Anatomy of
Flowering Plants

Anatomy of every plant changes as per the habitat and so does the morphology. Anatomy
of plants is all about studying internal structures of plants. Plants in desert areas have
succulent leaves while aquatic plants have floating leaves with stomata on the upper side
similarly trees in forest have strong, wooden bark and crops in fields have much delicate .

Topic Notes

O Tissue System
B Anatomy of Plants



_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

TISSUE SYSTEM

L

' TOPIC 1
TYPES OF TISSUE SYSTEM

Tissue system Is a tissue or a group of tissues derived
from a portion of meristern which performs a similar
function in the plant body irrespective of its position.
On the basls of their location and structure, Sach
(1875) recognised three systems In plants:

(1) Epidermal tissue system
(2) Ground tissue system
(3) Vasculor tissue system

Epidermal Tissue System

The word epiderm itself suggests the meaning, Le
‘epl’ means outer and ‘derm’ means skin/covering/
loyer. The epidermal tissue system acts as the outer
covering of the whole plant body. It is made up of
epidermal cells, stomata and epidermal outgrowths
such as trichomes.

Epidermal cells are made up of parenchymatous
tissue and have large vacuoles. These cells are
covered by a thick waxy layer known as cuticle
Thickness of cuticle is inversely proportional
to transpiration. ie. more is the thickness of
the cuticle. less is the transpiratdon rate and
vice versa.

r@ Important

= Cuticle [s absent in submerged hydrophytes and roots of
plants

Stomata are structures found mostly on the
surface of leaves and young stems. It Is made up
of stomatal pore and is quarded by guard cells
which are surrounded by subsidiary cells. The
outslde walls of quard cells that are away from
the stomatal pore are thin and the inner walls are
thicker that is towards the stomatal pore. The quard
cells have chloroplasts and control the opening
and closing of stomata. Guard cells found in dicots
are bean-shaped and those found in monocots
like grass are dumb-bell shaped. Occasionally. o
few epldermal cells near the guard cells become
specialised in shape and size and are referred to as
subsidlary cells. About 85 to 90% of transpiration
in plants occurs through stomata. These also help

in exchange of gases. The stomatal aperture, guard
cells and the surrounding subsidiary cells together
are called as stomatal apparatus.

@ ®)

Diagrammatic Representation of Stomata
(a) Stomata with Bean-Shaped Guard Cell
(b) Stomata with Dumb-bell Shaped Guard Cell

nﬁ/\]’ Important

= The stomata that open during day are photoactive
stomata and stomata that open at night are scotoactive
stomata.

Epldermal outgrowth consists of smaoll finger-like
hairs present on the surface of roots and stems. The
hairs present on the surface of roots are unicellular
and help in absorption of water and minerals from
soll The halrs present on the surface of stems are
multicellular, and secretory in nature, they are known
as trichomes which prevent loss of water during
transpiration.

Ground Tissue System

Ground tissue system makes up the magjority of the
plants body and extends from below the epidermis
to the centre. All excluding epidermis and vascular
tissue, comes under ground tissue system. It consists
of hypodermis, cortex, pericycle, medullary rays and
pith. There is no differentigtion in the ground tissue
system of monocotyledonous stems, where vascular
bundles are scattered.

[6}’ Important

= Ground tssue systemis dominated by parenchyma tlssue.
= Ground tissue system of leaves [s called mesophyll
Mesophyll Is made up of two types of photosynthetic cells.
palisode and spongy.

|
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Vascular Tissue System

The complex permanent tissues such as xylem and
phloem form the vascular tissue system. Vascular
tissue consists of two types of vascular bundles which
are as follows:

(1) Radial vascular bundles
(2) Conjoint vascular bundles

Radial vascular bundles are found in roots of plants in

which xylem and phloem are arranged alternately at
different radii.

Conjoint vascular bundles are mainly found in the
stem and leaves of plants in which xylem and phloem
are arranged at the same radius joining each other.
There are two tupes of conjoint vascular bundles,
namely:

(1) Collateral vascular bundles

(2) Concentric vascular bundles

In collateral vascular bundles, xylem and phloem are
arranged laterally, where phloem Is located at the
outer side of bundles.

In dicots and gymnosperms, vascular bundles contain
camblum in between phloem and xylem which is
responsible for secondary growth of tissues in plants;
such types of vasculor bundles are called conjoint
open vascular bundles.

In monocots, cambium is absent in between phloem
and xuylem; such types of vascular bundles are called
conjoint closed vascular bundles.

In concentric vascular bundles, xylem and phloem are
arranged in drcles or concentric rings. There are two
types of concentric vascular bundles as follows:

(1) Amphicribral or Hadrocentric vascular
bundles: This type of vascular bundle is found in
pteridophytes like fern, in which xylem is placed
at the centre and surrounded by phloem in
circles.

(2) Amphivasal or Leptocentric vascular bundles:
Vascular bundles, in which phloem is present at
the centre surrounded by xylem in concentric
circles, are known as Amphivasal vascular
bundles.

Rodial Conj
collateral and open and closed

®-0

Canr.entnc Cancmmc

Conjoint collateral

Amphcn.bmf Amphumai
Types of Vascular Bundles

Example 1.1: Name the three basic tissue
systems in the flowering plants. Give the tissue
names under each system.

Anes. The three basic tissue systems in the flowering
plants are as follows:

(1) Epldermol tissue system consisting of
epldermis, trichomes, hairs and stomata.

(2) Ground tissue system is made up of
tissues such as parenchyma, collenchyma,
sclerenchyma and mesophull It consists
of cortex, pericycle. medullary rays
and pith.

(3) Vascular tissue system includes sylem,
phloem and camblum.

Example 1.2: Case Based:

We all keep cucumbers to calm our eyes, as it gives a
hydrating effect As soon as we cut the cucumber, we
see water coming out from it This water is nothing
but leakage of vascular bundles consisting of xylem
at the centre surrounded by phloem from both sides.
This type of vascular bundle is called bicollateral
vascular bundle in which phloem Is present on both
the sides of xylem.

(A) Vascular bundles with the presence of
cambium are found in:
(a) Dicots
(b) Monocots
() Gymnosperms
(d) Both (a) and (c)

(B) Amphicribral type of vascular bundle is shown

by:
(@) fern (b) groundnuts
(c) maize (d) cucumber

(C) Which type of vascular bundles are found in
the roots of plants?

(D) Write down the difference between conjoint
collateral open-type and conjoint collateral
closed-type vascular bundles.

(E) Assertion (A): Amphivasal type of vascular
bundles are also known as

leptocentric vascular bundles.

Reason (R): In amphivasal vascular bun-

dles, phloem is surround-

ed by xylem in concentric

circles.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both A and R are true and R is not the

correct explanation of A.

L L L o o
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(c) Aistrue but Ris false.
(d) Ais false but R is true.
Ans. (A) (d) Both (a) and (¢)

Explanation: In dicots and gymnosperms,
vascular bundles contaln camblum in
between phloem and xylem which is
responsible for secondary growth of
tissues. In plants; such types of vascular
bundles are called conjoint open vascular
bundles.

®) (a) Fern
Explanation: Amphicribral type of vascular
bundles are found in pteridophytes Llike
fern. in which xylem is placed at the
centre and surrounded by phloem in
circles.
Groundnut is a dicot and vascular
bundles found in dicots are collateral
open containing camblum in between
xylem and phloem. Maize is a monocot
and vascular bundles found in monocots
are closed collateral that lacks cambium
in between xylem and phloem. Family
Cucurbitaceae show bicollateral vascular
bundles.

(C) Radial vascular bundles are found in roots
of plonts in which xylem and phloem
are arranged alternately at different
radii

(D) Conjoint Conjoint
S. collateral open- collateral
No. type vascular closed-type
bundle vascular bundle
| (1) | Thevascular The vascular '
bundles in bundles in
which cambium | which cambium
is present is absent
between xylem | between xylem
'and phloem and phloem
| are known are known
| as Conjoint as Conjoint
} collateral open- | collateral
‘ type vascular closed-type
| bundles. vascular
: bundles.
(2) |Thistype This type of
‘ | of vascular vascular bundle
| bundle Is found |is foundin
‘ |in dicots and Monocots.
. 1 gumnospermes.

(E) (@ Both A and R are true and R is the
correct explanation of A.

Explanation: Amphivasal vasculor bundles
are also known as leptocentric vascular
bundles because in amphivasal vascular
bundles, phloem (food conducting tissue)
is surrounded by water conducting tissue,
xylem in concentric circles.

@ Related Theory
= Amphivasal type of vascular bundles Is found In Dracoena.

COBJ ECTIVE Type Questions)

[1mark ]

Multiple Choice Questions

i.|dentify the simple tissue among the

following.
(a) Parenchyma (b) Xylem
(c) Epildermis (d) Phloem
[NCERT Exemplar]

Ans. (a) Parenchyma

Explanation: Simple permanent tissues are
made up of only one type of cell performing
similar functions. They may be found dead or
living in plants. Parenchyma, Collenchyma and
Sclerenchyma are the three types of simple
tissues found in the body of plants. Xylem
and Phloem are types of complex permanent
tissue. Epidermis consists of long elongated,
tightly arranged cells which make up the outer
layer of the initial plont body.

2. Which type of xylem is present In the stem

Ans.

of plants?
(a) Endarch and exarch (b) Endarch
(c) Exarch (d) Hydrarch

(b) Endarch

Explanation: Endarch is an arrangement of
primary xylem in which the protoxulem s
placed at the centre and is surrounded by a
metaxylem from periphery. Such types of
arrangements of primary xylem are seen in
stems of plant Exarch is an arrangement of
primary xylem in which the metaxylem placed
at the centre is surrounded by protoxylem from
the periphery. Such types of arrangements of
primary xylem are seen in roots of plants.

3. Which is the outermost layer of the primary

plant body?

L L L o o



The roots of dicot and monocot plants both
contain thesge kinds of vascular bundles. Radial
vascular bundles are formed when xylem and
phloem coexist in patches and occupy distinct
radi.. The xylem and phloem in this tupe
of vascular bundle alternate (separated by
non-conductive tissues).

(a) Trichomes
(c) Cuticle
Ans. (b) Epldermis

Explanation: Epidermis consists of long
elongated. tightly arranged cells which make
up the outer layer of the initial plant body.

(b) Epidermis
(d) Parenchyma

Trichomes are finger-like  multcellular,
secretory halrs which are present on the
epldermal surfoce of the stem. They prevent

Assertion-Reason (A-R)

. Given below are two statements labelled as
water loss caused by transpiration Assertion (A) and Reason (R). Select the most
Epidermal cells are covered by a thick waxy appropriate answer from the options given below:

layer known as cuticle. Thickness of cuticle is (o) Both A and R are true and R is the correct
inversely proportional to transpiration, Le thick explanation of A.

EZ?S;:UUCLE' less I the trnspisation;and vice (b) Both A and R are true and R is not the correct
) explanation of A.

A is true but R is false.
(d) Aisfalse but R is true.

Parenchyma is the most abundantly found
simple permanent tissue in plants with thin ©
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cellulose cell walls and tightly packed cells or
cells with little Intercellular spaces.

©. Assertion (A):

Phloem is also known as food

4. Statement A: Vascular strands show a radial tissue, as it transports food
arrangement in stems. from root to stem and leaves.
Statement B: It is helpful in maintaining Reason (R): Xylem is also known as water
the inward movement of tissue, as it transports water
water from epidermis to enter from root to stem and leaves.
the xylem without crossing Ans. (d) A Is false but R is true
phiogm strand Explanation: Phloem is food tissue; it transports
(a) Both-Aand B are f:orrect. plant food which is synthesised by leaves to
(b) Both A and B are incorrect. Gthar parts 6F ths plant
(c) Only A is correct. Sl | ,
. ylem is a water tissue because it conducts
(d) Only B is correct water and provides water to stem and leaves
Ans. (d) Only B Is correct which Is collected from roots.

Explanation: Vascular strands show a radial
arrangement in roots. No phloem lies outside
of xylem strands due to the arrangement
of the vascular tissues (xylem and phloem
strands) in roots. This configuration aids in
preventing water from the epldermis from
crossing the phloem strand, where a different
type of conduction is occurring, in order to
enter the xylem.

5. Statement A: In roots, vascular bundles show

Ans.

radial arrangement of xylem
and phloem.

Statement B: In roots, arrangement of xylem
and phloem on different radii
facilitates absorption process.

(a) Both A and B are correct.
(b) Both A and B are incorrect.
(c) Only A is correct.

(d) Only B is correct

(b) Both A and B are incorrect

Explanation: The xylem and phloem of the
radlal vascular bundle are arranged simply
and are separated by non-conductive tissues.

7. Assertion (A):

Gymnosperms lack vessels
in thelr xylem.

Reason (R): Trachelds are Lliving cells

with protoplasm.

Ans. (c) A s true but R s false.

Explanation: Seed-producing plants, gymn-
osperms do not contain vessels in their xylem.
Thelr xylem consists of xylem fibres, xylem
parenchyma and tracheids but not vessels
which are present in anglosperms. Tracheids
are long and elongated and appear as tubes
having thick walls which taper at the end.
Thelr walls are lignified and non-living. The
walls of tracheids lack protoplasm.

@ Related Theory

= |n pteridophytes and gymnosperms. trachelds are

chlef conducting tssues but Selaginella. Marsilea
(Pteridophytes) and Gnetum (Gymnosperm) are
the exceptons. They show the presence of vessels
In their xylem that conducts water and minerals.
On the other hand. maln conducting tissues in
Anglosperms are vessels: though most spedes also
have trachelds.

L L L o o
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8. Assertion (A): The companion cells help
in maintalning the pressure
gradient in the sieve tubes.
The companion cells are
specialised collenchymatous
cells.

Ans. (c) A is true but R is false

Reason (R):

Explanation: Companion cells are essential
parenchymatous cells that are closely
connected to sieve tube elements. Pit fields
exist between the shared longitudinal walls of
the sleve tube elements and companion cells,
which connect them. The partner cells ald in
maintaining the sleve tubes' pressure gradient

@ASE BASED Questions (CBQSD

[ 4 &5 marks ]

Read the following passages and answer the
questions that follow:

9. Observe the following diagram and answer the

questions.
] el
ey
'} — Guard A

colls A
\l)
(@)

Stomotal
operium
Diagrammatic Representation of Stormata:
(a) Stomata with Bean-Shaped Guard Cells
(b) Stomata with Bumb-bell Shaped Guard Cells

(A) Where do you find Stomata with bean-
shaped guard cells?

(B) Specify the shape of stomata prasent in
monocots.

(C) What do you mean by stomatal
apparatus? Write down the functions of
guard cells.

Ans. (A) Dicots show stomata with bean-shaped
guard cells.

(B) Stomata present in monocots like grasses
are dumb-bell shaped.

@ Related Theory

=+ On the bosls of the loagtion of stomata on leaf surface.

leaves are divided Into various types as follows

(1) Dorsiventral or Hypostomatous leaves In which
stomata are present on lower surface of leaves.

(2) Isobilateral or Amphistomatic leaves. here
stomata are present on both upper and lower
surface.

(3) Epistomatal leoves In which stomata are
present only on upper surface

(4) Astomatal leaves, in which stomata are absent
eg. Submerged hydrophytes.

(©) The stomatal aperture, guard cells and the
surrounding subsidiary cells together are
called stomatal apparatus.

Guard cells control opening and closing of
stomata and chloroplast present in guard
cells helps in the process of photosynthesis.

10. Once Shruti was doing some practical work
with all her classmates. She was given a
section to study the anatomy of roots and
stemns. While doing practicals, the lab teacher
instructed all the students about the procedure
of studying the anatomy of roots or stems.
While doing this, when Shruti observed the
thin section under the microscope, she had so
many queries related to this.

(A) What makes the aplcal meristam of the
root sub-terminal?

(a) Meristems (b) Trichomes

(c) Root hairs (d) Root cap

(B) The meristem that occurs early in the Llife
of a plant is known as:

(a) Lateral meristem

(b) Embryonic meristem

() Apical meristem

(d) Both (b) and (c)

(C) Which of the following is the example of
secondary meristem?

(a) Intercalary meristem

(b) Lateral meristem

(c) Both (a) and (b)

(d) Promeristem

(D) Meristem present in grasses is:

(a) Intercalary meristem

(b) Embryonic meristem

() Primordial meristem

(d) Promeristem

(E) Assertion (A): Apical meristem is
responsible for the
increase in length of
root and stem.

Reason (R): Apical meristem s
found in the growing
tips of the plant such
as root tip and shoot
tip.

(a) Both A and R are true and R is the correct

explanation of A.

L L L o o
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(b) Both A and R are true and R Is not the
correct explanation of A.

(c) Aistrue but R is false.
(d) A is false but R Is true.

Ans. (A) (d) Root cap
Explanation: The aplcal meristem of

is a primary meristem that occurs in
between mature tissue. This type of
meristem occurs in the early life of plants
and helps in forming primary plant bodies.

(E) (@) Both A and R are true and R is the
correct explanation of A

the root Is sub-terminal because of the
root cap. As this root cap covers the
tip of the root for protection. Thus, the

Explanation: Both Assertion and reasoning
are correct and reason is the correct
explanation of assertion.

- T m————————-—-———r—-r—-—-r-—_-:e--r—-:-—--r-—-—CrCrG—::—-:r-——-—-—-—-—-—-——-—-—-——-—),—,—-—_—~-e—G-—-—-T""" "1

apical meristem present in the region
of meristematic activity lies at the sub-
terminal position. It Ues just above the root
cap.

11. Observe carefully the given picture and answer
the questions

Aeren- Collen- | Scleren- | Chloren-

(B) (d) Both (b) and () chyma | chyma | chyma | chyma
Explanation: Meristems that occur at an —_—_
early stage in plants at the tip of root and
shoot are apical meristems. Embryonic
meristem occupies a minar area of the tip
of the root and shoot This type of meristem
occurs from the beginning of plant growth.
Lateral meristem is a secondary meristem
usually found in matured parts of root and
shoot sections of plants.

(©) (b) Lateral meristem

Explanation: Lateral meristemn, also known
as the secondary meristem, is found in
matured root and shoot sections of plants.
They have a spherical form and create
secondary tissue. Secondary meristem
is olways lateral in position. Intercalary
meristem s a primary meristem that
occurs in between mature tissue. This

type of meristem occurs in the early life
of plants and helps in forming primary
plant bodies. Promeristem is also known Ans. (A) Large air gaps exist in the parenchyma
as embryonic meristem or primordial of aquatic plants to let them float on
meristem, it develops at an early stage in water. Such a parenchyma type is called
plants. aerenchyma.

It Is a type of tissue with air gaps. It allows
them to float to the water's upper surface.

(B) The buoyancy of floating plants is helped
by aerenchyma.

(C) Water lily and water hyadnth

[Diksha]

(A) Among the above mentioned tissues,
which one is a characteristic feature of
aquatic plants? Explain.

(B) Which type of tissue provides buoyancy
in aquatic plants?

(C) Give the common names of any two
aquatic angiosperms known to you.

(D) (o) Intercalary meristem

Explanation: Meristem present in grasses
is intercalary meristem, since grass is a
monocot. meristem found in monocots is
intercalary meristem. Intercalary meristem

(VERY SHORT ANSWER Type Questions (VSA))

[1mark ]
12. Dermal tissue, ground tissue and vascular Ans. Deposition of cellulose, hemicellulose and
tissue are produced by which meristem? pectin is found in collenchyma tlgsue.
Ans. Dermal tissue, ground tissue and vascular 414. Where ara scleraids found?

HESE aia pratiRedd] Ay lcal ferner Ans. Sclerelds are the cells found in fruit walls of

nuts, pulp of fruits like guava, pear and sapota,
seed coots of legumes and leaves of tea.

i3. What type of depositions are found in
collenchyma tissue?

L L L o o
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15. A plant tissue, when stained, showed the
presence of hemicellulose and pectin in the
cell wall of its cells. Name the tissue.

[Delhi Gov. QB 2022]

Ans. Collenchyma is the tissue. Cells of collenchyma
contain protoplasm and are living. Cell walls
show localised thickenings due to deposition
of cellulose, hemicellulose ond pectin
substances.

16. The vascular bundles are surrounded by
a thick layer of cells in leaves. What is the
name of cells? [Delhi Gov. QB 2022]

Ans. Bundle sheath is a cell layer in plant leaves
and stems that forms a sheath surrounding
the vascular bundles.

17. Hair-like structures are found on the
epidermis of stem of many plants. What are

they?

Ans. Trichomes are branched [ unbranched and may
be soft or stiff multicellular hairs. Trichomes

are present on the epldermal surface of the
stem

Caution
= Students often get confused between the terms.
richomes and trachelds. Thus, it Is necessary for

them to lnow about the meaning and functions of
the terms.

Trachelds: Tube-like. long elongated. having tapering
or rounded or oval ends xylem cells which help
in Dansporting water from roots to leaves and
branches. These tracheids develop a thick lignified
cell wall and at maturlty. the protoplast has broken
down and disappeared. Their presence la the defining
characteristic of vascular plonts to differentiate
them from non-vascular plants.

Trichomes: Finger-Ulke multcellulor. secretory
hairs which are present on the epldermal surfoce
of the stem. They prevent water loss caused by

transplraton.

(SHORT ANSWER Type-| Questions (SA-I))

[ 2 marks ]

18. Two different types of primary xulem are
found in plants. ldentify and define them.

Ans. Protoxylem and metoxylem are two types of
primary xylem. The protoxylem is the firstly
formed primary xylem which developed from
the procambium. Whereas, the xylem formed
after protoxylem or secondarily formed
primary xylem Is metaxylem.

@ Related Theory

w Procambium Is a dividing meristematic tssue
that gives rise to cells that form primary xylem
and primary phloem. The cells of procambium
are cylindrical In shape and are located near the
protoderm (upper layer of stem or root).

19. How many types of tissue systems are
present in plants? Mention their names.

Ans. Broadly three types of tssue systems are
present in plants as follows

(1) Epidermal tissue system
(2) Ground tissue system
(3) Vascular tissue system
20. Ust any two characteristics of meristematic

tissue which can be used as their
distinguishing features.

Ans. Characteristics of meristematic tissue are as
follows:

(1) These are the tssues having living cells
with ability to divide into the regions where
they are present.

(2) Cells of meristematic tissue show a high
rate of metabolism.

(SHORT ANSWER Type-ll Questions (SA-II))

[ 3 marks ]

21. How will you differentiate between
Parenchyma and Sclerenchyma tissues in

plants?
Ans. Parenchyma ~ Sclerenchyma
Parenchyma is a Sclerenchymaisa
living tissue. dead tissue.

Cell wall is made up
of Lignin.

Cell wall is made up
of cellulose.

Containschloroplasts | Gives mechanical
and hence helps in | supportto the
photosynthesis and | plant body and also

storage of food. provides strength to
1 ‘the plant

Cells are loosely Cells are closely

packed with packed without

intercellular spaces. | intercellular spaces.

(Any three)

L L L o o
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22.Sneha studied various types of meristems in a

Ans.

23.

Ans.

24.

Ans.

book. Now she wants to make notes. She noted
down all but forgot intercalary and lateral
meristem. Help her by defining these two.
Intercalary meristem: It Is the primary
meristem that occurs in between mature
tissue of plants. These meristems occur in
grasses and regenerate the parts removed by
the grazing herbivores.

Lateral meristem: It is a type of meristem
which occurs in matured parts of roots and
stem after primary meristem. It is also known
as secondary meristem. Examples of lateral
meristem are cork cambium, fasclcular vascular
cambium, interfascicular cambium, etc. Thelr
function is to produce secondary tissue

A teacher has drawn the structure of phloem
on the blackboard and asked a student to
tell about it. How will he describe it?

The student can use the following points to

describe the structure of phloem:

(1) Phloem is a living tissue. It is also called
as bast and Is responsible for conductlon
of organic food material from source
(generally leaf) to a sink (other plant parts).

(2) On the basis of origin, it can be protophloem
(first formed) and metaphloem (later
formed).

(3) Itis composed of sleve elements (sieve cells
and sieve tubes), companion cells, phloem
parenchyma and phloem fibres.

Differentiate between Epidermal tissue
system and Ground tissue system on the basis
of their formation, components and functions.

Ans.

Charac- Epidermal Ground Tissue
teristics | Tssue System System
Forma- Forms the out- | Forms the
tion | ermost covering | ground
of plant, Le. meristem in
protoderm. plants.
Compo- | Epidermal Excluding
nents cells, stomata epidermis
and epldermal | and vascular
outgrowths. bundles, all
other tissues
come under
the ground
tissue system.
It conslsts of
parenchyma,
collenchyma
ond
. sclerenchyma.
Functions | Stomata Provides
presenton the | mechanical
| epidermis of strength to
| plant leaves plants and
modulate the consists of
| process of parenchyma,
transpiration collenchyma
and also help and
in gaseous sclerenchyma.
exchange,
absorption of
water in roots
| protects plant
body and helps
| in respiration.

CLONG ANSWER Type Questions (LA))

[4 &5 marks ]
25. Differentiate between Simple tissue and Complex tissue.
Characteristics Simple Tissue | Complex Tissue
Cells They consist of only one type of cell and | They consist of more than one type of
 all cells perform the same function. cell and different cells perform different
_ functions but act as a single unit
Location ' Found in every part of the plant. Found in only vascular reglons of plants. ‘
Functions | Act as supporting tissues gives strength | Conduction of water, transport of sap and |
to plants, help in food synthesis, Lle. | transport of food material and nutrients.
photosynthesis, provides protection, store
food and repairs damaged tissues. Jute
and hemp are of great economical use
Tuypes | Parenchyma, collenchyma, *They are classified into two types: Xylem
| sclerenchyma. and Phloem. Xulem consists of trachelds,
xylem vessels, xylem fibres and sxylem
parenchyma.
Phloem consists of sieve tubes, companion
cells, phloem parenchyma and phloem fibres.

L L L o o
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ANATOMY OF PLANTS

TOPIC 1
DICOTYLEDONOUS AND MONOCOTYLEDONOUS PLANTS

Dicotyledonous Root

The different types of cells and tissues of roat arise
from root apical meristem which is prasent at the
sub-terminal position and remains protected by
root cap. Roots are much simpler than stems in their
internal structure. They possess the following tissues:

(1) Epiblema or Piliferous layer: It is the outermost
layer of the root It is made up of thin-walled.
living and flattened parenchymatous cells.
Some cells give rise to tubular outgrowth called
Root halrs. These hairs are generally smaller
than other epiblema cells and unicellular in
nature. Due to root hairs, the epiblema is also
called piliferous layer. These are responsible for
absorption of water and minerals from the soil

(2) Cortex: It is located just below the epiblema.
It is made up of many layers of thin-walled
parenchymatous cells. These cells enclose
intercellular space for the diffusion of gasses. The
cells of cortex store food and they also conduct
water from the epiblema to inner parts.

(3) Endodermis: It is the innermost layer of the
cortex It is made up of a single layer of barrel
—shaped cells which do not possess intercellular
space. These cells possess a band of thickening
that runs along their radial and tangential walls.
This band of thickening is called Casparian strip
which is made up of suberin and lignin and is
impermeable for substance. All the tissues on
the inner side of endodermis constitute a stele. It
consists of pericycle, vascular bundles and pith.

(4) Pericycle: Endodermis is followed by one or a few
layers of pericycle. The cells of pericycle are thin
walled parenchymatous. It ploys an important
role as it forms a part of vascular cambium
and cork camblum also develops from it during
secondary growth. All lateral roots arise from the
pericycle. Pericycle is absent in the roots of some
aquatic plants.

(5) Vascular bundles: Inner to pericycle there are
few (2-6) alternately arranged bundles of xylem
and phloem. The xylem and phloem strands
are arranged on different radii. Between the
xylem and phloem thin-walled parenchymatous
conjunctive tissues are present Protoxylem
is located in contact with the pericycle while

metaxylem is present towards the centre of the
root. The metaxylem elements of different xylem
bundles are separate from each other so a pith
is present in the centre of the root In between
two adjacent xylem bundles, there is one phloem
bundle. They are separated from each other by
one or more lauers of small thin-walled cells
called conjunctive tissue. Later on, these become
meristematic to form vascular cambium.

(6) Pith: It is mostly absent and if present, made
up of parenchuma cells which lack intercellular
spaces. The main function of these cells is to
store food and waste materlals.

Root Hair
v Epldermis

Cortex

T.S. of Dicot Root

u‘J/NL Important

= Stele Is the central part of the root or stem containing
the tssues derived from the procambium. It Is present on the
inner side of the endodermis of a dicotyledonous root such

as the pericycle. vascular bundles and pith.

Monocotyledonous Root

There is no difference between the young and old

roots of monocotyledonous plants as they lack

secondary growth. The monocot roots consist of the
following tissues:

(1) Epiblema or Piliferous layer: It is single-layered
and made up of thin-walled cells. Some of them
give rise to root hairs which are tubulor aond
take part in absorption of water and minerals.
Cuticle is absent in both epiblema and root halrs.
Because they absorb water and mineral salts.

|
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Cortex: It is a wide region and made up of
thin-walled parenchyma cells that enclose
intercellular spaces for exchonge of gases.
It stores food. In older roots, the cortex
becomes thick-walled and suberised. This is
called exodermis which acts as a protective
loyer and to some extent absorbtive in
function.

Endodermis: It is the inner layer of cortex
which is made up of a single layer and consists
of barrel-shaped thick-walled cells which do
not possess intercellular spaces. The young
endodermmal cells possess an intemal strip of
suberin and lignin which are generally known as
Casparian strips. The cells of endodermis, lying
opposite to protoxylem, are thin-walled and are
called passage cells which help in conduction of
fluids.

Pericycle: It is found below the endodermis.
It is single-layered and has thin-walled cells.
In monocots, the pericycle does not form
camblum. It only produces lateral roots.
The pericycle is composed of thin-walled
parenchymatous cells in the young root But
later on, it becomes thick-walled in many
monocots.

Vascular bundle: It is in the form of alternate and
radial xylem and phloem bundle. The vascular
bundles are arranged in the form of a ring around
a central pith. The xylem bundles are exarch ie
protoxylem lies outward while metaxylem faces
inward. The number of xylem bundles is more
than sbx Hence, it is called polyarch condition
Phloem bundles alternate with xylem bundles
and Is separated from each other by conjunctive
tissue.

Pith: It is large in monocots and made up of

parenchymatous cells having Intercellular spaces
ond food Is stored in pith cells.

TS of Monocot Root

Differences between Dicot and Monocot Roots:

S. No.

(68

Dicot Root

The epiblema, the
cortex and even
the endodermis
are peeled off and
replaced by cork.

Endodermis is
less thickened
and Casparian
strips are more
prominent.

Monocot Root

Cork is not formed.
The cortex and the
endodermis persist
Only the epiblema is
peeled off.

Casparian strips are
visible only in the
younger root. The
endodermal cells
later become highly
thickened.

Pericycle produces
lateral roots, cork
cambium and part
of the vasculor
camblum.

Pericycle  produces
Lateral roots only.

The number
of xylem and
phloem  bundles
varies from 2-5 or
. sometimes 80.

Xylem and phloem
bundles are
numerous and are 8
or more In number.

®)

Xylem vessels are
generally angular.

Xylem vessels are
oval and round in
shape.

Conjunctive tissue
is parenchymatous.

Conjunctive

tissue may be
parenchymatous or
sclerenchymatous.

Conjunctive
parenchyma forms
the camblum.

8)

|Pith is either
absent or very
small

Conjunctive
parenchyma
does not produce
cambium.

A well-developed
pith Is present in the
centre of the root

Example 2.1: Cut a transverse sectlon of the
young stem of a plant from your school garden
and observe it under the microscope. How would
you ascertain whether it is a monocot stem or a
dicot stem? Give reasons.

[NCERT]

Ans. During observation of a cross-section of young
stem, if it shows the following details it belongs

to dicot stem:

(1) Internaclly, the stem is differentiated into

epidermis,
bundles and pith.

cortex, pericycle,

vascular

(2) Hupodermis, if present. Is made up of
collenchymatous cells.

(3) Below hypodemmis, the cortical layer is
made up of parenchymatous cells.

L L L o o
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(4) The innermost layer of cortex Le
endodermis Is rich in starch gralns called
starch sheath.

(5) Vascular bundles are arranged in a ring
and are conjoint, open due to the presence
of cambium in between the xylem and
phloem.

If the following detalls are seen, then it belongs

to monocots:

(1) The stem is not differentlated into cortex
and pith.

(2) Hypodermis if present is Sclerenchymatous.

(3) Vascular bundles are scattered, closed and
have a bundle sheath.

(4) Peripheral vascular bundles are generally
smaller than central ones.

(5) Water-containing covities present within
the vasculor bundles.

Dicotyledonous Stem

Dicotyledonous stem shows the following structure

from outslde to inside

(1) Epidermis: It is the outermost layer of the
stem, made up of compactly arranged
parenchymatous cells. The outer walls of cells
possess cuticles whereas the inner walls of the
epidermal cells are thin. The epidermis contains
minute pores called stomata in the young stem
which help in exchange of gases. Epidermal cells
have no chloroplast The tissue between the
epidermis and pericycle Is called Cortex.

(2) Cortex: The epidermis Is followed by a few to
several layered thick cells made up of thin-walled
parenchymatous cells and having intercellular
spaces. Cortex below the hypodermis is made
up of thin-walled parenchymatous cells with

Epidermal
hair

Epidermis

Hypodermis

3

Q)]

)

€

Parenchyma

bundle

conspicuous intercellular spaces. Ilts main

function Is the storage of food.

Endodermis: It is the innermost layer of the
cortex made up of barrel-shaped cells which
do not enclose intercellular spaces. It Is a wavy
layer of one cell in thickness. It contains starch
grains as a food reserve and lacks Casparian
strips. Due to the presence of starch grains in
these cells, this is called Starch sheath.

Pericycle: It is a layer which is found between
the endodermis and vascular bundle. It is
made up of sclerenchymatous cells as well as
parenchymatous cells. It has alternating patches
of thick-walled and thin-walled cells. It Llies
outside of the vascular bundle and thick-walled
patches associated with the phloem part of
the vascular bundle and thin-walled patches
usually occur above the medullary rous. The
sclerenchymatous cells of the pericycle provide
mechanical strength while the parenchymatous
stores food. As the bundle caps are assoclated
with phloem part of vascular bundles, the
sclerenchymatous pericycle is also called hard
blost.

Vascular bundles: The vascular strand is in the
farm of a eustele or a ring of vascular bundle
present around the central pith and inner to the
pericycle. Each vascular bundle is conjaint Le,
xylem and phloem both are present in the same
radius. The phloem to the outside, xylem towards
the inner slde and strip of cambilum in between
the two so it is open. The xylem is endarch Le, the
protoxylem lies towards the pith and metoxylem
towards periphery.

Pith: It forms the centre of the stem and is made
up of rounded parenchymatous cells which
encloseintercellular spaces. These cells store food.

Epidermis

-~ Collenchyma
~Parenchymo
~Endodermis

LS. of Dicot Stemn
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Monocotyledonous Stem

A monocot stem lacks secondary growth. Therefore,
possesses only the primary permanent tissues. The
various tissues, unlike a dicot stem, are not arranged
in concentric rings. The solid stem can be seen in
plants like Zea mays, Asparagus or fistular stem
can be seen in grass (they have a central cavity).
Monocotyledonous stems possess the following
tissues from periphery to centre:

(1) Epidermis: It is the outermost single-layered
protective coverings made up of lving
parenchymatous cells. The outer walls of
epidermal cells possess deposiion of silica
and cutin. It is highly cutinized to prevent
water loss through evaporation. Silica provides
stiffness. Hairs are generally absent At places,
the epidermis possesses stomato for gaseous
exchange.

(2) Hupodermis: It is 2-3 layered thick and generally
lies below the epldermis. It is made up of
sclerenchymatous cells which have lignified cell
walls. It provides mechanlcal strength to stem.

(3) Ground tissue: This layer does not show
distinction into cortex, endodermis, pericycle, pith
ond pith rays. It is made up of parenchymatous
cells. The ground tissue stores food. Some of the
outer cells may also synthesise food due to the
presence of chloroplast (chlorenchymatous cells).

(4) Vascular bundles: The vascular bundles are
numerous lies scattered throughout the ground
tissue. The vascular bundles are rounded in which
phloem lies towards the outside and xylem an
the inner side. Cambium is absent so the vascular
bundles are conjoint and closed. Xylem is the
endarch, ie. protoxylem towards the centre and
metaxylem towards the periphery. Phloem
consists of sleve tubes and companion cells. The
phloem parenchyma Is absent.

‘ .‘.. ® .... ngndcrn‘u’s
bundles

-Ground

Bssun

- Epidorrmiz

Hypodarmis

Vasculor
bundles

__ Phloom

-Xylamn

+— Ground tissuo

T.8. of Monocot Stem

Differences between Dicot and Monocot Stems:

S. No.

|  Monocot Stem

Dicot Stem
(1) Stomata have Stomata usually
| kidney-shaped possess dumb-bell
| guard cells. shaped guard cells.
(2) | The hypodermis The hypodermis is
| is made up of farmed of non-green
| collenchyma which | sclerenchyma fibres.
[ may be green.
(3) | The ground tissue Is | The ground tissue
‘ differentiated into | is a mass of similar
cortex, endodermis, | cells.
| pericycle, pith, etc.
4) The stem s always | The stem is
| solid. generally hollow in
_ centre.

(S) | The vascular The vascular
bundles are bundles are
arranged in ring scattered
around the pitch. throughout the

[ ground tissue.

(6) | Medullary Medullary rays are
rays occur in absent
between vascular
bundles for radial

| conduction.
(7) | The vascular They are oval or
| bundles are round in outline.
| wedge-shaped in
| outline.
(8) | The vascular The vascular
| bundles are open bundles are closed.
due to the presence
of cambium in
between phloem

| and xylem.

(©) | The stem shows Secondary growth is
secondary usually absent.
growth due to
the formation
of secondary
vascular tissue and

| periderm.

Dorsiventral (Dicotyledonous) Leaf
Most of the dicotyledonous leaves are dorsiventral

Dorsiventral (Bifacial): The leaves are commonly
horizontal in orientation with distinct upper and
lower surfoces The upper surface is also called
inner, adaxial or ventral surface. The lower surface Is
correspondingly called outer, adaxial or dorsal surface
Mesophyll is distinct as a palisade or spongy tissue
with a palisade usually restricted to the upper side.

L L L o o
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They show three distinct parts:

(1) Epidermis: The leaf contains an upper surface
called adoxial and a lower surface called
abaxial They are made up of a single layer
of parenchymatous cells which generally
lack chloroplost. The outer walls are cutinised
which prevents excessive transpiration. The
abaxial epldermis contains more stomata
as compared to adaxial epldermis. The
main functlon of epldermis is to provide
protection of internal tissue and exchange of
goses.

(2) Mesophyll: The tissue lying between the
adaxial and abaxlal epldermis which contains
vein, chlorenchymatous. It s made up of
parenchymatous cells containing a large number
of chloroplasts and having intercellular spaces.
Mesophull differentiated into two parts—
Palisade parenchyma and Spongy parenchyma.
The paolisade lies below the upper epidermis
and consists of elongated columnar cells which
are arranged vertlically and parallel to each
other and have narrow intercellular spaces far
exchange of gases. These are the maln sites
of photosynthesis because they are rich in
discold chloroplast The Spongy parenchyma
lies between the lower epidermis and palisade
parenchyma and are oval and rounded. They
are loosely arranged and have large intercellular
spaces; they contain less chloroplast than in
palisades.

(3) Vascular system: It contains a large number
of vascular bundles. It les at the boundary
between the palisade and the spongy region
and is seen in velns and midrib. Vascular bundles
of varuing slzes depending upon the venatlon
The vascular bundle is surrounded by sheaths
of compactly arranged parenchyma cells
called bundle sheaths The vascular bundles
are conjoint and collateral Xylem lies towards
the upper side and phloem towards the lower
side. The main function of vascular bundle Is

conduction.

Alr cavity

Spong%
o mesophyll
ﬂ} Sub-stomatal

] covity

Abaxial
epidermis

1S of Dicot Leaf

[fJ/\} Important

= Darsiventral leaves orient themselves at an angle to the
main axis and perpendicular to the direction of sunlight
Most dicots have dorsiventral leaves that are net-veined.

including bushes and most orees.

Isobilateral (Monocotyledonous) Leaf

The isobilateral monocot leaves usually do not
show a distinction between petiole and lamina. The
leaf base Is commonly sheathing, that is, covering
the stem partially or completely. The venation is
parallel Both surfaces are equally green. Most
of the monocotyledonous leaves are isobilateral
The intemal structure also does not show much
differentlation between the upper and lower slde.
They also possess three main parts
(1) Epidermis: The epldermis consists of compactly
arranged parenchymatous cells that are
cutinised. The stomata are present on both the
upper slde and lower sides of the epidermis.
The upper epidermis contains groups of larger
thin-walled cells over the region of vein called
buliform or motor cells. These are highly
vacuolated and colourless. In water deficlency
conditions, the bulliform cells lose water and
become flaccid as a result the leaf gets rolled up
to reduce the surface for exposure. These cells
play an important role in the unrolling of leaves.
The main functions of epldermis are protection
and gaseous exchange.

(2) Mesophull: It is present in between the two
layers of epldermis. They are isobilateral
enclose intercellular space and contain a
large number of chloroplasts which help in
photosynthesls. Mesophylls of monocot leaves
are not differentiated into palisade and spongy
tissues.

(3) Vascular system: The monocot leaves possess
parallel venation. Vascular bundle is surrounded
by a single sheath of compactly arranged
parenchymatous cells called bundle sheath. The
vascular bundles are conjoint. Xylem lies towards
the upper side and phloem lies towards the lower
slde. Its main function is transporting materials.

Adadal
epldermis

Xylem
Mesophyll

Sub-stomatal
cavity
Abaxdal
epldermis

Stomao

TS of Manocot Leaf
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(c) Transfusion tissue
(d) Bundle sheath cells.
(B) Casparian thickenings are found in the cells of

Differences between Dicot (Dorsiventral) and
Monocot (Isobilateral) Leaves:

S. Dicot
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Example 2.2: Case Based:

Ground tissue system includes all the tissues of
the plant body except epidermal tissue system
and vaoscular tissue system. It consists of simple
permanent tissues like Parenchyma, collenchyma and
sclerenchyma. The ground tissue system of leaves is
called mesophyll Mesophyll is made up of two types
of photosynthetic cells, palisade and spongy. Palisade
parenchyma occurs towards the upper surface. It
is formed of columnar cells. Abundant chloroplast
occurs in these cells. Intercellular spaces are quite
narrow. Spongy parenchyma occurs towards the
lower epidermis and encloses lorge intercellular
spaces. Its cells are rounded, isodiametric, angular or
lobed. They contain a good number of chloroplasts
(A) Largest number of chloroplast found in:

(a) Palisade tissue

(b) Spongy tissue

Monocot (a) Pericycle of the root
No. (Dorsiventral) Leaf (Isobilateral) Leaf (b) Endodermis of the roots
(1) | The upper surface Is dark | The two surfaces are (c) Pericycle of the stem
green while the lower | equally green (d) Endodermis of the stem
surface Is light green. (C) Collenchyma plays a major role in plant body.
) ) . . Explain.
(@) |Sillen .|s not; nopmolly ( Sillea deposition ge- (D) Give one basic difference between endodermis
deposited on the | curs on the walls of ) ;
: = and epidermis.
dpidarmal Ealis Spidarmial slls: (E) Assertion (A): The innermost distinct
(3) | Stomata are absent or | The stomata are layer of the cortex is called
less abundaont on the | equally distributed endodermis.
upper side. on the two sides. Reason (R): The cells of endodermis
(4 |The stomata hove | The stomata have i "_Dn'hv'."g and  bear
kidney-shaped  guard | dumb-bell shaped Casparian strips.
cells. quard cells. (a) Both A and R are true and R is the correct
explanation of A.
(5) |The veins do not run|The  wveins  run (b) Both A and R are true and R is not the
parallel Instead. they | parallel to  one correct explanation of A.
form reticulation. another. (© Aistrue but R is false.
(6) | Mesophyll is differentl- | Mesophuyll is undif- (d) Aisfalse butRis true.
ated into two parts, up- | ferentiated. Ans. (A) (o) Palisade tissue
per palisade and lower Explanation: Mesophyll is differentiated
| Spongy. into upper palisade and lower spongy
(7) |Protoxylem is indistin- | Larger vascular parenchyma. This palisade found below the
gulshable. bundles may show upper epidermis and rich in chloroplaosts are
distinction into arranged in 2 to 3 layered, with compactly
protoxylem and arranged tubular cells while in other tissues
metaxylem. the chloroplasts are few.
(8) | Bundle sheath is | Bundle sheath may (B) (b) Endodermis of the roots
generally . a single | be single or double- Explanation: The cells of endodermis
loyer ond Is formed of | loyered. The cell of roots are characterised to possess
eoloutlensicalin gemerally, | possess Casparian strips or bands in their radial
chloroplast. P A :
and transverse walls. These strips are
(9) |Huypodermis of the | Hypodermis of the made up of waxy substances like suberin
midrib reglon is | midrib  region s and lignin whereas pericycle is made up
collenchymatous. sclerenchymatous. of sclerenchymatous cells and thin-walled

parenchumatous cells.

(C) Collenchyma is the chief supporting tissue

(D) Cells of endodermis

in young stems. This tissue has capadty to
expand and gives tensile strength to the
plant body.

possess Casparian
strips or bands in their radlal and transverse
walls whereas epidermaol cells do not
possess Casparian strips.

(E) (c) Alistrue butR s false.

Explanation: The innermost layer of the
cortexes called endodermis but endodermis
is a single layer of compactly arranged
parenchymatous cells present between the
cortex and pericycle without intercellular
spaces and possess Casparian strips made
up of waxy substance like suberin.

L L L o o
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(OBJ ECTIVE Type Questions)

[1mark ]

Multiple Choice Questions

1.

Ans.

Ans.

What is the main function of lenticels?

(a) Guttation (b) Transpiration

(c) Excretion (d) Gaseous exchange
[NCERT Exemplar]

(d) Gaseous exchange

Explanatlon: Lenticels are the pores present
in the bark of the tree. They are oval and
rounded fadlitating gaseous exchange while
guttation is the loss of water in the form of
liquid droplets (Water + minerals) from the
leaf margin and tips through a special opening
called hudathodes. Transpiration is the loss
of water from leaves through stomata in the
form of water vapour.

. In dicot stem, vascular bundles are:

(a) scattered

(b) arranged in a ring

(c) surrounded by bundle sheath
(d) without cambium

(b) arranged in a ring

Explanation: In dicot stem, the vascular bundles
are arranged In a ring around the central pith
while the vascular bundle in monocot stem
are scattered throughout the ground tissue,
without camblum and are surrounded by a
bundle sheath.

3. The given diagram shows the stomatal

Ans.

apparatus in dicots and monocots.

Which one is the correct optlon for A, B

and C?

(a) A - Epidermal cells; B - Subsidiary cells;
C - chloroplast

(b) A - Guard cells; B - Subsldiary cells;
C - Stomatal pore

(c) A - Guard cells; B - Epldermal cells;
C - Guard cells

(d) A - Epidermal cells; B - Subsidiary cells;
C - Guard cells

(d) A - Epidermal cellss B - Subsldiary cells;
C - Guard cells

Ans.

Explanation: Stomata are tiny pores, and
composed of two bean-shaped epidermal cells
called guard cells which enclose stomatal pore.
Stomata are mostly presentin epidermal layers
of leaves and in other aerial parts like young
stems, floral parts, etc. Guard cells in dicots are
kddney-shaped and in monocots are dumb-bell
shaped. The guard cells may be surrounded by
a varying number of specialised epidermal
cells called subsldiary cells or accessory cells.

. When the vascular bundle is open:

(a) Cambium is present on the terminal side
of xylem.

(b) Cambium is present between xylem and
phloem.

(c) No cambium is present between xylem
and phloem.

(d) Camblum is present on the terminal side
of phloem. [Dikshal]

(b) Cambium is present between xylem and
phloem.

Explanation: When a vascular bundle is open,
the camblum is present between the xylem
and phloem and when vascular bundles are
closed, the cambium is absent between the
xylem and phloem. In this, phloem lies towards
the outside and xylem on the inner side.

A Caution

= Students usually get confused with the positions of

xylem and phloem as the positdons vary In different
conditions.

5. Phellogen and phellem respectively denote:
(a) Cork and cork camblum
(b) Cork cambium and cork
(c) Secondary cortex and cork
(d) Cork and secondary cortex
[NCERT Exemplar]

Ans. (b) Cork cambium and cork
Explanation: In dlcot stem, cork camblum is
produced by the outer cortical cells called
phellogen. Phellogen produces cork called
phellem on the outer side.

@ Related Theory

= Phellogen cells divide on both the outer side as

well aa the Inner side to form eecondary tissue. The
tissue produced on the Inner slde of phellogen is
called phelloderm which shows radial arrangement
and the tssue produced on the outer side Is called

Phellem or cork which are dead and possess
suberised cell walls.
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5.

Ans.

Ans.

.

Ans.

Vascular bundle in which the protoxylem is
situated towards periphery is called:

(a) Radial (b) Closed
(c) Endarch (d) Exarch
(d) Exarch

Explanation: The voscular bundles are
arranged in the form of a ring around the
pith. In monocot root the xylem is Exarch Le.
protoxylem lies towards the outer side while
the metaxylem faces inward. In endarch.
protoxylem occurs towards the centre while
metaxylem towards the periphery.

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

(d) Dicot stem

Explanation: In dicot stem, vascular bundles

are conjoint. collateral open, and endarch
while in monocot stem vascular bundles are

conjoint, collateral but closed.

Which cells of leaf are highly vacuolated and
can store water, if available, but in case of
water deficiency it becomes flaccid?

(a) Bulliform cells

(b) Chlorenchymatous cells

(c) Guard cells

(d) None of the above

(a) Bulliform cells

Explanatlon: Bulliform are the thin-walled cells
found in adaxdal epidermis of monocot leaf and
can store water. While chlorenchymatous cells
contain chloroplost and help in photosynthesis
and guard cells regulate the opening and
closing of stomata.

@ Related Theory

e

Bulliform cells are also called mortor cells During
stress conditions, these cells can roll leaves and
reduce the exposed surface to avold water loss
through transpiration. They are also wuseful in
unrolling leaves during thelr development.

Assertion-Reason (A-R)

Given

below are two statements labelled as

Assertion (A) and Reason (R). Select the most
appropriate answer from the options given below:

(o) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true and R Is not the correct
explanation of A.

(c) Aistrue butR is false.
(d) A s false but R is true.

9. Assertion (A): Casparian strips runs along

Ans.

the endodermis radial and
tangential walls.

Casparian strips  prevent
plasmolysis of endodermal
cells.

(a) Both A and R are true and R Is the carrect
explanation of A

Reason (R):

Explanation: The endodermal cells possess
a band of thickening which runs along their
radial and tangential walls. It is made up of
lignin and suberin. It prevents plasmolysis of
endodermal cells.

A Caution

= Srudents should know that due to the Casparian

10.

strips. the endodermal cells do not allow wall to
wall movement of substance between cortex and
pericycle

Assertion (A): Xulem is exarch in stem and
endarch in roots.

Exarch of xulem facilitates
inflow of water from cortex
and endarch favours ascent
of sap.

Reason (R):

Ans. (d) A is false but R Is true

11.Assertion(A): Palm is a

Explanation: In stem, the xylem is endarch, Le.
protoxylem Llies at the tip of the metaxylem. It
helps in lateral conduction of the sap whereas
in roots, the xylem is exarch, Le. protoxylem lies
in contact with the pericycle and metaxylem
is present towards the pith (centre). It helps in
conduction of water and minerals to the shoot
from the cortex

monocotyle-
donous plant but shows
secondary growth.

Presence of parenchy-

matous cells in the ground
tissues.

Reason (R):

Ans. () Both A and R are true and R is the carrect

12.

explanation of A

Explanation: Palm is a monocotyledonous
plant_lt shows enlargementofparenchymatous
cells that are present in the ground
tissues causing an increase in the girth of
the stem.

The cambium is most active in the spring
and early summer when most tree growth
is taking place. During this time of the year,
the bark of a tree is very loose and can
be easily knocked off the tree. Inside the
vascular, cambium is the largest portion of
the trunk known as the xylem.
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Assertion (A): Cambium is present in
monocot stem.

Reason (R): The vascular bundles are in
the form of atactostele.

Ans. (d) A is false but R Is true.

Explangation: Cambium is absent in most of
the monocots and the whole procambium
is consumed in the formation of vascular
tissues. The vascular strands are in the form of
atactostele where a large number of vascular
bundles lie scattered throughout the ground
tissue.

(CASE BASED Questions (CBQSD

[ 4 &5 marks ]

(a) Dorsiventral  (b) Isobilateral
(c) Unifacial (d) All of these

(D) Identify the simple tissue system flom
the following.

Read the following passages and answer the
questions that follow:

13. There are a lot of different types of cells inside
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o plant that are specialised for carrying out
different vital life functions, one of the types
is parenchyma. Parenchyma refers to a bulk
or a cluster of cells. In plants, it Is defined os a
tissue that is composed of living cells with very
thin cell walls. Parenchyma cells make up the
non-woody interior structure of many plants.
They can be found in stems, roots and leaves
os they form the cortex of these structures.

Observe the dlagram carefully and answer the
following questions.

Adaxial
epidenmis

Sub-stamatal
cavity

Abaxial
epidemmis

\— Stomo

(A) A distinct layer Llies on the upper
epidermis prevents excessive
transpiration is:

(a) Guard cells (b) Cuticle
(c) Mesophull (d) Bundle sheath
(B) The spongu parenchyma lies:
(a) between the upper epidermis and
lower epldermis
(b) below the vascular bundles
(c) between the lower epidermis and
palisade parenchyma
(d) below the upper epildermis
(C) The leaf which is distinct into upper

and lower surfaces and mesophyll are
distinguishable is:

(a) Parenchyma  (b) Xylem
(c) Epldermis (d) Phloem
(E) Bulliform or motor cells are present in:

(a) In both adaxial and abaxial epidermal
cells of a dicot.

(b) In some adaxial epidermal cells of
grasses.

(c) In adaxial epidermal of dicot leaves.

(d) None of the above

Ans. (A) (b) Cuticle

Explanation: A distinct lauer of cuticle les
outside of the epldermis which prevents
excessive transpiration. While guard cells
are present in abaxial epidermis, mesophyll
is between the upper and lower epidermis
and vascular bundle is surrounded by
bundle sheath.

(B) (c) between the Ilower epldermis and

palisade parenchyma

Explanation: The spongy parenchyma
lies between the lower epidermis and
the palisade parenchyma while palisade
parenchyma Lles below the upper
epidermis.

(O (o) Dorsiventral
Explanation: Dorsiventral leaf s distinct
into upper and lower surfaces and
mesophyll is distinguishable into palisade
and spongy tissues while Isobilateral and
unifacial leaves are not distinct into upper
and lower surfaces.

(D) (a) Parenchyma
Explanation: Parenchyma is a simple

tissue. It is made up of only one type of cells
whereas xylem, epldermis and phloem are
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complex tissues. They are made up of more
than one type of cell

(B) (b) In some adaxial epidermal cells of grasses
Explanation: Bulliform cells are present in
some adoxlal epldermal cells of grasses.

They are highly vacuolated and can store
water in case of stress.

i4. Eplblema is the outermost layer of the root

and are compactly arranged thin-walled
parenchymatous cells Epiblema gives rise
to thin-walled tubular outgrowth called root
hairs. Root hairs possess a gummy pectic layer
on the outside for cementing with soil particles
and retaining water on the surface due to the
presence of root hairs, it is a porous layer. Root
hairs commonly do not live for more than one
week With their death, the epiblema cells
become suberised and cutinized. Cortex les
below the epidermis made up of thin-walled
parenchyma cells. Innermost layer of cortex,

endodermis is made up of a single layer of
barrel-shaped cells and does not enclose
intercellular spaces.

(A) From where do the lateral roots
originate?

(B) Write one function of root hairs present
in epiblema cells.

(C) Why endodermis function as a blological
check post?

Ans. (A) Pericycle of mature zane.

(B) Root hairs take part in absorption of water
and mineral salts from the soil

(C) Endodermis act as a biological check
post because of the Casparian strip, the
endodermal cells do not allow wall to
wall movement of substances between
the cortex and pericycle. Substances

must enter the cytoplasm of endodermal
cells.

(VERY SHORT ANSWER Type Questions (VSA))

[1 mark ]

15. What is the function of medullary rays? 18. What is present on the surface of the leaves

Ans. Medullary rays help in the conduction which helps the plant prevent loss of water
of food and water radiolly and also but is absent in roots? [NCERT Exemplar]

transport gasses from pith to cortex and Ans. Cuticle is present on the surface of the leaves
which helps the plant in prevention of loss of
water but is absent in roots.

vice versa

16. When do you refer to a vascular bundle as
an open bundle? @ Related Theory
= Plant which does not contaln cuticle would
require a far larger water supply to compensate
for evaporaton which Is necessary to complete
photosynthesis.

Ans. A vascular bundle having cambium s termed
as open vascular bundle

17. Which one out of the root or stem shows

endarch arrangement of xylem? 19.Where is the Casparian strip present? [Diksha]

Ans. Endarch arrangement of xylem is found In the Ans. Casparian strip present on the tangential and
stem. radial wall of endodermal cells.

(SHORT ANSWER Type-I Questions (SA-I))

[ 2 marks ]

20. Why are a large number of stomata present
at the lower surface of dicot leaves in the
terrestrial plants?

Ans. Dicotyledonous leaves are dorslventral
Stomata are small openings present on leaf
surfaces to facilitate gaseous exchange. During

by the transpiration process. Stomata open
during daytime in the presence of sunlight If
the stomata are located on the upper surface
of the ledf, there is a big loss of water. So, to
reduce water loss, stomata are located on the
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the gaseous exchange, a large quantity of
water in the form of water vapour will be lost

lower surface of the leaf in a dicotyledonous
plant.
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21.

Ans.

22.

24.

Ans.

25.

A student took a young stem of a plant
from his school garden and cut a transverse
portion for the experiment. How would he
determine if the stem is a monocot stem or
a dicot stem after looking at it under the
microscope?

By observing the arrangements of vascular
bundles, the student can discover the nature
of stem. If the vascular bundles are arranged
in a ring then it is a dicot stem and if the
vascular bundles are scattered, then it is a
monocot stem

A tissue was provided to a student to
examine in the school laboratory. He
examines the tissue and comes to the
conclusion that it is a form of simple
plant tissue that supports young stems
and leaf petioles mechanically. ldentify
the tissue.

Ans.

23.

Ans.

Dicotyledonous plants have collenchyma, a
form of simple tissue, in the layers under the
epidermis. It serves as support, particularly in
areas of primary growth, and is made up of
live, typically elongated cells with unevenly
thickened walls (caused by the deposition
of cellulose, hemicellulose, and pectin). The
juvenile stem and leaf petiole, two growing
plant components, are supported mechanically
by this tissue.

Why do vascular strands have xylem and
phloem show radial arrangement in roots?

The vascular strand is so amranged in roots
that no phloem les exterior to xylem strands.
This arrangement is helpful in maintaining the
inward movement of water from the epidermis
to enter the xylem without crossing the phloem
strand, where a separate kind of canduction is
taking place.

(SHORT ANSWER Type-ll Questions (SA-II))

[ 3 marks ]

What is the difference between lenticels and
stomata? [NCERT Exemplar]

Instead of cork cells, the phellogen breaks
off tightly packed parenchymatous cells
on the outer surface in some areas. These
parenchymatous cells quickly break the
epidermis, generating lenticels, which are lens-
shaped holes.

Lenticels allow gaseous exchange
between the outside atmosphere and the
stem's internal tissue. Most woody trees
have these. Lenticles are open all the
time.

The epidermis of leaves has structures called
stomata. The process of transpiration and
gaseous exchange is regulated by stomata
Each stoma is made up of two bean-shaped
cells called guard cells that surround the
stomata pore. The guard cells in grasses are
dumb-bell shaped. Guard cells have thin
outer walls (oway from the stomatal pore)
and thicker inner walls (towards the stomatal
pore). The guard cells possess chloroplosts

and regulate opening and closing of
stomata.
There are two types of vascular bundles, ie.

open and closed. How will you differentiate
between them?

Ans.

S. Open vascular ' Closed vascular
- No. bundle bundle _
(1) | Open vascular | Cambium is

bundle possess a|absent in the
strip of cambium in | closed vascular
between xylem and | bundle.

phloem.

(2) | It shows secondary | Closed vascular
growth due to which | bundles do
primary xylem and | not exhibit the

phloem separate | secondary
apart. growth.

(3) | They are generally | Closed vascular
oollateral and | bundles are
bicollateral generally

collateral or
concentric.

(4) |It is the feature of | It is the feature
gymnosperm and | of leaves and
dicot. monocot stems.

26. Differentiate between the monocot and

dicot roots.
Ans. .
Nso Dicot root Monocot root

(1)

Cortex is simple
and narrow and
is made up of
parenchymatous
cells.

Cortex is well- |
developed, wide
and made up of
one or more type
| of cells. ‘
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(2 | Endodermisis

Casparian strips ]

less thickened are visible in

and Casparian young root and
are more later cell become
prominent highly thickened.

(3) | 2-4 xylemand More than six
phloem patches ‘ sxylem bundles

are present (poluarch) are
(diarch or present.
tetarch).

(4) | Conjunctive Conjunctive
parenchyma parenchyma
forms the does not produce
camblum and cambium and
secondary there is no
growth takes secondary
place. growth

(5) | Pithis either A well-developed
absent or very pith is present In
small the centre of root

(LONG ANSWER Type Questions (LAD

[4 &5 marks ]

27. Give the function of each of the following:

(A) Epidermal tissue system

the major difference between stomata and lenticels
is that stomata mainly occurs In the lower epldermis
of leaves whereas lenticels occur In the periderm of

(B) Lenticels
(C) Companion cells
(D) Hypodermis

the woody trunk or stems.

(C) The companion cells are the component

(E) Pith

Ans. (A) Epidermal  tissue  systemm  contains

Epidermis and Epidermal appendages.
Epidermis is protective in nature. Epidermis
of stem and leaf is cutinised to prevent
water loss. Root epidermis bears root
halrs for water absorption while trichomes
present in stem epidermis help in preventing
water loss.

(B) Lenticels are the chief aerating structure

in the periderm of the stem and are
responsible for performing gaseous
exchange between the internal tissues and
atmosphere.

A Caution

= Swdents often get confused between the functions

of phloem and occur along with the
sleve tubes. They assist the sleve
tubes in the process of translocation
of food synthesized by leaves.
They help in maintaining a proper
pressure gradlent in the sleve tube
elements.

(D) Epidermis Is followed by a few layers of
sclerenchymatous  hypodermis  having
lignified cell walls and provide mechanical
strength to stem.

(B) Pith is the central portdon of the
stem occupled by large thin-walled
parenchymatous cells. Its main function is
transportation of nutrients throughout the
plant and storage of nutrients within its
cells.

Ans. _ Characteristics

Definition

Vascular bundles

of stomata and lenticels. They must understand that

dermis.

Monocot Stem

Monocot stems are circular-shaped
stems with lateral branches and

are bounded with a layer of the

The vascular bundles are scattered ‘

stem hair. -

28. Shyam wants to grow some monocot crops in his field. But as he is a farmer he does not know much
about such crops and he might mix up monocots with dicot crops. Give same points of distinction
between the monocot and dicot stem for his knowledge.

Dicot Stem

Dicot stems have a well-defined
epidermis with a cuticle, a layer
of dermis along with multicellular

The vascular bundles are formed as

sclerenchyma fibres, and they are
not green.

arrangement imeqularly around the ground | broken rings.

tissue. _
Epidermal hair Epldermal hairs are present. ‘ Epidermal hairs may or may not be
_ | presentonthe surﬁgce oFEpidermia
Hypodermis The hypodermis is made of | The hypodermis is formed of

collenchyma fibres which are often
green in colour.
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Intermodes
stern are hollow.

Trichomes Trichomes are not present.

The internodes of the monooot | The internodes of the dicot stem
are solld.

It moy bear trichomes on the

|
surface.

Intemal tissues There is no concentric arrangement

The internal tissues are arranged In

reduced or completely absent

arrangement of tissues. concentric layers. B

Vessels Vessels are rounded or oval and are | Vessels are of a polygonal shape
arranged in a Y-shaped formation. | and are arranged in rows or chalns.

Cortex The cortex of the monocot stem Is | The cortex of the dicot stem is
less developed and is represented | well developed and differentiated
by the hypodermis. into hypodermis. endodermis, and

A | | general cortex

Pericycle Pericycle in monocot stem s | Pericycle in dicot stem is present

in either completely or partially

| sclerenchymatous.

29. Represent monocot and dicot stem diagrammatically.
Ans.

Epidermic
Hypodarmla
Ground tlogua
Vasculer bundlo

Epidarmal hair
Epidarmis
Hypodermis
Cortex
Endodermis

Vascular bundle
Pith

Ground plan

Transverse Section of Dicot Stem

Cunlcla

Epidarmis
Hypodormis
Chlaranchymao

Protowylom locuna

Bclorenchymotous
bundlo cheath

¢—— Collenchyma
Chlorenchyno
Parenchyma

Endaderriz

Azodor anlargaed
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