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Aim: To study anatomy of  stem and root of  monocots and dicots.

Principle: The study of internal morphology, i.e., cells of various tissues in an organ of a

living body is called Anatomy. Tissue, which is a group of cells performing a common

function, may be simple (parenchyma, collenchyma and sclerenchyma) or complex

containing more than one type of cells (xylem and phloem). The tissues may be temporary

(meristematic) or permanent (sclerenchyma, parenchyma, collenchyma).

The internal organisation of  these tissues differ in root, stem and leaves. These differences

are given in tabular form for easy identification. Various tissues which constitutes roots

and stems are described briefly.

Requirement: Samples of stem and root of sunflower, Cucurbita, maize, Canna, etc., or

any other locally available plant, safranin stain, dilute acid water, glycerine, watch glass,

slide, cover slip, brush, razor/scalpel blade, blotting paper, microscope.

Exercise 12

Procedure

• Collect a few thin green branches of recent growth (i.e., non-woody/

herbaceous without any secondary growth) from the examples given

above, preferably of the thickness of a tooth-pick.

• Use pith of potato piece/Calotropis stem/raw papaya fruits for

embedding the material to be sectioned. It is advisable to first stain

roots before sectioning. If material is thick like that of maize, it can

be directly sectioned without embedding them in pith.

• Hold the material between the thumb and index finger in such a way

that the tips of the finger and smooth cut surface of the material are

in a line, while the tip of the thumb is just a few mm below the upper

surface of the material.

• Wet the surfaces of razor blade/scalpel blade.

• Carefully move the blade horizontally over the surface of material in

quick succession in a manner that a very thin and complete slice of

the material is cut and obtained over the surface of razor blade.

• After cutting several sections in this manner, transfer all these into a

watch glass containing water.
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• Make a visual observation of the sections cut and pick the thinnest

possible and complete sections from the lot and transfer it into a

watch glass containing safranin and allow these to remain there for

about 2 mins.

• With the help of a brush gently transfer the section into another

watch glass containing water to remove excess of safranin stain.

Keep the material for few minutes and transfer it into a watch glass

containing a few drops of dilute acid in water to remove excess of

safranin stain. Wash with water and transfer the section on to a

clean slide containing 1 drop of glycerine. Place a cover slip over it

avoiding air bubbles.

Observation

Note all tissues which are lignified (as in sclerenchyma, collenchyma) are

stained red with safranin. Observe the outline of the cut sections. Make a

note of the presence and composition of various tissues (epidermis, cortex,

endodermis, pericycle, vascular bundle) and characteristics of vascular

bundle. List the differences between root and stem of monocots and dicots.

Use the information given in Annexure 3 for identification.

Anatomically root differs from stem by the following points:

S.No. Root Stem

Cuticle absent

Epidermis does not have

stomata

Unicellular root hairs present

Collenchyma absent

Green plastids absent

(achlorophyllous)

Vascular bundles are radial

in arrangement (xylem and

phloem are on different radii)

Xylem development is

centripetal and protoxylem is

exarch, i.e., lies towards the

periphery

Cuticle present

Epidermis contains stomata

Epidermal hairs are usually

multicellular

Collenchyma present

Green plastids present

(chloropyllous)

Vascular bundles are conjoint

and collateral in arrangement

(xylem and phloem are on the

same radius)

Xylem development is centrifugal

and protoxylem is endarch, i.e.,

lies towards the center

1.

2.

3.

4.

5.

6.

7.
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Annexure 3

Anatomy of the Root

The most distinguishing anatomical characters of the root are:

1. Epidermis: It is the outer most layer of thin walled parenchymatous cells

with many unicellular root hairs. It does not have stomata and cuticle.

2. Cortex: It is multilayered and well developed. The cells are thin walled,

parenchymatous and may contain leucoplasts. The intercellular spaces

are well developed. Collenchyma is absent. The inner most layer of the

cortex is called endodermis. The endodermis is a definite ring like layer

consisting of barrel shaped cells compactly arranged without any

intercellular spaces. Casparian thickenings in the form of strips are present

on the radial and inner walls of the endodermal cells. Also, passage cells

are present. The passage cells are thin walled and are usually located

opposite the protoxylem.

3. Pericycle: The outer most layer of the stele (vascular tissue) is called

pericycle. It is single layered and consists of compactly arranged thin walled

parenchymatous cells with no intercellular spaces. The pericycle cells

alternate with the endodermal cells suggesting that these two layers differ

in their origin. The endodermis is derived from periblem initials of the apical

meristem, whereas the pericycle is derived from the pleurome initials.

Pericycle encloses the vascular system.

4. Vascular system: Bounded by the endodermal and pericycle layers, vascular

system consists of xylem, phloem and the associated parenchyma tissue

called conjunctive tissue.

The vascular bundles are arranged in a ring. The bundles are radial

and there are equal number of separate bundles of xylem and phloem. The

number of xylem and phloem bundles varies from two to six (diarch, triarch,

tetrarch, pentarch, and hexarch) in dicots and more than six, i.e., polyarch

in monocots.

The xylem consists of protoxylem which lies towards periphery and

metaxylem which lies towards the centre or pith. This type of arrangement

of xylem is called exarch (protoxylem is exarch in root and endarch in

shoot). The protoxylem consists of annular and spiral vessels with narrow

lumen (in cross section) and the metaxylem consists of reticulate and pitted

vessels with broad lumen. (Recall the xylem maceration experiment)

The phloem consists of sieve tubes, companion cells and phloem

parenchyma.

The parenchyma present in between the xylem and phloem bundles is

known as conjunctive tissue.

5. Pith: It occupies the central area  and may be large, small or even, absent.

Generally in dicot roots the pith is small or absent. Total obliteration of pith

occurs sometimes when metaxylem elements grow and meet in the centre.

In monocot roots pith is large in size. Pith consists of parenchymatous cells

with intercellular spaces.
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Anatomy of the Shoot

The central ascending portion of the plant axis is called the shoot. It develops

from the plumule of the embryo. The shoot bears lateral appendages called

leaves.

The anatomical feature of stem are:

1. Epidermis: It is the outermost layer of cells, generally parenchymatous

rectangular in shape. Multi-cellular trichomes or epidermal hairs,

(no epidermal hairs in monocots) are generally present. The epidermis has

an outer layer of cuticle made up of waxy material.

2. A multilayered hypodermis is present just below the epidermis. The

hypodermis is generally collenchymatous in dicots and sclerenchymatous

in monocots.

3. Cortex and pith are well defined in cases of dicots whereas in monocots

only ground tissue is present. In dicots well defined endodermis and pericycle

below the cortex are present. In monocots the endodermis is present around

each vascular bundle. Distinction into cortex, pericycle, and pith is not

seen. Vascular bundles are present in the ground tissue.

4. Each vascular bundle consists of xylem, phloem, cambium (absent in

case of monocots) and associated parenchyma tissue. The vascular

bundles are conjoint and collateral. They are open (i.e., cambium present

between xylem and phloem) in dicot stems and thus show the secondary

growth. Cambium is absent in monocot stems and therefore there is no

secondary growth with a few exception.

The vascular bundles are arranged in a ring in dicots whereas they are

scattered in ground tissue in monocots. Each vascular bundle is surrounded

by a sclerenchymatous bundle sheath.

The vascular bundles are usually of equal size in dicots whereas in

monocots they are of unequal size. In monocot stem the bundles near the

periphery or closer to epidermis are smaller in size and the bundles nearer

to the center are larger in size.

5. The protoxylem is endarch, i.e., towards the centre. The phloem consists of

sieve tubes, companion cells and phloem parenchyma.

In dicot stems, in between the xylem and phloem of the vascular bundle a

procambium strip of 2-3 cells thickness (fascicular cambium) is present.

The procambium between two adjacent vascular bundles is called

interfascicular cambium. In young stems the cambial strips are confined

only to the vascular bundles but as the stem becomes older, the

interfascicular cambium develops and a continuous ring of cambium is

formed. The secondary growth (formation of secondary phloem and

secondary xylem) is due to the activity of cambium.

6. In dicot stem the central region of the stem is called pith (medulla).

The pith consists of thin walled parenchymatous cell with intercellular

spaces. The pith is well developed in dicot stem whereas in monocots it

is absent.
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S.

No.
Monocot Root Dicot Root

1.

2.

3.

Polyarch condition

Pith well developed

Secondary growth absent

Diarch to hexarch (2-6 vascular

bundles) condition

Pith is very small or absent

Secondary growth occurs due to

the activity of vascular cambium

From the anatomical point of view the monocot and dicot roots differ from

each other in the following features (Fig. 12.1 and 12.2):

Fig. 12.1 TS of a monocot root

Root hair

Epidermis

Cortex

Endodermis

Pericycle

Xylem

Phloem

Pith

Endodermis

Root hair

Cortex

Pericycle

Xylem

Phloem

Pith

Epidermis

Fig. 12.2 TS of a Dicot root
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   Anatomically, the dicot and monocot stems differ in the following features

(Figs. 12.3 and 12.4):

Dicotyledonous Roots

Phaseolus radiatus

Ranunculus

Cicer

Ficus

Monocotyledonous Roots

Canna

Zea mays

Smilax

Allium cepa

A few examples of dicotyledonous and monocotyledonous roots which can be

selected for anatomical study are given in the following table.

Endodermis

Pericyde

Cambium

Fig. 12.4  TS of a dicot stem

Phloem

Xylem

Epidermal
hair

Epidermis

HypodermisCortexFig. 12.3   TS of a monocot stem

Epidermis

Hypodermis

Bundle sheath

Phloem

Xylem

Ground tissue

Cortex
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In the following pages diagrams are given showing cellular details and

anatomical features of the above examples for reference for description and

study by the students  (Fig. 12.2).

S.

No.
Monocot Stem Dicot Stem

1.

2.

3.

4.

5.

6.

Epidermis single layered and

no epidermal hairs

Hypodermis

sclerenchymatous

The vascular bundles are

scattered in arrangement

The vascular bundles at the

periphery are smaller in size

than those at the center

The vascular bundles are

conjoint, collateral and

closed; the sclerenchymatous

bundle sheath is present; the

vessels are arranged in V- or

Y-shape; water cavity is

present

Only ground tissue is present

Epidermis single layered and

epidermal hairs are present

Hypodermis collenchymatous

The vascular bundles are

arranged in a ring

The vascular bundles are of the

same size

The vascular bundles are

conjoint, collateral and open; the

bundle sheath is absent; the

vessels are arranged in rows;

water cavity is absent

A well defined cortex,

endodermis, pericycle and pith

are present

A few typical dicotyledonous stems and monocotyledonous stems that can be

selected for study of anatomical are given in the following table.

Dicotyledonous Stems

Helianthus (sunflower)

Tinospora

Ricinus (castor)

Xanthium

Monocotyledonous Stems

Zea mays (maize/corn)

Canna

Asparagus

Cynodon dactylon (Doob grass)
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Questions

1. Arrange the following sequentially as you would see in a TS of a dicot stem-pericycle,

epidermis, pith, cortex, xylem, phloem.

2. Where do you find radial, conjoint, collateral and open vascular bundles?

3. What type of xylem arrangement would be seen in TS root of lily plant?

4. Which part of dicot stem is meristematic?
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