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CHAPTER

 ——

1

Photosynthesis: ¢ The main steps of the process of light reaction, Dark
reaction. @ Factors influencing Photosynthesis. ® Experiments related to

photosynthesis.

XY inTRODUCTION

Photosynthesis is a fundamental Anabolic and Endergonic™
Biochemical Process through which green plants, algae, and certain
bacteria convert Atmospheric Carbon Dioxide (CO,) and Water (H,0)
into Glucose (CsH120¢) using Solar Energy. Oxygen (O.) is released as a
by-product.

Light & Chlorophyll
6CO2 + 12H20

CsH1206 + 6H20 + 602

= CO;is reduced to carbohydrates.
= H,0 is oxidised to release oxygen.

=  Solar energy is stored in the chemical bonds of glucose.

Nature of Reaction

e Anabolic = Synthesises complex molecules (glucose) from simpler
molecules (CO,, H,0).
e Redox = Involves simultaneous oxidation and reduction.

e Endergonic = Requires energy input (light).

Purpose of Photosynthesis

e |t provides food (glucose) for plants and all heterotrophs.
e Releases oxygen, essential for aerobic respiration.
e  Maintains CO,—0; balance in the atm. = Global climate regulation.

e Converts solar energy into biochemical energy, forming the base
of the food chain™"

Site of Photosynthesis

It takes place inside the Leaves specifically in Mesophyll Cells where
Chloroplast is present.

Chloroplasts are Double-Membrane-bound organelles found primarily in
the mesophyll cells of plants. The inner fluid-filled matrix, called the

Stroma, contains Enzymes, DNA, and Ribosomes (70s) essential for
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chloroplast function. Within the stroma are flattened membrane sacs known as Thylakoids, which are organized

into stacks called Grana. The thylakoid membranes are embedded with photosynthetic pigments that capture

light energy for photosynthesis.

= The stroma serves as the site of the dark™ (light-
independent) reactions, whereas the thylakoid

membranes are the specialized structures where the

Outer membrane

Stroma

light-dependent reactions take place.

PHOTOSYNTHETIC PIGMENTS
Photosynthetic pigments are specialized organic molecules that absorb light at specific wavelengths and convert
it into chemical energy during the process of photosynthesis. These pigments, located within the thylakoid
membranes of chloroplasts, play a vital role in capturing and harnessing solar energy for the synthesis of organic

compounds

Types of Photosynthetic Pigments

» CHLOROPHYLLS : Chlorophylls are the primary light-absorbing pigments in plants. They are Fat-Soluble¥,

Magnesium-Containing**, porphyrin-ring compounds responsible for the green colour of plants.

B Chlorophyll -A Chlorophyll &
. CH,
— Colour : Bluish green. gH‘ y @ -CH3 - chlorophyll a
- Molecular formula: CssH;,0sNsMg*. d 4 4 SRR
NSNS
- Role : Primary pigment in photosynthesis and it forms ~ HC—=C | | C—CH,—CH,
C—N_ N=C
the reaction centre of the photosystem (Light harvesting HH(;~C<c—N/\,N1/g;_C;C—H
complex, LHC). Directly participates in the light reaction. ’ >c/ 9 Sc—cH,
O\ ./ DR o
~N
B Chlorophyll - B ?F{ =
| A
— Colour : Yellowish green ff: co,em, ©
o=c
—  Molecular formula: CssH7006NsMg. <:J ?H“ ¢t
— Role: Accessory pigment. Transfers absorbed light energy g CH,—CH=C—CH,—{CH,—CH,—CH—CH,)sH

to chlorophyll-A.

A chlorophyll molecule consists of a Hydrophilic Porphyrin (Pyrrole) Head containing a central Magnesium (Mg)
atom, and a Hydrophobic Phytol tail that anchors the molecule to the thylakoid membrane.

Chlorophyll A* and chlorophyll B* differ structurally at the third carbon (C-3) of the second pyrrole ring, where
chlorophyll A possesses a methyl group (—CHs), whereas chlorophyll B has an aldehyde group (—CHO) at the same
position. This substitution alters their light-absorption properties, enabling complementary absorption spectra during

photosynthesis.

Bacteriochlorophyll (BChl) is a photosynthetic pigment found in phototrophic bacteria. Structurally similar to plant, algal,
and cyanobacterial chlorophyll, it differs in the reduction state of the porphyrin ring, altering its light absorption
properties. Unlike Plant Chlorophyll, which absorbs Mainly blue and Red light, BChl absorbs longer, Infrared
Wavelengths (700nm to over 1000nm)—an adaptation enabling photosynthesis in low-light niches where visible light
has been depleted. Bacterial photosynthesis is typically Anoxygenic, using electron donors like hydrogen sulfide or

organic compounds instead of water, and thus produces no oxygen.
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» CAROTENOIDS : Carotenoids are Lipid-Soluble Pigments* found in the non-green parts of plants, such as

petals, fruits, and some leaves. They are classified as Tetraterpenoids (40C).

Function : Absorb light energy and transfer it to chlorophyll-A; also protect chlorophyll from photo-

oxidation.

Types : ®Carotenes (non-oxygenated carotenoids) : Carotenes are hydrocarbons containing only carbon
and hydrogen, with the general formula CaoHse. They are orange to yellow pigments and function as
accessory light-harvesting pigments and antioxidants. Common examples include B-carotene found in

carrots, and lycopene, the red pigment present in tomatoes and red peppers.

© Xanthophylls (Oxygenated) — Xanthophylls are oxygen-containing derivatives of carotenes, having the
general formula C40Hs60, (0r higher oxygen content). They appear yellow in colour and are also known as
xanthols or carotenols. These pigments play a crucial role in photoprotection by dissipating excess light

energy and preventing photooxidative damage in photosynthetic tissues.

PHYCOBILINS : Water-soluble accessory pigments predominantly found in Cyanobacteria* (blue—green

algae) and Red Algae™.
Examples : Phycocyanin (blue) and Phycoerythrin (red).

Function : They absorb light energy and efficiently transfer it to chlorophyll-a, while also safeguarding

chlorophyll from photo-oxidative damage.

» PHYTOCHROME : A blue—green chromoprotein photoreceptor that regulates Photoperiodism, Seed

Germination, and Flowering in plants.

Among all photosynthetic pigments, Chlorophyll a — is the only
primary pigment that directly participates in photochemical
reactions. All other pigments act as accessory pigments¥,
absorbing light of different wavelengths and transferring the
captured energy to chlorophyll a for use in photosynthesis.

Absorption Spectrum —A graph illustrating the absorption
efficiency of a pigment across different wavelengths, a measured

using a spectrophotometer.

—  Chlorophyll a — Absorbs mainly in the blue (~*430 nm) and red
(~662 nm) regions.

—  Chlorophyll b — Extends the range of absorption towards the
blue and orange regions.

— Carotenoids — Absorb chiefly in the blue—violet region.

Photosynthetically Active Radiation (PAR) —

The portion of the solar spectrum usable for

photosynthesis, spanning 400-700 nm™”

*

~50% of total solar radiation falls within
this range.

Only 2-10%""" of this PAR is captured by
plants.

Actual conversion to chemical energy is
typically 1-2%""" in most ecosystems.
Blue light™ is most effective for
photosynthesis, closely followed by red
light.

Action Spectrum — A graph showing the rate of photosynthesis at different wavelengths of light.

— Discovery: T.W. Engelmann using filamentous alga (Cladophora) and aerobic bacteria.

—  Observation: Maximum photosynthetic activity occurs in blue™ and red

ek

regions;

— Green light is least effective, as it is largely reflected, giving leaves their green colour.

[FE] MAIN STEPS OF PHOTOSYNTHESIS

Photosynthesis occurs in two phases

1. Light Reaction (Photochemical Phase) — Light-dependent reactions.

2. Dark Reaction (Biosynthetic Phase) — Light-independent reactions.

© Hornbill Classes ® 49172239 - 70423
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LIGHT REACTION (PHOTOCHEMICAL PHASE)

The light reaction, or photochemical phase, occurs in the Thylakoid membranes of the grana and requires
sunlight. It begins with the absorption of light by chlorophyll and accessory pigments, which excites electrons
and initiates chain of events including splitting of water molecules, conversion of light energy into chemical
energy in the form of ATP & NADPH + H* ™", along with the release of oxygen.

e Significance : Supplies chemical energy and reducing power for the dark reaction (Calvin cycle).

PHOTOSYSTEMS

Pigments are arranged in functional units called Photosystems, of which two types occur: Photosystem II (PS
IT) and Photosystem I (PS I). Each photosystem has a light-harvesting complex (LHC) composed of multiple
pigments that capture and transfer light energy to a single chlorophyll @ molecule in the reaction centre.

In PS 1, the reaction centre Chlorophyll-A is known as P680 (absorbs light at 680 nm) and is primarily located in

the appressed regions of the grana, whereas in PS |, the reaction centre is P700 (absorbs at 700 nm) and is

found mainly in the stroma lamellae and grana margins.

P700
iron-sulfur proteins
ferredoxin

. A
PEBQ ‘/ excited chlorophyll molecules

\
(@

higher energy

special quinones

NADPH
[plastoquinone pool ]

potential for reduction of oxidized form (volts)

cytocr|1rome cytochromeyp,
3 complex iron-sulfur protein antenna assembly
@ antenna assembly cytochromey of thylakoid
o of thylakoid membrane
g membrane
8
oan. ) light )
R = light 9
7 reaction
reaction Photosystem | centre
Photosystem Il centre

© Encyclopaedia Britannica, Inc.

SPLITTING OF WATER (PHOTOLYSIS)

The splitting of water (Hill’s reaction) occurs in PS Il with the help of the oxygen-evolving complex (OEC) situated
on the inner side of the thylakoid membrane. Here, Water acts as the electron and proton (H*) donor*:
electrons replace those lost by P680, protons (H*) contribute to the proton gradient for ATP synthesis, and

oxygen is released as a by-product.

e The water-splitting complex (Oxygen-evolving complex) is located on the lumen side of the thylakoid
membrane of Photosystem Il. It contains a tyrosine derivative (TyrZ) that acts as an intermediate electron
carrier and a metal cluster composed of four manganese (Mn**), two calcium (Ca?*), and one chloride (CI)
ion. These complex catalyses the photolysis of water, resulting in the release of oxygen, protons into the

lumen, and electrons for the photosynthetic electron transport chain.

THE ELECTRON TRANSPORT
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PLANTS

2 REPRODUCTION

@ Plants reproduction — Introduction, ¢ Asexual reproduction, ¢ Types

of asexual reproduction, ¢ Sexual reproduction in plants and process.

Reproduction is a fundamental biological process by which living

organisms give rise to offspring, ensuring the continuity of species across

generations. It enables inheritance of parental traits and adaptation to

environmental changes.

In plants, reproduction occurs by two major modes :

1.

Asexual Reproduction — Involves a single parent; no gamete
formation or fertilization. Offspring are genetically identical
(clones).

Sexual Reproduction — Involves the fusion of male and female
gametes; offspring are genetically variable, ensuring evolution and

adaptability.

Significance of Reproduction in Plants

Ensures continuity of species.

Asexual reproduction allows rapid multiplication in favourable
conditions.

Sexual reproduction introduces variation, which is essential for
evolution and survival.

Maintains balance between stability (cloning) and variability (sexual

recombination) in nature.

pA i ASEXUAL REPRODUCTION IN PLANTS

Asexual reproduction involves the
formation of new individuals from
a single parent, without the
fusion of gametes (fertilization).
The
genetically and morphologically
identical to the parent and to one .

another. Such identical individuals

2.1

2.2

23

2.4

2.5

2.6
2.7

Key Features
e Involves only mitotic divisions.

e No gamete formation or

fertilization.

offspring  produced are

e Rapid multiplication under
favorable conditions.
No genetic variation — useful for

stability but limits adaptability.

are called Clones.

This type of reproduction is common in unicellular organisms, lower

plants, and some simple animals.

Che O
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Pollen Grain (Male gametophytes)

It develops within the anther and is microscopic, typically spherical VACUGLE @,
_ TUBE CELL
or oval in shape, and enclosed by two protective layers: EXINE :

e Exine : Outer thick, tough and sculptured wall made of  INTINE 1- A
sporopollenin™”, a highly durable substance resistant to
decay™*(Physical or Chemical damage). GERM PORE ~ ‘ GENERATIVE
CELL

e Intine : Inner thin wall composed of cellulose and pectin.

At maturity, the pollen grain contains two cells: ® Generative cell: Small, divides mitotically to form 2 male
gametes (sperm cells). ¢ Vegetative (Tube) cell: Large, responsible for forming the pollen tube that carries

male gametes to the ovule during fertilization.

B> Megasporogenesis (Female Gamete Formation) : occurring inside the ovule, which lies within the ovary of the

carpel. Within the nucellus of the ovule, a diploid Megaspore Mother Cell (Me gasporocyte, 2n) """ undergoes
meiosis to produce 4 haploid megaspores (n).

melosistop P gasp (n) Chalazal end

Out of these four, only one megaspore becomes functional, while Antipodals

the remaining three degenerate. The functional megaspore
undergoes three successive mitotic divisions, producing 8 nuclei,
which are arranged into seven cells, forming the embryo sac (female

gametophyte).
Polar nuclei

Central cell

Structure of the Embryo Sac (Polygonum Type — most common) c
g8

Composed of seven cells with eight nuclei, arranged as follows,

e At the micropylar end : 1 Egg cell (n) and 2 Synergids (n). -‘-..__ = Synergids
e Atthe chalazal end : 3 antipodal cells (n). ‘ ﬁ?éf 5’ -
Q 7 iliform
e Inthe center : 2 polar nuclei, which later fuse to form a diploid (2n) . T apparatus
Micropylar end

secondary nucleus.

POLLEN VIABILITY

Pollen viability refers to the capability of pollen grains to remain alive, metabolically active, and able to
germinate on a compatible stigma to achieve successful fertilization and seed set.

B>  Duration of Pollen Viability

Pollen viability varies greatly among plant species depending on environmental and physiological factors.
Generally, Species with large, wet (sticky), thin-walled pollen with high moisture content (e.g., rice, wheat,
Mango, Rubber) show short viability, 30 minutes to a few hours, while those with dry, thick-walled
(sporopollenin rich), often wind-pollinated pollen (e.g., Sunflower, Date Palm, Chir Pine, Oak) exhibit

longer viability up to Several days.

B>  Factors Affecting Pollen Viability

— Temperature : High temperature accelerates desiccation and reduces viability; optimum moderate
temperature Favors longevity.

— Humidity : High humidity promotes fungal attack and reduces viability; controlled humidity improves
persistence.

— Storage conditions : Proper drying and low-temperature storage enhance viability.
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