
Improving Stress Tolerance 

Mitesh Shrestha 



Stress 

• Product of any physical, chemical or biological 
changes which disrupts the homeostasis.  

 

• Results in the initiation of a chain of cellular and 
systemic events which helps the cells to restore 
their homeostatic balance. 







Plant stress 

• Plants are bound to places.  

• They, therefore, have to be considerably more 
adaptable to stressful environments and must 
acquire greater tolerance to multiple stresses than 
animals and humans.  



Plant stress 

• Two primary categories.  

– Abiotic stress is a physical (e.g., light, temperature) or 
chemical insult that the environment may impose on a 
plant.  

– Biotic stress is a biological insult, (e.g., insects, disease) 
to which a plant may be exposed during its lifetime 

 







Plant stress 

• Plant productivity is greatly influenced by 
environmental stresses, such as freezing, drought, 
salinity and flooding.  

• One of the ways in which tolerance to these factors 
can be achieved is by the transfer of genes encoding 
protective proteins or enzymes from other 
organisms.  

• Key approaches currently being examined are 
engineered alterations in the amounts of osmolytes 
and osmoprotectants, saturation levels of 
membrane fatty acids, and rate of scavenging of 
reactive oxygen intermediates.  















Causes of Stress 

• Inappropriate dosage ( Light, Temperature, Water, 
Nutrients, Carbon dioxide and Oxygen) 

• Environmental Noxae (UV-B, ozone, ionising 
radiation, xenobiotics, heavy metals and 
aluminium.) 

• Endogenous stress  



• Usually, an organism is subjected to several stress factors, e.g. lack of water 
and heat, or a “secondary” stress factor follows a “primary” one:  

• When the plant lacks water and closes its stomata, internal CO2 deficiency 
occurs when the plant is illuminated, and as a further consequence 
oxidative stress ensues. Combination of several stress factors is the normal 
case and is referred to as multiple stress. 

• Upon elevated temperature, the modification of the basic metabolism could 
be interpreted as an unspecific reaction, whilst the production of heat 
shock proteins would be considered a specific stress reaction of the 
organism. 

• There is yet another facet to the question of specificity of stress reactions 
which is described by the term cross-protection. Previous drought stress or 
salt stress (osmotic stress) is known to harden plants against temperature 
stress, and particularly cold stress. 

• Potato plants treated with NaCl are able to tolerate lower temperatures 
than untreated controls. A transient increase in ABA concentration 
mediates this hardening reaction. 
 
 
 

















Abiotic stress tolerance in plants 
Several abiotic stresses  (heat, chilling, freezing , drought, salinity) lead to water deficit 
conditions 
 
Yield of Field grown crops due to sub optimal abiotic factors in USA is only 22% of the genetic 
potential (Boyer, 1982) 
 
Plants are devised with means to cope up with various stresses  (avoidance/tolerance), but 
ability of plants to respond to stresses varies with species, environment (eg. optimal temp for 
growth of pea and soybean is 20 and 30  ⁰C, resp:  as temp increases pea shows signs of heat 
stress much sooner than soybean) 
 
Stress avoidance mechanisms like restriction of growth to periods of high water availability (as in 
ephemerals), storage of water (CAM plants) or prevention of excessive water loss as in grasses, 
CAM plants. 
 
Intrinsic tolerance developed by specific stress reactions like water storage, synthesis of 
osmolytes, biochemical and mechanical means. 
 
Conventional breeding to accomplish improving abiotic stress tolerance due to quantitative 
nature of stress tolerance genes and breeding with more distant (more tolerant) relatives runs 
the risk of introducing undesired traits 



Complexity of plant response to Abiotic stress 





















Plant Adaptation to Heat  stress 

 

 

 

 

 

 

 

 

 

 
 



Plant Adaptation to water/osmotic  stress 

 

 

 

 

 

 

 

 

 

 









Strategies for engineering stress 
tolerance in plants 

Synthesis of protective proteins 

ROS scavenging 



Use of Transcription factors 



Strategies for engineering stress 
tolerance in plants 

Use of Signalling factors 









         Fig: Acquired plant stress tolerance.  
               Hsp: heat shock protein;  
                LEA: late embryogenesis abundant 
                 ROS: reactive oxygen species 

Strategy for abiotic stress resistance in crop plant 

 synthesis of compatible 
osmolytes 
Synthesis of protective 
proteins 
ROS scavenging 
Use of transcription factors 
Use of signaling factors 








