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ANATOMY OF FLOWERING 
PLANTS

B I O L O G Y

TISSUE SYSTEMS AND ANATOMY OF ROOTS

Key Takeaways

• Tissue systems        • Anatomy of the plant parts

                                         ○ Dicot root

                                         ○Monocot root

Prerequisites

Photosynthesis

Transpiration

Anchorage

Absorption

Storage

Conduction

Support

Transport

Organs of plants and 
their functions

RootLeaf Stem

Plant Tissue System

•  The multicellular organisms have several tissues. The tissues which have the same origin    
combine to form a system that is known as a tissue system.

•  Based on structure and location:

Epidermal Ground Vascular

Tissue systems
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Epidermal cells Stomata

Trichomes

Epidermal appendages

Hair

Epidermal tissue systems

Epidermal tissue system

• It is the outermost covering of the whole plant body.

• The outermost covering of the plant body is the epidermis

•  Epidermis is made of elongated, compactly arranged cells that form a continuous layer (usually 
a single layer)

Epidermal cells

Epidermal
appendage

Stomata

Epidermal cells

Cell wall

Nucleus

• They are parenchymatous cells.

•  They have large central vacuoles with little space for the cytoplasm near the cell wall.
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Stomata

•  They are small pores in the epidermis of 
leaves.

•  They regulate transpiration and             
gaseous exchange.

•  Stomatal apparatus: Stomatal pore, two 
guard cells, and subsidiary cells

•  Guard cells

     → They are bean-shaped or dumb-bell shaped and possess chloroplasts.

     → They enclose the stomatal pore.

     → They have a thin outer wall and a highly thickened inner wall.

     → They regulate the opening and closing of stomata.

• Cuticle

      → It is a waxy thick layer present outside the epidermis.

     → It prevents the loss of water.

     → It is absent in roots.

Thin outer 
wall

Thick
inner wall

Chloroplast Guard cells

Stomatal pore

Guard cells Stomatal pore

•  Subsidiary cells

     → They are specialised epidermal cells. → They surround the guard cells.

Bean shape
(In dicots)

Dumb-bell shape 
(In monocots)
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Epidermal appendages

•  They include root hairs and trichomes (multicellular stem hairs).

   • Root hairs

     →  They are unicellular elongations of the epidermal cells of 
roots. 

     →   They help in the absorption of water and minerals.

   • Trichomes

     → They are epidermal hairs on the stem.

     →  They are usually multicellular in the shoot system.

     →  They are branched or unbranched.

     → They are soft or stiff.

     → They may be secretory.

     → They prevent the water loss due to transpiration.

Ground tissue system

• It includes all the tissues except epidermis and vascular bundles.

• It consists of simple tissues:

  → Parenchyma                              → Collenchyma                         → Sclerenchyma
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In stems and roots

In leaves

• Ground tissue is present in stems and roots as parenchyma cells.

• These parenchyma cells are present in the following parts of stems and roots:

     →  Cortex: Tissue of unspecialised cells present between the epidermis and the vascular 
tissues of stems and roots.

     →   Pericycle: It is a thin layer of plant tissue between the layer below the epidermis and the   
phloem.

     →   Pith: It is composed of undifferentiated parenchyma cells, which function in storage of            
nutrients. 

     →   Medullary rays: Medullary rays are strips of parenchyma present between vascular 
bundles of dicot stem. They separate xylem and phloem bundles.

• Mesophyll: These are thin-walled chloroplast containing cells.

• It lies between the upper and the lower epidermis of the leaf. 

Cortex

Pericycle

Medullary rays

Pith

Palisade mesophyll

Upper epidermis

Lower epidermis

Spongy mesophyll

Mesophyll

Vascular tissue system

• Phloem and xylem are together known as vascular bundles.

• Based on arrangement of the vascular bundles, they are classified as follows:
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Radial Conjoint

Vascular bundle

Xylem

Phloem No cambium between 
xylem and phloem

Cambium between 
xylem and phloem

Xylem

Cambium

ClosedOpen

Phloem

• Xylem and phloem alternate radially

• Found in stems and leaves

• Xylem and phloem are joined together

• Found in roots

• Phloem on the outer side

• The study of internal structure is known as anatomy. 

• Anatomy is derived from a Greek word ‘anatomia’ which means ‘cutting up’. 

• Plant anatomy or phytotomy is a branch of science that deals with study of plant tissues,       
   tissue systems and internal structure of plant organs.  

• Nehemiah Grew is considered as the Father of Plant Anatomy. He and Marcello Malpighi            
  are prominent scientists in the field of plant anatomy. 

• Anatomical sections:

        ○ A transverse section is defined as a cross section that is obtained 
          by slicing the body or any part of the body structure along a 
          horizontal plane or along a plane that intersects the longitudinal 
          axis at a right angle.

        ○ A longitudinal section is defined as a section that is obtained 
          by slicing the body or any part of the body structure longitudinally 
          or in the direction parallel to the length of structure. 

Transverse section

Longitudinal section

Anatomy
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Anatomy of Dicot Root

• Dicots have a taproot system.

        ○ A taproot system is made of a central, large root that is known as 
          the primary root. 

        ○ The primary root is larger in diameter than the lateral roots 
           or secondary roots.

Taproot

Transverse 
section of 
dicot root

(a) Epidermis (also known as epibelma or rhizodermis)

   • It is the outermost, single-layered structure, consisting of compactly arranged parenchymatous    
     cells. It is protective in function.

   • Some epidermal cells protrude to form root hairs.

   • The root hairs help to increase the surface area of absorption of water and minerals from the   
      soil. 

(b) Stomata

   • Stomata is absent in the roots as they are under the ground.

Epidermal tissue system

Section of dicot root

Epidermal tissue

Root hair

Epiblema

Ground tissue

Vascular tissue

Ground tissue system 

(a) Cortex

   • It is a multilayered structure, made up of a mass of thin-walled parenchymatous cells with    
      intercellular spaces between them.

   • This system is responsible for the transport of water and salts from the root hairs to the 
      centre of the roots.

   • The cortical cells have no chloroplast but may contain leucoplasts for the storage of starch    
     grains. 
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Cortex
Endodermis

Tangential wall

Pericycle
Radial wall

Casparian strip

Casparian strip

   • The innermost layer of the cortex consists of a single layer of barrel-shaped cells known as    
      the endodermis. 

   • The cells of endodermis do not have any intercellular spaces. 

(b) Casparian strips 

   • The tangential and radial walls of endodermal cells 
      have suberin deposition in the form of casparian strips. 

   • Suberin is a waxy deposit and hence the casparian strip 
      is impermeable to water. 

   • It allows the plant to control the amount of water and minerals 
      that enters the vascular system.

(d) Pericycle and Conjunctive tissue 

   • A few layers of thick-walled parenchymatous cells known as pericycle help in the formation         
     of lateral roots and secondary growth by forming cambium. 

   • Parenchymatous cells that lie between the xylem and the phloem are known as conjunctive 
      tissue.

(e) Pith 

   • It is small, inconspicuous and made up of 
     parenchymatous cells. 

   • It is located at the centre of the root. 

   • It helps in storage and transport of nutrients.

Location of pericycle and conjunctive tissue
Vascular cambium formed 

from the pericycle

Location of pith

Endodermis

Casparian strip

Cortex

Cortex

Xylem
Phloem

Conjunctive tissue

Cortex

Lateral root

Passage cell

Endodermis
Endodermis

Pericycle Pericycle

Cambium

Phloem

Cortex

Pith

Endodermis

Pericycle

Conjunctive tissue

(c) Passage cells

   • Some endodermal cells have no casparian strips 
       (no suberin deposition) and are known 
       as passage cells or transfusion cells. 

   • These cells allow radial diffusion of water and 
      minerals through the endodermis.
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(a) Stele  

   • It constitutes parts of the ground tissue and the vascular tissue systems. 

   • It is covered by the endodermis.

   • It consists of xylem and phloem. 

   • Characteristics: 

        ○ Radial:  Xylem and phloem arranged in an alternate manner along different radii. 

        ○ Open:  Presence of cambium. 

        ○ Diarch to tetrarch: Presence of two to four xylem and phloem bundles. 

        ○ Xylem is exarch: Protoxylem towards periphery, metaxylem towards centre.

Vascular tissue system

Phloem Pericycle

Xylem Pith

Vascular tissue 
system

Ground tissue 
system

Stele

• They have a fibrous root system. • The monocot roots and dicot roots are similar    
   in their internal structure except for few 
   differences.

Anatomy of Monocot Root

Epidermis
Ground tissue

Vascular tissue
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Differences between Monocot and Dicot Root

Features Dicot root Monocot root

Xylem and phloem Diarch to tetrarch: 

There are two to four xylem and 

phloem bundles.

Polyarch: 

There are more than six bundles 

of xylem and phloem.

Xylem
Xylem

Phloem Phloem

Pith

Secondary growth

They are small or inconspicuous.

In the pericycle of dicot roots 
have vascular cambium that 
helps in the secondary growth.

They are large and well 

developed.

In the pericycle of monocot roots, 
there is no vascular cambium. 
Therefore, there is no secondary 
development.

Pith Pith

Vascular 
cambium

No vascular 
cambium

Root hair

Cortex

Endodermis

Pericycle

Dicot root Monocot rootXylem

Phloem

Pith

Epidermis



11

© 2020, BYJU'S. All rights reserved

Summary Sheet

Epidermis
(Outermost single 

layered)

Root system

Cortex
(Outer layer lying 
below epidermis)

Stele
(Central part of root 

or stem)

Pericycle
(Few layers of thick walled 

parenchymatous cells)

Vascular bundles 
(Xylem and phloem)

(Part of transport system)

Pith
(Helps to store and 
transport nutrients)

Endodermis
(Inner layer of cells in 

cortex)

Features

Xylem and phloem Diarch to tetrarch

Present

Small and inconspicuous

Vascular cambium is present and 
helps in secondary growth

No vascular cambium hence, 
no secondary growth

Large and well developed

Polyarch

Present

Pith

Secondary growth

Passage cells

Dicot root Monocot root

Epidermal tissue 

Epidermal tissue is 
the outermost layer 
of the plant body.

Ground tissue 

Tissues that are neither dermal 
nor vascular are termed as 

ground tissue. They consist of 
simple tissues like parenchyma, 
collenchyma and sclerenchyma.

Vascular tissue 

Vascular tissues consist of 
two conducting tissues - 

xylem and phloem.

Types of tissue systems


