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DEFINITION 

The loss of water in the form of vapour from the 

known as transpiration. 

 

TYPES OF TRANSPIRATION

Though leaves are the principal organ of 

place from any parts of the plant which is exposed to air.

 

Stomatal transpiration –

place through stomata. The stomata are minute elliptical 

epidermis of the plant leaf

called guard cells. The wall of guard cells towards the st

while the wall of the outer side is thin. In some spec

surrounded by subsidiary cells.

dioxide entry to drive photosynthesis and to allow the exit of water as it 

evaporates, cooling the leaf.

 

(a)                                             

  
                    Fig.1.1. showing (a) shape of dicot stomata, (b) shape of monocot stomata

 

Cuticular transpiration - Small fraction 

Lenticular transpiration –

lenticels of fruit and woody stem.

    

 

 

MECHANISM OF TRANSPIRATION IN PLANTS 

The loss of water in the form of vapour from the Ariel parts of the plant is 

 

TRANSPIRATION 

Though leaves are the principal organ of transpiration, loss of water can takes 

place from any parts of the plant which is exposed to air. 

– Most of the foliar transpiration (up

. The stomata are minute elliptical 

plant leaf. The pore is bounded by two kidney shaper cells 

The wall of guard cells towards the stomata is thickened 

outer side is thin. In some species, the guard cells are 

subsidiary cells. Two major roles of stomata are to allow carbon 

dioxide entry to drive photosynthesis and to allow the exit of water as it 

evaporates, cooling the leaf. 

                                                                              (b)

showing (a) shape of dicot stomata, (b) shape of monocot stomata

Small fraction of water (10%) loss through

– Small amount of water vapour also loss 

s of fruit and woody stem. 

parts of the plant is 

loss of water can takes 

(up to 97%) takes 

. The stomata are minute elliptical pores in the 

. The pore is bounded by two kidney shaper cells 

omata is thickened 

the guard cells are 

of stomata are to allow carbon 

dioxide entry to drive photosynthesis and to allow the exit of water as it 

 
(b) 

showing (a) shape of dicot stomata, (b) shape of monocot stomata 

loss through the cuticle. 

loss through 



Mechanism of stomatal transpiration:

Stomata are sensitive to environmental factors and o

stomata are affected mainly by 

concentration of CO2. Lots of theories are proposed to explain 

closing of stomata. 

 

1. Starch-sugar interconver

Lioyed (1908), Sayre (1926) 

based on the effect of 

of phosphorylase enzyme

 According to this hypothesis, during daytime 

respiration utilized in photosynthesis by leaf mesophyll cells so it cannot 

accumulate in these cells. This 

of the guard cells that causes high 

conversion of insoluble starch

osmotic potential 

guard cell by osmotic diffusion

become turgid that exerts

causing an opening of stomata. During night due to lack of 

photosynthesis, CO

concentration so that the sugar

the osmotic potential of the 

and become flacc

required in this process 

mediates this interconver

                                
      Fig.1.2. Transverse section of a dorsiventral leaf showing

   

 

transpiration:-  

Stomata are sensitive to environmental factors and opening and closing of 

affected mainly by light, water, temperature

Lots of theories are proposed to explain 

interconversion theory – This theory was proposed by 

Sayre (1926) and supported by others. 

based on the effect of pH on starch sugar interconversion and discovery 

phosphorylase enzyme. 

According to this hypothesis, during daytime CO2 which is liberated in 

respiration utilized in photosynthesis by leaf mesophyll cells so it cannot 

accumulate in these cells. This results in lowering of H+ ion concentration 

of the guard cells that causes high pH and favoured the 

insoluble starch into soluble sugar, that lowers the 

 of guard cells. Consequently, water enters into the 

osmotic diffusion from surrounding cells. Guard cells 

that exerts pressure on the guard cells 

opening of stomata. During night due to lack of 

CO2 gets accumulated into leaf cells increasing the 

so that the sugar is converted back to starch

the osmotic potential of the guard cells. The guard cells re

d become flaccid and stomata become closed. Metabolic energy 

required in this process comes from respiration. Phosphorylase enzyme

this interconversion. 

Transverse section of a dorsiventral leaf showing the path of wa

pening and closing of 

light, water, temperature and the 

Lots of theories are proposed to explain an opening and 

This theory was proposed by 

and supported by others. This theory is 

ion and discovery 

which is liberated in 

respiration utilized in photosynthesis by leaf mesophyll cells so it cannot 

ion concentration 

and favoured the enzymatic 

, that lowers the 

water enters into the 

from surrounding cells. Guard cells 

pressure on the guard cells membrane 

opening of stomata. During night due to lack of 

accumulated into leaf cells increasing the H+ ion 

starch increasing 

guard cells. The guard cells release water 

Metabolic energy 

Phosphorylase enzyme 

      
the path of water movement 



     Response in light                                                             Response in dark  

 

1. Utilization of CO2  by process                                                                1.Accumulation of CO2 due to  

 of photosynthesis in the guard cells                               absence of photosynthesis  in                                                                                      

                                                                                               the guard cells 

 

                                                                 

2.A decrease in CO2 concentration leads                         2.Increase in H+ ion concentration  

    to decrease in H+ ion concentration and                          leads to a decrease in pH 

     increase in pH 

 

 

3.Conversion of insoluble starch into                                3.Conversion of soluble sugar 

Soluble sugar increases concentration                             into insoluble starch decreases 

                                                                                                  concentration 

 

 

 

4.Water enters by endosmosis into                                4.Exosmosis of water from the guard 

the guard cells 

 

 

5.Turgid guard cells exert pressure on                           5.Flassid guard cells no pressure 

Guard cells stomata open                                                        stomata closed 

 

                
                            Fig.1.3. Summary of starch sugar interconversion theory 

                              

      

      Demerits of Starch theory 

a. Sugar has never has been observed to appear in guard cells when 

starch disappears at the time of the opening of stomata.  

b. In the monocots, the guard cells do not form starch at all. 

 

2. Active K+ Transport Mechanism – According to Imamura (1943), 

Yamashita (1952), Fujino (1967) and many more stomatal opening and 

closing are results of active transport of potassium ion (K+) into the 

guard cells. According to them as a result of photosynthesis, CO2 

concentration decreases in the guard cells, starch and other 

carbohydrates are converted to phosphoenol pyruvic acid (PEP). The 

PEP combines with HCO3
- to form malic acid. The malic acid dissociates 



and releases H+ ion that could operate in an ATP-driven-proton-K+ 

exchange pump, that drive protons into the adjacent cell and K+ ion into 

the guard cells. Accumulation of K + ion creates an electrical differential 

in the guard cells results in the entry of Cl –  anion into the guard cells. 

Accumulation K+, Cl- and organic acid anions decrease the water 

potential of the guard cell in the daylight consequently endosmosis 

takes place that increases the turgidity of the guard cell leads to open 

stomata. 

 

             
                      Day Response                                                           Dark Respons         

 

        1.K+ ion accumulation in guard cells                        1.Loss of K+ ion in guard cells 

 

                                            

         2.Solute concentration increase                              2.Solute concentration decreases 

 

 

           3.Endosmosis guard cells turgid                                    3.Exosmosis guard cells flaccid 

                  Open stomata                                                                   close stomata 

  
                           

                                  Fig.1.4.  Summary of an active K+ transport mechanism  

 

 

3. Proton transport concept – This theory was proposed by Levit (1974), 

this theory is the combination of Scath’s classical pH theory and active 

K+ ion transport theory. According to this theory, there were two 

mechanisms of K+ ion transport.  

1. The light-induced proton transport into the guard cell creates 

negative potential. The negative potential leads to an influx of K+ ion 

from the surrounding cells. 

2. The CO2  concentration decreases in the guard cells due to 

photosynthesis that increases the pH leads to conversion of organic 

acids. The organic acids dissociate and release H+ ion in guard cells. 

This induces the operation of K+-  H+ ATPase pump. 
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Photosynthesis in guard cells 

 

 
Low CO2 concentration 
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Increase pH in Guard cells 

 

 

                 Hydrolysis of starch              Formation of organic acid                                 ATP synthesis 

 

 

Increased sugar                                    ATPase mediated                                ATPase mediated 

concentration                                          H+/K+ exchange moves K+                pump moves K+ into guard                                                         

In guard cells                                      into guard cells, anion follows               cells Cl- and another anion 

follows 

 

 

Increase K+ ion concentration 

And anion concentration in guard cells 

 
 

Decreased water potential in guard cells 

endosmosis 

 

 

                                                                               Stomata open 
 

 

                               

                          Fig.1.5- Summary of proton transport concept theory 

 

LEARNING OUTCOME 

 

1. How water transpires from plants? 

2. What are the different theories to explain the mechanism of 

transpiration? 


