬂ matne ana '.l"'ntf'lﬂl{. acly & |I"I'-|j{||l." _3_ J‘[ﬂl_ll"lr'.'l'llt |th|.
regulaton ane a3 D

1. Auxins * Phenyl acetic acid M
i !
2. Gibberedling ‘ H‘HM“ auxing - - II OH
e y— ¢ Indole -3- Butyric Acid{IBA), T x
4. Abscisic acid | ,J /
R i » a-Naphthyl Acetic Acid [NAA), T

-

« Functions of auxin |-naphthyl acetamide (NAD)

* Stimulates internode elongation.
= Stimulates leaf growth

= Stimulstes indtiatiosn of vaucwlar i
= [mhifition of oot prowith

= Dilfferentiation of vascular tlasu
e

= Spnen Slemulstes oot initiation o

= Stimulates lateral root develog
rooting).

= Ausin mediates the tropic response of bending to grawvity and light



2. Gibberellins :

* gibberelling occur in green plants, fungi and bacteria,

v According 1o a research carried out In Japan, USA and Britasn has sh
that Gibberelns A - olated in 1938 - 15 actually a mixture of at les
gibberelling named as - GA, GA,, GA, GA, GA, and GA,

* The plbberelling are named GA, GA, in order of descovery.
* GA, Is termed a3 Gibberellic acid.

3. Cytokinins :

» Cytokining are compounds with o structure resembling adenine.

+ Cytokinin have been found in akmost all higher plants as well as mosse,
hungl, bacteria, and also In many prokaryotes and eukaryotes.

* There are more than 200 natural and synthetic cytokining dentified,

» The first naturally occurring cytokinin was tsolated from com in 1961 by
Miller and 1l was later cabied teatin,

* The naturally occurring cytokining are peatin, N* dimethyl amino purine,
isopentenyl aminopurine.

« The smthetic cytokining are kinedtin, adenine, 6-benryl adenine
benzimidazole and N, N'-diphenyl urea.

Functions of Gibberellins :

v Stimulates stem elongation by stimulating coll division and plongation.
+ (A controls internod elongation in the mature reglons of plants,

+ Dwarf plants do not make enough active forms of GA,

+ Flowering In blennlal plants Is controlled by GA. Bennals grow one
year ds 4 rosette and after the winler, they bolt (ragid expangion of
internodes ani formation of flowers)

+ Breaks seed dormanty in some plasts

¢ Stimulates a-amylase and other Mhydrolytic entymes  during
permination of monocol seeds.

+ Stimulates germination of pollen and growth of pollen tubes.

Functions of Cytokinins :

+ Stimulate coll division (cytokinesis|

v Stimulate morphogenesis (shoot intiation/bud formation] in issue
Culture.

v Stumulate the growth of lateral (or adventibous) roats,

+ Stimulate leal expansion resulting from cell enlargement,
+ May enhance stomatal opening in some species.

+ Promotes the corversian of etleptasts into chiaronlasts.



4, Ethylene :

* It 1 a simple organkc mobecule present In the form of volatile gas - in
ripening fruits, flowers, stem, roots, tubers, seeds

v 1L is present in very semall quantity, but it quantity increases during the
time of growth and development,

v Ethydene Is responsible fos

¢ Truit ripening,

v loal abscission,

* ytem swelling

¢ lead bending,

v flower petal discoloration and

+ inhibition of stem and root growth,

* It b commercially used lor promotion of flowering and fruil ripening,
and stimulation of latex flow in rubber trees

5, Abscisic acid {ABA)

v The physiological activities n plamts Nk retadning or shedding of
dfferent ongand such ai leaves, fowery and fruits requires a natural
prowth inhibior

v Other gymthetic ABA ate Maleic hydrazide, Daminotide, Glyphatine,
Chigrophontum chlorida,

C It Inhibits the gibberelling Induced synthess of amylase and other
ydralytic enzymes,
v ABA accumulates in many seeds and helps in seed dormancy,

v ARA serves i potential anti-transpiront by closing th stomata, when
Apithed 10 feives,




Foliage leaves
Colyledon

Hypocolyl

Cotyledon
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What 1s Germination

» Germination is the process by which a plant grows from
a seed.

» Germination is emergence of normal seedlings from the
seeds under 1deal conditions of light, temperature,
moisture, oxygen and nutrients

» Germination 15 emergence of radicle and plumule
through Seed Coat




Requirements for Germination

External factors:
v Water,

v Temperature,
v Oxygen or aeration,

Y Light or darkness,

Internal factors:

 Seed vitality, =
v Genotype, #\ ~
¥ Seed maturation,

v Seed dormancy,

Often this depends on the individual seed variety and is closely
linked to the ecological conditions of a plant's natural habitat

LIGHT SPECTRUM =

Requirements for Germination >
Light

» Phytochrome is a plant pigment found in cytoplasm
that senses the presence of red light.
» Phytochrome absorbs light in two inter-convertible
formes.
1) Pris metabolically inactive & absorbs red light (660
nm.)
2) Pfris metabolically active and gets transformed
from Pr. The latter promotes germination and other

phytochrome-controlled processes in plants, Pfr
reverts back to Pr after absorbing far-red (730 nm.).

o
T e L I L g e e L ial ]
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PHYTOCHROME ABSORBANCE
| Stages of Seed Germination
Pr ,‘_L Pir
08 f . ” STAGE EVENTS
06 PREGERMINATION | (a) Rehration - imbibitions of waler,
| Pir (6) RNA K prokein synthests stimulated
2 (¢) Increased metabolosen - ncreased respiration
024 () Hyololysis (dhpestion) o food reserves by
. cnryies
300 400 500 600 700 800 () Changes in cell ultrastructure.
() Indction of el iviion & el gowth
Factors for Germination
Seed Factor for Germination Ficld factor for Germination ;mmnm m Rlﬂllnfld coat,
» Viability % Good tilth (b) Emengence of secdling, usually adicle first
g S OSTGERMINATION | (a) Costrolled rowth of oot ad shoot i
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Dormancy

TYPES OF DORMANCY

According to wareing (1969) the dormancy
may be two types :

1) Imposed dormancy or quiescence:
The dormancy due to unfavourable

environmental conditions is called imposed
dormancy or quiescence,

INTRODUCTION

Dormancy :

During the developmental cycle of the plant, at
some phase certain structures like buds, tubers,
seeds, go though a period of temporary
suspension of growth activity or slow down for a
period of time or deep sleep, such a state is
called Dormancy.

2) Innate dormancy or rest ;

This minimizes metabolic activity and therefore The dormancy due to conditions within the

helps an organism to conserve to energy. dormant plant or organ is called innate
dormancy or rest.

Dormant = not active or growing but able o It Is a condition in which germination of

hecome active later. growth fails to occur even though the external

environmental conditions are favourable,

Durimng the entire process, there may be
following three phases of dormancy :
1) Pre-dormancy or early rest :

During these phase, the dormant organ has
capacity to resume growth by warious
treatments i.e., capacity of germination or
growth is mnot completely lost. It is called
pradormancy.

2) Full dormancy or mid rest :

When a seed or organ becomes completely

dormant and germination or growth cannot be

induced by changes enwviran me:‘::% ;
conditions, it is called full dormancy or
resit.
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3) Post dormancy or after rest .
When a dormant seed or organ gradually  2) Relative dormancy :

emerges from full dormancy and in it the When in a seed, the germination can be
germination or growth can be induced by induced under specific conditions even at the
changing enviornmental conditions, it is called time of its deepest dormancy, it is called

post-dormancy or after rest. relative dormancy.

The dormancy may be true, relative or
secondary .

1)True dormancy :

3) Secondary dormancy :

When a seed has not fully emerged from
. o dormancy and is again thrown back into full

When in a seed or organ, the germination or d e st | tal diti

growth cannot be induced under any set of KTREY SR SRS S PRI TEN, NI,

environmental conditions. it is called tﬂh e.g., temperature etc., it is called secondary
TYPES OF SEED DORMANCY |

Crocker (1916) divided seed dormancy into
two types :

1) Seed coat induced dormancy :
The dormancy of seeds due to extreme
hardness of seed coat is called seed coat
induced dormancy.

2) Embryo induced dormancy :

The dormancy of seeds due to rudimentary or
complete dormant embryo is called -larnt:ur*y'p:l-"'?L
induced dormancy.




Other types of dormancy may be -

3) Secondary dormancy :

When the seed become dormant again after
breaking the dormancy, It Is called secondary
dormancy.

It may be due to combination of different kinds
of dormancy In a single seed, e.g, Xanthium
pennsylvanicum,

4) Special type of dormancy :

The failure of seedling development is nob
always traceable due to dormancy of seed
Itself,

classification system which include five
classes of seed dormancy -

(1) Physiclogical dormancy

(2) Morphological dormancy

(3) Morpho-physiological dormancy
(4) Physical dormancy

(5) Combinational dormancy



mPhotoperlodlsm and vernalization

INTRODUCTION

* Vernalization word derived (from Latin vermus, "of the spring”)

* Literal meaming of vernalisation 1s bringing to spring condition.

“Nernalization s the Induction of a plant's Nowerlag process by
cyposure 1o the prelonged cold of wister, or by an artificial equiyalent™,

* For some plants , vemalization 15 an absolute requirement or in
SOMe cases it simply assists in flowenng,

* The duration of low temperature treatment required varies from
four davs to three months.




TYPES OF VERNALIZATI SITE OF VERNALIZATION

* Metabolic active apleal meristem 1 the site of lemperature
| EACULTATIVE VERNALIZATION perception for Aower iniaton,

Flowenng will appear carlier once exposed Lo low tempe

Eg., Winter annval Titicale (fig 1) + Younger leaves are more suscaptible o vernalization,
L OBLIGATE VERNALIZATION Loy
+ The low temperature stimulus 1s received by the shoot apex

Musst expose 1o low temperatiare 1o a desired period of tim of a mature stem or embryo of the seed

Eg., Bienminl plants (Cabbage) fig 2

(lkg 1)




l . Water and Oxygen

-~ * Scod need 10 imbibe 1020 % water, dry seed cannot be vernalized.
~ *Similarly oxygen is also pecessary for vernalization. Oxygen is used during
| respiration. A germinating seed need energy. This energy is provided by

Setors respiration. The mhibition of respiration blocks the process of vernalization,
ool
o 2. Temperature
o The soeds are exposed 1o low temperature duning vermalization,

* Temperature lower than 4°C s not effective. Simalarly, temperature above 12°C
docs not cause vemaluzation, b duration of vemalization vanes in different
species,

3 pevernaaton
Na ool

oxposu  The exposing of vernalueed seed 10 high temperature (30 -35°C) , lose the effect of
vernalization called as Devermalization.




LEect of Hght

¢ The seed of a plant can be vemn

* Bt many plants ke canol reg
They must be first vemalin
flowermng.

S.EMect of hormones

Many species hike carmot and Hy
These plants show raped Boweri
both bolting and flowenng.

v

REQUIREMENTS OF VERNALIZATION

Low Temperature : Low temperature required for vernalization
i$ usually 0%+ 5°C.

Period of Low Temperature Treatment : It varies from a few
hours to a few days.

Actively Dividing Cells

Oxygen : The vernalization is an aerobic process and requires
metabolic energy. In the absence of 0y, cold treatment
becomes completely ineffective,

Water : Sufficient amount of water is also essential for
vernalization, Vernalization of the dry seed is not possible.

Proper Nourishment




Importance of vern

« Vernalization shortens the vegetative |

« It increases cold resistance of the plan

« Vernalization increases the resistance

~In biennials, vernalization induces e
setting.

« A non vemalized shoot apex can be
the plant with a vernalized plant,

» Winter varieties of crop plants ca
varieties bv vernalization.
2.

PHOTOPERIODISM

* Photoperiodism is the phenomenon of physiological changes
that occur in plants in response to relative length of day and
night {i.e. photoperiod),

* Plant in order to flower require a particular day length or light
period called photoperiod and response of plants to
photoperiod in terms of flowering is called photopersodism.

* It influences plamt development such as leaf fall , dormancy
and tuber formation but its major effect is on control of
flowering,



Photoperiodism CLASSIFICATION OF PLANTS BASED
ON PHOTOPERIODIC RESPONSES

Garner and Allard classified the plants into 5 types
based on their photoperiod response of flowering:

Short day plants (SOP)
Long day plants (LOP)
Day neutral plants (ONP)
| Short -long- day plants (SLDP)
Long- short- day plants (LSDP)

2.

a MM{WH"M

dey
B reght




1. Short day plants

* These plants require a2 relatively short day light penod (usually 810 hown) and a
continuous dark period of about 14-16 howurs for subseguent Aowering.

v in short day plants, the dark penod & ontical and must be continuous. If this dark

perod i interrupted with & bref esposure of red light (660-665 nm wavelength), the
short day plant will not flower

* On the other hand, 2 bried period of darkness during day time had no effect on
flowenng

* Because of the importance of dark period in Nowening, these are 2o called 23 Long
Night Plants.

© g Re, Cotfee, Soybean, Tobacco, Chrysanthemum, Xanthium and Morning glory
{fpamore purpurra)

1. Long day plants

These plants require longer day light persod (usually 14-16 hours) in a 24 hours oycle
iwwmtm

+ These plants are 200 called aa short night plamts.
* In long day plants, light perod is critical and a brief esposure of red light in the dark
penod or the prolongation of ight pernod stimadates Nowering in long day plamts

© Eg. Barley (wenter barley), Wheat, Henbane (Myoscyomus Niger|, Radish, Cabbage,
Sugar beet | Spinach, canot, lettuce and onion




3. Day neutral plants

e ter minate of DNP Nowery readdy over 4 wade rarge of day lesgth from relatreely SIL
10 contimuons dluminitsdm

[ g. Somato, Ohilly, Potato, Cotton, Sunflewer, Cucumbet, Peas, Babiam and Maire

" Short-long day plants

These are long day pu-nn but Mt be eaposed (0 VOt day dunng eary perads of growth
for subseguent fhowerin

These plants requine hru thirt photoperod and then ong phatopenod for Nowering

g Winter rye , Candy tuft

. Long-short day plants
These me short day plants but ! be esposed 10 long diave Suring early periads of
growth for subseguent lowering
These plants require lirid long dayy aod then short pholopenad for Noweting

These planty & not Nowed when eapoied 10 either SD o LD and reed both LD and 5D o
as Niowenng

£ g. Bryophilum , Ceitrum Nocturnum |Nght blooming Jlasmine |




Lanig Doy Pl Shoet Dy Pland Day Neutral Plams

Pl w oo vndier Flomsertng is scices umder Flomermg is nof depaetid

Rawng Dy Dewgthy comslionnis.— Shont Dy Length upon Day Length
conudition comiditions
Long Dav leragth St [y bergthy Indeprerndent of ligha

Shont Night Lengh or Shont Loag Naht Length or Throughenat the vear
Nughit Planits Long Nethit Mgt

Suiiinet Vanefi's Wiiiter Vanetv's M i o bl ole

Eg. Spanach, Wheat, Raddish ,  Fg. Cosmos, Dahla F& Tomato, Cucumber,
Beet, lettuse Chrysenthesum, Sunflower
Marigold



The photoperiod mechanism

* Phytochrome exists in two versions which are
inter-convertible

* PR that absorbs red light
* P that absorbs far red light

FAR RED
LIGHT

ODWS



http://www.saburchill.com/IBbiology/bio_hp.html

In the long-day plant

Sunlight

Red light
PR e rrrbuilds up

Long-day plants

Florigen activajped

Flowering



Ei fructification peyelopment of flower -

1
| endosperm -
triploid
_ =" endosperm ;
cell /

% *~ovary ——> frutflesh -~

A __»50ed coat”

“integument —
» embryo ~ A
zygote ——— o 4
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Mode of pollination

* 2] Allogamy
* 1) Autogamy : = Development of seed by cross pollination
— Development of seed by self pollination. M = Mechanisms which promotes autogamy

— Several mechanism that promotes self I.I P 1. Dicliny

pollination v

ME
- [I.Dichogamy G e “,-_..,.f
| Bisexuality % ¢ [11. Heterostyly
Il.Homogamy ! '. ' ! L AL IV.Herkogamy
l.Cleistogamy | | Y/ : V.Sell incompatibility
IV.chasmogamy ' 4 | VI.Male stenlity

+ Made of Pollination = Mechanism promoting self-pollination

The Process b}r which rm]]gn grﬂinﬂ ATE rae ﬂ'l*f‘“ 1. Bisexualitv- Presence of male and female organs

transterred from anthers to sl_ignm 15 il in the same flower is known as bisexuality. The
referred as pollination. Pollination is f _ presence of bisexual flowers is a must for self
of two types: viz. 1) Autogamy or sell’ = = pollination. All the self pollinated plants
pollination and 2) Allogamy or cross have hermaphrodite flowers,

pollination. . R 1. Homogamy- Maturation of anthers and stigma of a
* L Autogamy/ Self pollination flower at the same time is called homogamy. As a

Transfer of pollen grains from the rule, homogamy is essential for self-pollination.

anther to the stigma of same flower is 3. Cleistogamy- When pollination and fertilization

known as autogamy or self aecur in unopened flower bud, it is known as

ollination. Autogamy is the closest lei Paafi
: : istogamy. It ensures self pollination a
Fﬂ-l‘[‘l‘l of inbreeding. Autogamy leads i gm e “] SLTW v ‘pnl “.“ o0 "d.
prevents cross pollination. some varietics of wheat,

o homezygosity. ;
" : barley, oats and several other grass species.




4. Chasmogamy- Opening of flowers only after
the completion of pollination is known as
chasmogamy. This also promotes self pollination
and is found in crops like wheat, barley, rice and
oals.

| ssfer of pollen grains from the anther of one.
plant o the stigma of another plant is called
illogamy or cross pollination.

5. Position of Anthers- In some species, stigmas
are surrounded by anthers in such a way that self
pollination is ensured. Such situation is found in
tomato and brinjal. In some legumes, the stamens
and stigma are enclosed by the petals in such a
way that self pollination is ensured. Examples
are green gram, black gram, soybean, chickpea
and pea.

L. Dichogamy. (from the Greek dikho-apart
and gamous-marriage) It refers to maturation of
anthers and stigma of the same flowers at
different times. Dichogamy promotes cross
pollination even in the hermaphrodite species.

1. Heterostyly. When styles and filaments in a flower are
of different lengths, it is called heterostyly. It promotes
cross pollination, such as linseed.

4. Herkogamy. Hinderance to self-pollination duc to some
physical barriers such as presence of hyline membrane
around the anther is known s herkogamy. Such
membrane does not allow the dehiscence of pollen and
prevents self-pollmation such as n alfalfa, 'H'

5. Sell incompatibility: The inability of fentile . _I,.. =
pollens to tedihie the same fower is refemed o as self
incompatibility. It prevents self-pollination and promotes
cross pollination. Self incompatibility is found in several

crop species like Brassica, Radish, Nicotiana, and many

grass species. It is of two
types sporaphyvtic and gametn

Dichogamy is of two types: viz. i) profogyny
and n) protandry.

Protogyny -When pistil matures before anthers, it
1 called protogyny. pearl millet,

Protandry- When anthers mature
before pistil, it is known as protandry

Maize, sugarbeet and several other species. o
mnyne

Mechanism promoting cross-pollination

. Dicliny. Itrefers to unisexual flowers, This is of
two types: viz, i) monoecy and ii) dioecy. When
male and female flowers are separate but present in
the same plants, it 1s known as mornoeey.

In some crops, the male and female flowers are
present in the same inflorescence such as in mango,
castor and banana, In some cases, they are on
separate inflorescence as in maize, Other examples
are cucurbits, grapes, strawberry, cassava and
rubber.

% When staminate and pistillate flowers are
present on different plants, itis called dioecy. It
includes papaya, date palm, spinach, hemp and
asparagus,

e

* Study of Moral biology and aforesaid mechanisms is
essential for determining the made of pollination of
Variows crop species,

* Moreover, if selfing has adverse effects on seed setting
and general vigour, it indicates that the species 15 cross
pollinated, 1 selfing does not have any adverse effect on
these characters, it suggests that the species is self-
pollinated,

6. Male sterflity: In some species, the pollen grains are
non functional. Such condition is known as mule
sterility. It prevents self-pollination and promotes cross
pollination. 1t is of three types: viz,

It 18 a useful tool

in hybrid seed production.
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Fertilisation Fertilisation

» Fertilisation is the fusion of the male (n) » Entry of pollen tube is 3 types

and female (n) gametes Lo produce a » A, Porogamy

Bypote (20 + B, Mesogamy

» The pollen grain produces the male

i » C. Chalazogamy

» Embryo sac produces an egg cell and polar

MI-H aj# L]

Fertilisation

Fertilisation Fertilisation

» Mesogamy: enters through fntequments,
» Parogamy: enters through micropyl  » Chalazogamy: enters through Chalaza,

Pagri b







WHAT IS DOUBLE FERTILIZATION?

Antipodals
- Polar Nuclei

Egg Cell |

Synergids Release of sperm cell Double fertiization



Seed Growth

In angiosperms, th DOU BI.E

seed development

double fertilizatior FERTILIZATION

the fusion of the e
nucle1 into a zygot Double fertilization

part of this process s a ynique process
of the polar nuclei

Fobi
Sperm nuclel

Style

in flowering plants
sperm cell nucleus h &P Tube nuclevs E
a primary endospe WNEre two e s 0
cells fertilize by nucellus

distinct female spem nucki
gametes.




growth of fruits

Stage |
6 - 8 weeks

Stage Il
2 - 3 weeks

Stage Il
6 - 8 weeks

e ®

Berry size

[ veraison ‘
1

‘

4

2"d growth phase
st
1st growth phase Lag phase # ivening




..
Types of fruits

Dry Fruits .

Anther Tube

Endocarp

Fleshy Fruits

Placenta

Receptac

Hypanthium

False Fruits

Pericarp {surrounds eachseed)

Receptac



Types of Fruits
1. Simple
2. Aggregate
3. Composite

These fruits develop from the monocarpellary ovary or multicarpellary
syncarpous ovary. Only one fruit is formed by the gynoecium. Simple fruits are
of two types:

* Fleshy Fruits: In fleshy fruits, the fruit wall is differentiated into epicarp,
mesocarp, and endocarp. These fruits develop from superior or inferior
syncarpous gynoecium.

* Dry Fruits: The pericarp of simple dry fruits is usually quite dry and hard. It
is not differentiated into the three layers of epicarp, mesocarp and
endocarp. In some dry fruits, this pericarp is broken down and the seeds
are scattered or dispersed. These fruits are dehiscent fruits.

* |In some fruits, the pericarp is further arranged into one or more seeded
segments. Such fruits are schizocarpic fruits. In some fruits, the pericarp is
not observed to be dehisced even after maturing/ripening. Such fruits are
indehiscent Fruits.




Part 2: Nutrition

» Water is an essential nutrient for plants and comprises up to 95% of a plant's tissue.

» It is required for a seed to sprout, and as the plant grows, water carries nutrients
throughout the plant.

» Water is responsible for several important functions within plant tissues.

» Plants are about 80-95% water and need water for multiple reasons as they grow
including for photosynthesis, for cooling, and to transport minerals and nutrients
from the soil and into the plant.

» Water is the transport medium for nutrients absorbed by plant roots and transported
throughout the plant tissues (transpiration). Water evaporation (transpiration) from

the plant leaves helps cool the plant,
—~1aY g

» The structure of plant roots, stems, and leaves facilitates the transport of water,
nutrients, and products of photosynthesis throughout the plant.

» The phloem is the tissue primarily responsible for movement of nutrients and
photosynthetic produces, and xylem i1s the tissue primarily responsible for
movement of water.



S properties of water

These properties include:

» high boiling

» melting points

» high specific heat

» high surface tension

» the ability to dissolve many substances

These properties allow water to regulate temperature, transport nutrients,
and provide a suitable environment for biological processes to occur

The characteristics of water can be classified into three broad categories:
v" Physical Characteristics: temperature, color, odor, turbidity and solids.
v Chemical Characteristics: pH, conductivity, salinity, hardness,

v" Biological Characteristics: counts of specific organisms and groups of

OTgdlISMS. ... movement of water in plants

B I

Transpiration 1s the loss of water from a plant in the form of water vapor
Water 1s absorbed by roots from the soil and transported as a liquid to the
leaves via xylem. In the leaves, small pores allow water to escape as a
vapor and CO, to enter the leaf for photosynthesis.




ABSORPTION OF WATER

WHEE STt
from the baves

v Uptake of water by plant is called
absorption of water,

* Plant absorb water from the soil
through the root hairs,

« Water is said to be the liquid gold
of life.

* Plant are capable of absorbing
water from soil solution.

* Mainly absorb capillary water,

« Plant also absorb dissolved
nutrients along with water,

waber i3 dravwn up the
slem 1o the kaaves

* Root hair is modified epidermal cell
* The wall of the root is permeuble to
water it is made up of cellulose and
pectic substunces which are strongly
hydrophilic (water loving in nature)

« Next cell wall there is plasma
membrane  enclosing  cytoplasm, (
nucheus and vacuole.

* Vacuole is filled with cell sap whose

walsr saotentinl 1 more neoative (i

Site of Water Absorption

¢ Water is mainly absorption ,@U
of root hairs, !: /

¥ Located in a group just B
above the root cap, ;f..ﬂ..

¥ This area rich in root hairs I —
is called root hair zone,

|
e AU T O

v

\7 ROOT TP

Typical Root Hair

Billions of root hairs in the (o nenbe (él
root system of a plant ¥y
Root hairs are tubular hair
like projestions of the
epadermal cells.

Ench oot hair is single cell.

B aat hiatre arm 1 % 10 1 0 oo 1




Xylem
RootHair Epidermis  Cortex Endodermis Pericycle Parenchyma

Xylem Ve ssef

Transmembrane

Path of water across root cells




Transpiration

T L
af [sme\
| lII .|'ml. e

Trunspiruﬂmu

e ——

The smioll openings on fhe |
underside of leaves are B, Wy
called stomata : i SR Clodad Slomaia

Stoma Open Stoma Closed




Absorption at the r
« Capillary actionint
* Evaporation at the |




§ 2: mineral nutrition

Essential

Necassary for
norma growth and
development

Mineral

elements

Essential
elements

-

Micronutrients
(Minor elements
or Trace
elements)

Requires in very
small amounts
{less than 10
mmol/ Kg dry
matter)

ESSENTIAL ELEMENTS

Carbon (C)
Hydrogen (H)
Oxygen (O)
Nitrogen (N)

Phosphorus (P)
Potassium (K)
Calcium (Ca)
Magnesium (Mg)
Sulfur (S)

Boron (B)

Zinc (Zn)
Copper (Cu)
Manganese (Mn)
Iron (Fe)

Chloride (Cl)
Meahrlbwdaniirm (RAAY

Sourced
—— from air,
water,

and soil

Sourced
—— from soil
and/or
fertilizers
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Calcium Iron
New [eaves misshapen or stunted Young leaves are yellow and white with
Existing leaves remain green. - green veins, Mature leaves are normal
new growth \1
old growth Nitrogen . Potassium
Upper leaves are light green where \Li: Yellowing at the tips and edges, usually
lower leaves are yellow Bottom or older in younger leaves. Dead or yellow
leaves are yellow and shrivelled. paiche develop Gf iaves
Carbon Dioxide 4 Manganese
White deposits on leaves, Stunted Loy Yellow spots and or elangated holes
growth, and plant die back between velns,
Phosphate Magnesium
Leaves are darker than normal and loss Lewer leaves turn yellow from outside
of leaves,

going in, veins remain green




) 3 carbon nutrltlon

The word Helerotrophic |s the combination of two words |.o. Helero +
Trophos. Hetero means “others’ and ‘trophos’ means nourishment. i
organisms dopend on othors for their food, it is callod the Hetetrophic
Nutrition.

Animals cannot make their food themselves. They depend for food

2 upon plants, Therofore, nuirition in animals is called Heletrophic
Autotrophic Nutritien Nutritian. Animals are knawn as Heterotrophs.

Ao mosnd sell and Wophod  mbans
nourshment. Plants am called  aulotrophs
because thoy make therr food themseives. The
Mﬁhndhmuhunmﬂm

process of making of feod by gresn
plants in the presence of swenlight and
chlarophyfl s known as photosynihesis.
The taking of nutrients by organism from dead and decaying

matior In the form of solution is called the saprotrophic nutrition.  Photosynthesis |s the combination of two
The organisms which use saprotrophic mode of nutrition are  Words- Phato + Synthesks. "Phota’ means
called saprotrophs. For example: fungl. light and “Synthesis’ moans to make.

Process of food making in groen plants:
Green plants make their food themsolbvos.
Groen leaves maks food frem  Cerbon
diogide amd water in the presence of
sunlight and chlorophyil,

Hence, for taking place of phofosynihesis
carbon dioxkle, walor and sunlight must be
roachod af the groen leaves in addition fo

presonce of chlonaphyil,




Photosynthesis
sunlight

oxygen
’ ;-\ﬂ -
glucose

—

carbon dioxide

minerals

% g T U AN
Using more of the light energy
hydrogen (H) left from the water

4 molecule combines with the carbon
dioxide (CO.,) to make glucose

4 i
¥

s‘; {

Y 6CO> 6H20 nght C6H1205 602
Water

8 Carbon dioxide Sugar

b y 4 )
b " v s 21
" d 8 A
O s { Ca b
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o
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Photosynthesis takes carbon dioxide from the | |
air, water and sunlight to create sugar. After

this happens, _oxygen_is released back into | N
the air. y |

. Y
w 4

A
& - T e TR .
‘?.(ti'f' i, 81 ‘i' i j: / 'y

" Cellular respiration takes |
the sugars and combines |«
them with oxygen to
release the energy as ATP. |

Carbon dioxide and |,
water are released. )
- %

R jf? N

Photosynthesis

X 0 o £

@ @ @ - ¥ A ®
6C0, + 6HO (), CHO + 60

b 1276
Carbon Dioxide Water

Photosynthes

B Respiration

ol ;ﬁq

Glucose Oxygen




pigments of photosynthetisis
PIGMENTS IN PLANTS-!

CHLOROPHYLL

The Principal pigments in plants are-:

Chiorophyl
Carotenoids
Xanthophylls
Anthocyanins
Betalins

WHERE ARE THESE PHOTOSYNTHETIC

) Primary pigment in plant.

 Chiorin absorbs yellow and biue wavelengths.

o Reflecting green.

o All land plants and green algae have two lypes of

chiorophyll,

 Chiorophyll a and Chiorophyll b,

o Kelps and pholosynthetic helerokonts contain
Chiorophyll c.

 Phlarankull eara ae hial I nhatrcunthasie

PIGMENTS FOUND?

PIGMENTS  LOCATED IN
Chioroghyll - Chioroplast
Carotenaids - Chioroplast
Anthocyanin - Cell vicuole

Xanthophyll - Chioroplast

aa

(]

Rl
Loy
fraes ]

STRUCTURE OF CHLOROPHYLL




ANTHOCYANINS: XANTHOPHYLLS

Literally “Flower blue’ o Fourth common class of pigments
Water soluble flavanoid pigments o Essentially oxidized carotenes
Colour appear as red to blue, acc to pH. oUsually red and yellow
Occur in all tissues of higher plants but colour not >Do not absorb energy as well as
NOHCAaNe. g carotenoids.
m:::ﬂ colur and are present in: . #"\.
(onions, cabbage, potatoes), red, blue & purple
bernes, black beans
CAROTENOIDS!
BETALINS Red, orange or yellow pigmenis,

Funchion as accessory pigmens in plants,

= Red or yellow plgments. Absorb wavelength nol readily absorbed by

' Waler soluble,
1 Synthesized from tyrosine. Hﬁlﬂ!ﬂph}‘ll.
» Mewver co-occur in plants having anthocyanins, Ex: Carotene ( FFllnd in Carrols) _
» Oceur in: Lutein ( Yellow pigment found in fruits and
o beets {red and yellow ), chard, spinach, fruit of vegetables)

prickly-pear cactus. Lycopene ( Red pigmenl in lomaloes)



‘ photosynthetisis
PHASE 1 LIGHT REACTION

PHASE 2, DARK REACTION Ao et Lokt Dependent Reocton shich contn Potesysten

Other nomes :
o Ipendent R

on
Carbon Fixation or C3 Fixation
Does not require light
Location Occurs in stroma of chl

| mw as o fuel

€02 (air )
" Product glucose sugor

X
f.'trl? fixation in glucose sugar

+ The Chemicol Energy Stored in
ATP and NADPH powers the
formation of Organic Compound
glucase (Sugar) using CO,




DEFINITION

Ta the nrarsed af nhata aufithesdis the phuSPhnw]nhun
nergy of sunlight is called

CYCLIC ight energy is used to create
nor and o lower energy
po Ins then move spontaneously
/ irough an electron transport
Ferredann
/ {ORYLATION
B iotophospharylation
i a0 . Cytochrome Photon Hion
5 “"":"\‘ arylation
| 5 ek
ATP . At
produced via y = -
proton. motive ; -

force S <

Lower Pholosyeiem |



NON'CYCLIC MNON-CYCLIC

ﬁCO, *ﬁH[O T CiH"O. *&0,

$PNO% . the free energy of cleavage of ~P bands of ATP,
and reducing power of NADPH, are used to fix
ond reduce CO2 to form corbohydrate.

o Carbon atoms from CO2 are bonded, or fixed,
into organic compounds = carbon fixation,
o THIS OCCURS IN THE STROMA

- an A

|

i i e b b e e D



Photorespiration - Introduction Dark reactions

< Photorespiration is a metabolic pathway that ocours in ATP

photosynthetic organisms and releases carbon dioxide,
consumes axveen, and produces no chemical energy or

foudd,

< This process limits the growth rates of planits.

PGA
co,

< Photorespiration generally ocours on hot, dry, sunny days
ATP

causing plants 1o close their stomata and the oxveen (0),) NADPH MADPH

concentration in the leaf to be higher than the carbon

dioxide (CO,) concentration.

0, 13PGA
i + - +

I
H_[I:—n-Pu; RUBP Phosphoglycolate

o E'"

Pﬁj -dl' "in

C SUBISE0 3-phosphoglycernle co,

oxygen -
H=C =0H %&'ﬂ

He= C ==

|

Iﬂ:l
={jH

I
H =C =0 P(, i
I-I! H -‘:I:-E-Fﬂ‘;
Fibulose-bhisphosphale H




Mitrogen Cycle

§ 4: Nitrogen nutrition |
N, in the
atmosphere

[ a4 alightning

b

lf??‘

Decomposers

Absorption of
N, in animals

Nitrogen-fixing
bacteria

Denitrifying
bacteria

.Ammnnification

Nitrifying bacteria
Nitrifying bacteria ,
@ Nitrification

HR ScienceFacks



Forms of Nitrogen in soil

Forms
Organic Inni'pnlc
*Proteins I l
lonic Gascous
Free amino N,
. .H &
acids H, N.O
- N -
Ammino sugar i NO
*Other complexes *NO,= NO)



Oxidatio

Name? Species State
Organic N RN, —3
Ammonium NH; -3
Ammonia (g) NH; —3
Dinitrogen (g) N> 0
Nitrous oxide (g) N> O +1
Nitric oxide (g) NO +2
Nitrite NO, +3
Nitrogen dioxide (g) NO:> +4
Nitrate NG +5

?(g) indicates gas at STP.




Nitrogen mineral types

Nitrogen-bearing minerals are fairly uncommon and include nitratine

(sodium nitrate: NaNo;), nitrammite (ammonium nitrate: NH;No,),
nitrobarite (barium nitrate: BrNo,), nitrocalcite: Ca;N, and
nitromagnesite: Mg;N,.

Forms of N absorbed by plants

- Nﬂ.t* = predominated in warm & well- aerated soil. Hence |, plants
grown in well aerated soil absorb nitrate jon.

- N"l_i ¥ i=urea OO{NH,), urea is absorbed through leaf epidermis,
when urea solution i spread over the foliage , & usuaally not absorbedd
by root.

« NO_,— :- plant absorb nitrite jons , they are toxic. However they
accumulate in soil in small quantities.

« Amino acid & nucleic acid :- absorbed by higher plants |
accumulated in soil in small qquantities.



Mineralization

» Mineralization is the conversion of organic form of the
element to inorganic form or mineral form

« In case of nitrogen NH,* NO,- NO_~ the inorganic forms

« It takes place in three steps as follows :-
1. Aminization
2. Ammonification
3. Nitrification




Aminization: Decomposition of proteins and the release of
amines and amino acids

OM (proteins) = R-NH, + Energy + CO,
Ammonification:
R-NH, + HOH = NH; + R-OH + energy
\fﬁH; + OH-
Nitrification: biological oxidation of ammonia to nitrate
2NH + + 30, 2> 2NO, + 2H,0O + 4H*

2NO,” + O, = 2NO;-



Symbiotic nitrogen fixation

Symbiotic nitrogen fixation 1s part of a mutualistic relationship in which
plants provide a niche and fixed carbon to bacteria in exchange for fixed
nitrogen.

Symbiotic nitrogen fixing bacteria usually fix nitrogen in a symbiotic
association with the host plant like Rhizobium in the root nodules of
leguminous plants. Non-symbiotic or free living nitrogen fixing bacteria
fix nitrogen without the host living freely and convert atmospheric
nitrogen to nitrites and nitrates.

Legumes are able to form a symbiotic relationship with nitrogen-fixing
soil bacteria called rhizobia. The result of this symbiosis is to form
nodules on the plant root, within which the bacteria can convert
atmospheric nitrogen into ammonia that can be used by the plant.

1 '/~
Symbiotic bacteria include Rhizobium, Bradyrhizobium, Sinorhizobium,
Mesorhizobium, and Azorhizobium
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Biological nitrogen Fixation
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» Symbiothe nitrogen fxation occurs In plants tha
fixing bacteria within their tissues

+ The best-studied example is the symbiotic assoq
of legumes and bacteria of the genus Rhizobiun

+ This assockation results form the root nodules |
+ Root nodules - it Is a enlarged multhoellular stry

+ Legume - thizoblum association will fix 25 - 6o |
nitrogen annially

+ The free living nitrogen fixing organisms are called are
asymbiotic - organisms,

+ It includes Aerobic bacteria, anaerobic bacteria and blue
green algae

« Bacteria: types -
+ Free living aerobic : Arotobacter
+ Free living anaerobic : Clostridium
« Blue green algae: types -
« Filamentous (non heterocystous) -Oscillatoria
+ Filamentous (heterocystous) - Nostoc, Anabaena




Legume plant Nodulating bacteria

Alfalfa Sinorhizobium meliloti
Beans Rhizobium biovar

Clover R. rrifolii

Lotus Mesorhizobium loti

Pae R.viciae

Soybean Bradyrhizobium japonicum




Nitrogen Fixation: Mechanism

* The reaction for Biological nitrogen fixation is:
N,+8H'+8e” - 2 NH,; +H,.
* The enzymatic reduction of N, to ammonia

requires an input of chemical energy, released
fmm ATP hvdmlys:s, to overcome the




Through Nodule formation in non-legume plants

& Some non-legume plants involve in nodule formation.

& The best known plant is Alder associated with
actinomycete, Frankiya sp.

& Other plants are Casuarina and Hippophae.

.

Alder nodule Hippophae nodule



Formation of a Root Nodule

NODULES FORMATION TAKES PLACE

FOLLOWING STAGES
(a) Recognition

(b) Attachment
(¢) penetration
(d) Travel

[N
(e) Bacterold formatio

) Development of ma




Roots

Assimilation of nitrates by plants =
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