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te§l PLANT PHYSIOLOGY

Student Leamning Outcomes (SLOs)

After studying this chapter, the students will be able to: \

+ List the macro and micronutrients of plants highlighting the role of each nutrient

o State the examples of carnivorous plants

¢ Explain the role of stomata and palisade tissue in the exchange of gases in plants

o Relate transpiration with gas exchange in plants

o Describe the structure of xylem vessel elements, sieve tube elements, companion cel
and relate their structures with functions.

o Describe the movement of water between plant cells, and between the cells and their environment
in terms of water potential

s, tracheids
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¢ Describe the movement of water through roots in terms of symplast, apoplast and vacuolar
pathways.

¢ Explain the movement of water in xylem through TACT mechanism

o Describe the mechanisms involved in the opening and closing of stomata

o Explain the movement of sugars within plants.

¢ State movement of water into or out of the cell in isotonic, hypotonic, and hypertanic conditions

s Explain the osmotic adjustments in hydrophytic (marine and freshwater), xerophylic and mescphytic
plants and plants in saline soil

e List the adaptations in plants to cope with low and high temperatures.

* Explain the turgor pressure and its significance in providing support to herbaceous plants

e Describe the structure of supporting tissues in plants

¢ Explain primary and secondary growth in plants

o Justify the formation of annual rings

s Explain influence of apical meristem on the growth of lateral shoots

* Qutline the role of important plant growth regulators

¢ Explain the types of movement in plants in response to light, force of gravity, touch and chemicals

* Define photoperiodism.

o Classify plants with examples on the basis of photoperiodism.

® Describe the mechanism of photoperiodism with reference to the mode of action of phytochrome

Explain the role of low temperature treatment on flower production especially to biennials and

\ perennials. j
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NUTRITION IN PLANTS « Itisafundamental elementin the metabolism of nitrogen. If there is a shortage of sulfur, the plant
becomes lighter in colour.

——

*  Nutrition: The collective processes Involved in the intake and utilization of nutrients for growth, rep,, (2) Micronutrients:
and maintenance of activitles in an organism is called nutrition ) The nutrients which are needed In very smaller amounts are called micronutrients
e Organisms require nutrition for their survival and maintenance. » There are seven micronutrients:
e Anutrient is a substance that provides the body with essential ingredients required for metabolism (i) Iron (1)) Manganese (i) Zinc (iv) Molybdenum
’ * Specific nutrients, such as carbohydrates, lipids, and proteins, serve as sources of energy. O, (v) Copper  (vi) Chlorine (vii) Boron
nutrients, including water, electrolytes, minerals, and vitamins, are necessary for the metabolic proce, (i) tron: ; : ;" e :f;’: ’Dn"_’”_:’ *
9 Macronutrients and Micronutrients: » Itis essential for the synthesis of chlorophyll. the ¢rops i
T T D TR = It acts as a cofactor for several enzymes which are involved

» Need of Autotrophs: All autotrophic organisms need carbon Check Understanding|

dioxide and water, which supply carbon, oxygen and hydrogen, | 1 Which macronutrient is 3
; 3 component of ATP and nucleic acid;
These are the predominant elements which serve as nutrients in plants?
and are required by plants for the synthesis of organic molecules. | A nitrogen 8. Phasphorus
e There are many other nutrients that plants get from | C Potassium  D.Calcum and activation of enzymes.
environment. » Deflciency Symptoms: Its deficiency results in the premature falling of the leai and delayed maturity
« Divislon of Plant Nutrients: The nutrients of plants can be divided into two groups. (iii) Zinc:
3 ili chlorophyl! synthesis, root development and uptake of nutrients
(1) Macronutrients: = |t facilitates phyl! sy p p v

= Deficiency Symptoms: Deficiency of zinc can lead to stunted growth

in energy oxidative stress in plants under adverse environmental conditions

(li) Manganese:
= |t is involved in the processes of photosynthesis, nitrogen metabolism, carbohydrate metabolism

e The nutrients which are needed in relatively larger amounts are called macronutrients.

- . Th 5 tslantis (iv) Molybdenum: - Mannisios. i Nnporet for  the
eére are nine macronutrients: S = It is critical for nitrogen fixation, nitrogen reduction, sulfur activity of antiosidant enzymes, such
¥ i
(i) Carbon (i) Hydrogen (iii) Oxygen (iv) Nitrogen metabolism, phosphorus metabolism and iron utilization as superoride d s’u'ne‘ ' vD;
: g H H H * . hich help mitigate tran n
::’))Pso(assmm {vi) Calcium (vii) Phosphorus (viil) Magnesium » Deficlency Symptoms: Its deficiency can result in chlorosis of B i gt i
X) Sulphur itroge boks d o
older leaves and stunted growth results I\ intarveinal chiorosis
* Carbon, oxygen and hydrogen are required for making organic compounds. (v) Copper:

(i) Nitrogen: » Itis necessary for lignin synthesis providing strength and rigidity to cell wall. It 1s invalved in nitrogen

* Itis necessary for plant growth as it plays an essential role in energy metabolism and the production metabolism, repreductive development and also acts as a ccfactor for enzymes.

of proteins. = Deficiency Symptoms: Its deficiency can result in chloross, twisted leaves and stunted growth
* Adeficiency of nitrogen results in leaf loss and stunted growth. (vl) Chlorine:

(ii) Phosphorus: * |tisinvolved in stomatal regulation, osmotic adjustment and Chick Undesitmdingl
* Itisapart of ATP. It also plays a role in promoting root growth and favours flowering in the aerial zone transport of nutrients. 2 Why Is tinc important for plant

* Deficiency: A deficiency of phosphorus leads to delayed flowering, as well as the browning 2nd * Deficiency Symptoms: Its deficiency can affect the health hormone regulation?
wrinkling of the leaves.

(iii) Potassium:
* [tis involved in water regulation and the transportation of the plant's reserve substances.
= |tenhances the ability of plants to carry out photosynthesis, reinforces cellular tissue, and stimulatés
the uptake of nitrates. Dark patches are formed on the leaves when there is shortage of potassium ° Nutrition in Insectivorous Plants:

and growth of plants.

Q. What mechanisms enable carnivorous plants to supplement their nutrlent uptake despite being
autotrophs?

the appearance of yellow and brown spots. of the pitcher.

(iv) Calcium: * Some plants use organic molecules into their food in additlon to inorganic nutrients. These organic
| = [t provides stability to the cell wall and promotes the development of the cell wall. It also plays? chemicals are acquired through the process of capturing and breaking down insects and tiny animals.
[ role in cellular proliferation and maturation, and aiding in the development of seeds * Characteristics of Insectivorous Plants:
‘ = Deficlency Symptoms: Insufficient calcium leads to the development of yellow and brown patche * All insectivorous plants are true autotrophs. However, their development accelerates when they
on the leaves. capture prey.
(v) Magnesium: ¢ Apparently, nitrogenous compounds of animal body are of benefit to these plants. The captured insects
{ * It constitutes the core of the chlorophyll molecule and is therefore essential for photosynthess are broken down by enzymes that are released by the leaves
| promotes the absorption and transportation of phosphorus and also contributes to the storage ¢ * Examples: Pitcher plant, Venus fly trap and sundew are some of the known insectivorous plants.
' sugars within the plant. (0 Pitcher Plant: It has leaves modified inta a sac or a pitcher, partly filled with water (Fig).
( * Deficiency: Magnesium deficlencies result in weak stalks, loss of greenness in the oldest leaves. ad * The leaf's terminal portion is altered to create a hood, which partially covers the exposed opening
I
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Figure: Pitcher plant, insects are entrapped within the leaf.

(i) Venus-fly Trap:

It has a "trap” consisting of two lobes that are hinged at the
end of each leaf.

The inner surfaces of the lobes contain trichomes, which are
hair-like projections that trigger the lobes to close rapidly
upon contact with prey (Fig ).

The hinged traps are lined with fine bristles that interlock
upon closure, preventing the prey from escaping.

The trapped insect is then digested by the enzymes secreted from the glands on the leaf surface ang
the products are then absorbed.

3. What type of trap Is used by the
Venus flytrap to capture its prey?

A Stckytrap  B.Snaptrap

C Pitfalttrap D. Bladder trap

(lii) Sundew:

It catches its prey with shiny drops of "dew," where the plant's common name comes from (Fig)
The leaves are covered with tiny hairs that look like tentacles. Each leaf has gland and has a single
drop of dew at the tip.

The insects, attracted by plant's odour are trapped by tentacles.

The trapped insects are digested by enzymes and products are absorbed.
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GAS EXCHANGELN PLANTS

« Stomata (Singular = Stoma): The tiny cpenings or pores present
within the plant tissues which are necessary for gaseous exchange

« Location of Stomata: These are typically found in leaves but can
even be present in some stems.

» Structure of Stomata: The stomata are surrounded by specialized
cells or the guard cells that facilitate the opening and closing of the
stomatal pores. Guard cells are bean-shaped and contain
chloroplasts.

¢ Guard cells can open and close depending on environmental
conditions use the opening and closing of stomata control the
transpiration rate in plants.

« During Daylight: During daylight, stomata open to allow €CO; to

Figure: Scanning electron micrograph
(SEM) of open and closed stomata on a
lavender leal

4. How does gas exchange occur in
plants during the daytime?

enter the plant for photosynthesis. The opening of stomata is
primarily regulated by guard cells.
« During Night: At night, when photosynthesis ceases due to lack of

light, stomata typlcally close to conserve water. However, plants still respire, taking in O; and releasing
CO;. The closure of stomata at night helps minimize water loss through transpiration

[Exercine ingusitve Questions 1]

q Describe the mechanism of opening and closing of stomata?
Can you explaln the hypothesis regarding the opening and closing of stomata?

e

5 Opening and Closing of Stomata:
o The guard cells which surround the stomata function as multisensory hydraulic valves (Fig.)
¢ Hypotheses Explain Opening and Closing of Stomata:
o The two hypotheses which may explain the opening and closing of stomata
(1) Starch Sugar Hypothesis (1) Influx of k* ion

(1) Starch Sugar Hypothesls:

* In 1856, German botanist H. Van Mohl proposed that guard cells in leaf epidermis are solely
responsible for photosynthesls, producing sugars during the day.

* As sugar concentratlon increases in guard cells, the water potentlal drops. Water moves Into guard
cells causing them to become turgid and open the stomata.

* Atnight, photosynthesls ceases, and sugars are converted to insoluble starch or used for respiration,
leading to a decline in free sugars. Consequently, water moves out of guard cells and they lose turgor
pressure. So, they become flaccld and close the stomata.

* However, this mechanism does not fully explain the rapid turgor changes in guard cells during
stomatal movements.

(ii) Influx of K*ion:

* The opening of stomata in plants is facilitated by the active transport of potassium lons (K*) into
guard cells, which reduces their osmotic potential

* This Influx of K* leads to water entering the guard cells through osmosis, causing them to become
turgid and open the stomata. Blue light enhances this process by acidifying the surrounding
environment, promoting K*uptake and subsequent water absorption

* At night, K* passively diffuses out of the guard cells, resulting in water loss and causing the guard
cells to become flaccid, thereby closing the stomata
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¢ Collenchyma cells are specialized cells that are grouped in the form of strands or cylinders
* They are found beneath the epldermis of young stems, leaf stalks and along veins in leaves.

e Collenchyma cells lack secondary walls.

ﬂ

238 Chapter 08 2 Plant Physicl;
* Palisade Tissue: Itis primanly located just beneath the upper | | 1o mones are involved in Stomn,
epidermis of the leaf. It consists of elongated, tightly packed movement In plants
cells that are rich In. The arrangement of these cells 1s | » At tugh temperature when leaf ¢ ‘\
organized to maximize light absorption and allowing plants start wilting, 3 hormone qljg |
to efficiently convert light energy into chemical ener, e ires: dulaiialan |
v e &Y ey mesophyll cells [
» Diffusion of CO?! into Leaves: Carbon dioxide from the | o This hormone stops the Xt |
atmosphere diffuses into the leaf through the stomata. Once transport of K* into guard ¢, ;
inside, the gas travels through air spaces within the spongy overniding the ""‘-“:."”‘ﬂ"’m ¢
mesophyil and then into the palisade mesophyll cells, where concenteation. So, K* pumping stop
and stomata close |
it1s used in photosynthesls. —
*  Oxygen produced during photosynthesis diffuses out of the palisade cells back through the Sporg
mesophyll and exits the leaf through the stomata.
SR Chedk Understanding 1575
5. Which supportive tissue consists ¢ I
dead celis with thick, lignified waty
G untd ced A. Parenchyma B. Collenchyma
Ar Space = ‘Stoms C. Sclerenchyma D. Phlcem
Flgure:Siructurs of a !eaf showing cuticle, opidermis,
palisade mesophyN, spongy mescphyl),
guerd colls and stoma.
SUPPORT IN PLANTS
Q. How canyou say that parenchyma 2nd schlerenchyma provide support to plants?
.

e Supporting tissues play an important role in maintaining the structural integrity, support and flexibiy
of plants. These tissues consist:

(i) Parenchyma (i) Collenchyma (i) Sclerenchyma (v) Xylem and Phloem
(1) Parenchyma:

* The parenchyma tissue provides support to herbaceous plants and parts of larger plants.

* The parenchyma cells of the epidermis, cortex, and pith absorb water. This water creates an intem
hydrostatic pressure known as turgor pressure that maintains the rigidity of cells.

e Turgor pressure arises from the elevated osmotic pressure within the cell vacuole. The membrane th'
surrounds the vacuole is called the tonoplast.

s It has many active transport mechanisms that move ions into the vacuole, even when the concentrai¢s
within is higher than that of the surrounding fluid. Due to the elevated ionic concentration, water is drsmd
into the vacuole, resulting in turgidity and providing mechanical support to the plant's soft tissues

(2) Collenchyma:

* Their primary walls are thickened at the corners, due to extra deposition of cellulose. They elong:!

when stem or leaf grows lengthwise

» They provide support to the young parts of plant in which secondary growth has not taken place

SCHOLAR 2 BIOLOGY (11")
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() sclerenchyma:

(i)
(i)

This tissue also provides structural support to the plants.

Typically, the cells of sclerenchyma tissue possess thick secondary cell walls. These walls are saturated
with lignin, an organic compound that confers strength and rigidity to the walls

The majority of sclerenchyma cells are non-living. The main function of this tissue is to provide support
to the various components of the plant.

Types of Cells Present in Sclerenchyma: There are three types of sclerenchyma cells which are

(i) Fibres (if) Sclerelds (ili) vessels

Fibers (Tracheids): These are elongated and cylindrical in shape. They can be found either as compact
pundles inside the xylem or as bundle caps.

Sclereids: These are smaller in size as compared to fibers and are present in the seed coats and shells of
nuts. Their function is to offer protection

(i) Vessels (Tracheae): They are long tubular structures that are joined end to end to form a long water

conducting pipe in xylem.
(a) Parenchyma

(b) Collenchyma

(C=21/0)
s RO/CO)
OIS
Theaened pecin and
celuicse cet wals

Maie lamely

Intercenidal wpace

Cy'eplasm
(c) Sclerenchyma fibres

Single fbre 5 Qgg_ Simple pd

) *s, &
Skople o @Q ugnitea
Cel wall

(d) Sclerenchyma sclereids

o~ \ -
brarwred pn

Figure:Speclallzed plant colls; (a) Parenchyma (b) Collsnchyma (¢) Sclerenchyma

WATER POTENTIAL

\
I d

Kinetic Energy in Water Molecules:

Water molecules possess kinetic energy which means that in
liquld or gaseous form they move about rapidly and randomly
from one place to another. So, greater the concentration of the
water molecules in a system the greater is the total kinetic
energy of water molecules. This is called water potential (symbolized by Greek letter psi = ¥, )
In plant cells, two factors determine water potential:

(1) Solute potential (W) (ii) Pressure potential ( WP )

6. How does solute potential affect
water movement?

Factors Determine Water Potential in Plants:

Pure water has maximum water potential which by definition is zero. Water moves from a region of
higher P, to lower ¥, All solutions have lower ¥,, than pure water and so have negative value of Y
(at atmospheric pressure and at a defined temperature). So, the osmosiscan be defined as the
movement of water molecules from a region of higher water potential to a region of lower water
potential through a partially permeable membrane.
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(i) Solute Potential (Ws): i
* Ameasure of the change in water potential (¥,,) of a system due to the presence of solute mole,,.
is called solute potential.
= Y isalways a negative value, so if more solute molecules are present, lower (more negative) is the y
(ii) Pressure Potentlal (W):
* Anpart of water potential due to the pressure exerted by water is called pressure potential
* If pressure greater than atmospheric pressure is applled to pure water or a solution, its war,,
potential increases. When water enters plant cells by osmosis, pressure may be built up insida 1,
cell making the cell turgid and increasing the pressure potential.
o Total water potential (W) is sum of solute potential (¥,) and pressure potential (Vp ):
Yw = Ps + Yp
e If we use the term water potential, the tendency for water to move between any two sysiems can ¢,
measured; not Just from cell to cell in a plant but also from soil to root, from leaf to air and from s .
air. The steeper the potential gradient the faster is the flow of water along it.
——
TRANSPORT OF WATER LN PLANTS
S Uptake of Water by Roots:
* Roots of plants provide large surface area for absorption by their extensive branching systems
e Roots have tiny root hairs, which are actually extensions of epidermal cells of roots. Most of the ups;i
of water and minerals In roots takes place through root hairs.
* Fromsoil, water and minerals enter the root epidermal cells by active and passive transport.
« From root epidermlis, they move to cortex, and then into the xylem tissue in the centre of roct
»  Steps of Uptake:

Chetk Understanding!

7.In the symplast pathway, waw |
moves through:

A. Cell walls only '

B. Vacuoles only {

C. Cytoplasm via plasmedesmata ‘

D. Intercellular air spaces l

e Inside roots, water and minerals move in three different
pathways to reach the xylem.
(I) The Apoplast Pathway:

* [tisacontinuous pathway that involves a system of adjacent
cell walls in the plant roots.

s Limitation the apoplast pathway becomes discontinuous in
the endodermis in the roots due to the presence of Casparian segments.

(il) The Symplast Pathway:

* In symplast pathway, water and minerals move through interconnected protoplasts of root ez
The protoplasts of neighbouring cells are Interconnected through plasmodesmata which #1
cytoplasmic strands that extend through pores In adjacent cell walls.

* Limitations the symplast pathway is less Important, except for minerals in the reglon of endoderms

(iii) The Vacuolar Pathway:

= In vacuolar pathway, water and minerals move through cell membranes, cytoplasm and toney =
(membranes of vacuoles) and vacuoles.

* They move from vacuole to vacuole and bypass the symplast and apoplast pathways.

* Limitation movement in vacuolar pathway is negligible.

Plasmodesmata Tonoplast

Cell wall
v Apoplast pathway ——s Symplast palhwdy s Vacuolar patmvay

Vacuole Cytoplasm

Figure Wyter nd through J,

symplast and hway

b
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» Structure of Xylem Tissue:

’

Types of Cells Present in Xylem:

Importance: Xylem is the vascular tissue in plants that carries water and dissolved minerals from the
roots to the stem and leaves
to the plant body

it is also a key structural component which provides mechanical support
v p [

[ CheckUnderstandingt = ||

B. What is the function of aylem finsrs? |

Xylem comprises of tracheids, vessels, xylem fibres and xylem parenchyma (Fig)
(i) Tracheids:

» Theyareelongate and thin cells that have thick walls made of ignin The ends of the cells are tagered

and they are linked 1o each other by bordered pits, which enable the lateral movement of water
between cells

(il) Vessels:

»  They are shorter and broader comaared to tracheids.
» They are arraniged n a linear fashion, torming continucus channels. Perforation plates are present
at the outer edges of these structures, enabling efficient muovement of water

(iii) Xylem Fibres:
= They are elongated cells with thickened Fibre Tracheid Xy'em 7
lignified walls. At maturity, they are dead vessel  Parencnyma
and enhance the structural integnty of the ’/I ' |°j-' Cytoplas
xylem 11 et &
* They offer additional structural support to f o
the plant. ‘ SpE
(iv) Xylem Parenchyma: [
*  These are living cells with thin walls that
have the ability to retain and hold nutrients [ P
and water \f
»  Xylem parenchyma cells participate in the

lateral translocation of water and nutrients
and can also contrbute to the healing and
regeneration of xylem tissue

Figure:Different components of xylem tissue

The Movement of Water through Xylem:

The movement of water within plants, from roots to leaves, occurs primarlly through specialized
vascular tissue known as xylem.

The TACT (Transpiration, Adhesion, Cohesion, Tension) mechanism is a widely accepted model
explaining how water moves against gravity through the xylem to reach all parts of the plant

Thus mechanism depends on both physical and chemical properties of water and the plant’s interaction
with its environment.

Transpiration: It is the process by which water evaporates from the surface of plant leaves, specifically
through stomata. As water vapour exits the leaf, a negative pressure is generated within the leaf tissue
This negative pressure creates a pulling force, drawing water upward from the roots through the stem
and toward the leaves

Transpiration, therefore, act as the primary driving force behind water transport in the xylem
Adhesion: It is the attraction between water molecules and the walls of the xylem vessels
attraction, water molecules stick to the walls of xylem vessels as they move upward. This propeorty
prevents any break in the water column within xylem._

Due to thi

Adhesion thus play a crucial role in maintaining the continuity of the water column, especially in tall
plants where gravity exerts a significant downward force on the water column
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+» Colieston: It refers to the attractive force between water —
inolecules themselves, caused by hydrogen bonding. Water | g \whayis the role of companion cally
mulecules within the xylem stick together, forming an unbroken in phloem tissue?
column from the roots to the leaves This cohesive property of g :""d"r‘“'"f‘v waler
- = L ak . . Supporting sieve  tubey gy
water ensures that the "pull® initiated by transpiration at the leaf et biBaactiviiies 4
leve!l extends down through the entire water column. C Prowiding structural support
e Tension: It is the negative pressure created by the pulling force | O- Stering food
~f the transpiration at the leaf level. As water evaporates from
tho loaf surface, 1t creates a low-pressure area that extends through the xylem. This tension pulls the
cohosive water column upwards
o ToaLionis therefore vital for the continuous ascant of water within the xylem.
i F L S L]
| R = = Kywem
\ D e =) :/
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FigureThe TACT mochanism of water flow from root to leaf.
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TRANSLOCATION OF FOOD IN PLANTS

Structure of Phloem:
Phloem is a vascular tissue in plants responsible for the transport of organic nutrients, particularly tr
products of photosynthesis, from the leaves to other parts of the plant where they are needed or stored
Location of Phloem: The phloem is generally found on the outer side of both primary and secondar
vascular tissue in plants with secondary growth. The phloem constitutes the inner bark

Sieve Plate

Phicem
Parenchyma Companion cell
Sieve tube cell
Sieve Pores

Figure:Different componaents of phicom tisaue.

Q
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types of Cells of Phloem:

phloem comprises of ,
(i) Sieve Elements (i) Companion Cells 10. What Is the Pressure Flow Theory?

(iii) Phloem Fibres (iv) Phloem parenchyma

The cells of phloem that transport sugars and other organic material throughout the plant are called
sieve tube elements or celis Sieve tube elemcents have 'sieve areas’, which are the portions of the cell
wall where pores interconnect the sieve tube elements. Some of the sicve areas are generally formed in
end walls of sieve tube elements where the individual cells are joined together to form a longitudinal
senes called a sieve tubes.

« Each sieve tube element is 25s0ciated with one or more campanion cells Sieve tupe elements and
companion cells are in communication with each othar by plasmodesmatz

« Companion cells supply ATP and proteins 1o sieve tube elements

» Phioem parenchyma stores substances, such as sugars, resins, 1atex, and rmuclage, wnich are impertant

for plant defence and moisture retentlon. .

How does Pressure Flow Theory explain the movement of sugars through a plant?

Expreise Inquisitive Question 5]

—

)
L4

Mechanism of Translocation:

» The transport of sugars in plants takes place through phloem tissue.

» Passive theories of phloem transport include:

(i) Diffusion: Itis far too slow, 1o arcount for the velocities of sugar movement in phioem, which on the average
is 1 meter per hour, while the rate of diffusion is 1 meter per eight years so it 1s not practically justified

(ii) Pressure flow theory: This theory was proposed by Ernst Munch in 1930

¢ The pressure-flow theory, alsoc known as the mass-flow hypothesis, is the most vadely accepted
explanation for the transport of sugars in plants through the phloem. This process of transiocation moves
sugar from the source (where they are synthesized) to the sink (where they are consumed or stored). This
theory relies on the principle of osmotic pressure differences between source and sink regions.

Steps Explain Pressure Flow Theory:

Following steps explain the pressure-flow theory.

(I} Glucose Converted into Sucrose: The
glucose formed during photosynthesis
in mesophyll cells, is used in
respiration. The excess of glucose is
converted into non-reducing sugar
1.e., sucrose

(i) Sucrose is actively transported from
mesophyll cells to the companion
cells of phloem. From here, sucrose
diffuses to sieve tubes, through
plasmodesmata So, the
concentration of sucrose in sieve
tubes increases.

(i) Due to higher sucrose (solute)
concentration in sieve tubes, water
moves into them by osmasis from the
nearby xylem of leaf. It results in an
Increase in the water potential at the
source end of sieve tubes

Flgure: Tha pressure-flow theory
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(iv) At the sink end, sugar is actively unloaded from sieve tubes and water also follows by osmog 1, o4
of water lowers the water potential at the sink end. So, there is a higher water potential at the ¢,
end while a lower water potential at the sink end. i
(v) The difference in water potential causes water to flow from source to sink. SInce sucrose is digg, ved
water, it is carried along from source 10 sink along with water
GROWTH IN PLANTS
Q. Whatis the role of meristem in the growth of plants?
e The permanent increase in cell size, which can occur in various
dimensions such as height, width, and mass 15 called growth 11, Which meristern is responcag vy
e Throughout life, the plant adds organs such as branches, leaves, primary growth in plants?
and roots. Its organs increase in size from the tips but the rate of | A Llateranmesstem
growth is not uniform throughout the body. : i‘;";:;: :::“L_‘
* In Lower Plants: The entire plant body is capable of growing in | p  cork cambium
higher plants.
e Growth s imited 1o certain regions known as growing points
s Meristems: The growing points consist of groups of cells, called menisters, that are capabe +
continuous cell division. -
< Types of Meristems:
* There gare three types of meristems in plants:
(a) Apical Meristems (b) Intercalary Meristems (c) Lateral meristems
(3) Apical meristems: They are found at the tips of roots and shoots.
* They are pnimarily responsible for the extension of the plant body.
* Tnese are perpetual growth zones found and are resporisible for the increase in the number of ce
at the tips of roots and stems They play an important role in primary growth.
_.Ib)_Intercalary Meristems:
*  They are‘s-e-pératé"f! from the apex by permanent tissues.
* They are situated at the bases of internodes in many plants such as grasses and play an imperta®
role in the production of leaves and flower. These are temporary.
(c) Lateral Meristems:
* They are cylinders of dividing cells present
along the peripheral regions. They are ) ﬁkg. Leaf pamordia
responsible for growth in thickness of stems RS- 1 Lateral bude_
and roots. promerca
*= They are found in woody plants and are :r:m
crucial for secondary growth. =A=Ciogls Camblia
~  Types of Lateral Meristem: O

e There are two main forms of lateral meristems:
(a) Vascular Cambium  (b) Cork Cambium

(a) Vascular cambium is located between the

xylem and phloem and s responsible for

oot hans

50! apa'/’
menslem
v-——l—Raul cap

production of secondary xylem and e
secondary phloem. Figure: Apical meristem produces the prime/y
(b) Cork cambium is formed in the outer layer plant body and lsteral meristem produces B
sscondary plant body.

of stems and roots. This tissue produces
cork cells which replace the epidermis and forms the outer protective bark.
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Types of Growth:

in plants, there are two types of growth i.e, primary growth and secondary growth (Fig )

imary Growth:
primary growth is responsible for an increase in the length of the
plants. 1t15 facilitated by the activity of apical meristems
Herbaceous plants generally display primary growth vith litie
secondary growth as compared to woody plants
phases of Primary Growth:
., The process of primary growth in plants occurs in three phases
(i) Cell Division:
» The cells of apical meristems undergo divisions and the number of cells 15 increased It happens at
the tips of apical meristems of root and shoot.
= The area of apical meristem where cell division occurs, is called zome of cell division. 10 th 5 zone
cells are non-vacuolated and small These cells have sphericai nucle in the centre of cytoplasm
(ii) Cell Elongation:

andz Understandng '

12. What is cell ditferentiation and why
is it important?

L]

« After the formation of new cells, their volume increases due to uptake of water. Plasticity of cell wa
increases and wall pressure is reduced. It happens at a little distance from the tips of apcal
menstems.

» The area where cell elongation occurs, is called zone of cell elon
vacuolated and large.

v They have nuclei in the peripheries of cytoplasm. During this phase,
different dimensions and the final size of cells is attained For example, the cell
determined to develop into pith, cortex etc. do not elongate much length-wise wh e the cols whon
are determined to develop into xylem tissue elongate more length-wise

(i) Cell Differentiation:

= After the cells have got their final size and shape, elongation
stops and cells are specialized to perform specific functions.

=  Their cell walls become thicker and many new structural Pericye
features develop

s It happens in the arca next to the zone of elongation This g g
area is called zone of cell differentiation. In this zone, cells .§

are fully differentiated and each type of cell performs g
|

gation. In this zone, cells are

different cells elongate in

s which are

specific function

Secondary Growth: s

¢ Theincrease in thickness or girth of stems and roots of plants is 5
called secondary growth.

¢ It is due to the activity of lateral meristems, specifically the 55
vascular cambium and cork cambium H g

® It i1s more prominent in woody perennial plants. whie ™
herbaceous plants show only primary growth

*  The cells of vascular cambium divide and produce new cells on
both of its outer and inrer margins. Cells produced on outer
margins of vascular cambium make secondary phioem while the
cells produced on its inner margins make secondary xylem

¢ Secondary tissues (particularly secondary xylem) cause increase in plant's thickness Divis
cambium produces cells on both outer and inner sides. These cells make new cork The regon of mature
stem outside of the vascular cambium, which contains secondary phloem, cork cambium and cork, 1
collectively called bark

Figure: Primary growth in a root

an in cork
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Flgure: Primary and secendary growth In a plant.
Q. How do the annual rings depict climatic variability?
* Annual Ring Formation: Annual nings are formed due to the
nal ity i ¢
seasonal activity of the cambium layer in trees. This process is | 13, annuai FNgs 10 3 tree trung gy |
influenced Dby renmental factors and  results in the formed as a result of |
production of two ¢ stinct types of wood each yoar A Apical mernistem actvity
(a' Spnng ot (ea;ly wood) (b) hisarri i) (l_-,h- w;;od) B Interoalany menctem activty ’
5 d v . n nrgey

These rings prowice valuable infermation about the age of
tree and the environmental conditions exper enced dur ing e: ‘(h
Erowing season.

The cambium < a meristematic tissue that generites new

» Cendracnronciopy o ! |
vascular tissues e, xylem and phisem. In

spring, when rcthed of datng and st
conditions are favourable, the cambium is highly active nnge  to  anmniyte prt (e
praducing a large volume of xylem with wider vessels, rocyiting pondiions snd events
s 5

in lighter-coloured spring wooo. As the seasen changes 1o
autumn, the carmbium’s activity decreases. It produces tewer xylem elem e ats, which are narecuer 2
denser, leading to the formation of darker autumn wood. The combination of spring waod and aut~

weod forms a complete annual ring Each year, a new ring is added, allow:.ng for the determunstion s
tree s age throuzh dendrochronology.

The transition between these two types of wood Is gradual from spring to autumn, but tr : shift fre
autumn back to spring in the followmg year is abrupt, marking a clear distinction between tha growt
periods. This dala is valuable for studying long-term climate vanability and changes.

Sapwood heartwood gith growth nings

radial
Hansvorse surace

surtece

TR I

l"ll\\/ Pty

‘, \ \,/" )
N Wisain

outer Dark bark inner bark

tangential surface
Flgure : Anatomy of a tree trunk showing annual rings
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The chemicals in plants which regulate the rates of growth and the rate of metabolismin their cells are
called growth regulators. Special chemical messengers, cailed plant growth regulators or plant
hormones regulate their growth

Types of Plant Growth Regulators:

(3) Auxins:

(b

(c

—

—

There are five major groups of plant growth regulators
(i) Growth Promoters: (a) Auxins (b) Cytokinins
(ii) Growth Inhibitors: (a) Abscisic Acid (b) Ethyl

(¢) Gibberellins
ene

14. How do gibberellings aMect seed

These are indole acetie acid (IAA) or its variants
germination?

These regulate following activities:

* Instem, promote cell enlargement in region behind apex.

s Promote cell dvision in cambium

» [n root, promote growth at very low concentrations. Inhibit growth at higher concentrat.on
geotropism. Promote growth of roots from cuttings and calluses

s Promote bud Initiation in shoots but sometimes antagonistic to cytoxinins and is inbiu tory;

= Promote apical dominance and fruit growth. They can sometimes induce parthenocarpy

s Cause delay in leaf senescence (aging) in a few species.

* [Inhibit abscission,

Gibberellin:

Gibberellins are produced in the apical portions of roots and shots, and transported to other parts

Gibberellins contain Gibberellic acid and there are more than 110 different giobere!lins

They preform following activities:

= Promote cell enlargement in the presence of auxins. Also promote cell division in apical menstem
and cambium.

= Promote 'bolting' of some rosette plants.

= Promote bud initiation in shoots of chrysanthemum cailus.

= Promote leaf growth and fruit growth. May induce parthenocargy.

= Inapical dominance, enhance action of auxins

* Break bud and seed dormancy.

= Sometimes may substitute for red light. Therefore, promote flowering in longday plants, while
inhibit in short-day plants.

= Cause delay in leaf senescence in a few species

Cytokinins:

They are usually produced in roots, young fruits, and in seeds. Cytokinins promote ¢ytokinesis during

cell division. They increase the rate of DNA replication and the rate of RNA and protein synthesis

s.¢8.,

They perform the following:
s Promote stem growth by cell division in apical menstem and cambium
* Inhibit primary root growth

*  Promote lateral root growth

»  Promote bud initiation and leaf growth.

*  Promote fruit growth but can rarely induce parthenocarpy.
s  Promote lateral bud growth, also break bud dormancy.

s Cause delay in leaf senescence

15. Which ¢f the following acts as a

* Promote stomatal opening growth 'nhibitor and promotes
gt seed dormancy?
Growth Inhibitors: A Gibberelin 8. Ethwiene
(a) Abscisic Acid (b) Ethylene € Cytokinin D. Absaisic and
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(a) Abscisic acid:

e Abscisic acid (ABA) s synthesized mainly in malure green leaves, fruits, and root caps. It perforim, .,
following functions
s Inhibits stem and root growth notably during physiological stress, e g., drought, and wa!erlo;‘,}-\{
= Promotes bud and jeed dormancy
= Promotes flowering in short day plants, and inhibits in long day plants (antagonistic to gibberein,
«  Sometimes promotes leaf senescence.

* Promotes abscission.
= Promotes closing of stomata under conditions of water stress (wilting).

(b) Ethylene:

e Itis a natural product of the metabolism of plants Inhibits stem growth, notably during physioleg.y
stress

= Inhibits root growth s Breaks dormancy of bud.
*  Promotes flowering in pineapple. *  Promotes fruit nipening
—
OSMOREGULATION IN PLANTS

e The process by which an organism maintains a stable internal equibrium of water and dissol,e:
substances, irrespective of the surrounding environmental conditions.

e Many marine organisms undergo osmosis without the requirement for regulatory systems since the,
cells have the same osimotic precsure as that of the sea

* However, some organisms must actively acauire, retain, or eliminate water or s2lts in order to regulsi
their internal water and menoral balance

< Types of Solutions:

(i) Hypotonic Solution: A solution having reduced solute concentration relative to the intraceliyly
enyronment of a cell As a result, water enters the cell by osmoss resulting in the swelling.

(1) Hypertonic Solution: A solution having high solute concentration relative to the intraceliva
environment of a celi. As a result, water moves out of the cell which causes the cell to shrink due to loss
of water, a condition called plasmolysis.

(ini) Isotonic Solution: A solution whose solute concentration resembles to the intracellular environment ef
the cell Net movement of water between the cell and its environment is zero in this case.

HO O HO
HO <Q HO
~
- Cell Wall ~~Vaculcle
'n hyperigric condition In isotanic condition In hypotonic condition
Plasmolyzed Flaced Turgid
Figure : Effect of Hypertonic, Hypotonic and Isotonic solution to plant ce!l.
Q. Describe osmoregulation in Hydrophytes and Halophytes? m

Osmotic Adjustments in Plants
e Plants are distributed in different habitats of agquatic, moderate, severely dry terrestrial and saln*
" nature, thustermed as hydrophytes, mesophytes, xerophytes and halophytes, respectively
(i) Hydrophytes:
* They arc adapted to aquatic environments, including marnine and freshwater ecosystems, throvg
speciahized osmotic adjustment mechanisms.
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(i Marine Hydrophytes:
s They thrive in saline (hypertonic) conditions, where water tends to leave their cells

= They excrete excess salts using specalized salt glands and
synthesize organic solutes like proline, glycine betaine, and
sugars to retain water by Increasing their internal esmotic
potential. They have thick cuticles which further reduce
water loss, and they exhibit halophytic traits to tolerate high salinity

(i) Freshwater Hydrophytes:

s They grow in hypotonic environments, where water continuously enters their cells. These plants
expel excess water through structures like hydathodes or vacuoles to avoid overhydration

» They actively absorb essential ions, such as potassium and calcium, to maintain osmotic balance and
compensate for the dilute surroundings. With thin or absent cuticles, these plants facilitate water
exchange and often have reduced root systems, relying on direct nutrient and water absorption
from their environment.

= Examples: Water lilies, lotus, seaweeds and tape grass (Fig)

v

16. Describe the process of plasmolysis
in plant celis

e n v

- - VA
Figuro: (a) Waterllly floating In froshwater, (b) Tape grass In frashwater lake.

(i) Mesophytes:
= Live in moderate environments that are neither 100 dry nor too wet.
* Thcy prefer soil that is not waterlogged and has a moderate salt content and humidity
* Mesophytes have well-developed roots and shoots with a fully formed vascular system
= They do not require any special adaptations to survive.
* Thelr leaves are flat, broad, and green with stomata on the surface
s Examples of mesophytes include rose, tomatoes, and daisies (Fig.)

Figure : Examples of mesophytas, left (rose) and right (daisy).

(i) Xerophytes:
* These are plants that are adapted to survive in dry conditions. They have special adaptations to
minimize water loss and store water,
* Plants that store water are known as succulents. They possess fleshy stems that can store water and
used when needed.
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s QOther adaptations in xerophytes include waxy coatings on leaves to reduce water loss, |€6fdrw’. §
during dry periods, and leaf folding or repositioning to absorb sunlight efficiently .
* Examples: Thorn trees, desert marigold, and blue agave (Fig.).

—
Check Undérstanding}
17. In freshvsater hydrophyre, °, |
% <

pressure inside cells is "€uiateqy, |
A Stomatal closure
Active absorption of 53l
‘v;,.‘ C Removal of excess g

}; vacuoles
)

D Constant water influr dalingey ,
b

C
ﬁ excretion

————

e

T

Figure: A xerophytic plant

(i1i) Halophytes:
* They inhabit saline soil with high concentrauons of salts like NaCl, MgCl; MgSOs, or saline vt
*  On such a substratum, only such plants can grow which can tolerate a relatively high concentr: .
of these salts
= These plants have succulent leaves and sometimes the stem is also succulent. In certain cases, le; o
are modified into spines.
= Examples: Sea arrow grass and sea lavender.

—_—

o Halophytes growing in marshy pore
near seashere form 3 ey
vegetation known 3s the mangos
or tidal woodland These are i
called Helophilous halophytes

,g'\ A2

Figure : Sea Arrowgrass

THERMOREGULATION IN PLANTS

Q. Describe the Physiological adaptation of plants to extreme conditions. How do plants adjust theirtd
membrane composition and protein structures to survive high and low temperatures?

e Thermoregulation is a homeostasis in which organisms maintain their body temperature d2:*
vanations in environmental temperature
e Effect of High Temperature: It denatures the enzymes and damages the metabolism.

~ Adaptation to Cope High Temperature:
e Plants use evaporative cooling to cope with high temperature Hot and dry weather, however %
water deficiency resulting in closing of stomata, thus plants suffer in such conditions
e Most plants have adapted to survive in heat stress as the plants of temperate regions face the si'c !
40°C and higher temperature.
* The cells of these plants synthesize large quantities of special proteins called heat-shock proteins
s These proteins embrace enzymes and other proteins thus help to prevent their denaturation

o> 3 N

s Effect of Low Temperature: it alters the fluidity of the cell membrane, becsuse lipids of the membrane
become locked into crystailine structures, which affects the transport of the solutes
e The structure of the membrane proteins Is also affected

Adoptations of Coe Low Temperature:

rd
¢ Plants respond to cold stress by increasing proportion of unsaturated fatty acids, which help membrane
to maintain structure atlow temperature by preventing crystal formation. This adaptation requires time
Because of this reason rapid chilling of plants is more stressful than gradual drop in air temperature
e Freezing temperature causes ice crystal formation
« The confinement of ice formation around cell wall does nct a‘fect as badly and plants survive However,
formation of ice crystals within protoplasm perforates membranes and organelles hence killing the cells
o The plants native to cold region such as oaks, maples, roses and other plants have adapted to bring
changes In solutes composition of the cells, which causes cytosol to super cool without ice formation.
although ice crystals may form in the cell walls.
R
MOVEMENTS IN PLANTS

s Organisms react to both external and internal stimuli. Animals may exhibit locomation In reaction to

stimuh but the plants are fixed, hence they can only alter their growth pattern
» Tropic Movements:

o The growth movements in plants that are triggered by a stimulus, are collectively called tropic
movements or tropisms. Such movements occur as a curvature of whole organ towards or away from
stimuli such as light. touch, chemical, water and gravity.

» Following are tne major types of tropic movements in plants

(i) Phototropism:

s |t is the movement of part of plant, in response to stimulus L
of light and 1s caused by the differential growth of part of a plant Iike stem or root.
* The tips of shoots usually shew pesitive phototropism while roots show negative phototropism

{ii) Geotropism:
= Itis the movement of plant parts 1n response to gravity
* Roots display positive geatropism and shools negative geotropism

(11i) Thigmotropism:
= Itis the movement in response to stimulus of touch, for example climbing vines. When they come

in contact with some solid object, the growth on the opposite side of contact increases and the
tendrll coils around the support

(iv) Chemotropism:

* The movement in response to some chemicals is called chemotropism. The hyphae of fungi are
chemotropic

nd Dikes
18 What are the effects of high
temperature on plant cells? |

PHOTOPERIODISM

Q. Explain the concept of photoperiodlsm and its influence on plant flowering. How do short-day, long-day
and day-neutral plants differ in their flowering responses, and what role does phytochrome plays in this
process?

° Photoperiodism
* The response of plants to relative length of day and night is called photoperiodism.
* Apartfrom photosynthesis and phototropic responses, another very important way in which light shows
its effect on plants is through variations in day length called photopericd.
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(i) Effect of Photoperiod And Temperature on Plants on Plants: o
* Inplants, photoperiod and temperature affect: ‘mm-
(a) Flowering 19. Photoperiodism Is the respong, of
(b) Fruit and seed production plants to.
A. Light intensity
(¢) Bud and seed dormancy 8. Duration of ight and dark
(d) Leaf fall and germination, Photoperiod affects flowering, | ¢ tTemperature fluctuations
when shoot menistems starts producing floral buds instead of | D Humidity levels
leaves and lateral buds
(ii) Work of Garner And Allard on Photoperiodism:

(ini)

(iv)

The phenomenon of photoperiodism was first of all observed in 1920 by Garner and Allard.
They studied that tobacco plant produces flowers only after exposure to a series of short days.
Tobacco plant naturally produces flowers under same conditions, in autumn, but flowering coulg pe

induced aruficially to short days exposing.

With further studies they are able to classify flowering plants in two main groups

(i) Long-Day Plants: Which require long days for flovering.

(i1) Day-Neutral Plants: That fiower without being Influenced by photoperiod.
Effect of Quantity of light on Flowering: -
Later on, further studies indicated that it is really the length of the dark period which is critical.

Thus short-day plants are really long-night plants

If they are grown in short days, but the long night Is interrupted by a short light period, flowerng

prevented.

Long-day plants will flower in short days if the long night period
is interrupted.

Effect of Quality of Light on Flowering:
Further experimentation also revealed that quantity of light is also influenced by the quality of light.

Cocklebur a short day plant, will not flower if its long night is interrupted but experiments showed that
red light was effective in preventing flowening but far-red light reversed (Stimulate Flowering) the effect

of red light.

Last Light Exposure is Important:

It was also demonstrated that the last light treatment always
determines the response. This response to light intensity and

e The minimum Iength of day or Iight1g
induce flowering

Check Understandingl

20. How does phytochrome control
photoperiodism?

quality leads to the discovery of a blue light sensitive protein pigments, the phytochromcs.
Classification of Plants According to Photoperiodic Requirements for Flowering.

(1) Short day plants (SDP's) | * Flowering induced by dark periods | ¢« Examples:
longer than a critical length, e.g., cocklebur (Xanthium),
cockelbur 8.5 h; tobacco 10-11h. chrysanthemum,
(under natural conditions equivalent soyabean, tobacco,
to days shorter than a critical length strawberry
e.g., cocklebur 155 h; tobacco 13-
14h) -
(i) Longday plants (LDP’s) | e Flowering induced by dark periods [ # Examples: :
shorter than a critical length, eg., henbane (Hvoscva‘"w!
henbane 13h. (Under natural conditions niger), snapdrazon |
equivalent to days longer than a critical cabbage, spring whea! ‘
length, e g henbane 11h). spring barley ’
(i) Day-neutral plants | « Flowering independent of | ¢ Examples:  cucumber
(DNP’s) photoperiod. tomato, garden P2
maize, cotton
——

4

N

~
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some Phytochrome-Controlled Responses in Plants

R

General purpose effected

Red light promotes

U]

Germination .

Germination of some seeds, e.g. some lettuce varieties

e Germination of fern spores.

(i) Photomorphogenesis ‘e Leaf expansion in dicotyledons
(light-controiled development of | * Leafunrolling i grasses (monocotyledons)
form and structure) e Chloroplast development
e Greening (protochlorophyll converted to chlorophyl)
e Inhibition of internode growth (including epicotyl
hypocotyls, mesocotyl), 1.e. preventing of etiolation
e Unhooking of plumule in dicotyledons
(i) Photoperiodism e Stimulates flowering in long day plants

¢ Inhibits flowering in short day plants

Role of Phytochromes in Flowering:

A blue light snsitive system of plants is a protein pigment found in leaves known as phytochrome

Phytochrome exists in two forms 1.e. Peso and Py

Inactive or Quiscent Form of Phytochromes:

Peco a quiscent form absorbs red light at a wave length of 660 nm
and s converted to active Py

Active Form of Phytochromes:

P70 absorbs far red light at 730 nm and is converted to Peso.

In nature, the Pggo to Pyyo conversion takes place in day light and
Py to Peso conversion occurs in the dark

Day Light: (Red Light) Day light contains more red-light.

Thus during the day a plant has P,y phytochromes.

Night: (Far- Red Light) Night contains more far-red light.

While during the night it contains more phytochromes in the form
of Peco.

Inter Conversion of Pgeo And P13 Acts As Internal Clock of
Plants:

The presence of Pgeo and Pijyo form of phytochrome helps the
plants with a means of detecting whether it is light or dark
environment. The rate at which Py is converted to Pews provides
the plant with a “clock” for measuring the duration of darkness.

Role of Red Light in Flowering:

Red light inhibits flowering in the short day plants (SDPs) but

21. The optmal tzmperature for
vernalization in many plants is
around

A.25°C B.0°C

C4°C D 10°C

'—_ll

g il
v _,f,"-'-.?.yu_.,‘lm'\.l

2 3660nm 2o/ 20 i Psst Z i
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promotes flowering in long day plants (LDPs), under suitable conditions

Hypothesis of Interconversion of P30 = Peco:

This observation (role of red light in flowering) led to hypothesize
that the Pno-Peso interconversion might be the plant time-
regulator for flowering.

According to this hypothesis

Prno, converted from Peeo by the absorption of red light (more
during day light), would inhibit flowering in short day plants but
promote flowering in long day plant.

Rad lignt

m
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(inactive)

PR
(#ctive)

oo \_/ o.,
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e Reason: Because Py accumulates in the day and diminishes at night, thus short day plants could flo,,,
only if the night were long enough Because of short days there will be less no. of Pys so no flowerin; .
produced in SDPs.
» During short night a great amount of Py, would not be completely inactivated so the enough P
remain at the end of the night to promote flowering in long day plants. (See box to relate the concap,
»  Actual Time Measuring Phenomenon in Flant:
e But, now it 1s generally agreed that the time measuring phenomenon of flowering 1s not oty
controlled by the interconversion of Peg to Pi.
e Other factors like presence or absence of light and length of dark or light period alsc play an importss,
role in lowering.
s Phytochromes seem to be responsible ior the detection of either light or darkness.
* Florigen: The biological clock once stimulated causes production of florigen hormon2an leaves, wh.,
travel through phioem to the floral buds, initiating flowering.
VERNALISATION
« Bienrnial and perennial plants are sumulated 1o produce flower by exposure o low temperature T,
phenomenon is known as Vernalisation.
»  Mechanism:
e The low temperature stimulus is received by the shoot apex of a mature stem or embryo of the ca:4
and induce flower but not by the leaves as in photoperiodism.
~ Low Temperature Requirement:
e The duration of low temperature (chilling) treatment required varles from iour days to three month;
(4 Days to 3 Months) :
* Temperature around 4°C is found to be very effective It ey
stimulates the preduction of “Vernalln” hormone. This hormone | 22. Why Is  4°C  significant in
induces Vernalisation. It is now believed that vernalin s ncthing vernalization?
special but actually it is Gibberellin.
~  Advantage of Vernalisation:

Photoperiodism and vernalisation serve to synchronise (working in ccmbination) the reproducti:
behawviour of plants with their environment, ensuring reproduction at favourable times of years.
They also ensure that members of the same species produce flower at the same time, encouragnz
cross pollination for genetic-variability.

For some plants, Vernalization is an absolute requirement but in some plants it simply helps in induorg
flowering.

Check Understanding (Solutions): 7

Sr. # | Option Explanation

n . e Phosphorus is essential for energy transfer as it forms part of ATP, and it’s also a structurd!
component of DNA and RNA

2 s.Q e Zincis vital for the synthesis of auxins, which regulate growth and development in plants
2inc deficiency can lead to stunted growth and malformed leaves.

- B ¢ Venus flytrap uses a snap trap mechanism. When trigger hairs are touched, the lobss of
the leaf snap shut quickly, trapping the insect Inside. ]

« During the day, stomata remain open to allow carbon dioxide to enter for photosynthess

4. s.Q Oxygen, produced as a by-product, exits through the same openings. This exchange ¢

crucial for the plant’s survival.
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— e Sclerenchyma cells are dead at maturity and have very thick, lignin-reinforced walls
5 c making them ideal for ngid support in mature parts of the plant
L—1— |+ Solute potential is always negative and lowers the water potential of a solution. The more
6. sQ solutes present, the more negative the WUs, Causing water 1o mave into the solution by 05mosis
T |+ In the symplast pathway, water enters cells and moves from cell 1o cell through
1. ¢ plasmodesmata, which are cytoplasmic connections between plant cells
" e Xylem fibers are thick-walled, lignified cells that provide mechanical strength and support
8 5Q to the plant stem but do not participate in water conguction
| T e Companion cells are living and closely associated with sieve tube elements They help load
9. a and unload sugars and maintain the metabolic functions of sieve tubes, which lack nuclei
e ] T e The pressure flow theory explains how food maoves from <ources (like leaves) to sinks (like
10 s.Q roots or fruits) under pressure differences. Sugars are actively loaded into sieve tubes,
drawing In water and generating high pressure for flow
e Apical meristem is found at the tips of roots and shoots. It is responsible for primary
1 B growth, which results in the elongation of the plant.
e Cell differentiation 1s the process by which unspecialized cells become specialized In
.| sQ structure and function. it allows the formation of different tissues like vascular, ground
and dermal tissues necessary for plant function
c e Annual rings form due to alternate production of spring wood and autumn wood by the
1. vascular cambium during different seasons, reflecting yearly growth cycles
e Gibberellins trigger germination by stimulating the production of hydrolytic enzymes
14 s.Q which break down stored food in the seed, especially starch, providing energy for the
growing embryo.
% D e ABA (abscisic acid) is a stress hormone that inhibits growth, promotes seed dormancy, and
helps plants respond to drought by closing stomata.
® Plasmolysis occurs when a plant cell is placed in a hypertonic solution, Water leaves the
15. s5.Q cell, the cytoplasm shrinks, and the plasma membrane pulls away from the cell wall. often
leading to cell death.
. D e Freshwater hydrophytes deal with a hypotonic environment, so they continuously absorb
water, which is removed by vacuoles or specialized structures to prevent bursting.
1. sQ e High temperatures can cause protein denaturation, damage to cell membranes, increased
respiration, and impaired photosynthesis, ultimately leading to wilting or death if prolonged.
1. 8 * Photoperiodism is a plant’s response to the length of day and night, not the light's
intensity. It affects flowering, dormancy, and other developmental processes.
e Phytochrome exists in two interconvertible forms: Pr (red-absorbing) and Pfr (far-red
20. s.Q absorbing). The ratio of these forms helps plants detect night length and regulate
flowering accordingly
U C e Vernahzation typically occurs at around 4°C, which is cold enough to trigger flowering
responses in cold-requiring plants without causing freezing damage.
e 4°C is considered the optimal temperature for vernalization in many plants. At this
.| sq temperature, the cold stimulus is strong enough to activate physiological changes without

causing cold injury.
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Exercise MULTIPLE CHOICE QUESTIONS (MCQs) ] 1 Section
1.  Process by which water evaporates from surface of leaf primarily through stomata:
(a) Transpiration (b) Guttation (c) Imbibition (d) Cohesicn
2. Through which structure does most of transpiration occurs?
(3) Root hairs (b) Phloem (c) Xylem (d) Stemata
3.  The TACT theory primarily explains
(a) The movement of nutrients in the plants (b) The transport of water in plants
(c) The absorption of minerals (d) The process of photosynthesis
4. Which of the following is not a function of xylem?
(a) Transport of water  (b) Transport of minerals (c) Transport of food (d) Mechanical suppzn
S.  Which of the follcwing has a perforated cell wall?
(a) Vessel (b) Fibre (¢) Tracheid (d) Sclereig
6. Exposure to low temperature stimulates the process of flowering in blennial or perennial plants:
(a) Dormancy (b) Photoperiodism (c) Vernalization (d) All of above
7. Plants that are adapted to survive in dry conditions:
(a) Xerophhytes (b) Hydrophytes (c) Mesophytes (d) Halophytes
8. When sugar content in a cell increases the concentration of solute increases, what happens to the ui
potential?
(a) Rases (b) Drops (c) Unchanged (d) None of these
9. Inhigher plant, transport of food materials occurs through; .
(2) Companion cells (b) Sieve tubes () Vessel elements (d) Tracheids
10. The plant hormone which inhibits the stem and root growth Is:
(3) Auxin (b) Ethylene (c) Cytokinin (d) Gibberellin
11. The leaves of some hydrophyte float on the surface of water. In such a leaf, stomata are foundin:
(a) Lower epidermis (b) Upper epidermis (c) Sides of leaf (d) Deep depressions e
12. Mesophytes are adapted to survive in:

Sr.No.

(a) Moderate environments
(c) Water environments

(b) Dry conditions
(d) All of above

Answer Key with Explanations

Answer | Explanations

Option

1. (a) Transpiration, e Transpiration is the process by which water is transper
through a plant, from the roots to the leaves, and 1s 7
released into the air as water vapor. This occurs M’

through the stomata on the surface of the leaves

2. (d) Stomata e Stomata are small openings on the surface of leaves that 2
for gas exchange, including the release of water vapor Ima ®
alr. Most transpiration occurs through these stomats

3. (b) | Thetransportofwater | e The TACT theory (Tension, Adhesion. ("

Transpiration) explains how water is transported up 3
stem, from the roots to the leaves, against gravity |

in plants.
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Fa | (@ | Tarsportoffood  [e  xylem 5 respansible for transporting water and minarals
! ! ‘ the leaves ne

! | rnt. Ho 1

| | v "

- _;r.—,—_u R ——
hf" (c} ’ e ['e Ve n t proce s by which erposure 10 low |
| | tem nulates figwering :

o | x nnials and pereanials
""7 lI ((' l Xeroghy : » pia tha! .
i o
| | | £
-'TT (b) ! Drops . Acentration of:50mtes incro -A‘_-_L-f-“l
I | l decreases, making L more aeo.t This is because the |
! ' | presence of solutes renucest ) of ‘ vd |
) June tulles |e Sleve tubes are <pecialized cells v the prioem that arc |
i l responsidle for transporting fond mater n
I | and amino acids, thrcughout the plant .
T (b} Ethylene e [thylene is 3 plant hormone that inhibit stem and t |
growth, among cther etfects |
11. (b) Upgper epidermis e Infioating leaves of hydrophytes, stemata are often found on
the uppcr epidermis, allow'ng for 245 exchange with the Jir |
12. (a) NModerate enviiconments | ¢« Mesophytes are plants that are adaptea 10 survive in moderate |
| environments, with nelther extrema drynass ror wetness I

SHORT ANSWER QUESTIONS

Q.1 Differentiate between macronutrients and micronutrients?

Ans. micronutrients

Micronutrients are required in smalier amounts
but are still crucial.

Examples include iron, 7inc, and boron

__Macronutrients
¢ Macronutricnts are required
quantities for plant growth.
* Examples include nitrogen, phosphorus, and | »
potassium

in larger | »

Q2 What is water potential?
Ans. Water Potentlal:
* Water potential measures the energy status of water, which makes the water molecules to move from
higher to lower concentration. ]
* Influenced by solute concentration, pressure, and gravity.
* Water moves from high to low water potential

Q3 What are the main three pathways for the movement of water between plant cells?
Ass. (i) The Apoplast Pathway:

* Itis a continuous pathway that involves a system of adjacent cell walls in the plant roots
Limitation: The apoplast pathway becomes discontinuous in the endodermis in the roots aue to th
presence of Casparian segments.

(ii) The Symplast Pathway:
* Insymplast pathway, water and minerals move through interconnected protoplasts of root celis
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= The protoplasts of neighbouring cells are interconnected through plasmodesmata whcy "
cytoplasmic strands that extend through pores in adjacent cell walls.
* Limitations: The symplast pathway is less imporiant, except for minerals in the regien .

endodermis.
(iii) The Vacuolar Pathway:

* Invacuolar pathway, water and minerals move through cell membranes, cytoplasm and 1o, .

(membranes of vacuoles) and vacuoles.

»  They move from vacuole to vacuole and bypass the symplast and apoplast pathways
= Limlitation: Movement in vacuolar pathway is negligible.

—

Q.4 Differentiate between hypertonic and hypotenic solution?

—_—

Ans, Hypertonic

Hypotonic

- The more concentrated external
envircnment compared to the cell
concentration is termed as
hypertonic environment

L] The hypertonic environment causes
cell solution concentrated and shrink
the cell due to loss of water

. This condition is also harmful for cell

If the external environment has lower solutes (g, |
compazred 1o the internal cell concentration, v
kxnown as the hypotonic environment. |
The hypotonic environment osmotically causes enr-,
of water into the cell and diluted the cell solutions
The cell In hypotonic environment becomes tur;
due to gain of water. Thus it may be harmed

mntlate between Thigmotropism and Geotropism.
D
Ans. Thigmotropism Geotropism
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scH —
) Cell pifferentiation:

After the cells have got their final size and shape, elongation stops and cells are specialized to
perform specific functions

Their cell walls become thicker and many new structurzl features develop

« It happens in the area next to the zone of elongation. This area is called zone of cell differentiation
In this zone, cells are fully differentiated and each type of cell performs specific function.

(il

mﬂe between Vernalin and Florigen.

/_fra———
Ans.

Florigen
A hormone-like substance promoting flowering.

Vernalin

» A hypothetical substance for vernalization. | e

« It is the movement In response to stimulus of | » It is the movement of plant parts in
touch, for example climbing vines. response to gravity.

« When they come in contact with some solid | ¢« Roots display positive geotropism and
object, the growth on the opposite side of contact shoots negative geotropism
increases and the tendril coils around the support.

Q.10 How Intercalary meristem is different from apical meristem?

Q.5 What are halophytes?

Ans. Halophytes:

e Plants which grow in high salt concentrations.

e Found in coastal or saline environments.

s Speaalized mechanisms to tolerate or exclude salt.

Q.6 Differentiate between long day plants and short day plants?

Ans. Long Day Plants

Short Day Plants

than a critical length, e.g. henbane 11h).
e Examples:

barley

* Floweringinduced by dark periods shorter than
a critical length, e.g.,, henbane 13h. (Under
natural conditions equlvalent to days longer

henbane (Hyoscyamus niger)..
snapdragon cabbage, spring wheat, spring | ¢

¢ Flowering Induced by dark perlods longer tha:
a critical length, e.g., cockelbur 8.5 h; tebaccs|
10-11h. (under natural conditions equivalentt:
days shorter than a critical length ¢;

cocklebur 15.5 h; tobacco 13-14h) |
Examples: cocklebur (Xanthwm! |
chrysanthemum, soyabean, tobacco, strawbem |

Q.7 Write down the phases of plant growth?

Ans. (i) Cell Division:

= The cells of apical meristems undergo divisions and the number of cells is increased It happers ¥
the ups of apical meristems of root and shoot.

= The area of apical meristem where cell division occurs, 15 called zone of cell division In this 10
cells are non-vacuolated and small These cells have spherical nuclei in the centre of cytop/2sm

(1i) Cell Elongation:

= After the formation of new cells, their volume increases due to uptake of water. Plastcity of cellw?
increases and wall pressure is reduced. It happens at a little distance from the tips of ¢

meristems.

= The area where cell elongation occurs, Is called zone of cell elongation. In this zone, cells &

vacuolated and large.

——

ns. Aprical Meristems Intercalary Meristems
« Theyare found at the tips of roots and shoots. e They are separated from the apex by
o They are primarily rasponsible for the extension permanent tissues.
of the plant body. e They are situated at the bases of interncdes

in many plants such as grasses and play an
important role in the production of leaves
and flower. These are temporary.

e These are perpetual growth zones found and are
responsible for the increas2 in the number of cells
at the tips of roots and stems. They o2V an
important role in primary growth. |

Q.1 Describe osmoregulation in Hydrophytes and Halophytes?

Ans. See Page No. (248)

Q2 Describe the Physiological adaptation of plants to extreme conditions. How do plants adjust their cell
membrane composition and protein structures to survive high and low temperatures?

Ans. See Page No. (250)

LONG ANSWER QUESTIONS

Q3 Whatis the role of meristem In the growth of plants?
Ans. See Page No. (244)

Q4 Describe the mechanism of opening and closing of stomata?
_‘L&e Page No. (237)

Q5 Explain the concept of photoperiodism and its influence on plant flowering. How do short-day, long-day
and day-neutral plants differ in their flowering responses, and what role does phytochrome plays in this
process?

Ans. See Page No. (251)
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§ wvihatls the primary function of xylem fizers?
INQUISITIVE ANSWER QUESTIONS R ot B ey CEE s L
.+ Which xylem cells are living and ‘nvolved in storage and latecal transport?
A eeEs. w ~ ST BT na 's rarheld n o~ .
Q.1 Canyou explain the hypothesis regard.ng the opening ard closing of stomata? T A vesse's B. Xyiem pirenchyma C. Trach Xy
Ans. See Page No. (237) e~ ;4 Which property of water helps maintain an unbroken column of water in xylem vesses?
. . . . s Aghesion B. Cohesion C Surface tension D O
Q.2 What mechanisms enable carnivorous plants to suppiement their nutrient uptake despite bemm ARG a5 e
e ———— " which phloem cell type is primarily responsisle for the actual transport of food n plants?
Ans. See Page No. (235) A Companion cells 8. Phicem fibres C. Siave tube elements  D. P}
—_—
Q.3 How can you say that parenhyma and schlerenchyma provide support to plants? 5 Which phloem component is dead at maturity and provides mechanical support?
Ans. See Page No. (238) =T A Sieve elements B Companion cells C Phloam tibres D Phioem pa
Q.4 How do the annual rings gepict ¢/matic vanabilite? g n Intercalary meristem is mainly responsible for:
Ans, See Page No. (246) i A Secondary thickening B. Healing of wounds
— Rapid elongation at internoaes D. Root cap formation
Q.5 How does Pressure Flow Theory explain the movement of sugars through a plant? C.Rap & . _
Ans. See Page No. (243) ——— | ;5 Corkcambium gives rise to which tissues?
- — — & Secondary xylem and ph'oem 8. Cortex and pith
Q.6 What strategies would you adopt to induce flowering in a plant? . Penigerm (phellem and phelioderm! D Epidermis and cuticle
SECATE

AmS. Stratagies inPlanty (o infucy Howerihg: 1&. Which of the following is not involved in secondary growth?
i. Photoperiedism: gy mampuiating light exposure plants czn be :nducea to flower oy providing e

A Vascular cambium 8. Corx cambium C. Apica! maristem D. Formation of per
required day lergth (snort or long), depending on then tyze (shart day or long-day plants) .
8 3 o B o
il Vernalization: [ po 1t plant, 1o _ioiarred low temparaturcs (e.p., 4°C) ran trigaer fowering in soms 17. Which «M‘thelfollowm,,l isa :.ha ac .n:uc of spring woo:d .
. \ & ¢ k \ p uring dry seasons
species, especially pienrials anc v <t er annmigl, b, tsfy g their cold requirement. A Narrow xylem vessels with thick walis B Formed during dry sea
€. Wide xylem vesse's with thin walls 0. Dark, dense appearance

18. Which plant hormone promctes cell elongation and apical dominance?
A Cytolunin B. Gibberellin C Auxin D. Abscis

m ADGITIONAL MCQs

1. Which of the fo'lowing macronutrients is primarily involved in osmoregulation and stomatal opening in 1. Ethylene is unique among plant hormones because it:

plants? A Istransported via xylem B. Promotes cell elorgation
. [ . inhibits fruit ripening
A Porassium B. Calcium C. Magnesium D. Nitrogen C.Isagaseous hormone D. inhibity fr P
, ; i ame sol tion as the cell sap?
2 Which insectivorous plant uses sticky tentacles to trap insects? e et b Rt i
i A. Hypotonic B Hypertoni¢ C. Isotenic D. Saline
A Negpenthes (Pitcher plant) 8 Drosera (Sundew) §
C. Dicnaea (Venus fiytrap) D Utnculana (Bladderwort) 1. Which plant type is best adapted to resist water loss in dry conditions ‘
. i . A Hydrophytes B. Mesophytes C. Xeroghy*es D. Halophytes
3. Which gas primarily exits the plant during daytime through stomata? 2 Whi ; , | o deridehs ture?
o .
A Oxygen B. Carbon dioxide C. Nitrogen D. Methane hich process helps in cooling plant surfaces under high temperature et
2 e ; it o A Respiration 8. Guttation C. Transpiration 0. Photosy
i What happens to guard cells when stomata close =
: e . , . Which plant process is Inhibited during extreme cold corditions?
A They swell and hecome turgid B They lose water and become flaccid A. Absorption of CO; 8. Root elongation
" | 3atio
h
C They divide rapidly D. They release glucose C.Transpiration D. Celt division and enzymatic activity

i i i i i stems? -
5. Which plant tissue provides support while allowing flexibility in growing parts like petioles and . Acommon adaptation in plants agalnst freezing temperatures is:

A. Parenchyma B. Collenchyma C. Sclerenchyma D. Xylem AlStomatal diosuire B. Accumulation of antifreeze proteins
6.  Which factor decreases the water potential of a solution? C.Rapid transpiration D Thicker cuticle
A Increase in pressure potential B. Addition of pure water 5. The downward growth of roots in response to gravity is an examp'e of
C.AC  _onof solutes D Increase in temperature A Megative geotropism B Positive phototropism
7. Inplant cells, when is water potential equal to zero? C Positive geotropism D Thigmotropiem
A When solute potential Is zero B. When the cell is fully turgid 3. Which pigment is primarily involved in perceiving photoperiod in plants?
C. When pressure and solute potentials are equal and opposite A. Auxin B Chlorophy!! C Phytochrome 0. Carotene
D When tne cellis plasmolyzed 21 Short-day plants flower when:
8.  Which pathway requires water to cross multiple membranes, including vacuolar membranes? A Night length is longer than the critical period 8. Day length is longer than the critica! pericd
A.Symplast pathway 8. Apoplast pathway C. Vacuolar pathway D. Xylem pathway C Exposed to continuous hight D. Temperature ts high

e



262 Chapter 08 2 Plant Physiols
*\;ﬂ

28. Vernalization refers to:
A, Exposure of seeds to light before germination
C. Delay of flowering due to cold

B. Induction of flowering by low temperatyra
D. Inhibition of germination by hormones

LA 2.8 3.A 4.8 5.B 6. C 7.C 8.C 9.8 10.8 11.8 12¢]
13.C 14.C 15.C 16.C 17.C 18.C 19.¢ | 20.Cc | 21.C 22.C 23.0 | 23 B
25.C | 26.C | 27.A | 28.B

ADDITIONAL SHORT ANSWER QUESTIONS

Q.1 What role does calcium play in plant cell walls?

Ans. Role of Calcium Play in Plant:
Calcium is crucial for forming and stabilizing cell walls by binding with pectins.

It also plays a role in membrane integrity and cell signaling.

Q.2 Whatis the role of copper In photosynthesis?

Ans. Role of Copper in Photosynthesis:

Copper is involved in the electron transport chain in photosynthesis.
It also functions in enzyme activation and lignin synthesis, contributing to plant strength and defene

Q.3 Why do insectivorous plants trap and digest insects? .
Ans. Insectivorous Plants trap and Digest Insects: .
These plants grow in nutrient-poor, acidic soils, especially lacking nitrogen.

To meet their nitrogen needs, they trap and digest insects, absorbing nutrients through specialie:
structures

L

Q.4. What is the role of potassium ion influx in stomatal opening?

Ans. Role of Potassium lon influx in Stomatal Opening:

In light, potassium ions actively enter guard cells.

This lowers their water potential, drawing water in by osmosis.

The increased turgor pressure causes the guard cells to curve, opening the stomata.

Q.5 How does parenchyma provide support in plants?

Ans. Parenchyma Provide Support in Plants:

Parenchyma cells are living, with thin walls and large vacuoles.

In softer plant parts, turgidity of these cells provides internal support, along with their roles in storzi
and photosynthesis.

Q.6 What are the malin features of sclerenchyma cells?

Ans. Maln Features of Sclerenchyma Cells:

Sclerenchyma consists of dead cells with very thick, lignified cell walls.

They provide hardness and rigidity, found In mature plant parts like seed coats and vascular bund‘_es_

ws. Role of Phloem Parenchyma:
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mapoplast pathway of water movement in plants.
/méTngathway
|n the apoplast pathway, water moves through cell walls and Intercellular spaces without enter| ng

the cytoplasm.
itisafaster route but is blocked at the endodermis by the Casparian strip, red rect ng water into the sy

'
o mplast

m structure and function of vessels in xylem.

Wnd Function of Vessels in Xylem:
vessels are vide, tube-like cells connected end-te-end with perforated end wall

S T e S L N

They conduct water rapidly and efficiently in angiosperms, making them the primary water
conducting element,

mxylem parenchyma cells important?
mrenchvma cells Important:

« Xylem parenchyma cells are living cells involved in storing nutrients and aiding lateral transport of water
and minerals across xylem tissue, supporting overall plant physiology.

Q11 What is the role of adhesion in the ascent of water?
1. Role of Adhesion in the Ascent of Water:
Adhesion helps water molecules cling to the walls of xylem vessels, preventing the water cc

breaking and assisting water movement against gravity.

012 Describe the Role of Phloem Parenchyma.

« Pnloem parenchyma consists of living cells that store food and assist in the lateral transport of nut

« Theyalso play a supportive role in maintaining the phloem structure

Q13 Where is Intercalary meristem found and what Is its role?

ins. Intercalary Meristem:
Intercalary menstems are found at internodes or the base of leaves, especially in monocots

They help In rapid regrowth after grazing or cutting by contnbuting to elongation of stem sey

L]
yments

Q14 How does cork cambium help in plant protection?

Ans. Importance of Cork Cambium:
Cork cambium (phellogen) produces cork (phellem) and phelloderm, forming the periderm

Cork Is waterproof and dead at maturity, helping to protect the plant from water loss and pathogen entry

Q15 What is the difference between determinate and indeterminate growth?

Determinate Indeterminate

Determinate growth stops after reaching a
specific size (e.g., leaves, flowers).

Ans.

Indeterminate growth continues throughout the
life of the plant (e.g, root and shoot tips)
Indeterminate growth is maintained by active

meristematic tissue.

—

ELWM! Is secondary growth and which tissues are Involved?

Q.7 What s the role of pressure potentlal In plant cells?
Ans. Role of Pressure Potentlal In Plant Cells:

Pressure potential (Wp) refers to the physical pressure exerted by the cell wall against the protoplast
It is usually positive in healthy plant cells and helps maintain turgor pressure, supporting cell rigidity

~

An. Secondary Growth:
¢ Secondary growth increases the girth of stems and roots.
* Itls controlled by lateral meristems—vascular cambium (produces secondary xylem and phicem) and

cork camblum (produces cork and phelloderm for protection).
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Q17 How are ar NI BT T T L -
Ans. Annual Rinps S

A N3s ¢ oy the alternating pruduction of spring weod (IGht, wide vessely) ang 5

wood (dark els) by the vascular cambium each yvear,
- [b,.n_‘-r« m of rin WK "LS"—“‘ ago ""'-'T"t‘r‘

Q.1% What is the rcle of auxins in plant 2rowth?

—
Ans. Role of Auxing in Plant Growth:
e Auwins reguliate cel! elongation, rout Initiaticn. and maintain apicai dominance
e They are produced in the shent apex and help pena stems towards light (phototropism)
L —
Q.19 Describe two main functions of cytokinins in plants,
e —

Ans. Two main Functions of Cvtokinins in Plants
=  Cyrokining promote ce'l division and delay leaf senzscence
. hey alse work with

euxins to influence organ developmant—=higher cytokinin ievels gromete g,

TAarm At A i T

Je Cu'ture

Q.20 What s a hypotonic solution and how does it atfect plant cells?

Ans Hynoteni Solution M
- \ " oy T por N neentryt on than the call sap
o \Wate | by G8inosis, Causing the vacunte 1o expand 2 i to be.ome turg g

Q.21 Name s

Ans. Adaptationn Desert Plants,

daesenue one structurd! Wepleiion i cosert plants for high Yo perature,

. o ve At e 48

Q.22 Define geatropisim and v ane @x.mp'

Ans. Geotropism:

e  G2otropamis the plant s groavth re ponse o gravity
o For cxample, roors grow downwrd [positive geotigpsm) while shools grow upward (negat

geatroplsm), helping oreper plant unentition

Q.23 Whatis the entce! photoperiod?

Ars. Critical Photoperiod:
e (ntica! photoperiod s the punimum ar maaimum duration of Lght (or derkness) required oy a clant 1

initiate fiowering

s Itvaresamong snort-day and long-day plants

Q 24 What 1s vernal'zatiun and why is it important?

Ars. Vernalization®

. Vernahlation

PRIk Gl

5 the process where exposure 1o low temperature (around 4°C) induces Howernr

plants ftensures that flowering occurs in taverable seasons, typically i spring, avoiding haish winter
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. 1
SELF-ASSESSMENS
Total Mark. 20
U (.mr([c the correct option, (1x6=06)
i which pathway is responsible for the movement of water through the ce'l walls of root cells?
laiSimp“)“ pathway (b) Apoplast pathway cuolar pathway (d) Transmembrane pathway
. Whicnof the following is NOT a factor that influences the apening and closing of stomata?
(a) ight Intensity (b) CO; concentration  (cj Temperature d} Soil pH
i Which type of plant is adapted to survive in environments with low water avzarlabitity?
(a) Hydrophytic (D) Xerophytic I2) Mesophytic 1} Halophytic
% Which plant growth regulator is involved in cell elongation?
(3) Auxin (b} Gibbereliin ) Cytokinn 4\ Ethyiene
¢ Process by which water evaporates from surface of leal primarily through stomata:
(3) Transpiration (b) Guttation (¢) Imaibition ()
& Which of the following is not a function of xylem?
(3) Transport of water (b) Transport of mine~als {¢) Transport of food {¢) Mechanical supoort
J— .
a2 Write short answers of the follewing guestions (2x2=16)
. Name two examples of carnivoraus plants and describe the r habitat
i Whatis the function of stomata in gas exchange?
@ Whatis the symplast pathway in root water sbsorpt on?
w.  Whatis the effect of a hypertonic solution on plant cevs?
Y. Whatare halopnytes?
W Dfferentiste between Vernalin and Florgen
Wl \Wnat s secondary growth and which tissues are inyolved’
i Descrite two main functions of cyto<xining in plants
Q3 Extensive Questions. (4%x2=8)

(3) Whatis the role of meristem in the growth of plants?
{8) Descnibe the mechanism of opening and closing of stomata?

—eofo—




