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ABSTRACT

India's coffee sector occupies a unique place in global coffee production because of its two-crop agroecologies (shade-grown
arabica and robusta in traditional estates and more sun-exposed plantations), its small-holder dominated supply chain and
strong institutional support for research and extension. Over the last decade (2015-2025) scientific work in India has
expanded across varietal improvement, integrated pest and disease management, climate-resilient agronomy, postharvest
processing and specialty coffee quality, mechanization and farm-level digitalization and value-chain and sustainability
assessments. Despite clear progress such as development and dissemination of improved cultivars, advances in disease
detection and management and innovations in fermentation and sensory optimization Indian coffee faces persistent
constraints: climate variability, coffee leaf rust and other pests, ageing plantations and labour shortages, limited
mechanization uptake and a mismatch between research outputs and smallholder adoption. This review synthesizes recent
advances, examines current constraints and outlines priority opportunities for research, policy and industry partnerships to
put Indian coffee on a climate-resilient, quality-focused and farmer-inclusive trajectory. Key recommendations include
accelerated breeding for climate and pest resilience, expanded on-farm mechanization and value-added processing, stronger
on-farm digital advisory systems, quality-driven market linkages for specialty coffees and integrated sustainability metrics to
guide low-carbon coffee production.
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Introduction

Coffee in India is cultivated mainly in the southern states
and in selected hill tracts; production is dominated by the
southern state of Karnataka and important districts such as
Chikkamagaluru and Kodagu. National institutions such as
the Coffee Board of India and Indian Council of Agricultural
Research have driven decades of varietal development,
extension and support schemes, but the sector today is
navigating rapid technical and climatic shifts. Recent
scholarly and applied research (2018-2025) has emphasized
(@) breeding and varietal deployment, (b) detection and
management of new and re-emerging pests and diseases, (c)
climate-adaptive agronomy and water management, (d)
postharvest processing improvements and specialty coffee
development, (e) mechanization and digitalization for
smallholdings and (f) sustainability metrics and market
transformation. This review collates advances in each
domain, provides data-driven snapshots and identifies
bottlenecks and research priorities that can accelerate
evidence-based transformation of Indian coffee systems.
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1. Production snapshot and trends

India is a mid-tier global producer with distinct arabica and
robusta production niches. Official production statistics and
post-blossom estimates published by the Coffee Board of
India provide the most reliable subnational breakdowns.
Table 1 summarizes a recent production snapshot drawn
from official estimates (final 2024-25 and post-blossom
2025-26). These numbers emphasize the continuing
dominance of traditional coffee districts while showing
modest year-to-year variation driven by weather and harvest
conditions.

Production trends show: (i) continued prominence of
traditional shaded, estate-grown arabica; (ii) expansion of
robusta in certain regions and adoption of high-density
planting; (iii) year-to-year sensitivity to rainfall patterns and
temperature anomalies. These structural features shape
research priorities (breeding for stability, improved water
management and pest resilience).
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Table 1: Representative production snapshot (selected
states/districts, metric tonnes)

Post-blossom
estimates 2025-

Final estimate
2024-25 (MT)

Region / District

26 (MT)
Karnataka - 91,400 104,515
Chikkamagaluru
Karnataka — Kodagu 121,600 130,585
Karnataka — Hassan 43,000 45,175

2. Varietal improvement and genetics

Breeding and varietal deployment remain central to Indian
research. Historically, selections such as SLN-795 (among
Arabica) and several robusta selections have been widely
used because they combine acceptable cup-quality with
field-level disease tolerance and adaptability. Over the last
decade, Indian programs have emphasized: (a) development
of clones/varieties with combined traits (drought tolerance,
disease resistance and vyield stability); (b) accelerated
evaluation protocols; and (c) genomics-informed selection
for key traits.

Recent contributions include characterization of germplasm,
marker-assisted selection efforts and participatory varietal
testing involving estates and smallholders. However,
challenges remain: the long juvenile period of coffee slows
breeding cycles; the necessity of multi-environment trials
across steep elevation and microclimate gradients; and trade-
offs between yield and cup quality. Advances in molecular
tools, faster phenotyping platforms and seedling nurseries
with standardized screening protocols promise to shorten the
pipeline for releasing better-adapted cultivars.

3. Pests and diseases: detection, epidemiology and
management

Pest and disease management has seen intensive research
because outbreaks can rapidly negate yield gains. A salient
example is coffee leaf rust (CLR; Hemileia vastatrix), which
remains a principal threat worldwide and in India. Recent
Indian and international work has focused on early detection
through image-based tools, remote sensing and machine
learning for rust spot recognition, combined with integrated
cultural practices (pruning, sanitation), biological control
agents and judicious fungicide application. A 2024 open-
access study demonstrated automated detection methods that
can support real-time pruning decisions and targeted
interventions important for reducing fungicide use and
limiting spread. Beyond CLR, research on pests like white
stem borers, root-knot nematodes and berry borer is
increasing. Integrated Pest Management (IPM) frameworks
adapted to Indian smallholder contexts combining
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pheromone-based traps, biological agents and landscape-
level strategies are being tested, though adoption remains
uneven because of labour, cost and knowledge gaps.

4. Climate change impacts and adaptation

The sensitivity of coffee phenology and yield to temperature
and water availability has placed climate research at the
forefront. Recent assessments indicate that suitable area for
arabica and robusta may shift under warming scenarios;
yields and quality can decline if temperature and
precipitation regimes change beyond cultivar tolerances.
Indian-focused studies have documented physiological stress
responses (reduced photosynthesis, altered flowering and
bean fill) under high temperature and drought. They also
modelled spatial contractions of suitable production zones
and stressed the need for climate-smart adaptation: shade
management, drought-tolerant genotypes, water harvesting
and precision irrigation and relocation of plantation layouts.
A 2025 policy/review also argued for coupling physiological
studies with trade and export competitiveness analyses to
quantify economic risks and inform adaptation investments.
Overall, the climate agenda pushes research toward system-
level responses that combine genetics, agroforestry, water
management and economics.

5. Agronomy, soil health and water management

Contemporary agronomy research in India has prioritized (a)
optimizing shade and shade tree composition to balance
microclimate buffering and yield, (b) nutrient management
and soil organic matter rebuilding to reverse ageing
plantation declines and (c) water conservation approaches
(mulches, micro-catchments, drip irrigation and efficient
fertigation). Integrated Nutrient Management (INM) trials
adapted from other perennial crops are being tailored for
coffee these combine organic manures, biofertilizers and
targeted mineral fertilizer to improve soil biology, root
health and bean quality. Studies emphasize long-term soil
carbon accrual in shade-based systems and the importance of
addressing  nutrient  imbalances  (particularly  for
micronutrients) that affect flowering and cup profile.
Mechanized planting, mulching equipment and small-scale
drip systems have been piloted to reduce labour dependence
and improve water use efficiency.

6. Postharvest processing, fermentation and specialty
coffee science

Postharvest science is one of the most dynamic research
areas because processing directly shapes cup quality and
varietal value. Indian research has focused on improvements
across the chain: cherry harvesting and sorting, depulping
technology, controlled fermentation, drying protocols and
on-farm cupping and quality standardization. Scientific
advances include microbial and biochemical characterization
of fermentation (identifying pectinolytic bacteria and yeasts
that influence aroma precursors); controlled/semi-controlled
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fermentation methods to consistently optimize flavor; and
precision drying to avoid defects and preserve volatile
compounds. These approaches have contributed to a rise in
Indian specialty coffees that appeal to international and
domestic premium markets.

Research has also explored innovations such as anaerobic
fermentation, yeast starter cultures and sensory-guided
process adjustments. The result is better scientific
underpinning for the artisanal practices used by many
specialty producers in Karnataka and other producing
regions. Strategic dissemination of process control tools
(e.g., affordable moisture meters, digital fermentation
logbooks) helps smallholders capture more value.

7. Mechanization, farm labor and digital technologies

Labour shortages and ageing estates have driven interest in
mechanization and labour-saving innovations.
Mechanization research has targeted selective harvesting
aids, motorized harvesters for sloped terrains, terrace-
adapted tools and small-scale de-pulpers suited to farmer-
collectives. Mechanization schemes supported by national
programs (and by the Coffee Board of India under
development support) are trying to bridge the gap between
technology availability and smallholder affordability.

Parallel to physical mechanization, digital decision-support
systems (mobile advisories, weather-smart notifications,
rust-detection apps) are being trialed to deliver timely
agronomic and pest alerts. Remote sensing and UAV-based
monitoring for canopy vigor, water stress detection and
disease hotspots are increasingly used in experimental plots,
though scaling remains a challenge because of data costs,
digital literacy and service models. News and industry
reports indicate the Coffee Board is actively promoting
mechanization and market linkages to strengthen domestic
consumption and value addition.

8. Sustainability, carbon footprint and environmental
metrics

Greenhouse gas (GHG) accounting and sustainability
metrics are now being applied to coffee production systems.
Lifecycle analyses indicate hot spots often occur off-farm
(roasting, transportation), but on-farm practices shade
management, fertilizer regimes and drying fuel sources also
influence carbon footprints. Recent LCA studies applied to
coffee (global and regionally adapted) quantify carbon costs
per kg of green coffee and highlight mitigation potential via
renewable energy for processing, soil carbon sequestration
in well-managed shade systems and improved transport
logistics. These analyses are critical for market positioning
of Indian coffees in premium and carbon-conscious markets.
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9. Value chain, markets and policy instruments

The structure of India’s coffee value chain a mix of estates,
smallholders and trader cooperatives shapes research uptake.
There has been a policy push toward value addition and
domestic consumption: the Coffee Board of India has
promoted market development, export promotion and
schemes that finance mechanization, extension and
processing infrastructure under its recent program modules.
Expansion of retail outlets and franchise plans aims to
stimulate domestic demand and provide alternative
marketing channels for growers. However, the translation of
research (e.g., specialty coffee protocols, sustainable
certifications) into higher farm-gate prices depends on robust
aggregation, quality control and consistent supply chains.

10. Constraints and bottlenecks
10.1 Climate and environmental shocks

Erratic rainfall, heat stress and localized droughts have
increased yield variability and raised the urgency for
climate-proofing strategies. Modelled reductions in suitable
production area under high-warming scenarios create long-
term strategic risk for arabica-dominant belts. Adaptation
requires multi-disciplinary research and coordinated policy
incentivization.

10.2 Pests and disease pressures

CLR and other pests necessitate continuous investment in
detection, IPM and deployment of tolerant varieties. The
latency of research-to-deployment cycles and inconsistent
adoption of IPM undermine control efforts.

10.3 Ageing estates and labour shortages

Many plantations are ageing with declining productivity;
labour shortages (and rising costs) hamper timely operations
such as selective harvesting, pruning and rehabilitation.
Mechanization is an opportunity but requires tailored design
for steep, shaded terrains.

10.4 Fragmented adoption of postharvest best practices

While specialty-focused farms have adopted controlled
fermentation and precise drying, many smallholders lack
access to co-operative processing units, moisture meters, or
quality-based price signals. This keeps value capture low for
many producers.

10.5 Financing, market linkages and extension gaps

Finance for replanting, mechanization and processing
infrastructure is limited for smallholders. Extension systems
need scaling via public—private partnerships and farmer
organizations to disseminate research outputs effectively.
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11. Opportunities and research priorities

Priority 1: Accelerated breeding and seed systems: Use
genomic selection, speed-breeding-like protocols (where
feasible) and decentralized nurseries to shorten release
cycles for climate- and pest-tolerant cultivars. Link breeders
with quality scientists to safeguard cup traits.

Priority 2: Integrated climate-smart packages: Combine
shade optimization, targeted irrigation and soil-health
interventions into locally adapted packages that are tested
through multi-season trials.

Priority 3: Scalable mechanization and labor solutions:
Design low-cost, terrace/ slope-adapted harvest and pruning
tools; deploy service-provider models that allow
smallholders access to machinery without heavy capital
outlay.

Priority 4: Value-chain and processing hubs: Expand
community-level wet mills and quality labs; train farmer
groups in controlled fermentation and sensory evaluation to
secure specialty premiums.

Priority 5: Decision-support and early warning systems:
Scale rust-detection apps, weather-based advisories and
digital marketplaces to accelerate adoption and quality-
driven marketing.

Priority 6: Sustainability and traceability: LCA-informed
interventions and certification pathways (including carbon
and biodiversity co-benefits) can unlock higher prices and
climate finance.

12. Translational pathways: from experiment to field

To translate research into on-farm impact, mechanisms must
bridge three gaps: (1) demonstration and farmer
participatory trials; (2) finance and service models for
uptake of technologies; and (3) market linkages that reward
improved quality and sustainability. Public institutions (e.g.,
Coffee Board of India and research stations under the Indian
Council of Agricultural Research) can play catalytic roles,
but private-sector aggregators, roasters and international
specialty buyers must be engaged to create demand-side pull
for quality and sustainability investments. Policy incentives
such as targeted subsidies for replanting with resilient
cultivars, mechanization support and climate insurance will
improve the economics of adoption.

13. Case studies and illustrative research highlights

e Disease detection and targeted pruning: A 2024
open-access study showed that image-based detection
methods can enable timely pruning to slow CLR spread,
demonstrating an operational pathway for integrated
field interventions. This illustrates how digital tools can
make IPM more actionable in estates and large
smallholder clusters.
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e Fermentation science for specialty coffee: Studies
profiling fermentation microbiomes and biochemical
markers have provided repeatable process parameters
(temperature, duration, aerobic/anaerobic control) that
Indian specialty producers are using to standardize cup
profiles. These scientific protocols are being adapted to
small-scale setups.

e Market and policy traction: Coffee Board policy
modules (research, mechanization, export promotion)
and recent moves toward expanding domestic retail
channels indicate a system-level attempt to boost
consumption and increase value capture domestically.
These policy levers can amplify research impact when
aligned with extension.

14. Future research directions

1. Multi-environment phenotyping networks across

elevation and microclimates to identify stable
genotypes.
2. Translational pest surveillance networks that

integrate farmer reports, remote sensing and local
diagnostics.

3. On-farm randomized trials of mechanization service
models vs. traditional labour hiring to evaluate cost—
benefit for smallholders.

4. Farmer-centered postharvest hubs experiments that
combine quality control, processing training and market
aggregation.

5. Regional LCA studies that quantify mitigation
opportunities in Indian coffee supply chains and
prioritize intervention points for carbon reduction.

6. Socio-economic studies on adoption barriers (credit,
risk preferences, labour constraints) to design realistic
incentive schemes.

Conclusion

Research in Indian coffee over the last decade has created a
robust knowledge base across genetics, pest management,
processing science and sustainability assessment. Advances
in disease detection tools, process-controlled fermentation
and policy-level support for mechanization and value
addition open practical pathways to increase both
productivity and quality. Yet the sector faces structural
constraints climate risk, ageing plantations, pest pressures
and limited smallholder access to finance and mechanization
that will limit impact unless research is paired with service
models, market linkages and targeted policy incentives.
Future success will depend on integrated, farmer-centered
research that links genetics and agronomy with processing
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quality, robust extension and finance solutions and market
mechanisms that reward sustainability and specialty quality.
Coordinated action among research bodies, the Coffee Board
of India, producer organizations, private-sector roasters and
international buyers will be essential to realize the full
promise of Indian coffee research.
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