
TRANSPIRATION 



DEFINITION 

• The loss of water in the form of vapours from 
the living tissues of aerial parts of the plant is 
termed as transpiration. 



Main differences between 
Transpiration and Evaporation 



Magnitude of transpiration 

• Mayer in 1956 had reported that some of the herbaceous 
plants under favourable conditions transpire the entire 
volume of water which a plant has and it is replaced within 
a single day. 

• Amount of water absorbed and lost by various species 
differs considerably: 

 465 kg of water is transpired by the sugarbeet plants 
for each one kg. of sucrose produced. 
 600 kg. of water is transpired by maize for each one kg. 
of dry corns. 
  all the water absorbed by plants, approximately 
95 percent is lost by transpiration and 5 percent or less is used 
by the plant. 
 



Types of Transpiration 

• Stomatal transpiration 

• Cuticular Transpiration 

• Lenticular Transpiration 



Stomatal Transpiration 

• It is the loss of water which occurs through 
specialized apertures which are present in 
leaves called stomata.  

• In herbaceous plants the stomata can also 
occur in the epidermis of green stem. 

• It accounts for 80-90% of the total water loss 
from the plants. 





• Cuticular Transpiration: the cuticle provides a 
relatively impermeable covering. If it is thin and 
green, upto 20% of the total transpiration may 
take place through it, but as its thickness is 
increased as in xerophytes, the extent of water 
vapour loss is significantly reduced. 

• Lenticular Transpiration: water is lost through 
the lenticles of fruits and woody stems, although 
to a much less extent than through stomata. 



Transpiration ratio 

• The transpiration ratio can be defined as the amount of 
water lost through transpiration per unit of dry matter 
produced during the growing season of plant. 

• The transpiration ratio varies from plant to plant and 
also in the same plant during different conditions. 

• It is about 200-00 for sorghum and millets, 700-1000 
for alfa-alfa and only 50 for pineapple. 

• Slatyer in 1967 stated that desert plant communities 
have the highest transpiration ratio which is estimated 
as high as 5000 because in desert the plant cover is 
scattered and much of the soil water is lost by 
evaporation. 



Stomatal Transpiration 
• A typical stoma is microscopic and usually consists of two kidney 

shaped guard cells surrounding a pore. 
• The guard cells are usually smaller in size as compared to other 

epidermal cells. 
• The pore size is wide enough to allow numerous water, carbon 

dioxide and oxygen molecules to pass through. 
• Guard cells generally have thick walls towards pore and thin walls 

on opposite side. 
• The cellulose micelles in guard cell walls are oriented radially rather 

than laterally and have special elastic properties. 
• The adjoining cell walls of two guard cells around pore are free and 

not attached with each other and help them to stretch laterally 
during stomatal opening. 

• The plasmodesmata are present between guard cells and the 
mesophyll cells below. 

• There are no plasmodesmata  between the guard cells and 
accessory cells. 
 



Physiology of Stomata 

• The guard cells differ from other epidermal cells in mainly two 
respects: 

  they contain chloroplasts and perform the phenomenon of 
photosynthesis 

  they have special type of wall thickenings 
• The guard cells heterotrophic. However starch is synthesized in 

guard cell chloroplasts by sugars transported from adjacent 
mesophyll cells. 

• The guard cells are characterized by accumulation of starch during 
the night (in dark) and their degradation during day (in light). 

• The mesophyll cells, on the other hand, accumulate starch during 
the day and decrease during the night. 

• This property helps in the opening and closing of stomata. 





Types of Stomata 

• Anomocytic type: stomata is surrounded by limited number 
of cells. 

• Anisocytic type: guard cells of stoma are surrounded by 
three subsidiary cells in which one is smaller than the other 
two. 

• Paracytic type: guard cells of stoma are surrounded two or 
more subsidiary cells which lie parallel to the long axis of 
the pore and guard cells. 

• Diacytic type: guard cells are surrounded by two subsidiary 
cells whose common wall is at right angle to the long axis of 
pore and guard cells. 

• Actinocytic type: guard cells are surrounded by four or 
more subsidiary cells which are elongated radially to the 
stoma. 



Distribution of stomata on the leaf 

• Apple and mulberry type: abaxial surface of leaf. 
E.g. apple, peach walnut etc. 

• Potato type: more on abaxial and fewer on 
adaxial surface of leaf. E.g. potato, bean etc. 

• Oat type: distributed equally on both the surface 
of leaf. E.g. maize, oat and all the grasses. 

• Water lily type: only on adaxial surface of leaf. 
e.g. all the free floating hydrophytes 
• Potamogeton type: stomata are either absent or 

functionless. E.g. submerged hydrophytes 



Role of stomata 

• Transpiration 

• Conservation of water 

• Gaseous exchange 

• Absorption of water 

• Ascent of sap 

• Absorption of mineral salts. 



Opening and Closing of Stomata 

• A variety of external stimuli (light and dark, carbon 
Dioxide concentration, water supply, pH of the cell sap 
etc.) affect the opening and closing of stomata. 

• Von Mohl (1856) observed that stomatal pores were 
open when the epidermal peel was mounted in water, 
but they closed when the same was floated on sugar 
solution. 

• Heath (198) found that puncturing single guard cell 
with a microneedle caused closure of stomatal pore on 
one side. 

• These findings indicated that opening and closing of 
stomata are due to the turgor mechanism involved 
within and out of guard cells. 



open close 



Experimental Evidences 

• Isolated stomata open when floated on water 
and close when floated on a hypertonic sugar 
solution 

• The stomata in isolated epidermal strips behave 
in the opposite manner-they close when floated 
on water and open when floated on a hypertonic 
solution. 

• Puncturing the large accessory cells (next to 
guard cells) results in the same behaviour as for 
isolated stomata. 
 



• A combined water relations between the guard cells and the 
accessory cells. 

• When the guard cells become turgid, their thin walls get extended 
and thick walls become slightly concave, thus, opening the stomatal 
aperture. 

• The guard cell become flaccid when they lose water. their thick 
walls revert back to their original position, thus, closing the 
stomatal pore. 

• Krikorian et al (197): Submicroscopic anatomy of guard cells walls 
suggest that the special orientation of cellulose microfibrils and 
micelles are mainly responsible for opening and closing of stomatal 
pores. 

• Cellulose microfibrils and micelles are arranged around the 
circumference of the elongated guard cells. 

• This arrangement is called radial micellation. 
• Such guard cells, when take up water and expand, cannot increase 

much in diameter because of microfibrils do not stretch much in 
elongation. 

• On the other hand, they increase in length. 
• Since the two guard cells remain attached to each other at both 

ends, they bend outward on swelling and result opening of 
stomatal pore. 
 



Factors affecting the stomatal 
movement 

• Carbon dioxide concentration 
 low- opening of stomata 
 high- closing of stomata 
Light- opening of stomata 
 
  



• Temperature 
– Closed: zero degree or below it 

– Rise: thirty degree celcius 

– Closed high above thirty degree celcius 

 

• Water Deficit: increased water stress or decreased 
water potential cause closing of stomata 

• pH: rise-opening of stomata and decrease in pH result 
in closing of stomata 

• Hormonal Regulation: Abscisic Acid (ABA) - closing of 
stomata 

  














