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Anatomy of
Flowering Plants
NCERT-PICKS

•

Within angiosperms, the monocots and dicots are also
seen to be anatomically different. Internal structures also
show adaptations to diverse environments.

•

Some cells ‘left behind’ from shoot apical meristem,
constitute the axillary bud, which is present or leaf axil
and can generate a branch or flower.

•

Apical and intercalary meristems are primary
meristems that appear early and contribute tot he
formatiion of primary plant body.

•

Sclerenchyma: On the basis of variation in form,
structure, origin and development, sclerenchyma may be
either fibres or sclereids. It provides mechanical support
to organs

Fibres
Thick-walled,
elongated
and pointed cells, generally
occuring in groups, in
various parts of the plant

Permanent Tissues
Simple Tissues
•
•

Secondary (lateral) meristems: The meristems that
occur in mature regions of roots and shoots.
Cylindrical meristems also known as, secondary
(lateral) meristems, thus secondary growth is not seen
in monocots.

•

Secondary (lateral) meristems present in gymnosperms
and dicots but absent in Monocots.

•

Fascicular vascular cambium, Interfascicular cambium &
cork cambium are secondary (lateral) meristems

•

Permanent (mature) cells: The cells produced by
primary and secondary meristems, become structurally
and functionally specialized and lose the ability to
divide.

•

Parenchyma: Parenchyma forms the major component
within organs. They may be spherical, oval, round,
polygonal or elongated in shape.

•

Collenchyma: It is found either as a homogeneous
layer or in patches. Collenchymatous cells may be oval,
spherical or polygonal and often contain chloroplasts
(assimilate food). They provide mechanical support to
the growing parts of the plant such as young stem and
petiole of a leaf.

Sclereids
Spherical, oval or cylindrical,
highly thickened dead cells
with very narrow cavities
(lumen).
Commonly found in the fruit
walls of nuts; pulp of fruits
like guava, pear and sapota;
seed coats of legumes and
leaves of tea.

Complex Tissues
◊ Xylem
• It is a conducting tissue for water and minerals from
roots to the stem and leaves.
• It is composed of 4 kinds of elements: tracheids, vessels,
xylem fibers and xylem parenchyma.
◊ Tracheids
• A kind of xylem element having elongated tube like dead
cells with thick and lignified walls and tapering ends
• In flowering plants, main water transporting elements
are Tracheids.
◊ Vessels
• A kind of xylem element which is a long cylindrical tubelike structure made up of many cells (vessel members),
each with lignified walls and a large central cavity and
protoplasm absent.
◊ Xylem fibres
• A kind of xylem element which have highly thickened
walls and obliterated central lumens. They are septate
or aseptate.
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◊ Xylem Parenchyma
• A kind of xylem element which is living and thin-walled
cells with cellulosic cell walls and store food materials
(starch or fat) and other substances like tannins.
• Radial conduction of water takes place by ray
parenchymatous cells.
▪▪ The first formed primary xylem: Protoxylem
▪▪ Later formed primary xylem: Metaxylem
• In stems, the protoxylem lies towards the centre (pith)
and the metaxylem lies towards the periphery of the
organ. This type of primary xylem is called Endarch.
• In roots, the protoxylem lies towards periphery and
metaxylem lies towards the centre. Such arrangement of
primary xylem is called exarch.
Phloem
•

Phloem transports food materials, usually from leaves to
other parts of the plant.

•

In angiosperms, phloem is composed of sieve tube
elements, companion cells, phloem parenchyma and
phloem fibers.

hemp are used commercially. The first formed primary
phloem consists of narrow sieve tubes and is referred to
as protophloem and the later formed phloem has bigger
sieve tubes and is referred to as metaphloem.
The Tissue System
Tissue system contains epidermal tissue system (epidermis,
stomata, epidermal appendages like root hairs and trichomes),
the ground or fundamental tissue system (all tissues other
than epidermis and vascular tissues) and the vascular or
conducting tissue system.
◊ Epidermal Tissue System
• The outer-most covering of the whole plant body, which
is single layered usually.
• Cuticle is absent in roots.
• Stomata regulate the transpiration and gaseous exchange.
• Each stoma is composed of two bean-shaped (may
contain chloroplasts) cells known as guard cells which
enclose stomatal pore in dicots.
• The guard cells are dumbbell shaped: Grasses
▪▪ The outer walls of guard cells (away from the
stomatal pore) are thin and the inner walls (towards
the stomatal pore) are highly thickened.

•

Gymnosperms have: Albuminous cells and Sieve cells.

•

Sieve tube: Kind of phloem element which are long,
tube-like structures, arranged longitudinally and are
associated with companion cells by pit fields.

•

Their end walls are perforated in a sieve-like manner to
form the sieve plates.

•

A mature sieve element has a peripheral cytoplasm
and a large vacuole but lacks nucleus.

•

The functions of sieve tubes are controlled by the
nucleus of companion cells.

• The stomatal aperture, guard cells and the surrounding
subsidiary cells are together called stomatal apparatus.

•

The companion cells help in maintaining the pressure
gradient in the sieve tubes.

•

Phloem parenchyma is made up of elongated, tapering
cylindrical cells which have dense cytoplasm and
nucleus. The cell wall is composed of cellulose and has
pits through which plasmodesmatal connections exist
between the cells. The phloem parenchyma stores food
material and other substances like resins, latex and
mucilage. Phloem parenchyma is absent in most of the
monocotyledons.

• Root hairs: They are unicellular elongations of the
epidermal cells. They help to absorb water and minerals
from the soil

•

Phloem fibres (bast fibres) are made up of
sclerenchymatous cells. These are generally absent in the
primary phloem but are found in the secondary phloem.
These are much elongated, unbranched and have pointed,
needle like apices. Phloem fibres of jute, flax and

• Guard cells regulate the opening and closing of stomata.
• A few epidermal cells, in the vicinity of the guard cells
become specialized in their shape and size. They are
known as subsidiary cells.

• Trichomes: They are the epidermal hairs on the stem.
They are usually multicellular, branched or unbranched
and soft or stiff. They may even be secretory.
• Trichomes help in preventing water loss due to
transpiration.
◊ Ground Tissue System
• Parenchymatous cells are present in cortex, pericycle,
pith and medullary rays, in the primary stems and roots.
• In leaves, the ground tissue consists of thin-walled
chloroplast containing cells and is called mesophyll.
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Anatomy of Dicot and Monocot Roots
Dicot Root
The outermost layer is epidermis or epiblema here whose
cells protrude as unicellular root hairs.
The cortex consists of several layers of thin-walled
parenchyma cells with intercellular spaces. The innermost
layer of the cortex is called endodermis. It comprises a single
layer of barrel-shaped cells without any intercellular spaces.
The tangential as well as radial walls of the endodermal cells
have a deposition of water-impermeable, waxy material
suberin in the form of casparian strips.
Next to endodermis lies a few layers of thick-walled
parenchyomatous cells referred to as pericycle. Initiation
of lateral roots and vascular cambium during the secondary
growth takes place in these cells.
The pith is small or inconspicuous. The parenchymatous
cells which lie between the xylem and the phloem are called
conjuctive tissue. There are usually two to four xylem and
phloem patches. Later, a cambium ring develops between
the xylem and phloem. All tissues on the innerside of the
endodermis such as pericycle, vascular bundles and pith
constitute the stele.

Monocot Root
The anatomy of the monocot root is similar to the dicot root
in many respects
It has epidermis, cortex, endodermis, pericycle, vascular
bundles and pith.

As compared to the dicot root which have fewer xylem
bundles, there are usually more than six (polyarch) xylem
bundles in the monocot root.
Pith is large and well developed.

Anatomy of Dicot and Monocot Stems
Dicot Stem
Outermost epidermis is the protective layer of the stem
covered with a layer of cuticle and it may bear trichomes
and a few stomata. The cells arranged in multiple layers
between epidermis and pericycle constitute the cortex
(consists of three sub-zones: outer few Collenchymatous
hypodermal layers for strength, middle rounded thin walled
parenchymatous cells with conspicuous intercellular spaces
and innermost endodermis which is rich in starch grains and
the layer is also referred to as the starch sheath.
Pericycle is present on the inner side of the endodermis
and above the phloem in the form of semi-lunar patches of
sclerenchyma. In between the vascular bundles there are a
few layers of radially placed parenchymatous cells, which
constitute medullary rays. A large number of vascular
bundles are arranged in a ring (characteristic). Each vascular
bundle is conjoint, open, and with endarch protoxylem. A
large number of rounded, parenchymatous cells with large
intercellular spaces which occupy the central portion of the
stem constitute the pith.

Monocot Stem
The monocot stem has a sclerenchymatous hypodermis, a
large number of scattered vascular bundles, each surrounded
by a sclerenchymatous bundle sheath, and a large, conspicuous
parenchymatous ground tissue.

Vascular bundles are conjoint and closed. Peripheral vascular
bundles are generally smaller than the centrally located ones.
The phloem parenchyma is absent, and water-containing
cavities are present within the vascular bundles.

Dicotyledonous Leaf (Dorsoventral)
•
•
•

Adaxial epidermis: Upper Epidermis
Abaxial epidermis: Lower Epidermis
A conspicuous cuticle is present.
▪▪ Abaxial epidermis generally bears more stomata than the
adaxial epidermis. The latter may even lack stomata.
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•

Chloroplasts is present in mesophyll cells.

•

Palisade parenchyma: Mesophyll is adaxially placed
& made up of elongated cells arranged vertically and
parallel to each other

•

Spongy parenchyma: Mesophyll is oval or round and
loosely arranged & situated below the palisade cells and
extends to the lower epidermis. There are numerous large
spaces and air cavities between these cells

•

Size of vascular bundles is dependent on the size of the
veins.

•

The veins vary in thickness in reticulate venation of dicot
leaves

•

Bundle sheath cells: Vascular bundles are surrounded by
a layer of thick walled cells called bundle sheath cells.
Monocotyledonous (Isobilateral) Leaf

•

Stomata are present on both surfaces of the epidermis.

•

Mesophyll is not differentiated into palisade and spongy
parenchyma.

•

In grasses, certain adaxial epidermal cells along the veins
modify themselves into large, empty, colourless cells.
These are called Bulliform cells.

•

Bulliform cells helps to minimize water loss.
▪▪ Parallel venation is reflected in the near similar
sizes of vascular bundles (except in main veins) as
seen in vertical sections of the leaves.
Secondary Growth

•

Primary growth: The growth of the roots and stems in
length with the help of apical meristem.

•

Secondary growth: Increase in girth of dicot plants.

•

Tissues involved in secondary growth are the two lateral
meristems: Vascular cambium & Cork cambium.

•

Vascular Cambium is the meristematic layer responsible
for cutting off vascular tissues (xylem and phloem).
▪▪ In the young stem vascular cambium is present
in patches as a single layer between xylem &
phloem. Later it forms a complete ring.

•

The primary and secondary phloems get gradually
crushed due to the continued formation and accumulation
of secondary xylem.

•

The cambium forms a narrow band of parenchyma, which
passes through the secondary xylem and the secondary
phloem in the radial directions. These are the secondary
medullary rays.

◊ Spring wood
•

In spring season, cambium is very active and produces
a large number of xylary elements having vessels with
wider cavities.
• The wood formed during spring season is called spring
wood (early wood).
• The wood formed during spring season is lighter in
colour and has a lower density.

◊ Autumm wood
• In winter, cambium is less active and forms fewer xylary
elements that have narrow vessels. This wood is called
autumn wood (late wood).
• The wood formed during winter season is darker and has
a higher density.
• Two kinds of woods that appear as alternate concentric
rings constitute an annual ring.
• It is used to estimate the age of tree.
◊ Heartwood
• It is the hard, dead, dark brown-coloured, highly lignified
and non-functional central part of the secondary xylem
of old trees.
• The dark colour is due to deposition of organic
compounds (tannins, resins, oils, gums, aromatic
substances, essential oils etc).
• These substances make it hard, durable and resistant to
the attacks of microorganisms and insects.
◊ Sapwood

•

The cambial ring becomes active and begins to cut off
new cells, both towards the inner and the outer sides.

• The peripheral region of secondary xylem. It is living
and lighter in colour.

•

The cells cut off towards pith, mature into secondary
xylem. The cells cut off towards periphery mature into
secondary phloem.

• Involved in the conduction of water and minerals
from root to leaf.

•

Cambium is generally more active on the inner side
than on the outer, thus the amount of secondary xylem
produced is more than secondary phloem

◊ Cork Cambium
• Meristematic tissue called cork cambium (Phellogen)
develops, usually in the cortex region.
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• Phellogen is a couple of layers thick and made of
narrow, thin-walled and nearly rectangular cells.

• Secondary growth also occurs in stems and roots of
gymnosperms.

• Cork (phellem): Phellogen cuts off cells on both sides.
The outer cells differentiate into.
• The inner cells differentiate into secondary cortex
(phelloderm).
• Sequence: Cork (Phellem) - Cork (Phellogen) Secondary cortex (Phelloderm)
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• Secondary growth does not occur in monocotyledons.
Exam Oriented Information
•

Conjoint type of vascular bundle is of three types:
◊ Collateral: Xylem towards inner side and phloem
towards periphery

• Cells of secondary cortex are parenchymatous.
• Impervious to water due to suberin deposition in the
cell wall: Cork

◊ Bicollateral: Phloem is present on the both sides of
xylem. Cambium is present .Example: Cucurbita

• Phellogen, phellem, and phelloderm are collectively
known as Periderm.

◊ Concentric: One vascular tissue is surrounded by

• Bark: A non-technical term that refers to all tissues
(such as Periderm & secondary phloem) exterior to the
vascular cambium.

◊ Haydrocentric/Amphicribal: Xylem is completely

other:

surrounded by phloem. Example: Ferns

• At certain regions, phellogen cuts off closely arranged
parenchymatous cells on outer side. These cells rupture
epidermis, forming a lens shaped openings called
lenticels.

◊ Leptocentric/Amphivasal: Phloem is completely
surrounded by xylem.Examples: Dracaena and
Yucca

• Lenticels occur in most woody trees.

•

Term plant meristem was coined by C. Nageli.

• Lenticels: Permit gas exchange of between the outer
atmosphere and the internal tissue of the stem.

•

Aerenchyma: It has large intercellular space gives

▪▪ In dicot root, vascular cambium is completely
secondary in origin. It originates from the tissue
located just below the phloem bundles (a portion
of pericycle) above the protoxylem forming
a complete and continuous wavy ring. It later
becomes circular.

buoyancy to aquatic plants: Examples: Eichornia and
Hydrilla.
•

Chlorenchyma: Contains large number of chloroplast.

•

Astrosclereids found in petiole of lotus and tea leaves.

•

Epiblema is alternate name of epidermis of root.
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Self Assessment Questions
The Tissues [NCERT Pg 84-88]
1. A simple living permanent tissue which is absent in roots
is
a. Collenchyma
b. Chlorenchyma
c. Aerenchyma
d. Parenchyma
2. Which of the following tissue provide maximum
mechanical support to plant organs?
a. Sclerenchyma
b. Collenchyma
c. Parenchyma
d. Aerenchyma
3. Which of the following tissues consist of living cells?
a. Vessels
b. Tracheids
c. Companion cells
d. Sclerenchyma
4. Aerenchyma gives
a. Support
c. Buoyancy

b. Defence
d. Reproductive strength

5. In stem, the primary xylem is
a. Exarch
b. Mesarch
c. Endarch
d. None of these
6. Jute is mainly composed of
a. Xylem
b. Secondary bast fibre
c. Pith fibres
d. Cortex
7. Vascular cambium is a
a. Promeristem
c. Intercalary meristem

b. Apical meristem
d. Lateral meristem

8. Collenchyma is
a. Living and contains protoplasm
b. Dead and hollow
c. Dead and filled with reserve food
d. Living and contains no reserve food
9. Axillary bud and terminal bud are derived from the
activity of
a. Lateral meristem
b. Intercalary meristem
c. Apical meristem
d. Parenchyma
10. Vascular bundles are surrounded by a layer of thick
walled
a. Parenchymatous cells b. Bulliform cells
c. Bundle sheath cells
d. Phloem parenchyma
11. The meristem occur at the tip of roots and shoots is
a. Apical meristem
b. Intercalary meristem
c. Primary meristem
d. Secondary meristem

12. Sclereids are of
a. Parenchyma
c. Sclerenchyma

b. Collenchyma
d. Aerenchyma

13. Collenchyma is a
a. Photosynthetic tissue
b. Water conducting tissue
c. Living mechanical tissue
d. Dead mechanical tissue
14. The thickening in collenchyma is due the deposition
of
a. Lignin
b. Pectin
c. Cutin
d. Suberin
15. Albuminous cells occurs in
a. Xylem
b. Phloem
c. Cortex
d. Conjuctive parenchyma
16. Bamboo, grass and mint stem elongate by the activity of
a. Primary meristem
b. Secondary meristem
c. Intercalary meristems d. Apical meristems
17. How many of the following are examples of lateral
meristem?
(Cork cambium, Intercalary meristem, Intrafascicular
cambium, Interfascicular cambium, Apical meristem)
a. 4
b. 3
c. 2
d. 1
18. Which meristem is correctly matched with its location
and function?
a.

Apical
meristem

Shoot and root Elongation of
apex
stem and root

b.

Intercalary
meristem

In between the Growth in
apical meristem grasses

c.

Intrafascicular In the vascular Increases the
cambium
bundles
girth of stem /
roots

d.

Interfascicular In
between Increases the
cambium
vascular bundles girth of stem/
root

19. If 1 – primary tissues, 2 – lateral meristem, 3 – primary
meristem and 4 – secondary tissue then what will be the
sequence of development in a plant?
a. 4 → 1 → 2 → 3
b. 1 → 3 → 4 → 2
c. 1 → 3 → 2 → 4
d. 3 → 1 → 2 → 4
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20. Permanent tissues develop from:
a. Apical meristem only
b. Intercalary meristem only
c. Primary and secondary meristem both
d. Secondary meristem only
21. Fill in the blanks:
_____ 1 ______ tissues are of 3 types ______ 2 ______
3 ______and ________ 4 _____. Cells of ______ 2
_____are living cells without intercellular spaces. These
provide mechanical support. Cells of ______ 3 _____ are
generally isodiametric and form the major component of
plants organs. Cells of _____ 4 ______ possess lignified
cell walls and are usually dead.
a. 1 - simple, 2 - parenchyma, 3 - collenchyma, 4 sclerenchyma
b. 1 - simple, 2 - collenchyma, 3 - parenchyma, 4 sclerenchyma
c. 1 - complex, 2 - collenchyma, 3 - sclerenchyma, 4 parenchyma
d. 1 - simple, 2 - parenchyma, 3 - collenchyma, 4 sclerenchyma
22. Which of the following features is unrelated to
collenchyma in plants?
a. Cell wall thickening - cellulose, hemi-cellulose and
pectin
b. Intercellular space - well-developed
c. Main function - mechanical support
d. Chloroplast - may or may not be present
23. Which of the following provides mechanical support to
the growing parts of plants like young stem and petiole
of a leaf?
a. Sclerenchyma
b. Collenchyma
c. Parenchyma
d. Xylem vessels
24. Sclereids are found in all of the following except:
a. Solid endosperm of coconut
b. Fruit wall of nuts
c. Seed coat of legumes
d. Pulp of fruits like pear, guava and sapota
25. Initial increase in length of stem or root is because of:
a. Apical meristem
b. Intercalary meristem
c. Lateral meristem
d. Both (a) and (b)
26. Which permanent tissue is incorrectly matched with its
cell wall component and function?
a.

b.

Collenchyma

Cellulose,
hemicelluloses
and pectin
Sclerenchyma Lignin

Mechanical
support
Mechanical
support

c.

Xylem vessel

Suberin

d.

Parenchyma

Cellulose
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Mechanical
support
and
condition of
water
Photosynthesis
and storage

27. Which simple tissue provide mechanical support to the
petiole of a leaf?
a. Parenchyma
b. Collenchyma
c. Sclerenchyma
d. Aerenchyma
28. Select the option with correct identification of type of
tissue from which the given structure is formed:
a.
b.
c.
d.

Hypodermis in dicot stem
Collenchyma
Parenchyma
Parencyma
Sclerenchyma

Medullary rays
Parenchyma
Parenchyma
Sclerenchyma
Collenchyma

29. When protoxylem faces pericycle, it is called
a. Endarch
b. Mesarch
c. Exarch
d. Polyarch
30. In sclerenchyma, walls are
a. Lignified
b. Suberised
c. Pectinised
d. Cutinised
31. The major function of sieve tubes in plants is
a. Mechanical support
b. Translocation of water and minerals
c. Translocation of organic solutes
d. Food storage
32. Out of the four components of xylem - tracheids, vessels,
xylem fibres and xylem parenchyma, how many are
dead?
a. None
b. One
c. Two
d. Three
33. On the basis of following
element.
1. Tubular structure
3. Dead cells
a. Tracheids
c. Xylem fibres

features, identify the xylem
2. No tapering ends
4. Devoid of protoplasm
b. Vessels
d. Xylem parenchyma

34. Which of the following elements of xylem lack lignified
cell wall?
a. Xylem parenchyma
b. Tracheids
c. Vessels
d. Both (a) and (b)
The Tissue System [NCERT Pg 88-90]
35. Trichomes are
a. Unicellular
c. Multicellular

b. Bicellular
d. Acellular
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36. Root hairs are
a. Multicellular
b. Multicellular and acellular
c. Unicellular
d. Acellular

48. Casparian strips occur in:
a. Longitudinal and radial walls of epidermal cells
b. Longitudinal walls of xylem
c. All walls of endodermis
d. Radial and tangential walls of endodermis

37. Cuticle is absent in
a. Roots
c. Stem

b. Leaves
d. None of these

38. Cuticle is secreted from
a. Epidermis
c. Both (a) and (b)

49. The specialised cells in the epidermis of Monocot leaves
that help in rolling and unrolling of leaves are
a. Epithem cells
b. Complementary cells
c. Bulliform cells
d. Trichoblast cells

b. Endodermis
d. Hypodermis

50. Cambium is generally more active on
a. Outer side
b. Inner side
c. Middle
d. Whole

39. Bean-shaped structure which encloses stomatal pore is
known as:
a. Epidermal cell
b. Guard cell
c. Subsidiary cell
d. Stomatal apparatus
40. Mesophyll cells come under
a. Epidermal tissue systems
b. Vascular tissue systems
c. Ground tissue systems
d. All of these
41. Closed vascular bundles lack:
a. Xylem
b. Phloem
c. Cambium
d. None of these
42. Which of the following is not a part of epidermal tissue
system?
a. Trichomes
b. Companion cells
c. Guard cells
d. Subsidiary cells
43. Which of the following is not the part of ground tissue
system?
a. Vascular bundles
b. Pericycle
c. Pith
d. Cortex
44. If xylem and phloem are arranged to different radii, then
arrangement of vascular bundles is said to be:
a. Open
b. Closed
c. Radial
d. Endarch
45. Pith or central part of ground tissue is made of
a. Collenchyma
b. Parenchyma
c. Chlorenchyma
d. Sclerenchyma
46. Which type of vascular bundle is common in stems and
leaves?
a. Radial
b. Closed
c. Conjoint
d. Lateral

51. Water containing cavities are present within the vascular
bundles of
a. Monocot roots
b. Dicot roots
c. Dicot stem
d. Monocot stem
52. Gymnosperms lacks
a. Sieve tubes
c. Vessels

b. Companion cells
d. All of these

53. Maximum number of vascular bundles are present in
a. Monocot stem
b. Monocot root
c. Dicot stem
d. Dicot root
54. In monocot stem, hypodermis is:
a. Parenchymatous
b. Collenchymatous
c. Sclerenchymatous
d. Suberised
55. Pith is not well developed in
a. Monocot stem
b. Monocot root
c. Dicot Stem
d. Dicot root
56. Epiblema is the alternate name of
a. Epidermis of stem
b. Epidermis of leaf
c. Epidermis of root hairs d. Epidermis of root
57. In dicot stem, in primary xylem protoxylem is located
towards ____ 1 ____ and metaxylem is towards ____ 2
____. This condition is known ___ 3 ___.
a. Centre, periphery, exarch
b. Centre, periphery, endarch
c. Periphery, centre, exarch
d. Periphery, centre, endarch
58. Less than six radial vascular bundles are present in
a. Monocot stem
b. Dicot stem
c. Monocot root
d. Dicot Root
59. Select the incorrect option regarding dicot stem.

Anatomy of Dicotyledonous and
Monocotyledonous Plants [NCERT Pg 90-94]

a.

Hypodermis

Possess collenchymatous cells

b.

Endodermis

Also known as starch sheath

47. Layer of cells impervious to water because of a band of
suberised matrix called
a. Endodermis
b. Casparian strip
c. Pericycle
d. Pith

c.

Medullary rays Made up of parenchymatous
cells

d.

Pith

Poorly developed or absent
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60. Vascular bundles in dicot stem are:
a. Conjoint, open and exarch
b. Conjoint, open and endarch
c. Conjoint, closed and exarch
d. Conjoint, closed and endarch
61. Hypodermis in dicot stem and monocot stem is
respectively:
a. Parenchymatous, Collenchymatous
b. Collenchymatous, collenchymatous
c. Parenchymatous, Sclerencymatous
d. Collenchymatous, Sclerenchymatous
62. Out of the following, how many features belong to
monocot root?
1. Radial vascular bundles
2. Closed vascular bundles
3. Endodermis absent
4. Pith developed
5. Polyarch condition
a. One
b. Two
c. Three
d. Four
63. On the basis of following description of vascular
bundles, identify the section of plant in which they are
present:
Vascular bundles - Diarch to hexarch, radially arranged
a. Monocot stem
b. Dicot stem
c. Monocot root
d. Dicot root
64. In dicot stem, starch sheath is:
a. Cortex
b. Epidermis
c. Endodermis
d. Pericycle
65. Numerous vascular bundles are found scattered in
monocot stem. Each vascular bundle is surrounded
immediately by:
a. Parenchyma
b. Collenchyma
c. Sclerechyma
d. Cambium
66. In dicot roots, cell wall of endodermal cells is:
a. Suberised, impermeable to water
b. Suberised, permeable to water
c. Lignified, impermeable to water
d. Lignified, permeable to water.
67. In dorsiventral leaf palisade parenchyma is towards:
a. Abaxial surface
b. Adaxial surface
c. Around the midrib
d. Near the stomata
68. Vascular bundles surrounded by bundle sheath cells can
be observed in:
a. Monocot stem
b. Monocot leaf
c. Dicot root
d. Dicot leaf
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69. In the isobilateral leaf,
a. The stomata are present on both the surface of the
epidermis
b. Mesophyll is not differentiated into palisade and
spongy parenchyma
c. The parallel venation is reflected in the near similar
size of vascular bundles (except in main veins)
d. All of the above statements are correct
70. Which characteristic differentiates a dicot leaf from
monocot leaf?
a. Stomata only on upper side
b. Differentiation of palisade and spongy parenchyma
c. Parallel venation
d. Stomata on both upper and lower sides
71. On the basis of given features, select the correct option
to which they belong:
A. Cambium - Absent
B. Vascular bundles - Scattered
C. Phloem parenchyma - Absent
a. Dicot stem
b. Dicot root
c. Monocot stem
d. Monocot root
72. Select the correct option on the basis of given features,
to which they belong:
A. Cambium - Develops later
B. Pith - Absent
C. Epidermis -Possess unicelluar hairs
a. Dicot stem
b. Monocot stem
c. Dicot root
d. Monocot root
Secondary Growth [NCERT Pg 94-98]
73. Cork tissue arises from
a. Periderm
c. Phelloderm

b. Phellogen
d. Phellem

74. After two or three years of secondary growth the cortex
in dicot roots –
a. Remains intact
b. Is completely sloughed away
c. Is largely lost
d. Is converted into cork
75. Cork cambium gives rise to
a. Phellogen and secondary cortex
b. Phellogen, Phelloderm, Secondary cortex
c. Cork and Phellogen
d. Cork and Secondary cortex
76. Secondary growth do not occur in:
a. Gymnosperm stem
b. Dicot stem
c. Dicot root
d. Monocot stem
77. Physiologically functional part of wood is –
a. Heart wood only
b. Only primary wood
c. Sap wood only
d. Both heart wood & sap wood
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78. Heart wood differs from sapwood in
a. The presence of ray and fibres
b. The absence of vessels and parenchyma
c. Having dead and non - conducting elements
d. Being susceptible to pests and pathogens
79. Intrafascicular cambium is situated
a. In between the vascular bundles
b. Inside the vascular bundles
c. Outside the vascular bundles
d. In pith
80. When a tree grows older which of the following increase
rapidly?
a. Heart wood
b. Sap wood
c. Pith
d. Cortex
81. The cambium ring becomes active and begins to cut off
new cells, both towards the inner and the outersides. The
cells cut off towards pith, mature into ....(i).... and the
cells cut off towards periphery mature into ....(ii).... . In
this question (i) & (ii) are respectively a. (i) secondary phloem, (ii) secondary xylem
b. (i) secondary xylem, (ii) secondary phloem
c. (i) epidermis, (ii) pericycle
d. (i) pericycle, (ii) epidermis
82. Which tissue gives rise to secondary growth?
a. Apical meristem
b. Adventitious roots
c. Germinating seed
d. Vascular cambium
83. Major part of wood of old dicot stem is filled with
tannins, resins and gums. This part is called
a. Heart wood
b. Soft wood
c. Sap wood
d. Hard wood
84. The combination of which two secondary xylem
components forms an annual ring
a. Sapwood and autumn wood
b. Early wood and late wood
c. Heart wood and spring wood
d. Autumn wood and alburnum
85. .....(i).... wood does not conduct water but if given
mechanical support to the stem. The peripheral region of
the secondary xylem is lighter in colour and is known as
the ....(ii).... which is involved in the conduction of water
and minerals from root to leaf. (i) & (ii) are respectively.
a. Heartwood, sapwood
b. Sapwood, Heart wood
c. Alburnum, Duramen
d. Both (b) & (c)
86. During secondary growth in dicot stem, cambial ring is
formed by intrafascicular cambium and
a. Medullary rays
b. Phellogen
c. Interfasicular cambium
d. Phellem

87. During secondary growth in stellar region of a dicot
stem, many changes come in the various tissues. Select
the option in which is the particular tissue is incorrectly
matched with its fate:
Tissue
a. Secondary xylem

Fate during secondary growth
Produced in high amount

b. Primary phloem
c. Cambial ring

Produced in low amount
Cut off secondary permanent
tissue on both side
d. Secondary phloem Synthesised on outer side
88. Which of the following is incorrect about secondary
growth in dicot stem?
a. Girth of stem increases
b. Interfascicular cambium and interfascicular cambium,
both show division
c. Secondary xylem is cut off more in quantity towards
outer side
d. None of these
89. During secondary growth in dicot stem, cork cambium
has cut off few cells are impermeable to water. These
cell have been cut off towards:
a. Outer side
b. Inner side
c. Lateral side
d. In all directions
90. Lens-like shaped strctures of cork helps in gaseous
exchange are
a. Stomata
b. Guard cells
c. Lenticels
d. Motor cells
91. Cambial ring in root during secondary growth:
a. Remains wavy throughout
b. Remains circular throughout
c. Is wavy initially and becomes circular later on
d. Is circular initially and becomes wavy later on
92. Cork is also known as:
a. Phellem
c. phelloderm

b. Phellogen
d. Bark

93. For lenticels, one should observe:
a. Young stem
b. Old woody stem
c. Young leaves
d. Axilllary buds
94. Incorrect about lenticels:
a. Regulate opening and closing of stomata
b. Perform exchange of gases
c. Transpiration also occurs
d. Absent in young stem
95. What is responsible for formation of annual rings?
a. Homogenous activity of cork cambium
b. Differential activity of cork cambium
c. Homogenous activity of vascular cambium
d. Differential activity of vascular cambium
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96. Annual ring is formed by:
a. Early wood
b. Early wood + late wood
c. Heart wood + sap wood
d. Cork + cork cambium

a. Monocot root
c. Dicot root
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b. Monocot stem
d. Dicot stem

100. Label the parts given in the diagram below

97. Which type of wood is incorrectly matched with its
given feature?
a. Heartwood - Provides mechanical support
b. Spring wood - Possess vessels with wider lumen
c. Autumn wood - Darker in appearance
d. Sapwood - Functionally inactive

a. B-Sporogenous tissue A-Tapetum
C-Endothecium E-Epidermis
b. C-Sporogenous tissue A-Tapetum
E-Endothecium B-Epidermis
c. A-Sporogenous tissue B-Tapetum
D-Endothecium E-Epidermis
d. D-Sporogenous tissue E-Tapetum
B-Endothecium A-Epidermis

Image Based Questions
98. Go through the diagram and select the correct option.

D-Middle layers
D-Middle layers
C-Middle layers
C-Middle layers

101. Identify the parts labeled A,B,C and D and select the
correct option.

a. 1-pith, 3-intercalary meristem
b. 2-cortex, 5-root apical meristem
c. 1-central cylinder, 5-lateral meristem
d. 3-protoderm, 4-root apical meristem
99. The given diagram represents:
A

B

C

D

a.

Secondary
Cortex

Epidermis

Cork
Cambium

Complimentary
Cell

b.

Complimentary
Cell

Secondary Cortex

Cork
Cambium

Epidermis

c.

Cork Cambium

Complimentary
Cell

Epidermis

Secondary
Cortex

d.

Complimentary
Cell

Cork Cambium

Secondary
Cortex

Epidermis
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Rank Boosters
Fact Based Round

9. A 100 years old tree which shows well marked annual
rings in its trunk will show

1. Which of the following tissue provide tensile strength
against bending & swaying?
a. Parenchyma
b. Collenchyma
c. Sclerenchyma
d. Sclereids

a. The same number of rings from base to its trunk

2. Four radial vascular bundles are formed in:
a. Monocot root
b. Dicot stem
c. Dicot root
d. Monocot stem

d. None of these

3. Annual rings are formed basically due to:
a. Marked variations in seasons
b. Different kind of development of phloem and xylem
c. Uniform climate conditions
d. Different kinds of phloem.
4. The commercial jute fibres are obtained from:
a. Interxylary fibres
b. Xylem fibres
c. Phloem fibres
d. None of these

b. More than 100 rings at base and about 20 rings at top
c. Only about a hundred ring at base and a uniformly
decreasing number of rings towards top
10. Which of the following is true for a dicot leaf?
a. Mesophyll is differentiated into palisade and spongy
parenchyma
b. Mesophyll is not differentiated into palisade and
spongy parenchyma
c. Stomata on both surface (Amphistomatic)
d. None of the above
11. Select the correct characteristics about labelling given in
diagram:

5. In monocot stems, secondary growth cannot occur
because vascular bundles are –
a. Scattered
b. Open
c. Closed
d. Radial
6. The waxy material deposited in the casparian strip of the
endodermis is:
a. Pectin
b. Suberin
c. Cellulose
d. Lignin
7. Sieve tube elements are ideal component for nutrients
translocation because a. End wall is not present
b. Bordered pits are present
c. Narrow lumen rich in cytoplasm
d. Broad lumen with small quantity of peripheral
cytoplasm
8. Which one of the following comprises only simple
tissues
a. Parenchyma, Collenchyma and Sclerenchyma
b. Parenchyma, Xylem and Collenchyma
c. Parenchyma, Xylem and Sclerenchyma
d. Parenchyma, Xylem and Phloem

a. B gives rise to epidermis of root and also the root
haired
b. C is protective for cortex
c. A possess vascular bundles
d. D is group of actively dividing cells
12. Select the correct option along with its function.
a. Sieve Pore: Pores on the lateral walls of sieve tube
element
b. Sieve-tube Element: Have imperforated wall centrals
by companion cell
c. Phloem Parenchyma: Have pits, exist plasmodesmata
absent in dicot
d. Companion Cell: Parenchymatous cell, maintain
pressure gradient in sieve tube

Anatomy of Flowering Plants

13. Oval, spherical or polygonal cells, thickening at corners
due to deposition of cellulose, hemicellulose and
pectinoften containing chloroplasts and having or not
having intercellular spaces are called
a. Parenchyma
b. Chlorenchyma
c. Sclerenchyma
d. Collenchyma
Combination Round
14. Match the columns and find out the correct combination:
A. Xylem Vessels
1. Store food materials
B. Xylem trachieds

2. Obliterated lumen

C. Xylem fibre

3. Perforated plates

D. Xylem parenchyma

4. Chisel-like ends

a.

A-4

B-3

C-2

D-1

b.

A-3

B-2

C-1

D-4

c.

A-2

B-1

C-4

D-3

d.

A-3

B-2

C-3

D-4

a.

A-5

B-2

C-1

D-3

b.

A-5

B-4

C-1

D-3

c.

A-5

B-2

C-1

D-2

d.

A-4

B-3

C-2

D-5

17. Match the columns and find out the correct combination:
A. Tracheid

1. Spindle shaped

B. Vessel member

2. Living element

C. Xylem fibre

3. Cylindrical

D. Xylem parenchyma 4. Universal conducting
elements
a.

A-1

B-3

C-4

D-2

b.

A-4

B-1

C-3

D-2

c.

A-1

B-4

C-3

D-2

d.

A-4

B-3

C-1

D-2

18. Match the columns and find out the correct combination:

15. Match the columns and find out the correct combination:
A.

Complimentary 1.
cells

Spring wood and Autumn
wood

B.

Heart wood

2.

Lenticels

C.

Sap wood

3.

Non-functional secondary
xylem

D.

Annual ring

4.

Functional
xylem

5.

Periderm

secondary

A. Endodermis
B. Pericycle
C. Hypodermis

1. Outermost layer of stele
2. Outermost layer of
cortex
3. Innermost layer of
cortex

D. Secondary phloem 4. Innermost layer of Bark
5. Innermost layer of stele
a.

A-1 B-3 C-2 D-4

b.

A-3 B-1 C-4 D-2

a.

A-2 B-3 C-4 D-1

c.

A-1 B-2 C-3 D-4

b.

A-2 B-3 C-5 D-1

d.

A-3 B-1 C-2 D-4

c.

A-2 B-4 C-5 D-3

d.

A-2 B-5 C-3 D-1

Conceptual Round

16. Match the columns and find out the correct combination:
A. Apical meristems
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19. Consider the following statements:

1. Promotes vertical growth
in grasses

A. In a dicot root, the vascular bundles are collateral
and endarch.

B. Lateral meristems 2. Enhances
cylindrical
growth of stems and
roots

B. The inner most layer of cortex in a dicot root is
endoermis.

C. Intercalary
meristems

3. Primary meristems that
can produce secondary
meristems

D. Fascicular
4. Derived from
vascular cambium
meristems

lateral

5. Primary
meristems
produces dermal, ground
and vascular

C. In a dicot root, the phloem massses are separated
from the xylem by parenchymatous cells that are
known as the conjunctive tissue.
Of these statements given above
a. (A) is true but (B) and (C) are false
b. (B) is true but (A) and (C) are false
c. (B) and (C) are true but (A) is false
d. (A) and (C) is true but (B) is false
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20. Incorrect statement is/are (with respect to dicot stems)
A. Vascular cambium activity is under the control of
many physiological and environmental factors.
B. In the spring season, cambium is very active and
more active towards inside.
C. Unlike dicot roots, the vascular cambium is
completely secondary in origin in dicot stems.
D. Early or soft bark do not have secondary phloem.
E. Due to activity of the cork cambium, pressure
builds up on the remaining layers peripheral to
phellogen and ultimately these layers die and
slough off.
F. Major part is dead in secondary xylem, some part
is dead in secondary phloem and no part is dead in
secondary medullary rays.
a. A and E

b. B and F

c. C and D

d. A and D

21. Which is correct about transport or conduction of

24. If both dicot root and monocot root possess six xylem
bundles. The two can be distinguished by:
a. Presence of lysigenous cavity in dicot root
b. Occurrence of more metaxylem vessels in dicot root
c. Presence of exarch condition in monocot root
d. Shape of vessels in T.S.
25. The spring wood is __A__ whereas the autumn wood is
__B__ :
a. A- darker in colour and has a higher density, B- lighter
in colour and has lower density
b. A- lighter in colour and has lower density, B-darker
and has a higher density
c. A- lighter in colour and has a higher density, B- darker
and has lower density
d. A- darker in colour and has a lower density, B- lighter
in colour and has a higher density
26. A stem-boring beetle has laid its eggs in the center of
a 5-year-old wood twig, and the eggs have matured

substances

into larvae. In proper order (inside to outside), what

a. Organic food moves upwardly through xylem

tissues and tissue regions would the larvae encounter as

b. Organic food moves up through phloem

they eat their way toward the outside of the twig? (For

c. Inorganic food moves upwardly and downwardly

simplicity, assume that the epidermis has already fallen

through xylem
d. Organic food moves upwardly and downwardly
through phloem.

off completely.)

22. Which is correct statement?
a. Casparian strips are found in endodermis and made up
of only lignin
b. Parenchyma is differentiated and main assimilatory
tissue

a. Pith; primary xylem; secondary xylem; vascular
cambium; primary phloem; secondary phloem; cortex
b. Pith; secondary xylem; primary xylem; vascular
cambium; secondary phloem; primary phloem;
cortex
c. Pith; secondary xylem; primary xylem; vascular
cambium; primary phloem; secondary phloem;

c. Phellogen is secondary cambium, it is formed by
fascicular cambium
d. Pith is present in dicot root and monocot stem
Advance Round
23. Which of the following character is not related with
companion cell?
a. It is specialised parenchymatous cell
b. It helps in maintaining pressure gradient in the sieve
tube
c. Its nucleus controls the function of sieve tube
d. It is connected to vessels through pit field

cortex
d. Pith; primary xylem; secondary xylem; vascular
cambium; secondary phloem; primary phloem;
cortex
27. In roots, the primary xylem is called exarch because:
a. The protoxylem lies towards the centre and metaxylem
lies towards the periphery
b. The protoxylom lies towards the periphery and
metaxylem lies towards the centre
c. Both the protoxylem and the metaxylem lies towards
the centre
d. The protoxylem is surrounded by the metaxylem
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Assertion & Reason Based Questions

Statement Based Questions

Directions: These questions consist of two statements each,

Directions: These questions consist of two statements each,

printed as Assertion and Reason. While answering these
questions, you are required to choose any one of the following
four responses.
A. If both Assertion and Reason are True and the
Reason is a correct explanation of the Assertion.
B. If both Assertion and Reason are True but Reason
is not a correct explanation of the Assertion.
C. If Assertion is True but the Reason is False.
D. Assertion is False but Reason is True.
28. Assertion: The cork is impervious to water.
Reason: In cork cells, suberin is deposited in cell wall.
29. Assertion: Intercalary meristem occurs in between
mature tissue.
Reason: It occurs in grasses and regenerates parts
removed by grazing herbivores.
30. Assertion: The amount of secondary xylem is produced
more than secondary phloem and soon forms a compact
mass.
Reason: The cambium is generally less active on the
inner side than on the outer.
31. Assertion: The heart wood is involved in transportation
of water.
Reason: The heart wood is central part of wood.
32. Assertion: Vegetative propagation by cuttings is
possible due to the activity of parenchyma.
Reason: Parenchyma provides rigidity to the plant.

printed as Statement-I and Statement-II. While answering
these questions, you are required to choose any one of the
following four responses.
A. Both Statement-I and Statement-II are correct.
B. Both Statement-I and Statement-II are incorrect.
C. Statement-I is correct & Statement-II is incorrect.
D. Statement-I is incorrect & Statement-II is correct.
33. Statement-I: Apical, intercalary and all lateral
meristems are primary meristems.
Statement-II: Secondary meristem appears early in the
life of a plant and contribute to formation of primary
plant body.
34. Statement-I: Intercalary meristem increase length of
plant like apical meristems.
Statement-II: Intercalary meristem originates from the
apical meristems.
35. Statement-I: Sapwood is less durable than the
heartwood.
Statement-II: Hollow tree trunks are
disappearance of sapwood.

due to the

36. Statement-I: Bulliform cells are useful in the unrolling
of leaf.
Statement-II: Bulliform leaves store water.
37. Statement-I: Secondary growth usually occurs in
monocotyledonous stems.
Statement-II: The vascular cambium present between
xylem and phloem possesses the ability to form
secondary xylem and secondary phloem respectively.
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NCERT Exemplar Problems
1. A transverse section of stem is stained first with safranin
and then with fast green following the usual schedule
of double staining for the preparation of a permanent
slide. What would be the colour of the stained xylem
and phloem?
a. Red and green
b. Green and red
c. Orange and yellow
d. Purple and orange
2. Match the following columns.
Column I
Column II
A. Meristem
1. Photosynthesis, storage
B. Parenchyma
2. Mechanical support
C. Collenchyma
3. Actively dividing cells
D. Sclerenchyma
4. Stomata
E. Epidermal tissue
5. Sclereids
a.
b.
c.
d.

A-1
A-3
A-2
A-5

B-3
B-1
B-4
B-4

C-5
C-2
C-5
C-3

D-2
D-5
D-1
D-2

3. Match the following columns.
Column I
A. Cuticle
1.
B. Bulliform cells
2.
C. Stomata
3.
D. Epidermis
4.
a.
b.
c.
d.

A-3
A-1
A-3
A-3

B-4
B-2
B-2
B-2

C-1
C-3
C-4
C-1

E-4
E-4
E-3
E-1
Column II
Guard cells
Single layer
Waxy layer
Empty colourless cell

D-2
D-4
D-1
D-4

4. Identify the simple tissue system from among the
following.
a. Parenchyma
b. Xylem
c. Epidermis
d. Phloem
5. Cells of this tissue are living and show angular wall
thickening. They also provide mechanical support. The
tissue is:
a. Xylem
b. Sclerenchyma
c. Collenchyma
d. Epidermis
6. Epiblema of roots is equivalent to:
a. Pericycle
b. Endodermis
c. Epidermis
d. Stele
7. A conjoint and open vascular bundle will be observed in
the transverse section of:
a. Monocot root
b. Monocot stem
c. Dicot root
d. Dicot stem

8. Interfascicular cambium and cork cambium are formed
due to:
a. Cell division
b. Cell differentiation
c. Cell dedifferentiation d. Redifferentiation
9. Phellogen and phellem respectively denote:
a. Cork and cork cambium
b. Cork cambium and cork
c. Secondary cortex and cork
d. Cork and secondary cortex
10. In which of the following pairs of parts of a flowering
plant is epidermis absent?
a. Root tip and shoot tip b. Shoot bud and floral bud
c. Ovule and seed
d. Petiole and pedicel
11. How many shoot apical meristems are likely to be
present in a twig of a plant possessing, 4 branches and
26 leaves?
a. 26
b. 1
c. 5
d. 30
e. 4
12. A piece of wood having no vessels (trachea) must be
belonging to:
a. Teak
b. Mango
c. Pine
d. Palm
13. A plant tissue, when stained, showed the presence of
hemicellulose and pectin in cell wall of its cells. The
tissue represents:
a. Collenchyma
b. Sclerenchyma
c. Xylem
d. Meristem
14. In conifers, fibres are likely to be absent in:
a. Secondary phloem
b. Secondary xylem
c. Primary phloem
d. Leaves
15. When we peel the skin of a potato tuber, we remove:
a. Periderm
b. Epidermis
c. Cuticle
d. Sapwood
16. A vessel-less piece of stem possessing prominent sieve
tubes would belong to:
a. Pinus
b. Eucalyptus
b. Grass
d. Trochodendron
17. Which one of the following cell types always divide by
anticlinal cell division?
a. Fusiform initial cells
b. Root cap
c. Protoderm
d. Phellogen
18. What is the fate of primary xylem in a dicot root showing
extensive secondary growth?
a. It is retained in the centre of the axis
b. It gets crushed
c. May or may not get crushed
d. It gets surrounded by primary phloem
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Past Year Questions
1. Identify the incorrect statement.
(2020)
a. Sapwood is involved in conduction of water and
minerals from root to leaf.
b. Sapwood is the innermost secondary xylem and is
lighter in colour.
c. Due to deposition of tannins, resins, oils etc., heart
wood is dark in colour.
d. Heart wood does not conduct water but gives
mechanical support.
2. The transverse section of a plant shows following
anatomical features:
(2020)
1. Large number of scattered vascular bundles
surrounded by bundle sheath.
2. Large conspicuous parenchymatous ground tissue.
3. Vascular bundles conjoint and closed.
4. Phloem parenchyma absent.
Identify the category of plant and its part:
a. Monocotyledonous root
b. Dicotyledonous stem
c. Dicotyledonous root
d. Monocotyledonous stem

7. Which of the statements given below is not true about
formation of annual Rings in trees?
(2019)
a. Annual ring is a combination of spring wood and
autumn wood produced in a year
b. Differential activity of cambium causes light and dark
bands of tissue-early and late wood respectively.
c. Activity of cambium depends upon variation in
climate.
d. Annual rings are not prominent in trees of temperate
region.
8. Secondary xylem and phloem in dicot stem are produced
by 
(2018)
a. Apical meristem
b. Vascular cambium
c. Phellogen
d. Axillary meristems
9. Casparian strips occur in
a. Epidermis
c. Cortex

b. Pericycle
d. Endodermis

(2018)

10. Plants having little or no secondary growth are  (2018)
a. Grasses
b. Deciduous angiosperms
c. Conifers
d. Cycads

3. Large, empty colourless cells of the adaxial epidermis

11. Which of the following is made up of dead cells?
(2017-Delhi)
a. Xylem parenchyma
b. Collenchyma
c. Phellem
d. Phloem

4. Which of the following statements about cork cambium is

12. Which of the following facilitates opening of stomatal
aperture?
(2017-Delhi)
a. Contraction of outer wall of guard cells
b. Decrease in turgidity of guard cells
c. Radial orientation of cellulose microfibrils in the cell
wall of guard cells
d. Longitudinal orientation of cellulose microfibrils in
the cell wall of guard cells
13. The vascular cambium normally gives rise to:
(2017-Delhi)
a. Phelloderm
b. Primary phloem
c. Secondary xylem
d. Periderm

along the veins of grass leaves are
(2020-Covid)
a. Guard cells
b. Bundle sheath cells
c. Bulliform cells
d. Lenticels

incorrect?(2020-Covid)
a. It forms a part of periderm
b. It is responsible for the formation of lenticels
c. It is a couple of layers thick
d. It forms secondary cortex on its outerside

5. Grass leaves curl inwards during very dry weather.
Select the most appropriate reason from the following
(2019)
a. Closure of stomata
b. Flaccidity of bulliform cells
c. Shrinkage of air spaces in spongy mesophyll
d. Tyloses in vessels
6. Phloem in gymnosperms lacks
a. Albuminous cells and sieve cells
b. Sieve tubes only
c. Companion cells only
d. Both sieve tubes and companion cells

(2019)

14. Identify the wrong statement in context of heartwood:
(2017-Delhi)
a. Organic compounds are deposited in it
b. It is highly durable
c. It conducts water and minerals efficiently
d. It comprises dead elements with highly lignified wall
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Answer Key
Self Assessment Questions
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

b

a

c

c

c

b

d

a

c

c

a

c

c

b

b

c

b

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

a

d

c

b

b

b

a

d

c

b

a

c

a

c

d

b

a

35

36

37

38

39

40

41

42

43
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Explanations and NCERT References
Self Assessment Questions
98. (b) NCERT (XI) Ch - 6, Pg. 85, fig 6.1 (a)
99. (b) NCERT (XI) Ch - 6, Pg. 92, fig 6.7 (b)
101. (c) NCERT (XI) Ch - 6, Pg. 97, fig 6.10 (a)
Rank Boosters
1. (b) NCERT (XI) Ch - 6, Pg. 86
In collenchyma, intercellular spaces are absent. They
provide mechanical support and tensile strength to
the growing parts of the plant such as young stem and
petiole of a leaf.
2. (c)

structure as well as in function. They are of three types’
parenchyma, collenchyma and sclerenchyma. They fall
under the category of permanent tissues. Thus, option-A
is correct.
9. (c) NCERT (XI) Ch - 6, Pg. 96
Annual rings seen in a cut stem give an estimate of the
age of the tree. Each annual ring represents one year.
The outermost ring, near the bark, is the youngest. Thus
one year of growth is represented by a ring consisting of
a light part and a dark part.
10. (a) NCERT (XI) Ch - 6, Pg. 91
Mesophyll is differentiated into palisade and spongy
parenchyma in a dicot leaf.
11. (d) NCERT (XI) Ch - 6, Pg. 85, fig 6.1
The part D is root apical meristem which actively
divides.
12. (d) NCERT (XI) Ch - 6, Pg. 87, fig 6.3
The companion cells are specialized parenchymatous
cells, which are closely associated with sieve tube
elements.

There are usually two to four xylem and phloem patches.
Later, a cambium ring develops between the xylem and
phloem.
3. (a) Due to differential seasonal activity of cambium,
alternate light & dense wood is cut off leading to
formation of annual rings.
4. (c) Phloem fibres (bastfibres) are made up of
sclerenchymatous cells. Phloem fibres of jute, flax and
hemp are used commercially.
5. (c) NCERT (XI) Ch - 6, Pg. 93
In monocot stems, the vascular bundles are conjoint and
closed.
6. (b) NCERT (XI) Ch - 6, Pg. 91
The tangential as well as radial walls of the endodermal
cells have a deposition of water-impermeable, waxy
material suberin in the form of casparian strips.
7. (d) NCERT (XI) Ch - 6, Pg. 88
Sieve tube elements are long, tube-like structures,
arranged longitudinally and are associated with the
companion cells. Their end walls are perforated in a
sieve-like manner to form the sieve plates.
A mature sieve element possesses a peripheral cytoplasm
and a large vacuole but lacks a nucleus.
8. (a) NCERT (XI) Ch - 6, Pg. 86
Simple cells are the one which shows similarity in

Phloem parenchyma is absent in most of the
monocotyledons.
The end walls of sieve tube element are perforated by
sieve pores.
13. (d) Permanent tissues are of two types that is simple
permanent and complex permanent. Simple permanent
tissues are of three types namely parenchyma, collenchyma
and sclerenchyma. Collenchyma is present in the layers
below the epidermis and can be oval, spherical or polygonal.
The corners are thick because of the presence of cellulose,
hemicellulose and pectin. The intercellular spaces are
absent.

19. (c) NCERT (XI) Ch - 6, Pg. 90
In a dicot root, the vascular bundles are open and
endarch.
20. (c) NCERT (XI) Ch - 6, Pg. 97
In the dicot root, the vascular cambium is completely
secondary in origin. Bark refers to a number of tissue
types, viz., periderm and secondary phloem. Bark that
is formed early in the season is called early or soft bark.
21. (d) Phloem is involved in the movement of food
material from one place to another and the process is
called translocation. In sieve tube, there is cytoplasmic
streaming movement and the solute molecules are caught
up in the circulating cytoplasm which is transported
from one place to another with the help of cytoplasmic
strands present in the sieve plates.
22. (a) Casparian strips are found in endodermis and made
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up of suberin.
Parenchyma cells are not differentiated neither
morphologically nor physiologically .
There is no pith region in monocots. Cork combium or
phellogen arises from the hypodermis or from the outer
layer of cortex because they become meristematic.
23. (d) NCERT (XI) Ch - 6, Pg. 88
The companion cells are specialized parenchymatous
cells, which are closely associated with sieve tube
elements. The sieve tube elements and companion
cells are connected by pit fields present between their
common longitudinal walls. The companion cells help
in maintaining the pressure gradient in the sieve tubes.
24. (d) In dicot root, vessels of xylem are angular or
polygonal in shape, when we cut it in transverse section.
In monocot root, vessels of xylem are rounded or oval.
25. (b) NCERT (XI) Ch - 6, Pg. 96
The spring wood is lighter in colour and has a lower
density whereas the autumn wood is darker and has a
higher density.
26. (d) In young stems, the tissues are from the outside to
the inside: epidermis, periderm, cortex, primary phloem,
secondary phloem, vascular cambium, secondary xylem,
and primary xylem.
27. (b) NCERT (XI) Ch - 6, Pg. 87
In stems, the protoxylem lies towards the centre (pith)
and the metaxylem lies towards the periphery of the
organ. This type of primary xylem is called endarch.
In roots, the protoxylem lies towards periphery and
metaxylem lies towards the centre. Such arrangement of
primary xylem is called exarch.
Assertion & Reason Based Questions
28. (a) Due to deposition of suberin, an impermeable
substance in cell wall of cork cells, cork is impervious
to water.
29. (b) The meristem (continuously dividing cells) which
occurs between mature tissues is known as intercalary
meristem. They occur in grasses.
30. (c) In secondary growth, activity of cambial ring begins
to cut off new cells towards inner and outer side. The
cells cut off towards pith, mature into secondary xylem
and cells cut off towards periphery mature into secondary
phloem. The cambium is generally more active on
inner side than outer. The amount of secondary xylem
produced is more than that of secondary phloem.
31. (d) Heartwood comprises dead elements with highly
lignified wall. This region does not conduct water but
provide mechanical support to stem. Sapwood present in
periphery region is involved in conduction of water and
minerals.
32. (c) The parenchyma cells possess meristematic

potentialities which undergoes division and develops into
buds and adventitious roots. Because of this vegetative
propagation by cutting is possible. Collenchyma
provides rigidity to the plant.
Statement Based Questions
33. (b) Primary meristems are apical and intercalary
meristems. Lateral meristems are secondary meristems.
Secondary meristems appear later than primary
meristems and occur in mature regions of roots and
shoots of plants. Primary meristems appear early in life
of a plant and contribute to formation of primary plant
body.
34. (a) Intercalary meristems: They occur between mature
tissues. They occur in grasses and regenerate parts
removed by the grazing herbivores.
Apical and intercalary meristems are primary meristems
because they appear early in a plant life and contribute
to the formation of the primary plant body.
35. (c) Various types of plant products like oils, resins, gums
and tanins are deposited in the cells of the heartwood.
They are antisepteic. The heartwood is, therefore,
stronger and more durable than the sapwood. It is,
however, liable to be attacked by wood rotting fungi.
Hollow tree trunks are due to their activity. Sapwood
(outer light coloured wood) is less durable because it is
susceptible to attack by pathogens and insects.
36. (a) In isobilateral leaves, the upper epidermis contains
specialized cells, i.e., bulliform or motor cells. They
are highly vacuolated and can store water, if available.
However, in case of water deficiency the bulliform cells
lose water and become flaccid. As a result the leaf gets
rolled up to reduce the exposed surface. The bulliform
cells are also useful in the unrolling of leaf during its
development.
37. (d) Dicotyledonous stems usually shows secondary
growth in thickness which is due to the activity of
vascular cambium and cork cambium. Vascular cambium
is present between phloem and xylem. Such vascular
bundles because of the presence of the cambium possess
the ability to form secondary xylem and phloem tissues,
and hence exhibit secondary growth.
NCERT Exemplar Problems
1. (a) The xylem is coloured red with safranin and phloem
green with fast green, whereas other colours are not
given by safranin and fast green.
2. (b) Meristem is a group of actively dividing cells which
is responsible for the lifelong growth occurring in the
plants.
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Parenchyma: It is a permanent tissue and widely
distributed in plant body. It is mainly involved in
photosynthesis in chlorophyll containing cells and also
store food materials.
Collenchyma: The cells of collenchyma tissue have
thickening at corners of cells and this provide mechanical
strength to herbaceous green stems.
Sclerenchyma: This tissue is dead at maturity, have
thickening along all sides of walls. Sclereids and fibre
are this types of tissue.
Epidermal tissue: The epidermal tissue system forms
the outer most covering of the whole plant body and
comprises epidermal cells, stomata and the epidermal
appendages; the trichomes and hairs.
3. (a) Cuticle: It is a waxy layer present all over the plant
body except root.
Bulliform Cells: These are empty colourless cells when
the bulliform cells in the leaves absorbed water and
becomes turgid the leaf surface is exposed. When they
are flaccid due to water stress, they make the leaves curl
inwards to minimise water loss.
Stomata: These are minute apertures in the epidermis,
meant for gas exchange. Each aperture is bounded by
two kidney shaped cells called guard calls. Guard cells
control closing and opening of stomata.
Epidermis: It is generally uniseriate, i.e., composed of
single layer of epidermal cells. In some cases epidermis
may be multilayered, e.g., Ficus, Nerium.
4. (a) A simple tissue is made of only one type of alls so the
origin of simple tissue is homogeneous. Parenchyma,
collenchyma and sclerenchyma come under simple
tissue.
5. (c) Collenchyma: This tissue provide mechanical
support mainly to herbaceous young growing stem. The
cells have angular thickening at the corners. Whereas,
xylem is conductive complex tissue, transports water
and mineral.
Sclerenchyma is dead at maturity, present in hard areas
of the plant. Epidermis is usually a single layered
structure present on the entire body surface of the plant.
6. (c) Epidermis: It is usually a single layered structure,
present all over the body surface of the plant. In case of
root, it is called epiblema instead of epidermis.
Whereas stele is collective term for vascular tissues in
case of vascular plants (pteridophyte gymnosperms and
angiosperms).
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8. (c) Interfascicular cambium and cork cambium are
formed due to cell dedifferentiation.
Differentiation: The process which leads to maturation
of cells is called differentiation. During differentiation,
a few or major changes happen in protoplasm and cell
walls of the cells.
Dedifferentiation: A differentiated cell can regain its
capacity for cell division under certain conditions. This
phenomenon is called dedifferentiation. Formation
of interfascicular cambium and cork cambium from
fully-differentiated parenchyma cells is an example of
dedifferentiation.
Redifferentiation: A dedifferentiated plant cell once
again loses its capacity to divide and becomes mature.
This phenomenon is called redifferentiation.
9. (b) In the dicot stem, the cortical cells gets differentiated
to give rise to another meristematic tissue which is
called cork cambium or phellogen. On the outer side,
it forms phellem (cork) and in the inner region, it forms
secondary cortical cells (phelloderm).
10. (a) Root and shoot tip of an actively growing plant has
high meristematic activity. The cells in this region are
highly active and keep dividing. So, the cells do not get
differentiated to epidermal tissue, so epidermis is absent
in root and shoot tips.
11. (c) Apical Meristem is always present at the growing
apices. Plants having 4 branches and 26 leaves will have
5 growing apices (4 growing apex of the branches, one
growing apex of the main plant axis).
12. (c) Pine is a gymnosperm. The plants belonging to this
group do not have vessels instead, they have trachieds.
Whereas teak, mango and palm are angiospermic
trees. Angiospermic xylem contains vessels, tracheids,
parenchyma and fibres.
13. (a) Collenchyma: It is a group of specialised cells
meant for mechanical support. It has the thickening at
the corners of the cells which is mainly because of the
deposition of pectin and hemicellulose.
14. (b) Leaves of the plants are mainly the organ of
photosynthesis. It has specialised parenchymatous cells
having chlorophyll. It does not have any fibrous cells.
15. (a) Potato is an underground stem. The outer epidermal
layer of the stem is known as periderm. So when we
remove skin of potato, we are actually removing the
periderm.

Endodermis and pericycle are the part of root or stem
encircling vascular strands.

16. (d) Trichodendron: The species of this genus have a very
unique feature of the angiosperms, i.e., it lack vessel
elements in its wood, but has prominent sieve tube cells.

7. (d) Vascular bundles are said to be open when cambium
is present in between the xylem and phloem. Conjoint
means the xylem and phloem are united and are present
on the same radius.

17. (c) Phellogen: It is secondary meristematic tissue which
develops from the cells of cortical region of dicot stem.
It is responsible for secondary growth. Its cells divide on
both sides, i.e., anticlinal division occurs.
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On the outerside of stem, it gives rise to cork or phellem
and on inner side phelloderm or secondary cortex.
18. (a) Primary xylem is present in the centre of the root. As
secondary growth occurs in the root the primary phloem
is pushed outside whereas, primary xylem remains
inside of the root.
Past Year Questions
1. (b) NCERT (XI) Ch - 6, Pg. 96
In old trees, the central or innermost part of secondary
xylem is dark brown due to deposition of organic
compounds like tannins, resins, oils, gums, aromatic
substances and essential oils. This region comprises
dead elements with highly lignified walls called as
heartwood.
The peripheral region (outermost) of the secondary
xylem is lighter in colour and is known as the sapwood.
2. (d) NCERT (XI) Ch - 6, Pg. 93
The monocotyledonous stem has a sclerenchymatous
hypodermis, a large number of scattered vascular
bundles, each surrounded by a sclerenchymatous bundle
sheath, and a large, conspicuous parenchymatous ground
tissue. Vascular bundles are conjoint and closed
3. (c) NCERT (XI), Ch - 6, Pg. 94

In grasses, certain adaxial epidermal cells along the
veins modify themselves into large, empty, colourless
cells. These are called bulliform cells.
4. (d) NCERT (XI), Ch - 6, Pg. 96

Cork cambium or phellogen cuts off cells on both
sides. The outer cells differentiate into cork or
phellem while the inner cells differentiate into
secondary cortex or phelloderm. It forms secondary
cortex on its innerside.
5. (b) NCERT (XI) Ch - 6, Pg. 94
Bulliform cells become flaccid due to water stress. This
will make the leaves to curl inward to minimise water
loss
6. (d) NCERT (XI) Ch - 6, Pg. 88
Phloem in gymnosperms lacks both sieve tube and
companion cells. Gymosperms have albuminous cells
and sieve cells.
7. (d) NCERT (XI) Ch - 6, Pg. 96
Annual rings are formed by the seasonal activity of
cambium. In temperate regions, climatic conditions are
not uniform throughout the year. However in tropics

climatic conditions are uniform throughout the year.
Therefore, in plants of temperate regions, cambium is
more active in spring and less active in autumn seasons.
8. (b) NCERT (XI) Ch - 6, Pg. 94
Vascular cambium is located between the xylem and
phloem in the stem and root of a vascular plant. It is the
source of both the secondary xylem growth (inwards,
towards pith) and secondary phloem growth (outwards).
9. (d) NCERT (XI) Ch - 6, Pg. 91
Casparian strip is a band of cell wall material deposited
in the radial and transverse walls of the endodermis. It is
made up of suberin and lignin.
10. (a) NCERT (XI) Ch - 6, Pg. 94
Monocots either have no secondary growth or they
have an anomalous secondary growth such as in grass.
It happens because of the absence of cambium between
xylem and phloem in monocots.
11. (c) NCERT (XI) Ch - 6, Pg. 96
Phellogen cuts off cells on both sides. The outer cells
differentiate into cork (phellem) while the inner cells
differentiate into secondary cortex (phelloderm). Cells
of secondary cortex are parenchymatous. Phellem is
made up of dead cells.
12. (c) Stomata regulate the transpiration and gaseous
exchange. A stoma is made of two bean-shaped cells
(guard cells).
In grasses, the guard cells are dumbbell shaped.
The outer walls of guard cells (away from the stomatal
pore) are thin and the inner walls (towards the stomatal
pore) are highly thickened.
13. (c) NCERT (XI) Ch - 6, Pg. 96
During secondary growth, vascular cambium gives rise
to secondary xylem and secondary phloem. Phelloderm
is formed by cork cambium.
14. (c) NCERT (XI) Ch - 6, Pg. 96
Heartwood: It is the hard, dead, dark brown-coloured,
highly lignified and non-functional central part of the
secondary xylem of old trees. The dark colour is due to
deposition of organic compounds (tannins, resins, oils,
gums, aromatic substances, essential oils etc). These
substances make it hard, durable and resistant to the
attacks of microorganisms and insects. The heartwood
does not conduct water but it gives mechanical support
to the stem.

