Life Science: Photosynthesis

Grade Level: Grade 12
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1. Describe the structure of a chloroplast and relate it to its function in
photosynthesis.

Identify the main parts of a chloroplast (thylakoids, grana, stroma) and explain how each

contributes to the light and dark phases of photosynthesis.

2. Write and explain the overall balanced equation for photosynthesis.

State the word and chemical equation for photosynthesis, identifying reactants and products, and

explain the significance of each.

3. Differentiate between the light-dependent and light-independent (Calvin
cycle) reactions.

Compare the two stages of photosynthesis in terms of location, raw materials, products, and
energy requirements.

4. Analyse the role of pigments in photosynthesis, particularly chlorophyill.

Describe how chlorophyll absorbs light energy, the concept of absorption spectrum, and the role
of accessory pigments.



5. Explain how the products of photosynthesis are used by plants and other

organismes.

Trace the fate of glucose (e.g., respiration, storage, cellulose synthesis) and its role in energy
transfer through ecosystems.

6. Interpret graphs and experimental data related to factors affecting
photosynthesis.

Analyse how light intensity, carbon dioxide concentration, and temperature influence the rate of
photosynthesis, and identify limiting factors.

7. Evaluate the importance of photosynthesis for life on Earth.

Discuss how photosynthesis provides oxygen, organic compounds, and energy for nearly all life,

and its role in the carbon cycle.



Outcome 2: Write and explain the overall balanced

equation for photosynthesis.
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¥ Beginner Guide

Photosynthesis is the process plants use to make their own food. They take in
two simple ingredients: carbon dioxide (from the air) and water (from the soil).
Using energy from sunlight, they transform these ingredients into glucose
(their food/sugar) and release oxygen as a waste product. Think of it like baking
a cake: you need flour and eggs (reactants) to make a cake and crumbs
(products).

Q, Key Terms:

e Reactants: The starting materials (Carbon Dioxide + Water).
e Products: The ending materials (Glucose + Oxygen).
e Chlorophyll: The green pigment in leaves that traps sunlight energy.

Basic Concept Check:
1. What are the two raw materials (reactants) for photosynthesis?
2. What two substances does the plant produce?




[ standard Guide

The process of photosynthesis can be summarised in two ways: as a word
equation and as a chemical equation. You must be able to write and explain
both.

2 The Word Equation:

Carbon dioxide + Water --(light energy)--> Glucose + Oxygen

(often written with chlorophyll above the arrow as well)

& The Balanced Chemical Equation:

6C0> + 6H,0 --(light energy/chlorophyll)--> Ce¢H1206 + 60>
Al Detailed Breakdown of Significance:

e 6CO; (Carbon Dioxide): Enters the leaf through tiny pores called stomata.
It provides the carbon and oxygen atoms needed to build the glucose
molecule.

e 6H,0 (Water): Absorbed by the roots and transported to the leaves. It
provides the hydrogen atoms needed to build glucose and is split during
the light-dependent reactions, releasing oxygen.

e Light Energy & Chlorophyll: Light provides the energy to drive the
reaction. Chlorophyll acts as the catalyst/photoreceptor, capturing this
light energy and converting it into chemical energy (ATP and NADPH) used
in the next stage.

e C¢H1,06 (Glucose): A simple sugar that is the main product. It is a store of
chemical energy. The plant uses it for respiration to release energy, or
converts it into other substances like starch (for storage), cellulose (for cell
walls), or proteins (with added nitrates).

e 60, (Oxygen): A by-product released into the atmosphere through the
stomata. It is essential for the respiration of most living organisms
(including the plant itself).

Practice Questions:

1. Why is the equation said to be "balanced"?

2. Name the gas that enters the plant and the gas that leaves it during
photosynthesis.

3. What is the primary function of chlorophyll in this equation?



W Advanced Exam Prep

For top marks, you need to go beyond simply quoting the equation. You must
understand its implications, limitations, and link it to cellular processes.

8B Stoichiometry and Energy: The equation 6CO; + 6H,0 — CgH1,06 + 60 is
a summary. It tells us that six molecules of carbon dioxide combine with six
molecules of water to produce one molecule of glucose and six molecules of
oxygen. This is an endothermic reaction, meaning it requires a net input of
energy (approx. 2870 kJ per mole of glucose). This energy is stored in the

chemical bonds of the glucose.

& The Equation as a Summary: The equation hides the complexity. It
combines two major stages:

¢ Light-dependent reactions: Water is split (photolysis: 2H,O — 4H" + 4e”
+ Oy). The oxygen released comes from the water, not the CO,. This can be
proven using radioactive isotopes (e.g., labelling oxygen in water).

¢ Light-independent reactions (Calvin cycle): CO; is fixed and, using the
hydrogen from water and energy (ATP/NADPH) from the light stage, is

reduced to form glucose (CgH1206).

[T Exam Tip: 'Explain’ vs. 'State’

If the question asks you to "Explain the significance of the products," do not just
list "glucose and oxygen." You must state that glucose stores chemical energy
that can be used for growth, respiration, and making other organic compounds,
and that oxygen is a by-product essential for aerobic respiration in most life

forms.

& Tricky Scenario:

Question: A student writes the equation as: 6CO; + 60, — C¢H,0¢ + 6H,0.
Explain the two major errors in this equation.

Model Answer: Firstly, the reactants are incorrect; photosynthesis uses water
(H20) as a reactant, not oxygen (O,). Oxygen (O,) is a product, not a reactant.
Secondly, the equation implies oxygen is used, which is characteristic of
respiration, not photosynthesis. The correct reactants are carbon dioxide and

water.



4> Ultra-Cram Sheet

& The MUST-KNOW Equations:

e Word: Carbon dioxide + Water --(light)--> Glucose + Oxygen
e Chemical: 6CO; + 6H,0 --(light)--> C¢H1,06 + 60,

@ Role Call:

e 6CO0,: Carbon source (from air).

e 6H,0: Hydrogen source & supplies O, released (from soil).
e CeH1206: Chemical energy store (plant food).

e 60,: By-product (released for us to breathe!).

45 5 Rapid-Fire Cram Questions:

1. What are the reactants in the photosynthesis equation? (CO, and H,0)

2. What are the products? (Glucose and O,)

3. Where does the oxygen released come from? (Water/H>0O)

4. |s the reaction endothermic or exothermic? (Endothermic - it requires
energy)

5. What is the main energy store produced? (Glucose/CsH1,0s¢)



Outcome 3: Differentiate between the light-dependent
and light-independent (Calvin cycle) reactions.

(Occurs in Stroma)




¥ Beginner Guide

Photosynthesis happens in two main stages, like a two-step factory process. One
stage needs light to work, and the other can work without light (though it uses

things made in the light stage).

@ Light-Dependent Reactions: These need sunlight to happen. They occur in
the parts of the chloroplast that look like stacked green coins (called
thylakoids). Their job is to capture light energy and use it to make two
important things: ATP (an energy carrier) and NADPH (a hydrogen carrier). A

waste product, oxygen, is also released.

<) Light-Independent Reactions (Calvin Cycle): These do not need light
directly. They happen in the liquid part of the chloroplast (called the stroma).
They take the ATP and NADPH made in the first stage and use them to turn
carbon dioxide (CO,) into glucose (sugar).

Basic Concept Check:

1. Which stage needs light directly?

2. Where does the Calvin cycle take place?

3. What useful product is made in the light-independent stage?



[ standard Guide

To fully understand photosynthesis, you must be able to clearly distinguish

between its two main phases. Use this comparison table as your study guide.

Feature

Light-Dependent
Reactions

Light-Independent Reactions
(Calvin Cycle)

Other Names

Light phase, Hill reaction

Dark phase, Calvin cycle,

Carbon fixation

Location

Thylakoid membranes

(grana) of the chloroplast

Stroma (the fluid-filled space)
of the chloroplast

Requirements

Light energy, chlorophyll,
water (H,O), ADP, NADP*

Carbon dioxide (CO,), ATP,
NADPH (from light phase),

enzymes

ATP, NADPH, and Oxygen

Glucose (C6H1205), ADP, and

energy (ATP, NADPH)

Products NADP" (which return to light
(O,) as a by-product
phase)
Light energy — Chemical | Chemical energy (ATP, NADPH)
Energy Flow

— Stored in glucose bonds

Key Process

Photolysis (splitting of

water)

Carbon fixation (incorporating

CO; into organic molecules)

Detailed Explanation:
- Light-Dependent: When light hits chlorophyll, it excites electrons. This energy

is used to make ATP. Water is split (photolysis) to replace the lost electrons,

releasing O, and providing H" ions that are picked up by NADP" to form

NADPH.

- Light-Independent: CO, enters the stroma and is attached to a 5-carbon
molecule (RuBP) by an enzyme (Rubisco). Using the ATP and NADPH from the

light stage, this molecule is converted into glucose. This cycle does not need

light directly, but it stops within minutes if light is absent because it runs out of
ATP and NADPH.

Practice Questions:

1. Explain why the light-independent reactions continue for a short time after a



light is switched off.
2. If a plant is sprayed with a chemical that blocks the thylakoid membranes,
which products of photosynthesis would be immediately affected?

3. Compare the roles of water and carbon dioxide in the two stages.



W Advanced Exam Prep

To achieve top marks, you must understand the intricate connection between
the two phases and be able to predict outcomes based on experimental
changes.

@ The Interdependency: The two stages are completely interdependent. The
light-dependent reactions provide the ATP (energy) and NADPH (reducing
power) required to drive the Calvin cycle. In turn, the light-independent
reactions regenerate ADP and NADP®, which are essential for accepting
electrons and energy in the light-dependent reactions. If one stage stops, the
other will quickly follow.

4> Deeper Dive into Photophosphorylation: In the light-dependent reactions,
the flow of electrons through photosystems Il and | creates a proton gradient
across the thylakoid membrane. This gradient drives the enzyme ATP synthase to
produce ATP—a process called chemiosmosis. Understanding this explains how
light energy is converted into chemical energy (ATP).

& Experimental Analysis (Exam Tip): Be prepared to analyse experiments
using radioactively labelled atoms.

e Scenario A: If you provide a plant with water containing a radioactive
oxygen isotope (*®0), which product will become radioactive first? Answer:
Oxygen (O;) gas, because water is split in the light-dependent reactions.

e Scenario B: If you provide a plant with carbon dioxide containing
radioactive carbon (**C), which product will become radioactive? Answer:
Glucose (and other organic compounds), because CO; is fixed in the light-
independent Calvin cycle.

[l Analysing Graph Questions: You may be shown a graph of CO, uptake over
a 24-hour period. In the dark, CO, uptake stops (only respiration occurs,
releasing CO;). When the light is turned on, CO, uptake begins immediately as
the Calvin cycle uses CO,, powered by ATP/NADPH from the now-active light
reactions. The rate increases until it reaches a plateau (limited by factors like
temperature or CO, concentration).

& Tricky Exam Question:
Question: A student claims that the light-independent reactions are called "dark
reactions" because they only occur at night. Explain why this statement is

incorrect.



Model Answer: The term "dark reactions" is misleading. They are called light-
independent because they do not require light directly. However, they rely on
the products of the light-dependent reactions (ATP and NADPH), which are only
produced when light is present. Therefore, they typically occur during the day,
alongside the light reactions. They can occur in the dark for a brief period only if
ATP and NADPH are available, but they will stop once those supplies are
depleted.

4> Ultra-Cram Sheet

(@ LIGHT-DEPENDENT REACTIONS

? Where: Thylakoid membranes (grana)
£% Needs: Light, H,O, ADP, NADP*
Makes: ATP, NADPH, O, (waste)

Key Action: Photolysis (splitting H,O)

<) LIGHT-INDEPENDENT REACTIONS (Calvin Cycle)
? Where: Stroma (liquid part)

& Needs: CO,, ATP, NADPH (from light stage)

Makes: Glucose (CsH1,06), ADP, NADP*

Key Action: Carbon fixation (using Rubisco)

@ The Golden Rule: Light stage makes fuel (ATP/NADPH); Dark stage uses fuel
to make sugar. They are interdependent!

4> 5 Rapid-Fire Cram Questions:

1. Where do light-dependent reactions occur? (Thylakoid membranes/grana)

2. What is the main waste product of the light stage? (Oxygen/O;)

3. What two products from the light stage are used in the Calvin cycle? (ATP
and NADPH)

4. Where does the Calvin cycle take place? (Stroma)

5. What molecule is "fixed" during the light-independent stage? (Carbon
dioxide/CO;)



Outcome 4: Analyse the role of pigments in
photosynthesis, particularly chlorophyll.
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¥ Beginner Guide

Have you ever wondered why leaves are green? It's because of special molecules
called pigments. Pigments are like tiny antennae that can capture light energy.
The most important pigment is chlorophyll, which gives leaves their green

colour.

& Why are leaves green?
Sunlight is made up of many different colours (like a rainbow). Chlorophyll is
very good at absorbing the red and blue-violet light, but it reflects green light.

That reflected green light is what our eyes see, making the leaf look green!

(@ What is an Absorption Spectrum?

Think of an absorption spectrum as a "fingerprint" showing which colours of
light a pigment likes to absorb. Chlorophyll's fingerprint shows two big peaks of
absorption—one in the blue-violet region and one in the red region. It barely

absorbs green at all.

O @ What are Accessory Pigments?

Plants also have backup pigments called accessory pigments (like carotenoids,
which are yellow and orange). They can absorb colours that chlorophyll misses
(like blue-green and yellow-green) and pass that energy to chlorophyll. In
autumn, when chlorophyll breaks down, we finally see these hidden yellow and
orange colours in the leaves!

Basic Concept Check:
1. Why do leaves appear green?
2. What colours of light does chlorophyll absorb best?

3. Name one accessory pigment and its colour.



[ standard Guide

Pigments are the light-absorbing molecules that initiate photosynthesis. To fully
understand their role, you must explore their types, their absorption patterns,

and how they work together.
% Types of Photosynthetic Pigments:

e Chlorophyll a: The primary pigment or reaction centre pigment. It is
directly involved in converting light energy to chemical energy. All
photosynthetic organisms have it.

e Chlorophyll b: An accessory pigment. It absorbs light at slightly different
wavelengths (mainly blue and orange) and transfers the energy to
chlorophyll a, broadening the range of light the plant can use.

e Carotenoids: Accessory pigments (yellow, orange, red). They absorb blue-
violet and blue-green light and pass the energy to chlorophyll a. They also
serve a protective role, dissipating excess energy and protecting
chlorophyll from photo-oxidation (damage by too much light).

[ull Understanding Absorption and Action Spectra:

e Absorption Spectrum: A graph showing the percentage of light absorbed
by a pigment at each wavelength. Chlorophyll a has peak absorption in the
blue-violet (approx. 430 nm) and red (approx. 660 nm) regions.

e Action Spectrum: A graph showing the rate of photosynthesis at each
wavelength of light. It closely matches the combined absorption spectra of
all pigments (chlorophylls and carotenoids), proving that the light
absorbed by these pigments drives photosynthesis.

& How it Works at a Molecular Level:

When a pigment molecule absorbs a photon of light, an electron becomes
"excited" and jumps to a higher energy level. This excitation energy is passed
from pigment to pigment (like a bucket brigade) until it reaches a special
chlorophyll a molecule in the reaction centre of a photosystem. Here, the
energy is used to boost an electron to a primary electron acceptor, beginning
the flow of electrons down an electron transport chain.

Practice Questions:
1. Distinguish between an absorption spectrum and an action spectrum.

2. Explain the advantage of having accessory pigments like carotenoids.



3. Describe the path of energy from a photon of light to the reaction centre
chlorophyll.



W Advanced Exam Prep

For top marks, you must be able to analyse complex graphs and explain the
sophisticated organization of pigments into photosystems, as well as

experimental evidence.

Al Experimental Evidence (Engelmann's Experiment): An important historical
experiment by T.W. Engelmann used filamentous algae and aerobic bacteria to
determine the action spectrum. He projected a spectrum of light onto the algae.
Bacteria accumulated most in the blue-violet and red regions, where
photosynthesis was highest (releasing the most O,), confirming that these
wavelengths drive photosynthesis most effectively.

@ Photosystems: Antenna Complexes and Reaction Centres: Pigments are
not scattered randomly. They are organized into functional units called
photosystems (Photosystem | and Photosystem Il) embedded in the thylakoid

membrane.

e Antenna Complex (Light-Harvesting Complex): Hundreds of pigment
molecules (chlorophyll a, b, carotenoids) act as an "antenna," capturing
light energy and funneling it to the reaction centre.

e Reaction Centre: Contains a special pair of chlorophyll a molecules (P680
in PSII, P700 in PSI) where the energy conversion happens. Here, excitation
energy boosts an electron to a high energy level, where it is trapped by a

primary electron acceptor, initiating the electron transport chain.

Advanced Graph Analysis: You may be shown absorption spectra for
multiple pigments and asked to explain why the action spectrum doesn't
perfectly match any single pigment's absorption spectrum. The answer lies in the
combined effect of all pigments (chlorophyll a, b, and carotenoids), which
together absorb a broader range of light, allowing photosynthesis to occur more

efficiently across the visible spectrum.

& Tricky Exam Question:

Question: A plant is grown under green light only. Predict what will happen to
the plant and explain your answer with reference to pigment absorption.

Model Answer: The plant will grow very poorly and may eventually die. This is
because chlorophyll, the primary pigment, reflects green light and absorbs very
little of it. While accessory pigments may absorb some green light, the overall

light energy captured for photosynthesis is minimal. Consequently, the light-



dependent reactions will produce very little ATP and NADPH, severely limiting

the Calvin cycle's ability to produce glucose for energy and growth.

4> Ultra-Cram Sheet

& KEY PIGMENTS:

e Chlorophyll a: PRIMARY pigment. Converts light to chemical energy.
Absorbs blue-violet & red. Reflects green.

e Chlorophyll b: ACCESSORY pigment. Broadens light absorption. Passes
energy to chlorophyll a.

e Carotenoids: ACCESSORY + PROTECTIVE. Absorb blue-violet.
Yellow/orange colours (seen in autumn).

Ll KEY GRAPHS:

e Absorption Spectrum: What light a pigment absorbs.
e Action Spectrum: What light drives photosynthesis (matches combined

absorption of all pigments).

&2 PIGMENT ORGANIZATION: Pigments are grouped into photosystems in
the thylakoid membrane.

e Antenna Complex: Captures light energy.
e Reaction Centre: Boosts electrons to start the light reaction.

4 5 Rapid-Fire Cram Questions:

1. Why are leaves green? (Chlorophyll reflects green light)

2. What is the primary photosynthetic pigment? (Chlorophyll a)

3. Name one accessory pigment. (Chlorophyll b or Carotenoids)

4. What does an action spectrum show? (Rate of photosynthesis at different
wavelengths)

5. What is the function of carotenoids besides absorbing light?

(Photoprotection)



Outcome 5: Explain how the products of
photosynthesis are used by plants and other

organismes.
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¥ Beginner Guide

Plants are like amazing chefs—they take sunlight, water, and air and whip up
their own food: glucose. But what happens to this glucose once it's made? It's

the plant's fuel and building material all in one!
«® What does the plant do with glucose?

e =) Energy Right Now (Respiration): Just like you need energy to run
and play, plants need energy to grow and repair themselves. They break
down some glucose immediately through respiration to release that
energy.

o Energy for Later (Storage): Plants can't always be photosynthesizing
(like at night). So, they convert extra glucose into starch for storage (in
roots, stems, seeds) and oils/fats (in seeds) to use later.

o BB Building Materials (Growth): Glucose is also used to build strong
structures. It's converted into cellulose to make cell walls (like the plant's
skeleton) and into proteins for growth (by adding minerals from the soil).

3 What about other organisms?

Animals, including humans, can't make their own food. We depend entirely on
plants! When we eat plants (or eat animals that ate plants), we get that stored
glucose energy for our own respiration, growth, and energy needs. This is how

energy moves through the food chain!

Basic Concept Check:
1. Name two ways a plant uses glucose immediately.
2. What is the storage form of glucose in plants?

3. How do animals get energy from photosynthesis?



[ standard Guide

The glucose produced during photosynthesis is the foundation of almost all life
on Earth. It serves multiple critical functions within the plant and forms the basis

of energy transfer through ecosystems.
2 Fate of Glucose in Plants:

e Cellular Respiration: Glucose is broken down in mitochondria to release
ATP (chemical energy) for all cellular processes like active transport,
protein synthesis, and cell division. This happens continuously, day and
night.

Equation: C¢H7,06 + 60, — 6CO, + 6H,0 + ATP

e Storage: Excess glucose is converted into insoluble starch for long-term
storage in roots (e.g., carrots), stems (e.g., potato tubers), seeds (e.g.,
wheat), and fruits. It is also converted into oils and fats (lipids), especially
in seeds (e.g., sunflower seeds, peanuts), providing a concentrated energy
reserve for germination.

e Structural Polysaccharides: Glucose is polymerized to form cellulose, the
main component of cell walls, providing strength and rigidity to plant cells.
It is also used to synthesize other carbohydrates like sucrose for transport
in the phloem.

¢ Synthesis of Other Organic Compounds: Glucose provides the carbon
skeleton for making other molecules. Combined with nitrate ions (NO;")
and other minerals from the soil, plants produce amino acids (building
blocks of proteins), nucleic acids (DNA/RNA), and chlorophyll itself.

Energy Transfer Through Ecosystems:
Photosynthesis is the entry point of energy into biological systems.

e Producers (Autotrophs): Plants convert light energy into chemical energy
(glucose).

e Consumers (Heterotrophs): Primary consumers (herbivores) eat plants
and obtain this energy. Secondary and tertiary consumers obtain energy
by eating other consumers. At each trophic level, energy is used for
respiration and lost as heat, following the 10% law of ecological efficiency.

e Decomposers: When organisms die, decomposers (bacteria and fungi)
break down the organic matter (including glucose stored in tissues),
obtaining energy and releasing CO; back into the atmosphere for plants to
use again.



Practice Questions:

1. Trace the path of a carbon atom from atmospheric CO; to a cellulose
molecule in a plant cell wall.

2. Explain why plants convert glucose to starch for storage rather than storing it

as glucose.
3. Describe how the energy stored in a grass leaf is transferred to a lion.



W Advanced Exam Prep

To excel, you need to understand the biochemical conversions, the quantitative
aspects of energy flow, and the interconnectedness of biological molecules.

& Biochemical Conversions in Detail:

¢ Glucose to Sucrose for Transport: Glucose is converted to sucrose (a
disaccharide) in the mesophyll cells. Sucrose is the main transport sugar in
plants because it is less reactive and moves efficiently through the phloem
to sink tissues (roots, fruits, developing leaves).

¢ Glucose to Starch: Starch is a polymer of glucose (amylose and
amylopectin). It is stored as insoluble granules in chloroplasts (temporary)
and amyloplasts (long-term). Its insolubility prevents it from affecting
water potential, which would otherwise disrupt water balance in cells.

® Glucose to Cellulose: Cellulose is a linear polymer of f-glucose with
hydrogen bonds between chains, forming strong microfibrils. This
structure provides exceptional tensile strength to cell walls, allowing plants
to grow tall and withstand osmotic pressure.

® Glucose to Amino Acids and Proteins: The carbon skeletons from
glucose enter metabolic pathways (like the Krebs cycle) to produce
intermediate compounds. These combine with nitrogen (absorbed as
nitrates) through transamination to form amino acids, which are then

polymerized into proteins (e.g., enzymes, structural proteins).

[l Quantitative Energy Flow Analysis: Be prepared to interpret ecological
pyramids and calculate energy transfer efficiency.

¢ Gross Primary Production (GPP): Total energy fixed by photosynthesis
(total glucose produced).

¢ Net Primary Production (NPP): Energy remaining after plant respiration
(GPP - Respiration). This is the energy available to consumers.
NPP = GPP - R

¢ Ecological Efficiency: Typically only about 10% of energy at one trophic
level is transferred to the next. The rest is lost as heat through respiration,

undigested material (feces), and not consumed.

& Tricky Exam Question:

Question: A farmer notices that potatoes grown in nitrogen-poor soil are smaller
and have lower protein content than those grown in fertilized soil. Explain this
observation in terms of the fate of glucose.



Model Answer: In nitrogen-poor soil, plants cannot absorb sufficient nitrate ions.
Nitrates are essential for synthesizing amino acids from the carbon skeletons
derived from glucose. Without nitrogen, glucose cannot be converted into
amino acids and then proteins, which are needed for growth and enzyme
production. Instead, the glucose is primarily converted to starch for storage,
resulting in potatoes that are starchy but smaller and with lower protein content
due to the lack of nitrogen for protein synthesis. The plant's growth is limited,
leading to smaller tubers overall.



4> Ultra-Cram Sheet

@ FATE OF GLUCOSE IN PLANTS:

e =) Respiration: Broken down for immediate ENERGY (ATP).

. Storage: Converted to STARCH (insoluble) in roots, stems, seeds. Also
OILS/FATS in seeds.

e BB Cell Wall: Converted to CELLULOSE for strength.

o & Other Molecules: + nitrates = AMINO ACIDS - proteins, DNA,
chlorophyll.

e (=) Transport: Converted to SUCROSE for phloem transport.

@ ENERGY TRANSFER:

e ¥ Producer (Plant): Makes glucose (chemical energy).

e 4 Consumer (Animal): Eats plant — gets glucose energy for its own
needs.

o @ Decomposer: Breaks down dead matter, releasing CO,.

o 10% Rule: Only ~10% of energy passes to next trophic level.

4> 5 Rapid-Fire Cram Questions:

1. Why do plants store glucose as starch? (Insoluble, doesn't affect water
balance)

2. What is glucose converted to for transport in the phloem? (Sucrose)

3. What must be added to glucose to make amino acids? (Nitrates/nitrogen)

4. What molecule gives plant cell walls strength? (Cellulose)

5. What is NPP? (Net Primary Production = GPP - Respiration)



Outcome 6: Interpret graphs and experimental data
related to factors affecting photosynthesis.
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¥ Beginner Guide

Photosynthesis doesn't always happen at the same speed. Just like you might
work faster or slower depending on your environment, plants photosynthesize
faster or slower depending on three main factors: light intensity, carbon
dioxide (CO;) concentration, and temperature.

{£% Light Intensity: Imagine you're reading a book. In dim light, you read
slowly. As the light gets brighter, you read faster. But after a point, more light
doesn't help—you're reading as fast as you can. The same happens with plants!
As light increases, photosynthesis rate increases, but only up to a point where it
plateaus.

£) Carbon Dioxide Concentration: Think of CO, as the raw material for
making glucose. If you have more raw materials, you can make more product—
up to a point. When CO; levels rise, photosynthesis rate rises, but eventually

another factor (like light or temperature) becomes the limiting factor.

§ Temperature: Photosynthesis is driven by enzymes (like Rubisco). Enzymes
work best at an optimum temperature (around 25-35°C for most plants). If it's
too cold, enzymes work slowly. If it's too hot, enzymes denature (lose their
shape) and stop working, causing photosynthesis to drop sharply.

Q, Key Term: Limiting Factor
This is the factor that is in shortest supply. It controls how fast photosynthesis
can happen. If you increase this factor, the rate increases—until something else

becomes the new limiting factor.

Basic Concept Check:

1. Name three factors that affect the rate of photosynthesis.

2. What happens to photosynthesis rate when temperature gets too high?
3. What is a limiting factor?



[ standard Guide

Understanding how environmental factors affect photosynthesis requires careful
analysis of graphs. You must be able to describe each factor's effect, explain the

shape of the graph, and identify limiting factors.

Factor 1: Light Intensity

e Graph Shape: As light intensity increases from zero, the rate of
photosynthesis increases linearly (straight line). At a certain point, the rate
increases more slowly and eventually plateaus (levels off).

e Explanation: At low light, light is the limiting factor. More light means
more energy for photolysis and ATP/NADPH production. At high light,
another factor (CO, or temperature) becomes limiting, so adding more
light has no effect.

Factor 2: Carbon Dioxide Concentration

e Graph Shape: Similar to light intensity—rate increases with CO,
concentration up to a plateau.

¢ Explanation: CO, is a raw material for the Calvin cycle. At low CO; levels,
CO; is the limiting factor. At high CO,, another factor (light or temperature)
limits the rate.

Factor 3: Temperature

e Graph Shape: Rate increases with temperature up to an optimum (around
25-35°C), then decreases sharply.

e Explanation: Photosynthesis is enzyme-controlled. Rising temperature
increases molecular motion and enzyme-substrate collisions (rate
increases). Above the optimum, enzymes (especially Rubisco) begin to
denature—their active sites change shape and they stop functioning. The
rate drops rapidly.

Q Identifying Limiting Factors from Graphs:

When a graph plateaus (levels off), the factor on the x-axis is not limiting. The
limiting factor is something else not shown on that graph. For example, if a light
intensity graph plateaus, the limiting factor could be low CO; or low

temperature.

Practice Questions:

1. Sketch a graph showing the effect of temperature on photosynthesis rate.



Label the optimum and explain what happens after this point.

2. A farmer grows tomatoes in a greenhouse. Explain why increasing CO,
concentration only increases yield up to a certain point.

3. Look at a graph showing photosynthesis rate at different light intensities. How
can you tell when light is no longer the limiting factor?



W Advanced Exam Prep

For top marks, you must be able to analyse complex, multi-factor graphs, design
experiments, and explain the underlying physiological mechanisms with

precision.

[ul Multi-Factor Graphs (Limiting Factors in Action):
Consider a family of curves showing photosynthesis rate at different light

intensities and CO, concentrations:

e At low light intensity (e.g., 0-100 umol/m?/s), all curves overlap. Light is
the limiting factor—increasing CO, makes no difference because there
isn't enough energy to fix it.

e At medium light (e.g., 100-400 umol/m?/s), curves separate. Higher CO,
gives higher rates. CO; is now limiting—light is sufficient, but CO, supply
restricts the Calvin cycle.

e At high light (e.g., >400 pmol/m?/s), each curve plateaus at a level
determined by its CO, concentration. CO; is the main limiting factor at
each plateau, but at the highest CO, level, temperature may become

limiting.

& Experimental Design and Data Interpretation:
You may be asked to evaluate experiments measuring photosynthesis rate (often
measured by oxygen production or CO, uptake).

¢ Controlling Variables: To test one factor, all others must be kept constant
(e.g., to test light intensity, keep CO, and temperature constant).

e Using Aquatic Plants (e.g., Elodea): Rate measured by counting oxygen
bubbles per minute. Limitations: bubble size varies, temperature
fluctuations affect results.

¢ IRGA (Infrared Gas Analyzer): More accurate method measuring CO,

uptake by a leaf in a chamber.
& Tricky Exam Questions:

Question 1: A student measures photosynthesis rate at 10°C, 20°C, and 30°C
under low light and high light. At low light, all three temperatures give similar
rates. At high light, 30°C gives the highest rate, followed by 20°C, then 10°C.
Explain these results.

Model Answer: At low light, light is the limiting factor regardless of temperature.

Enzyme activity is not fully utilised because ATP/NADPH production is limited by



light energy. At high light, light is no longer limiting, so temperature effects
become apparent. At 10°C, enzyme activity is slow (low kinetic energy). At 20°C,
enzymes work faster. At 30°C (optimum), enzymes work most efficiently. The
experiment shows the interaction of limiting factors—light limits at low
intensities; temperature limits at high intensities.

Question 2: Explain why a CO, enrichment system in a greenhouse is most
effective on sunny days.

Model Answer: On sunny days, light intensity is high and not limiting. Therefore,
CO, becomes the main limiting factor, so enriching the air with CO, directly
increases photosynthesis rate. On cloudy days, light is limiting, so adding CO,
has little effect because the Calvin cycle lacks sufficient ATP/NADPH from the
light-dependent reactions to fix the extra CO..

EY Exam Tip: When interpreting graphs, always mention the limiting factor in
each region. Use the phrase "becomes the limiting factor" to show
understanding of the concept. In plateaus, state which factor is limiting and why.



4> Ultra-Cram Sheet

THREE FACTORS & GRAPH SHAPES:

e 1% Light Intensity: Rate 1 linearly then plateaus. Low light = limiting.
Plateau = another factor limits.

e =) CO, Concentration: Rate 1 then plateaus. Low CO; = limiting. Plateau
= light/temp limits.

e [} Temperature: Rate 1 to optimum (25-35°C), then | sharply. Enzymes
denature above optimum.

Q, LIMITING FACTOR = The factor in shortest supply. It determines the rate.
Increase it — rate T (until something else limits).

& INTERACTIONS:

e Low light — light limits (CO,/temp don't matter).

e High light + low CO, — CO; limits.

e High light + high CO, + wrong temp — temperature limits (or enzymes
denature).

4> 5 Rapid-Fire Cram Questions:

1. What shape is a light intensity graph? (Linear increase then plateau)

2. Why does photosynthesis rate drop at high temperatures? (Enzymes
denature)

3. What is a limiting factor? (Factor that restricts rate when in short supply)

4. On a plateau, is the factor on the x-axis limiting? (No—something else is
limiting)

5. Name one way to measure photosynthesis rate. (Oxygen bubbles or CO;

uptake)



Outcome 7: Evaluate the importance of photosynthesis

for life on Earth.
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¥ Beginner Guide

Photosynthesis might seem like just a plant process, but it's actually the reason
you're alive right now! Without it, Earth would be a barren, lifeless planet. Let's

explore why it's so incredibly important.

£) Oxygen for Breathing: Every time you take a breath, you're using oxygen
released by plants and algae during photosynthesis. Before photosynthesis
evolved, Earth's atmosphere had almost no oxygen. Plants literally changed the
world by creating the air we breathe!

(B Food for Everyone: Everything you eat—whether it's a salad, bread, fruit, or
even meat—traces its energy back to photosynthesis. Plants make their own
food (glucose), and when we eat plants or eat animals that ate plants, we get

that energy. Photosynthesis is the foundation of every food chain.

O Materials and Fuel: The wood in your furniture, the cotton in your clothes,
and even fossil fuels like coal and oil all come from photosynthesis. Coal is
ancient swamp plants that lived millions of years ago, their energy stored

underground.

@ Balancing the Atmosphere: Photosynthesis acts like Earth's cleaning
system. It takes carbon dioxide (a greenhouse gas) out of the air and locks it

away in organic matter, helping to regulate the climate.

Basic Concept Check:

1. Where does the oxygen we breathe come from?

2. Why is photosynthesis called the foundation of food chains?
3. How does photosynthesis help regulate Earth's climate?



[ standard Guide

Photosynthesis is arguably the most important biological process on Earth. Its
significance extends far beyond the plant kingdom, underpinning nearly all life

functions and global systems.
£ Production of Oxygen:

e Before photosynthetic organisms (cyanobacteria) evolved ~2.5 billion
years ago, Earth's atmosphere contained virtually no oxygen. The Great
Oxidation Event, caused by photosynthesis, transformed the atmosphere
and allowed the evolution of aerobic (oxygen-using) organisms.

e Today, photosynthesis by plants, algae, and cyanobacteria continuously
replenishes atmospheric oxygen, maintaining it at around 21%. This
oxygen is essential for cellular respiration in almost all life forms,
including plants themselves.

(B Primary Production of Organic Compounds:

e Photosynthesis converts inorganic carbon (CO;) into organic compounds
(glucose and other carbohydrates). This is the entry point of carbon into
the biosphere.

e All organic molecules in living things—proteins, lipids, nucleic acids,
cellulose—are ultimately built using carbon skeletons derived from
photosynthesis.

¢ Plants are producers (autotrophs) at the base of every food chain. The
energy stored in glucose during photosynthesis is passed on to
consumers (heterotrophs) when they eat plants or other animals.

Without this primary production, ecosystems would collapse.
4> Energy Source for Nearly All Life:

e Photosynthesis captures light energy from the sun and converts it into
chemical energy (glucose). This energy flows through ecosystems via food
chains and food webs.

e Even fossil fuels (coal, oil, natural gas) are ancient photosynthetic energy.
They formed from the remains of prehistoric plants and algae buried under
sediments for millions of years. When we burn them, we release that
ancient stored energy.

e Renewable biofuels (e.g., ethanol from corn, biodiesel from algae) also rely

on current photosynthesis.



Role in the Carbon Cycle:

e Photosynthesis is a crucial biological process in the global carbon cycle. It
removes CO, from the atmosphere and fixes it into organic compounds.

e This carbon is temporarily stored in plants (biomass) and, when plants die
and decompose, some carbon becomes stored in soils or, over geological
time, forms fossil fuels.

e By removing CO; from the atmosphere, photosynthesis helps regulate
Earth's climate and counteracts the greenhouse effect, though this balance
is currently disrupted by human activities (deforestation, burning fossil

fuels).

Practice Questions:

1. Explain why photosynthesis is described as the "entry point" of energy into
biological systems.

2. Describe the role of photosynthesis in the carbon cycle, including its effect on
atmospheric CO..

3. How would life on Earth be different if photosynthesis had never evolved?



W Advanced Exam Prep

For top marks, you must be able to evaluate photosynthesis from multiple
perspectives, including its global significance, its role in addressing current

environmental challenges, and its limitations.

@ Global Significance and the "Evaluate” Command:

When a question says "evaluate”, you need to make a judgment about the
importance of photosynthesis, considering both its benefits and potential
limitations or challenges.

8B Evaluation Points:

e Positive Impact: Photosynthesis is the sole process that harnesses
external energy (sunlight) and converts it into forms usable by life. Without
it, ecosystems would be limited to chemosynthetic bacteria (e.g., deep-sea
vents), which support far less biomass and complexity.

¢ Quantitative Importance: It is estimated that terrestrial photosynthesis
fixes approximately 120 billion tons of carbon per year, with marine
photosynthesis (algae, cyanobacteria) fixing another 50-60 billion tons.
This massive carbon flux is essential for maintaining atmospheric
composition.

¢ Limitations: Photosynthesis is relatively inefficient—only about 1-2% of
incoming solar energy is converted to chemical energy in most plants. This
limits the productivity of ecosystems and agricultural systems. Additionally,
photosynthesis is sensitive to environmental stresses (drought, high
temperature), which can reduce its effectiveness.

¢ Role in Climate Regulation: Photosynthesis is a major carbon sink, but
deforestation and land-use change have reduced this capacity. Evaluating
its importance today includes recognizing that protecting and restoring
photosynthetic ecosystems (forests, grasslands, oceans) is a key strategy
for mitigating climate change.

@ Photosynthesis in Aquatic Ecosystems:

e Marine phytoplankton, though microscopic, are responsible for at least
50% of Earth's oxygen production and form the base of most aquatic food
webs.

e These organisms are particularly important in the carbon cycle through the
biological pump: when phytoplankton die, they sink to the ocean floor,
sequestering carbon for long periods.



& Tricky Exam Question:

Question: "Photosynthesis is the most important biological process on Earth."
Evaluate this statement.

Model Answer: This statement has strong merit. Photosynthesis is unique in its
ability to convert light energy into chemical energy, producing organic
compounds and oxygen that sustain nearly all life. It forms the basis of every
food chain, drives the carbon cycle by removing CO, from the atmosphere, and
has historically transformed Earth's atmosphere to enable aerobic respiration.
Without photosynthesis, only chemosynthetic bacteria could exist, supporting
minimal biodiversity and biomass. However, one could argue that cellular
respiration is equally important, as it releases the energy captured by
photosynthesis for cellular work. Respiration also returns CO, to the atmosphere,
completing the cycle. Additionally, photosynthesis is relatively inefficient and
sensitive to environmental stress, limiting its productivity. Nevertheless, as the
entry point of energy into virtually all ecosystems and the source of atmospheric
oxygen, photosynthesis is undeniably fundamental—arguably the most

important process for sustaining complex life as we know it.

[EY Exam Tip: For "evaluate" questions, always present both sides (importance
and limitations) and end with a reasoned conclusion. Use phrases like "on one
hand... on the other hand..." and "therefore, it can be concluded that..."



4> Ultra-Cram Sheet

@ WHY PHOTOSYNTHESIS IS ESSENTIAL:

e =) OXYGEN: Source of almost all atmospheric O,. Enabled aerobic life.
"Earth's life support system."

e (B FOOD: Produces organic compounds (glucose). Base of all food chains.
"Entry point of energy into ecosystems."

e 4> ENERGY: Converts sunlight — chemical energy. Powers nearly all life.
Fossil fuels = ancient photosynthesis.

o CARBON CYCLE: Removes CO, from atmosphere. Regulates climate.
Major carbon sink.

e BB MATERIALS: Provides wood, fiber, biofuels, medicines.

lull KEY STATISTICS:

e Terrestrial photosynthesis fixes ~120 billion tons C/year.
e Marine photosynthesis (phytoplankton) fixes ~50-60 billion tons C/year.
e Produces ~50% of Earth's oxygen (oceans + land).

o Typical efficiency: only 1-2% of sunlight converted.

Q, EVALUATION SUMMARY:

For: Unique energy conversion, foundation of life, climate regulation,
oxygen production.

/\ Against/Limitations: Low efficiency, sensitive to stress, reduced by
deforestation.

Conclusion: Fundamentally essential for complex life.
4> 5 Rapid-Fire Cram Questions:

1. What gas does photosynthesis release that is essential for animals?
(Oxygen/QO,)

2. What is the role of photosynthesis in food chains? (Base/producer level)

3. How does photosynthesis affect atmospheric CO,? (Removes it/fixes it)

4. What percentage of Earth's oxygen comes from oceans? (About 50%)

5. Why is photosynthesis inefficient? (Only 1-2% of sunlight converted)



Final Note

You've reached the end of your Life Science study guide on Photosynthesis.

This guide gave particular attention to: You will explore how photosynthesis works,

where it takes place inside plant cells, and why understanding this process is essential

for grasping how energy moves through living systems. By the end, you'll see that

photosynthesis is much more than a textbook equation—it’s the engine of life on Earth.

WHAT THIS GUIDE COVERED

Outcome 1: Describe the structure of a chloroplast and relate it to its function in
photosynthesis.

Outcome 2: Write and explain the overall balanced equation for photosynthesis.

Outcome 3: Differentiate between the light-dependent and light-independent

(Calvin cycle) reactions.

Outcome 4: Analyse the role of pigments in photosynthesis, particularly

chlorophyll.

Outcome 5: Explain how the products of photosynthesis are used by plants and
other organisms.

Outcome 6: Interpret graphs and experimental data related to factors affecting

photosynthesis.

Outcome 7: Evaluate the importance of photosynthesis for life on Earth.

WHAT YOU SHOULD NOW BE ABLE TO DO

Explain each outcome at a level appropriate for Grade 12
Work through the Beginner tier to confirm your foundational understanding
Use the Standard and Advanced tiers to deepen and extend your knowledge

Use the Cram sheet when you need a fast, focused revision hit

The fact that you made it to this page means you showed up. That already puts you ahead.

Go back to any outcome that felt shaky — the guide will be here. Good luck.
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