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Plant anatomy 

    Plant anatomy can be defined as a branch of botany, which is concerned 

with the study of internal structure of plants.  

Or….   It is the study of the shape, structure, and size of plants. As a part of botany 

(the study of plants), plant anatomy focuses on the structural or body parts and 

systems that make up a plant. A typical plant body consists of three major 

vegetative organs: the root, the stem, and the leaf, as well as a set of reproductive 

parts that include flowers, fruits, and seeds. 

As a living thing, all of a plant's parts are made up of cells. Although plant cells have 

a flexible membrane like animal cells, a plant cell also has a strong wall made of 

cellulose that gives it a rigid shape. Unlike animal cells, plant cells also have 

chloroplasts that capture the Sun's light energy and convert it into food for itself. Like 

any complex living thing, a plant organizes a group of specialized cells into what are 

called tissues that perform a specific function. For example, plants therefore have 

epidermal tissue that forms a protective layer on its surface. They also have 

parenchyma tissue usually used to store energy. The "veins" or pipeline of a plant 

are made up of vascular tissue that distribute water, minerals, and nutrients 

throughout the plant. Combined tissues form organs that play an even more 

complex role. 

THE ROOTS 

A plant's roots, like the foundation of a skyscraper, help it to stay upright. They also 

absorb water and dissolved minerals from the ground and give the plant what it 

needs to make its own food. Most roots grow underground and move downward 

because of the influence of gravity, although the roots of some water plants float. 

Other root systems, like that of the English ivy, actually attach themselves to a 

vertical surface and allow the plant to climb. There are two main types of root 

systems: taproot and fibrous. Plants that have taproots grow a single, long root that 

penetrates straight down and firmly anchors the plant. Trees and dandelions have 

taproots that serve this function. Fibrous roots are shorter and shallower and form a 

branching network. Grass has a fibrous root system that grows at a shallow level 

and in all directions. Inside a root are pipelines or veins that carry water and 

minerals to the rest of the plant. These pipes are concentrated in the center of the 

root, like the lead in the center of a pencil. At the end of each root is a cap that 

https://www.encyclopedia.com/plants-and-animals/botany/botany-general/vascular-tissue


 

2 
 

protects it as it pushes farther into the soil. Extending from the sides of the root, but 

further back from the root cap are root hairs. These hairs are the main water and 

oxygen absorbing parts of a plant. Materials enter and leave roots by two main 

processes: diffusion and osmosis. When molecules are distributed unequally, nature 

always seeks a balance and molecules will move from an area of high concentration 

to one of low concentration. When the cells of a root hair have little oxygen and the 

soil around the root hair has a lot, oxygen will move from the soil to the root 

automatically without the plant having to expend any energy. Osmosis is a similar 

situation (from high to low concentration), but it occurs when molecules, like those of 

water, move across a membrane that will not allow other materials to pass. Like 

diffusion, osmosis does not require the plant to use any energy. 

THE STEMS  

Plant stems perform two functions. They support the parts of the plant aboveground 

(usually the buds, leaves, and flowers), and they carry water and food from place to 

place within the plant itself. A stem is made up of an outer layer, the epidermis; an 

inner layer, the cortex; and a central zone called the pith. The stem of a green plant 

holds itself up by having thousands of cells lined up next to and on top of each 

other. As the cells take in water, they expand like a full balloon, and since their walls 

are elastic, they stretch very tight against each other and against the stem wall. It is 

their pressure that holds the stem up. A plant droops when its cells lack water and 

have begun to shrink. Woody plants, like trees, also contain a material called lignin 

that strengthen cell walls and make them more rigid. A plant's stem also functions as 

its circulatory system and uses what is called vascular tissue to form long tubes 

through which materials move from the roots to the leaves and from the leaves to 

the roots. 

THE LEAVES 

The leaf of a green plant manufactures food for plant growth and repair. A leaf is a 

highly specialized part of a plant since it is the place 

FLOWERS AND SEEDS 

The reproductive part of a seed-producing plant is called the flower. Flowers have 

male and female cells that produce a seed when they unite. The stamen is the male 

reproductive organ in a flower and contains the male cells (pollen) in its anther that 

https://www.encyclopedia.com/plants-and-animals/botany/botany-general/root-cap
https://www.encyclopedia.com/medicine/anatomy-and-physiology/anatomy-and-physiology/circulatory-system
https://www.encyclopedia.com/plants-and-animals/botany/botany-general/vascular-tissue
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grows at the tip of its long, narrow stalk. The pistil is the female reproductive organ 

and looks like a long-necked bottle. It has a round base containing the ovary, a 

slender tube or long neck called the style, and a flattened, sticky top called the 

stigma. Once a flower opens, its petals (which are a type of leaf) protect the sex 

organs and serve to help pollination (the transfer of pollen to the female parts) by 

attracting animals like bees and birds. When this happens, fertilization occurs and 

the ovaries become seeds. 

Seeds have three main parts: the coat, the embryo, and the food storage tissue. The 

coat protects the embryo, which is the beginning of a plant and grows by using food 

stored in the seed. Most seeds are enclosed in fruit that can be dry like a ripe bean 

pod, or fleshy like an apple or a peach. Other plants, like fir trees, have naked or 

uncovered seeds that form on the upper side of the scales that make up a pine 

cone. All are designed to be scattered as far as possible from the parent plant to 

ensure the further survival of the species. 

Plant body organization 

Like animals, plants are multicellular eukaryotes whose bodies are 

composed of organs, tissues, and cells with highly specialized functions. 

The relationships between plant organs, tissues, and cell types are 

illustrated below. 

 

 

 

http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/plant-organ-tissue-cell-type-organization-1.png
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 plant has two organ systems:  

1. Shoot system; includes the organs such as leaves, buds, stems, flowers (if the 

plant has any), and fruits (if the plant has any). 

 2. Root system; includes those parts of the plant below ground, such as the roots, 

tubers, and rhizomes. 

Plant Structure Angiosperms (Flowering plants) are the most diverse group of plants 

known (over 275.000 named species and thought to be at least that many more 

unknown to science). Within the Angiosperms, there are two plant groups, the 

Monocots and the Dicots. The distinction between these two groups is not always 

clear, but some general trends are outlined below:  

 

This diagram is showing the differences between monocotyledonous flowers or dicotyledonous flowers. Monocots 

have a single cotyledon and long and narrow leaves with parallel veins. Their vascular bundles are scattered. Their 

petals or flower parts are in multiples of three. Dicots have two cotyledons and broad leaves with network of veins. 

Their vascular bundles are in a ring. Their petals or flower parts are in multiples of four or five.  

 

http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Monocot_vs_Dicot.png
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Plant Organ Systems 

    Vascular plants have two distinct organ systems: a shoot system, and a root system. The shoot 

system consists of two portions: the vegetative (non-reproductive) parts of the plant, such as the leaves and 

the stems, and the reproductive parts of the plant, which include flowers and fruits. The shoot system 

generally grows above ground, where it absorbs the light needed for photosynthesis. The root system, which 

supports the plants and absorbs water and minerals, is usually underground. The organ systems of a typical 

plant are illustrated below. 

 

The shoot system of a plant consists of leaves, stems, flowers, and fruits. The root system anchors the plant while absorbing 

water and minerals from the soil.. 

We’ll look at each of these levels of plant organization in turn, and conclude with a discussion of 
how embryogenesis leads to development of a mature plant: 

 
The Root System 
 
The roots of seed plants have three major functions: anchoring the plant to the 
soil, absorbing water and minerals and transporting them upwards, and storing the 
products of photosynthesis. Some roots are modified to absorb moisture and exchange gases. 
Most roots are underground. Some plants, however, also have adventitious roots, which emerge 
above the ground from the shoot. 
Root systems are mainly of two types (shown below): 

▪ Tap root systems have a main root that grows down vertically, and from which many smaller lateral 

roots arise. Tap roots penetrate deep into the soil and are advantageous for plants growing in dry soils. 

Tap roots are typical of dicots such as dandelions. 

▪ Fibrous root systems are located closer to the surface and have a dense network of roots. Fibrous root 

systems can help prevent soil erosion. Fibrous roots are typical of monocots such as grasses. 

http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Figure_30_01_01.jpg
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(a) Tap root systems have a main root that grows down, while (b) fibrous root systems consist of many small roots.  

Root structures are evolutionarily adapted for specific purposes: 

▪ Bulbous roots store starch. 
▪ Aerial roots and prop roots are two forms of above-ground roots that provide additional 

support to anchor the plant. 
▪ Some tap roots, such as carrots, turnips, and beets, are adapted for food storage. 
▪ Epiphytic roots enable a plant to grow on another plant 
 
 

The shoot system: stems and leaves 
Stems are a part of the shoot system of a plant. Their main function is to provide support to the 
plant, holding leaves, flowers and buds. Of course they also connect the roots to the 
leaves, transporting absorbed water and minerals from the roots to the rest of the 
plant, and transporting sugars from the leaves (the site of photosynthesis) to desired 
locations throughout the plant. They may range in length from a few millimeters to hundreds 
of meters, and also vary in diameter, depending on the plant type. Stems are usually above ground, 
although the stems of some plants, such as the potato, also grow underground. 
Stems can be of several different varieties: 

▪ Herbaceous stems are soft and typically green 
▪ Woody stems are hard and wooded 
▪ Unbranched stems have a single stem 

http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Figure_30_03_01abf.jpg
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▪ Branched stems have divisions and side stems 
Plant stems, whether above or below ground, are characterized by the presence 
of nodes and internodes (shown below). Nodes are points of attachment for leaves, aerial roots, 
and flowers. The stem region between two nodes is called an internode. The stalk that extends 
from the stem to the base of the leaf is the petiole. An axillary bud is usually found in the axil 
(the area between the base of a leaf and the stem) where it can give rise to a branch or a flower. 
The apex (tip) of the shoot contains the apical meristem within the apical bud. 
 
 

 

Leaves are attached to the plant stem at areas called nodes. An internode is the stem region between two nodes. The petiole is 

the stalk connecting the leaf to the stem. The leaves just above the nodes arose from axillary buds.  

 
 
Leaves are the main sites for photosynthesis: the process by which plants synthesize food. Most 
leaves are usually green, due to the presence of chlorophyll in the leaf cells. However, some leaves 
may have different colors, caused by other plant pigments that mask the green chlorophyll. 
A typical eudicot leaf structure is shown below. Each leaf typically has a leaf blade called 
the lamina, which is also the widest part of the leaf. Typical leaves are attached to the plant stem 
by a petiole, though there are also leaves that attach directly to the plant stem. The edge of the 

http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Plant.png
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leaf is called the margin. The vascular tissue (xylem and phloem) run through veins in the leaf, 
which also provide structural support. The center vein is called the midrib. 

 

Illustration shows the parts of a leaf. The petiole is the stem of the leaf. The midrib is a vessel that extends from the petiole to the 

leaf tip. Veins branch from the midrib. The lamina is the wide, flat part of the leaf. The margin is the edge of the leaf. Image credit: 

OpenStax Biology 

Leaves may be simple or compound (see below). 
▪ In a simple leaf, the blade is either completely undivided or it has lobes, but the separation 

does not reach the midrib (leaf center). 
▪ In a compound leaf, the leaf blade is completely divided, forming leaflets. 

 

Leaves may be simple or compound. In simple leaves, the lamina is continuous. The (a) banana plant (Musa sp.) has simple 

leaves. In compound leaves, the lamina is separated into leaflets. Compound leaves may be palmate or pinnate. In (b) palmately 

http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Figure_30_04_01.jpg
http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Figure_30_04_03.jpg
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compound leaves, such as those of the horse chestnut (Aesculus hippocastanum), the leaflets branch from the petiole. In (c) 

pinnately compound leaves, the leaflets branch from the midrib, as on a scrub hickory (Carya floridana). The (d) honey locust has 

double compound leaves, in which leaflets branch from the veins.  

The thickness, shape, and size of leaves are adapted to specific environments. Each variation helps a plant 

species maximize its chances of survival in a particular habitat. Coniferous plant species that thrive in cold 

environments, like spruce, fir, and pine, have leaves that are reduced in size and needle-like in appearance. 

These needle-like leaves have sunken stomata (pits that allow gas exchange) and a smaller surface area: two 

attributes that aid in reducing water loss. In hot climates, plants such as cacti have leaves that are reduced to 

spines, which in combination with their succulent stems, help to conserve water. Many aquatic plants have 

leaves with wide lamina that can float on the surface of the water, and a thick waxy cuticle (waxy covering) 

on the leaf surface that repels water. 

 

FLOWERS AND SEEDS 

    The reproductive part of a seed-producing plant is called the flower. Flowers have male and female cells 

that produce a seed when they unite. The stamen is the male reproductive organ in a flower and contains the 

male cells (pollen) in its anther that grows at the tip of its long, narrow stalk. The pistil is the female 

reproductive organ and looks like a long-necked bottle. It has a round base containing the ovary, a slender 

tube or long neck called the style, and a flattened, sticky top called the stigma. Once a flower opens, its 

petals (which are a type of leaf) protect the sex organs and serve to help pollination (the transfer of pollen to 

the female parts) by attracting animals like bees and birds. When this happens, fertilization occurs and the 

ovaries become seeds. 

 

Plant cell 
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Plant tissues 
 

A collection of cells performing a specific function is called tissue. Plant tissues can be grouped into plant 

tissue systems each performing specialized functions. A plant tissue system is defined as a functional unit, 

connecting all organs of a plant. Plant tissue system is also grouped into various tissues based on their 

functions. Let’s find out more. 

 

Types of Plant Tissues 

 

Plant tissues can be broadly classified based on the ability of the cells to divide into Merismatic tissue and 

Permanent tissue. 

Merismatic tissues consist of a group of cells that have the ability to divide. These tissues are 

small, cuboidal, densely packed cells which keep dividing to form new cells. These tissues are capable of 

stretching, enlarging and differentiating into other types of tissues as they mature. Meristematic tissues give 

rise to permanent tissues. Merismatic tissues can be of three types depending on the region where they are 

present: Apical meristems, lateral meristems, and intercalary meristems: 

 

• Apical meristem - It is present at the growing tips of stems and roots and increases the length of the 

stem and root. They form growing parts at the apices of roots and stems and are responsible for the 

increase in length, also called primary growth. This meristem is responsible for the linear growth of 

an organ. 

• Lateral meristem - This meristem consists of cells which mainly divide in one plane and cause the 

organ to increase in diameter and growth. Lateral meristem usually occurs beneath the bark of the 

tree in the form of Cork Cambium and in vascular bundles of dicots in the form of vascular 

cambium. The activity of this cambium results in the formation of secondary growth. 

• Intercalary meristem - This meristem is located in between permanent tissues. It is usually present 

at the base of the node, internode and on leaf base. They are responsible for growth in length of the 

plant and increasing the size of the internode. They result in branch formation and growth. 

The cells of meristematic tissues are similar in structure and have thin and elastic primary cell wall made up 

of cellulose. They are compactly arranged without inter-cellular spaces between them. Each cell contains a 

dense cytoplasm and a prominent nucleus. The dense protoplasm of meristematic cells contains very few 

vacuoles. Normally the meristematic cells are oval, polygonal or rectangular in shape. 

Meristematic tissue cells have a large nucleus with small or no vacuoles as they have no need to store 

anything, opposed to their function of multiplying and increasing the girth and length of the plant, and no 

intercellular spaces. 

 

https://www.toppr.com/guides/biology/cell-the-unit-of-life/
https://www.toppr.com/guides/biology/tissues/meristematic-tissue/
https://en.wikipedia.org/wiki/Vascular_cambium
https://en.wikipedia.org/wiki/Vascular_cambium
https://en.wikipedia.org/wiki/Cellulose
https://en.wikipedia.org/wiki/Cytoplasm
https://en.wikipedia.org/wiki/Cell_nucleus
https://en.wikipedia.org/wiki/Protoplasm
https://en.wikipedia.org/wiki/Polygonal
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Permanent tissues are derived from the merismatic tissues and have lost their ability to divide. They have 

attained their mature form. They are further classified into two types: Simple and complex permanent 

tissues. 

Permanent tissues may be defined as a group of living or dead cells formed by meristematic tissue and have 

lost their ability to divide and have permanently placed at fixed positions in the plant body. Meristematic 

tissues that take up a specific role lose the ability to divide. This process of taking up a permanent shape, 

size and a function is called cellular differentiation. Cells of meristematic tissue differentiate to form 

different types of permanent tissues. There are 3 types of permanent tissues: 

1. simple permanent tissues 

2. complex permanent tissues 

3. Special or secretory tissues (glandular). 

 

Simple Permanent tissues 

 A group of cells which are similar in origin; similar in structure and similar in function are called simple permanent 
tissue. They are of three types: 

1. Parenchyma 

2. Collenchyma 

3. Sclerenchyma 

 

• Parenchyma– These tissues are found in the soft parts of a plant such as the roots, stems, leaves, 

and flowers. The cells of this tissue are loosely packed and contain large intercellular spaces between 

them. Each cell has a vacuole at the center. The functions of parenchyma tissues are 

storage, photosynthesis, and to help the plant float on water. 

• Collenchyma- Are similar to parenchyma cells with thicker cell walls. They are meant to provide 

mechanical support to the plant structure in parts such as petiole of the leaf. 

• Sclerenchyma- The cells of this tissue are dead. They are rigid, contain thick and lignified 

secondary walls. Their main function is to provide strength and support to parts of the plant. 

 

Complex Permanent Tissue 

The complex tissue consists of more than one type of cells which work together as a unit. Complex tissues 

help in the transportation of organic material, water, and minerals up and down the plants. That is why it is 

also known as conducting and vascular tissue. The common types of complex permanent tissue are: 

• Xylem or wood 

https://www.toppr.com/guides/biology/tissues/permanent-tissue/
https://en.wikipedia.org/wiki/Cellular_differentiation
https://en.wikipedia.org/wiki/Parenchyma
https://en.wikipedia.org/wiki/Collenchyma
https://en.wikipedia.org/wiki/Sclerenchyma
https://www.toppr.com/guides/maths/quadratic-equations/nature-of-roots/
https://www.toppr.com/guides/biology/morphology-of-flowering-plants/stem/
https://www.toppr.com/guides/biology/anatomy-of-flowering-plants/stem/
https://www.toppr.com/guides/biology/anatomy-of-flowering-plants/flower/
https://www.toppr.com/guides/biology/photosynthesis-in-higher-plants/introduction-to-photosynthesis/
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• Phloem or bast. 

 

 
 

Xylem- It consists of tracheids, vessels, xylem parenchyma and xylem fibres. Tracheids and vessels are 

hollow tube-like structures that help in conducting water and minerals. The xylem conducts only in one 

direction i.e vertically. The xylem parenchyma is responsible for storing the prepared food and assists in the 

conduction of water. Xylem fibres are supportive in function. 

Phloem- It consists of four of elements: sieve tubes, companion cells, phloem fibres and the phloem 

parenchyma. Unlike the xylem, phloem conducts in both directions. It is responsible for transporting food 

from the leaves to the other parts of the plant. Phloem contains living tissues except for fibres that are dead 

tissues. 

Functions of plant tissues 

Plant tissues have different functions depending upon their structure and location 

• Help provide mechanical strength to organs. 

• They help in providing the elasticity and flexibility to the organs. 

• They help the tissues to bend easily in various parts of a plant like- leaf, stem, and branches without 

damaging the plant 

• The xylem and phloem tissues help in transportation of material throughout the plants 

• They divide to produce new cells and help in the growth of the plants. 

• They help in various cellular metabolisms like photosynthesis, regeneration, respiration, etc. 

 

Plant Tissues 
        Meristems produce cells that quickly differentiate, or specialize, and become permanent tissue. Such 

cells take on specific roles and lose their ability to divide further. They differentiate into three main tissue 

types: dermal, vascular, and ground tissue. Each plant organ (roots, stems, leaves) contains all three tissue 

types: 

 

▪ Dermal tissue covers and protects the plant, and controls gas exchange and water absorption (in roots). 

Dermal tissue of the stems and leaves is covered by a waxy cuticle that prevents evaporative water 

loss. Stomata are specialized pores that allow gas exchange through holes in the cuticle. Unlike the stem 

and leaves, the root epidermis is not covered by a waxy cuticle which would prevent absorption of 

https://www.toppr.com/guides/biology/breathing-and-exchange-of-gases/respiratory-organs/
https://www.toppr.com/guides/biology/photosynthesis-in-higher-plants/introduction-to-photosynthesis/
https://www.toppr.com/guides/biology/life-processes/respiration/
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water. Root hairs, which are extensions of root epidermal cells, increase the surface area of the root, 

greatly contributing to the absorption of water and minerals. Trichomes, or small hairlike or spikey 

outgrowths of epidermal tissue, may be present on the stem and leaves, and aid in defense against 

herbivores. 

▪  

▪ Ground tissue carries out different functions based on the cell type and location in the plant, and 

includes parenchyma (photosynthesis in the leaves, and storage in the roots), collenchyma (shoot support 

in areas of active growth), and schlerenchyma (shoot support in areas where growth has ceased)is the 

site of photosynthesis, provides a supporting matrix for the vascular tissue, provides structural support 

for the stem, and helps to store water and sugars. 

▪  

▪ Vascular tissue transports water, minerals, and sugars to different parts of the plant. Vascular tissue is 

made of two specialized conducting tissues: xylem and phloem. Xylem tissue transports water and 

nutrients from the roots to different parts of the plant, and also plays a role in structural support in the 

stem. Phloem tissue transports organic compounds from the site of photosynthesis to other parts of the 

plant. The xylem and phloem always lie adjacent to each other in a vascular bundle (we’ll explore why 

later). 

 

Each plant organ contains all three tissue types. Koning, Ross E. 1994. Plant Basics. Plant Physiology Information Website. 

http://plantphys.info/plant_physiology/plantbasics1.shtml. (6-21-2017). Reprinted with permission. 

Plant Cell Types 

All plants have primary cell walls, which are flexible and can expand as the cell grows and 
elongates. Some plants also have a secondary cell wall, typically composed of lignin (the 

http://bio1520.biology.gatech.edu/nutrition-transport-and-homeostasis/plant-transport-processes-ii/
http://bio1520.biology.gatech.edu/nutrition-transport-and-homeostasis/plant-transport-processes-ii/
http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/anatomy.gif
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substance that is the primary component of wood). Secondary cell walls are inflexible and play an 
important role in plant structural support. 
Each plant tissue type is comprised of specialize cell types which carry out vastly different 
functions: 

We’ll describe each of these in turn, and consider how tissues carry out similar or different 
functions in different organs based on the presence of specific cell types. 

Cells in dermal tissue 
The outer layer of tissue surrounding the entire plant is called the epidermis, usually comprised of 
a single layer of epidermal cells which provide protection and have other specialized adaptations 
in different plant organs. 
In the root, the epidermis aids in absorption of water and minerals. Root hairs, which are 
extensions of root epidermal cells, increase the surface area of the root, greatly contributing to the 
absorption of water and minerals. Roots also contain specialized dermal cells called endodermis, 
which is found only in the roots and and serves as a checkpoint for materials entering the root’s 
vascular system from the environment. A waxy substance called suberin is present on the walls of 
the endodermal cells. This waxy region, known as the Casparian strip, forces water and solutes to 
cross the plasma membranes of endodermal cells instead of slipping between the cells. 
In the stem and leaves, epidermal cells are coated in a waxy substance called a cuticle which 
prevents water loss through evaporation. To permit gas exchange for photosynthesis and 
respiration, the epidermis of the leaf and stem also contains openings known 
as stomata (singular: stoma). Two cells, known as guard cells, surround each leaf stoma, 
controlling its opening and closing and thus regulating the uptake of carbon dioxide and the 
release of oxygen and water vapor. Stems and leaves may also have trichomes, hair-like 
structures on the epidermal surface, that help to reduce transpiration (the loss of water by 
aboveground plant parts), increase solar reflectance, and store compounds that defend the leaves 
against predation by herbivores. 
 

 

Visualized at 500x with a scanning electron microscope, several stomata are clearly visible on (a) the surface of this sumac (Rhus 

glabra) leaf. At 5,000x magnification, the guard cells of (b) a single stoma from lyre-leaved sand cress (Arabidopsis lyrata) have 

the appearance of lips that surround the opening. In this (c) light micrograph cross-section of an A. lyrata leaf, the guard cell pair 

is visible along with the large, sub-stomatal air space in the leaf. (credit: OpenStax Biology, modification of work by Robert R. 

Wise; part c scale-bar data from Matt Russell) 

http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Figure_30_04_04abc.jpg
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Trichomes give leaves a fuzzy appearance as in this (a) sundew (Drosera sp.). Leaf trichomes include (b) branched trichomes on 

the leaf of Arabidopsis lyrata and (c) multibranched trichomes on a mature Quercus marilandica leaf. (credit: OpenStax Biology, 

a: John Freeland; credit b, c: modification of work by Robert R. Wise; scale-bar data from Matt Russell) 

Cells in vascular tissue 
       Just like in animals, vascular tissue transports substances throughout the plant body. But 
instead of a circulatory system which circulates by a pump (the heart), vascular tissue in plants 
does not circulate substances in a loop, but instead transports from one extreme end of the plant 
to the other (eg, water from roots to shoots). Vascular tissue in plants is made of two specialized 
conducting tissues: xylem, which conducts water, and phloem, which conducts sugars and other 
organic compounds. A single vascular bundle always contains both xylem and phloem tissues. 
Unlike the animal circulatory system, where the vascular system is composed of tubes that 
are lined by a layer of cells, the vascular system in animals is made of cells – the substance (water 
or sugars) actually moves through individual cells to get from one end of the plant to the other. 
Xylem tissue transports water and nutrients from the roots to different parts of the plant, and 
includes vessel elements and tracheids, both of which are tubular, elongated cells that conduct 
water. Tracheids are found in all types of vascular plants, but only angiosperms and a few other 
specific plants have vessel elements. Tracheids and vessel elements are arranged end-to-end, with 
perforations called pits between adjacent cells to allow free flow of water from one cell to the next. 
They have secondary cell walls hardened with lignin, and (similar to scherenchyma) provide 
structural support to the plant.  Tracheids and vessel elements are both dead at functional 
maturity, meaning that they are actually dead when they carry out their job of transporting water 
throughout the plant body. 
Phloem tissue, which transports organic compounds from the site of photosynthesis to other parts 
of the plant, consists of sieve cells and companion cells. Sieve cells conduct sugars and other 
organic compounds, and are arranged end-to-end with pores called sieve plates between them to 
allow movement between cells. They are alive at functional maturity, but lack a nucleus, 
ribosomes, or other cellular structures. Sieve cells are thus supported by companion cells, which lie 
adjacent to the sieve cells and provide metabolic support and regulation. 
The xylem and phloem always lie adjacent to each other. In stems, the xylem and the phloem form 
a structure called a vascular bundle; in roots, this is termed the vascular stele or vascular cylinder. 

http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Figure_30_04_05.jpg
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This light micrograph shows a cross section of a squash (Curcurbita maxima) stem. Each teardrop-shaped vascular bundle 

consists of large xylem vessels toward the inside and smaller phloem cells toward the outside. Xylem cells, which transport water 

and nutrients from the roots to the rest of the plant, are dead at functional maturity. Phloem cells, which transport sugars and 

other organic compounds from photosynthetic tissue to the rest of the plant, are living. The vascular bundles are encased in 

ground tissue and surrounded by dermal tissue. (credit: OpenStax Biology, modification of work by “(biophotos)”/Flickr; scale-bar 

data from Matt Russell) 

Cells in ground tissue 
 
Ground tissue includes parenchyma, (photosynthesis in the leaves, and storage in the 
roots), collenchyma (shoot support in areas of active growth), and schlerenchyma (shoot 
support in areas where growth has ceased). 
Parenchyma are the most abundant and versatile cell type in plants. They have primary cell walls 
which are thin and flexible, and most lack a secondary cell wall. Parenchyma cells are totipotent, 
meaning they can divide and differentiate into all cell types of the plant, and are the cells 
responsible for rooting a cut stem. Most of the tissue in leaves is comprised of parenchyma cells, 
which are the sites of photosynthesis. Leaves typically contains two types of parenchyma cells: 
the palisade parenchyma and spongy parenchyma. The palisade parenchyma (also called 
the palisade mesophyll) has column-shaped, tightly packed cells. Below the palisade parenchyma 
are the cells of the spongy parenchyma (or spongy mesophyll), which are loosely arranged with air 
spaces that all gaseous exchange between the leaf and the outside atmosphere. Both of these types 
of parenchyma cells contain large quantities of chloroplasts for phytosynthesis. In roots, 
parenchyma are sites of sugar or starch storage, and are called pith (in the root center) 
or cortex (in the root periphery). Parenchyma can also be associated with phloem cells in vascular 
tissue as parenchyma rays. 
Collenchyma, like parenchyma, lack secondary cell walls but have thicker primary cells walls 
than parenchyma. They are long and thin cells that retain the ability to stretch and elongate; this 
feature helps them provide structural support in growing regions of the shoot system. They are 
highly abundant in elongating stems. The “stringy” bits of celery are primarily collenchyma cells. 

http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Figure_30_01_02f.jpg
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Schlerenchyma cells have secondary cell walls composed of lignin, a tough substance that is the 
primary component of wood. Schelrenchyma cells therefore cannot stretch, and they provide 
important structural support in mature stems after growth has ceased. Interestingly, 
schlerenchyma cells are dead at functional maturity. There are two types of sclerenchyma 
cells: fibers and sclereids. Fibers are long, slender cells; sclereids are smaller-sized. Sclereids 
give pears their gritty texture, and are also part of apple cores. We use sclerenchyma fibers to make 
linen and rope. 

 

A cross section of a leaf showing the phloem, xylem, sclerenchyma and collenchyma, and mesophyll. By Kelvinsong – Own work, 

CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=25593329 

Tissue arrangements in different plant organs 

       Each plant organ contains all three tissue types, with different arrangements in each organ. 
There are also some differences in how these tissues are arranged between monocots and dicots, as 
illustrated below: 

In dicot roots, the xylem and phloem of the stele are arranged alternately in an X shape, whereas in 
monocot roots, the vascular tissue is arranged in a ring around the pith. In addition, monocots 
tend to have fibrous roots while eudicots tend to have a tap root (both illustrated above). 

In dicot stems, vascular bundles are arranged in a ring toward the stem periphery. In monocot 
stems, the vascular bundles are randomly scattered throughout the ground tissue. 

http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Plant_cell_types.png
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In (a) dicot stems, vascular bundles are arranged around the periphery of the ground tissue. The xylem tissue is located toward 

the interior of the vascular bundle, and phloem is located toward the exterior. Sclerenchyma fibers cap the vascular bundles. In 

the center of the stem is ground tissue.  In (b) monocot stems, vascular bundles composed of xylem and phloem tissues are 

scattered throughout the ground tissue. The bundles are smaller than in the dicot stem, and distinct layers of xylem, phloem and 

sclerenchyma cannot be discerned. Image credit: OpenStax Biology 

 Leaves include two different types of photosynthetic parenchyma cells (palisade and spongy). Like 
all plant organs, they also contain vascular tissue (not shown). Monocots tend to have parallel 
veins of vascular tissue in leaves, while dicots tend to have branched or net-like veins of vascular 
tissue in the leaves. 

 

In the (a) leaf drawing, the central mesophyll is sandwiched between an upper and lower epidermis. The mesophyll has two 

layers: an upper palisade layer comprised of tightly packed, columnar cells, and a lower spongy layer, comprised of loosely 

packed, irregularly shaped cells. Stomata on the leaf underside allow gas exchange. A waxy cuticle covers all aerial surfaces of 

land plants to minimize water loss. Image credit: OpenStax Biology 

http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Figure_30_02_06.jpg
http://bio1520.biology.gatech.edu/wp-content/uploads/2016/11/Figure_30_04_06-cropped.jpg
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Parenchyma tissue 

         Parenchyma (Figs. 8.1, 8.6) is a cell and tissue type in which the cells have only thin primary 

walls; the cells are unspecialized, lack the characteristic wall of collenchyma and the secondary 

walls of sclerenchyma; the cells have live nucleate protoplast concerned with various physiological 

activities in plants; the cells are meristematic, or permanent, simple homogeneous (i.e. composed 

of one type of cells only), fundamental or ground tissue upon which other simple and conducting 

tissues appear to be embedded. 

Characteristics: 

 It is the basic packaging tissue that fills the spaces between other tissues and is found most 
abundantly in plants.They have unspecialised/ undifferentiated cells with thin cell walls made of 
cellulose, they have large intercellular spaces as the cells are loosely packed. Cells have dense 
cytoplasm and nucleus and large vacuole. 

Distribution: 

Large portion of all plant organs are occupied by parenchyma. They occur in pith, cortex and 

pericycle of root and stem. They are also found in leaves as mesophyll tissue. They are also present 

in the fleshy parts of fruits and endosperm of seed. They also occur in the conducting tissues as 

xylem and phloem parenchyma. The innermost layer of periderm phelloderm is also composed of 

parenchyma. 

Structure and content: 

Parenchyma cells usually have primary walls (e.g., storage and chlorophyllous parenchyma). The 

storage parenchyma cells of endosperm of Phoenix, Asparagus have very thick walls. The thickness 

of wall is due to the deposition of hemicellulose. 
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 Usually parenchyma cells contain living protoplast with single or numerous vacuoles. They may 

also contain leucoplasts, chloroplasts etc. (chloroplast containing parenchyma cells are termed as 

chlorenchyma). Various carbohydrates, nitrogenous and fatty substances are found in the cell sap 

of parenchyma. The parenchyma cells of the roots of sugar beet and the bulb scales of onion 

contain amides, proteins, sugars etc. in their cell sap. 

The cotyledon of many leguminous plants contains protein and starch in their parenchyma cells. 

The parenchymatous endosperm of Ricinus communis contains protein and oils. Protein and 

starch are present in the parenchyma of potato tuber. Starch is present in the parenchyma of 

endosperm, tubers, cortex, fruits, xylem and phloem etc. In the parenchyma of storage organs and 

succulent, water is present. 

Tannins are also found in many parenchyma cells. Some parenchyma cells, termed idioblasts, 

which markedly differ in size, content and function than the neighbouring cells, may contain 

resinous substances (e.g. Rubiaceae, Rutaceae etc.), mucilaginous substances (e.g. Tiliaceae, 

Portulacaceae etc.), oily substances (e.g. Lauraceae) and the enzyme myrosinase (e.g. Cruciferae). 

Function: 

1.  This tissue provide support to plants  
2. Parenchyma of stem and roots stores nutrients and water and is called as STORAGE 

PARENCHYMA.  
3. When it contains chloroplast having chlorophyll and performs photosynthesis, it is called 

CHLORENCHYMA. 
4. In aquatic plants, parenchyma has large air spaces to provide buoyancy to plants to help 

them float and exchangegases, it is called AERENCHYMA. 
5. Wound repair and the potential for renewed meristematic activity 

https://en.wikipedia.org/wiki/Meristematic
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Collenchyma 

     Collenchyma cells are elongated cells with irregularly thick cell walls that provide support and 
structure.  

Collenchyma cells are usually living, and have only a thick primary cell wall[9] made up of cellulose 
and pectin. Cell wall thickness is strongly affected by mechanical stress upon the plant. The walls 
of collenchyma in shaken plants (to mimic the effects of wind etc.), may be 40–100% thicker than 
those not shaken.  

These cells are often found under the epidermis, or the outer layer of cells in young stems and in 
leaf veins. 

There are four main types of collenchyma: 

• Angular collenchyma (thickened at intercellular contact points) 

• Lamellar (Tangential collenchyma) cells arranged into ordered rows and thickened at the 
tangential face of the cell wall. 

• Annular collenchyma (uniformly thickened cell walls) 

• Lacunar collenchyma (collenchyma with intercellular spaces) 

 
 

Functions: 

• It provides mechanical strength to the petiole, leaves and stem of young dicot plants. 
• Collenchyma confers flexibility to various parts of the plant like petiole and stem, allowing 

for easy bending without breakage. 
• It allows for growth and elongation of plant organs. 
• Collenchyma present in leaves also prevents them from tearing. 
• The living cells of collenchyma store food. 
• Collenchyma when containing chlorophyll performs the function of photosynthesis. 

https://en.wikipedia.org/wiki/Primary_cell_wall
https://en.wikipedia.org/wiki/Ground_tissue#cite_note-Biology.-9
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     Collenchyma cells are most often found adjacent to outer growing tissues such as the vascular 
cambium and are known for increasing structural support and integrity. 

The first use of "collenchyma" (/kəˈlɛŋkɪmə, kɒ-/ was by Link (1837) who used it to describe the 
sticky substance on Bletia (Orchidaceae) pollen. Complaining about Link's excessive 
nomenclature, Schleiden (1839) stated mockingly that the term "collenchyma" could have more 
easily been used to describe elongated sub-epidermal cells with unevenly thickened cell walls. 

CHARACTERISTICS: The cells are living, elongated and irregularly thick at the corners made of 
cellulose or pectin they have very less or no intercellular spaces. The cells have a nucleus, dense 
cytoplasm and Large vacuole. 

FUNCTIONS: These cells provide flexibility (elasticity) and mechanical support to the aerial parts 
of the plants and allows them to bend. 

LOCATION: This type of tissue is found in leaf stalks, below epidermis of leaves and stem. 

 

 

Sclerenchyma 

https://en.wikipedia.org/wiki/Vascular_cambium
https://en.wikipedia.org/wiki/Vascular_cambium
https://en.wikipedia.org/wiki/Help:IPA/English
https://en.wikipedia.org/wiki/Johann_Heinrich_Friedrich_Link
https://en.wikipedia.org/wiki/Bletia
https://en.wikipedia.org/wiki/Matthias_Jakob_Schleiden
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At maturity these fibers lose protoplasm and become dead. 

 
Som fibers may 
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Cross section of sclerenchyma fibers 

https://en.wikipedia.org/wiki/File:Plant_cell_type_sclerenchyma_fibers.png
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https://cdn.britannica.com/44/62944-004-A415FB6C/tissue-types-ground-plants-Parenchyma-cells-function.jpg
https://cdn.britannica.com/44/62944-004-A415FB6C/tissue-types-ground-plants-Parenchyma-cells-function.jpg
https://cdn.britannica.com/44/62944-004-A415FB6C/tissue-types-ground-plants-Parenchyma-cells-function.jpg
https://cdn.britannica.com/44/62944-004-A415FB6C/tissue-types-ground-plants-Parenchyma-cells-function.jpg
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Plant secretory tissue 

       The tissues that are concerned with the secretion of gums, resins, volatile oils, nectar latex, 
and other substances in plants are called secretory tissues. These tissues are classified as 
either laticiferous tissues or glandular tissues. 

Introduction 

         Cells or organizations of cells which produce a variety of secretions. The secreted substance 
may remain deposited within the secretory cell itself or may be excreted, that is, released from the 
cell. Substances may be excreted to the surface of the plant or into intercellular cavities or canals. 
Some of the many substances contained in the secretions are not further utilized by the plant 
(resins, rubber, tannins, and various crystals), while others take part in the functions of the plant 
(enzymes and hormones). Secretory structures range from single cells scattered among other 
kinds of cells to complex structures involving many cells; the latter are often called glands. 

Epidermal hairs of many plants are secretory or glandular. Such hairs commonly have a head 
composed of one or more secretory cells borne on a stalk. The hair of a stinging needle is bulbous 
below and extends into a long, fine process above. If one touches the hair, its tip breaks off, the 
sharp edge penetrates the skin, and the poisonous secretion is released. Glands secreting a 
sugary liquid—the nectar—in flowers pollinated by insects are called nectaries. Nectaries may 
occur on the floral stalk or on any floral organ: sepal, petal, stamen, or ovary. 

The hydathode structures discharge water—a phenomenon called guttation through openings in 
margins or tips of leaves. The water flows through the xylem to its endings in the leaf and then 
through the intercellular spaces of the hydathode tissue toward the openings in the epidermis. 
Strictly speaking, such hydathodes are not glands because they are passive with regard to the 
flow of water.                                                  

                                                                                         
                               Hydathode                                                      Guttation 
Some carnivorous plants have glands that produce secretions capable of digesting insects and 
small animals. These glands occur on leaf parts modified as insect-trapping structures. In the 
sundews ( Drosera ) the traps bear stalked glands, called tentacles. When an insect lights on the 
leaf, the tentacles bend down and cover the victim with a mucilaginous secretion, the enzymes of 
which digest the insect. See insectivorous plants. 

https://en.wikipedia.org/wiki/Tissue_(biology)
https://en.wikipedia.org/wiki/Gums
https://en.wikipedia.org/wiki/Resins
https://en.wikipedia.org/wiki/Nectar
https://en.wikipedia.org/wiki/Latex
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Gland_(botany)
https://en.wikipedia.org/wiki/Skin
https://en.wikipedia.org/wiki/Hydathode
https://en.wikipedia.org/wiki/Guttation
https://en.wikipedia.org/wiki/Xylem
https://en.wikipedia.org/w/index.php?title=Intercellular_space&action=edit&redlink=1
https://en.wikipedia.org/wiki/Carnivorous_plants
https://en.wikipedia.org/wiki/Insectivorous_plants
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Resin ducts are canals lined with secretory cells that release resins into the canal. Resin ducts are 
common in gymnosperms and occur in various tissues of roots, stems, leaves, and reproductive 
structures. 

 
Gum ducts are similar to resin ducts and may contain resins, oils, and gums. Usually, the term 
gum duct is used with reference to the dicotyledons, although gum ducts also may occur in 
the gymnosperms. Oil ducts are intercellular canals whose secretory cells produce oils or similar 
substances. Such ducts may be seen, for example, in various parts of the plant of the carrot family 
(Umbelliferae). Laticifers are cells or systems of cells containing latex, a milky or clear, colored or 
colorless liquid. Latex occurs under pressure and exudes from the plant when the latter is cut. 

Laticiferous tissues 

These consist of thick walled, greatly elongated an d much branched ducts containing a milky or 
yellowish colored juice known as latex. They contain numerous nuclei which lie embedded in the 
thin lining layer of protoplasm. They irregularly distributed in the mass of parenchymatous cells. 
Laticiferous ducts, in which latex are found are again two types- 

1. Latex cell or non-articulate latex ducts 

2. Latex vessels or articulate latex 

https://en.wikipedia.org/wiki/Gymnosperms
https://en.wikipedia.org/wiki/Umbelliferae
https://en.wikipedia.org/wiki/Latex
https://en.wikipedia.org/wiki/Latex
https://en.wikipedia.org/wiki/Protoplasm
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Latex cells 

Also called as "non-articulate latex ducts", these ducts are independent units which extend as 
branched structures for long distances in the plant body. They originates as minute structures, 
elongate quickly and by repeated branching ramify in all directions but do not fuse together. Thus 
a network is not formed as in latex vessels. 

Latex vessel 

Also called "articulate latex ducts", these ducts or vessels are the result of anastamosis of many 
cells. They grow more or less as parallel ducts which by means of branching and frequent 
anastamoses form a complex network. Latex vessels are commonly found in many angiosperm 
families Papaveraceae, Compositae, Euphorbiaceae, Moraceae, etc. 

Function 

The function of laticiferous ducts is not clearly understood. They may also act as food storage 
organs or as reservoir of waste products, or as translocatory tissues. 

 

Glandular tissues 

This tissue consists of special structures; the glands. These glands contain some secretory or 
excretory products. A gland may consist of isolated cells or small group cells with or without a 
central cavity. They are of various kinds and may be internal or external. 
Internal glands are 

• Oil-gland secreting essential oils, as in the fruits and leaves of orange, lemon. 

• Mucilage secreting glands, as in the betel leaf 

• Glands secreting gum, resin, tannin, etc. 

• Digestive glands secreting enzymes or digestive agents 

• Special water secreting glands at the tip of veins 

https://en.wikipedia.org/wiki/Papaveraceae
https://en.wikipedia.org/wiki/Compositae
https://en.wikipedia.org/wiki/Euphorbiaceae
https://en.wikipedia.org/wiki/Moraceae
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External glands are commonly short hairs tipped by glands. They are 

• water-secreting hairs or glands, 

• Glandular hairs secreting gum like substances as in tobacco, plumbago, etc. 

• Glandular hairs secreting irritating, poisonous substances, as in nettles 

• Honey glands, as in carnivorous plants. 

 

Staining hairs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Tobacco
https://en.wikipedia.org/wiki/Plumbago
https://en.wikipedia.org/wiki/Carnivorous_plants
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Anatomy of root 

 

 

 

. Roots can also soil that typically lies below the surface of the organ of a plant is the root , thevascular plants In

ecially above water. Furthermore, a stem or aerating, that is, growing up above the ground or esp aerial be

). Therefore, the root is best defined as rhizome normally occurring below ground is not exceptional either (see

bearing parts of the plant's body. However, important internal structural differences  nodes-leaf, non-the non

between stems and roots exist. 

The first root that comes from a plant is called the radicle. A root's four major functions are: 

1. absorption of water and inorganic nutrients; 

2. anchoring of the plant body to the ground, and supporting it; 

3. storage of food and nutrients; 

4. vegetative reproduction and competition with other plants. 

In response to the concentration of nutrients, roots also synthesise cytokinin, which acts as a signal as to how 
fast the shoots can grow. Roots often function in storage of food and nutrients. The roots of most vascular plant 
species enter into symbiosis with certain fungi to form mycorrhizae, and a large range of other organisms 
including bacteria also closely associate with roots.[citation needed] 

 

Large, mature tree roots above the soil 

Anatomy 

 

The cross-section of a barley root 

https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Plant_organ
https://en.wikipedia.org/wiki/Vascular_plant
https://en.wikipedia.org/wiki/Aerial_root
https://en.wikipedia.org/wiki/Rhizome
https://en.wikipedia.org/wiki/Node_(botany)
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Radicle
https://en.wikipedia.org/wiki/Absorption_of_water
https://en.wikipedia.org/wiki/Aerial_root
https://en.wikipedia.org/wiki/Nutrient
https://en.wikipedia.org/wiki/Vegetative_reproduction
https://en.wikipedia.org/wiki/Cytokinin
https://en.wikipedia.org/wiki/Fungi
https://en.wikipedia.org/wiki/Mycorrhiza
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Wikipedia:Citation_needed
https://en.wikipedia.org/wiki/Hordeum_vulgare
https://en.wikipedia.org/wiki/File:Kiental_entre_Herrsching_y_Andechs,_Alemania_2012-05-01,_DD_12.JPG
https://en.wikipedia.org/wiki/File:CSIRO_ScienceImage_11626_Barley_root.jpg
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When dissected, the arrangement of the cells in a root is root 
hair, epidermis, epiblem, cortex, endodermis, pericycle and, lastly, the vascular tissue in the centre of a root to 
transport the water absorbed by the root to other places of the plant.[clarification needed] 

 

 

https://en.wikipedia.org/wiki/Root_hair
https://en.wikipedia.org/wiki/Root_hair
https://en.wikipedia.org/wiki/Epidermis_(botany)
https://en.wikipedia.org/wiki/Epiblem
https://en.wikipedia.org/wiki/Cortex_(botany)
https://en.wikipedia.org/wiki/Endodermis
https://en.wikipedia.org/wiki/Pericycle
https://en.wikipedia.org/wiki/Vascular_tissue
https://en.wikipedia.org/wiki/Wikipedia:Please_clarify
https://en.wikipedia.org/wiki/File:Ranunculus_Root_Cross_Section.png


 

62 
 

Ranunculus Root Cross Section 

Perhaps the most striking characteristic of roots that distinguishes them from other plant organs such as stem-
branches and leaves is that roots have an endogenous[3] origin, i.e., they originate and develop from an inner 
layer of the mother axis, such as pericycle[4]. In contrast, stem-branches and leaves are exogenous, i.e., they 
start to develop from the cortex, an outer layer. 

In dicot roots, the xylem tissue appears like a 3-pronged or 4-pronged star. The tissue between 

the prongs of the star is phloem. The central xylem and phloem is surrounded by an endodermis, 

and the entire central structure is called a stele. 

 

https://en.wikipedia.org/wiki/Root#cite_note-3
https://en.wikipedia.org/wiki/Pericycle
https://en.wikipedia.org/wiki/Root#cite_note-4
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Microscopic view of the root of a buttercup (Ranunculus) showing the central stele 

and 4-pronged xylem. The large, water-conducting cells in the xylem are vessels. 

[Magnified Approximately 400X.] 

 

In dicot stems, the xylem tissue s produced on the inside of the cambium layer. Phloem tissue 

is produced on the outside of the cambium. The phloem of some stems also contains thick-

walled, elongate fiber cells which are called bast fibers. Bast fibers in stems of the flax plant 

(Linum usitatissimum) are the source of linen textile fibers. Gymnosperms generally do not 

have vessels, so the wood is composed essentially of tracheids. The notable exception to this are 

members of the gymnosperm division Gnetophyta which do have vessels. This remarkable 

division includes Ephedra (Mormon tea), Gnetum, and the amazing Welwitschia of Africa's 

Namib Desert. 

Pine stems also contain bands of cells called rays and scattered resin ducts. Rays and resin 

ducts are also present in flowering plants. In fact, the insidious poison oak allergen called 

urushiol is produced inside resin ducts. Wood rays extend outwardly in a stem cross section like 

the spokes of a wheel. The rays are composed of thin-walled parenchyma cells which 

disintegrate after the wood dries. This is why wood with prominent rays often splits along the 

rays. In pines, the spring tracheids are larger than the summer tracheids. Because the summer 

tracheids are smaller and more dense, they appear as dark bands in a cross section of a log. Each 

concentric band of spring and summer tracheids is called an annual ring. By counting the rings 

(dark bands of summer xylem in pine wood), the age of a tree can be determined. Other data, 
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such as fire and climatic data, can be determined by the appearance and spacing of the rings. 

Some of the oldest bristlecone pines (Pinus longaeva) in the White Mountains of eastern 

California have more than 4,000 rings. Annual rings and rays produce the characteristic grain of 

the wood, depending on how the boards are cut at the saw mill. 

 

 

Microscopic view of a 3-year-old pine stem (Pinus) showing resin ducts, rays and 

three years of xylem growth (annual rings). [Magnified Approximately 200X.] 
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A cross section of loblolly pine wood (Pinus taeda) showing 18 dark bands of 

summer xylem (annual rings). 

Angiosperms typically have both tracheids and vessels. In ring-porous wood, such as oak and 

basswood, the spring vessels are much larger and more porous than the smaller, summer 

tracheids. This difference in cell size and density produces the conspicuous, concentric annual 

rings in these woods. Because of the density of the wood, angiosperms are considered 

hardwoods, while gymnosperms, such as pine and fir, are considered softwoods. 

The following illustrations and photos show American basswood (Tilia americana), a typical 

ring-porous hardwood of the eastern United States: 
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A cross section of the stem of basswood (Tilia americana) showing large pith, 

numerous rays, and three distinct annual rings. [Magnified Approximately 75X.] 
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A cross section of the stem of basswood (Tilia americana) showing pith, numerous 

rays, and three distinct annual rings. The large spring xylem cells are vessels. 

[Magnified Approximately 200X.] 

 

Plant stem 
A stem is one of two main structural axes of a vascular plant, the other being the root. The stem is 
normally divided into nodes and internodes: 

• The nodes hold one or more leaves, as well as buds which can grow into branches 
(with leaves, conifer cones, or inflorescences (flowers)). Adventitious roots may also be 
produced from the nodes. 

• The internodes distance one node from another. 

The term "shoots" is often confused with "stems"; "shoots" generally refers to new fresh plant 
growth including both stems and other structures like leaves or flowers. In most plants stems are 
located above the soil surface but some plants have underground stems. 

Stems have four main functions which are:  

• Support for and the elevation of leaves, flowers and fruits. The stems keep the leaves in the 
light and provide a place for the plant to keep its flowers and fruits. 

• Transport of fluids between the roots and the shoots in the xylem and phloem(see below) 

• Storage of nutrients 

Production of new living tissue. The normal lifespan of plant cells is one to three years. Stems 
have cells called meristems that annually generate new living tissue. 

. 

 

Stem showing internode and nodes plus leaf petioles 

 

Stems have two pipe-like tissues called xylem and phloem. The xylem tissue transports water by 
the action of transpiration pull, capillary action and root pressure. The phloem tissue consists of 
sieve tubes and their companion cells. The two tissues are separated by cambium which is a 
tissue that divides to form xylem or phloem cells. 

 

https://en.wikipedia.org/wiki/Vascular_plant
https://en.wikipedia.org/wiki/Root
https://en.wikipedia.org/wiki/Bud
https://en.wikipedia.org/wiki/Leaf
https://en.wikipedia.org/wiki/Conifer_cone
https://en.wikipedia.org/wiki/Inflorescence
https://en.wikipedia.org/wiki/Adventitious_roots
https://en.wikipedia.org/wiki/Shoot
https://en.wikipedia.org/wiki/Underground_stems
https://en.wikipedia.org/wiki/Flower
https://en.wikipedia.org/wiki/Fruit
https://en.wikipedia.org/wiki/Xylem
https://en.wikipedia.org/wiki/Phloem
https://en.wikipedia.org/wiki/Meristem
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Stem structure 

 

Flax stem cross-section, showing locations of underlying tissues. Ep = epidermis; C = cortex; BF = bast fibres; P = phloem; 

X = xylem; Pi = pith 

Stem usually consist of three tissues, dermal tissue, ground tissue and vascular tissue. The 
dermal tissue covers the outer surface of the stem and usually functions to waterproof, protect and 
control gas exchange. The ground tissue usually consists mainly of parenchyma cells and fills in 
around the vascular tissue. It sometimes functions in photosynthesis. Vascular tissue provides 
long distance transport and structural support. Most or all ground tissue may be lost in woody 
stems. The dermal tissue of aquatic plants stems may lack the waterproofing found in aerial 
stems. The arrangement of the vascular tissues varies widely among plant species. 

Dicot stems 

Dicot stems with primary growth have pith in the center, with vascular bundles forming a distinct 
ring visible when the stem is viewed in cross section. The outside of the stem is covered with an 
epidermis, which is covered by a waterproof cuticle. The epidermis also may contain stomata for 
gas exchange and multicellular stem hairs called trichomes. A cortex consisting 
of hypodermis (collenchyma cells) and endodermis (starch containing cells) is present above 
the pericycle and vascular bundles. 

Woody dicots and many nonwoody dicots have secondary growth originating from their lateral or 
secondary meristems: the vascular cambium and the cork cambium or phellogen. The vascular 
cambium forms between the xylem and phloem in the vascular bundles and connects to form a 
continuous cylinder. The vascular cambium cells divide to produce secondary xylem to the inside 
and secondary phloem to the outside. As the stem increases in diameter due to production of 
secondary xylem and secondary phloem, the cortex and epidermis are eventually destroyed. 
Before the cortex is destroyed, a cork cambium develops there. The cork cambium divides to 
produce waterproof cork cells externally and sometimes phelloderm cells internally. Those three 
tissues form the periderm, which replaces the epidermis in function. Areas of loosely packed cells 
in the periderm that function in gas exchange are called lenticels. 

Secondary xylem is commercially important as wood. The seasonal variation in growth from 
the vascular cambium is what creates yearly tree rings in temperate climates. Tree rings are the 
basis of dendrochronology, which dates wooden objects and associated 
artifacts. Dendroclimatology is the use of tree rings as a record of past climates. The aerial stem of 
an adult tree is called a trunk. The dead, usually darker inner wood of a large diameter trunk is 
termed the heartwood and is the result of tylosis. The outer, living wood is termed the sapwood. 

 

 

https://en.wikipedia.org/wiki/Flax
https://en.wikipedia.org/wiki/Epidermis_(botany)
https://en.wikipedia.org/wiki/Cortex_(botany)
https://en.wikipedia.org/wiki/Bast_fibre
https://en.wikipedia.org/wiki/Phloem
https://en.wikipedia.org/wiki/Xylem
https://en.wikipedia.org/wiki/Pith
https://en.wikipedia.org/wiki/Epidermis_(botany)
https://en.wikipedia.org/wiki/Ground_tissue
https://en.wikipedia.org/wiki/Vascular_tissue
https://en.wikipedia.org/wiki/Dicot
https://en.wikipedia.org/wiki/Pith
https://en.wikipedia.org/wiki/Stomata
https://en.wikipedia.org/wiki/Trichomes
https://en.wikipedia.org/wiki/Hypodermis
https://en.wikipedia.org/wiki/Endodermis
https://en.wikipedia.org/wiki/Pericycle
https://en.wikipedia.org/wiki/Secondary_growth
https://en.wikipedia.org/wiki/Vascular_cambium
https://en.wikipedia.org/wiki/Cork_cambium
https://en.wikipedia.org/wiki/Secondary_xylem
https://en.wikipedia.org/wiki/Secondary_phloem
https://en.wikipedia.org/wiki/Periderm
https://en.wikipedia.org/wiki/Xylem
https://en.wikipedia.org/wiki/Wood
https://en.wikipedia.org/wiki/Vascular_cambium
https://en.wikipedia.org/wiki/Dendrochronology
https://en.wikipedia.org/wiki/Dendroclimatology
https://en.wikipedia.org/wiki/Tree
https://en.wikipedia.org/wiki/Trunk_(botany)
https://en.wikipedia.org/wiki/Heartwood
https://en.wikipedia.org/wiki/Tylosis_(Botany)
https://en.wikipedia.org/wiki/File:Labeledstemforposter_copy_new.jpg


 

69 
 

 

Monocot stems 
 

Vascular bundles are present throughout the monocot stem, although concentrated towards the 
outside. This differs from the dicot stem that has a ring of vascular bundles and often none in the 
center. The shoot apex in monocot stems is more elongated. Leaf sheathes grow up around it, 
protecting it. This is true to some extent of almost all monocots. Monocots rarely 
produce secondary growth and are therefore seldom woody, with Palms and Bamboo being 
notable exceptions. However, many monocot stems increase in diameter via anomalous 
secondary growth. 

 

Gymnosperm stems 

All gymnosperms are woody plants. Their stems are similar in structure to woody dicots except 
that most gymnosperms produce only tracheids in their xylem, not the vessels found in dicots. 
Gymnosperm wood also often contains resin ducts. Woody dicots are called hardwoods, 
e.g. oak, maple and walnut. In contrast, softwoods are gymnosperms, such as pine, spruce and fir. 

•  

The trunk of this redwood tree is its stem. 

  

•  
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. plants Sclerenchyma is the supporting tissue inSclerenchyma is the tissue which makes the plant hard and stiff. 

Sclerenchyma cells occur in many different shapes and sizes, but two main types occur: fibres and sclereids. 

principal supporting cells in . Sclerenchyma cells are the lignin , andhemicellulose ,cellulose consist of cell walls eirTh

plant tissues that have ceased elongation. Sclerenchyma fibers are of great economic importance, since they 

).ramie , andjute ,hemp constitute the source material for many fabrics (e.g. [flax] 

secondary Unlike the collenchyma, mature sclerenchyma is composed of dead cells with extremely thick cell walls (

is derived from the Greek σκληρός  sclerenchyma ) that make up to 90% of the whole cell volume. The termwalls

(sklērós), meaning "hard." It is the hard, thick walls that make sclerenchyma cells important strengthening and 

supporting elements in plant parts that have ceased elongation. The difference between fibers and sclereids is not 

always clear: transitions do exist, sometimes even within the same plant 

 

 

 

called prosenchymatous cells, usually occurring in strands or bundles. -are generally long, slender, so bast Fibers or

Such bundles or the totality of a stem's bundles are colloquially called fibers. Their high load-bearing capacity and 

the ease with which they can be processed has since antiquity made them the source material for a number of 

) have been known Linum usitatissimum( flax . The fibers ofmattresses and fabrics ,ropes things, like

for just as long. These  China ) inCannabis sativa( hemp for more than 3,000 years, those of Egypt and Europe in

), are extremely soft and elastic nettle , aBoehmeria nivea( ramie ) andCorchorus capsularis( jute fibers, and those of

.cellulose ir principal cell wall material is. Thetextiles and are especially well suited for the processing to 

. Typical examples are the fiber of monocots Contrasting are hard fibers that are mostly found in

and others. Their cell  Musa textilis ),Phormium tenax or Yucca( lilies ),anaAgave sisal :sisal( agaves ,grasses many

is as high  Phormium tenax bearing capacity of-. The loadlignin walls contain, besides cellulose, a high proportion of

kg/ mm²), but the fibre tears as soon as too great a strain  wire (25 steel same as that of goodkg/mm², the  25–as 20

is placed upon it, while the wire distorts and does not tear before a strain of 80 kg/mm². The thickening of a cell wall 

wall are Starting at the centre of the fiber, the thickening layers of the secondary  Linum has been studied in

deposited one after the other. Growth at both tips of the cell leads to simultaneous elongation. During development 

the layers of secondary material seem like tubes, of which the outer one is always longer and older than the next. 

After completion of growth, the missing parts are supplemented, so that the wall is evenly thickened up to the tips 

of the fibers. 

are their main centers of  mprocambiu and Cambium tissues. meristematic Fibers usually originate from     

of the vascular bundles. The fibers of the xylem  phloem and xylem production. They are usually associated with the

. Reliable evidence for the fibre cells' evolutionary origin cellulosic of the phloem are , while thoselignified are always

exists. During evolution the strength of the tracheid cell walls was enhanced, the ability to conduct  tracheids from

water was lost and the size of the pits was reduced. Fibers that do not belong to the xylem are bast (outside the ring 

of cambium) and such fibers that are arranged in characteristic patterns at different sites of the shoot. The term 

in 1865.  Mettenius ) was introduced bySclerenchyma "sclerenchyma" (originally 

 

Sclereids 
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Fresh mount of a sclereid 

 

Long, tapered sclereids supporting a leaf edge in Dionysia kossinskyi 

 

      Sclereids are the reduced form of sclerenchyma cells with highly thickened, lignified walls. 

and the  apples yers, such as the cores ofthat form durable la plants They are small bundles of sclerenchyma tissue in

). Sclereids are variable in shape. The cells can be isodiametric, Pyrus communis( pears gritty texture of

prosenchymatic, forked or elaborately branched. They can be grouped into bundles, can form complete tubes 

tissues. But compared  parenchyma s of cells withinlocated at the periphery or can occur as single cells or small group

or the stone cells (called  brachysclereids with most fibres, sclereids are relatively short. Characteristic examples are

wax  ) and those of the shoot of theCydonia oblonga( quinces stone cells because of their hardness) of pears and

). The cell walls fill nearly all the cell's volume. A layering of the walls and the existence of Hoya carnosa( plant

branched pits is clearly visible. Branched pits such as these are called ramiform pits. The shell of many seeds like 

are made up from sclereids. plums and cherries like drupes ts as well as the stones ofthose of n 

These structures are used to protect other cells. 

CHARACTERISTICS: The cells are long, narrow thick walled due to deposition of lignin. Such cell walls are called as 

lignified walls and have pits. These cells lack intercellular spaces due to deposition of lignin. The cells do not have a 

nucleus and cytoplasm and are dead. 

FUNCTIONS: These cells provide rigidity and strength to plants and makes it hard and can bear stress and strains. 

LOCATION: This type of cells are found in stems,around vascular bundles,in the veins of leaves. 
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