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Introduction

Tea is the most consumed beverage worldwide. The Camellia sinensis plant's cured leaves are simply prepared by
pouring hot water over them. In the third century AD, tea was first documented as a medicinal beverage in China. Its
expanded across continents all because of the vendors. The idea of afternoon tea was a diversion from daily life where
tea is served with sandwiches and baked goods like biscuits, was first popularized in Great Britain in the early 19th
century. Where tea leaves are harvested, how they are cultivated, and how they are processed all affect the tea's flavor.
The most popular tea in the world is black tea, which is followed by green, oolong, and white tea. (Harvard T.H. Chan
School of Public Health, Department of Nutrition 2023)

Whereas in the Indian tea industry the leaf was withered in open sun-light, hand-rolled, fermented on floors, dried
over charcoal fires, and trampled into the chests by barefoot workers. (John Bosco Lourdusamy, 2016)

One of the biggest tea cultivation hubs in India is Assam. The expansion of Assam's small tea industry illustrates the
difficulties faced by entrepreneurs in their efforts to transform the state's rural economy on a socioeconomic level. A
more cost-effective alternative to traditional offers that restrict farmers' profits is tea cultivation (Solidaridad Network,
2025)

During the British era, the Assamese tea industry performed admirably. For the first twenty years, the Assam Tea
Company, which operated out of districts in Upper Assam, dominated the production and cultivation of Assam tea.
(Parveen, A. & Debnath, N.2022)

)

(Niladri Gupta,2016)

Figurel: Map of Assam depicting the location of tea gardens from which tea yield data were obtained.
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2. Overview of Assam’s Tea Industry

2.1. Historical Development of Tea cultivation in Assam

Assam tea production started in the early century, when the native tea plant was found growing wild in the Assam region
of northeastern India which was looking for alternatives to Chinese tea imports. The first tea plantations were
established in Assam as a result of this discovery. (Pragyan Rajmohan, 2024)

2.2. Major Tea-Growing Regions

Each of India's major tea-growing regions—Assam, Darjeeling, Dooars-Terai, Kangra, Nilgiris, Wayanad, Karnataka,
Munnar, and Travancore—contributes in a different way to the nation's varied tea profile. Because of its low elevation,
rich alluvial soil, and frequent rainfall, Assam, the largest contiguous tea-growing region in the world, produces strong,
malty teas. Grown on steep Himalayan slopes, Darjeeling is highly valued worldwide for its delicate orthodox teas
with a muscatel flavour. Teas from Dooars and Terai are bright and full-bodied, shaped by fertile plains and heavy
rainfall. Himachal Pradesh's Kangra provides unique-tasting black and green teas from the foothills of Dhauladhar.
(Indian Tea Association,2017).
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Figure 2: Major Tea Growing States
2.3 Role of Tea in a Sustainable Food System

Reducing water waste, avoiding pesticides, and maintaining soil health are all important aspects of sustainable tea
farming. To ensure that production benefits both people and the environment, many ethical tea brands collaborate
with small-scale organic farmers.

By assisting sustainable growers, tea companies lessen deforestation, stop soil erosion, and preserve biodiversity. This
promotes long-term agricultural viability and healthier ecosystems. (Holly Schaeffer, February2025)
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3. Climate Change Trends in Assam

3.1 Temperature and Rainfall Pattern Changes

As examined the variations in temperature and seasonal rainfall in seven states in northeastern India. Results show
notable shifts in the climate, including rainfall and maximum and minimum temperatures. Seasonal monsoon rainfall
has significantly decreased, with the exception of Mizoram. The temperatures have significantly increased, though
the degree of this warming varies by state and time period. The temperatures are clearly rising, according to
temperature trends. We also used the Autoregressive Distributed Lag model to investigate how climatic factors
affected Assam's agricultural output, taking into account the state's reliance on agriculture. It demonstrates that while
temperature has little effect on food grain production in Assam, rainfall has a significant impact. (Chetia, J., & Chetia.
M, 2025)
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Figure 3: Temperature and Rainfall Pattern Changes

3.2 Impact on climate trends on tea food system

Although tea can be grown in a variety of climates, it does particularly well in the high, subtropical mountains of
China, India, and Sri Lanka, as well as in the monsoonal regions of Northeast India. Due to increased soil erosion and
increased disease resistance, climate change is predicted to reduce both the quantity and quality of tea. The plant's
secondary metabolites, which are essential to the flavour of tea, are also impacted by temperature changes.

Tea is naturally adapted to thrive in partial shade because it was once an understory plant in tropical rainforests.
Growth slows when temperatures fall below 13°C or rise above 30°C; ideal temperatures are between 18 and 25°C. As
temperatures get closer to their ideal range, shoots grow more quickly; however, once the temperature rises too high,
they grow more slowly. Branching, stem thickness, leaf expansion, and shoot growth can all be further inhibited by
water stress.

(Mohammedsani Zakir,2018)
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Climate Change Impacts on the Food System

Impacts on Agriculture
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Figure 4: Climate Change Impact on the Food System

4. Types of Climatic Risks Affecting Assam Tea Production
4.1 Influence of Seasonal Variability on Production and Supply

In Northeast India, tea is a significant cash crop that sustains a large number of people's livelihoods. However, due to
its extreme climate sensitivity, tea is susceptible to climate change. Researchers investigated the effects of monthly
temperature, rainfall, drought intensity, and precipitation variability on tea yield using statistical models at the garden
level. The findings demonstrate that yields decrease as monthly temperatures rise, with temperatures above 26.6 °C
having a particularly detrimental effect. High rainfall variability, particularly heavy precipitation events, decreased
yields, but drought intensity had no discernible impact. In general, rising average temperatures predicted by global
warming are likely to reduce tea productivity. Both short-term and long-term adaptation benefits can be obtained by

taking steps to lessen plantations' sensitivity to heat and rainfall variability. (Duncan, John; Saikia, S.D.; Gupta,2016)
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Figure 5: Trend of mean seasonal and annual rainfall in the Upper Brahmaputra Valley Zone
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4.2 External Influences: Logistics, Sustainability Pressure, Seasonal Risks

Through the policy, the Assamese government hopes to develop strategic logistics infrastructure in the state using a
mission-mode approach. The policy will concentrate on enhancing the infrastructure and efficiency of logistics in
important industries like food processing, bamboo, sugar, jute, plastics, pharmaceuticals, including hardware and
software development, textile, engineering, rubber, automobile, tourism, and hospitality. (Assam Logistics and
Warehousing Policy, 2022)

The decline in air quality in Assam's growing cities is mostly due to rapid urbanization. in regions where migration
is high. Nitrogen oxide levels and population density were found to be strongly correlated, suggesting that the number
of people living in a small area increases air pollution. (Avdhesh Singh,2025)

5. Impact of Climatic Risks on Assam Tea Cultivation

5.1 Effect on yields and leaf quality

Large tea estates in Assam are often accompanied by small tea gardens. Since good high land isn't always available,
many small farmers plant tea on land they already use for areca- nuts, oranges, or other crops, or on surplus, grazing,
or even government-allocated land. As more farmers start growing tea, it's getting harder to find suitable land. In order
to make room for tea, some farmers destroy existing crops like areca-nut, orange, paddy, or bamboo, which is bad for
the atmosphere.

When there is no free high land available, farmers in many areas of Middle and Upper Assam now plant tea alongside
their orange or areca-nut trees. This kind of mixed planting is now typical. Since the trees receive better care—such
as proper fertilization, drainage, and management—when grown alongside tea, growing tea in areca-nut gardens
frequently even increases areca-nut yield.

For small tea growers in Assam, multi-cropping tea with areca-nut or orange is now a popular and effective farming
technique. (Deepika Dutta Saikia,2021)

5.2 System-Wide Effects on Production, Demand, Traders, and Consumers

Many technological advancements in tea production and field operations have remained largely unchanged,
necessitating a large number of unskilled workers for plucking. A few corporations, including Unilever, Tata Global
Beverage, and Associated British Foods, which owns “Twinings”, dominate the global tea supply chain. These
businesses have sold the majority of their tea estates and switched to more lucrative tea blending, packaging, branding,
and retailing. Large estates have closed as a result, or management has changed. After being sold directly to tea
companies, the final tea is blended, branded, and packaged before being shipped to distributors and retailers. Itis clear
that blenders receive 33% of the final tea pricing, retailers receive 53%, and tea pickers receive a pitiful 1%, despite
the fact that workers perform the majority of the labour. Between 2012 and 2016, Assam's total tea production rose by
9%, but the number of gardens rose by 8% while the area planted to tea fell by 6%. As big businesses leave the
production sector, the average size of gardens is decreasing, suggesting fragmentation into smaller gardens and a
decrease in the area under cultivation.

(Kenichi Yokoyama, 2021)
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Figure 6: Distribution of key stakeholders in Assam Tea Cultivation

6. Adaptive Measures and Climate-Resilient Practices

6.1 Irrigation, Soil Conservation, and Water Management

Assam’s tea-growing regions benefit from the state’s rich network of rivers and streams flowing into the Brahmaputra
and Barak systems, which provide significant potential for supporting water needs in tea plantations. Although tea is
largely rainfed, access to surface and groundwater resources helps maintain soil moisture during dry spells, protecting
leaf quality and plant health. On sloping tea landscapes, effective water-management techniques—such as drainage
channels, controlled irrigation, and moisture-retention techniques—are crucial for preserving soil fertility and
preventing soil erosion. With Assam expanding its irrigation infrastructure across agricultural areas, tea gardens also
stand to benefit from improved water availability, better soil conservation, and more sustainable moisture management,
all of which contribute to stable yields and healthier tea bushes. (Irrigation Department Go,2024)
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Figure 7: Methods of Soil Conservation
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6.2 Systems Approach to Improve Production, Processing, and Supply Chains

Supply Chain 1: Single Tea Estate:

These tea growers share a factory and operate either independently or in conjunction with a few other gardens. Most
of them have their own way to sell tea or sell it at auction.

Supply Chain 2: Group Tea Estate:

These are larger businesses with multiple tea gardens; typically, each garden has its own factory, though occasionally
a few gardens share one. These larger businesses have their own methods of supplying and selling tea; they don't sell
at auctions.

Supply Chain 3: Small or Large Tea Growers

e Small tea growers don’t own factories and depend on nearby factories to process their tea.
o Sometimes, they sell their fresh tea leaves to other gardens.

o  After processing, they mostly sell tea through auctions but may also have their own selling networks.
(Partha Pratim Saikia and Prof Dr. Debomalya Ghose,2025)

Tea Supply Chain

Tea Bushes Pruning Plucking Green leaf Production

Finished Tea Drying Fermenting Rolling Withering Manufacturing
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: Consumer Distribution
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(Mrunal,2013)
Figure 8: Tea supply chain

7. Socio-Economic Dimension of Climate Risk

7.1 Impact on Workers and Small Growers

In 1978, Assam’s Minister of Agriculture, encouraged people to start small tea plantations. Entrepreneurs and farmers
across districts like Dibrugarh, Jorhat, and Sivsagar’s took up the challenge, planting tea on private land or
underutilized public grazing areas. This movement quickly spread across Upper Assam, helping marginal farmers and
smallholders improve their livelihoods, reduce poverty, and participate in the region’s tea economy. ( Aditya Gogoi,
2018)

In collaboration with stich Unilever Europe BV, Action of Food Production “Living Income Programme for Small
Tea Growers” inthe districts of Dibrugarh and Tinsukia supports growers by encouraging sustainable, economical, and
quality- focused tea cultivation. Soil testing - based plans, bio fertilisers and other organic matters, which reduces input
costs and improves yields and fine leaf counts. These actions demonstrated the efficacy of scientific with community-
based training to empower Assamese small tea growers by boosting farmers income and enhances - environmental
sustainability. (Dr. N.J. Kurian,2025)
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7.2 Consumer Behaviour, Market Demand, and Price Variability

In Assam, the price and profit patterns of organic tea farming differ from those of regular tea. A study of 156
participants—including organic tea growers, retailers, and village traders— examined how prices change along the
supply chain and how efficiently the tea is marketed. Four marketing channels were identified by the study, ranging
from straightforward consumer sales to more intricate routes involving retailers and traders. The results showed that
selling directly to consumers is the most efficient method for both green and black organic tea, while the channel
where growers sell to village traders who then sell to consumers is the second most efficient. Particularly for green
tea, the channels involving traders and retailers had similar low efficiency scores. (Manuranjan Gogoi, Purabi Gogoi,
Pranjal Protim, Buragohain and Khirod Kumar, 2025)

8.Conclusion

The review of Indian scenario of tea in terms of area, production, productivity indicate overall increase in the quality
of tea. Presently, India is the second largest producer of tea and also the second largest consumer in the world. The
tea Plantation belt of India includes Assam, West Bengal, Karnataka, Tamil Nadu and Kerela. (Rohan, 2019)
Assam’s tea cultivation relies heavily on Small Tea Growers, who number 68,465, with 94% concentrated in five
upper Assam districts — Dibrugarh, Tinsukia, Jorhat, and Golaghat. Between 1995 and 2005, the sector's growth
peaked, with Tinsukia and Dibrugarh leading the way. The Small Tea Growers manage around 117,000 acres, mostly
small holdings: 87% under three acres. Most plantations are relatively, with 67% of tea bushes under ten years old,
contributing to a rejuvenated landscape. About 400 million kilograms of tea are produced by the small tea growers
collectively, accounting for 20% of Assam's total production. Dibrugarh and Tinsukia have the highest productivity,
particularly on smaller holdings.

Despite their contribution, The - small tea growers encounter institutional and economic challenges green leaf prices
surpass Rs. 13 per kilogram, The- price-sharing regulations are not strictly enforced, credit availability is restricted,
and involvement in Tea Board programs is restricted. Factory linkages are weak, with only 4,920 small tea growers
directly connected, and many rely on agents, often traveling over 10 Kilometer to sell leaves. While gardens produce
over million kilograms of made tea, sometimes using leaves from nearby states, Bought Leaf Factories produce tea
but only offer marginal prices.

These patterns show that Assam’s tea sector is productive and strategically important but constrained by small
holdings, low profitability, and weak educational support. Targeted policies, improved credit access, better market
integration, and infrastructure development are essential to sustain growth and enhance the livelihoods of small
growers in the region. (Ravi Capoor,2025)

Recommendation

e Assam tea cultivation helps workers' livelihoods, focus groups were conducted in eighteen tea gardens
throughout Assam. Using an adapted Delphi technique, workers identified factors affecting their lives, which
were categorized into human, physical, natural, financial, and social assets following DFID’s guidelines.
There were an equal number of male and female participants in all 36 sessions.Trained moderators ensured
neutrality and consistency, with sessions conducted in Assamese, Bengali, and English. A welcoming
atmosphere for candid conversation was created by the volunteers' time and refreshments. (Eloise M Biggs,
Niladri Gupta, Sukanya D Saikia, John MA Duncan,2018).

e The Government of Assam Promotes Tea Tourism. Few tea industry are involving into Tea tourism by the
help of benefit the Tea Tourism Policy of Government of Assam. Experiencing like golf, nature tours, forest
hikes, and tea tasting are all parts of Assamese tea tourism. Visitors can explore heritage bungalows, tea
factories and wildlife footprints, celebrating the co-existences of the tea gardens. Assam’s tea estates are ideal
for eco-tourism, cultural tourism, showcasing the region’s rich cultural heritage. (Anonymus,2017)
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