
Water and Solute Transport



Water is the most crucial element for plant survival.

The practice of crop irrigation reflects the fact that water is a key factor limiting agricultural 
productivity

Corn yield as a function of water availability



Question: Why water is so important for plant?

1) Plants draw Carbon dioxide from the atmosphere for photosynthesis, but doing so expose them to 
water loss and dehydration. 

2) aƻǎǘ ƻŦ ǘƘŜ ǿŀǘŜǊ όϤфт҈ύ ŀōǎƻǊōŜŘ ōȅ ǘƘŜ ǇƭŀƴǘΩǎ Ǌƻƻǘ ƛǎ ŎŀǊǊƛŜŘ ǘƘǊƻǳƎƘ ǘƘŜ Ǉƭŀƴǘ ŀƴŘ ŜǾŀǇƻǊŀǘŜǎ
from leaf source

3) Only a small amount of the water is absorbed by roots actually remains in the plant to supply growth
(~2%) or to be used in photosynthesis (~1%).

4) A typical exchange ratio for a healthy plant in well-watered soil is thus on the order of 500 water 
molecules  lost for every CO2 molecule gained.

This unfavorable exchange along with the transpiration process explain why water plays
such a key role in plant developmental process 



Diagram of the water molecule

The water molecule has partial charges at each
End. However, since they are equal, the water
Molecule carries no net charge

This separation of partial charges,
together with shape of the water molecule,
makes it a polar molecule, and the opposite
partial charges between neighboring water
molecules tend to attract each other.

The polarity of water makes it an excellent solvent. The versatility as a solvent is due in part to the 
small size of water molecule and in part to its polar nature



Unit of pressure

Pressure is measured in a unit called pascal(Pa) or, more conveniently, megapascals(Mpa)

1 Mpa= 9.9 atmospheres

Pressure is equivalent to 
a) force/unit area
b) energy/unit volume



Water transport process

Water is transported from soil through the plant by two major processes:

1) Diffusion and 2) Bulk flow

Diffusion:

Diffusion is the movement of molecules by random thermal energy. During  diffusion particles 
moves from an area of high concentration to an area of low concentration in a given volume of fluid
(either liquid or gas) down the concentration gradient. 



CƛŎƪΩǎfirst law of diffusion:

In 1880, German scientist Adolf Fickdiscovered that the rate of diffusion is directly proportional 
to the concentration gradient

Js = -Ds 
ɲCs

ɲx

Js- The rate of transport
Ds- Diffusion co efficient
ɲCs- difference in concentration of substances
ɲx- between two points separated by the distance 

CƛŎƪΩǎfirst law says that a substance will diffuse faster when the concentration gradient becomes 
steeper , or the diffusion coefficient is increased



Diffusion is rapid over short distance but extremely slow over long distances



Bulk Flow

The second process by which water moves is known as bulk flow or mass flow.

Bulk flow is the concerted movement of groups of molecules en masse, most often in response to 
a pressure gradient

tƻƛǎŜǳƛƭƭŜΩǎequation

Volume flow rate=
r̄4

8ʹ

ɲ p̞

ɲx

r- radius; ́ -viscocity; ɲ p̞/ɲx-pressure gradient

The pressure driven bulk flow is responsible for long distance transport of water in the xylem



Aquaporin, an integral membrane 
protein facilitate the movement
of water across plasma membrane

Aquaporinsform water selective channels across the membrane. Because water diffuses much faster 
through such channels than through a lipid bilayer, aquaporinsfacilitate water movement into plant 
cells. Although aquaporinsmay alter the rate of water movement across the membrane, they do not
change  the direction of the transport or the driving force for water movement.





Soil water absorption by roots

Intimate contact between soil and root is essential for effective water absorption by the root

Root hairs which are generated from epidermal cells, greatly
increase the surface area of the root and provides greater
Capacity for absorption of ions and water from the soil

Water enters most readily through
the root tip, the younger tissues.
More mature regions of roots 
usually develop a protective layer of
tissue exoderminsor hypodermis, 
which contains hydrophobic materials
in its  wall and make the tissue layer 
impermeable to water. 





Water movement in roots

Water usually takes 3 pathways to move inside the root:

a) Apoplasticpathway: The apoplastis the continuous system of cell walls, intercellular air spaces. 
In the apoplasticpathway water moves through cell walls and any water filled extra cellular spaces,
without passing through the membrane, as it travels  across the root cortex.

b) Symplasticpathway: In the symplasticpathway, the water travels across the root cortex by passing
From one cell to the next via the plamsodesmata. So the symplastcontains the entire network of cell
Cytoplasm interconnected by plasmodesmata.

c) Transmembranepathway: The transmembranepathway is the route followed by water that 
sequentially enters a cell on the one side, exits the cell on the other side and so on. Transport across 
tonoplastmay also be involved in this process





Xylem transport:

In most plants, xylem constitutes the longest part of the pathway of water transport. More  than 
99.5% water transport pathway through the plant is within the xylem. 

Because of the low resistivity of the xylem, it became a preferred path for transport

The xylem cells have specialized anatomy, which
helps them to transport large quantities of water
with great efficiency  

They have two special types of tracheary
elements: tracheidsand vessel elements





Water movement from the leaf to the atmosphere

Water is pulled away from the 
xylem into the cell walls of 
mesophyllcells, where it 
evaporates into The air spaces 
of the leaf.

The water vapor then exits the 
leaf through the stomatalpore

Water moves along this pathway 
predominantly by diffusion, so this
Water movement is controlled
by concentration gradient of vapor

Two major factors regulate the
water loss from the leaf:

a) Leaf stomatalresistance (rs) and  b)boundary layer resistance (rb)



The stomatalresistance can be regulated by opening and closing of the stomatalpore. This biological 
control is exerted by a pair of specialized epidermal cells, the guard cells, which surround the 
stomatalpore.

Guard cells

Guard cells can be found in leaves of all vascular plants. Depending on the morphology, guard cells
can be divided in to main groups:

a) Typical of grasses and few monocots
b) Typical of dicots, in many monocots

In grasses, guard cells 
have a characteristic 
dumbbell shape, with 
bulbous ends.
They are accompanied 
by subsidiary cells



In dicot plants and  non grass monocots, the 
guard cells are kidney shaped and have an
elepticalcontour with the pore at its center.
Subsidiary cells are often absent in this type. 



The cytoplasm of the plant cell is separated from the plant cell wall and the environment by the 
plasma membrane. This membrane regulates a selective inward and outward movement of different 
ions and solutes to keep the inside cellular environment optimal for cellular machineries.

Molecular and ionic movement from one location to other  is known as transport. Local transport of 
solutes  into or within cells is regulated mainly by membranes. There are two main types of transport:

a) Passive transport: The spontaneous downhill  movement of molecules is termed as passive transport.
This system does not require any energy input until the equilibrium is reached. At equilibrium
no further net movement  of solutes can occur without the input of energy.

b) Active transport: The movement of substances against or up a gradient of chemical potential  is termed
as active transport. This is  not a spontaneous process and needs cellular energy.

Biological transport can be driven by four major forces: concentration, hydrostatic pressure, gravity 
and electric fields. 

Chemical potential for any solute is defined as the sum of concentration, hydrostatic pressure and
electric fields.




