
ABSORBTION BY ROOTS 
 

CHARACTERSTICS OF ROOTS 

 

Root - Its significance  

The root is an important part of a plant whether it is big 

or small. 

• Roots help the plant to fix to the soil. 

• Roots help in absorption of water and minerals 

necessary for survival. 

• Roots help in conduction of water and minerals to 

various parts of the plant through the xylem tissue. 

 

Significance of water 

• Water is an important constituent of cell 

protoplasm in plants. 

• Water provides mechanical strength as the turgor 

pressure gives stiffness to the plant’s cells. 

• Water is also required in the process of synthesis of 

food by photosynthesis. 

• Water by the process of transpiration helps in 

cooling the plant 

• Water helps in the transportation of minerals and 

nutrients. 

• Water helps roots in absorbing minerals such as 

phosphates, sulphates, nitrate, potassium, 

magnesium, calcium and chlorine from the soil. 



 

Absorption of water and minerals 

 

The ability of the roots to absorb water depends on 

factors 

• Huge surface area of the rootlets and root hairs. 

• High concentration of cell sap in root hairs 

• Thin walls of the root hairs. 

 

Surface area affects the absorbing ability of roots 

Roots develop from the radial part of the seed. 

• The first thick root is called the primary root. 

Branches produced from this limb are called as 

secondary roots. The branches formed on this are 

called as tertiary roots. 

• Tertiary roots further give rise to small roots called 

rootlets. Each rootlet contains a number of root 

hairs. These root hairs absorb water from the soil. 

• Therefore, an increase in the number of root hairs 

increases the capacity of the root to absorb water 

from the soil. 

• Root hair is made up of a single cell and its sap is 

an important factor determining its absorbing 

ability. 

 

 

Structure of root hair 



 

Root hair is an extension of the epidermal cell of the 

root bearing vacuoles. These vacuoles contain sap rich 

with salts. 

The dissolved salts create a high concentration in the 

root hair. 

This high concentration of salt makes water move from 

the soil to the roots. 

Root hair cells have two layers, the cell wall and the 

cell membrane. 

• The cell wall is the outer covering of the cell. It is 

thin, permeable and allows the free movement of 

molecules and minerals in and out of the cell. 

• The cell membrane of the root cell is very thin, 

semipermeable and allows the movement of water 

molecules in and out of the cell. It does not allow 

the movement of large molecules inside the cell. 

Water molecules from the soil pass through the cell 

wall and cell membrane to reach the root hair cell. 

 

TRANSPORTATION IN PLANTS 

Source of minerals in Plants is soil, water and 

fertilizers. Need for transportation in Plants is to 

distribute water and nutrients to various parts. Vascular 

tissues are tissues that conduct water, minerals and 

nutrients throughout the plant body in higher plants. 

Xylem is a conducting tissue for water and minerals 

from roots to various parts of plant body. 



Transpiration is a process in which water evaporated 

from leaves through stoma. Root pressure is a 

phenomenon to absorb water from soil. 

Guttation is appearance of xylem sap drops on tips and 

margins of leaves. Translocation is transport of 

nutrients from leaves to other parts of plant 

body. Phloem is a conducting tissue for nutrients from 

leaves to other parts of plant body. Active transport is 

transport of a substance across a cell membrane against 

the concentration gradient, requires an expenditure of 

energy. 

 

Transportation is a method of circulation of water and 

minerals from soil throughout the body of a plant. 

 

 
 

 

Vascular tissues like the xylem and phloem help in the 

conduction of water, minerals and nutrients throughout 

a plant’s body. 



 

 
 

 

Xylem tissue is present in the roots, stems and leaves. It 

has four different types of cells: tracheid, vessels, xylem 

fibres and xylem parenchyma. The xylem transports 

water and minerals from the roots to the leaves. 

 



 
 

Tracheid and vessels are interconnected to form a 

continuous system of water-conducting channels that 

reach all parts of a plant. 

 

 
 

Cells in the roots take up ions to create a high ion 

concentration. This causes water to move into the roots. 



 
 

Transpiration is the process of loss of water from a 

plant’s body. It causes the movement of water and 

dissolved minerals from the roots to the leaves through 

the xylem. 

 

 
 



 
 

 
 

In herbs, root pressure plays a very important role in 

the transportation of water. 

 

 



Translocation is the process of the movement of 

dissolved substances from the leaves to the roots and 

other parts of a plant’s body through the phloem. 

 

 
 

The phloem is a conducting tissue for nutrients from 

the leaves to the other parts of a plant’s body. The 

phloem is made of four types of cells: sieve tubes, 

companion cells, phloem fibres and phloem 

parenchyma. 

 

 



Translocation takes place in the sieve tubes, with the 

help of adjacent companion cells. 

 

 
 

Glucose molecules in the leaves are transferred to the 

phloem tissue using energy from ATP. This process is 

called active transport. 

 

 
 

 

 

 

 



IMBIBITION AND WATER TRANSPORTATION 

 

Imbibition is a special type of diffusion where, 

movement is along a concentration gradient. For any 

solid to imbibe a liquid, it must have an affinity for the 

liquid and also a water potential gradient between the 

solid and the liquid. 

  

The water potential gradient comprises of two main 

components: solute potential and pressure potential. 

The greater the concentration of water, the greater is its 

water potential. Water potential is denoted by the Greek 

symbol Psi, Ψ. It is expressed in pressure units as 

Pascal (Pa). The water potential of pure water at 

standard temperature and pressure is zero. 

  

Pure water has the greatest possible water potential and 

therefore the water potential of solutions is less than 

that of pure water. The magnitude of lowering of the 

water potential due to the addition of solutes is called 

solute potential. Solute potential is represented by the 

letter Ψs, and it is always negative. Solute potential 

becomes increasingly negative with the addition of 

solutes.  

  

When two solutions come into contact, water molecules 

move from the solution with the higher water potential 

to the one with the lower water potential.  

 

For a solution at atmospheric pressure, its water 



potential is equal to its solute potential.  

But if pressure greater than the atmospheric pressure is 

applied to pure water or a solution, it results in an 

increase in water potential.  

  

When water enters a plant cell due to diffusion, it builds 

up pressure against the cell wall, causing the cell to 

become turgid. This pressure applied by the protoplasm 

against the cell wall is called pressure potential. 

Pressure potential, which is denoted by Ψp, is usually 

positive. However, negative pressure potential is critical 

to water transport to the stem via the xylem cells.  

 

MEANS OF TRANSPORT 

 

The movement of food and water across short distances 

in plants takes place either passively by diffusion or by 

active transport.  

  

In diffusion, the molecules move from a region of high 

concentration to a lower concentration, with no 

expenditure of energy. The rate of diffusion is affected 

by several factors such as the size of molecules, their 

solubility in lipids and the concentration gradient. As 

for the size, the bigger the molecule, the slower the rate 

of diffusion. Since all membranes are made up of lipids, 

lipid-soluble substances diffuse faster. In a 

concentration gradient, diffusion of hydrophilic 

substances is facilitated by special proteins called 

transport proteins, without any energy expenditure. This 



type of diffusion is called facilitated transport.  

  

Proteins are channels in the membrane, which allow 

molecules to pass through them. Some of these 

channels are always open while others are controlled. 

Some transport proteins, called porins, form pores in the 

outer membranes of cell organelles, to allow small 

proteins to pass through.  

  

Based on the direction, transport of molecules can be 

differentiated into three types – symport, antiport and 

uniport. Both molecules cross the membrane in the 

same direction in a symport, while they move in 

opposite directions in an antiport and a single molecule 

diffuses across a membrane in a uniport. 

  

Active transport moves molecules against the 

concentration gradient with no expenditure of energy. It 

is carried out by the membrane proteins called pumps 

that use energy and are specific to the type of 

substances they carry across. Of all the means of 

transport, both diffusion and facilitated diffusion always 

take place along a concentration gradient, without the 

expenditure of energy while active transport uses 

energy against concentration gradient.   

 

 

 

 



OSMOSIS 

In a plant cell, the cell wall is freely permeable to water 

and other smaller substances, the cell membrane is 

semi-permeable to oxygen, carbon dioxide, ions and 

water.  The cell membrane together with the vacuolar 

membrane determines the movement of the molecules 

inside and outside the plant cell. The vacuolar sap in the 

vacuole contributes to the solute potential of the plant 

cell. 

  

The diffusion of water across a semi-permeable 

membrane from high concentration of water (or low 

solute concentration) to low concentration of water (or 

high solute concentration) is called osmosis. The net 

direction and rate of osmosis depends on two factors: 

concentration gradient and pressure gradient. If two 

solutions are put into a chamber separated by a semi-

permeable membrane, water will move from the region 

of the higher concentration gradient to the region of the 

lower concentration gradient until equilibrium is 

reached. At equilibrium, both chambers will have the 

same water potential. The potential of water molecules 

to move from a hypotonic solution to a hypertonic 

solution across a semi-permeable membrane is called 

osmotic potential.  

  

 



To demonstrate osmosis, a solution of sucrose in water 

is put into a funnel and separated from the pure water in 

a beaker by a semi-permeable membrane. The water 

being hypotonic will move from the beaker to the 

funnel containing the hypertonic sugar solution, raising 

the solution level in the funnel. This water movement 

will continue until both solutions in the funnel and 

beaker achieve equilibrium.  Now we can apply 

external pressure to the upper part of the funnel so that 

no water diffuses from the beaker to the funnel through 

the membrane. This external pressure that is required to 

prevent the water from diffusing is known as osmotic 

pressure.  

 

Osmotic pressure is a function of solute concentration. 

The higher the solute concentration, the more the 

diffusion of water. Therefore, more osmotic pressure 

will be required to stop the entry of water molecules 

into the solution.  

 

The water potential is equal to its solute potential for a 

solution that is at atmospheric pressure. Unlike osmotic 

potential, which is negative, osmotic pressure is a 

positive pressure. However, numerically, osmotic 

pressure is equal to osmotic potential, only their signs 

differ. 

 



PLASMOSIS 

The plant cell wall can either shrink or become turgid in 

response to the movement of water. It is the 

surrounding isotonic, hypotonic and hypertonic solution 

outside the cell that decides the direction in which water 

flows.  

  

If the concentration of the external solution is more than 

that of the cytoplasm, that is, if it has more solutes, it is 

said to be hypertonic. If a plant cell is placed in a 

hypertonic solution, water moves out of the cell 

cytoplasm and then the vacuole due to osmosis. The cell 

membrane shrinks away from the cell wall. This 

phenomenon is called plasmolysis, while the cell is said 

to be plasmolysed.  

 

This movement of water takes place from a cell which 

has a higher water potential to an area outside the cell 

that has a lower water potential. However, plasmolysis 

is a reversible process.  

  

If the concentration of the external solution is lower 

than that of the cytoplasm, it is said to be hypotonic. 

When plasmolysed cells are placed in a hypotonic 

solution, that is, a solution with less solutes and higher 

water potential; water moves from the solution into the 

cell due to osmosis. This causes the cytoplasm to build 

a pressure against the cell wall. This pressure is called 

turgor pressure, which enables the plant to be erect. 



This turgor pressure exerted by the protoplast against 

the cell wall due to the entry of water is called pressure 

potential, Ψp. Since plant cells have a rigid cell wall, 

the cell does not rupture despite the turgor pressure.  

  

If the concentration of the external solution is the same 

as that of the cell cytoplasm, the solution is said to be 

isotonic. Now if the cell is placed in an isotonic 

solution, there is no net flow of water either from inside 

or outside the cell. When the flow of water from and 

into the cell is in equilibrium, the cell is said to be in a 

flaccid state. Flaccid cells are found in a wilted plant 

that has not been watered for a long time.  

 

 

UPWARD WATER MOVEMENT IN PLANTS 

Root pressure and transpirational pull enables the 

upward movement of water and minerals in plants. The 

mineral ions from the soil are pushed into the root 

vascular tissues by diffusion and as a result, the 

pressure inside the xylem increases. This positive 

pressure is known as root pressure.  

  

Root pressure can be observed in a plant by a cut-stem 

experiment. In the early morning hours of a humid day, 

if a soft stem is cut horizontally near its base with a 

blade, drops of solution ooze from the cut stem. This 

oozing is caused by positive root pressure. If a rubber 

tube is fixed to this cut stem, we can measure the rate of 



exudation and the composition of exudates. 

 

The impact of root pressure is best witnessed during the 

night and early in the morning, when evaporation is 

slow. At this time, the excess water collects as droplets 

around the special openings of the veins called 

hydathodes near the tip of grass blades. This water loss 

in its liquid form is called guttation. However, root 

pressure itself does not account for the majority of 

water transport. 

  

Most of the water movement in tall trees takes place 

due to transpirational pull. The driving force behind this 

transpirational pull is transpiration from the leaves. 

Unlike guttation, where water is lost in liquid form, 

water is lost as vapour during transpiration. 

Transpiration can be witnessed by closing a healthy 

plant inside a polythene bag. The water loss due to 

transpiration ‘pulls’ the water upwards in a plant stem. 

Did you know that the transpirational pull generated by 

transpiration is strong enough to cause water to move 

upwards even in tall trees by as much as 15 metres per 

hour. 

  

Water transport is also aided by cohesion and surface 

tension. Cohesion is the mutual attraction between 

water molecules and surface tension is the force acting 

on a water molecule travelling upwards in the xylem.  

 

Since cohesion-tension helps the transpirational pull, it 



is also known as the cohesion-tension-transpirational 

pull model of water transport.  

 


