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Drought Impacts on Tea

Frequent and prolonged dry spells,

Rain-fed plantation crop

• Climate change impacts on tea

Reduction of crop
• Reduction of crop (i.e. 1983- 4%, 1992- 26%, 2016-11%)

• 15 - 40% in different cultivation areas in different parts of the world 

• 1992, 2016 and 2024



Casualties

• New clearings during 1991 

were wiped out entirely due to 

the drought occurred in 1992

Necessary to take timely provisions to 

minimize long-term and short-term drought 

effects to sustain yield





Foliar application of SOP or

MOP prior to anticipated drought

Salicylic 
acid 
(SA)

Abscisic 
acid 

(ABA)

Gibberelic
acid 
(GA)

• Exogenous application of plant hormones



Salicylic Acid (SA)

It plays an important role in regulating,

• Plant growth

• Development

• Regulation of physiological processes in plants such as: growth, 

photosynthesis, and metabolic processes 

• Improves plant resistance to biotic and abiotic stresses

• SA is an endogenous growth regulator 

• Produced by the plant naturally 

• Phenolic acids 



Exogenous SA Application



Objective 

To evaluate the potential of exogenous 

Salicylic acid (SA), application on improving 

survival and productivity under short-term 

drought conditions in immature tea 



Experiments

Experiment 1 Experiment 2

Effect of exogenous application 

of salicylic acid (SA) on 

alleviation of drought stress of 

immature tea plants (Under 

glasshouse condition)

Plant hormonal regulation on 

physiological changes in field 

grown immature tea plants 

during drought stress



Materials and Methods 



Application of SA on alleviation of 

drought stress of immature tea plants

Glasshouse trial (At TRI)

One year potted plants (TRI 2025, TRI 2023)

RCBD

2 blocks and 24 replicate plants per cultivar per 

treatment

Three-year-old plants

RCBD - 3 Blocks

Data were collected at 7days, 14 days and 21 

days after applying the treatments (DAS) from 

randomly selected plants 

• At moderate moisture stress (25% 

moisture reduction)

Foliar sprayed 

• SA in selected concentrations 

• Water-spray (WS) 

• No-spray (NS) treatments

• Exposed to drying cycle No Spray 

(NS)

• 0 (Water-Spray = WS)

• 50, 100, 150, 200 mg L-1

• Well Watered (WW)

Plant hormonal regulation on physiological 

changes in field grown immature plants 

(At Field No 8NC, Fairfield Division, 

Bearwell Estate, Talawakelle)

1 2



Well Watered (WW)



Data Analysis

Drought Tolerance Index for each treatment 

calculated using the corresponding values of well-

watered plants taken as the reference

(Cheruiyot et al., 2007; Al-Azab et al., 2022)



Results and Discussions



Glasshouse Experiment - RWC

• Relative water content (RWC) - Amount of water in a leaf at the time of sampling relative to 

the maximal water a leaf can hold.

• RWC - Measure of internal plant water status and reflects metabolic activity of tissues

• Exogenous SA application helps the plants for better maintenance of DTI for RWC



Field Experiment  - RWC

• RWC declined with the progression of drought

• SA treated plants showed significantly the highest RWC

• Maintenance of higher RWC - indication of more tolerance to drought

• It influences the capability of the plant to recover from stress condition and yield stability



Glasshouse Experiment - Osmolytes Accumulation 

• The accumulation of compatible solutes - Play an important role in the  plant self-

protective mechanisms

• Osmotic adjustment - Important adaptive response to abiotic stress, enhancing plant 

function and survival during periods of drought



Field Experiment - Osmolytes Accumulation

Osmotic 

adjustment   

Cell osmotic 

potential 

Maintain cell turgor and physiological processes 

under short-term drought stress condition

• SA induced osmolytes accumulation partly increases the osmotic adjustment which helps 

the plants for better survival under drought condition. 



Glasshouse Experiment - Antioxidant Activity

• Plant cells produce oxygen radicals and their derivatives are called reactive oxygen species (ROS) 

• Abiotic stresses induce the overproduction of highly reactive and toxic ROS

• ROS can cause serious damage to DNA, RNA, protein, lipids, pigments and eventually cell death 

• Plants scavenge ROS by producing antioxidants 

• Antioxidants play a critical role in the alleviation of abiotic stresses



Field Experiment - Antioxidant Activity

• SA treated plants exhibited the highest antioxidant activity (i.e the lowest 

DPPH EC50 value)

• SA treated plants showed significantly the highest FRAP value 

• An ability to maintain the antioxidative mechanisms during drought has 

usually been associated with a rapid recovery of plants



Glasshouse Experiment - Gas Exchange Parameters

• Photosynthesis is the driving force of plant productivity

• Drought stress inhibited the photosynthesis of plant leaves through stomatal closure, 

imbalanced water, and decreased enzymatic activity in the Calvin cycle

• The ability to maintain an optimum photosynthetic rate under environmental stresses 

is fundamental to the maintenance of plant growth and production



Field Experiment - Gas Exchange Parameters



Dark Respiration

Dark respiration rates generally increase during drought 

The maintenance of significantly a lower dark respiration was observed in SA sprayed plants

Dark respiration the consumption of soluble sugars- which plays a crucial role in osmotic 

adjustment and protection against photodamage



Glasshouse Experiment - Recovery Percentage

• Well-watered plants in both 

cultivars remained unaffected 

throughout the experiment

• SA resulted higher recovery 

percentages 

Treatments
Recovery percentage (%)

TRI 2025 TRI 2023

50 mg L-1 34.29 28.57

100 mg L-1 69.05 64.29

150 mg L-1 80.00 79.17

200 mg L-1 81.67 80.36

WS 28.57 12.50

NS 14.29 7.14

WW 100.00 100.00



Recovery

NS WS 50 mg L-1

200 mg L-1150 mg L-1100 mg L-1



• Helps the plants for better 

maintenance of RWC

• Maintenance of comparatively 

higher gas exchange parameters

• Increased the accumulation of 

osmolytes

Summary

Exogenous SA application

• Improved the Starch content

• Improved the total chlorophyll 

content

• Improved antioxidant activity

• Decreased dark respiration

• Better recovery after drought 

upon re-watering



Publications



Publications



Benefits of SA Applications 

• Onset of drought application

• Effective with low concentration

• Low cost

• Green application

• Alternative foliar application for drought mitigation



Conclusions 

• Foliar application of 150 and 200 mg L-1 SA were the best treatments for 

reducing the drought impacts on immature tea. 

• Considering the environmental impact and cost effectiveness, application 

of 150 mg L-1 SA may be considerably effective in reducing the drought 

impact on young tea.

• Field study also confirmed that the exogenous application of 150 mg L-1 SA 

under drought was helpful in enhancing drought tolerance in field grown 

immature tea plants.



Future Directions

• Mature tea

• Commercial product – Availability low SL

Locally available plant-based materials which contain a higher amount of 

natural SA - White willow, Eucalyptus

Development of a product for drought mitigation
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