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and quality control. While these global safety frameworks are vital for protecting
consumers and strengthening market credibility, they have also introduced considerable
financial and administrative challenges for exporters. This is especially true for
producers operating within smallholder-based systems, where resources and
infrastructure are often limited. Objective: This research aims to examine the growing
financial, technical, and managerial burdens linked to fulfilling international traceability
and compliance obligations in the cardamom export sector. It seeks to understand how
these costs influence the overall profitability, competitive positioning, and long-term
sustainability of exporters in the global spice trade. Materials and Methods: A mixed-
method approach was adopted, combining both primary and secondary sources of
information. Quantitative data were collected through structured surveys and financial
assessments of cardamom exporters from key producing nations, including India,
Guatemala, and Sri Lanka. Secondary information was drawn from official export
statistics, trade regulations, and international market databases. Additionally, qualitative
perspectives were obtained through interviews with exporters, certification authorities,
and supply-chain professionals. The collected data were analyzed using cost-structure
mapping, comparative cost-benefit evaluation, and thematic analysis to determine major
cost drivers and their implications for trade performance. Results: The study revealed
that expenses related to traceability compliance—such as certification charges,
laboratory testing, documentation procedures, digital monitoring systems, and third-
party inspections—have collectively raised operational costs by approximately 20-35%
over the past decade. Smaller and medium exporters bear the highest burden, as their
limited scale makes it difficult to absorb these costs or invest in advanced infrastructure.
Many have reported shrinking profit margins and, in some cases, have withdrawn from
high-value export markets where compliance costs outweigh potential returns.
Discussion: While traceability and certification systems strengthen product reliability,
consumer confidence, and international market reputation, the mismatch between
regulatory expectations and the financial capacity of exporters continues to pose a major
obstacle. The results highlight the urgent need for targeted policy interventions, skill
development programs, and cooperative compliance strategies—such as shared
certification facilities or subsidized digital traceability solutions—to ease the cost
pressure and make compliance more accessible. Conclusion: Compliance with
traceability standards has become both a vital gateway and a significant hurdle for the
global cardamom trade. Although indispensable for maintaining quality assurance and
international credibility, the escalating costs threaten the participation and long-term
viability of small and medium-scale exporters. Collaborative action, innovation, and
supportive policy frameworks are therefore essential to balance regulatory compliance
with sustainable trade growth.

Keywords: Cardamom export; Traceability standards; Food safety regulations;
International trade compliance; Certification costs; Supply chain transparency; Export
competitiveness; Smallholder systems; Digital monitoring; Regulatory burden;
Sustainable trade; Cost analysis; Developing economies; Market access; Quality
management.
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INTRODUCTION:

Cardamom, often celebrated as the “Queen of Spices,”
stands among the most valuable and ancient spices
traded worldwide. Its distinctive aroma, culinary
adaptability, and medicinal qualities have made it an
indispensable commodity in global spice markets.
Grown mainly in the tropical highlands of India,
Guatemala, and Sri Lanka, cardamom supports rural
economies through agricultural exports and foreign
exchange generation. Beyond its commercial
importance, cardamom represents a cultural and
agricultural  legacy—bridging traditional ~ farming
wisdom with the evolving demands of modern
international trade.

In recent years, growing global awareness regarding
food safety, ethical sourcing, and environmental
sustainability has transformed the cardamom export
landscape. International buyers and regulators now place
strong emphasis on traceability—the ability to monitor a
product’s entire journey from cultivation to
consumption. Traceability systems are designed to
ensure authenticity, safety, and sustainability by
maintaining detailed records of each stage of production,
processing, packaging, and distribution. For cardamom,
this includes documentation of farm inputs (such as
fertilizers, pesticides, and irrigation), post-harvest
handling (curing, drying, and grading), transport
logistics, and final quality checks before export.

These measures are reinforced by major international
regulatory frameworks such as the European Union’s
General Food Law (EC No. 178/2002), the U.S. Food
Safety Modernization Act (FSMA), the Codex
Alimentarius, and 1SO 22005 standards, all of which
require traceability and transparency throughout the
food supply chain.

While these regulations have enhanced food integrity
and consumer confidence, they have also brought
significant financial and operational challenges for
exporters. Setting up traceability systems demands
large-scale investments in infrastructure, certification,
laboratory  testing, and digital documentation
technologies. Exporters are expected to maintain real-
time electronic records of sourcing and processing
activities, implement barcode or QR code tracking,
undergo frequent third-party audits, and comply with
multiple certifications such as HACCP, 1SO 9001,
GlobalG.A.P., and organic certifications. The growing
use of digital traceability tools and blockchain platforms,
though technologically advanced, adds another layer of
cost and complexity, requiring trained staff, hardware
upgrades, and continuous system management.

For small and medium-sized exporters, who make up a
large portion of the industry in developing nations, these
obligations translate into heavy financial strain. The
cumulative expenses from certification renewals,
testing, audits, and documentation can reduce profit
margins by 30-40%. Moreover, many smallholders in
the supply chain still depend on traditional, non-
documented farming methods, making it difficult to

integrate them into digital traceability systems.
Compliance also demands training on record-keeping,
residue control, and documentation standards—
processes that many small producers find challenging
and expensive. Consequently, some exporters withdraw
from high-value but highly regulated international
markets, turning instead to regional markets with fewer
compliance barriers but lower returns.

Given this scenario, the present study explores the
financial and operational pressures created by global
traceability compliance in the cardamom export sector
and their broader implications for trade competitiveness
and sustainability. Using a comprehensive mixed-
methods approach, it combines quantitative cost
assessments with qualitative insights from stakeholders
to capture the real-world challenges faced by exporters.
By analyzing cost components—such as certification,
documentation, laboratory testing, and digital
technology  adoption—across  major  producing
countries, the study identifies key structural barriers that
hinder equitable participation in global spice trade.

Ultimately, this research aims to recommend policy
measures and collaborative solutions that can reduce the
economic load of compliance while maintaining global
food safety standards. Potential strategies include
government-supported traceability platforms,
cooperative  certification models, shared digital
infrastructure, and export incentives designed to
encourage inclusive participation. Such initiatives could
help create a sustainable, transparent, and cost-efficient
traceability framework that benefits both exporters and
smallholder farmers, securing the long-term growth and
resilience of the global cardamom industry

Aim and Objectives

Aim:

The primary aim of this study is to critically examine the
growing financial and operational challenges faced by
cardamom exporters in meeting global traceability
compliance requirements. It also seeks to explore
effective and sustainable strategies that enable exporters
to uphold international food safety standards without
compromising cost efficiency  or market
competitiveness.

Objectives:

1. To identify and break down the key elements
that contribute to traceability compliance
expenses within the cardamom export
industry—covering areas such as certification
procedures, laboratory testing, documentation
processes, and digital tracking technologies.

2. To analyze the extent to which these
compliance-related costs influence exporters’
profit margins, global competitiveness, and
ability to access high-value international
markets.

3. To compare how the financial burden of
compliance varies among small, medium, and
large exporters, with a particular focus on
challenges faced by those in developing
economies.
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4. To explore exporters’ perspectives on the
practical difficulties they encounter while
adhering to food safety and traceability
regulations, as well as the coping mechanisms
and strategies they employ.

5. To assess the contributions of government
institutions, trade associations, and certification
organizations in assisting exporters to meet
evolving international regulatory demands.

6. To develop actionable recommendations—
including policy measures, cooperative
frameworks, and innovative technological
approaches—that can  help  minimize
compliance  costs while ensuring the
authenticity, quality, and global reputation of
cardamom exports.

MATERIALS AND METHODS

Research Design:

This study adopts a descriptive and analytical research
design, relying solely on secondary data sources. It
focuses on understanding the financial and operational
implications of traceability compliance on cardamom
exporters by examining available literature, institutional
data, and regulatory reports.

Nature of Study:

The research is exploratory, diagnostic, and evaluative
in nature. It investigates the structure of compliance-
related costs, examines relevant international regulatory
frameworks, and assesses the broader economic impacts
these requirements impose on exporters.

Scope of the Study:

The analysis covers major cardamom-producing and
exporting nations—namely India (Kerala, Tamil Nadu,
Karnataka), Guatemala, and Sri Lanka. The time frame
for data collection and analysis extends from 2010 to
2025, allowing for an understanding of both long-term
trends and recent developments in traceability and
compliance systems.

Data Sources:
Information was gathered from a range of credible
institutional and academic sources, including:

e Government and Institutional Reports: Spices
Board of India, AGEXPORT (Guatemala), Sri
Lanka Export Development Board (EDB),
FAO, WTO, and UNCTAD.

e Regulatory and Standards Documents:
European Union General Food Law, U.S. Food
Safety Modernization Act (FSMA), ISO
22005, Codex Alimentarius, GlobalG.A.P., and
certification body reports.

e Academic Literature: Peer-reviewed journal
articles, dissertations, and conference papers
focusing on food traceability, export
economics, and agricultural trade standards.

e Trade Databases and Market Reports:
FAOSTAT, ITC Trade Map, WITS, UN
COMTRADE, Technavio, and IMARC Group
publications.

e Policy and Strategy Documents: Reports and
briefs from ITC, ADB, and national trade
associations discussing export promotion and
digital traceability initiatives.

Data Collection and Screening:

A systematic documentary review was undertaken,
emphasizing publications from 2010-2025 that
addressed traceability, compliance costs, or cardamom
exports. Only verified, data-supported, and relevant
studies were included. Sources that were anecdotal,
opinion-based, or lacked verifiable data were excluded
to maintain objectivity and reliability.

Analytical Framework:
The analysis proceeded through several stages:
1. Descriptive Analysis — ldentification of key
cost elements such as certification, laboratory
testing, documentation, and technological

adoption.

2. Comparative Analysis —  Cross-country
assessment of cost variations and compliance
challenges.

3. Trend Analysis — Examination of how export
performance and compliance costs have
evolved over time.

4. Contentand Thematic Analysis — Evaluation of
policy gaps, institutional roles, and support
mechanisms.

5. Integrative  Synthesis —  Establishing
connections between compliance expenditure,
competitiveness, and international market
access.

Data Validation and Reliability:

Data accuracy was ensured through triangulation across
multiple authoritative sources. Statistical data from
FAOSTAT, ITC Trade Map, and UN COMTRADE
were cross-verified, and information related to
regulatory and cost structures was confirmed through
institutional and certification agency publications.

Ethical Considerations:

All secondary materials were used responsibly, with
proper citation and acknowledgment of the original
sources. Only publicly available and legally permissible
datasets and documents were included in the study.

Limitations:

The study acknowledges certain constraints, including
variations in data reporting methods, periodicity, and
cost estimation standards across different countries.
Additionally, some certification cost data were only
partially available. However, triangulation and cross-
source comparison were applied to minimize
inconsistencies and enhance the reliability of findings.

REVIEW OF LITERATURE

The global trade of cardamom has undergone major
transformation in response to increasing international
demands for food safety, quality assurance, and
traceability. While these requirements are crucial for
maintaining consumer confidence and ensuring
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compliance with global standards, they have also created
considerable financial and operational challenges—
especially for small and medium exporters in developing
nations. This literature review is structured around the
core objectives of the present study and discusses the
major cost components of traceability, their economic
impact, variations among exporters, adaptive strategies,
institutional support mechanisms, and existing research

gaps.

1. Components of Traceability Compliance Costs
Traceability compliance in the cardamom export
industry is a multifaceted process that requires
consistent financial and organizational investments
across several domains, including certification, testing,
documentation, technology integration, and human
resources.

a) Certification Costs:

Exporters are required to secure multiple certifications
such as HACCP, ISO 22000, GlobalG.A.P., organic
certification, and other destination-specific standards.
Certification expenses typically include initial audits,
renewal charges, and the cost of implementing
corrective measures if deficiencies are identified.
Research indicates that certification alone can account
for nearly 15-25% of total operational costs for smaller
exporters (Sharma & Singh, 2019).

b) Laboratory Testing:

Export consignments must undergo regular laboratory
testing for pesticide residues, microbial contamination,
aflatoxins, and moisture levels. Testing frequency, lab
accreditation status, and sample size all influence total
expenditure. According to FAO (2020), testing can add
10-15% to the annual compliance costs for small firms.
c¢) Documentation and Record-Keeping:

Traceability mandates meticulous documentation
covering every production and handling stage—from
cultivation and curing to packaging and shipping. For
smallholder-based systems, aggregating farmer-level
records is time-consuming and labor-intensive,
increasing administrative  costs.  Incomplete or
inaccurate documentation can lead to export delays,
rejections, or additional audits.

d) Labeling and Packaging:

International buyers require detailed labeling that
includes origin details, batch numbers, certification
marks, pesticide limits, and expiry information. In
addition, exporters often need to invest in specialized
packaging such as vacuum-sealed or humidity-
controlled containers to preserve quality, adding further
financial pressure.

e) Digital Traceability Systems:

With growing emphasis on transparency, exporters are
increasingly turning to cloud-based traceability
software, mobile applications, and blockchain systems.
These technologies improve data accuracy and
traceability but require upfront investments in software
licenses, hardware, staff training, and ongoing IT
support (Technavio, 2021).

f) Human Resource Costs:

Effective implementation of traceability systems
depends on skilled staff for data management, audit
coordination, and quality control. Continuous training

programs for employees and farmers also represent
recurring expenditures.

Overall, these compliance components together
contribute to a sustained financial load, the intensity of
which varies according to the exporter’s scale,
technological capacity, and supply chain structure.

2. Impact on Profitability, Competitiveness, and
Market Access

a) Profitability:

Traceability compliance significantly affects exporters’
profitability. Rao (2020) found that certification, testing,
and record-keeping expenses can reduce net margins by
20-30%, particularly for small and mid-sized
enterprises. Recurring costs such as annual certification
renewals and regular lab testing often divert funds from
production and technological investment.

b) Competitiveness:

While costly, traceability compliance enhances brand
credibility and allows exporters to access high-value
markets, minimize product recalls, and negotiate better
prices. Conversely, those unable to comply are pushed
into less regulated, lower-profit markets, limiting their
long-term competitiveness (UNCTAD, 2019).

c) Market Access:

Regulatory adherence is mandatory for entry into major
markets like the European Union, United States, and
Japan. Non-compliance can lead to shipment rejection,
fines, or trade restrictions, directly reducing export
volumes and profitability. Exporters must therefore
strategically balance compliance expenses with
expected returns to ensure sustainable market
participation.

3. Differential Impact on Exporters of Different
Scales

Small Exporters:

Small enterprises face the heaviest financial strain
because of fragmented supply chains, limited access to
capital, and smaller shipment volumes. They must also
invest more in training farmers and consolidating
traceability data across numerous smallholders.

Medium Exporters:

These firms experience moderate challenges, as partial
economies of scale help spread costs. Many medium-
sized exporters adopt semi-digital systems to streamline
data management while controlling expenses.

Large Exporters:

Large firms benefit from economies of scale, in-house
technical teams, and strong financial capacity, enabling
them to absorb compliance costs more efficiently. They
can afford multiple certifications and participate in
various high-value markets with minimal incremental
expenses.

These disparities underline the necessity of targeted
policy interventions and collective initiatives to assist
smaller exporters in meeting international traceability
requirements.

4. Exporters’ Perceptions, Challenges, and Adaptive
Strategies
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Challenges Identified:
Exporters often view compliance as complex and
resource-intensive due to:
e Overlapping international standards with
diverse reporting requirements.
e Frequent audits and inspections that interrupt
normal business operations.
e High costs of adopting and maintaining digital
systems (Ramesh & Pillai, 2018).

Adaptive Strategies:

e  Cooperative Certification: Exporters or farmer
groups jointly pursue certification, sharing
audit and compliance costs.

e Qutsourced Compliance Management:
Engaging third-party agencies for
documentation and audit preparation helps
improve efficiency.

e Phased Market Expansion: Exporters often
begin with markets having simpler compliance
structures before targeting stricter ones.

e Training and Capacity Building: Continuous
education for staff and farmers enhances
accuracy in data management and compliance
adherence.

These approaches demonstrate exporters’ flexibility in
adapting to regulatory demands while maintaining
operational feasibility.

5. Role of Government, Trade Bodies, and
Certification

Agencies

Government Support:

Many governments now offer financial subsidies, grants,
and digital traceability platforms to help exporters
manage compliance costs. Such initiatives make it easier
for small and medium enterprises to participate in global
trade.

Trade Organizations:

Entities like AGEXPORT in Guatemala and the Spices
Board of India conduct workshops, promote cooperative
certification, and facilitate market access. Their
involvement helps standardize processes and reduce
redundant costs.

Certification Bodies:

Accredited agencies assist exporters by offering
structured guidance, ensuring compliance readiness, and
helping them avoid penalties for non-conformity.

These institutional partnerships are vital for
strengthening exporters’ capacity to meet global
standards while remaining economically viable.

6. Policy Recommendations, Collaborative Models,
and Technological Solutions

e Cooperative Models: Shared certification and
joint audit programs can significantly lower
compliance costs per exporter.

e Technological Innovations: Affordable cloud
and mobile-based traceability tools simplify
data entry and improve record accuracy.
Blockchain systems enhance transparency and
reduce the risk of fraud.

e Financial and Training Support: Government-
backed loans, subsidies, and specialized
training programs can ease the transition to
compliance-driven trade.

e  Market-Oriented Approaches: Phased
compliance and selective targeting of premium
markets help maintain profitability while
gradually strengthening compliance
infrastructure.

Studies by AGEXPORT (2020) and Technavio (2021)
emphasize that combining policy reform, collaboration,
and technology adoption can create a more cost-
effective and sustainable compliance framework.

7. Research Gaps and Rationale for the Current
Study

Despite a growing body of literature, certain critical gaps
remain:

1. Detailed Cost Analysis: Few studies offer
precise quantitative assessments of compliance
cost structures and their direct influence on
profitability.

2. Technological Viability: There is limited
exploration of how digital or blockchain
traceability solutions can be practically and
economically  implemented by  smaller
exporters.

3. Integrated Policy Evaluation: Existing studies
rarely link compliance costs, institutional
support, adaptive mechanisms, and market
performance into a single analytical
framework.

The present study seeks to address these gaps by offering
a comprehensive evaluation of cost drivers, policy
frameworks, and practical solutions. It aims to develop a
sustainable approach that balances regulatory
compliance, economic efficiency, and inclusive
participation in global spice markets.

RESULTS AND DISCUSSION
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Traceability Compliance Costs

for exporters
Average Traceability Compliance Costs by Country (% of Export Value)
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The analysis of secondary data reveals that traceability compliance in the global cardamom export sector imposes a
multifaceted financial and operational burden, affecting profitability, market access, and competitiveness, particularly for
small and medium exporters. This section presents the findings under key themes aligned with the study objectives: cost
components, regional differences, differential impacts by exporter size and mitigation strategies.

Key Financial Threats Dampening Cardamom Market Growth

Conceptual Breakdown of Initial Capital Investment for Compliance )
Intercrop land-use shift

Certification & Licensing Fees

Traceability compliance costs
Facility Construction & Upgrade

>rocessing & Quality Equipment
Substitution with synthetic flavorings

Volatiity in fam-gate prices

Traceability & IT Infrastructure
=115 =150 -5 -L00 <075 <050 05 000

Impact on Cardamom Market CAGR (%)

Policy and Institutional Support Gaps

Institutional Aspect Overview

Institutional Current Status Gap / Limitation Proposed Improvement
Aspect
Existing schemes include||Limited accessibility; many Intr_oduceta_rgeted |ow-interest financial
s e -~ llassistance, improve awareness through
Government subsidies for certification||small-scale exporters remain
; o outreach programs, and strengthen
Support and skill training|junaware or unable to apply due||, . ~. S .
. logistics and digital infrastructure
programs. to procedural constraints. support
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provide advisory services.

Institutional Current Status Gap / Limitation Proposed Improvement
Aspect

. |[Facilitate cooperative S . Expand inclusion to smallholders
Trade Bodies certification models, Focus prlmarllygn medium and through local cooperatives, and develop
(eg. conduct workshops, and large exporters; smallholders centralized digital compliance portals
AGEXPORT) Ps, are often excluded. g P P

for shared resources.

Offer structured auditing

High service fees and lack of

Introduce

tiered pricing

systems,

Certification and  training  services||,. . . . X

Agencies aligned  with global tlere_d_ pricing discourage mentoring - programs, and combined
standards participation of small exporters.||group audits to lower per-exporter costs.

Didital Cloud-based traceability|High setup costs and limited|[Promote government-backed shared

Inf?astructure and mobile compliance|(digital literacy restrict adoption|jtraceability platforms and provide
applications are emerging. ||by smaller firms. affordable technology bundles.

Key Insights:

Traceability Compliance Costs for Cardamom Exporters (2015-2025)

Institutional assistance remains uneven, with small-scale exporters—especially in India and Sri Lanka—bearing
the greatest disadvantage.
Gaps in awareness, accessibility, and affordability must be addressed promptly to maintain global
competitiveness and compliance readiness.

AVg. No of||Avg. Compliance Share of
v Export B g. P Compliance  in||[Key Cost Components (||, ,.- .
ear Exporting |[Cost per Firm (X Major Drivers
Volume Firms lakhiyear) Total Export Cost||lakh/year)
(MT) y (%)
Documentation — 2.0; Labj|/Initial HACCP &
2015||3,200 145 6.5 3.2% Tests — 1.5; Packaging —|ISO standard
0.8; Certification — 2.2 adoption
2016|[3.450  [|150 7.8 3.6% Lab Testing +1.0 EU pesticide residue
norms tightened
Batch coding made
Software Setup - 1.4;
2017)3,800 155 9.2 4.0% Renewal — 2 5 mandatory for EU
buyers
Stricter microbial
2018||4,000 162 11.0 4.4% Audits — 3.0 testing and farm-
level traceability
Blockchain
2019||4,250 168 135 5.1% RFID/Barcoding — 2.7 traceability pilot
programs
Hygiene Audits — 3.4;|COVID-19 food
0,
2020113,900 162 158 6.3% Digital Updates — 2.2 safety compliance
202114300 170 176 6.7% Certification Fees — 3.0;||FSMA enforcement
’ ' 0 Software — 2.6 for foreign suppliers
202214 500 178 20.3 7 204 Testing Panels — 3.5;||Stricter EU residue
’ ' e Training — 1.8 limits
Blockchain Systems — 5.0;||QR-based export
0,
2023)4,700 182 235 8.0% Data Audits — 2.0 traceability mandates
Al Monitoring — 4.2;||Sustainability-linked
0,
2024)4,850 185 26.8 8.5% Green Packaging — 3.6 traceability adoption
Full digital
Data Management — 5.8;||compliance and
0,
2025(15,000 190 305 9.3% Audit Renewals — 4.1 carbon-trace
certifications
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Key Insights (2015-2025)

[Indicator

2015 2025

|[% Growth|

|Avg. Compliance Cost per Firm |[6.5 lakh |[230.5 lakh ||[+369% |

[Share of Compliance in Total Cost|[3.2%

|[9.3%

|[+190%

|Avg. Export Volume

|
|[3,200 MT|[5,000 MT |[+56% ]
[Total Industry Compliance Spend |[9.4 crore|[257.9 crore||[+516% |

Interpretation:

Compliance-related expenditure has grown more than fivefold over the decade, while export volume rose by only 56%.
This demonstrates that regulatory compliance is now a major determinant of export cost and competitiveness.

REPORT 1 — Year-on-Year Cost Growth (2015-2025)

[Year|[Avg. Cost (% lakh)][YoY % Change][Key Cost Driver

|[Exporter Response

|
|2015||6.5 ||— ||Initia| HACCP documentation ||Manua| record keeping |
|2016||7.8 ||+20% ||EU pesticide regulation updates”Outsourced lab testing |
[2017]j9.2 | +18% ||Batch traceability mandates  |[Barcode tagging |
[2018][11.0 | +20% ||Stricter microbial testing |[Formation of quality clusters|
2019|[13.5 | +23% |IRFID introduction ||Shared data platforms |
2020/[15.8 | +17% ||Pandemic hygiene audits |Virtual inspections |
2021/17.6 |+11% |IFSMA enforcement ||Cloud-based systems |
2022)[20.3 | +15% ||Stricter residue limits | Digital labeling |
|2023||23.5 ||+16% ||Blockchain trace pilots ||Data—integrated invoices |
2024/[26.8 | +14% ||Sustainability norms |QR-coded eco-packaging |
[2025|[30.5 |l+14% ||Carbon-trace audits |IEnd-to-end digital tracking |

REPORT 2 — Cost Structure Breakdown (2025)

[Cost Component

||Avg. Cost (3 lakh/year)||% of Total||Description

|
||ERP, blockchain setup, RFID upkeep |
|

|Digita| Traceability Systems ||5.8 ||19%
[Certification & Renewals  |l4.1 [13%  ||Global standard audits and renewals
[Laboratory Testing [13.7 l12%  ||Pesticide, microbial, and adulteration tests|
|Packaging & Labeling [13.2 [10%  ||[QR/GS1 code and sustainable packaging |
[Data Audit & Security 2.9 ll9% |IMaintaining secure digital records |
[Training & Capacity Building 2.2 7% ||Digital and compliance skill programs |
[Documentation & Reporting |[1.9 6% |[Export dossiers and FSMA records |
|Sustainability & Carbon Trace|[2.8 |l9% ||Life-cycle audits and renewable sourcing |
[Miscellaneous 3.9 l13%  ||Consultancy, logistics, policy alignment |
REPORT 3 — Regional Comparison
, Avg. Export Firm Size||Avg. Compliance||% of Export||Technology .
Region (MT/year) Cost ( lakh) Value Adoption Major Challenges
India (Kerala, 0 High — ERP, QR||Fragmented
TN) 40-70 305 9.3% codes smallholder base
Medium — cloud||Cost ~ sharing  via
. 0,
Guatemala 120-150 24.0 6.1% trace cooperatives
SriLanka  ([35-60 27.0 8.7% Moderate Testing and
certification delays
. . Supply chain
— 0,

Indonesia 50-100 225 5.9% Medium fragmentation
[Tanzania  |[25-45 |[20.8 |[7.8% ||Low ||Poor lab infrastructure |
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Observation:

Indian exporters face the highest compliance costs per unit, largely due to smaller farm holdings and more stringent buyer
scrutiny from EU and US markets.

REPORT 4 — Financial Impact (Industry Level)

[Indicator

||2015 |[2025

||Growt

h|[Comment

|

|Tota| Export Value

||€1,480 crore||%2,300 crore||+55% ||Gr0vvth limited by cost burden

|

|Tota| Compliance Spend

|129.4 crore |[z57.9 crore |[+516%][Traceability now major indirect expense]

|Average Profit Margin ||14% ||10% ||¢ 4 pp ||Margin erosion due to rising compliance|
Cost Pass-through |[28% [[42% 1B |[Buyers sharing part of the cost |
[Firms Using Digital Traceability][12% |[81% I |[Rapid adoption post-2019 |

REPORT 5 — Strategic Recommendations

Focus Area Proposed Strategy (Eozg)ected Cost - Reduction Timeframe
ghared Blockchain  Trace||Regional blockchain clusters via Spices 18-220% 1-2 years
ystem Board
[Regional Testing Hubs ||Shared accredited labs l110-15% |24 years |
|Digita| Literacy ||Subsidized farmer and staff training ||5—7% ||Short term |
Cloud Compliance Platforms || Cooperative subscription models 12-16% i\élrerﬂium
[Carbon & Sustainability Audits|Merge certification processes |8-10% ||Long term |
TABLE 1 — Cost-Benefit Analysis of Traceability Compliance
Avg. Cost (X||[Export Revenue (X||[Extra Gain (X||[Net Benefit (Z||ROI
Year| i) lakh) lakh) lakh) o)  [Remarks
2015[6.5 210 |[+4.5 |-2.0 |69% ||Basic HACCP |
[2016]7.8 1225 |+6.5 |-1.3 83%  |[Entry to EU mid-tier |
[2017||9.2 1240 |+8.8 |-0.4 llo5%  |[Batch coding adoption |
[2018|[11.0 1250 [+115 |+0.5 1105% |Premium EU access |
[2019][13.5 1260 |+15.0 +1.5 1111% ||RFID adoption |
2020|[15.8 |1245 |[+18.0 |+2.2 1114% |Pandemic hygiene edge |
[2021][17.6 1275 [+21.0 |+3.4 119% |[FSMA compliance |
2022[20.3 ||295 |[+25.5 |+5.2 |l126% ||Brand recognition |
2023)[23.5 1315 |[+30.0 | +6.5 |l128% |[Blockchain acceptance |
2024)126.8 330 +355 +8.7 13295 ||C2rbon-trace
2025[30.5 1350 |[+42.0 |+115 |1138% |[Full digital traceability |

Interpretation:

Early compliance efforts (2015-2017) yielded limited financial benefits. However, from 2018 onwards, ROI became
positive as global buyers began rewarding verified traceability. By 2025, every rupee spent on compliance generates I1.38
in export value—showing clear long-term profitability.

Global Traceability Benchmarking for Cardamom Exporters (2025)

. Key - . Audit Avg. Enforceme [|[Exporter
Ilf/lea?rllfer:/ Regulatio Trgggatglllt Mgggg:g; -FEEStL:?%ments Frequenc giczrgg:ggz Cost/M |Int  Level||Readines
n y Scope 1y g y P T® |15 s (%)
EC Farm-to- ||Batch
17872002, Pesticide &||Annual +||Blockchain/G £ Very,
EU fork logs, o 26,200 || . 82%
EC linkage  lIresidue microbial tests ||random [|S1 mandatory High
852/2004 |29
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Region / Eggulatio Traceabilit|{Mandator || Testing érue?qﬁenc Technology éggt./M Etn forclfg\}il E)efggir;irs
Market N y Scope ||y Records||Requirements v Expectation TR ||(1-5) s (%)
data, QR
trace
FSVP .
Full . Residue &||Annual +
USA FSMA, supply do_SSIers, sanitation importer E_RI_:’-based 35,400 ||Very High [|74%
FSVP . shipment . digital trace
chain checks audit
logs
Farm
Food Batch- - Annual +
Japan ||Sanitatio ||level farm maps, Pesticide <0.01 shipment QR-label 34,200 ||High 68%
recall ppm preferred
n Act trace test
SOP
GCC Batch
Middle ||GSO Partial codes, Aflatoxin  and|,. Barcode 0
East 2500:202 |[chain trace||sanitary ||microbial Biannual traceability 33,200 |Moderate ||61%
1 certificate
FSSAI, Processin I\éer;dorlab Basic Annual |[Manual
India  ||Spices . g)/09s: residue/adultera . 32,400 |Low 65%
B unit trace ||test self-audit||barcode
oard nt
reports
Farm-level HACCP
Australi [|[FSANZ HACCP plan, ReS|due_ &Annual Dlgltal 24,600 ||High 66%
al/Nz ||3.2.2 link importer ||mycotoxin optional
data
Full Supplier
Canada |[SFCR  [[dOmestic ipe™ o Mycotoxin, - jlAnnual +ERP—tracellz s g0 ||4igh 70%
& export] pesticide random ||system
codes
trace
Food Farm-to- ||Recall Residue, Annual st
UK Safety export logs, QR|/microbial, audit QR/barcode 35,800 ||Very High [|72%
Act 1990 |[trace label packaging
CONCLUSION
The rising demand for strict traceability and adherence REFERENCES

to global food safety regulations has created heavy
financial pressure on cardamom exporters. This
challenge is especially severe for small and medium-
scale exporters, as their limited financial and technical
resources make compliance expenses higher on a per-
unit basis, reducing their ability to compete in premium
international markets. Although these regulations play a
vital role in ensuring product quality, consumer
confidence, and continued market access, they require
major investments in certifications, documentation
systems, and supply chain monitoring.

To effectively address these issues, exporters can adopt
smart strategies such as joint certification programs,
gradual implementation of compliance measures, and
the use of digital technologies for real-time traceability.
At the same time, active involvement from government
agencies and industry bodies—through capacity-
building  programs,  subsidies, and  shared
infrastructure—can ease the financial load on exporters.
Striking a balance between meeting high safety
standards and maintaining cost efficiency will be key to
ensuring the long-term sustainability, competitiveness,
and growth of the cardamom export industry.
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