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0.1  What is translocation?

Ans. »TRA,\'SL()C‘ATIO.\"

The movement of substances through the conducting or vascular tissuc of plants 1s
called translocation.

Xylem translocates mainly H20, mineral salts, organic substances and hormones
from the roots to the acrial parts of plants.

Phloem translocates variety ol organic and inorganic solutes, mainly from the
leaves or storage organs to other parts of plants.

0.2 Define transport. What is the importance of transport in living bodies?

Ans. TRANSPORT

“The movement of any object from one place to another with help or without help
ot other body is known as transport™.
Importance: Living cells or living bodies have reservoirs of making and breaking of
different chemicals. These chemicals are formed or broken down in different chemical
reactions. Energy is also obtained in such reactions. Maintenance of life taking of specific
chemicals and removal of certain chemicals are essential. For these purposes transport is
compulsory process.

In unicellular, transport is very casy and simplest. In multicellular, division of
labour of different tissues or organs are found and transport 1s complex.

Q.3 Define Osmosis, Osmotic Potential, Water potential, solute potential and
pressure potential.

Ans. OSMOSIS
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The movement of water molecules from a region of their high concentration (a
dilute solution) fo the region of their low concentration (more concentrated solution)
through a partially permeable membrane is called osmosis.

Solute Potential (or Osmotic Potential) (ys):

“The lowering of concentration of water molecules by the effect of dissolving of
solute molecules in the pure water is called solute potential™. In other words:

The measure of the change in water potential of the system due to the presence of
solute molecules 1s known as solute potential.

Water Potential:

“The tendency of water molecules to move from one place to another is called

water potential™,

* Keep in mind for conception:

| Greater of water molecules = H20 potential o« K.E. |
[Increase of solutes means decrease of 1120 potential |
Pressure Potential (yr) (Turgor Potential):

“The pressure tending to force the water from one place to another is called

pressure potential™.
Examples: When water enters plant cells by osmosis. pressure may build up mside the
cell making the cell turgid and increasing pressure potential. (OR) “The build up of
pressure inside the cell after the endosmosis due to water or solution 1s called water
potential™,

¥ Pure water or water molecules o pressure potential.

0.4  (a) Explain water potential with reference to osmotic and pressure potentials.

Ans.  Water Potential (Symbolized by Greek Letter Psi = ¥w):

Water molecules possess kinetic energy. Molecules of liquid or gascous form they
move about rapidly and randomly from one place to another. It means greater the
concentration of the water molecules in a system the greater 1s the total kinetic energy of
water molecules. In other words, water molecules are directly proportional to kinetic energy.

In plants cells two factors i.e.. (1) Osmotic potential and (2) Pressure potential.

(1) Solute concentration = (Osmotic or solute potential = Fs)

(2)  Pressure generated when water enters and inflates plant cells =

(Pressure potential = Y,,).
(a) Pure water has maximum water potential which by definition is zero.

(b) Water moves from a region of higher ¥ —to lower Y¥..
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(c) All solutions have lower . than pure water and so have negative value of V.
(at atmospheric pressure and at a defined temperature).

(d) Osmosis means: “The movement of water molecules from a region ol higher
water potential to a region of lower water potential through a partially permeable
membrane”.

(1) Osmotic (Solute) Potential = Ws:

The osmotic (solute) potential ‘¥, 1s a measure of the change in water potential
(F'.) of a system due to the pressure of solute molecules.

o ois always negative. More solute molecules present. lower (more negative) is
the ‘P,
(2) Pressure Potential (¥p) (Turgor Potential):

If pressure greater than atmospheric pressure 1s applied to pure water or a
solution, its water potential increase.

It 1s equivalent to pumping water from one place to another. Such a situation may
arise in living systems.

When water enters plant cells by osmosis pressure may be build up inside the cell
making the cell turgid and increasing the pressure potential. Thus the total water potential
1s sum of ', and ‘¥,

\.IJ — \P £ \IJ

w s P

walter potential solute potenuial pressure potential

If we use the term water potential. the tendency for water to move between any
two systems can be measure; not just from cell to cell in a plant but also from soil to root
from leat to air of from soil to air. The steeper the potential gradient the taster is the flow
ol water along 1t

The following example would help understand the concept of water potential.
Two adjacent vacuolated cells are shown with Wy, 'V, and ‘..

0.4 (b) Examine the following diagram and give answers of the following
questions.

Ans.
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Fig. Two adjacent

vacuolated cells

(a) Which cell has the higher water potential? Kpa = 1000 Pascals
(b) In which direction will water move by osmosis? which is the pressure
(¢)  What will be the water potential of the cells at | exerted by a vertical

cquilibrium? force of one Newton on

. . . ) an arca of [ metre
(d) What will be the solute potential and pressure oo
‘ o e square.

potential ot the cells at equilibrium?
0.4 Briefly describe the vascular system.
Ans.  Definition of Vascular System

The system in which tubular structures carry tluids, which is transported trom one

place to another.

Both animals and plants have vascular

Systems.

In plants, the xylem and phloem form vascular system.

0.5  Differentiate between Active transport and Osmosis.
Ans,
Osmosis Active Transport
Movement of molecules from high | The movement of molecules from low

concentration to low concentration through
the partial permeable membrance 1s called
0SMOSIS.

Partial permeable membrane

> (low conc.)

(High Conc.)

concentration to high concentration by the
expenditure of energy i1s called active
transport.

Expenditure of energy

(Low conc.) —————— (high conc.)

0.6

Differentiate between endosmosis and exosmosis.

Ans.

Endosmosis

Exosmosis
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(1) The kind of osmosis in which | (1) The kind of osmosis in which
movement of water molecules takes movement of  water molecules
place inside from outside the cell is occurs from inside to outside the
called endosmosis. cell 1s termed as exosmosis.

(2) Turgor pressure develops on cell | (2) Shrinkage of protoplast occurs due
wall due to endosmosis (or) to exosmosis and plasmolysis takes
Deplasmolysis  occurs  due  to place.
endosmosis.

(3) Living cell  has higher  water | (3) Living cell  has  lower  water
potential. potential.

(4) Pressure potential is increased by | (4) Pressure potential is decreased by
endosmosis. CXOSMOSIS,

Q.7 Briefly discuss structure and function of roots.

Ans.  MAJOR FUNCTIONS OF ROOTS

(1) Roots absorh minerals and water from the soil.

(i1) Roots anchor the plant body in soil.

(1) Diffusion, osmosis and active transport processes are involved in it.

Structures of Roots:

(1)
(i1)

(iii)

(1v)

Mostly, the roots are extensively branched.
Think tiny hair like structures known as root hairs are present in cluster forms.

Root hairs are extensions of epidermal cells which increase the absorbing area.
These surround 67% arca of root surface.

From roots hairs water enters in Epidermis. After it water reaches in Cortex. Then
water goes into endodermis and pericyvele respectively. Ultimately water enters into

vascular bundle 1.¢. xylem Tracheids and vessels tissue involve in ascent of sap.
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Soil water Air Epidermis Cortex Endodermis  Vaseular evlinder

” Nylem

Root hair Plasmodesmata Casparian strip Perieyvele

A

Fig. Mineral and water uptake by roots. The Caesarian strip separates the extracellular
space in the roet into two compartments: an outer compartment that is continuous with
the soil water, and an inner compartment that is continuous with the inside of the
conducting cells of the xylem. The black lines a pathway for both water and minerals;

the blue line is an alternative pathway for water alone.
EASY TO DRAW
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Root Hairs Cortex

Fig. Showing movement of H:0 is root

0.8

Give the details of the processes, which involved in absorption by roots.

Ans,

LIST OF INVOLVED PROCESSES

(1) Diffusion)
» ~( Passive Transport
(11)  Osmosis |
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(111) Cohesion and Adhesion
(iv) Active Transport

H20 uptake and transport occurs by two main processes i.¢. passive transport and
active transport, In case of passive transport no expenditure of energy is involved while

n case of active transport energy 1s involved.

PASSIVE TRANSPORT

Passive transport means diffusion and osmosis.
(i) Diffusion: Diffusion is the process in which ions or molecules move from higher
concentration to lower concentration.

(ii) Osmosis: Osmosis 1s the process in which ions or molecules move from higher

concentration to lower concentration via semi permeable membrane.
() Symplast Pathway:

The pathway through which molecules move due to osmosis via plasmodesmota,
cortex, endodermis, pericyele and then to xylem respectively is called symplast pathway.

Keep in Mind: This movement occurs through the free spaces between the cells withour

entering into cvioplasm.
(h) Facilitated Diffusion:

The diffusion which carry nutrients from the soil to the epidermal cells of roots
through their cell membranes is called facilitated diffusion.

fc) Apoplast Pathway:

The diffusion of ions with H.O which takes place by mass flow through cell wall
and free spaces between the cells 1s known as apoplast pathway.

In this pathway, the moving 1ons cross the endodermis and enter into cytoplasm or
possibly their vacuoles by diffusion or active transport. These ions ultimately reach the to
xylem cells.

(d) Vacuolar Pathway:

The pathway through which ions or molecules move via cell membrane
cytoplasm and tonoplast (vacuolar membrane) and reach the xylem cells called vacuolar

pathway.

(iii)  Active uptake or Transport (OR) Active Transport:
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The uptake of materials from lower concentration to higher concentration (against
concentration gradient) by the help ot energy is called active uptake. Energy is used in

the form of ATP. Due to use of energy the active transport 1s dependable.

=3

Svimplast Apoplast
Pathway Pathway
{ Through cytoplasn) (Through walls)
—_ —- —> G ) [ e S e ——

2 > I:'—' d'-- —>

Vacuolar Pathway
{Through cytoplasm
& vacuole)

Fig. Different pathways through which molecules move
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\[‘ \ ' = APOLAST PATIIWAY
Ihin film of water ! interrupted at endndermis)
tighily bound if — = SYMPLAST PATHWAY
clay particle — VACUOLAR PATHWAY

Fig. Diagramatic representation of water andion movement across a root showing
transverse section, The apoplast pathway Is of greatest importance for both water and
sofutes. The symplast pathway s less important, except for salts in the region of the
endodermis. Movement along the vacuolar pathway is negligible.

0.9  What are plasmolysis and Deplasmolysis?

Ans. [Plasmolysis

The shrinkage ot protoplast due to exosmosis of water from living cell when
placed m more concentrated solution 1s called plasmolysis.
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1.0
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Shrinkage
ol protoplast
H.O

Fig. Plasmolysed cell

[Deplasmolysis|

The process in which shrinked protoplast of lhiving cell becomes normal by the
endosmosis when placed in H20.

H.()
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M 1,0
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Turgor pressure
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= (endosmaosis)

H.O

Fig. Deplasmolysed cell

Q.10 Write down relationship between plasmolysis and pressure potential?

Ans.  When shrinked or plasmolysed cell 1s placed in pure water, in this way, water
enters the cell by endosmosis. Endosmosis occurs because pure water has higher water
potential than protoplast of living cell.

After entrance of water, pressure is exerted on the cell wall. So, the rigidity
against the cell wall is due to pressure of H20. “The pressure exerted by the protoplast
against the cell wall is called pressure potential .

The result of pressure potential is appeared in the form of turgidity.
(1) Turgidity = Pressure Potential

(2)  Pressure Potential « pure water,

(3)  Deplasmolysis « endosmosis

(4)  Plasmolysis = 1/ pressure potential.
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Fig., Two adjacent vacuolated celly

Q.11  Describe relationship of water potential to other potential.
Ans. | Pw = ¥s + Y
Water = Solute potential Pressure potential
Yw = ¥a + We
Q.12 What do you know about following terms:
(i)  Turgor Pressure (ii) Matric Potential
Ans. The pressure of turgid state of cell due to hydrostatic pressure is known as turgor

pressure;

(OR)

The force causing imbibition or H20 holding capacity in a matrix of any sort y.

water potential 15 called matric potential.

0.13

What is imbibition? Give its importance.

Ans.

IMBIBITION

“The process of take up of H>0 of components of cell wall (cellulose) in which

volume of components is increased but they do not dissolve known as imbibition ™.

IMPORTANCE OF IMBIBITION:

(i)

Ascent of Sap: In 1874, Sacks suggested that the water molecules move along the
cell walls of xylem vessels due to imbibition.

Without Dissolving in H20: The component of cell wall 1.e. cellulose can take up
water and as a result increase in volume, but the components do not dissolve in water.

Increase of Volume: After take up of H20 the components of cell wall increase
in volume and 1n this way dissolving does not occurred.
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(iv)  Water Movement and Apoplast Pathway: The root cell walls imbibe water
from soil and this water moves by apoplast pathway.

Q.14 (a) What is ascent of sap? Discuss ascent of sup with reference to Cohesion-
Tension theory, root pressure and imbibition.

Ans. (1) ASCENT OF SAP

“The pull up of water and disselved materials through the xylem tissues
towards the leaves is known as ascent of sap”.

Water and dissolved materials are collectively called sap and ascent means pulled up.

* Dissolved minerals so wpward via root hair — epidermis — cortex —

endodermis — pericvele — xvlem — branches or leaves.

Factors Involved in ascent of SAP:

Following factors are involved in ascent of sap:

(1) Cohesion Tension Theory  (2)  Root Pressure (3) Imbibitions
(1) Cohesion Tension Theory:

It was proposed by Dixon. This theory produces a reasonable explanation of {flow
of water and minerals upwards from the roots to leaves of plants, in bulk tflow or mass
flow. The flow of water depends on the following:

(i) Cohesion:

It is the attraction among water molecules, which hold water together, forming a
solid cham-like column within the xylem tubes. The water molecules form hydrogen
bonds between the molecules.

(ii) Tension:

It is provided when this water chain is pulled up the xylem, transpiration provides
the necessary energy or force. Tension s between the molecules, by hvdrogen bonds.
Column of water within xylem is at strong enough and as unbreakable as a steel wire of
the same diameter. This xylem water 1s tension enough to pull water up to 200 meters
(more than 600 feet) in plants.

(iii) Adhesion:

It may be added that the water molecules also adhere to the cell wall of xvlem cells, so
that the column of walter in xylem tissue does not break. The composition of cell wall provides
necessary adhesion to water molecules that helps water to creep up. The cellulose component
of cell wall especially has great affinity with water. It can imbibe water.

(iv)  Strong Xylem Walls:
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It 1s essential that the xylem walls should have high tensile strength if they are
not to buckle mwards, as happen when sucking up a soggy straw. The lignin and
cellulose provides strength to cell wall of xylem vessels.

By cohesion-tension of water molecules, and the transpiration pull providing necessary
energy. the sap (water and molecules) in xylem tissue is pulled upwards to the leaves.

The total water pulled up in the leaves is transpired, except about 1% which is
used by plant in various activities including photosynthesis.

Xylem Pits

I'racheid — ——

Vessel elements

Fig. (a) Xylem tissue elements involved din transportation of water and dissolved
minerals
(h) Scanning electron microgiraph of two large vessel elements for a cucumber
- f=3 . - .
FOOLS

Q.15 (a) Describe the mechanism of transpiration pull with reference to cohesion.

Ans. (1) M"lechanism of Transpiration Pull in Cohesion Tension Theory

The evaporation of water from the aerial parts of the plant especially through

stomata of leaves is a process called transpiration.
As a leal transpires the water potential of its mesophvil cell drops.

This drop causes water to move by osmosis from the xvlem cells of leat into

dehydrating mesophyll cells.
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The water molecules leaving the xylem are attached to other water molecules in
the same xylem tube by hydrogen bonds (cohesion of water molecules). Therefore when
one water molecules moves in the xylem, the process continues all the way to the root
where water is pulled from the xylem cells tracheids and vessels.

This pull also causes water to move down 1ts concentration gradient transversely
from the root epidermis (root hairs) to cortex endosmosis and to pericvele.

In short, this pulling force or transpirvation pulled is so strong that it also reduces
the water potential of root epidermal cells. Then water in the soil moves from its higher

water potential to lower water potential of epidermis of root by osmosis.

Q.15 (b) What is the role of root pressure in ascent of sap?

Ans.  ROOT PRESSURE

Root pressure is the 2™ force which involved in the movement of H.O and

dissolved minerals i the xylem tissuc.

Creation of Root Pressure:

* Root pressure 1s ereated by the active secretion of salts and other solutes from the
other cells into the xylem sap.

* This lowers the water potential of xylem sap. Water enters the xylem cells by
osmosis, thus increasing the level of sap in the xylem cells.

As a result of root pressure the sap in the xvlem does not rise to enough height in
most plants. It 1s also least effective during the day. It has been estimated that a

positive hvdrostatic pressure of around 100 to 200 KPa (exceptionally 800 KPa) 1s

generated by root pressure, which 1s not enough to push water upwards to

required height in most plants. But it 1s no doubt a contributing factor in small

plants, which transpire slowly.
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g It is further added that the root pressure. is a prominent factor in those plants,

which live in humid climate, where the rate of transpiration is very low,

u Root pressure has not been observed in gymnosperms, which are tall plants. In
these plants, and under normal transpiration rate, the xylem sap. which is

responsible for development of root pressure, is under tension instead of pressure.

Q.15 (¢) Discuss guttation, give its importance.

'GUTTATION|

“Occuring under condition of high humidity when of liquid-water on to a plant

surface transpiration cannot occur but water absorption in high”

Closely associated with root pressure 1s a phenomenon called guttation or
exudation. Gutration is loss of liquid water through water secreting glands or hydathodes
near terminal tracheids of the bundle ends around the tips and margins of leaf. The dew
drops that can be scen on the tips of grass leaves or strawberry leaves are actually
guttation droplets exuded from hydathodes the specialized pores.

Guitation or exudation is more notable when transpiration is suppressed, and
the relative humidity is high as at night. 'I'he guttation is in fact due to positive pressure,

the root pressure developed in xylem tissue of roots.
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vascular cylinder
of root by osmosis

° @ Water enters

Fig. The cohesion-tesion theory of water flow from root to leaf
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Imbibition

Another mmportance force i ascent of sap
is imbibition. Sacks in 1874 suggested that the

water molecules move along the cell walls of
xylem vessels due to imbibition.

The cell  wall  components  especially
cellulose can take up water and as a result it
imcrease in volume, but the components do not
dissolve in water, this is called imbibition. In this
process the constituent particles of a particular
substance take up water by surface attraction and
increase in volume. The amount of attraction and
increase of dry cell walls of plant cells, and of
protoplasm for water is often very great and
considerable imbibition forces may be developed
in plant body.

The root cell walls imbibe water trom the
soil and this water moves by apoplast pathway. Fig. Guttation by strawberry leaves

LQ. What is transpiration? Discuss its types.

Ans.  TRANSPIRATION
The loss of water trom the aerial parts of the plants is called transpiration,

(i) Cuticular Tra IlSpil"aE)[l-l

The loss of water in the form of water vapours through the cuticle of leave is
called cuticular transpiration. About 5-7% of total transpiration takes place through this
routce.

(1) The cuticle present on the upper and lower epidermis of leaves 1s not
completely impermeable to water and some water is lost in the form of
rapours through cuticle.

(b)  Thinner the cuticle the greater 1s the rate of transpiration.

(¢) At night when the stomata are almost closed cuticular transpiration takes
place. Most of the factors. which affecet rate of transpiration in general, are
also important in controlling the rate of cuticular transpiration.

(ii) Lenticular Transpiralionl

Lenticular transpiration is the loss of water vapours through lenticels present in
the stem of same plants. All plants do not possess lenticels.
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(a)  The lenticular transpiration is 1-2% of the total transpiration by a plant.

o

(b)  The openings like stomata are also involved in the exchange of gases

between environment.

(¢)  When there 1s strong hight and high temperature the loss of vapours 1s rapid

because it is governed by diftusion.

Lenticels are aerating pores found in the bark through which exchange of
gasses take place. and water is lost in the form of water vapours (transpiration).
Externally, they appear as scores or small protrusions on the surface of stem. The
lenticels commonly develop below a stoma, and its cells increase in number and size,
epidermis gets ruptured. Communication 1s thus established between the atmosphere and
the internal tissues of the stem of the plant.

Structure of Lenticels:

Lenticels consist of a loose mass of small, thin-walled cells (complementary
cells). At each lenticel the cork cambium instead forms oval, spherical, or irregular cells,
which are very loosely arranged. having lots of intercellular spaces.

(iii)  Stomatal Transpiratinn]
[t is a type of transpiration in which the water vapours escape through the stomata.
(a)  Stomata are the openings guarded by guard cells arc present i the
epidermis of leat and stem of plants.
(b) In isobilateral leaves the stomata are present, inboth upper and lower
epidermis e.g. lily and maize leaf. Stomata only on lower epidermis. In

dorsiventral leaves the stomata are confined to only the lower epidermis.

Lenticel

Lenticel

Cork

Cortex

Fig, Left: the waterproof outer bark (layer of dark cells on the surface) on this section
of stem is interrupted at the center of the lenticel. Thus the more loosely arranged cell
layer beneath, with their numerous intecellular air spaces, are exposed to the
atmosphere, right: the individual lenticels can be seen as white areas on the surface of
a young stenn.
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Fig. The water pathway through the leaf. Water is drawn from the xylem into the cell
walls of the mesophyll, where it evaporates into the air spaces within the leaf. By
diffusion water vapour then moves through the leaf air space, through the stomatal
pore, and across the boundary layer of still aiv that adheres to the outer leaf surfuce
CO: also diffuses into the leaf through stomata along a concentration gradient.

Structure of Guard Cells:

The guard cells are normally dumble or bean-seed-shaped. In the inner concave
side ot two guards. Cells have very thick cell wall, but the outer convex side has thin cell
wall. The guard cells are the only cells. of leaf epidermis. which have chloroplast and
thus are involved in the process of photosynthesis.

In monocots e.g., grasses, there are also subsidiary cells on the outer side ot each
guard cell. It is interesting to note that radial dignment of cellulose microfibrils in the cell
wall of guard cells. When these guard cells are turgid, the stoma between them then
opens and when guard cells are tlaccid the stoma between them closes. The degree of
opening of stomatal pores also affects the rate of transpiration, 90% of total transpiration,
1s stomatal.

The cells of mesophyll of leal provide enormous surface area for the loss ol water

in the form of vapours.
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The pathway of water vapours loss to the atmosphere can be divided n the three

regions:
(a) The air space inside the [eaf,
(b)  The stomatal pore (the size of the open stoma).
(c) Layer of still air next to the surface of leaf which depends on dimensions.

and surface features of leaf, such as hairness and also on wind speed. The

thinner layer of still air, the greater is the rate of transpiration.
The Water Pathway Through the Leal:

Water is drawn from the xylem into the cell walls of the mesophyll, where 1t
cvaporates into the air spaces within the leaf. By diffusion, water vapour that moves
through the leaf air space. through the stomata pore, and across the boundary layer of still
air that adheres to the outer leaf surface. COz also diffuses into the leaf through stomata

along a concentration gradient.

EXAMINE YOUR SEL

0. Differentiate between stoma and stomata.

0. Distinguish between lenticel and stomata.

Q. Brief structure of guard cells.

0. Differentiate between imbibition and endocytosis.

0. Differentiate between adhesion and cohesion.

0. Distinguish between root pressure and transpiration pull.

Q.15 (b) Write down the different hypothesis about the opening and closing of

Stomata.

Ans.  OPENING AND CLOSING OF STOMATA

Guard Cells:

The guard cells function as multisensory hydraulic valves. Environmental factors
such as light intensity and quality temperature relative humidity and intracellular CO»
concentration are revised by guard cells. These signals are integrated into well defined

stomatal responses.




[Chapter-14] Transport 502
/

.

Fig. Stomata. Stomata seen through (a) the light microscope and (b) scanning electron
microscope. In the light micrograph, note that the guard cells contain chloroplasts (the
green ovals within the cells) but that the other epidermal cell do not.

HYPOTHESIS ABOUT THE OPENING AND CLOSING OF STOMATA

There are two hypothesis, which may explain the opening and closing of stomata:
(i) Starch Sugar Hypothesis:

H. Van Mohl proposed that guard cells are the only photosynthesizing cells in
the guard cclls of epidermis of leaf.
Opening:

As a result of photosynthesis sugars arce produced in the guard cells during the day
time when light is available. When sugar level sizes 1.¢. solule concentration mcreases or
water potential decreases and the guard cells become turgid, and they separate from one
another and stoma or pore opens.

Closing:

During night there is no photosynthesis in sugar the either converted into soluble
starch or are used In respiration decreases {ree sugars in cells. So the osmotic potential of
guard cells 1s lowered, and water leaves the guard cells. They became flaccid and stoma
or pore between them closes. The thinner the layer of still air the faster is the rate of
transpiration.
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(ii) Influx of K+ lons:

Potassium concentration in guard cell increases several folds when stomata open
depending upon plant species and experimental conditions.

The light during daytime activates proton pump in the cell membrane of guard
cells. The pigments in the chloroplasts of guard cells modulate this response. When
epidermal peels floating in the solution of KCI» are illuminated stomatal opening can be
obscerved.

The plants opening its stomata by actively pumping potassium in guard cell.

Q.15 (¢) Write a note on factor and which affect on the rate of respiration.

Ans.  FACTORS AFFECTING THE RATE OF TR;\NSP[RATION‘

Important factors, which affect the rate of transpiration in plant are:

(1) Light (11) Temperature
(1) CO; Concentration (iv)  Humidity and Vapour Pressure
(vy  Wind (vi)  Availability of Soil Water

(i) Light:

Light 1s the most important factor affecting the transpiration. We know 90% of
transpiration is through the stomata of plant. The light directly controls the opening and
closing of stomata.

In strong light the rate of transpiration 1s much as compared with dim-light or no
light. Light causes potassium ions to be pumped through the stimulus via pigments of leal
cells actively through cell membrane of guard cells. As the potassium actively enters the
guard cells, water follows and guards cells become turgid. Some of the stomata opens. At
night light is not present to activate the pigments the potassium pumping stops. The extra
potassium present within guard cells diffuses out and the water follows and guard cells
become flaceid. So stoma closes and water 1s conserved m the plant causing water Lo
follow by osmosis. Guard cells become turgid and stoma or pore opens. When potassium
leaves the guards cell (during night) water leaves the guard cells by exosmosis and guard
cells become flaccid and stoma or pore between guard cell closes.

(i) Temperature:

When the sunlight is strong on a bright and sunny day the environmental
temperature is increased by concentration and conduction. The higher temperature
reduces the humidity of the surrounding air. Some water vapour diffuse at a faster rate.
As steeper the gradient the faster 1s the rate of diffusion. So water diffuses rapidly from
the air spaces in the leaves outside through stomata.
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The evaporation of water from surfaces of mesophyll cells also increases, thus
increase in the rate of transpiration. At high temperature when leat cells start abscisic
acid 1s released. This hormone stops the active transport of K* into guard cells, overniding
the affect of light and COz2 concentration. So pumping stops and stomata closes.

The rate of transportation doubles every rise in 10°C in the temperature. Fvery
high environmental temperature i.e., 40-45°C causes closure of stomata. so that plant
does not loose much needed water. It also stops wilting of leaves and of plants
(herbaceous plant). If higher temperature are maintained in the environment for a longer
duration and soil water is limited, the plants would wither and may die.

(iti)  Carbondioxide Concentration:

Low carbon dioxide concentration, as during the dayvtime, stimulates the active
transport of potassium ions into guard cells. The transport causes stomata to open and
allow COz to diffuse in the mesophyll cell of the leaves.

At night cellular respiration in the absence of photosynthesis raises CO» level.
This halts the inward transport of K* and thus of water allowing the guard cells to close
and transpiration almost stops.

(iv)  Humidity and Vapour Pressure:

When air is dry the rate of diffusion of water molecules. from the surface of more
water 1s lost, increasing the rate of transpiration. In humid air. The steepness of gradients
is much reduced and diffusion process rate is reduced. They decrease the rate of
transpiration appreciably.

(v) Wind:

The air in motion is called wind. It causes increase in rate of diffusion of water
molecules.

The rate of evaporation from the surface of mesophyll cells increases, and these
water vapours also diffuse from the leaf air spaces to outside at a faster rate through,
stomata, when they are open during daytime.

During night the affect ol wind does not significantly increases rate of
transpiration. When air is still, the rate of movement of water molecules (diffusion) is
slowed down thus reducing the rate of transpiration.

(vi) Availability of Soil Water:

I1" there 1s little water mn the soil, less 1s brought or transported to the leal cells and less
is lost in the environment by transpiration. If there is little water in the soil, the soil solution
becomes more concentrated and its water potential decreases. So less water or no water enter
by osmosis into the root cells through the cell membranes of these cells.

So when the rate of absorption of water in root cell is reduced, the rate of
transpiration is reduced.
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Q.16 What are the factors affecting the rate of transpiration? Describe them in detail.

Ans. :IMP()RTA.\'CE OF TRANSP[RAT]().\'I

Transpiration Steam: Ratc of transpiration for plant is very important as the
transpiration steam 1is necessary to distribute mineral salts throughout the plant. since
these move with water.

Transport: Water is transported to photosynthesizing cells of leaves.

Cooling Effect: It cools the plant. This is important in higher temperatures.

Wilting: If the rate of transpiration is high, there would be much loss of water from the

plant. So at high temperatures the stomata almost close and reduction in the rate of
transpiration is noted. This stops wilting of leaves and of plants (herbaceous plants).

Q.17 Why is transpiration necessary evil? Also give its importance.

Ans. TRANSPIRATION AS NECESSARY E\-"’[Ll

Transpiration has been described as necessary evil because it is an inevitable, but
potentially harmtful, consequence of existence of cell surfaces from which evaporation
oceurs.

Water vapours escape along the route used for gascous exchange between the
plant and its environment, which is essential for photosynthesis and respiration.

Loss of water from the plant can lead to wilting, serious desiccation and often
death of plant 1if conditions of drought are experienced. There is good evidence that even
mild water stress results in reduced growth rate and in crops to economic losses through
reduction ot yield.

JImportance

Transpiration is of very great importance for the plant:

(1) Water is conducted or transported in most tall plants with the courtesy of
transpiration pull.

(1) Minerals dissolved in water arc distributed throughout plant body by

lranspiration stream.

(111)  Evaporation of water Irom the exposed surface of cells of leaves has
cooling affect on plant.

(1v)  Wet surface of leaf cells allow gaseous exchange.
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Q.18 Give comparison between transpiration and exudation (Guttation).

Ans, COMPARISON OF TRANSPIRATION AND EXUDATION
Sr. No. Transpiration Exudation (Guttation)

(1) The water 1s lost in the form of | Water s lost in the form of liquid.
VApours.

(11) Walter vapours are in the form of pure | The water droplets  also  contain
warer. dissolved minerals.

(iii) When  Vapours  escape  through | Water cscapes through hydathodes,
stomata, cuticle leaf, lenticels of | present at the tip or margin of leafl.
stem.

(1v) The opening and closing ol stomata | Hydathodes are always open, and the
(which accounts  for 90%  of [ flow of water outside is not regulated
transpiration) 1s regulated by the | by cells surrounding the hydathodes.
guard cells.

(v) The loss of vapours in transpiration is | Light is not necessary for exudation
most effective  when  sunlight is | (guttation). During night the rate of
available i.c. during daytime. loss of water is more as transpiration

is almost absent.

(vi) The loss of water from the surface of | The reet pressure pushes water and
mesophyll  cells produces  the | forced out through hydathodes.
transpiration  pull and water s
brought on and conducted to the
leaves.

(vir) | All plants exhibit transpiration. The  plant  exhibiting  guttation

(exudation) are pistia, rose, garden
nasturtium ete.

Q.19  Describe the translocation of food through phloem. What are the patterns of

transport of organic solutes?

Ans.

vascular tissue in plants

PHLOEM|

The phloem 1s
with secondary growth.

Structure of Phloem:

generally found on the outer side of primary and secondary

The phloem constitutes the inner bark. The cells of phloem that conduct or
transport sugars and other organic material throughout the plant are called sieve elements.
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In addition to sieve clements, phloem also contains companion cells, parenchyma
and in some cases fibers, sclereids and latex containing cell (laticifers). However, only
sieve tube cells are directly mvolved in transport.

Adaptations of Sieve Tube:
Sieve arcas portions ol cell wall; characterize sieve clements where  pores
interconnect the conducting cells. Some of the sieve arcas of sieve tube members are
differentiated mto sieve plates. Sieve plates have larger pores than the other sieve areas in
the cell, and are generally formed in and walls of sieve tube members where the individual
cells are joined together to form the longitudinal series called a sieve tube. Sieve plate

pores of sieve tubes are essentially open channels that allow transport between cells.
~N

Porous
end walls™~g

Nylem

Sieve tube
memhber

Pores

Companion cell

(a) | (h}

. J/
Fig. This diagram shows part of the root phloem consisting of sieve tube members stucked end
to end. Adjoining end walls have common process. Each sieve tube member is associated with a
companion cell (h) sieve tube member showing the pores in its end walls. Note the scarcity of
cytoplasmic components in these sugar conducing cells.

Function of Phloem:

Each sieve tube member is associated by one or more companion cells. Sieve
tube and comparison cells are in communication with cach other. Plasmodesmeta
companion cells supply ATP and proteins to sieve tube. The photosynthetic products
form photosynthesizing cells, the mesophyll.

Patterns of Transport:

Phloem transport does not occurs exclusively in an upward or downward direction
and is not defined with respect of gravity.

Transport or translocation occurs from the areas of supply (sources) to areas of
metabolism on shortage (sinks). The areas of sources include any exporting organ
typically a mature lIeat” that 1s capable of:

(i)  Storing photosynthate in excess of its own needs.
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(11)  Storage organ during the exporting phase of its development, in biennials
c.g. beet root (Beta meritinia) 1s a sink in first growing secason, but becomes
source mn the next growing season, when sugars are utilized mn growth of
new shoots.

(1i1) Sinks arc the arcas of metabolism or storage roots, tuber. developing [ruits

and for normal development.

The movement in phloem is from sources to sink in most of the plants during
active photosynthesis. But when the plants are deciduous in which the leaves fall off
during autumn, the movement in phloem is from sink to source i.c., growing tips of
shoots of the plants.

Q.20 Describe the mechanism of phloem translocation.

Ans.  THE MECHANISM OF PHLOEM TRANSLOCATION/TRANSPORT

There are two main theories about the translocation through phloem:

(1) Diffusion (2) Pressure Flow Theory
(1) Diffusion:

Diffusion is far too slow to account for the velocities of sugar movements in
phloem i.e., one meter per hour, while the rate of diffusion is 1 meter per eight year. So
we are left with pressure flow theory.

(2)  Pressure Flow Theory:

Ernst Munch first proposed the hypothesis in 1930. Now this hypothesis has
been given status of theory.

Accounting to this Theory:

The flow of solution in the sieve elements to be driven by an osmotically
generated pressure gradient between source and sink.

Transport of Sucrose:

(1) The glitcose is converted to non-reducing sugar i.e., sucrose. which is actively
transported through the bundle sheath cells to the companion cell of the smallest
vein in leat short distance transport (involving 2-3 cells).

(ii) The sucrose diffuses through plasmodesmata to sieve element or sieve element.
It raises the concentration of sucrose the sieve clement on sieve tube cell. The
pathway taken by sucrose is symplastic in most cases but some apoplast
movement does take place.

(ii1)  The sucrose is actively transported to sieve elements as the water moves by
osmosis from the near by xylem in leaf vein.

The increase hydrostatic pressure of the sieve tube or element.
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(1v)

(v)

(vi)

(Vi)

Hydrostatic pressure moves the sucrose and other substance i the sieve tube
cells and move to sink. The movement of sucrose 1s apoplastic. In the shortages
sinks, such as sugar beet root and sugar cane stem, sucrose 1s removed into
apoplast prior to entering symplast of the sink.

In symplastic pathway sucrose (on sugar) move through plasmodesmata to the
receiver cell. Thus according to pressure flow theory, the pressure gradient is
established as a consequence of entry of sugars m the sieve clements at the
source. the removal of sugar (sucrose) at the sink. The energy driven entry of
sugars in sieve tube generate high osmotic pressure in the sicve tube elements of
source causing a steep drop in the water potential.

The presence of sieve plates greatly increases the resistance along the pathway
and results m generation and maintenance ol substantial pressure gradient in the
sieve elements between sources and sink.

The sieve elements contents are physically pathway by bulk flow, much like
water circulates throughout the plant between the transpiration (xvlem) and
translocation (phloem) pathway.

The pressure flow theory accounts for the mass flow molecules within phloem. Tt

may be noted that photosyntheate or carbohydrates from the mesophyll cells to phloem
tissuc involves diffusion and active transport (carrier. mediated transport). Then in
phloem tissue the movement of materials is according to pressure flow theory:.

Again in sink cells when the sugar are the carbohydrates are passed from the

phloem tissue diffusion and carrier mediated, either passive or active take place.

Co,

Cell wall apoplast

Plasma membrane

Plasmo desmata

O,

Sieve element

Companion cell

Mesophyvll cells
Phloem parenchyma

Bundle shéalh cells

Fig. Movement of sugars from mesophyll cells to sieve elements
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Sucrose ——p Active transport of sucrose

Fig. The Pressure-flow theory (a) A photosynthesizing leaf manufuctures sucrose (red
dots), which (2) is actively transported (red arrow) into a nearby companion cell. The
sucrose diffuses to  sieve-tube element through plasmodesmata, raising  the
concentration of sucrose. (3) Water (blue dots Teaves nearby xylem and moves into the
“leaf end” of the sieve tube by osmosis (blue arrow), raising the hydrostatic pressure.
(4} The same sieve tube connects to a developing fruit (sink); sucrose enters the
companion cells by diffusion through plasmodesmata, It is then actively transported
out of the companion cells and into the fruit cells. (5} water moves out of the sieve tube
by osmosis, lowering the hydrostatic pressure within the tube. (6) High pressure in the
leaf end of the philoewm and low pressure in the fruit end cause water, together with any

dissolved solutes, to flow in bulk from leaf (source) to fruit. (Bluck arrow).
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Q.21 Why is transport system not necessary in unicellular organism? Describe the
process of transportation in:
(a) Hydra (b) Planaria

Ans. TRANSPORT IN UNICELLULAR ORGANISMS

Unicellular animals have maximum surface area to volume ratio and most of the
substances move i or move out by simple diffusion. Osmosis, active transport and
facilitated diffusion. So there is no special transport system involved.

‘Transport in Multicellular Organisms‘

It belongs to group Cnidaria. It is
Sfresh water in habit.

Body Structure:

The body is two layered and outer
ectoderm and mmner endoderm. In between
them in mesoglea. which is non cellular
gclatinous layer. The outer surface of the
ectoderm cells arc exposed to the water in
which the animal lives.

Tentacle

Intake of Materials: L
Water, dissolved Oz, and food are Mouth
taken into coelenteron (enteron) of Hydra
by movement of tentacles and flagella,
which are present in most cells of
endoderm. The food material may be
absorbed by cells or are taken up by
endocytosis.
Transport:

Gastro vascular
cavily

The endoderm cells take up the
food and Oz along with water directly from
the water in the coelenteron. The wastes
pass from endoderm cells in the water is
coelenteron. The water escapes through
mouth by movement of rentacles and
flagella to the outside. The ectoderm cells
dircctly exchange materials  with  the
surrounding water and get nutrition from
endodermal cells. Fig. Transportation in Hydra
Excretion (By Diffusion):

The indigestible and partly digested food is removed by exocytosis or diffusion.

Water
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Q.22 How does transportation occur in unicellular and simple aguatic animals?

Ans. Transportation in unicellular and simple aquatic animals takes place by means
ol simple diffusion, osmosis, active transport and facilitated diffusion. These animals
especially unicellular have maximum surface area to volume ratio. They do not posses
well organized and developed transport system.

Q.23 Discuss transportation system in Hydra.

Ans.  Hydra lives in fresh water. The animal 1s diploblastic 1.¢., the body 1s divided into
two layers; the outer ectoderm and inner endoderm: in between them i1s mesoglea which
is non-cellular or jelly like. The animal 1s completely exposed to the water thus dissolved
oxygen, food and water are taken into the ceelentron (entron) of Hydra by the movement
of tentacles, and lagella which are present in most cells of endoderm.

The absorption of food material is done by endocytosis by endodermal cells. The
indigestible and partly digested food 1s removed by exocytosis from these cells, into
digestive cavity (coelentron), ectodermal cells get food from endodermal cells by
diffusion. The ectoderm cells directly exchange materials with the surrounding water.
They also obtain nutrients from endodermal cells.

0.24 Why is planaria not has special transport system?

Ans. (i) The body of planaria is dorsoventrally compressed i.¢. flat. Most of its cells are
exposed to the outer water and by diffusion exchange of material takes place.

(i1)  The animal being aceelomate do not have body cavity and the mesodermal

laver (mesenchyma) is composed of loosely packed cells between ectoderm

and endoderm. The materials such as oxvygen diffuses in the ectoderm,

mesoderm and lastly into endoderm cells whereas removal of waste occurs

through the same route but in reverse direction. Digestive system possess

intestinal caecae which reach to almost cvery cell of the body and digested

food 15 provided to the cells by diffusion. The endoderm  cells, can also

acquire water, dissolved minerals, little oxygen and remove waste into the gut.

Q.25  Write down the characteristics of circulatory systemt in complex multicellular
animals.

Ans. CHARACTERISTICS OF CIRCULATORY SYSTEM

A circulatory system is meant for the rapid mass flow of materials form onc part
of the body to the other, where diffusion would be too slow. Circulatory system has the
following three characteristics:

(1) A circulatory fluid - the blood.

(11) A contractile pumping device  may be modified blood vessel or a heart.

(iii) Tubes, which can transport, the circulatory fluid (blood) to and from cells of

the body. These tubes are the blood vessels through which exchange

between blood and body cells takes place.
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Q.26 Differentiate between open and close circulatory system. Discuss with reference
to the circulatory system of earthworm and cockroach.
Ans. (a) | Open Circulatory Systoml

In such type of circulatory system blood does not flow in vessels rather it flows

freely in the body cavity c.g., such circulatory system is present in phylum. Arthropoda

(crustaceans, spiders, insects)., phylum Mollusca (snails and clams) and group of
protochordates. the tunicates.

(b)

Closed Circulatory Systcm\

In such circulatory system blood is transported within blood vessels throughout

the body such type of circulatory system is present in annelids, cephalopod, mulluscs

(squids and octopus). echinoderms and vertcbrates.

Commissural
Lateral Hearts Daorsal blood vessel blood vessels

Capillary Ventral

" los Subneural
TREL Wiy hlood vessel

blood vessel

Fig. Closed circulatory system of earthworm

COMPARISON BETWEEN CLOSED AND OPEN CIRCULATORY SYSTEM

Close Circulatory System (Earthworm) Open Circulatory System (Cockroach)

l. Blood always remain in the blood | Blood does not remain enclosed in the
vessels, and does not come in direct | blood vessels and come in direct contact
contact with other cells of the body. | with other body cells, and bathes them.

[

Inter connected system ol arteries, | There are no typical arteries, veins and
veins, and capillaries present. capillaries and for much of the time the
blood called haemolymph flows in the
cavities  orisinuses  of  body cavity
(hacmococl) around the viscera
(perivisceral sinuys) and around the nerve

cord (perineural sinus).
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3. Exchange of nutrients and waste | Exchange of nutrients and waste products
products between the blood and | between the blood and tssue  occurs
tissues  via tissue tluid occurs | when blood directly bathes the tissues.
through capillaries.

4. The system also transport gases 1.c., | This system does not transport gases 1.c.,
oxvgen and carbondioxide. oxygen and carbon dioxide. (The gases

transported by tracheal system).

5. Respiratory pigment haemoglobin | No respiratory pigment and blood 1s
is dissolved in blood. Nucleated | colourless in which nucleated white
white blood cells are present. blood cells float.

6. This is regarded as the most advanced | This 1s regarded as primitive having
type,  having  greater  efficiency, | lesser efficiency and does not maintain
maintainance of blood pressure and | blood pressure.
economy of blood volume.

7. In earthworm there are 4 or § pairs | In cockroach the heart 1s I13-chambered
of lateral hearts present on  the | tubular vessel present in the pericardial
lateral side of oesophagus in 7" to | sinus and placed in mid-dorsal region
13" segments. Hearts pumps the | below terga in abdominal region. On the
blood from the dorsal to the ventral | side of the heart chambers there are alary
vessel. muscles helping in the flow of blood.

Fach heart chamber has a pair of lateral
openings, the ostia.

8. There are three main longitudianally | The portion of the tubular dorsal vessel
running  blood  vessels:  dorsal. | which extends in the thoracic and head
ventral and sub-neural, which arc | region is called the ‘worta’. It opens
interconnected  through capillaries | anteriorly in the haemocoel of the head
and commissural vesscls. by funncl shaped opening.

9. The dorsal vessel collects blood | The flow ol blood from heart to, aorta to,

from the 14™ segment backwards.

In the first 13 segments it becomes
distributing channel and sent its
blood to hearts and anterior end of
the body Ventral vessel is the chief
distributing vessel with backward
flow. The subneural vessel is
collecting vessel and the flow of
blood is backwards. It
communicates  with  dorsal  blood
vessel through commissural vessels.

haemocoel in head, to perivisceral sinus,
to perineural sinus, to perivisceral sinus,
to pericardial sinus, and to heart through
0slid.
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‘orta

Perivisceral sinus Heart

Alary musele

Darso-ventral
musele =

Daorsal
diaphragm

Tergum

Septum in leg

Last abdominal chamber

(1) )
L) of the heart

= Perineural  Nerve
sinus cord

Fig. Open circulatory system of cockroach
(a) Heart with alary muscle and dorsal diaphragm.

b} T.5. of cockroach through thorax showing various sinuses.
s & i4

Q.27 Write a short note on blood civculatory system in vertebrates.

Ans.  Close type blood circulatory system is present in vertebrates. Blood flows in arteries,
veins and capillaries. In addition lymphatic systemt is also involved in transportation.,

Heart 1s the pumping organ which pumps blood to the body via aorta and arteries.

Arteries carry oxygenated blood (except pulmonary artery) and veins carry
deoxygenated blood (except pulmonary vein which carries oxygenated blood) as in man.
The capillaries are the sites where exchange of materials between blood and body

tissues takes place.

0.28  Discuss the comparative study of vertebrate heart?

Ans. |HEART OF AMPIIIBIA

In amphibians the heart is three | 2 body [ )
. . . Lo body % o To ndy
chambered with regard to auricles and ventricles. ‘
. T by st
r There are two auricles and one e =T body
ventricle. To l"""-'\"": To lungs
- In addition sinus venosus and truncus T
artiosus arc also present. Sinus venosus [ Rishtatrivm-=— Cvein
Septuni " Left atrinm

receives deoxveenated blood from two )
superior vena cava (precavals) and one ;“_Iu‘”':":lll'f
inferior vena cava (postcaval) from

different parts ot the body. This blood

Sinus venosus

Yentricle

passes to the right auricle. Fig. Structure of heart of frog
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- The oxygenated blood from lungs is poured via pulmonary veins into left auricle.

- Both auricles contract simultancously and blood is passed onto the ventricles.
There is a complete mixing of oxygenated and deoxygenated blood in the
ventricle. When ventricle contracts, it pushes blood via truncus arteriosus, to two
carotids, two systemics, and two pulmocutanecous arches.

Heart of Reptiles

The heart of reptiles and all other ammiotes practically tunction as four
chambered heart. There are two autricles in the heart of reptiles.

The reptiles have incompletely partitioned ventricle; but in crocodiles, the
interventricular septum is complete and heart is four chambered.

In all reptiles the left and right systemic arches carry oxvgenated blood and arise
from a region of ventricle called eavum venosum into which left ventricle directs its
blood.

The deoxveenated blood from the right atrium is directed towards the entrance of
the pulmonary trunk which is also located or starts from a pocket the cavum pulmonale,
on right side of ventricle — in the animals (reptiles) which do not have completely divided
ventricle.

Although the two systemic arches start from the ventricle separately, they are also
interconnected at their base by an opening. The hearts of reptiles, birds and mammals
function as double circuit heart.

Heart of Birds and ,\‘lammals‘

In the birds and mammals, the heart is four chambered, and oxveenated and
deoxvgenated blood docs not mix at all.

The ventral aorta is divided mto two trunks, the pulmonary trunk arises <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>