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Plant Physiology – Study of life activities,  responses and 

functions of plants.

It helps to know how, why and what of the processes occuring
in plants.

It helps in improving plant growth in agriculture, forestry, 
pharmacogonosy, horticulture, floriculture, landscapes & parks 
etc.



Solution - The dispersion of a substance in molecular or ionic 
form throughout the medium of another is known as solution.

True Solution or Crystalloid- A homogeneous and stable 
mixture of two or more chemical substances which have different 
molecular species & size of particles is 1nm or below.  e.g., 
common salt in water.

Colloidal solution- A Stable and heterogeneous solution in 
which size of particles is in between 1-200 nm.  

Suspension- An unstable heterogeneous solution in which the 
particle size is  usually more than 0.1 μm



Colloid & its types –A state  of subdivision of matter where the 
particle size is between 1-200 nm. E,g., common salt in benzene 
forms colloidal solution.

Colloids may be hydrophlic (reversible) or hydrophobic (ir-
reversible). Non-aqueous colloids  may be lyophilic (solvent hating) 
or lyophobic (solvent loving).

Reversible Colloids: Starch in water 
Ir-reversible Colloids: Metalic colloids

Colloidal aqueous solution are frequently called hydrosols or simply 
sols.



Properties of colloids:

•Viscosity
•Filtrability
•Stability
•Sol-Gel transformation 
•Tyndall Effect
•Brownian Movement
•Cataphoresis and Electro-osmosis
•Adsorption
•Coagulation/ Floculation
•Heterogeneous Nature



GELS AND EMULSIONS

Gels are thick semisolid elastic colloidal systems which are formed by 
hydrophilic  sols. A gel is a reverse of sol.

Gelation- Conversion of hydrosols to gels 
Solation- Conversion of gels to sols.

Emulsion is a mixture of two immiscible liquids. It is essentially 
unstable and breaks up with time in two distinct layers. E.g., oil in 
water. 



These may become permanent or stable (emulsoids) in presence of 
emulsifiers or emulsifying agents. The emulsifier either decreases 
the surface tension of the dispersed droplets or forms a protective 
film around these droplets so that their tendency for fusion is 
reduced.

Casein is emulsifying agent of milk for dispersing butter fat in water.

Common emulsifiers may be  either of cream type or butter type.



IMBIBITION
Phenomenon of adsorption of water or any other liquid by the 
solid particles of a substance without forming a solution. Here, 
in this process liquid molecules move from the region of high 
partial pressure to low partial pressure.

Solid particles which imbibe water or any other liquid are called 
IMBIBANTS & liquid absorbed is called IMBIBATE.

Imbibition results in increase in volume and release of heat of 
wetting.

Imbibants are generally having hydrophilic colloids. A few of 
these are proteins , pectic compounds, starch and cellulose.



Any colloidal or gel like substance which can imbibe water is called 
Matrix and the pressure that an imbibant develops when 
submerged in imbibing liquid is called Imbibition pressure or Matric
potential.

Matric potential is affected by  the following factors:

1. Texture of imbibant
2. pH
3. Temperature
4. Pressure 

Importance of imbibition for plants:

1. Initial step in germination
2. Initial stage of water absorption



DIFFUSION 
The movement of molecules  or ions of a solute or solvent, be it  a 
solid , liquid  or gas from the region of its higher concentration/partial 
pressure / chemical potential to that  of its lower concentration/ 
partial pressure/chemical potential.    



The pressure exerted by the diffusing particles is called diffusion 
pressure and influenced by following factors:

1. Temperature
2. Density of diffusing substances
3. Medium in which diffusion occurs
4. Diffusion pressure gradient

Role of diffusion in plants:

1. Exchange of gases during respiration and photosynthesis
2. Transpiration
3. Uptake of minerals
4. Translocation of substances



OSMOSIS

Diffusion  of  water/ solvent molecules from a dilute solution to 
the concentrated solution when the two are separated by a semi-
permeable membrane.

Diffusion of molecules from the region of their higher chemical 
potential/  diffusion pressure/ free energy  to the region of lower 
chemical potential/ diffusion pressure/ free energy, when the two 
solutions are separated by a semi-permeable membrane.



The osmotic entry or exist of water can be recorded  by 

means of potato osmoscope. The potato surface 

serves as a semi - permeable membrane.

Potato skin is peeled off. The bottom is made flat. A 

central cavity  is made and in it  conc. sugar solution  is 

poured and the level is marked . The potato is placed in 

a small beaker containing water. After sometime raise 

in level of sugar solution is noticed.



Osmosis may be of endosmosis type or exosmosis.

Endosmosis- The entry of water into the cell sap when it is placed in 
hypotonic solution.

Ex- osmosis-Osmotic movement of water from the cell sap to outside 
when placed in hypertonic solution. 

.



Osmotic pressure / Solute potential/ Osmotic potential– The 
pressure which must be exerted on a solution to prevent the 
osmotic inflow of water into it across a semi- permeable 
membrane.

It is usually measured in Pascals, Pa ( 1Pa= 1 Newton/m2)

Osmotic pressure= CST  ;      where C is Molar 
concentration of solution, S is the solution constant and T is the 
absolute temperature( i.e., t +273)



Osmosis  plays an  important  role in  plants  as it 
helps in –

Absorption of water by the plants
Cell to cell movement of water 
Maintaining rigidity & shape of plant organs, leaves expand  
doe to osmotic pressure, growing tips are able to penetrate the 
soil particles
 Opening and closing of stomata



TURGOR PRESSURE (TP)

It is the hydrostatic  pressure generated by the protoplasm within 
the cell against cell wall as a result of osmotic entry of water into it.
TP is always less than OP unless the cell is in water.
Cell wall being rigid and elastic , exerts an equal and opposite 
pressure on expanding protoplasm, called wall pressure(WP).

At a given time TP=WP 



PLASMOLYSIS  & DEPLASMOLYSIS

It is the shrinkage of protoplast of plant cell away from the 
cell wall, when it is placed in  a  hypertonic solution (highly 
concentrated sugar or salt solution), as  water moves out 
osmotically from the cell sap to the outside through the cell 
membrane.

The stage of plasmolysis at which the first sign of shrinkage of 
cell content from cell wall is  observed, is called ‘Incipient 
Plasmolysis’

When the protoplast has completely retracted away from the 
cell wall and attains a spherical shape, it is called ‘Evident 
Plasmolysis’



Plamolysed cellNormal plant cell



If the plasmolysed cell is placed in hypotonic solution , 
endosmosis will take place and protoplast retains its original 
shape & the phenomenon is called deplasmolysis.

Importance of plasmolysis to plants:

observed only in living cells so help in identifying  living and 
dead cells in plant tissues
Basic idea behind preservation of pickles, jams and jellies by 
salting & sweetening
Help in killing weeds of lawns
Helpful in determining osmotic pressure of plant cell in lab 
conditions 



DIFFUSION PRESSURE DEFICIT (DPD)
Originally DPD was known as suction force or suction pressure.

DPD is the amount by which diffusion pressure of a solution is  lower than that 
of its pure solvent . DPD of a cell denotes the net pressure that causes water to 
enter the cell.

The difference in the concentrations results in flow of water from its higher 
concentration to its lower concentration. As water enters in cell, turgor pressure 
increases which acts against the entry of water & in turn cell wall exerts wall 
pressure against TP & WP is equal in magnitude and opposite in direction to TP 
at a given time. The actual force responsible for entry of water at this stage will 
be OP minus TP.  The relation of OP,TP,WP, and DPD can be given as 

DPD=OP- WP
But                              WP=TP
Therefore                   DPD= OP-TP



Water  potential

The combination of solute concentration differences and 
physical pressure are incorporated into water potential, 
abbreviated with the Greek letter psi (Ψ) 

Water will flow through a membrane from a solution of high 
water potential to a solution of low water potential 

Water potential is measured in units of megapascals (MPa) 

Pure water has a water potential of 0 MPa ( = 0 MPa) 



Components of water potential

Many different factors may affect the total water potential, and the sum of 
these potentials determines the overall water potential and the direction 
of water flow:
Ψ =  Ψπ + Ψp v + Ψm

where:
Ψπ is the solute potential,
Ψp is the pressure  component,
Ψm is the potential due to matrix effects (e.g., fluid cohesion and surface 
tension.)



Pressure Potential

Pressure potential is based on mechanical pressure, and is an important 
component of the total water potential within plant cells. Pressure potential is 
increased as water enters a cell. As water passes through the cell wall and cell 
membrane, it increases the total amount of water present inside the cell, which 
exerts an outward pressure that is retained by the structural rigidity of the cell 
wall. By creating this pressure, the plant can maintain turgor which allows the 
plant to keep its rigidity. Without turgor, plants lose structure and wilt

The pressure potential in a living plant cell is usually positive. In plasmolysed cells, 
pressure potential is almost zero. Negative pressure potentials occur when water is 
pulled through an open system such as a plant xylem vessel. Withstanding negative 
pressure potentials (frequently called tension) is an important adaptation of xylem 
vessels.



Solute potential

Pure water is usually defined as having a solute potential 
(Ψπ) of zero, and in this case, solute potential can never be 
positive. The relationship of solute concentration (in 
molarity) to solute potential is given by the van’t-Hoff 
equation :

Ψπ = − MiRT

where M is the concentration in molarity of the solute, i is 
the van’t-Hoff factor , the ratio of amount of particles in 
solution to amount of formula units dissolved, R is the ideal 
gas constant, and T is the absolute temperature.
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