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                                                          Abstract
This review explores the growing impact of climate change on tea cultivation in India, a key sector for both livelihoods and exports. It analyses recent climatic trends—rising temperatures, erratic rainfall, humidity shifts, and extreme weather—and how they affect tea yield, quality, pest prevalence, and regional viability across major tea-producing areas like Assam, Darjeeling, Nilgiris, and Himachal Pradesh. The review highlights the disproportionate vulnerability of smallholders, limited success of current adaptation strategies, and institutional gaps in research and policy coordination. It evaluates climate-resilient practices such as shade tree planting, irrigation management, and climate-smart clones, and critically examines national programs led by the Tea Board and regional research bodies. The growth of tea plants is greatly influenced by temperature changes. The tea yield is particularly sensitive to higher average monthly temperatures, and prolonged periods of elevated temperatures lead to a decrease in tea production. Climate change affects both the quality and quantity of tea through factors like soil erosion, resilient pests and diseases, and fluctuating temperature conditions. This synthesis aims to inform researchers, policymakers, and growers about the urgent need for systemic, science-based responses to climate stress in India’s tea economy.	Comment by Dinanath: Too many things in summary. You could focus in few issues in the review. For example, you have not sufficiently reviewed/analysed ‘disproportionate vulnerability of smallholders’. You seem focusing on Kangra Tea but it does not appear in the abstract. 
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Introduction
	The tea plant, Camellia sinensis L. O. Kuntze, is a native of China and a member of the Theaceae family. It grows to a height of 10 to 15 meters in the wild and 0.6 to 1.5 meters when cultivated (Cooper, 2012). Commercially, tea (Camellia sinensis) is distinguished based on its morphological traits and divided into three main varieties Camellia sinensis: the China type Camellia sinensis var. sinensis (shrub with small or medium leaves), the Assam types Camellia sinensis var. assamica (tree with large leaves), and the hybrid type Camellia sinensis var. assamica sp. It thrives in the majority of tropical and subtropical areas with moderate temperatures, acidic soils, and high humidity levels (Dufresne and Farnworth, 2001; Xu et al., 2018). The tea plant is an evergreen shrub with many branches that have mature leaves that are glossy, dark green, elongate oblong, coarsely serrated, coriaceous, alternating, and short-petiolate, while the young leaves have downy hairs on the surface that give them the appearance of being silver (Gruenwald, 2007).
[bookmark: _GoBack]Recently, there is a large increase in both production and consumption of tea due to growing body of evidence supporting its biological functions and health advantages. The cultivation of tea plants has expanded considerably, particularly in Asian and African nations, including China, India, Kenya, Sri Lanka, and Vietnam, leading to a substantial contribution to the economies of these regions (Hajiboland, 2017). Tea has become the second most widely consumed beverage globally, following water (Paiva, Lima, Motta, & Marcone, 2020). As of 2021, India held the position of the world's second-largest tea producer, generating a total of 1,283.03 million kilograms (Statista, 2021a). In India, West Bengal ranked as the top tea-producing state with 25.61 million kilograms, followed by Assam (20.05 million kilograms), Tamil Nadu (13.47 million kilograms), Kerala (5.63 million kilograms), and Karnataka (0.48 million kilograms) (Statista, 2021b).
In India, significant changes in 73 environmental conditions, such as an average increase of 0.74°C in world temperature during the past 74 centuries, have presented the agriculture sector with overwhelming problems (Science, 2007). Global temperatures are expected to climb by 3°C to 5°C over the next 75 years (U.N., 2018), causing destruction that demands immediate action. The 170 years old tea 76 industry has a wholesome contribution to Indian economy (Goodwyn Tea, 2017). Unlike other 77 countries, India manufactures both CTC and orthodox tea, as well as green tea (IBEF, 2018). Northeast 78 Indian states of Assam and West Bengal and South Indian states of Tamil Nadu, and Kerala are the 3  chief producers of this evergreen shrub. Darjeeling tea, the richest of all tea varieties, is registered as a 80 Geographical Indication of India (Sharma, 2012). However, in the case of India's tea production, the fundamental problem with climate change is that the industry continues to be a silent witness to the recent disruptions in production as well as to the declining quality of tea, the reduction in the amount of suitable land for cultivation, and the threatened livelihoods of the local rural community. The FAO World Tea Model's simulation results, which were based on the anticipated changes in tea production in India and Sri Lanka through 2020, highlighted climate change as the primary cause of the two countries' 86 slow decline in tea production and more than 26% increase in international tea prices (Chang, 2015). 	Comment by Dinanath: What are they?	Comment by Dinanath: Not clear what is this about.	Comment by Dinanath: Not in reference.
To measure the direct impact of climatic variables on crop production, usually econometric analysis is performed using panel datasets of crop yield (Hsiang, 2016; Lobell & Burke, 2010). Such models have been estimated for tea production as well. In a subsequent study, Wijeratne et al. (M. A. Wijeratne et 100 al., 2007) concluded that increasing temperatures shall negatively affect tea yields at low and mid101 elevations. Using panel data from Sri Lankan tea estates, Gunathilaka et al. (Gunathilaka et al., 2017) found that increased temperature and precipitation are expected to have damaging effects on tea industry of Sri Lanka. Lou et al. (Lou et al., 2013) analysed the trends of risk faced by three tea varieties in Longjing tea production area in China brought about by pick beginning date and frost damage. Boehm et al. (Boehm et al., 2016) predicted a reduction in tea production in China with a rise in daily 106 precipitation and monsoon retreat. Carr and Stephens (M. K. V. Carr & Stephens, 1992) identified the yield potentials of contrasting tea growing areas and important limiting factors in eastern Africa. Adhikari et al. (Adhikari et al., 2015) identified the shrinkage of suitable areas for tea farming due to rising temperatures in eastern Africa as the cause of a loss of yield of about 40% in the coming years.
India is the home of many different types of tea, and there are a few studies on how vulnerable the country's tea economy is to climate change. Relative humidity and rainfall were shown to have favourable connections with tea output, but the average maximum temperature increase had a negative impact on tea yield, according to a study (Patra et al., 2013) that examined tea production in Darjeeling. According to (Dutta, (2014),   forecast of the future of tea production in North-East India for 2050 with average temperatures rising by 2°C and the tea production period changing, it would be imperative to adjust management practices in order to adapt to the changing climate. With Assam as their research region, Duncan et al. (Duncan et al., 2016) discovered a negative association between rising monthly average temperatures and tea yield	Comment by Dinanath: You said two varieties, and three types of production, what are other different types? It is not clear in this paragraph. 
Climatic requirement for tea production	Comment by Dinanath: So, what is climatic requirement for tea production? 
The paragraphs do not provide information about climatic requirement for team production.
Over the past few decades, the major tea-producing countries—including China, India, Sri Lanka, and Kenya—have experienced a significant change in climate. Han et al. (2016) evaluated climate change in representative Chinese towns that cultivate tea at various latitudes, including Haikou, Kunming, Hangzhou, and Jinan. The results showed that the annual mean temperature and the extreme temperature have risen by 1.0-1.6°C and 2.1-3.8°C, respectively, over the past 50 years. Although there were noticeably more hot days with temperatures exceeding 35°C, especially in Hangzhou city, the peak temperature did not differ greatly. The annual precipitation showed no observable fluctuation. The number of wet days (>0.1 mm) and the atmospheric relative humidity, on the other hand, both declined by 6.7-13.2 days and 3.3-9.4%, respectively, over the same time frame. Sunlight hours decreased as well, from 207.1 hours and 56.3% of the year in 1950 to 158.0 hours and 42.9 percent in 2010.
Climate plays a vital role in the overall well-being of people and socioeconomic development. According to the IPCC's 2013 report, human activity is mostly to blame for the temperature rising by 0.89 degrees Celsius between 1901 and 2012 (with a range of 0.69 to 1.08 degrees Celsius). The biggest annual mean maximum temperature increase, with a gain of +0.06°C each year, was recorded in Himachal Pradesh, according to the IMD study from 2013. As highlighted by Attri and Tyagi in 2010, the average rainfall in Himachal Pradesh has also been on the decline. Additionally, research on rainfall patterns in the tea-growing regions of Himachal Pradesh, based on data from 37 stations, has revealed a significant decrease in both the amount of rainfall and the number of rainy days, as reported by Jaswal et al. in 2015.The tea industry heavily relies on stable weather conditions for production, which is a cause for concern among tea growers. Stephens et al. (1992) identified several environmental factors, including temperature, air moisture levels, plant and soil water availability, rainfall, and evaporation, as key influencers of tea shoot growth. The challenge of climate change is exacerbated by lesser research resources dedicated to understanding its impacts.
 Impact of climate change on Tea cultivation
Cclimate change impact on Kangra tea production are significant and require attention to ensure the sustainability of this renowned tea variety. Studies have shown that changing climatic conditions, including alterations in temperature, rainfall patterns, and increased occurrence of pests and diseases, pose challenges to tea cultivation in the Kangra Valley. Higher temperatures can lead to heat stress and affect the physiological processes of tea plants, while shifts in precipitation patterns can disrupt the water availability and nutrient balance. These changes can have adverse effects on tea yield, quality, and flavor. Additionally, the increased prevalence of pests and diseases under changing climatic conditions further threatens the productivity and profitability of Kangra tea. It is essential to address these impacts through adaptive measures and sustainable practices to maintain the resilience and long-term viability of Kangra tea production (Bhardwaj et al., 2021). Verma et al. (2016) examined the effects of climate change on the production of tea by analyzing 20 years of climate data from Kangra and comparing it to the production of tea and the results revealed that there is a great variability in climate.	Comment by Dinanath: Reference? Which studies?	Comment by Dinanath: Can you quantify this temperature? What is threshold temperature of heat stress?	Comment by Dinanath: And what about tea production?  The paragraph is about ‘impact of cc on tea production but you are talking about climate change only. Where you talk about impacts in previous sentences, there is no reference. Good to improve. 
Ii. Altered precipitation patterns and water availability
Kangra tea production may be significantly impacted by altered precipitation patterns and water availability. The Kangra Valley's tea farming may be impacted by changes in rainfall patterns, including variations in timing, intensity, and distribution of precipitation. Rainfall that is too little or too much during key growth stages can have an impact on the health, yield, and growth of tea plants. Tea cultivation depends heavily on the availability and management of water. Changes in precipitation patterns can affect the water supply, causing water stress and irrigation problems. In order to develop suitable water management strategies and irrigation techniques to ensure sustainable tea cultivation in the face of changing climate conditions, it is imperative to research the effects of altered precipitation patterns on Kangra tea production (Jaya singh et al. 2019; Pant and Aggarwal, 2019; Bhardwaj et al., 2021).	

ii. Rising temperatures and heat stress on tea plant
Rising temperatures and heat stress can have significant impacts on Kangra tea plants. As temperatures increase, tea plants become susceptible to various physiological and metabolic changes that can negatively affect their growth and development. High temperatures can lead to heat stress, causing reduced photosynthetic activity, impaired nutrient uptake, and increased water loss through transpiration. These factors can result in decreased tea yield and compromised quality. Studies have highlighted the importance of understanding the impacts of rising temperatures on Kangra tea plants and developing strategies to mitigate heat stress, such as implementing shade management techniques, optimizing irrigation practices, and selecting heat-tolerant tea cultivars (Bhattacharya and Basu, 2019).	Comment by Dinanath: Reference?	Comment by Dinanath: What is temperature rise in Kangra tea production areas? Is that above the heat tolerance threshold?
There is more argument and less facts presented. Needs improvement.
iii. Increased pest and disease pressure
     The pProduction of Kangra tea faces many challenges due to insect and disease pressures. Climate change can affect the prevalence, distribution, and intensity of pests and diseases, which can have an effect on the health and productivity of tea plants. Increased humidity, shifting rainfall patterns, and rising temperatures can all contribute to the spread of pests and illnesses. Common pests and diseases that can harm tea crops include blister blight and gray blight as well as the tea mosquito insect, red spider mite, and tea green leafhopper. It is crucial to study the impacts of climate change on pest and disease dynamics in Kangra tea production to develop effective integrated pest management strategies, disease control measures, and cultivar selection for enhanced resilience (Bhattacharya and Basu, 2019).	Comment by Dinanath: Wasn’t it earlier before the climate change was noticed? How is disease/insect outbreak linked to temperature rise/cc?	Comment by Dinanath: Above you argued there may be challenges due to insect. Here, you say need for study. Looks disconnected. Would be helpful if you bring some facts.
The variability in tea production due to climate change can lead to market volatility. Prices may fluctuate as a result of reduced yields or quality, affecting the income of tea producers and the stability of the tea industry. Tea production is a major source of livelihood for many communities, especially in developing countries. Climate causing disruptions in tea production can have social and economic consequences, including job losses and reduced income for tea workers.          
Table.1 Impact of climatic parameters on tea production of Kangra valley
	Parameters	Comment by Dinanath: Data source? 
Cite properly if from somewhere as you said it is ‘review’. I assume it is not data from you own research now. If it is from your previous study, cite it properly. 
	Max Temp.
(ºC)
	Min Temp. (ºC)
	Rainfall
(mm)
	Sunshine hours
(hrs/day
	 Tea 
Production (Kg/ha)

	Max temp.
(ºC)
	1
	 
	 
	 
	 

	Min Temp. 
(ºC)
	-0.24
	1
	 
	 
	 

	Rainfall
(mm)
	-0.77
	-0.18
	1
	 
	 

	Sunshine hours
	0.17
	0.35
	-0.63**
 
	1
	 

	Tea production
	0.49**
 
	-0.24
	0.30
	0.001
	1

	**Correlation is significant at the 0.01 level (2-tailed)


It is evident from the Table.1 that temperature and rainfall widely influence the growth and development of tea crop. Sudden rise in temperature or rainfall affects the production of tea crop. The Pearson correlation analysis showed that maximum temperature (0.01 level), rainfall (0.30) and sunshine hours (0.001) had a positive relationship with tea production. Minimum temperature had negative relationship with tea production. These factors collectively contribute in fluctuations in production and quality of tea, affecting farmer’s income and economic outcomes. The results are in confirmation with the observations of Verma et al. (2016) who also recorded an increasing trend of maximum temperature and rainfall due to which tea production, phenophases of crop, quality also get affected. 
Other constraints in Kangra tea	Comment by Dinanath: The constraints mentioned below must be supported by factual evidence – references as this is the review paper. 
1. Climate Variability: Kangra Valley experiences unpredictable weather patterns, including heavy rainfall during the monsoon season and cold winters. Sudden temperature drops or excess moisture can damage tea bushes and affect tea quality.
2. Limited Land Availability: The Kangra Valley has limited land suitable for tea cultivation, and this can restrict the expansion of tea estates and production capacity.
3. Labour Shortages: Tea cultivation and processing require a significant amount of manual labour, especially during plucking seasons. Labour shortages can lead to delays in plucking and processing, which can impact the quality of the tea.
4. Infrastructure and Technology: Lack of modern infrastructure and technology can hinder efficient tea processing and storage, leading to quality degradation.
5. Market Access: Access to markets, both domestic and international, can be a challenge for Kangra tea producers. Marketing and distribution networks may be limited, affecting the reach and profitability of the tea.
6. Price Volatility: Tea prices can be highly volatile, and fluctuations in prices can affect the profitability of tea production. Producers may struggle to secure stable and fair prices for their tea leaves.
7. Competition: Kangra tea faces competition from other tea-producing regions in India and other countries. Maintaining a competitive edge in terms of quality and branding can be challenging.
8. Environmental Concerns: Sustainable and organic tea production is becoming increasingly important. Balancing productivity with environmental sustainability can be a constraint for some tea producers.
9. Regulatory Issues: Adherence to quality standards, labour laws, and environmental regulations can pose challenges for tea producers. Meeting these standards while remaining economically viable can be a constraint.
10. Economic Factors: The economic conditions of tea workers and small-scale tea growers can be a constraint, as they may lack access to credit and resources needed for investment in their tea gardens.
To address these constraints and ensure the sustainability of Kangra tea production, stakeholders, including government bodies, tea associations, and individual tea estates, may need to collaborate on initiatives related to research and development, infrastructure improvement, pest and disease management, and marketing strategies. Additionally, adopting sustainable and environmentally friendly practices can help mitigate some of the challenges associated with Kangra tea production.

Conclusion
The future of Kangra tea production faces significant challenges due to climate change, including rising temperatures, altered precipitation patterns, and changing pest and disease dynamics. To ensure its resilience and sustainability, adaptation strategies are crucial. These strategies encompass cultivar selection and breeding for climate resilience, agronomic practices to enhance plant health and productivity, irrigation management techniques for water-stressed conditions, shade management to mitigate heat stress, and integrated pest and disease management approaches. Ongoing research and innovation play a key role in developing climate-resilient tea varieties and improving cultivation techniques. Policy support and collaboration among stakeholders are essential for promoting sustainable tea production through climate-smart policies, research and development initiatives, and knowledge-sharing efforts. Despite the challenges, Kangra tea has opportunities for market differentiation and geographic branding, capitalizing on its unique flavor profile and Geographical Indication status. By implementing these strategies and seizing market opportunities, Kangra tea can navigate the evolving environmental uncertainties and secure a sustainable future.	Comment by Dinanath: Good point but it is yet to properly discuss in above sections.	Comment by Dinanath: Which cultivar/s can adapt to rising temperature and shifting RH? Discuss in above sections. Then, it is logical to conclude here.	Comment by Dinanath: Too general conclusion. I could not find supporting analysis in the above sections.	Comment by Dinanath: You conclusion looks from outside of your review. How and where did you draw this conclusion? Please revise conclusion limiting and focusing to your review above. 
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