
UNIT 14 PLANTS  

The parts of the plant are the:  

1. Root 

2. Stem  

3. Leaf 

4. Flower 

ROOT 

The first root that comes from a plant is the radicle. The root is the part of a plant that grows 

downward into the soil, anchors the plant and absorbs water and nutrients. Roots give water and 

food to the stem and the rest of the plant. The root has four major functions 

1. Absorption of water and nutrients 

2. Anchoring the plant body to the ground 

3. Storage of food and nutrients 

4. To prevent soil erosion. 

STRUCTURE AND PARTS OF A ROOT 

In a typical root we can see the following parts: 

1. Primary root – It is the thickest part and grows downward 

2. Secondary root – They arise from the primary root and are not as thick as the primary one. 

They go sideways. 

3. Root cap – It is a kind of protection that the roots end with. It is designed to drill the soil and 

is able to guide root growth by perceiving gravity. 

4. Roots hairs – They are tiny filaments that roots are covered with. They absorb water and 

nutrients from the soil. 



TAP ROOT AND FIBROUS ROOT 

Roots can also be: 

1. Tap roots like the carrot 

2. Fibrous roots like turf grass 

3. Adventitious roots 

A tap root system is made of one primary root that is thick and goes deep into the soil 

while other smaller roots grow off of this primary root. Like the carrot.  

A fibrous root system does not penetrate as deeply into the soil and is made up of a large 

number of roots that are similar in size.  

Adventitious roots grow from a location other than the underground, descending portion 

of the plant axis, such as from a stem or a leaf. 

 



When we look at a root in length, it can be divided into several regions. 

1. Root cap and apical meristem – This is at the 

very tip of the ‘root’. Here new root cells are produced 

by cell division. At the very tip is the root cap which is 

formed by cells in the lower part of the meristem. Roots 

have certain cells called columella cells which contain 

amyloplasts which tend to sink to the bottom of each 

cell. Roots may be able to sense gravity and grow 

downwards due to these columella cells. The root cap 

protects the root as it grows. 

Above the root cap is meristem. The cells at the top of the meristem form new cells that 

enter the region of elongation. Here, they increase in size  and become the cells that 

make up the young part of the plant. The meristem also has a quiescent centre made up 

of 500 – 1000 cells that are not achieve and acts as a reservoir. 

2. Region of elongation – Above the meristem of the root, is an area known as the 

region of elongation. Here the root cells become longer by filling their cell vacuoles with 

water and can be distinguished from the cells of the meristem which are small and densely 

filled with cytoplasm. This region helps in root growth. 

It is important to understand, that root growth (and therefore plant growth) is due to a 

combination of 

a) Increase in the number of cells: which takes place in the apical meristem 

b) Increase in the size of the individual cells, which takes place in the region of 

elongation. 

3. Region of maturation – This is above the region of elongation. It is in this region 

of the root that cells mature and begin to change their structure and function. Near the tip 

of this zone, the cells have differentiated into the various tissue types that make up a 

typical root. 



CROSS SECTION STRUCTURE OF A ROOT AND IT’S TISSUE TYPE 

These tissue types are found in the region of maturation where the root cells have 

completely differentiated into tissues and are no longer immature. 

1. Epidermis – It is the outer layer. It covers the entire root except for the root cap. 

 

    

2. Cortex – It has 3 layers 

a. Hypodermis – This has the cells which from the cell wall. It is important in 

preventing the loss of water and nutrients which have been absorbed by the root 

hairs. 

b. Parenchyma cells – This forms the largest part of the cortex. These cells have 

large spaces and contain starch. 

c. Endodermis – It is a layer of cells that surrounds the stele. These cells are very 

tightly packed with no air spaces. 

3. Stele – It has 3 main tissue types 



d. Pericycle – The cells of this layer divide to give rise to branch roots and secondary 

roots. The Pericycle also forms part of the cambium. 

e. Xylem – It is arranged in bundles and helps in transport of water. 

f. Phloem – It alternates with the xylem. Food and other organic substances 

manufactured in the cells of a plant are transported in the phloem. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



STEM 

It is the part of the plant above the ground that grows in an opposite direction to the root. 

The stem takes water and food from the roots and moves it up to the rest of the plant. 

The stem holds leaves. The stem has these functions 

1. It maintain the flowers and leaves at a certain distance from the soil, it supports them 

2. It carries water and nutrients to the plant. 

PARTS OF STEM 

 

 

1. Main stem – It is the most important and easily identified part. Secondary stems grow from it. 

2. Secondary stem – These grown outward from the main stem as it develops. 

3. Nodes – These are areas of bulginess in the stems. 

4. Internodes – These are the areas of the stem that are between the nodes. 

5. Buds – These are a stem’s primary growing point. A bud at the tip of the stem is a terminal 

bud. Buds that grow from nodes on the sides of a stem called lateral buds. 

  



INTERNAL CROSS SECTION OF STEM 

1. Apical meristem – This is the tissues at the tip of a stem capable of cell division and 

helping to elongate the stem. 

 

2. Epidermis – It is the outer layers of wax coated cells that provide protection and covering. 

3. Cortex – This is the primary tissue of the stem. 

4. Vascular bundle: 

a. Xylem – It distributes water and minerals from the roots up through the plant. It 

provides structural support becoming the woody tissue. 

b. Phloem – It distributes dissolved sugars (food) throughout the plant. It has 

companion cells (unique to phloem). 

c. Cambium tissues – It is a single celled layer of dividing tissue that forms xylem 

and phloem. Cell division of the cambium tissues adds width to the stem. 

5. Pith – It is the center of stems. It is composed of parenchyma tissue modified for storage. 

 

 

 

 

 

 

  



LEAF 

It is an expanded green thing which is held by the stem. A leaf makes food for the plaint 

and air for us to breathe. The leaf is a very important part of the plant. It is where the 

functions of photosynthesis, respiration and transpiration occur. 

PARTS OF A LEAF 
 

 

1. Petiole – It is the leaf stalk. It connects the expanded green part of the leaf (the blade) to the 

stem. It is a channel for vascular bundles to arrive. A leaf with a stalk or petiole is called 

petiolated. Leaves that do not have petiole are called stalk less or sessile. 

2. Blade – The blade is the expanded part of the leaf. It has certain things within it. 

a. Midrib or main vein – This is the central main vein in the blade. 

b. Veins – These are like pipes running along the leaf. They are really vascular 

bundles coming from the stem, through the petiole into the surface of the blade of 

leaf. 

c. Margin – It is the edge of the blade of the leaf. 

 

 



CROSS SECTIONAL STRUCTURE OF A LEAF 
 

     

1. Cuticle – It is a waxy coating on the outer surface of a leaf. It limits evaporation of water from 

the plant tissues. 

2. Upper epidermis – It is the top layer of cells in a leaf. 

3. Palisade mesophyll – It is a tightly packed layer of cells. This layer gets lots of exposure to 

sun and the cells have many chloroplasts. Photosynthesis happens here. 

4. Chloroplast – It is an organelle in a plant cell where photosynthesis occurs. It contains 

chlorophyll pigment which absorbs energy from the sun. 

5. Xylem – tubes within the vascular bundle which transport water. 

6. Phloem – Tubes within the vascular bundle which transport food / sugar. 

7. Mesophyll – The middle of the leaf. 

8. Spongy mesophyll – a loosely packed layer of cells in the mesophyll. Space around these 

cells is used for storing gases like oxygen and carbon dioxide. 

9. Stoma – An opening on the underside of a leaf. Diffusion of gases in and out of a leaf happens 

through the stomata. 

10. Guard cell – These are cells around the stoma. They regulate the opening and closing of the 

stomata. 

11. Lower epidermis – It is the bottom layer of cells. 

12. Vascular bundle / veins – A collection of tubes that transport materials throughout the leaf 

and plant. They are surrounded by bundle sheath cells. 



FLOWER 

It is the blossom of the plant. It helps the plant reproduce. A flower helps make seeds that 

in turn make more plants.  

PARTS OF A FLOWER 
 

 
 

1. Peduncle – This is the stalk of the flower. 

2. Receptacle – It is the part of the flower stalk where the parts of the flower are attached. 

3. Sepal – The outer parts of the flower. They are green and leaf like and enclose a developing 

bud. 

4. Petal – The part of the flower that is colored. 

5. Calyx – it is all of the sepals collectively. 

6. Male reproductive organs – The stamen is the male reproductive organ. A stamen consists 

of a filament and an anther (which produces pollen). The pollen consists of the male 

reproductive cells. 

7. Female reproductive organs – The female reproductive organs are called the pistil or carpel. 

Each pistil has ovary (where the ovules/eggs/ female reproductive cells are produced), a style 

(tube on the top of ovary) and stigma (which receives pollen during fertilization). 

 

 



PLANT LIFE CYCLE  

A plant starts life as a seed. The seed germinates and then becomes a seedling and 

finally develops into a fully grown plant. The nature plant produces. Flowers and fruit 

which have new seeds which produce new plants, as the old plants die.  

 

Based on plant life cycle, there are:  

1. ANNUALS – These take 1 year to complete their life cycle. They germinate, flower and then 

die in 1 year  

2. BIENNIALS – These plants take 2 years to complete their life cycle. They germinate and grow 

roots and leaves in their 1st year. They produce flowers, fruits and seeds and then die in their 

2nd year.  

3. PERENNIALS – These are plants that live for more than 2 years. Some trees live for many 

years, and flowering plants produce blossoms over many seasons. 

 

 

  



SEEDS AND FRUIT 

A seed is the part of a flowering plant that typically contains an embryo, has a protective 

coat and stored food, and can develop into a new plant under the proper conditions. A 

seed is a fertilized ovule of a flowering plant which contains an embryo and is capable of 

germination to produce a new plant.  

A fruit is the ripened ovary of a flowering plant that has the seeds. A seed has 3 basic 

parts: (1) an embryo, (2) nutrients for the embryo, (3) a seed coat. To us, a fruit is a plant 

part that is eaten as a dessert or snack because it is sweet. But actually a fruit is a mature 

plant ovary with seeds. It may or may not be sweet. Apples, Peaches, Green Peppers, 

Tomatoes, Peapods and Cucumbers are all fruits.  

Seeds are important in the reproduction and spread of flowering plants. They have spread 

more world-wide, compared to the more primitive plants like mosses and ferns which do 

not have seeds to propagate themselves.  

SEED DISPERSAL 

Since plants do not move from place to place, they have developed ways to make sure 

that their seeds are taken well away from them, in order to form new plants. This is called 

seed dispersal.  

Methods of seed dispersal 

1. Since animals move from place to place, they can be used to carry the seeds away from the 

parent plant. This can happen in two ways. The hooks of the fruit get caught in the fur of 

animal & travel with it. When fruits are eaten, the seeds are spit out by animals & make new 

plants.  

2. Water dispersal: example coconuts 

3. Wind dispersal: examples are cotton, dandelions 

4. Exploding pods releasing seeds: example witch hazel and wisteria 



DEVELOPMENT OF THE SEED 

 

In Gymnosperms, there is only one fertilization; one sperm fuses with the egg. The 
other sperm is not used. The seed is made up of the embryo (formed by fusion), and 
tissue from the mother plant which also forms a cone around the plant. 
 
In Angiosperms, the seed has 3 parts: the embryo, the endosperm, and the seed coat. 
The process of seed development starts with a double fertilization. In one, the egg and 
sperm fuse to form the zygote. In the 2nd, a second sperm fuses with polar nuclei of the 
egg to form an endosperm, which will provide food until the primary root of the plant has 
developed. The seed coat forms from 2 integuments, the outer layers of the ovule; the 
inner integument forms the tegmen and the outer integument forms the testa 
 
 
The different parts of the embryo form different things 
 
1. Epicotyl forms the shoot 
2. Radicle forms the root 
3. Hypocotyl connects the epicotyl and radicle. 
4. Cotyledons form seed leaves. 

  



GERMINATION 

 
Germination is the early stage of seed growth. Germination begins when the seed 

absorbs water from the environment. Water is the main ingredient for germination to 

occur. Other requirements are of light, temperature and pressure. During germination, 

the roots begin to grow down, while the stems and leaves begin to grow up. 
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POLLINATION  

Every plant has a male part and a female part. The male part is called the stamen and 

the female part is called the pistil. Both these parts are necessary to make new seed, 

which will grow into a new plant.  

The stamen (male part) makes pollen. Pollen looks like a powder. The pistil (female part) 

makes the egg. Pollination is the process by which pollen from the male part gets to the 

egg in the female part, to form seeds. This requires agents that can move the pollen.  

1. Insect pollination – Bees, Wasps, Butterflies, Beetles are attracted to the sweet nectar of 

plants. When they land on a flower, pollen rubs on their body and is transferred to the female 

part when they move to another flower.  

2. Pollination by animals like birds or bats.  

3. Pollination by wind which can blow pollen to other flowers  

4. Pollination by water  

 

AVOIDING SELF POLLINATION 

Most flowers are not self pollinating. This means that pollen from one plant from one plant 

must travel to a different plant in order to make new seed or for fertilization to occur. It 

cannot pollinate the female reproductive organ of the same plant which it is formed. 

Nature has many safeguards to prevent self pollination 

 



PLANT FERTILIZATION 

Every plant needs to make new seeds to form new plants. To reproduce a plant has male 

and female reproductive parts. The male reproductive part produces pollen which carried 

to other plants by the process of pollination. When ripe pollen catches on the stigma (of 

the female reproductive part) it sends out a tiny thread like tube. This tube grows down 

through the style (of the female reproductive part) and pierces are of the ovules in the 

ovary, which has an egg/ the sperm cells in the pollen grain fuse with this egg and this 

process is called fertilization. This process produces a new seed. 

 

 

 

 

 

 

 

 

 

 



PHOTOSYNTHESIS 

This is the process by which plants use light to combine with carbon dioxide and water to 

produce food (sugar) and oxygen. In photosynthesis, solar energy is converted to 

chemical energy. This chemical energy is stored as glucose. Photosynthesis happens in 

the leaves. These have a green color pigment called chlorophyll. Chlorophyll helps trap 

the light energy.  

 

Carbon dioxide + water + light energy ------ (chlorophyll) ------ glucose + oxygen 

The plants take carbon dioxide from the air that we breathe out, water from the soil, light 

energy from the sun. The light energy interacts with the chlorophyll in leaves. It splits the 

water into oxygen and hydrogen. The hydrogen combines with carbon dioxide to form 

sugar. Sugar provides food, and is used for growth and maintenance of the plant  

Carbon dioxide:  comes from air 

Water:   comes from soil 

Energy:   comes from Sun 

Chlorophyll:   present in the leaves 

Oxygen:   we use it to breathe 

Glucose (Sugar) :  it is used as food for the plant 

 



The photosynthesis reaction is as below: 

CO2        +       H2O      +  Light      →  C6H12O6        + O2  

Carbon Dioxide         (Water)          Energy       →  Glucose          Oxygen 

 

 

 

 

 

 

 

 

 

 

 

 

 



LIGHT AND DARK REACTIONS IN PHOTOSYNTHESIS 

The seemingly simple single reaction of photosynthesis happens in many steps. 

Photosynthesis broadly occurs in two stages- the light reactions and the dark reactions. 

The light reaction takes place in the presence of light while the dark reactions do not 

require direct light. The light reactions convert light into energy (ATP and NADPH). The 

dark reactions use this energy and carbon dioxide to produce sugar. 

Light Reaction 

1. This occurs in the thylakoid membrane of the chloroplast. 

2. When light falls on the leaves, it is absorbed by the chlorophyll in chloroplasts. This excites 

electrons in the chlorophyll molecule to a higher energy state. 

3. The solar energy splits water into oxygen and hydrogen. This process is called photolysis.  

4. During light reaction, when solar energy is converted to chemical energy, two compounds 

are formed – NADPH (nicotinamide adenine dinucleotide phosphate) and ATP (adenosine 

triphosphate) 

5. NADP is already present in the leaf. It accepts the hydrogen that is produced during 

photolysis and forms NADPH.                                                                                         

NADP (leaf cell) + H (from water photolysis) -------→ NADPH 

6. ADP is already present in the leaf. It combines with the phosphate group to form ATP.  

ADP + P ------→ ATP  

Dark Reaction (Iight independent reaction) 

This occurs in the stroma of the chloroplast. In this reaction, the energy from ATP and 
NADPH, is used to fix carbon dioxide. The products of this reaction are sugar (glucose) 
and other organic molecules needed for cell function. The dark reaction is also known 
as the Calvin’s cycle because it was studied by a scientist Calvin.  

 

CHLOROPHYLL – It is the green pigment found in most plants. It is very important for 

photosynthesis which is how plants get energy from light and convert it.  

 

 

 



DECIDUOUS AND EVERGREEN TREES 

Deciduous trees lose their leaves in the fall and winter. Evergreen trees keep their leaves 

all year long. This does not mean that they never lose their leaves. The leaves and pines 

are replaced periodically but in such a way that the tree never loses its leaves all at once. 

Examples of deciduous trees – Oak, poplar, beech, apple, chestnut, maple, hickory. 

Examples of evergreen (coniferous) trees - pine, spruce, fir.  

PARTS OF THE PLANT WE EAT 

1. Stem - Celery, Asparagus, Broccoli 

2. Leaf – Spinach, Lettuce, Cabbage, Brussels sprouts  

3. Seeds – Corn, peas, beans  

4. Roots – Radish, carrot, beets, turnips, sweet potato 

a) Bulb – grows underground, onions, garlic, green onions  

b) Tuber – grows underground, potato  

5. Flowers – Broccoli, Cauliflower  

6. 6. Fruit – Squash, Cucumber, Tomato, Pumpkin, Peppers, Egg plant, Apple, Avocado, Grape, 

Apricot, Banana, Grapefruit, date, Artichoke, Pineapple, Num, Orange, Tangerine, Mango, 

Kiwi Fruit, Melon, Papaya, Peach, Strawberry, Pomegranate  
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VASCULAR AND NON VASCULAR PLANTS 

There are 275,000 species of plants. Plants are one of the major Kingdoms in scientific 

classification. Plants are then divided into vascular or non-vascular plants. Plants like 

most living things need nutrients to survive. The 4 most important elements needed to 

sustain the plant are oxygen, hydrogen, carbon and nitrogen. Delivery of these elements 

to the plant depends on the vascular or non-vascular system of the plant. 

 

 

Vascular plants or Tracheophytes (Example ferns/ flowering plants/ conifers) 

They absorb nutrients through a well-developed internal system that conducts water, 

minerals, sugars and other nutrients. They have roots, stems and leaves. Most of the 

world’s plants are vascular. Vascular plants grow to a much larger size & include all 

flowering plants, pines & fir trees. Vascular plants have these characteristics: 

1. They have true roots, stems and leaves. 

2. Vascular tissue is present. These transport cells run continuously through the roots, stems & 

leaves. 

3. They reach large sizes, often tall trees. 

4. Cuticle is present to reduce water evaporation from leaves. 



Non vascular plants or Bryophytes (Example Moss) 

They do not have specific internal conducting systems for receiving nutrients. They do 

not have true roots, stems and leaves. Because of the lack of roots and stems, these 

plants cannot reach water under the solid and actively take it up. They absorb water 

directly through their cell walls. The size of the plant is limited for this reason and they are 

small plants. They include mosses & liverworts. Non vascular plants have these 

characteristics: 

 

1. They do not have true roots, stem and leaves. They absorb water directly through their cell 

wall. 

2. No vascular tissue – vascular tissue consist of special cells for the transport of water and 

nutrients, these plants have no vascular tissue. 

3. They tend to have small size since they have no vascular tissue. 

4. They depend on water for reproduction and multiplying they cannot survive in dry areas. 

MOSSES AND FERNS 

A moss is a plant that lacks a well well-developed vascular system. It is non-vascular. 

Without well-developed systems, mosses stay small in size and grow to only about 5 cms 

tall. Ferns are vascular plants and have well developed transport systems and stomata & 

guard cells to regulate gaseous exchange. 

        

  



WHAT ARE VASCULAR TISSUES MADE UP OF 
 
Vascular tissue is a complex conducting tissue found in vascular plants.  
 
1. The main components of vascular tissue are the xylem and the phloem which 
conduct water and food respectively.  

1) In stems and roots, xylem is present to the interior of the stem while phloem is 
present to the exterior.  
2) In leaves, xylem is oriented towards the upper side of the leaf while phloem is 
towards the underside of the leaf. This is why aphids are typically found on the 
undersurface of leaves, since the phloem transports sugars, and is close to the 
lower surface of the leaf. 
 

2. There are also two meristems. The meristem is an area of undifferentiated cells that 
help in more plant growth. The two meristems are called the  

1. vascular cambium: this gives rise to additional xylem and phloem 
2. cork cambium: This gives rise to more epidermis in roots and stems. The new 
cork cells help to protect the surface of the plant and prevent water loss.  



SEED AND SEEDLESS PLANTS 
 
Plants are divided into seed plants and seedless plants. These are some differences 
between them. 
 
Reproduction: The main difference is how they reproduce. Seed plants reproduce by 

seeds, which consist of a protective coating, an embryo, and food for that embryo. Seed 

plants produce seeds by sexual reproduction. Seedless plants reproduce by spores, 

which are microscopic particles containing genetic material of that plant. Spores are 

unicellular and haploid (containing half the number of chromosomes) and unlike seeds, 

have little or no food to sustain them. Spores usually stay dormant until the conditions are 

favorable, and then undergo mitosis to become diploid. Seeds on the other hand, are 

produced as diploid. 

 

Asexual reproduction: Seed plants can never reproduce asexually as they always 

create new plants by the joining of an egg and sperm. Non-vascular plants usually 

reproduce sexually, but some can reproduce asexually as well. 

 

Vascular Tissue: Some seedless plants (not all) do not have vascular tissue. Vascular 

tissue allows the plant to retain water for a long period of time, and move the water around 

to different parts of the plant. All seed plants are vascular, while seedless plants can be 

vascular or non-vascular.  

 

Examples of seed plants: Most of the flowering plants and trees. 
 
Examples of seedless plants: Mosses, ferns, liverworts, hornworts, quillworts, and 
horsetails.  
 
 
  



GYMNOSPERMS AND ANGIOSPERMS 

Gymnosperms are plants that were the first ones with seeds. They are more primitive 

than angiosperms. They do not produce flower or beat fruit. They have seeds exposed 

and arranged in cones. They rely on air borne transport of their pollen and most 

gymnosperms produce huge amounts of pollen. Gymnosperms include all of the conifers 

like cedar, redwood, juniper, cypress, fir, pine, giant sequoias. They also include many 

ornamental shrubs, ginkgo biloba, cycads. This group includes some of the oldest and 

largest trees like the Bristle Cone Pine and the Giant Redwood. 

Angiosperms are the largest group of plants. They are known as flowering plants and 

the seeds of these plants are formed in fruits. Angiosperms are the most sophisticated of 

plants forms, and have adapted to survive in a wide range of climates and places. This 

group consists of flowering ornamental plants, all vegetables and edible fruits. They are 

also the source of the world’s hardwoods. Angiosperms have seeds and ovules arranged 

in a carpel. (A carpel consists of a stigma, style and ovary).  

Angiosperms are classified as 

1. Monocots / monocotyledonous – 1 cotyledon 

2. Dicots / dicotyledonous – 2 cotyledons 

Seeds: Angiosperm seeds are produced in a fleshy structure called the fruit. In 

gymnosperms, no special structure encloses the seeds, they begin their development 

naked on the cones.  

 



      

 

MONOCOTS AND DICOTS 

 
There are two main types of flowering plants: monocots and dicots. There are a 

few ways to differentiate between them. 

 

Cotyledons: A monocot has one cotyledon while a dicot has two cotyledons. 

Cotyledons are inside a plant’s seed. They will form the first leaves of a newborn 

plant. Once the seed germinates, the cotyledons will take in sun and provide 

photosynthesis.  

 

Number of petals: Monocots have flower petals in multiples of three. Dicots have 

flower petals in multiples of four and five (8, 10 etc). 

 

Arrangement of the vascular bundle in stems: If you cut the stem of a monocot, 

it will look different from a dicot. A monocot has no set arrangement of the vascular 

bundle (xylem and phloem). They are scattered throughout the stem. A dicot has 

neatly arranged vascular bundles lined in a circle around the center of the stem.  

 

Secondary growth: This is a term that refers to extra branches that come off the 

main stem or trunk. For example an oak tree has lots of extra branches or 



secondary growth, while a palm tree has only a few leaves coming from the top. 

Monocots are like the palm tree example. They have limited secondary growth. 

Dicots are like the oak tree. They have a lot of secondary growth.  

 

Leaves: This is often the easiest way to tell a monocot from a dicot. Leaves have 

veins running through them. In a monocot, the veins run straight and parallel. 

Dicots have a lot of branching or reticulated veins in their leaves.  

 

Root system: The monocots tend to have a tap root system while dicots have a 

fibrous or adventitious root system.  

 

Pollen: Monocots have pollen with a single furrow or pore. Dicots have pollen with 

three furrows or pores. 
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TRANSPIRATION 

Transpiration is the process by which plants lose water out of their leaves. Similar to 

evaporation, transpiration is the process by which plants return water to the atmosphere. 

In transpiration, water evaporates from the under surface of the leaf through tiny pores 

called stomata / stoma. The loss of water from the leaves creates a suction force that 

pulls up more water from the roots. 

 

CELLULAR RESPIRATION 

This is closely linked to photosynthesis. In photosynthesis: 

Carbon dioxide + water + sunlight → glucose + oxygen 

Cellular respiration is the process of breaking down glucose into carbon dioxide and 

water. Energy is released during this process which is used for cell activities. 

Glucose + oxygen → carbon dioxide + water + energy 



The differences between photosynthesis and cellular respiration are as follows 

Photosynthesis 

1. In photosynthesis, plants use sunlight to 

make food. 

2. It takes place inside organelles called 

chloroplasts. 

3. Photosynthesis requires energy to 

produce glucose. 

4. It takes CO2 + water + sunlight from the 

atmosphere. It makes sugar and O2 as by 

products. 

5. Photosynthesis occurs in plants. 

6. It occurs during the day as light is needed 

Cellular respiration 

1. Cellular respiration converts this food to 

energy which is used by plants and other 

living organisms. 

2. It takes place inside organelles called 

mitochondria. 

3. Cellular respiration uses this glucose to 

produce energy. 

4. It combines glucose and O2, releases 

energy, CO2 and water as by products. 

5. Cellular respiration occurs in all living 

organisms  

6. It occurs during the day and night 

 

 



SEXUAL AND ASEXUAL REPRODUCTION IN PLANTS 

Sexual Reproduction: It is a process that involves two parent plants to form a new 

organism which differs from both parents. Typically in this process, the male and female 

cells have only one set of chromosomes (they are haploid). During the process of 

fertilization, they merge and this restores the full set of chromosomes (the diploid state). 

Sexual reproduction in plants happens by the transfer of pollen from the male to the 

female part of the plant, then fertilization, and production of a new plant. 

 

http://www.youtube.com/watch?v=CkBNEM2mD30  

 

Asexual Reproduction: It is the process that involves only one parent plant and 

produces offspring that are identical to the parent plant. Some ways in which plants 

reproduce by asexual reproduction are vegetative propagation, bulbs, runners, stem 

cuttings, from roots through new shoots, and directly from leaves. 

In asexual reproduction, a single organism makes a copy of itself. Bacteria also 

reproduce asexually by the process of binary fission. The main process of asexual 

reproduction is mitosis. 

 

http://www.youtube.com/watch?v=drcnTg7ZCoc 

http://www.youtube.com/watch?v=CkBNEM2mD30
http://www.youtube.com/watch?v=CkBNEM2mD30
http://www.youtube.com/watch?v=drcnTg7ZCoc
http://www.youtube.com/watch?v=drcnTg7ZCoc


GAMETOPHYTE AND SPOROPHYTE 

 
During the study of plants, there is a term called “alternation of generations”. These generations 

are phases in the reproduction cycle of the plant. One is asexual and the other is sexual. They 

are called the sporophyte and the gametophyte stages. 

 

Sporophyte (2n) 

 

This phase in the life cycle of a plant is asexual and spore bearing. The term sporophyte comes 

from “spore bearing”. It has diploid cells, which means that the cells have two sets of 

chromosomes. A zygote (which is formed by the fusion of the sperm and the egg) is what forms 

the sporophyte.  

 

By the process of meiosis, the sporophyte produces haploid spores. Haploid means that the 

cells have only one set of chromosomes, or half the number of chromosomes of their parent 

cell. As you can see, the sporophyte is diploid. However, the spores formed from them are 

haploid. This is because in meiosis, the number of chromosomes in each cell is cut down to 

half. So the following cells will have half the number of chromosomes of their parent cells.  

 

Gametophyte (n) 

 

The other phase in the plant life cycle is the gametophyte generation, in which gametes (the 

sperm and the egg) are formed. The gametes are haploid, having only one set of chromosomes 

in them. Spores are actually the first cells of the gametophyte generation. They undergo mitosis, 

to produce identical cells with the same number of chromosomes. Male and female gametes 

with “n” number of chromosomes are formed. When the gametes (egg and sperm) fuse, they 

form the zygote which is diploid “2n”.  

 

The diploid zygote then starts the next sporophyte generation, which then forms the haploid 

spores and then go into the next gametophyte generation.  

  



 
 

 

 
  



DOMINANCE OF GENERATION 

 

In non-vascular seedless plants like liverworts and moss, the gametophyte phase is larger and 

more familiar. The sporophyte phase is smaller. In angiosperms it is opposite. The sporophyte 

phase is larger and independent. The gametophyte phase is smaller and reduced to pollen grain 

for the male gamete, while the female gamete is inside the egg.  

 

IMPORTANCE OF ALTERNATION OF GENERATION 

 

The alternation of generation is highly significant in plants. It increases the chances of survival 

of the plant in the long run. The next generation becomes more adapted to the environment. 

The formation of spores from parent cells, causes shuffling of genes which helps to produce 

different and stronger genetic make ups.  

 

 

COMPARISON OF SPOROPHYTE AND GAMETOPHYTE  

 

 

             Sporophyte                                                    Gametophyte 

 

   Sporophyte is asexual                                            Gametophyte is sexual 

 

   The 1st cell is the diploid zygote.                             The 1st cell is the haploid spore. 

 

   Haploid spores are formed.                                    Diploid male and female gametes formed 

  

   Diploid phase, 2n chromosomes                            Haploid generation, n chromosomes 

 

 

 

 

 

 

 

  



HOW DO SEED PLANTS REPRODUCE (GYMNOSPERMS AND ANGIOSPERMS) 

Pollen and seeds help vascular plants reproduce. 

 

1. A pollen grain has a covering and contains gametophyte parts that can produce 

sperm. 

2. Pollination occurs when pollen grains are transferred to the female part of the plant. 

3. After fertilization, the female part produces a seed. The seed has an embryo, stored 

food, and a protective coat. 

4. Plants are able to develop more quickly from a seed than from a spore, because the 

seed contains stored food for the embryo. 

 

GYMNOSPERMS 

 

1. Gymnosperms produce seeds in cones. A pine tree (gymnosperm) is a sporophyte 

plant that produces male and female cones. 

2. A female cone has two ovules which produce eggs. Male cones produce and release 

pollen. 

3. When pollen blows into a female cone, fertilization and seed formation can occur. 

Seed release from a female cone can take 2 or 3 years. 

 

ANGIOSPERMS 

 

1. Angiosperms produce flowers which are used for sexual reproduction. The stamen is 

the male reproductive part. The pistil is the female reproductive organ, containing the 

ovary at its base. 

2. After pollination, during fertilization the male sperm and female egg fuse. A zygote 

forms and grows and becomes the plant embryo. 

3. Part of the ovule of the female egg, forms into the seed coat, and also stores food for 

the embryo. 

4. Seeds are dispersed by wind, animals, water and gravity. They settle and then 

germinate to form new plants. 

  



HOW DO NON-VASCULAR SEEDLESS PLANTS REPRODUCE (MOSS) 

1. Moss plants have a life cycle that illustrates typical sexual reproduction in non-

vascular seedless plants. 

2. The gametophyte stage produces sex cells 

3. The sporophyte stage produces spores. 

4. When spores are released and land in an appropriate environment, they can grow 

into new gametophyte stage plants. 

5. Non-vascular plants can also reproduce asexually, if a piece of the gametophyte 

stage plant breaks off and settles in an appropriate environment.  

 

 

HOW DO VASCULAR SEEDLESS PLANTS REPRODUCE (FERNS) 

 

1. Most vascular seedless plants are ferns.  

2. Fern sporophyte plants have leaves called fronds. Fronds grow from an underground 

stem called a rhizome. 

3. Fern spores are produced in sori. Sori are usually found on the underside of fronds. 

4. A fern spore that lands in a favorable environment, grows into a gametophyte plant 

called a prothallus. 

5. Sex cells form in the prothallus. 

6. When fertilization occurs, the zygote starts the sporophyte stage. 

7. Ferns can also reproduce asexually when rhizomes form new branches, and get 

separated from the main plant.  



BUDDING  

Budding is a form of a reproduction in which a new seed & plant is not formed by the 

fusion of a sperm & ovule. It is a form of reproduction in which one bud of remains 

attached as it grows, separating from the parent only when it is mature. Typically the bud 

must be compatible with the plant to grow i.e. cherry onto cherry. Budding is frequently 

used to multiply a variety that is hard to produce from trees. The bud can be placed under 

the bark of a tree. 

   

 



VEGETATIVE PROPAGATION 

It is the ability of plants to reproduce without sexual reproduction (fusion of a sperm and 

ovule) by producing new plants from existing vegetative structures like the roots, stems, 

leaves and buds of the parent plant. Since the reproduction or formation of the new plant 

is through the vegetative parts, it is called vegetative propagation. e.g. a plant like 

Bryophyllum has many buds on the leaf on its margins. When the leaf falls on moist soil, 

a new plant arises from these buds. 

Some advantages of vegetative propagation are 

1. Plants produced this way take less time to grow 

2. They mature faster & bear flowers & fruits earlier, than plants produced from seeds 

3. The new plants are an exact copy of their plants, as they are produced from a single parent. 

4. In the early stages of growth, these plants usually need less attention than plants grown from 

seeds. 

 

 

 

 



RUNNERS 

A runner is a plant stem which grows along the ground rather than upwards. Runners are 

long and skinny and connected to the parent plant. Roots grow down from the runners 

and these help the plant spread over a large area. A plant runner can reproduce new 

plants and can yield healthy vigorous growth. Plants will mature aggressively because of 

plant runners. A plant runner is a fast growing stem that grows on the surface of the soil. 

It can develop new plants off the node tip. Plant runners often have stems that grow above 

the soil and take roots and then become a new plant. Examples of runners are strawberry 

plants, ivy, spider plants, grass (centipede) 

 

 



BULBS 

Examples of bulbs are onions, tulip, iris. The term bulb is used by people to refer to plants 

that have underground, fleshy storage structures. The primary function of these 

underground storage structures is to store nutrient reserves to ensure the plant’s survival. 

The bulbs store food in the form of starches. 

Bulbs are usually perennials. They have a period of growth and flowering. This is followed 

by a dormant period where they die back to ground level at the end of each growing 

season. 

   

 

 



TUBER 

It is a modified underground stem. It is short, thickened and is the resting stage of certain 

plants. Tubers are a type of modified plant structure which is enlarged to store nutrients. 

A tuber saves energy for the parent plant. Many people eat tubers because of their stored 

energy and dense, fleshy texture. The best example is a potato.  

Tubers also help in vegetative reproduction. A potato has eyes which are small nodes 

with buds. These can form new plants 

There are 2 forms of tubers – root tubers and stem tubers. Stem tubers form from 

underground stems e.g. potatoes and begonias. Root tubers are formed when sections 

of the root swell and bud e.g. cassavas and dahlias. 

  

 
 
 
 
 
 
 
 
 
 



PLANT TROPISMS 

Living things need to adapt themselves to the environment that surrounds them to survive. 

Animals have the capacity to change place when the environmental conditions change. 

Plants, in spite of being rooted in one place, also need to have strategies that allow them 

the necessary displacements to survive. 

Tropisms – A tropism is a growth or turning movement of a plant in response to a stimulus 

from the environment. Tropisms are named for the type of stimulus involved. They can 

be positive (when the plants moves towards the stimulus) or negative (when the plant 

moves away from the stimulus) 

TYPES OF TROPISMS 

Phototropism – It is the growth of a plant in response to light direction. Stems show 

positive phototropism. (they grow in the direction of the light).  Another example is of a 

plant, in a window through which sunlight comes, and gradually the plant bends towards 

the window. 

Geotropism – It is the growth response of a plant in response to gravity. Roots show 

positive geotropism while the stem shows negative geotropism.  

Thigmotropism – It is the growth response of a plant to physical contact (touch). Plants 

that cling to physical structures such as walls show positive thigmotropism. 

Hydrotropism – It is the growth response of a plant to water. Roots show positive 

hydrotropism while stems mostly show negative hydrotropism. 

Chemotropism – It is the growth response of a plant to a particular chemical. Roots grow 

toward useful minerals in the soil lime in fertilizers, but grow away from acids. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



PHOTOPERIODS 

 

Photoperiodism is the reaction of an organism to the length of the day or night. It occurs 

in plants and animals. It is the developmental response of plants to the relative lengths 

of the light and dark periods. Many flowering plants use a receptor protein called 

phytochrome to sense seasonal changes in the length of the night. They use this as a 

signal to flower.  

 

Initially it was felt that the length of daylight was critical, but later it was discovered that 

the length of the night was the controlling factor. Each plant has a different length 

photoperiod or critical night length. 

 

Long Day plants: These are plants that flower when the day length exceeds their 

critical photoperiod. These plants will typically flower in late spring or summer, when the 

days are getting longer. 

 

Short Day plants: These plants flower when the day lengths are shorter than their 

critical photoperiods. These plants typically flower during late summer and fall, as the 

days are getting shorter.  

 

Day Neutral plants: These plants do not initiate flowering based on photoperiodism. 

They flower regardless of night length. These plants may flower after attaining a certain 

period of growth, or at a certain temperature…other factors other than night length. 
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Photoperiodism in Animals 

 

Animals show biological and behavioral changes in response to the season and the day 

and night length. In animals, photoperiodism can cause changes in the color of fur and 

feathers, migration, hibernation, and mating. Certain birds like the canary, change their 

singing frequency based on the photoperiod and this helps them in mating. 

 

  



PLANT HORMONES 

 

The growth and development of a plant is influenced by many factors. One of these are 

plant hormones. They are chemical messengers that affect a plant’s ability to respond to 

its environment. Hormones are organic compounds that are effective in very low 

concentrations. They are usually synthesized in one part of the plant and then 

transported to another location. Many hormones can be synthesized in the laboratory, 

and used in commercial gardening and applications.  

 

There are five main groups of plant hormones: auxins, gibberellins, ethylene, 

cytokinins, and abscisic acid.  

 

AUXINS:  

Auxins are hormones involved in plant length elongation, apical dominance, and rooting. 

Apical dominance means the growth of the plant upward, rather than laterally becoming 

“bushier”. Developing seeds produce auxins which helps to produce a fleshy fruit. 

Auxins are produced in actively growing shoot tips and developing fruit, and involved in 

elongation. They help in differentiation of xylem and phloem. Auxins produced in the 

lab, are used to promote root formation. Gardeners sometimes spray them on tomato 

plants to increase the number of fruits on each plant.  

 

GIBBERELLINS 

It primarily stimulates stem elongation growth. Spraying a plant with gibberellins will 

cause it to grow more than normal. Like auxins, gibberellins are a class of hormones 

that have important commercial applications. Grapes are sprayed with gibberellins to 

increase their size. 

 

ETHYLENE 

It is responsible for the ripening of fruits. It is a gas (the only gas hormone) and diffuses 

easily through the air from one plant to another. The saying “one bad apple spoils the 

bunch” has its basis in the effects of ethylene gas. Oranges, lemons and grapefruit often 

remain green when ripe and though they taste good, consumers do not buy them. 

Ethylene applied on green citrus fruits, causes the development of desirable colors of 

orange and yellow. In some plants, ethylene promotes the detachment of leaves, 

flowers and fruit from a plant. This helps in harvesting fruit, or in removal of dead leaves 

from a tree.  

 

  



CYTOKININS 

They promote cell division in plants. They are produced in growing areas- developing 

shoots, roots, fruits and seeds. They help in culturing of plant tissues in the lab as well. 

Cytokinins also produce bud growth in flowering plants. 

 

ABSCISIC ACID 

Abscisic acid generally inhibits other plant hormones. It helps in bring about dormancy 

in plant buds and seeds by inhibiting cell growth. It causes closure of plant stomata in 

response to drought. It is involved in opening and closing of stomata as plants wilt. 

 


