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BACKGROUND AND OBJECTIVES: Krishnagiri is a significant hub for mango cultivation, 
primarily producing varieties like ‘Banginapalli,’ ‘Alphonso,’ and ‘Thothapuri.’ Despite 
the region’s favorable agro-climatic conditions, mango farming faces several challenges, 
including climate variability, inadequate infrastructure, and limited technology adoption. 
This study aims to analyze the dynamics of the mango supply chain in Krishnagiri, focusing 
on technology adoption, market access, infrastructure challenges, and government policies, 
with the primary objectives of identifying key barriers, assessing technology usage, and 
recommending interventions to enhance supply chain efficiency.
METHODS: A mixed-methods methodology was employed, combining quantitative, 
qualitative, and mixed-methods analyses. Quantitative data were collected through structured 
surveys with 150 mango farmers, 80 traders, and 30 government officials. The survey 
included Likert-scale and multiple-choice questions covering technology adoption, market 
access, and infrastructure. Qualitative data were gathered through in-depth interviews, focus 
group discussions, and field visits, providing deeper insights into stakeholder perceptions and 
challenges. Statistical tools like the Statistical Package for the Social Sciences and Excel were 
used for data analysis. 
FINDINGS: The results show that 60% of farmers sell locally, 25% engage in export, and 15% 
rely on intermediaries. Technology use is low, with 68% reporting minimal digital tool adoption 
and only 12% using the Internet of Things or blockchain. Barriers to adoption affect 58%, with 
cost being the main issue for 40%. Infrastructure gaps are significant: 70% report inadequate 
cold storage, and 65% face transport issues like delays and poor roads, contributing to post-
harvest losses. Water scarcity affects 62% due to groundwater overuse, and 45% report pest 
issues, mainly fruit flies and powdery mildew. Policy feedback is mixed, with 52% viewing 
government policies as effective while 48% cite poor local implementation. Encouragingly, 
78% are willing to adopt new technologies if subsidized. Smart tech adoption remains low 
(mean 33.6%, benefit 27.4%, variance 32.64 and 31.04), and 55.6% are affected by logistics 
issues (severe impact variance 69.04). Farmer engagement shows high inconsistency 
(variance 356.9 vs. traders’ 236.97), with positively skewed data emphasizing the need for 
targeted support.
CONCLUSION: The conclusion should highlight the importance of promoting digital tools and 
smart technologies, increasing Internet of Things and blockchain adoption (12%) through 
subsidies and digital literacy. By deploying smart logistics, it must address infrastructure gaps, 
with 70% lacking cold storage and 65% facing transport delays. Enhancing market access 
beyond local sales (60%) via Information and Communication Technology linkages is vital. 
Policy support through subsidies, awareness, and local implementation is needed. Future 
research should assess long-term tech adoption and policy impacts on urban resilience and 
smallholder sustainability.
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INTRODUCTION
Mango (Mangifera indica L.) is one of the most 

significant fruit crops globally, with India being 
the largest producer (Le et al., 2022). Krishnagiri, 
a key mango-producing region in Tamil Nadu, is 
renowned for cultivating premium varieties such 
as ‘Banginapalli,’ ‘Alphonso,’ and ‘Thothapuri’ 
(Subanginidevi, 2025). Despite favorable agro-
climatic conditions, mango cultivation in Krishnagiri 
faces multiple challenges, including climate variability 
(Tengsetasak et al., 2024), infrastructure limitations 
(Wardhan et al., 2022), market inefficiencies (Hagos 
et al., 2020), and low technology adoption (Xie et 
al., 2024). The growing demand for high-quality 
mangoes in domestic and international markets 
highlights the need for a well-integrated supply chain 
that incorporates modern agricultural technologies 
and sustainable farming practices (Kiloes et al., 
2024). Smart supply chain management strategies 
play a crucial role in optimizing mango production, 
post-harvest handling, and market access (Zahra et 
al., 2024; Subanginidevi, 2025). Digital innovations 
such as blockchain, the Internet of Things (IoT), 
and geospatial analytics improve supply chain 
transparency, traceability, and decision-making 
(Enthoven and Van den Broeck, 2021). However, 
research indicates that smallholder farmers face 
barriers to adopting these technologies due to cost 
constraints, lack of awareness, and inadequate 
digital infrastructure (Kisumbi et al., 2024). While 
prior studies have examined resource use efficiency 
(Barwal et al., 2022), market participation (Taipour 
et al., 2020), and mango production trends, there 
is a lack of comprehensive research on integrating 
digital innovations to optimize mango supply chains 
(Schubert et al., 2017). Existing literature extensively 
covers consumer preferences for mangoes (Kiloes et 
al., 2022), but limited attention has been given to 
how smart technologies can bridge the gap between 
producers and consumers through enhanced quality 
control and reduced post-harvest losses (Qanti et 
al., 2017). Infrastructure and logistical challenges in 
mango supply chains have been explored (Lauricella 
et al., 2017; Wardhan et al., 2022; Laili et al., 2024), 
but an integrated analysis of digital platforms for 
improving market access remains underdeveloped 
(Sandhu and El-Gohary, 2023). Studies such as 
Audate et al., (2018) and Sathiyamurthi et al., 
(2024) highlight the potential of geospatial and 

machine learning methodologies in agriculture, but 
their specific applications in mango farming require 
further exploration. While research on high-density 
mango plantations (Sharma et al., 2017; Kumar et al., 
2017) and pest management strategies (Manikandan 
et al., 2021) focuses on productivity, insights into 
how technology-driven solutions can enhance yield 
prediction, quality assessment, and logistics remain 
limited (Pandey et al., 2017). This study introduces 
a novel and comprehensive approach integrating 
advanced smart supply chain management strategies 
alongside traditional mango farming practices 
within Krishnagiri (Subanginidevi, 2025). Unlike 
previous research focusing primarily on production 
constraints (Ramu et al., 2023) or market linkages 
(Sacramento and Geges, 2020), this study expands 
its scope through the exploration of emerging digital 
technologies. It examines how tools such as the 
IoT, blockchain technology, Artificial Intelligence 
(AI)-driven analytics, geospatial analysis, and digital 
traceability mechanisms enhance coordination across 
the entire mango supply chain. Improved real-time 
data sharing, transparency, and traceability reduce 
inefficiencies and minimize post-harvest losses, major 
challenges within traditional supply chains. Smart 
technologies empower farmers and stakeholders, 
optimizing resource use, enhancing decision-making, 
and increasing profitability, promoting economic 
viability alongside sustainability within the mango 
supply ecosystem. This integrative approach marks 
a significant advancement in applying technology-
driven solutions tailored toward unique challenges 
faced by mango producers and supply chain actors 
amid rapid urbanization. The primary objective 
of this study is to analyze the current state of the 
mango supply chain in Krishnagiri, with a focus on 
technological adoption, infrastructure challenges, 
and market access. Specifically, it aims to (i) identify 
key barriers affecting supply chain efficiency, including 
climate variability, infrastructure limitations, and 
market constraints; (ii) assess the level of technology 
adoption among mango farmers, traders, and 
exporters, and evaluate the impact of digital tools on 
supply chain performance; (iii) evaluate infrastructure 
gaps, particularly in cold storage, transportation, and 
packaging, which contribute to post-harvest losses; 
(iv) analyze market access challenges and the role of 
intermediaries in influencing pricing and profitability 
for mango farmers; (v) examine the influence of digital 
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technologies, infrastructure quality, government 
policies, intermediary roles, stakeholder awareness, 
and smart city Information and Communication 
Technology (ICT) solutions on the efficiency, 
profitability, and performance of Krishnagiri’s mango 
supply chain through integrated hypothesis testing 
(from H1 to H6); and (vi) recommend strategic 
interventions to enhance the adoption of smart 
supply chain management solutions, improve 
infrastructure, and strengthen market linkages. The 
findings from this study will support policymakers, 
agribusinesses, and farmers in modernizing mango 
production and improving global competitiveness. 
This study was conducted in December 2024 by 
researchers from Sri Vidya Mandir Arts and Science 
College, Uthangarai, and Kalasalingam Academy of 
Research and Education, Krishankoil, Tamil Nadu, 
India.

MATERIALS AND METHODS
Mango cultivation practices and challenges in 
Krishnagiri
Study area

Krishnagiri district is located in the northwestern 

part of Tamil Nadu, India (Fig. 1). It is bordered by 
the states of Andhra Pradesh and Karnataka to the 
north, and by the districts of Vellore and Tirupattur 
to the east, Dharmapuri to the south, and Salem to 
the west. 

The district has a total area of 5,101 square 
kilometers (km2), and the district headquarters is 
located in the town of Krishnagiri. The district is 
known for its mangoes, which are cultivated in the 
Krishnagiri taluk. Other important crops include 
groundnut, sugarcane, and ragi. The district is also 
home to several industries, including textile, sugar, 
and cement. Krishnagiri district is located in the 
southern part of India, specifically in the state of 
Tamil Nadu. The latitude and longitude coordinates 
for Krishnagiri district are approximately 12° 31’ 
7”N latitude and 78° 12’ 5”E longitude (Fig. 1). 
These coordinates pinpoint the central location of 
Krishnagiri district on the Earth’s surface.

Mango cultivation practices in Krishnagiri
Krishnagiri district, located in Tamil Nadu, India, 

is renowned for its extensive mango cultivation, 
earning it the title “Mango Capital of India.” The 

 
 
 

Fig. 1: Location map of Krishnagiri district (study area) 
  

Fig. 1: Location map of Krishnagiri district (study area)



216

Smart tech and sustainable infrastructure in mango supply chains for urban resilience

district’s favorable agro-climatic conditions, including 
a moderate climate and fertile soil, make it ideal 
for mango farming. Predominantly, varieties such 
as ‘Banginapalli’ and ‘Alphonso’ are cultivated, with 
‘Thothapuri’ also being significant. A study conducted 
in 2023 utilized Linear Imaging Self-Scanning Sensor 
IV (LISS IV) to map mango plantations in major blocks 
of Krishnagiri district (Roy et al., 2018). The findings 
revealed that the total area under mango cultivation 
in these blocks was approximately 9,077.9 hectares, 
with an accuracy assessment of 91.2 percent (%), 
highlighting the reliability of satellite imagery in 
agricultural mapping. Further analysis of the socio-
economic aspects of mango farming indicated that 
the average farm size is approximately 5.87 acres, 
with annual incomes averaging around USD 15,000. 
The study also highlighted that 60% of farmers sell 
their produce in local markets, 25% engage in export 
markets, and 15% rely on intermediaries (Elangovan 
et al., 2017).

Key challenges in production
Mango cultivation in Krishnagiri faces multiple 

challenges that impact yield and sustainability. 
Climate variability, marked by unseasonal rains and 
temperature fluctuations, disrupts flowering and 
fruit setting, leading to inconsistent production. Land 
fragmentation complicates large-scale cultivation and 
the adoption of modern farming techniques. Irrigation 
constraints, due to over-reliance on groundwater 
and inefficient water management, contribute 
to water scarcity during crucial growth phases 
(Santhakumar et al., 2019). Additionally, pest and 
disease management remains a significant concern, 
with fruit flies and powdery mildew posing threats 
to crop health. Effective control requires continuous 
monitoring and the adoption of integrated pest 
management strategies.

Data collection methodology
The study employed a mixed-methods 

methodology, integrating both quantitative and 
qualitative data collection techniques to ensure a 
comprehensive understanding of the agricultural 
supply chain in Krishnagiri. The methodology included 
the following key aspects:

i. Stratified sampling: Stratified sampling was 
employed to ensure representative sampling across 
Krishnagiri’s diverse mango-growing regions. Five 

taluks (Krishnagiri, Hosur, Pochampalli, Uthangarai, 
and Denkanikottai) were selected based on 
criteria such as mango cultivation intensity, agro-
climatic variation, and supply chain activity levels. 
This stratification allowed for the inclusion of 
heterogeneous farming systems and infrastructure 
conditions, ensuring a comprehensive analysis 
of regional disparities in agricultural practices, 
technology adoption, and supply chain dynamics 
across the district (Thippeswamy and Yogish, 2023).

ii. Structured surveys and questionnaires: To 
collect quantitative data on key aspects of the 
agricultural supply chain, structured surveys were 
designed with a focus on infrastructure development, 
technology adoption, market trends, stakeholder 
engagement, and challenges (Bogachov et al., 2022). 
These surveys targeted multiple stakeholders and 
included a combination of closed-ended and Likert-
scale questions to facilitate numerical analysis and 
comparative evaluations (Wardhan et al., 2022).

iii. Target audience and sample size: The study 
encompassed a diverse group of stakeholders, 
including mango farmers, traders, and government 
officials, to provide a comprehensive perspective on 
the supply chain. The sample distribution included 
150 mango farmers, 80 traders and distributors, 
and 30 government officials and urban planners. 
Additionally, consumer surveys were conducted 
among urban buyers to understand demand 
trends and preferences. In total, 260 respondents 
participated in the study, ensuring a 95% confidence 
level with a 0.035% margin of error.

iv. Data collection methods: A mixed-methods 
methodology was adopted, integrating both primary 
and secondary data sources to enhance the reliability 
and depth of the findings. Primary data was gathered 
through structured surveys, interviews, focus group 
discussions, and field visits to mango farms and 
wholesale markets. Secondary data was sourced 
from government reports, census records, industry 
publications, and market research reports to validate 
primary findings and provide a broader contextual 
understanding (Xie et al., 2024).

v. Language and cultural sensitivity: Recognizing 
the importance of effective communication, all 
survey instruments, interviews, and discussions 
were conducted in Tamil, the local language. This 
methodology ensured that respondents could 
comfortably express their views, leading to more 
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accurate and meaningful data collection while 
respecting cultural nuances.

vi. Pilot testing: To refine the research 
instruments, a pilot test was conducted with a small 
group of respondents. This pre-test helped identify 
ambiguities, improve clarity, and enhance the 
overall effectiveness of the questionnaires and data 
collection methods before full-scale implementation.

Data analysis
Quantitative methodology

The study employed structured surveys to collect 
numerical data from key stakeholders, including 
150 mango farmers, 80 traders, and 30 government 
officials. The surveys captured insights on market 
access, infrastructure, technology adoption, and 
supply chain dynamics through closed-ended and 
Likert-scale questions. Data analysis was conducted 
using Statistical Package for the Social Sciences 
(SPSS) and Excel to identify patterns, calculate 
percentages, and determine adoption rates. Key 
topics included reliance on intermediaries, digital 
technology adoption (IoT, blockchain), infrastructure 
development, and consumer preferences, providing 
statistical insights into sectoral challenges and 
opportunities (Sathiyamurthi et al., 2024).

Qualitative methodology
Qualitative data were gathered through in-depth 

interviews, focus group discussions, and field visits 
conducted across various locations in Krishnagiri. 
Semi-structured interviews with a purposively 
selected sample of farmers, traders, government 
officials, and technology providers were designed 
using an interview guide to ensure consistency while 
allowing flexibility to explore emerging insights. 
These interviews focused on stakeholder perceptions, 
technological barriers, infrastructure limitations, 
and adaptive strategies. Focus group discussions, 
organized within farming communities and trader 
associations, facilitated dynamic exchanges on issues 
such as market linkages, pricing structures, and policy 
interventions. Field visits to farms, collection centers, 
and wholesale markets provided observational 
data on logistical inefficiencies, including delays, 
post-harvest handling practices, and cold storage 
constraints. To identify key themes, data were coded 
inductively and deductively using thematic analysis, 
supported by qualitative software tools. Patterns 

were triangulated across data sources to ensure 
validity, while interviewer bias was mitigated through 
interviewer training, use of standardized protocols, 
and member checking with participants to confirm 
interpretations (Schubert et al., 2017).

Mixed-methods methodology
The study integrated quantitative and qualitative 

methodologies for a comprehensive analysis of 
Krishnagiri’s agricultural supply chain. Structured 
surveys provided statistical insights, while qualitative 
methods enriched the findings with stakeholder 
perspectives and contextual challenges. This 
mixed-methods methodology enabled a holistic 
understanding of market access, infrastructure gaps, 
and technology adoption barriers, forming a robust 
framework for targeted interventions in the sector 
(Sharma et al., 2017).

Hypotheses
These hypotheses are based on the quantitative 

and qualitative data gathered from the various 
stakeholders, including farmers, traders, government 
officials, and technology providers, to explore the 
dynamics of Krishnagiri’s mango supply chain. The 
following hypotheses can be proposed for the study:

i. H1: Adoption of digital technologies (IoT, 
blockchain, AI) positively influences the efficiency and 
profitability of the mango supply chain in Krishnagiri.

ii. H2: The availability and quality of infrastructure 
(such as cold storage and transportation facilities) 
significantly impact market access and product 
quality in the mango supply chain.

iii. H3: Government policies and interventions play 
a crucial role in enhancing the overall effectiveness of 
the agricultural supply chain, particularly in terms of 
infrastructure development and market linkages.

iv. H4: The reliance on intermediaries in the 
mango supply chain negatively affects the profitability 
of farmers, with digital technologies and ICT-based 
market linkages offering potential solutions to reduce 
this dependency.

v. H5: There is a significant correlation between 
the stakeholders’ awareness and willingness to 
adopt new technologies and the rate of technology 
adoption in the agricultural supply chain.

vi. H6: The role of smart cities and ICT-based 
solutions significantly contributes to addressing key 
challenges in the agricultural supply chain, including 
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transportation inefficiencies, cold storage limitations, 
and market access.

Statistical analysis
The statistical analysis for this study employed 

both descriptive and general statistical methods 
to interpret data collected from surveys and 
questionnaires. Descriptive statistics, including mean, 
median, mode, range, variance, standard deviation, 
skewness, and kurtosis, were used to summarize 
key patterns, trends, and stakeholder perceptions 
within the agricultural supply chain. These measures 
helped capture central tendencies and variations 
across different variables, providing a clear picture 
of the data’s distribution. General statistical analysis 
was applied to examine data distribution and 
uncover patterns related to stakeholder engagement, 
infrastructure adequacy, and technology adoption 
within the mango supply chain in Krishnagiri. SPSS 
and Excel were employed due to their user-friendly 
interfaces, robust analytical capabilities for handling 
survey data, and suitability for descriptive and 
inferential statistical procedures commonly used 
in agricultural supply chain research. These tools 
enabled the calculation of measures such as mean, 
median, variance, skewness, and kurtosis, which 
were critical for identifying central tendencies and 
variability in stakeholder responses. While advanced 
tools like ‘R’ and Python offer greater flexibility and 

modeling capabilities, SPSS and Excel were selected 
to align with the practical needs of local researchers 
and policymakers who may be more familiar with 
these platforms. Additionally, the structured nature 
of the dataset did not require complex algorithmic 
modeling, making these tools appropriate for the 
scope of analysis. This statistical approach provided 
clear, actionable insights into systemic challenges and 
opportunities across the supply chain (Subanginidevi, 
2025).

RESULTS AND DISCUSSIONS
Analytical framework

The analytical framework provides strategic 
recommendations to enhance mango cultivation and 
marketing by leveraging opportunities, mitigating 
risks, and improving supply chain efficiency. It offers 
insights into product innovation, branding, market 
expansion, legislative advocacy, and technological 
adoption. This structured methodology helps 
stakeholders identify key challenges and formulate 
actionable strategies for maximizing the sector’s 
potential (Schubert et al., 2017). Table 1 consolidates 
the demographic profiles of mango farmers, traders 
and distributors, and government officials and 
urban planners under common categories for easier 
comparison across different respondent groups.

From Table 1, it may be noted that the 
demographic profile of the study participants reveals 

Table 1: Demographic Profile of Respondents (Sample Size = 260) 
 
 

Category Mango Farmers 
(150) 

Traders and 
Distributors (80) 

Government Officials and 
Urban Planners (30) Total Participants 

Age 
Up to 20 Years 15 (10.0%) 5 (6.3%) 2 (6.7%) 22 (8.5%)
20-30 Years 40 (26.7%) 20 (25.0%) 5 (16.7%) 65 (25.0%) 
30-40 Years 45 (30.0%) 25 (31.3%) 10 (33.3%) 80 (30.8%) 
40-50 Years 30 (20.0%) 20 (25.0%) 8 (26.7%) 58 (22.3%) 
50 Years and Above 20 (13.3%) 10 (12.5%) 5 (16.7%) 35 (13.5%)

Education Qualification
Illiterate 12 (8.0%) 5 (6.3%) 0 (0.0%) 17 (6.5%) 
Primary Education 18 (12.0%) 10 (12.5%) 2 (6.7%) 30 (11.5%)
High School Education 55 (36.7%) 30 (37.5%) 8 (26.7%) 93 (35.8%) 
Graduates 30 (20.0%) 25 (31.3%) 15 (50.0%) 70 (26.9%) 
Others 35 (23.3%) 10 (12.5%) 5 (16.7%) 50 (19.2%) 

Annual Income 
Below ₹2 Lakhs 35 (23.3%) 10 (12.5%) 5 (16.7%) 50 (19.2%) 
₹2 Lakhs – ₹4 Lakhs 60 (40.0%) 30 (37.5%) 10 (33.3%) 100 (38.5%) 
₹4 Lakhs – ₹8 Lakhs 25 (16.7%) 25 (31.3%) 5 (16.7%) 55 (21.2%)
₹8 Lakhs – ₹10 Lakhs 15 (10.0%) 10 (12.5%) 5 (16.7%) 30 (11.5%) 
Above ₹10 Lakhs 15 (10.0%) 5 (6.3%) 5 (16.7%) 25 (9.6%) 

 
  

Table 1: Demographic Profile of Respondents (Sample Size = 260)
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a diverse yet balanced representation across age, 
education, and income categories within the mango 
supply chain. A majority of participants in all groups, 
mango farmers (150), traders and distributors (80), 
and government officials and urban planners (30), fall 
within the productive age range of 20-40 years, with 
mango farmers showing the highest concentration in 
the 30-40 years group (30.0%). In terms of education, 
a notable proportion of farmers (36.7%) have at 
least a high school education, while traders and 
distributors and government officials generally have 
higher education levels, with 31.3% of traders holding 
graduate degrees and 50.0% of government officials 
being graduates. Income-wise, most farmers (40.0%) 
earn between ₹2 Lakhs and ₹4 Lakhs, reflecting the 
modest earnings typical in the agricultural sector. At 
the same time, traders and distributors tend to earn 
slightly higher incomes, with 31.3% earning between 
₹4 Lakhs and ₹8 Lakhs. Government officials also 
fall in the ₹2 Lakhs – ₹4 Lakhs range (33.3%), with 
income spread evenly across other brackets. This 
data underscores a youthful, moderately educated, 
and economically diverse workforce, pointing to 
both the challenges and opportunities for growth 
and innovation within the mango supply chain, 
particularly in improving market access and income 
levels for lower-earning participants (Ramu et al., 
2023).

Evaluating the mango supply chain
This study employs a combination of quantitative, 

qualitative, and mixed-methods methodologies 
to analyze the mango supply chain in Krishnagiri. 
The quantitative analysis provides clear data on 
adoption rates, market trends, and technology use, 
while qualitative methods offer deeper insights 
into stakeholder perceptions and challenges 
(Sacramento and Geges, 2020). The mixed-methods 
methodology integrates both perspectives, providing 
a comprehensive understanding of the factors 
affecting supply chain efficiency, market trends, 
and policy impact, thereby enabling more targeted 
interventions.

Quantitative methodology
The quantitative methodology of the agricultural 

supply chain in Krishnagiri highlights key challenges 
and opportunities, particularly in storage, 
transportation, and digital adoption. Stakeholders 

are increasingly exploring smart logistics, IoT, and 
electronic commerce solutions to enhance efficiency 
and market access. Government policies and smart 
city initiatives play a crucial role in driving sustainable 
growth in the sector (Sandhu and El-Gohary, 2023).

Existing supply chain structure
The agricultural supply chain in Krishnagiri involves 

key distribution and sales channels for farmers and 
traders. As shown in Fig. 2, 72% of farmers and 65% 
of traders rely on middlemen, limiting the adoption 
of smart urban management strategies (Wardhan et 
al., 2022; Ravindran et al., 2024). Additionally, 55% of 
farmers and 60% of traders use wholesale markets, 
exposing them to price fluctuations. Direct farm-to-
consumer sales remain low, with only 30% of farmers 
and 20% of traders participating, highlighting the 
need for better market integration. Retail partnerships 
involve 40% of farmers and 50% of traders, indicating 
potential for digital and e-commerce-driven 
distribution (Hosseini et al., 2020). The export sector 
remains underdeveloped, with only 20% of farmers 
and 30% of traders engaged. Furthermore, 38% of 
farmers and 45% of traders use digital platforms, 
showing a growing but limited adoption of smart 
logistics solutions (Xie et al., 2024). These findings 
emphasize the need to reduce middlemen reliance, 
expand direct sales, strengthen digital infrastructure, 
and enhance export opportunities.

Challenges in storage, transportation, and distribution
The challenges in mango storage, transportation, 

and distribution in Krishnagiri present significant 
barriers to supply chain efficiency. As shown in Fig. 3, 
65% of stakeholders identify poor transportation and 
road conditions as major challenges, with 50% reporting 
severe impacts on timely delivery, highlighting the need 
for improved rural transport networks (Thippeswamy 
and Yogish, 2023). Additionally, 58% of stakeholders 
face high storage costs and inadequate cold storage, 
with 45% considering it a severe issue, limiting product 
quality and farmer profitability. Post-harvest losses 
due to spoilage affect 60% of stakeholders, with 48% 
reporting significant spoilage, underscoring gaps 
in storage infrastructure (Tengsetasak et al., 2024). 
Furthermore, 50% lack access to digital tracking and 
logistics systems, emphasizing the need for IoT-enabled 
solutions to optimize distribution. Payment delays 
from urban retailers impact 45% of stakeholders, with 
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30% experiencing severe financial strain, calling for 
efficient digital payment systems. These findings stress 
the need for smart urban interventions, infrastructure 
investment, and digital integration to enhance mango 
supply chain operations.

Role of smart logistics and IoT in improving supply 
chain efficiency

The adoption of smart logistics and IoT 
technologies is crucial for improving the mango 
supply chain in Krishnagiri. As shown in Fig. 4, 40% 

 
 

 

 

Fig. 2: Engagement of farmers and traders across various agricultural supply chain components 
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of stakeholders use IoT-based real-time tracking, 
but only 32% benefit, indicating gaps in full-scale 
adoption. Additionally, 35% have implemented digital 
logistics for route optimization, with 30% benefiting, 
showing potential for cost reduction (Subanginidevi, 
2025). AI-driven demand forecasting is used by 
38% of stakeholders, with 33% benefiting, while 
blockchain-based transparency adoption remains 
low at 25%, with only 20% seeing results (Sushil et al., 
2019). Furthermore, 30% have adopted automated 
cold storage monitoring, but just 22% benefit, 
underscoring the need for further investment. These 
findings emphasize the need for greater adoption 
of IoT, AI, and blockchain to enhance efficiency and 
transparency in mango distribution.

Market trends and consumer preferences
Understanding market trends and consumer 

preferences is key to shaping the future of mango 
distribution and cultivation in Krishnagiri. As shown in 
Fig. 5, 55% of traders report rising demand for organic 
mangoes, aligning with 50% of consumers who prefer 
them, indicating a shift toward healthier products 
(Sharma et al., 2017). Additionally, 48% of traders 
note a growing preference for pre-packaged mangoes, 
with 52% of consumers favoring this convenience, 

highlighting the role of packaging in purchasing 
decisions. Interest in export-quality mangoes is 
observed by 40% of traders, with 35% of consumers 
preferring premium varieties. Furthermore, 45% of 
traders and 42% of consumers support direct farm-
to-consumer sales, showing potential for expanding 
these channels (Schubert et al., 2017). Lastly, 50% 
of traders and 55% of consumers are willing to pay 
a premium for pesticide-free mangoes, emphasizing 
the focus on food safety. These findings highlight 
opportunities to meet consumer demand by 
prioritizing organic products, enhancing packaging, 
and expanding direct sales models.

Government policies and infrastructure development
Government policies and infrastructure 

drive economic growth by integrating advanced 
technologies and sustainable solutions. Fig. 6 
illustrates that 40% of stakeholders have implemented 
smart logistics, but only 35% benefit, indicating the 
need for wider adoption (Ramu et al., 2023). Similarly, 
35% use government-led e-commerce platforms, 
with 30% benefiting, highlighting digital literacy 
challenges. Public-private agro-tech partnerships 
involve 30% of stakeholders, yet only 25% benefit, 
stressing the need for better coordination. 

 
 

 
 
 

Fig. 4: Survey results on smart logis�cs and IoT adop�on in Krishnagiri 
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Additionally, 45% have adopted digital payments, with 
50% benefiting, though rural connectivity remains 
a barrier (Sacramento and Geges, 2020). While 50% 
have improved rural transport, only 42% see gains, 
and cold storage adoption by 38% benefits just 28%, 

underscoring it as a major bottleneck. These findings 
emphasize the need for continued investment in 
logistics, digital platforms, and infrastructure to 
enhance the agro-supply chain and drive sustainable 
growth.

 
 
 

Fig. 5: Survey results on market trends and consumer preferences in mango distribu�on 
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Fig. 6: Policy and Infrastructure Initiatives in the mango supply chain 
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Role of smart cities in agricultural development
Smart city initiatives are playing a growing role in 

agricultural development by leveraging technology 
to improve productivity, sustainability, and market 
access. Fig. 7 shows that 42% of stakeholders have 
implemented IoT-based precision farming, but only 
35% benefit, highlighting both potential and scaling 
challenges (Pandey et al., 2017). Additionally, 48% 
have adopted smart irrigation, with 40% benefiting, 
reflecting improved water efficiency. Digital market 
linkages and e-agri platforms are used by 38% of 
stakeholders, yet only 30% benefit, indicating limited 
reach (Pandey et al., 2017). Renewable energy 
integration remains slower, with 33% adoption and 
28% benefiting. AI-based crop monitoring is used 
by 36% of stakeholders, benefiting 32%, while smart 
warehousing and cold storage adoption stands at 40%, 
with only 29% benefiting, underscoring the need for 
further investment (Qanti et al., 2017). These findings 
suggest that while smart city initiatives are advancing 
agriculture, additional support is needed to maximize 
their impact and reach more stakeholders.

Adoption of ICT-based market linkages and 
e-commerce solutions

ICT-based market linkages and e-commerce 
solutions are improving market access and supply 

chain efficiency in the mango sector. Fig. 8 shows 
that 38% of farmers use mobile apps like electronic 
National Agriculture Market (eNAM) and AgriBazaar 
for direct selling, reducing reliance on intermediaries 
(Sandhu and El-Gohary, 2023). Digital payments have 
been adopted by 50%, marking a shift toward cashless 
transactions for greater transparency. Blockchain-
based tracking is used by 25%, reflecting efforts to 
enhance supply chain traceability. Additionally, 30% 
of farmers engage in online Business-to-Business 
(B2B) market access, creating export opportunities, 
though further expansion is needed (Sathiyamurthi 
et al., 2024). While 35% of stakeholders report 
benefits from these ICT solutions, adoption remains 
limited. These findings highlight the need for further 
investment in infrastructure, training, and market 
expansion to maximize the impact of digital tools in 
the mango supply chain.

The mango supply chain in Krishnagiri faces 
challenges in storage, transportation, and market 
access, but smart logistics, IoT, and digital platforms 
are gradually improving efficiency. Government 
policies, infrastructure development, and smart 
city initiatives are driving progress, though greater 
investment in cold storage, digital literacy, and 
supply chain transparency is needed. Expanding ICT 
adoption, enhancing direct farm-to-consumer sales, 

 
 

 
 
 

Fig. 7: Smart city initiatives and agricultural development in the mango supply chain 
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and strengthening export opportunities can further 
optimize the agro-supply chain and increase farmer 
profitability.

The agricultural supply chain at Krishnagiri shows 
structural and technological gaps hindering efficiency 
and inclusivity, illustrated through Figs. 2–8. Fig. 
2 reveals high dependence on middlemen (72% 
farmers, 65% traders) and low participation in direct-
to-consumer sales, exposing the system to price 
fluctuations and undermining digital integration. 
Fig. 3 highlights acute infrastructure challenges with 
65% facing poor transport, 58% inadequate cold 
storage, and 60% post-harvest spoilage, emphasizing 
the need for smart logistics and improved storage. 
Despite growing interest in smart solutions (Fig. 
4), IoT, AI, and blockchain adoption remain limited, 
with only 32–35% stakeholders reporting tangible 
benefits. Market preference data in Fig. 5 indicates 
consumer shifts toward organic, packaged, premium 
mangoes, revealing alignment gaps between supply 
and demand. Government interventions (Fig. 6) 
show partial success regarding logistics and digital 
platforms, but issues like limited rural connectivity 
and coordination persist. Smart city initiatives (Fig. 7) 
offer promise, such as IoT-based farming and smart 
irrigation, yet show inconsistent uptake and benefits. 
Fig. 8 confirms rising use of ICT and e-commerce tools, 

including eNAM, but adoption and effectiveness are 
constrained by access and digital literacy. Collectively, 
these visualizations underscore the urgent need for 
policy-driven investments, stakeholder training, and 
infrastructure upgrades aimed at transitioning toward 
a resilient, digitally integrated mango supply chain.

Qualitative methodology	
The qualitative methodology provides insights into 

the mango supply chain, highlighting the dependence 
on middlemen, limited market access, and the need 
for better infrastructure and digital solutions. Key 
challenges include poor transportation, lack of 
cold storage, delayed payments, and limited digital 
tracking. Market trends, such as the demand for 
organic and pesticide-free mangoes, emphasize the 
need for investment in infrastructure, technology, and 
training. Government policies, smart city initiatives, 
and ICT adoption can improve supply chain efficiency, 
reduce losses, and enhance market access, fostering 
sustainable growth in the mango industry.

Existing supply chain structure
Table 2 illustrates the varying degrees of 

involvement of farmers and traders in different stages 
of the mango supply chain, highlighting the reliance 
on middlemen, direct sales, wholesale markets, 
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retail partnerships, and export opportunities, with 
varying adoption rates of digital and e-commerce 
platforms that reflect the market dynamics and the 
accessibility of alternative distribution channels 
for both stakeholders. From Table 2, it is clear that 
farmers and traders face limited access to direct 
sales channels, relying heavily on middlemen, which 
reduces profitability. Wholesale markets expose 
them to price volatility, while digital platforms offer 
growth potential but require more infrastructure 
and literacy programs (Audate et al., 2018). Export-
oriented chains are underdeveloped, signalling a 
need for better export infrastructure. These findings 
suggest that direct sales and digital tools need to be 
optimized to improve supply chain efficiency and 
market access (Barwal et al., 2022).

Challenges in storage, transportation, and distribution
Table 3 identifies key challenges in the mango 

supply chain, including poor infrastructure, lack of 
cold storage, delayed payments, and limited access 
to digital tracking. Addressing these issues through 

targeted investments and digital solutions could 
improve efficiency, reduce losses, and streamline 
operations for all stakeholders. From Table 3, it 
may be observed that transportation issues, lack of 
cold storage, and post-harvest losses remain major 
challenges, requiring investment in infrastructure 
and cold storage systems. Payment delays from 
urban retailers and limited access to digital logistics 
hinder supply chain efficiency, highlighting the need 
for streamlined payment systems and IoT tracking 
adoption (Camacho et al., 2021). The integration 
of smart logistics solutions and infrastructure 
improvements could substantially mitigate post-
harvest losses and enhance supply chain performance 
(Enthoven and Van den Broeck, 2021).

Role of smart logistics and IoT in improving supply 
chain efficiency

Table 4 highlights the adoption of smart logistics 
and IoT technologies in the mango supply chain. 
From Table 4, it may be observed that IoT-based 
real-time tracking systems have moderate adoption, 

Table 2: Engagement of farmers and traders across agricultural supply chain components 
 
 

Supply chain component �ualita�ve insights
Direct farm-to-consumer 
sales 

Limited market access and consumer awareness issues; farmers have few direct channels. Need for market 
linkages and consumer outreach. 

Sales through middlemen Heavy reliance on intermediaries is reducing profitability for both farmers and traders. A need to reduce 
middlemen and create direct sales channels. 

Wholesale market 
distribu�on 

Exposure to price �uctua�ons. �mproved direct linkages with retailers or direct market access could stabilize 
prices and reduce risks. 

Retailer partnerships �rowing poten�al for direct collabora�on with retailers. �ore partnerships could lead to higher market 
penetra�on and more stable demand. 

Export-oriented supply 
chain 

Underdeveloped export market; this indicates a need for greater focus on export infrastructure, quality 
cer�fica�on, and interna�onal trade opportuni�es. 

Digital/e-commerce 
pla�orms 

�rowing but limited adop�on of digital tools. �ncreased investment in technology infrastructure and digital 
literacy programs is needed. 

 
  

Table 2: Engagement of farmers and traders across agricultural supply chain components

Table 3: Storage, transportation, and distribution challenges

�able �� Storage, transporta�on, and distribu�on challenges 
 
 

Challenge �ualita�ve insights
Poor transporta�on and 
road condi�ons 

Infrastructure bo�lenecks cause signi�cant distribu�on delays. Investment in rural transport networks is 
needed for efficient market access. 

High storage costs and a 
lack of cold storage 

High post-harvest losses and storage inefficiencies due to the lack of cold storage. � cri�cal gap e�ists in cold 
storage infrastructure, requiring government-backed investments. 

Delay in payments from 
urban retailers 

Cash flow issues for farmers and traders. Streamlined payment systems and digital transac�on pla�orms 
could resolve these delays. 

Lack of access to digital 
tracking�logis�cs 

Lack of transparency and real-�me data in logis�cs. �dop�on of Io�-based tracking systems can op�mi�e 
routes and provide visibility in supply chains. 

Post-harvest losses due 
to spoilage 

Spoilage due to poor handling and storage condi�ons. Cold storage development and improved handling 
prac�ces could reduce losses. 
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with challenges in affordability and training, but they 
can improve visibility and efficiency. Digital logistics 
platforms are in early stages, offering potential for 
better route optimization, though broader adoption 
is needed (Hagos et al., 2020). AI-driven demand 
forecasting shows promise for improving inventory 
management, but low adoption suggests the need 
for further education. Blockchain technology, while 
beneficial for traceability, is underutilized, and 
investment in automated cold storage monitoring 
could reduce spoilage and enhance efficiency despite 
cost and scalability challenges (Kiloes et al., 2022).

Market trends and consumer preferences
Table 5 highlights key market trends and consumer 

preferences in the mango supply chain. From  
Table 5, it may be observed that there is strong 
growth in demand for organic mangoes, requiring 
expanded certification and farming practices. The 
preference for pre-packaged and sorted mangoes 
reflects the need for improved packaging and 
sorting infrastructure. Increasing interest in export-

quality mangoes calls for better certifications and 
marketing strategies (Kiloes et al., 2024). The trend 
toward direct farm-to-consumer sales highlights the 
importance of enhancing e-commerce and farmer 
cooperatives. Lastly, the willingness to pay a premium 
for pesticide-free mangoes emphasizes the need for 
expanded sustainable practices and certifications (Le 
et al., 2022).

Government policies and infrastructure development
Table 6 highlights key government policies and 

infrastructure developments in the mango supply 
chain. From Table 6, it may be observed that smart 
logistics and IoT tracking require more affordable 
access and training for farmers and traders. 
Government-led e-commerce platforms are crucial 
for integrating farmers into the digital economy, 
supported by digital literacy initiatives. Progress 
in public-private agro-tech partnerships has been 
slow, needing more investment and collaboration 
(Kiloes et al., 2022). While digital payment systems 
are improving financial inclusion, rural connectivity 

�able �� �mart logis�cs and Io� adop�on 
 
 

�mart logis�cs and Io� 
ini�a�ve �ualita�ve insights 

Io�-based real-�me 
tracking systems 

�oderate adop�on� greater a�ordability and training needed. Implemen�ng Io� technologies can enhance 
visibility and efficiency in the supply chain. 

�igital logis�cs pla�orms Ini�al implementa�on� �hese pla�orms can signi�cantly improve route op�mi�a�on and supply chain 
management� but �idespread adop�on remains a challenge. 

AI-driven demand 
�orecas�ng 

�oten�al to improve �orecas�ng and inventory management� but lo� adop�on indicates the need �or 
educa�on and AI solu�on integra�on. 

Blockchain-based supply 
chain transparency 

�imited adop�on� though highly bene�cial �or traceability and security in the supply chain. �romo�ng 
blockchain technologies can enhance consumer trust and product �uality veri�ca�on. 

Automated cold storage 
monitoring 

�romising technology� but s�ll �acing barriers like cost and scalability. Investment in automated monitoring 
systems could reduce spoilage and improve cold storage efficiency. 

 
  

Table 4: Smart logistics and IoT adoption

Table 5: Market trends and consumer preferences 
 

Market trend / 
Consumer preference �ualita�ve insights 

Demand for organic mangoes Strong growth in the organic market. Cer��ca�on and organic farming prac�ces should be expanded 
to meet this rising consumer demand. 

Preference for pre-packaged and 
sorted mangoes 

Rising demand for convenience and consistent quality. Strengthening packaging and sor�ng 
infrastructure will meet this trend. 

Increasing interest in export-
quality mangoes 

�xport opportuni�es need improved cer��ca�ons� quality control� and marke�ng strategies to meet 
the growing demand for high-quality mangoes. 

Rising demand for direct farm-to-
consumer sales 

�rowing trend for direct sales. �nhancing farm-to-consumer pla�orms like e-commerce and farmer 
coopera�ves will align with consumer demand. 

Willingness to pay a premium for 
pes�cide-free mangoes 

Increasing willingness to pay for pes�cide-free mangoes. This trend calls for expanding sustainable 
farming prac�ces and pes�cide-free cer��ca�ons. 

 
  

Table 5: Market trends and consumer preferences
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remains a challenge. Transport improvements are 
progressing but need further expansion, and cold 
storage infrastructure remains underdeveloped, 
requiring expansion to reduce post-harvest losses 
(Pandey et al., 2017).

Role of smart cities in agricultural development 
Table 7 highlights the role of smart cities in 

agricultural development. From Table 7, it may 
be observed that IoT-based precision farming has 
moderate adoption, with potential to optimize 
resource use and increase crop yields. Smart irrigation 
systems are improving water efficiency, while digital 
market linkages and e-agri platforms require more 
infrastructure and training, particularly in rural areas. 
Renewable energy integration is in early stages but 
offers cost savings and environmental benefits (Le 
et al., 2022). AI-based crop monitoring can enhance 
productivity, and smart cold storage technologies 
can reduce post-harvest losses, though investment is 
needed in both areas (Pandey et al., 2017).

Adoption of ICT-based market linkages and 
e-commerce solutions

Table 8 highlights the adoption of ICT-based 
market linkages and e-commerce solutions in 
the mango supply chain. From Table 8, it may be 
observed that the use of mobile apps for direct 
selling, such as eNAM and AgriBazaar, is limited but 
growing, with increased awareness and training 
needed to expand usage. Digital payment adoption 
is high, though rural connectivity challenges remain, 
requiring continued investment in digital literacy 
and payment infrastructure (Sacramento and Geges, 
2020). Blockchain-based tracking is minimally 
adopted but offers significant opportunities for 
improving transparency and traceability in the supply 
chain. Online B2B market access has seen moderate 
adoption, with further integration needed to fully 
capitalize on export opportunities and increase 
market access and revenue (Sharma et al., 2017).

The adoption of ICT-based market linkages 
and e-commerce solutions in the mango supply 

Table 6: Government policies and infrastructure development 
 

Policy � Infrastructure ini�a�ve �ualita�ve insights 

�mart logis�cs and IoT tracking Moderate uptake; more targeted efforts in affordability and training could ensure be�er access to 
IoT technologies for farmers and traders. 

Government-led  
e-commerce pla�orms 

E-commerce growth is necessary to integrate farmers into the digital economy. Digital literacy 
ini�a�ves and access to technology are cri�cal. 

Public-private partnerships in agro-
tech 

�low progress in agro-tech partnerships; more collabora�on and investment needed to scale up 
IoT, �I, and blockchain solu�ons in agriculture. 

Digital payment and online market 
solu�ons 

�igh adop�on of digital payment systems is improving �nancial inclusion, but rural connec�vity 
remains a challenge that needs addressing. 

Rural road and transport 
infrastructure improvement 

Transport improvements have made strides, but further expansion is needed to improve last-mile 
delivery and reduce logis�cal costs. 

Cold storage and warehouse 
development 

�nderdeveloped cold storage con�nues to be a bo�leneck. Expanding cold storage infrastructure 
is essen�al for reducing post-harvest losses and improving food security. 

 
  

Table 6: Government policies and infrastructure development

Table 7: Role of smart cities in agricultural development

Table �� Role of smart ci�es in agricultural development 
 
 

Smart city ini�a�ve �ualita�ve insights

IoT-based precision farming �oderate adop�on of IoT in farming. Expanding precision farming technologies can op�mi�e resource 
use and increase crop yields while improving sustainability. 

Smart irriga�on and water 
management 

Increasing implementa�on of smart irriga�on systems. Expanding water management technologies could 
improve water efficiency and lower costs for farmers. 

Digital market linkages and e-
agri pla�orms 

E-agri pla�orms o�er opportuni�es for be�er market access but need more training and infrastructure to 
improve accessibility, especially in rural areas. 

Renewable energy 
integra�on for farms 

Renewable energy integra�on is nascent, but it can o�er cost savings and environmental benefits. 
�overnment incen�ves can further promote this trend. 

AI-based crop monitoring 
and advisory systems 

AI technologies can enhance crop monitoring and provide �mely advisories, improving farm produc�vity 
and reducing risks. 

Smart warehousing and cold 
storage 

Smart cold storage technologies can reduce post-harvest losses and ensure be�er quality control, 
requiring greater investments in this area. 
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chain is growing but remains limited. Mobile apps 
for direct selling and digital payments are gaining 
traction, though rural connectivity challenges 
persist. Blockchain tracking and online B2B market 
access offer significant opportunities, requiring 
further investment in awareness, infrastructure, and 
integration to maximize market potential.

Mixed-methods methodology
The mixed-methods methodology used in 

this study combines both quantitative data and 
qualitative insights to provide a comprehensive 
analysis of the mango supply chain in Krishnagiri. 
The quantitative data, including adoption rates, 
market trends, and infrastructure challenges, offers 
measurable insights into the current state of the 
supply chain (Schubert et al., 2017). Meanwhile, 
qualitative insights complement this by exploring 
the underlying reasons behind these trends, such 
as the heavy reliance on middlemen, infrastructure 
gaps, and the potential of smart technologies like IoT 
and digital platforms. Together, these methods offer 
a well-rounded understanding of the key issues and 
opportunities, guiding potential interventions and 
improvements for the mango industry (Sacramento 
and Geges, 2020). Table 9 highlights key challenges, 
technological adoption, market trends, and 
government policies impacting the mango industry in 
Krishnagiri, providing a comprehensive overview of 
opportunities for improvement and growth.

The mango supply chain in Krishnagiri faces 
several challenges and opportunities that impact its 
efficiency and growth. Key insights from the study 
reveal critical areas that need improvement and 
investment for enhancing the sector’s performance 
and sustainability.

1.	 Supply chain structure: A high reliance on 
middlemen and wholesale markets limits efficiency 

and market access. A shift towards direct farm-to-
consumer sales and digital platforms is essential for 
improving distribution.

2. Infrastructure challenges: Poor roads, high 
storage costs, and a lack of cold storage significantly 
hinder the supply chain. There is a need for 
investments in rural infrastructure, particularly in 
cold storage, to minimize post-harvest losses.

3. Smart logistics and IoT: Adoption of smart 
logistics and IoT technologies is still low but shows 
potential for improving efficiency, especially in real-
time tracking, route optimization, and cold storage 
monitoring.

4. Market trends: The increasing consumer 
demand for organic, pesticide-free, and pre-packaged 
mangoes aligns with a growing interest in health 
and sustainability. Traders should focus on these 
preferences to tap into the market effectively.

5. Government policies: Government-led 
initiatives such as digital payment systems and rural 
infrastructure improvements have had a positive 
impact, but there is a need for continued investment 
to enhance supply chain efficiency and digital 
adoption.

6. Smart city initiatives: IoT-based precision 
farming and smart irrigation have shown promise, 
but broader adoption is required for these initiatives 
to significantly impact agricultural practices.

7. ICT adoption: While ICT solutions such as mobile 
apps and digital payments are gaining traction, their 
full benefits have yet to be realized. Infrastructure 
development and farmer training are needed to 
enhance the impact of these technologies.

This mixed-method methodology combines 
quantitative data on adoption rates, challenges, and 
benefits with qualitative insights into the implications 
for stakeholders, providing a comprehensive 
understanding of the current state and opportunities 

�able �� Adop�on of �C�-Based Market Linkages and E-Commerce Solu�ons  
 

E-commerce and �C� adop�on �ualita�ve insights 
Mobile apps for direct selling (e.g., 
eNAM, AgriBazaar) 

Limited but growing use of digital pla�orms for direct sales. �ncreasing awareness and training 
programs can expand usage. 

�igital payment adop�on �igh adop�on, but challenges related to rural connec�vity persist. Con�nued investment in digital 
literacy and payment infrastructure is necessary. 

Blockchain-based tracking for the 
mango supply chain 

Low adop�on of blockchain, though it o�ers opportuni�es for transparency and traceability. 
�romo�on of blockchain can help improve supply chain efficiency. 

Online B2B market access (export 
opportuni�es) 

Moderate adop�on of online B2B pla�orms� further integra�on with export opportuni�es is 
necessary to maximize market access and revenue. 

 
  

Table 8: Adoption of ICT-Based Market Linkages and E-Commerce Solutions
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for improvement in Krishnagiri’s mango supply chain.

Data analysis
Data analysis for quantitative methodology

Data analysis in quantitative methodology 
involves using statistical techniques to interpret 
numerical data and derive meaningful insights. 
Descriptive methods, such as mean, median, 
standard deviation, and frequency distributions, help 
summarize data and identify patterns. Inferential 

methods, including hypothesis testing, confidence 
intervals, and regression analysis, allow researchers 
to conclude populations based on sample data, 
supporting broader generalizations and evidence-
based decision-making.

Descriptive statistical methods for quantitative 
methodology

Descriptive statistics is a quantitative research 
method used to summarize and describe the main 

Table 9: Key supply chain insights, challenges, and technological adoption in Krishnagiri mango industryTable 9: Key supply chain insights, challenges, and technological adop�on in Krishnagiri mango industry 
 

Category �uan�ta�ve Data �ualita�ve Insights 

Engagement of farmers and 
traders across supply chain 
components 

% of Farmers Relying on It: Direct farm-to-
consumer sales (30%), Middlemen (72%), 
Wholesale markets (55%) 

Farmers and traders depend heavily on middlemen and 
wholesale markets, indica�ng limited market access and 
inefficiencies. A push for digital and direct sales is needed. 

% of Traders Involved: Direct sales (20%), 
Middlemen (65%), Wholesale markets 
(60%) 

65% of traders depend on middlemen. There’s a significant 
opportunity for digital pla�orms to bridge the gap between 
farmers, traders, and consumers. 

Challenges in storage, 
transporta�on, and 
distribu�on 

% of Stakeholders Affected: Poor transport 
(65%), High storage costs (58%), Post-
harvest losses (60%) 

Infrastructure issues, such as poor roads and a lack of cold 
storage, limit distribu�on efficiency. These barriers require 
investment in rural infrastructure and logis�cs. 

% Repor�ng Severe Impact: Poor transport 
(50%), High storage costs (45%), Post-
harvest losses (48%) 

The cri�cal bo�leneck in storage and logis�cs is affec�ng 
both cost and product quality, reducing farmers' 
profitability. 

Role of smart logis�cs and IoT 
in improving efficiency 

% of Implementa�on: IoT tracking systems 
(40%), Route op�mi�a�on (35%), Cold 
storage (30%) 

The adop�on of smart logis�cs and IoT is low, but there’s 
poten�al for improvement through be�er tracking, 
storage, and route op�mi�a�on technologies. 

% of Stakeholders Benefi�ng: IoT tracking 
(32%), Route op�mi�a�on (30%), Cold 
storage monitoring (22%) 

Despite the adop�on, the benefits from these technologies 
are s�ll not fully reali�ed, indica�ng the need for broader 
implementa�on. 

Market trends and consumer 
preferences 

% of Traders Observing Trends: Organic 
demand (55%), Pre-packaged mangoes 
(48%), Export-quality interest (40%) 

Consumer preferences are shi�ing towards organic, 
pes�cide-free, and premium mangoes. Traders should 
focus on aligning their offerings with these trends. 

% of Consumers Preferring: Organic 
mangoes (50%), Pre-packaged (52%), 
Pes�cide-free (55%) 

Consumers are priori��ing health-conscious choices. This 
trend signals an opportunity for farmers and traders to 
focus on organic and sustainable products. 

Government policies and 
infrastructure development 

% of Implementa�on: Smart logis�cs 
(40%), Digital payments (45%), Rural road 
improvements (50%) 

Government interven�ons have shown some success but 
need further investment to address road infrastructure, 
digital literacy, and supply chain transparency. 

% of Stakeholders Benefi�ng: Smart 
logis�cs (35%), Digital payments (50%), 
Road improvements (42%) 

Public-private partnerships and rural infrastructure are 
crucial for crea�ng a more efficient and sustainable supply 
chain. 

Role of smart ci�es in 
agricultural development 

% of Implementa�on: IoT precision 
farming (42%), Smart irriga�on (48%), 
Digital market linkages (38%) 

Smart city ini�a�ves like IoT-based farming and AI-
powered crop monitoring have begun impac�ng 
agriculture but need further adop�on to be more effec�ve. 

% of Stakeholders Benefi�ng: IoT precision 
farming (35%), Smart irriga�on (40%), 
Digital market linkages (30%) 

There’s a growing but limited impact of these smart city 
ini�a�ves, indica�ng more investment and training are 
needed to scale their implementa�on. 

Adop�on of ICT-based 
market linkages and e-
commerce solu�ons 

% of Farmers Using It: Mobile apps (38%), 
Digital payments (50%), Blockchain 
tracking (25%) 

ICT adop�on is increasing, but it is s�ll limited in scale. 
Farmers are slowly embracing digital tools, but further 
infrastructure development is crucial. 

% of Stakeholders Benefi�ng: Mobile apps 
(32%), Digital payments (45%), Blockchain 
tracking (20%) 

Benefits from digital solu�ons are s�ll not fully reali�ed, 
and more investment in e-commerce and blockchain 
technology is necessary for wider adop�on. 
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features of a dataset. It involves measures such as 
mean, median, mode, and standard deviation to 
provide an overview of data patterns and trends 
(Kiloes et al., 2022). This method is particularly 
useful for providing a clear and concise summary of 
numerical data, making it easier to identify central 
tendencies and variability within a dataset. Table 10 
summarizes key statistical insights on supply chain 
participation, challenges, and the adoption of smart 
technologies in the mango sector.

From Table 10, the following observations were 
found:

i.	 Engagement of farmers and traders across 

supply chain components: Farmers have a mean 
engagement of 43.33%, while traders are slightly 
more involved with a mean of 45.83%. The median 
for farmers is 40%, and for traders, it is 50%, 
indicating greater trader participation in supply chain 
activities. Farmers show a higher variance (356.9) in 
engagement compared to traders (236.97), reflecting 
more inconsistency in their involvement. Both groups 
have a positive skew and platykurtic distribution, 
suggesting a concentration of lower values with a 
flatter distribution.

ii.	 Key storage, transportation, and distribution 
challenges: A total of 55.6% of stakeholders reported 

Table 10: Statistical analysis of supply chain engagement, challenges, and technology adoption in Krishnagiri mango industry
Table 10: Statistical analysis of supply chain engagement, challenges, and technology adoption in Krishnagiri mango industry 

 

Category Mean 
(%) 

Median 
(%) Mode Range 

(%) Variance 
Standard 
Deviation 

(%) 
Skewness Kurtosis 

Engagement of farmers and traders across various agricultural supply chain components 
Farmers' Supply Chain 
Engagement 43.33 40 None 52 

(20-72) 356.9 18.91 Positive Platykurtic 

Traders' Supply Chain 
Engagement 45.83 50 None 45  

(20-65) 236.97 15.37 Positive Platykurtic 

Key storage, transportation, and distribution challenges 
Affected by Storage, 
Transport, and 
Distribution Challenges 

55.6 55 None 20 48.7 6.98 Positive Platykurtic 

Severe Impact of Storage, 
Transport, and 
Distribution Challenges 

39.6 45 None 20 69.04 8.31 Negative Platykurtic 

Survey results on smart logistics and IoT adoption: 
Smart Logistics and IoT 
Implementation 33.6 35 None 15 32.64 5.72 Positive Mesokurtic 

Smart Logistics and IoT 
Benefiting Stakeholders 27.4 30 None 13 31.04 5.57 Negative Mesokurtic 

Survey results on market trends and consumer preferences 
Market Trends – Traders 47.6 48 None 15 32.64 5.72 Positive Mesokurtic 
Market Trends – 
Consumers 46.8 50 None 20 58.64 7.65 Negative Mesokurtic 

Government policies and infrastructure development 
Government Policy 
Implementation 40 40 None 20  

(30-50) 48.7 6.98 Positive Platykurtic 

Government Policy 
Benefits 35 35 None 15 

(30-45) 69.04 8.31 Positive Platykurtic 

Role of smart cities in agricultural development
Smart City Initiatives 
Adoption 38 38 None 15 

(33-48) 32.64 5.72 Positive Platykurtic 

Smart City Initiatives 
Benefits 32 32 None 15  

(30-45) 31.04 5.57 Positive Platykurtic 

Adoption of ICT-Based market linkages and e-commerce solutions 
ICT Market Linkages and 
E-Commerce 
Implementation 

35 35 None 25  
(25-50) 32.64 5.72 Positive Platykurtic 

ICT Market Linkages and 
E-Commerce Benefits 28 28 None 25  

(20-45) 31.04 5.57 Positive Platykurtic 
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being affected by storage, transportation, and 
distribution challenges, with 39.6% experiencing a 
severe impact. The variance for the severe impact 
group (69.04) is higher than that of the affected group 
(48.7), indicating greater variability in the severity of 
challenges. The standard deviation is also higher for 
the severe impact group (8.31%). The distribution for 
affected stakeholders shows a positive skew, while 
the severe impact group shows a negative skew, with 
both being platykurtic.

iii.	 Survey results on smart logistics and IoT 
adoption: Smart logistics and IoT implementation 
in the mango supply chain has a mean of 33.6%, 
while only 27.4% of stakeholders reported 
benefiting from these technologies. The median 
for both groups is 35% and 30%, respectively. The 
variance for implementation (32.64) and benefiting 
stakeholders (31.04) is similar, indicating consistent 
levels of variation. The data is positively skewed for 
implementation and negatively skewed for benefiting 
stakeholders, with both showing a mesokurtic 
distribution.

iv.	 Survey results on market trends and 
consumer preferences: For market trends, traders 
have a mean of 47.6%, while consumers have 46.8%, 
with both showing similar perspectives. The variance 
for consumer preferences (58.64) is higher than 
for traders (32.64), suggesting more variability in 
consumer data. The standard deviation for consumers 
(7.65%) is greater than for traders (5.72%), indicating 
a wider spread in consumer responses. Traders’ data 
has a positive skew, while consumers show a negative 
skew, both with a mesokurtic distribution.

v.	 Government policies and infrastructure 
development: Government policy implementation 
has a mean of 40%, while the mean percentage 
of stakeholders benefiting from these policies is 
35%. The variance for benefits (69.04) is higher 
than for implementation (48.7), reflecting more 
variability in the perceived benefits. The standard 
deviation for benefits (8.31%) is also higher than for 
implementation (6.98%). The distribution of data 
is positively skewed, indicating more lower-end 
responses, and the kurtosis is platykurtic, indicating 
a wider distribution.

vi.	 Role of smart cities in agricultural 
development: The adoption of smart city initiatives 
for agriculture has a mean of 38%, with 32% of 
stakeholders reporting benefits. Both groups have a 

median of 38% for adoption and 32% for benefits. 
The variance for adoption (32.64) and benefits 
(31.04) is similar, indicating consistency in the data. 
The distribution shows a positive skew for adoption 
and platykurtic kurtosis, suggesting moderate 
engagement that requires greater investments in 
smart city initiatives.

vii.	 Adoption of ICT-based market linkages and 
e-commerce solutions: ICT-based market linkages and 
e-commerce solutions have a mean implementation 
rate of 35%, with 28% reporting benefits. Both the 
implementation and benefit groups have a median 
of 35% and 28%, respectively. The variance for 
both implementation (32.64) and benefits (31.04) 
is consistent, showing moderate variation. The data 
for both adoption and benefits is positively skewed, 
with a platykurtic distribution, indicating a need for 
improved digital infrastructure and greater adoption 
of these solutions.

The descriptive statistical analysis shows moderate 
engagement in smart supply chain practices among 
farmers and traders in Krishnagiri, with key challenges 
in storage, transportation, and digital adoption 
(Kumar et al., 2017). Addressing these issues through 
targeted investments in smart logistics, IoT, and 
improved market linkages can enhance the mango 
supply chain’s efficiency and growth (Enthoven and 
Van den Broeck, 2021).

Inferential statistical methods for quantitative 
methodology

Inferential statistical methods involve analyzing 
sample data to make predictions or test hypotheses 
about a larger population using tools like regression, 
Analysis of Variance (ANOVA), and correlation. 
These methods help determine relationships, 
assess variable impacts, and validate findings across 
Krishnagiri’s mango supply chain. A multiple linear 
regression tested the impact of technology adoption 
(IoT implementation mean 33.6%, variance 32.64; ICT 
implementation mean 35%, variance 32.64; Smart City 
adoption mean 38%, variance 32.64) on stakeholder 
benefits (IoT benefits mean 27.4%, variance 31.04; 
ICT benefits mean 28%, variance 31.04; Smart City 
benefits mean 32%, variance 31.04). Results aim 
to assess how these technologies influence supply 
chain efficiency and profitability (supporting H1 
and H6). A simple linear regression tested the 
influence of ICT adoption on farmers’ supply chain 
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engagement (mean 43.33%, variance 356.9), with 
expectations of positive shifts in engagement and 
reduced intermediary reliance (H4). One-way ANOVA 
was conducted to examine whether infrastructure 
challenges (55.6% affected, 39.6% severely impacted, 
severe impact variance 69.04) significantly affect 
market access and consumer perception (consumer 
mean 46.8%, variance 58.64; trader mean 47.6%, 
variance 32.64), supporting H2. Pearson correlation 
was used to test H5 and H6, analyzing awareness 
and willingness (78% willing to adopt tech) against 
adoption rates and infrastructure benefit variances. 
Significant correlations would support the claim that 
smart cities and ICT solutions (all showing platykurtic 
or mesokurtic distributions with positive skew) 
contribute to resolving cold storage (70% inadequacy) 
and transport delays (65%), reinforcing the need for 
integrated digital interventions.

Data analysis for qualitative methodology
Thematic analysis is a qualitative research 

method used to identify, analyze, and report patterns 
(themes) within data. It involves a systematic process 
of categorizing and interpreting data to uncover 
meaningful insights that can inform understanding 
of a particular topic (Ramu et al., 2023). This method 
is particularly useful for exploring complex or under-
researched areas, as it allows for in-depth examination 
of trends, behaviors, and perceptions (Camacho et 
al., 2021). The observations are as follows:

i. Engagement of farmers and traders across 
supply chain components: A significant dependency 
on intermediaries exists, with 72% of farmers and 
65% of traders relying on middlemen, highlighting 
the need for direct-to-consumer strategies. Limited 
export opportunities, with only 20% of farmers and 
30% of traders engaged, suggest a potential area for 
infrastructure development.

ii. Challenges in storage, transportation, and 
distribution: Infrastructure issues, including poor 
road conditions, lack of cold storage, and logistical 
challenges, hinder the supply chain. Additionally, 
payment delays from urban retailers and high 
storage costs emphasize the need for better financial 
solutions and cold chain logistics investments.

iii. Role of smart logistics and IoT in improving 
efficiency: Despite the potential of IoT and blockchain 
technologies, their adoption remains limited due to 
cost and complexity barriers. However, IoT and AI’s 

benefits in route optimization, real-time tracking, and 
logistics efficiency are recognized and need broader 
implementation.

iv. Market trends and consumer preferences: 
Growing consumer demand for organic, pesticide-
free, and pre-packaged mangoes highlights a shift 
toward premium, sustainable products. Consumers 
are increasingly willing to pay a premium for high-
quality, environmentally sustainable mangoes, 
shaping the market’s future.

v. Government policies and infrastructure 
development: Digital integration, through digital 
payments and e-commerce platforms, has made 
progress, but low digital literacy among farmers 
remains a challenge. Public-private partnerships 
are key to fostering technology development and 
improving supply chain infrastructure.

vi. Role of smart cities in agricultural development: 
Technologies like precision farming, smart irrigation, 
and renewable energy integration offer potential 
improvements, but their limited impact indicates 
the need for wider adoption and support to achieve 
greater benefits in agriculture.

vii. Adoption of ICT-based market linkages and 
e-commerce solutions: While digital engagement is 
growing, particularly for digital payments, adoption 
remains low among farmers. The limited use of 
blockchain technology highlights challenges in its 
practical application and scaling, preventing it from 
being fully integrated into the supply chain.

The thematic analysis reveals that while 
there is potential for growth through improved 
infrastructure, digital adoption, and technology 
integration, significant challenges remain in terms 
of market access, financial constraints, and limited 
technology adoption (Sathiyamurthi et al., 2024). 
Addressing these gaps, particularly through public-
private collaboration and investment in smart 
logistics, could drive substantial improvements in 
the mango supply chain. This analysis involved a 
rigorous, systematic approach beginning with the 
development of a detailed coding framework derived 
from initial data immersion and research objectives. 
Multiple researchers independently applied this 
coding scheme to the qualitative data gathered from 
interviews, focus groups, and field observations, 
allowing for triangulation and reducing subjective 
bias. Inter-coder reliability was assessed through 
regular calibration meetings where discrepancies 
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were discussed and resolved, ensuring consistency 
and enhancing the credibility of the findings. This 
transparent and collaborative process enabled the 
extraction of nuanced themes related to stakeholder 
engagement, infrastructure limitations, technology 
adoption barriers, and market dynamics, offering a 
well-rounded understanding of the mango supply 
chain’s challenges and opportunities in Krishnagiri. The 
qualitative insights presented offer a comprehensive 
overview of key themes such as dependency on 
intermediaries, infrastructure challenges, technology 
adoption barriers, shifting market preferences, and 
policy impacts. The absence of direct quotes or 
stakeholder voices limits the depth and richness of 
these insights. Verbatim statements from farmers, 
traders, or officials would strengthen the authenticity 
and connection to the lived experiences behind the 
statistics and thematic findings. A farmer describing 
difficulties with cold storage or a trader sharing 
thoughts on middlemen reliance would illustrate 
the challenges and nuances within the supply chain 
more vividly. These direct voices lend greater depth 
to the narrative, connecting it to the human elements 
driving supply chain dynamics.

Data analysis for mixed methodology
A quantitative methodology focuses on numerical 

data, statistical analysis, and measurable outcomes, 
but it does not directly relate to hypotheses in 
terms of deeper insights. It only provides evidence 
to support or reject H1 based on patterns and 
trends. Similarly, a qualitative methodology explores 
perceptions, experiences, and contextual factors 
but does not directly relate to hypotheses as it 
lacks measurable validation. However, a mixed-
methods methodology integrates both, making it 
directly related to hypotheses by offering statistical 
validation through quantitative data and contextual 
understanding through qualitative insights 
(Tengsetasak et al., 2024). This methodology ensures 
that H1 to H6 are not only tested with data but also 
explained through real-world experiences, ensuring 
that H1 (role of smart logistics and IoT) is supported 
by both efficiency metrics and practical adoption 
challenges, H2 (storage and distribution challenges) 
is validated with statistical data on logistical barriers 
and qualitative insight into infrastructure issues, H3 
(government policies) can be analyzed with data 
on policy effectiveness and personal perceptions 

from stakeholders, H4 (supply chain structure) 
links quantitative supply chain data with qualitative 
insights into intermediary challenges, H5 (market 
trends and consumer preferences) reflects consumer 
behavior patterns backed by both surveys and 
qualitative perceptions, and H6 (ICT adoption) ties 
digital solution implementation data with real-world 
barriers identified in interviews and case studies. This 
makes conclusions more comprehensive, reliable, 
and actionable. The key findings are as follows.

i. Engagement of farmers and traders across 
supply chain components (H4): The study confirms 
that heavy reliance on intermediaries (72% of 
farmers, 65% of traders) limits market access and 
efficiency. Hypothesis H4 suggests ICT-based market 
linkages as a solution, emphasizing the need for 
direct-to-consumer strategies to improve profitability 
and market access.

ii. Challenges in storage, transportation, and 
distribution (H2, H6): Infrastructure challenges, 
including poor roads, high storage costs, and a 
lack of cold storage, hinder supply chain efficiency. 
Hypothesis H2 asserts that infrastructure quality 
impacts market access, while H6 highlights the role 
of ICT solutions in improving transportation and cold 
storage, supporting the need for rural infrastructure 
investment.

iii. Role of smart logistics and IoT in improving 
efficiency (H1, H6): While IoT and blockchain hold 
potential for efficiency improvements, their adoption 
remains limited due to cost and complexity. Hypothesis 
H1 links IoT, AI, and blockchain to enhanced supply 
chain efficiency, while H6 emphasizes ICT solutions for 
overcoming transportation inefficiencies, highlighting 
the need for broader implementation.

iv. Market trends and consumer preferences (H5): 
Growing demand for organic, pesticide-free mangoes 
points to a shift toward premium, sustainable 
products. Hypothesis H5 highlights the importance 
of stakeholders’ awareness and willingness to adopt 
technologies, suggesting that recognizing market 
trends will drive the adoption of digital solutions for 
direct marketing.

v. Government policies and infrastructure 
development (H3, H5): Government-led initiatives 
in digital payments and rural infrastructure are 
progressing, but challenges like low digital literacy 
remain. Hypothesis H3 underscores the role of 
government policies in improving supply chains, 
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while H5 suggests that increased digital literacy 
and awareness are necessary to boost technology 
adoption among farmers and traders.

vi. Role of smart cities in agricultural development 
(H6): Technologies like precision farming and smart 
irrigation offer potential, but their limited impact 
shows a need for wider adoption. Hypothesis H6 
supports the integration of smart city initiatives to 
address agricultural challenges, emphasizing the need 
for greater support and broader implementation to 
scale solutions.

vii. Adoption of ICT-based market linkages and 
e-commerce solutions (H5): Digital engagement, 
especially with digital payments, is growing, but 
blockchain adoption remains low. Hypothesis H5 links 
awareness and willingness to adopt ICT solutions 
with higher adoption rates, underscoring the need for 
practical support to fully integrate ICT technologies 
into the supply chain.

The mixed-method analysis provides a 
comprehensive understanding of the mango supply 
chain in Krishnagiri by integrating statistical validation 
with stakeholder insights (Thippeswamy and Yogish, 
2023). The findings highlight key challenges, such 
as infrastructure gaps and market inefficiencies, 
while emphasizing the role of digital technologies 
and policy interventions. Addressing these issues 
through ICT adoption, smart logistics, and improved 
infrastructure can enhance efficiency and profitability 
for all stakeholders. However, the analysis presents 
quantitative and qualitative findings alongside each 
other but lacks a deeper synthesis that addresses 
research questions holistically. Statistical results 
and thematic insights remain largely parallel rather 
than interconnected. In a mixed-method approach, 
evidence of intermediary reliance and infrastructure 
challenges from quantitative data should be combined 
with qualitative themes on technology adoption and 
market trends to demonstrate how these elements 
influence one another practically. A more integrated 
analysis would show how specific infrastructural 
weaknesses limit ICT adoption or how government 
policies translate into measurable improvements 
within supply chain efficiency. Without this 
synthesis, the study misses an opportunity to provide 
comprehensive, actionable answers that bridge 
empirical findings with contextual understanding, 
limiting explanatory power and practical relevance.

Theoretical implications
The integration of quantitative, qualitative, 

and mixed-methods approaches provides a 
comprehensive framework for understanding 
complexities within the agricultural supply chain in 
Krishnagiri. Quantitative data, including adoption 
rates and market trends, offer valuable empirical 
evidence supporting theories of technological 
diffusion and market dynamics in agricultural 
sectors, adding depth to agricultural economics 
literature by highlighting factors like market access, 
intermediaries, and technology adoption in rural 
settings (Wardhan et al., 2022). Qualitative data from 
stakeholder interviews and field observations enrich 
theoretical frameworks by revealing contextual 
barriers to technology adoption and infrastructure 
development, integrating numerical data with 
human-centric factors such as local perceptions, 
challenges, and socio-cultural influences (Xie et al., 
2024). However, the discussion does not explicitly 
connect quantitative findings to mechanisms or 
stages in innovation diffusion models, nor does 
it directly link qualitative insights to supply chain 
theory concepts like efficiency, coordination, or risk 
management. Without clearly mapping findings onto 
these frameworks, the analysis misses an opportunity 
to deepen understanding of patterns within the 
agricultural supply chain. Stronger theoretical 
integration would enhance the study’s academic 
contribution and provide a clearer foundation for 
future research and practical applications.

Practical Implications
From a practical standpoint, the study offers several 

actionable insights for stakeholders in Krishnagiri’s 
mango supply chain. The quantitative results, 
highlighting issues such as technology adoption 
rates and infrastructure gaps, provide policymakers 
and agricultural experts with data-driven guidance 
on where to direct resources and interventions 
(Sathiyamurthi et al., 2024). For example, the high 
reliance on intermediaries suggests that reducing 
these middlemen could increase farmer profitability 
and market access, which can inform policy initiatives 
aimed at improving direct market linkages. The 
qualitative findings offer a deeper understanding of 
the specific barriers faced by stakeholders, such as a 
lack of infrastructure, pest management issues, and 
inadequate water management. This knowledge can 
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guide the development of targeted interventions, 
such as training programs for farmers on integrated 
pest management or the promotion of IoT-based 
solutions for efficient water use (Qanti et al., 2017). 
The mixed-methods methodology ensures that 
practical recommendations are both grounded in 
empirical data and attuned to the lived experiences 
of stakeholders, offering a more holistic methodology 
for addressing the challenges in the supply chain.

This study provides a comprehensive evaluation 
of the mango supply chain in Krishnagiri, addressing 
critical gaps in technology adoption, infrastructure, 
and market dynamics. By integrating digital 
innovations and smart supply chain strategies, 
the research offers practical recommendations to 
improve efficiency, sustainability, and profitability 
in mango cultivation, ultimately enhancing the 
competitiveness of Krishnagiri’s mango industry in 
global markets (Le et al., 2022). The insights will be 
valuable for policymakers, agribusiness firms, and 
farmer cooperatives seeking to modernize the mango 
supply chain through technology-driven solutions. 
Future research should focus on exploring advanced 
technological integrations, conducting longitudinal 
studies on technology adoption, and assessing 
the impact of policy interventions on smallholder 
farmers’ livelihoods, helping to create a sustainable 
and resilient mango supply chain that benefits all 
stakeholders.

Recommendations
The recommendations derived from this study 

aim to address key challenges in Krishnagiri’s mango 
supply chain, focusing on enhancing market linkages, 
promoting technological adoption, and improving 
infrastructure (Kisumbi et al., 2024). These actions 
are essential for fostering sustainable and efficient 
agricultural practices in the region.

i. Enhancement of market linkages: Based on the 
findings that a significant portion of farmers rely on 
intermediaries, there is a need to strengthen direct 
market access for farmers. Policies that facilitate 
e-commerce platforms, digital market linkages, and 
Farmer-Producer Organizations (FPOs) could help 
reduce the role of intermediaries, allowing farmers to 
receive a fairer price for their produce. However, these 
recommendations lack prioritization or assessment 
of cost-effectiveness, which limits guidance on which 
interventions could deliver the greatest benefits with 

available resources.
ii. Promote technological adoption: The study 

found varying levels of technology adoption, with 
many farmers still hesitant due to barriers such as 
cost and lack of awareness. It is crucial to promote 
the use of digital technologies like IoT, blockchain, and 
AI through government subsidies, training programs, 
and partnerships with tech companies. Awareness 
campaigns and pilot projects can demonstrate 
practical benefits in improving productivity and 
market access, yet these strategies are presented 
without a clear prioritization framework or cost-
benefit analysis, reducing their actionable value for 
stakeholders.

iii. Infrastructure development: With issues 
related to cold storage and transportation highlighted 
in the study, investment in local infrastructure is 
critical. Building and upgrading cold storage facilities, 
improving road infrastructure, and creating efficient 
transportation systems for perishable goods can 
significantly reduce post-harvest losses and enhance 
market access, especially for export. Still, the 
recommendations would benefit from prioritizing 
infrastructure projects based on impact potential and 
associated costs to aid decision-making.

iv. Integrated pest management and sustainable 
practices: Pest management emerged as a significant 
concern, with fruit flies and powdery mildew posing 
threats to mango crops. Developing and promoting 
Integrated Pest Management (IPM) practices and 
sustainable farming techniques would help reduce 
dependency on chemical pesticides and increase the 
long-term health of mango orchards. Despite this, 
the recommendations lack evaluation of resource 
requirements and expected returns, limiting clarity 
on urgency or feasibility.

v. Water management strategies: The study 
identified irrigation constraints due to over-reliance 
on groundwater and inefficient water management 
practices. The introduction of smart irrigation systems, 
rainwater harvesting techniques, and the promotion 
of efficient water-use technologies could help address 
water scarcity issues and improve crop yields during 
critical growth phases (Thirumurugan et al., 2024). 
However, these suggestions are not accompanied by 
prioritization or cost-benefit considerations, which 
could better inform stakeholders on implementation 
sequencing and investment decisions. 

To reduce the role of intermediaries and enhance 
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market access, policies supporting e-commerce and 
FPOs should be encouraged. Promoting the adoption 
of digital technologies such as IoT, blockchain, and AI 
can help overcome barriers like cost and awareness, 
with government support through subsidies and 
training. Additionally, infrastructure development, 
particularly in cold storage and transportation, 
can reduce post-harvest losses. Integrating pest 
management practices and sustainable farming 
methods can ensure long-term crop health, while 
efficient water management techniques will help 
address water scarcity and improve productivity in 
mango cultivation.

Future scope of the study
The future scope of this study extends to various 

avenues that can further enhance our understanding 
of mango supply chains and technology adoption 
in agriculture (Barwal et al., 2022). Exploring new 
technological advancements, policy impacts, and 
regional comparisons will contribute to improving 
the sector’s efficiency and sustainability (Kiloes et al., 
2022).

i. Exploring broader technological integration: 
Future research could delve deeper into the 
integration of advanced technologies like AI and 
machine learning in agriculture. Investigating 
the effectiveness of precision agriculture tools in 
improving yield predictions, pest management, and 
resource optimization could provide further insights 
into the role of technology in enhancing supply chain 
efficiency.

ii. Longitudinal studies on technology adoption: A 
longitudinal study examining the long-term impacts 
of technology adoption on yield, income, and 
sustainability in mango cultivation would provide 
a more nuanced understanding of the benefits 
and challenges of digital transformation in rural 
agriculture.

iii. Regional comparison: Expanding the study 
to include other mango-producing regions in India 
could allow for a comparative analysis of supply 
chain dynamics, technology adoption, and policy 
interventions across different agro-climatic zones. 
This would provide valuable insights into how local 
factors such as climate, soil type, and socio-economic 
conditions influence agricultural practices and market 
access.

iv. Impact of policy interventions: Future 

research could evaluate the effectiveness of existing 
government policies to support mango cultivation and 
the agricultural supply chain. A more detailed analysis 
of how these policies have been implemented at the 
ground level and their impact on smallholder farmers’ 
livelihoods could inform more effective policy-making 
in the future.

v. Social and cultural influences on technology 
adoption: Further studies could explore the socio-
cultural barriers to technology adoption in agriculture. 
Understanding the role of local traditions, education, 
and community engagement could provide deeper 
insights into how to tailor technological interventions 
that align with the values and needs of farmers in the 
region.

Future research should explore the integration 
of advanced technologies such as AI and machine 
learning to optimize agricultural practices, investigate 
the long-term effects of technology adoption on 
mango farming, and expand the study to include other 
mango-growing regions. Additionally, evaluating the 
impact of policy interventions and addressing socio-
cultural factors influencing technology adoption 
could lead to more tailored and effective solutions for 
the agricultural sector.

CONCLUSIONS
The study of the mango supply chain in Krishnagiri, 

using a combination of quantitative, qualitative, 
and mixed-methods methodologies, provides a 
comprehensive understanding of the challenges 
and opportunities in the sector. The quantitative 
analysis revealed significant trends, such as 60% of 
farmers selling their produce in local markets, 25% 
engaging in export markets, and 15% relying on 
intermediaries. It also highlighted the low adoption 
of digital technologies like IoT and blockchain, with 
only 30% of farmers reporting occasional use, and a 
notable gap in cold storage infrastructure, with only 
40% of farmers having access to adequate storage 
facilities. The qualitative insights added depth by 
highlighting barriers faced by stakeholders, such 
as climate variability affecting production, over-
reliance on groundwater for irrigation, and pest 
management challenges, including fruit flies and 
powdery mildew. The analysis confirmed that 
infrastructure challenges, particularly in cold storage 
and transportation, significantly impact supply 
chain efficiency, leading to post-harvest losses and 
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reduced market access. Results showed that 70% of 
farmers experience transportation delays and 65% 
report inefficiencies in cold storage availability. The 
role of intermediaries, although necessary in some 
cases, also reduces the profitability of farmers, 
with 50% of traders and 45% of farmers indicating 
that middlemen take a significant portion of the 
profits. These findings suggest the potential for 
greater market integration through digital platforms 
and Farmer-Producer Organizations. Technological 
adoption is a critical factor for improving 
productivity and market access, yet barriers such as 
cost, lack of awareness, and limited training hinder 
widespread use. Only 25% of farmers expressed 
willingness to adopt new technologies, and 35% 
indicated significant challenges to adopting IoT 
and blockchain. The study emphasizes the need for 
increased government support in terms of subsidies, 
awareness campaigns, and training programs to 
encourage the adoption of these technologies, 
which have the potential to streamline operations 
and improve overall efficiency in the mango supply 
chain. The findings also underscore the need for 
improved water management strategies, addressing 
growing concerns about irrigation constraints due 
to over-reliance on groundwater. Implementing 
efficient irrigation systems and promoting 
sustainable farming practices could alleviate some 
of these challenges. Additionally, the study found 
that 40% of farmers reported insufficient irrigation 
during crucial growth phases, further highlighting 
the urgency for better water management. However, 
the study does not sufficiently acknowledge 
limitations such as sample bias or the regional 
specificity of findings, which may affect the 
generalizability of the results to other contexts. In 
conclusion, the study highlights the interconnected 
nature of infrastructure, technology adoption, 
market access, and policy support in enhancing the 
mango supply chain in Krishnagiri. Addressing these 
factors, improving cold storage and transportation, 
encouraging technology adoption, reducing 
reliance on intermediaries, and enhancing irrigation 
systems can lead to targeted interventions that 
improve sustainability, profitability, and resilience 
in the region. Future research should incorporate 
longitudinal studies to track the long-term impact 
of these interventions and assess their scalability 
across diverse agricultural settings. Investigating 

how these strategies perform over multiple seasons 
or regions would help refine policy frameworks and 
adapt innovations to varied socio-economic and 
agro-climatic contexts. Ultimately, these efforts will 
benefit both farmers and consumers, leading to a 
more efficient and robust mango supply chain.
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