
Respiration Part I: 
Understanding Plant 
Respiration
An essential biochemical process that powers all plant life, from the smallest 
seedling to the tallest tree.
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What is Respiration? Key Features

Biochemical Breakdown
Glucose molecules (C - C Bond) are systematically broken 
down through enzymatic reactions to release usable energy 
in the form of ATP.

Universal Process
Occurs continuously in all living cells4leaves, stems, roots, 
flowers4powering growth, repair, and metabolism

Day and Night Activity
Unlike photosynthesis, respiration never stops. Plants respire 
24 hours a day to sustain vital functions

Independent Gas Exchange
Each plant organ exchanges gases independently through 
specialised structures suited to its environment
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Respiration vs Breathing: What's the Difference?

Breathing
Physical process of gas exchange

Oxygen enters, carbon dioxide exits

Involves respiratory organs in animals

Plants use stomata and lenticels instead

Respiration
Chemical process inside cells

Releases energy from glucose molecules

Produces ATP for cellular work

Occurs in mitochondria continuously

Important: Roots absorb oxygen from air spaces in soil. Overwatering displaces oxygen, suffocating roots and preventing 
respiration4this is why waterlogged plants often die.
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Respiration vs Combustion: Similar but Different

Similarities
Both processes involve the oxidation 
of glucose, releasing energy and 
producing carbon dioxide and water 
as by-products.

Respiration Characteristics
Controlled, step-wise enzymatic 
reactions.

Slow energy release captured as 
ATP.

Occurs at body temperature.

Energy stored efficiently for 
cellular use.

Combustion Characteristics
Rapid, uncontrolled burning 
process.

Sudden release producing heat 
and light.

Requires high ignition 
temperature.

Energy disperses as thermal 
energy.

The by-products of respiration4water and CO¢4are vital for plant metabolism, supporting photosynthesis and maintaining cellular 
turgidity.
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Why Don't Plants Have 
Definite Respiratory Organs?
01

Independent Gas Exchange
Every plant part4leaf, stem, root4can independently exchange gases through 
specialised pores and surfaces.

02

Large Surface Area
Plants possess extensive surface area relative to volume, with porous 
structures allowing direct diffusion of gases into cells.

03

Decentralised System
This distributed approach suits their stationary lifestyle, eliminating the need 
for a circulatory system to transport oxygen.

04

Adaptive Structures
Stomata on leaves, lenticels on woody stems, and root hairs in soil each 
facilitate oxygen uptake where needed.
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Types of Respiration in Plants & Their Sites

1

Aerobic Respiration

Requires oxygen

Occurs in mitochondria of all plant cells4leaves, stems, 
roots, flowers.

Complete oxidation of glucose producing maximum ATP 
(36-38 molecules).

2

Anaerobic Respiration

Without oxygen

Happens in oxygen-poor conditions like waterlogged 
roots, germinating seeds, or deep tissues.

Incomplete glucose breakdown yielding minimal ATP (2 
molecules).

Fermentation is a specialised form of anaerobic 
respiration producing ethanol or lactic acid as by-
products. Each plant organ adapts its respiration based 
on oxygen availability in its immediate environment.
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Aerobic vs Anaerobic Respiration: A Comparison

Aerobic Respiration
Glucose + Oxygen ³ Carbon Dioxide + Water + Energy

Requires oxygen presence

Complete glucose oxidation

Yields 36-38 ATP molecules

Highly efficient energy production

No toxic by-products

Anaerobic Respiration
Glucose ³ Alcohol/Lactic Acid + Energy

Occurs without oxygen

Incomplete glucose breakdown

Yields only 2 ATP molecules

Less efficient, faster process

Produces potentially harmful by-products

Whilst aerobic respiration releases significantly more energy and is the preferred pathway, anaerobic respiration serves as a survival 
mechanism when oxygen is limited. However, the accumulation of toxic by-products makes it unsustainable for prolonged periods.
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Respiratory Substrates & 
Their Calorific Values
Whilst glucose is the primary fuel for plant respiration, other organic 
molecules can serve as respiratory substrates when glucose reserves are 
depleted.

4
Carbohydrates
kcal per gramme

Glucose and starch4
primary substrates 

readily available from 
photosynthesis

9
Fats

kcal per gramme

Most energy-dense 
substrates4seeds store 

fats for germination 
energy needs

4
Proteins

kcal per gramme

Used only when 
carbohydrates and fats 

are scarce4not ideal 
substrates

Plants primarily rely on glucose due to its immediate availability from 
photosynthesis and ease of breakdown. Fats, though more energy-dense, 
require more complex enzymatic pathways for respiration.
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Anaerobic Respiration vs Fermentation: Clarifying 
the Terms

Anaerobic Respiration
Respiration occurring without oxygen 
availability, producing significantly less 
ATP than aerobic pathways

Fermentation
A specific type of anaerobic respiration 
producing ethanol or lactic acid as end 
products

Plant Survival
Allows temporary survival in low-oxygen 
conditions but cannot sustain plant life 
long-term

Examples in Nature

Yeast ferments glucose to ethanol and CO¢ (used in brewing 
and baking)

Waterlogged plant roots produce alcohol when oxygen-
deprived

Germinating seeds in compact soil may temporarily ferment
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Summary & Why Plant 
Respiration Matters

Energy Production Foundation
Respiration is absolutely vital for releasing the energy plants need for 
growth, reproduction, nutrient transport, and all metabolic processes

Unique Plant Adaptations
Unlike animals, plants lack defined respiratory organs but have evolved 
efficient systems using stomata, lenticels, and root surfaces for gas 
exchange

Environmental Responses
Understanding aerobic and anaerobic pathways explains how plants 
respond to flooding, soil compaction, and varying oxygen availability

Foundation for Further Study
This knowledge forms the basis for advanced topics in plant 
physiology, ecology, agriculture, and environmental science

Mastering plant respiration unlocks deeper understanding of how plants 
survive, thrive, and interact with their environment.

https://gamma.app/?utm_source=made-with-gamma

