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Plant-Water relations: Importance of w a t e r; diffusion and
osmosis; absorption; Transport of water, ascent of sap.
Transpiration. Physiology of stomatal movement; Passive

and active solute transport; source —sink relationship; factors

affecting translocation.



IMPORTANCE OF WATER FOR PLANTS

Water is important for plants because of the following reasons:

(i) Water helps in the germination of seeds.

(ii) Water helps in the process of photosynthesis by which plants prepare
their food.

(iii) Water helps in the transport of nutrients and minerals from the soil to
the plants.

(iv) Water helps in the maintenance of the plant structure by providing the

appropriate pressure to the plant tissues.

(v) Water provides habitat in the form of ponds, rivers, lakes and sea for a
large number of plants.



Water

- A water molecule (H,0), is
made up of three atoms ---

one and two
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= Water potential is calculated using the following
AR o Plants & water potential
= Water potential = pressure potential + solute
potential » The combined effects of
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Osmosis
Osmosis Is the movement of water across a semi-permeable membrane. Water moves from a region of its

higher concentration to the region of its lower concentration till equilibrium is reached.

In this again there are two processes- Endosmosis and Exosmosis.

Endosmosis is a process in which inward diffusion of water through a semipermeable membrane occurs when
the surrounding solution is less concentrated while exosmosis is a process in which the outward diffusion of
water through a semipermeable membrane occurs when the surrounding medium is more concentrated.

g - Water
N

' Swollen Raisins

- Salt
Solution

i Shrunken Grapes

EnDosMosis " Exoswosis -

THE INFLOW OF SOLVENT (WATER) INTO A CELL THE OUTWARD FLOW OF WATER FROM THE CELL
WHEN PLACED IN MORE CONCENTRATED
o.snTég 3:2&;?:;5?&'3:::%%255 SOLUTION LIKE SUGAR SOLUTION (HYPERTONIC). E N DOS MOS I S EXOS MOS I S
CELL SHRINKS IN THIS CASE.




Plasmolysis
Plasmolysis is a process that occurs when water moves out of the cell and the cell membrane

shrinks away from the cell wall. This occurs when the cell is placed in a hypertonic solution (which
has more solutes). Water is lost from the cytoplasm and then from the vacuole. When the cell is
placed in an isotonic solution, no net movement of water occurs and when it is placed in a hypotonic
solution, water moves into the cell and exerts a pressure on its walls known as turgor pressure.

Plasmolysis
PLASMOLYSlS * Lossin pressure between the CW and CM in a
plant cell.
Plasmolysis is the process in plant cells where — When plants are in a hypertonic environment, the
water will diffuse out of the cell, and the CM will
the plasma membrane pulls away from the vl sy iy s 55
cell wall due to the loss of water through cottwan |~ Pesma membrane
2 wall - —— Cytoplasm
OSMOSIS. Nucleus I —Vacuole
Hypertonic S ‘\\F:i

/ q[ Plant cel Plant cell
# placed in placed in Na | A

[ \ distilled concentrated /) p ’
\ j water salt solution i . !
Cell stiffens but Cell body shrinks and
generally retains shape pulls away from cell wall

Ho |

Plasmolyzed Flaccid Turgid



Imbibition
It is a process in which water is absorbed by solids and their volume increases. An example of this can be-
absorption of water by seeds and dry wood. In this, the movement of water is along the concentration gradient.

Imbibition

Imbibition:

Itis a special type of diffusion when

water is absorbed by solids - colloids -

causing them to enormously increase

in volume. The classical examples of Absorption of
imbibition are absorption of water by water by seeds

seeds and dry wood.

Imbibition is also diffusion since water
movement is along a concentration
gradient; the seeds and other such
materials have almost no water hence
they absorb water easily. Water
potential gradient between the
absorbent and the liquid imbibed is

essential for imbibition. _ Absorption of
water by dry wood




MOVEMENT OF MATERIALS THROUGH

Diffusion
. THE CELL MEMBRANE: DIFFUSION
* Movement of molecules from a region of
higher concentration to a region of lower » diffusion — process by which molecules of a
concentration down a concentration gradient substance move from areas of higher concentration

of that substance to areas of lower concentration
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ABSORPTION OF WATER

water evaporates
from the leaves

v Uptake of water by plant is called
absorption of water.

= Plant absorb water from the soil
through the root hairs.

* Water is said to be the liquid gold
of life.

= Plant are capable of absorbing
water from soil solution.

1 the leaves

water is drawn up the
stem to the leaves

* Mainly absorb capillary water.

roots take up water
from the soil

» Plant also absorb dissolved
nutrients along with water.

Bhzabeth Morales
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Transportation of Water

The large amount of water lost by transpiration must be
replaced. (Evaporation from stems and leaves known as
transpiration, is caused by drying power of arr.)

Water in the soil is taken up by roots and transported
upwards through the xylem of roots to stems and into the
leaves.

There are four main processes for the transport of
water:

1. Root osmotic pressure

2. Cohesion- adhesion (Transpiration - Cohesion Theory)
3. Capillarity

4, Transpiration pull

Root Pressure Theory

» Various ions from the soil are actively

transported into the vascular tissues of the
roots, water follows (its potential gradient)
and increases the pressure inside the xylem.
This positive pressure is called root pressure,
and can be responsible for pushing up water
to small heights in the stem,

« Effects of root pressure is observable at night

and early morning when evaporation is low,
and excess water collects in the form of
droplets around special openings of veins
near the tip of grass blades, and leaves of
many herbaceous parts. Such water loss in its
liquid phase is known as guttation.

Root pressure




Cohesion and adhesion
create tension within
xylem that helps move
water upward.

cohesion Gutation (vasarma, damlama): It is the formation of water droplets
adhesion at the edge of leaves as a result of root pressure.

Gutation occurs at night and only in small plants growing under
moist conditions. Because of the pressure build up, water in the xylem
of leaf is forced out onto the surface of leaves in the form of droplets.
These droplets usually can be seen easily in the morning. Salts can be
forced out with water.

Dew drops (Cig): They are the result of water vapor in the air
condensing on cool leaf surface.

It must not be confused with gutation!!!

* Adhesion occurs when water 4
forms hydrogen bonds with
xylem cell walls.

* Cohesion occurs when water
molecules hydrogen bond
with each other.

* Cohesion between water
molecules creates a “water
chain” effect.

— Fiysdnthode




Stomata

Cells turgid/Stoma open Cells flaccid/Stoma closed
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4. Transpiration Pull

During transpiration, water molecules evaporate from
the surface of leaf cells through stomata. The lost water
IS replaced by water in contact with water at the end of a
water column in the leaf xylem. When this happens,
other water molecules in the column are drawn into the
leaf tissue by the strong attractive forces between water
molecules. Consequently, the loss of water by
evaporation creates a pull or tension on the columns of
water in the xylem.

Water is pulled up through the xylem. This process is
called transpiration pull.




Minerals absorption

{ Water is drawn up the xylem'\
Water passes across the root, from vassels, because transpiration ACTIVE PROCESS PASSIVE PROCESS
cell to cell by osmosis. It also seeps i, .o.cv.i removing water
between the cells rom the op of the. 1, Occurs due to activity of root |1, Oceurs due to activity of shoot
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1.Active absorption

U
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= Active osmotic absorption.

= Active non osmotic absorption.

Active absorption — the absorption of water by the plant
with the use of energy is known as active absorption. in
this process, the root cell play active role in the absorption
of water.

Intake of water by the plants with the use of energy is
called active absorption.

The water is absorbed by the activity of root hair cells.
The water is absorbed by the operation of osmotic forces
by the use of energy.

In osmotic active absorption, the water move from
hypotonic solution to hypertonic solution.

Proposed by Atkins (1916) &
Priestly (1922)
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Factors affecting water absorption

External factors:

i. Available soil water:- Dry soil decreases the rate of absorption.

Decreases in soil water reduces the rate of absorption.

ii. Concentration of solution: Soil much more concentration than the

cell sap OP high of cell sap of root cells.

iii. Soil temperature: Max. absorption of water 20°C to 30°C.

If temperature T absorption|.
If 20°C | together absorption |.
If 0°C physiologically dry.

iv. Soil aeration: Oxygen is essential for water absorption by roots.

In water logged soils, aeration is very poor and this poor aeration decreases

the permeability of root cells to water.

-1 They are not good absorption of water. Therefore, such water logged soils

are to be physiologically dry.

I. Active Osmotic Absorption

The intake of water by the root hairs by the operation
of osmotic forces is called osmotic active absorption.

Water is absorbed by the activity of root cells.

Osmotic pressure, root pressure, turgor pressure and
DPD play the main role.

The water move from hypotonic solution to hypertonic
solution.

The root hair cells suck the soil water and the xylem
vessel pumps the water upwards.

Passive absorption

« The intake of water by plants due to transpiration pull is called passive
absorption.

» The water is absorbed due to transpiration activity in the top of the
plants.

* The root hair cell has no role in absorption. It function as an absorptive
surface.

«  Water is absorbed through roots.

* Transpiration increase the concentration of cell sap and DPD in the
leaves.

* As result water from the xylem vessels move into the mesophyll cells of
leaves.

* The water in the xylem vessels is in the from of a column.

« Hence there is pulling up of water column.

* This result in a tension in the root hair cells.

» The water moves through apoplastic pathway, symplast pathway and
transmembrane pathway.

+ It is now largely greatest amount of water is pulled up by passive
absorption.



I. Active Osmotic Absorption

The intake of water by the root hairs by the operation
of osmotic forces is called osmotic active absorption.

Water is absorbed by the activity of root cells.

Osmotic pressure, root pressure, turgor pressure and
DPD play the main role.

The water move from hypotonic solution to hypertonic
solution.

The root hair cells suck the soil water and the xylem
vessel pumps the water upwards.



Transportation Of Nutrients

Materials exported by cells for use elsewhere Iin
the plant are transported through the phloem.

The most abundant of these materials are
sugars, other materials commonly exported by

plant cells include hormones, amino acids and
lons.

Sugars produced in the leaves during
photosynthesis are distributed to other cells in
the plant where they are stored or used for
energy. This movement of dissolved food
through a plant is called translocation.




 Sugars and other cell products travel in a
watery solution from source to sink.

« A source Is a place where sugars are
added to phloem.
( The main sources are leaves)

A sink is a place where sugars are
removed from the phloem.
( The main sinks are actively growing
parts, such as emerging leaves and
developing fruits)
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SOURCE

= Pathway of translocation:
= Sugars and other organic materials are
conducted throughout the plant in the
phloem by means of sieve elements

- Sieve elements display a variety of
structural adaptations that make the well

suited for transport

= Patterns of translocation:

= Materials are translocated in the phlcem
from sources (usually mature leaves) to
sinks (roots, immature leaves)

In source tissue...
sugars are moved from photosynthetic cells and actively
loaded (uses ATP energy) into companion cells and sieve
tube elements.

Small vein

= Materials translocated in phloem:
= Translocated solutes are mainly
carbohydrates
= Sucrose is the most common translocated
sugar
= Phloem also contains:
* Amino acids, proteins, inorganic ions, and
plant hormones
= Rate of translocationr:
= Movement in the phloem is rapid, well in
excess of rates of dif fusion
= Average wvelocity is 1 meter per hour



* A plant will die if phloem transport through its
stem is blocked. This phenomenon is known as
girdling , sometimes happens in trees where
phloem forms the inner layer of bark.
Porcupines, rabbits and other mammals seeking
food in winter may gnaw on the bark all around
the trunk at their particular feeding height. A
wound distrups the phloem. A swelling develops
just above the girdled area as the downward
flow is blocked. The tree dies several years later,
after the root has exhausted its supply of starch.




In the source, sugars are actively transported into
companion cells.

They then flow via plasmodesmata into the phloem
tube.

The higher concentration of sugars inside the tube
pulls in water by osmosis, creating a higher water
pressure.

The sugary solution then flows away from this part of
the phloem tube.

In the sink, sugars flow into companion cells and then
are pumped, by active transport into other cells.

The concentration of sugar in the phloem tube
decreases and water Is drawn out by osmosis, creating
a lower water pressure.

Fluids then flow into this part of the phloem tube.




As the concentration of sugar in a sieve tube rises, water is drawn in“"by osmosis. "
The inflow of water raises the water pressure, and the fluid is pushed to regions
of the tube where water pressure is lower:

Copynight © Pearson Education. Inc .. publshing as Becgamin Cummngs.



A sink develops wherever sugar leaves a sieve tube. In a root, sugar travels
from the sieve tube via plasmodesmata to a companion cell. The companion
cell pumps the sugar into other cells of the root. As sugar leaves the sieve tube,

water follows by osmosis. The water pressure in this part of the sieve tube then
drops, and fluids flow into it from other parts:

Copyogi © Newson Lauceton. ve. putiurung s Dengaene Cumurwsge

The transport of fluid within a sieve tube from source to sink does not
require energy. Energy is required to create a source and sink to pump in
sugar at one end of the sieve tube and to pump out sugar at the other end.
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Factors affecting translocation

Temperature : Optimum temperature for translocation ranges between 20-30°C. The rate of translocation increases with the increase
of temperature upto an upper limit and then starts declining. At low temperature, the rate of translocation decreases.

Light : Hartt and his coworkers (1964) proposed that the movement of assimilates of a leaf can depend upon radient energy. The
increase in light intensity more food starts being translocated to roots than to shoots. At lower intensity the growth of root and shoot
Is Inhibited thereby the rate of translocation also decreases.

Hormones : Cytokinins have a pronounced effect on the translocation of water soluble nitrogen compounds.

Oxygen : Oxygen is necessary during transfer of food from mesophyll cells into phloem which is called as phloem loading.
Minerals : Boron is highly essential for translocation of sugar. Phosphorus also helps in translocation of solutes.

Water : Translocation of photosynthates out of the leaves is highly sensitive to the amount of water in the plant cells.

Metabolic inhibitors : The metabolic inhibitors which inhibit the process of respiration (e g, iodoacetate, HCN, carbon monoxide etc.)
adversely affect the process of translocation because phloem loading and unloading require ATP



