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Abstract— India is a major producer of pomegranate, yet only a small proportion of its production enters international
markets, indicating a persistent gap between production capacity and export performance. This review synthesizes evidence
on the production, fruit quality, pesticide use, residue, post-harvest, phytosanitary, and market factors that shape the
exportability of Indian pomegranate. India produced about 3.16 million tonnes of pomegranate in 2022-23, while only around
2.5% was exported, despite substantial growth in export value over the past decade. The review shows that export constraints
begin at the farm level, where pest and disease pressure and frequent pesticide application can affect fruit quality and
compliance with residue requirements, while inadequate farm-level documentation can limit traceability. Residue studies from
India demonstrate considerable variation among regions and sampling periods, with both compliant samples and samples
exceeding applicable MRLs reported. Importantly, regulatory compliance with MRLs and dietary-health risk are distinct
considerations and should not be interpreted interchangeably. Beyond production, inadequate pre-cooling, grading,
packhouse capacity, integrated cold chains and processing infrastructure can reduce the quality achieved in the orchard,
particularly for highly perishable arils. Market access is further influenced by destination-specific sanitary and phytosanitary
requirements, certification, traceability, labelling, tariffs and other non-tariff measures. Exports remain concentrated in
regional markets, whereas substantially higher price realizations have been reported for selected high-value destinations. The
evidence indicates that increasing exports therefore requires a coordinated value-chain approach rather than greater
production alone. Priority areas include export-oriented crop protection, residue-compliant production, farm-level
traceability, cluster-based post-harvest infrastructure, value addition, market diversification and stronger alignment between
production systems and destination-market requirements.

Keywords— Export competitiveness; Pesticide residues; Maximum residue limits; Traceability; Post-harvest management.

l. INTRODUCTION

Pomegranate (Punica granatum L.) is an important fruit crop of arid and semi-arid regions and has become an economically
important horticultural commodity in India. The crop is valued for its nutritional properties, attractive fruit characteristics, and
growing demand in domestic and international markets. India has a diverse range of pomegranate cultivars, although only a
limited number are cultivated commercially. Among them, Bhagwa has emerged as an important commercial and export variety
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because of its attractive rind and aril colour, sweetness, good keeping quality, and high yield (Prasad et al., 2013; Saroj and
Sharma, 2017). Pomegranate cultivation is concentrated mainly in Maharashtra, Karnataka, Gujarat, and Andhra Pradesh, with
Maharashtra being the leading producing state. India also has an important advantage in terms of fruit availability, as
pomegranate can be produced throughout the year, while several competing countries have more restricted production seasons
(Kahramanoglu, 2019).

Despite this production strength, only a small proportion of Indian pomegranate reaches international markets. In TE 2022-23,
India produced about 3.16 million metric tonnes of pomegranate, while only about 2.5 per cent of the production was exported
(Rao et al., 2026). Indian pomegranate exports have increased substantially over the years, with export value rising from USD
15.57 million in 2010-11 to USD 69.08 million in 2023-24 (Rao et al., 2026). However, a large share of exports continues to
be directed towards a limited number of markets, particularly the United Arab Emirates, Bangladesh and Nepal (Rao et al.,
2026). This difference between the scale of production and the quantity entering international trade raises an important
question: why has India not been able to convert its large production base into a much larger and more diversified export
presence?

Export performance in fresh fruit depends on more than production volume. Fruit intended for international markets must meet
specific requirements related to size, colour, appearance, surface quality, variety, shelf life, and absence of pests and diseases.
In pomegranate, these characteristics can be influenced by cultivar, agro-climatic conditions, nutrient and water management,
pest and disease pressure, and harvesting practices. A diverse insect and non-insect pest complex has been reported on
pomegranate, and damage caused by these pests can reduce yield, fruit quality, and marketability (Kulkarni et al., 2007; Balikai
et al., 2011; Balikai et al., 2022). Diseases such as bacterial blight, wilt, anthracnose, and fruit rots also affect production and
fruit quality, with bacterial blight being one of the major constraints in Indian pomegranate production (Doddaraju et al., 2019;
Sharma et al., 2021). Recent assessments of the export sector have also identified fruit size, colour variation, bacterial blight,
and varietal inconsistency among the factors that can reduce export readiness (Rao et al., 2026).

Crop protection practices are closely related to the quality and safety requirements of export-oriented production. Because
pomegranate is affected by a diverse pest and disease complex, chemical pesticides remain an important component of crop
protection in commercial orchards. Studies have reported considerable dependence on synthetic pesticides and frequent
pesticide applications. In some production systems, spraying has been largely calendar-based rather than based on actual pest
incidence (Elango and Sridharan, 2017). In addition, deficiencies in farmer awareness regarding pesticide residues, maximum
residue limits (MRLS), pre-harvest intervals (PHIs), recommended dosages, and safe pesticide use have been reported in several
agricultural production systems (Anbazhagan et al., 2022; Kumar et al., 2023; Prasad et al., 2023; Vallur et al., 2023). These
practices are relevant to export production because decisions regarding pesticide selection, application rate, and timing are
made at the farm level, whereas the harvested fruit must satisfy the residue requirements of the destination market.

Pesticide residues have consequently become an important consideration in the export of pomegranate. Residue-monitoring
studies conducted in India have detected several insecticides and fungicides in pomegranate fruit, with considerable variation
among regions, seasons and sampling sources. An early large-scale study of export-oriented pomegranate from Maharashtra
and Karnataka detected residues belonging to several pesticide groups, and a proportion of the samples exceeded European
Union MRLs (Kolekar et al., 2011). Subsequent studies have also reported pesticide residues in pomegranate from different
parts of India (Kottadiyil et al., 2023; Aralimarad et al., 2024). These findings need to be interpreted carefully because the
detection of a residue does not by itself indicate a dietary health risk. However, residues exceeding the MRL applicable to a
particular pesticide-commodity combination can create a regulatory and commercial problem, particularly when the produce
is intended for export markets (Dureja et al., 2015; Ambrus and Yang, 2016).

The issue becomes more important because residue standards and other regulatory requirements differ among importing
countries. Pomegranate intended for export may therefore need to comply with requirements related to pesticide residues,
phytosanitary measures, certification, traceability, labelling and food safety. Differences among Indian, Codex, and European
Union requirements can influence pesticide selection, spray schedules, and PHI management in export-oriented orchards
(Dureja et al., 2015; Ambrus and Yang, 2016; Pasupuleti et al., 2022). Residue studies have also shown that pesticide
persistence in pomegranate varies with the pesticide used, dose, environmental conditions, and fruit characteristics, making
crop-specific residue and dissipation information important for determining appropriate PHIs and maintaining residue
compliance (Hem et al., 2010; Mohapatra and Lekha, 2016; Parmar et al., 2025).
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The constraints to export do not end at the farm. Pomegranate is a perishable commodity and requires proper harvesting,
grading, packing, storage, and transportation to retain its quality. Inadequate primary grading and collection facilities, limited
pre-cooling and cold-storage infrastructure, fragmented cold-chain systems, and insufficient processing facilities can contribute
to quality deterioration and post-harvest losses. These limitations are particularly important for minimally processed arils,
which require rapid cooling and continuous temperature control. The development of cluster-based facilities, improved
packhouses, cold-chain systems, traceability, and processing infrastructure has therefore been identified as important for
strengthening the efficiency of the Indian pomegranate export value chain (Gulati et al., 2022). Market access also depends on
sanitary and phytosanitary requirements, certification, traceability, labelling and other non-tariff measures. Countries such as
those in the European Union and other high-value markets may impose stringent requirements related to pesticide residues,
pests and diseases, and product certification. Compliance with these requirements can increase the cost and complexity of
exporting fresh fruit, particularly for small and fragmented producers. Thus, export competitiveness depends on the ability to
produce fruit that consistently meets the required quality and safety standards and to maintain these standards through the
subsequent stages of the supply chain.

The available literature on Indian pomegranate is distributed across different areas, including production, pest and disease
management, pesticide use, residue monitoring, food safety, post-harvest handling and international trade. However, these
aspects have largely been examined separately. Bringing them together is important for understanding the gap between India's
production potential and its export performance. In particular, farm-level crop protection practices, residue compliance, fruit
quality, post-harvest handling and market-access requirements are interconnected parts of the same export chain rather than
isolated issues.

The present review therefore examines the major factors influencing the export of Indian pomegranate, with particular emphasis
on production and fruit-quality constraints, crop-protection practices and pesticide-residue compliance, post-harvest and value-
chain limitations, phytosanitary and other market-access requirements, and the opportunities available for expanding India's
presence in international markets. The review aims to bring these aspects together to identify the major points at which
constraints arise and to discuss how improvements across the production-to-export chain could contribute to more consistent
and competitive Indian pomegranate exports.
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FIGURE 1: Conceptual framework of the major factors influencing the exportability of Indian
pomegranate, from production and fruit quality through crop protection, pesticide-residue compliance,
post-harvest handling, phytosanitary requirements, market access and export.

1. POMEGRANATE PRODUCTION AND EXPORT POSITION OF INDIA

India is among the major pomegranate-producing countries in the world. The crop is cultivated mainly in Maharashtra,
Karnataka, Gujarat, and Andhra Pradesh, with Maharashtra accounting for the largest share of the country's production. The
expansion of pomegranate cultivation in India has been associated with an increase in both cultivated area and productivity,
particularly following the wider adoption of commercially preferred cultivars such as Bhagwa. The increase in production has
also been supported by the suitability of pomegranate to arid and semi-arid agro-climatic conditions and by its relatively high
economic returns compared with several other horticultural crops (Prasad et al., 2013; Saroj and Sharma, 2017).
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According to Rao et al. (2026), India produced approximately 3.16 million metric tonnes of pomegranate in 2022-23 from
about 0.3 million hectares of cultivated area. However, only about 2.5 per cent of the total production entered export markets.
More recent production estimates reported by Rao et al. (2026) indicate continued growth in the country's pomegranate
production, with approximately 2.9 million metric tonnes produced during 2023-24. Maharashtra remained the leading
producing state, accounting for more than half of the country's production, followed by Gujarat, Karnataka, Rajasthan and
Andhra Pradesh (Rao et al., 2026). The continued expansion of production indicates that availability of fruit is not, by itself,
the major limitation to increasing exports.

Pomegranate also offers India an important seasonal advantage in international trade. Production in Maharashtra and Gujarat
extends across the year, while several competing countries have more restricted harvesting periods. This provides an
opportunity for India to supply international markets during periods when fruit availability from some other producing
countries is relatively low (Kahramanoglu, 2019). The Bhagwa cultivar further strengthens this opportunity because of its
attractive rind and aril colour, sweetness, keeping quality, and consumer acceptance. Bhagwa has therefore become the
principal cultivar associated with Indian pomegranate exports, while cultivars such as Ganesh, Phule Arakta, Ruby and Mridula
contribute to production and are exported to a more limited extent (Prasad et al., 2013; Saroj and Sharma, 2017).

Despite these advantages, the growth in production has not been accompanied by a proportionate increase in exports. Indian
pomegranate export value increased from approximately USD 15.57 million in 2010-11 to USD 69.08 million in 2023-24,
representing substantial growth over the period (Rao et al., 2026). However, the recent export trend has been less consistent
than the earlier period of rapid expansion. The domestic market has remained an important destination for Indian pomegranate,
and in some years, better domestic prices have reduced the incentive to send fruit to export markets (Rao et al., 2026). However,
in recent years, heavy domestic supply has destabilized the market, and prices have dropped sharply. Thus, the export problem
is not simply a question of producing more fruit; it also concerns the ability to consistently produce, handle, and market fruit
that satisfies the requirements of international buyers as well as stabilize the domestic market.

Another important feature of India's export profile is the concentration of exports in a relatively small number of destinations.
The United Arab Emirates, Bangladesh, and Nepal account for a substantial share of Indian pomegranate exports, while
countries such as the Netherlands and Qatar also receive Indian fruit (Rao et al., 2026). This concentration provides established
market channels for Indian producers but also indicates limited diversification into some high-value markets. Expanding into
such markets requires fruit to meet more demanding requirements related to quality, residue compliance, traceability,
phytosanitary measures, certification, and post-harvest handling.

Comparison with other producing countries also needs to be interpreted cautiously because internationally comparable
pomegranate-specific trade data are limited. Pomegranates are included under the broader HS 081090 category in international
trade statistics, together with several other fruits, making it difficult to obtain accurate country-wise comparisons of
pomegranate exports and imports. Country-specific information is therefore often compiled from national statistical agencies
and other sectoral sources rather than from a single internationally standardized database (Ergun, 2012).

The production-export gap therefore points to a broader issue in the Indian pomegranate sector. India possesses a substantial
production base, a commercially established export cultivar, and a long production season, but these advantages do not
automatically translate into access to all international markets. Fruit leaving the orchard must retain the required physical
quality, comply with food-safety and residue standards, meet phytosanitary requirements, and remain commercially viable
through packing, storage, and transportation. Therefore, the reasons for the limited conversion of production into exportable
fruit need to be examined across the entire production and supply chain, not from the perspective of production volume alone.

This production-export gap forms the basis for examining the specific constraints affecting export readiness, beginning with
fruit quality and crop protection at the farm level and extending to residue compliance, post-harvest handling, infrastructure
and international market-access requirements.

1. PRODUCTION AND FRUIT QUALITY CONSTRAINTS AFFECTING EXPORTABILITY

The ability to export pomegranate depends first on the production of fruit that meets the physical and quality requirements of
the target market. Although India has a strong production base and an established export cultivar in Bhagwa, differences in
fruit size, colour, appearance, varietal consistency, and overall quality can reduce the proportion of fruit suitable for premium
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export markets. Bhagwa is widely preferred because of its attractive rind and aril colour, sweetness, and good keeping quality,
and it has gained strong acceptance in domestic as well as international markets (Prasad et al., 2013; Saroj and Sharma, 2017).
However, the characteristics of fruit produced under different production conditions are not always uniform, which can affect
their acceptance in demanding export markets.

Fruit size is one of the important quality attributes influencing export potential. The available assessment of the Indian
pomegranate sector identified relatively small fruit size as a constraint, particularly in markets where larger fruits are preferred.
Differences in fruit size can arise from cultivar characteristics as well as orchard management and growing conditions. The
issue is particularly relevant for high-value markets where buyers often follow specific size and appearance specifications.
Thus, increasing production without achieving the required fruit size may not substantially increase the quantity of fruit that
can be marketed as premium export produce (Rao et al., 2026).

Colour and external appearance are also important because pomegranate is commonly marketed as a whole fresh fruit. The
attractive rind colour and deep red arils of Bhagwa contribute to its market acceptance (Saroj and Sharma, 2017). However,
colour development can be affected by growing conditions, particularly during periods of high temperature. Variation in colour,
together with surface blemishes and other external defects, can reduce the market value of fruit even when the internal edible
portion remains acceptable. Recent observations from the Indian export sector have identified summer colour variation and
surface quality as important considerations for improving export-grade production (Rao et al., 2026).

Varietal consistency is another consideration for export-oriented production. Although Bhagwa has become the principal
commercial and export cultivar, several other varieties are grown in different parts of the country. The characteristics of these
cultivars differ in terms of fruit size, colour, seed softness, keeping quality, and other market-related traits (Prasad et al., 2013).
Such variation can make it difficult to maintain a uniform supply when buyers require consistent fruit characteristics. The
availability of suitable planting material and the development or selection of cultivars with desirable export attributes are
therefore important for maintaining consistency in quality (Rao et al., 2026).

Pests and diseases add another layer to the quality problem. A diverse insect and non-insect pest complex has been reported on
pomegranate, and infestation can affect different plant parts and reduce fruit yield, quality, and marketability (Kulkarni et al.,
2007; Balikai et al., 2011; Balikai et al., 2022). Among diseases, bacterial blight caused by Xanthomonas axonopodis pv.
punicae is considered one of the most destructive diseases of pomegranate in India, with severe outbreaks capable of causing
substantial yield losses (Doddaraju et al., 2019). Other diseases, including wilt, anthracnose, fruit rots, Alternaria diseases, and
Phytophthora-associated diseases, can also affect fruit production and quality (Sharma et al., 2021). Consequently, the
production of export-grade fruit requires effective management of both insect pests and diseases throughout the crop season.

The relationship between pest management and export quality is particularly important because cosmetic damage can directly
affect the marketability of fresh fruit. Insects that damage the rind or developing fruit may reduce the visual quality required
by export markets. At the same time, the need to protect the crop from pests and diseases can increase dependence on pesticides.
This creates an additional challenge for export-oriented production because crop protection measures must control the target
problem without compromising residue compliance at harvest.

Production conditions can further influence the consistency of fruit quality. Pomegranate is cultivated across a range of agro-
climatic regions in India, and differences in climate, orchard management, and cultivar performance contribute to variation in
yield and fruit characteristics. Maharashtra remains the major production state, but differences in productivity among producing
states indicate that there is further scope for improving production efficiency (Rao et al., 2026). The challenge for export-
oriented production is therefore not simply to increase total production, but to improve the proportion of fruit that meets the
required specifications of the intended market.

The available evidence suggests that production and quality constraints should be considered together with the requirements
of the export market. Fruit that is produced in sufficient quantity but does not meet specifications for size, colour, appearance,
disease freedom or consistency may have limited access to premium markets. This makes export-oriented production different
from production aimed only at the domestic market. Improving the quantity of fruit suitable for export consequently requires
attention to cultivar selection, orchard management, pest and disease management, and the maintenance of consistent quality
from the field onwards.
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V. PESTICIDE USE PRACTICES AND THEIR IMPLICATIONS FOR EXPORT READINESS

Pesticide use is an important component of pomegranate production because the crop is affected by a wide range of insect pests
and diseases that can reduce fruit yield and market quality. Studies from pomegranate-growing regions have reported the use
of chemical insecticides for managing important pests, while the pattern of pesticide use is also influenced by farmers' access
to technical information, local production practices, and advisory services (Chauhan and Gupta, 2024; Kambrekar et al., 2015a,
2015b). Thus, the way pesticides are selected and applied at the farm level has implications beyond pest control, particularly
when the produce is intended for markets with strict food-safety requirements.

One of the important concerns reported in pomegranate cultivation is the continued use of calendar-based pesticide application
rather than applications based on pest incidence. Elango and Sridharan (2017) reported that most pomegranate growers
followed predetermined spray intervals, while only a small proportion based pesticide application on actual pest infestation.
The same study indicated frequent insecticide applications during the cropping season. Such practices can increase the overall
number of pesticide applications even when pest pressure does not justify repeated treatment. Field studies on important
pomegranate pests have also demonstrated the continued role of insecticides in crop protection (Kambrekar et al., 2015a,
2015bh), highlighting the need to integrate chemical control with more site-specific and need-based pest management.

The choice of pesticide is another important factor in export-oriented production. Farmers may obtain pesticide
recommendations from different sources, including input dealers, farmer groups and extension agencies. Studies from different
parts of India have shown that pesticide dealers often play an important role in farmers' decisions regarding product selection
and application (Gaddanakeri et al., 2023; Ali et al., 2022; Vallur et al., 2023). At the same time, gaps in knowledge regarding
pesticide residues, pre-harvest intervals (PHI), safe handling, and other aspects of pesticide use have been reported among
farmers in several regions (Kumar et al., 2023; Prasad et al., 2023; Krishna et al., 2022). These observations are relevant to
export production because farm-level pesticide decisions ultimately influence the chemical profile of harvested fruit.

The problem becomes more important when several pesticides are applied repeatedly or in combination. Farmers may also
apply more than one pesticide in a single spray operation to address multiple pest and disease problems. Such practices require
careful attention to label directions, compatibility, and dosage because inappropriate combinations can affect pesticide
performance or cause unwanted effects. Repeated use of pesticides from limited chemical groups may also increase selection
pressure on pest populations and contribute to resistance development. Therefore, effective export-oriented crop protection
requires not simply a reduction in pesticide use, but more rational selection and application based on pest incidence, registered
uses, recommended doses, and appropriate intervals.

From an export perspective, pesticide application must also be considered in relation to residue compliance and traceability.
The recent assessment of the Indian pomegranate export sector identified pesticide compliance and traceability as important
concerns raised by industry stakeholders. The report noted the need for stronger field-level documentation, residue
management, and farmer-level capacity building to meet the requirements of high-value international markets (Rao et al.,
2026). This indicates that export readiness begins at the production stage rather than only at the packhouse or export point.

The importance of this issue is also reflected in the limited awareness of residue-related requirements reported among
pomegranate growers. In the Maharashtra survey, only 21.3 per cent of growers were aware of maximum residue limits
(MRLs), while 78.7 per cent were unaware of them. Similarly, only a small proportion of growers reported using economic
threshold level-based decisions for pesticide application, despite a relatively high proportion reporting use of recommended
doses. These findings suggest that following the recommended dose alone does not necessarily ensure need-based pesticide
application or compliance with residue requirements. The observations are consistent with earlier reports of gaps in farmers'
knowledge regarding pesticide residues and PHI (Kumar et al., 2023; Prasad et al., 2023; Krishna et al., 2022).

Therefore, pesticide management in Indian pomegranate production needs to be viewed as a part of the export-quality system
rather than solely as a pest-control practice. Appropriate pesticide selection, need-based application, adherence to PHI, proper
record-keeping, and awareness of residue standards can help connect farm-level crop protection with the requirements of export
markets. The relationship between pesticide use and export performance becomes particularly important because residues that
remain within one regulatory system may not necessarily satisfy the requirements of another market. This provides the basis
for examining pesticide residues and differences in MRL requirements as a separate factor influencing the international
marketability of Indian pomegranates.
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V. PESTICIDE RESIDUES AND MRL COMPLIANCE IN INDIAN POMEGRANATE

The presence of pesticide residues in harvested pomegranate has received increasing attention because residue compliance is
closely linked with food safety and access to international markets. Pomegranate is produced under intensive crop-protection
programmes, and residues may remain on or within the fruit depending on the pesticide used, application frequency, dose, and
interval between the final application and harvest. Therefore, residue monitoring is an important part of assessing the suitability
of pomegranate for markets where pesticide standards are strictly regulated (Kolekar et al., 2011; Kottadiyil et al., 2023;
Aralimarad et al., 2024). Early monitoring studies in India indicated that residue compliance could be a significant concern in
export-oriented pomegranate production. Kolekar et al. (2011) analysed 179 export-oriented samples collected from major
pomegranate-growing areas of Maharashtra and Karnataka and screened them for 86 pesticide residues. About one-third of the
samples had no detectable residues, while nearly half contained residues within the prescribed limits. However, approximately
one-fifth of the samples exceeded the European Union MRLs, with the proportion of non-compliant samples increasing
substantially between the two years of observation. Several fungicides, together with some organophosphate and neonicotinoid
insecticides, contributed to the observed violations.

Findings from other Indian studies have also shown that residue occurrence varies considerably among production regions and
sampling periods. Pujeri et al. (2011), while analysing only five composite samples from Bijapur, detected residues in four
samples, with several pesticide concentrations exceeding the European Union MRLs. In contrast, a more recent market survey
by Kottadiyil et al. (2023) reported that 88.8 per cent of the analysed pomegranate samples contained residues below the
prescribed MRLs, although bifenthrin, fenvalerate and cypermethrin were frequently detected. Aralimarad et al. (2024)
similarly detected several pesticide residues in pomegranate from Kalyana, Karnataka. Despite the occurrence of residues, their
dietary risk assessment indicated that the detected concentrations did not result in significant acute or chronic health risks.
These findings show that residue detection alone should not be interpreted as evidence of unacceptable consumer risk; the
concentration of the residue and the applicable regulatory limit must also be considered. An important issue in export-oriented
production is that MRLs are not necessarily identical across regulatory systems. Codex establishes international MRLs, while
individual importing regions may apply their own regulatory requirements. In India, pesticide MRLs are prescribed by the
Food Safety and Standards Authority of India (FSSAI), whereas the European Union follows its own harmonized regulatory
framework. Consequently, a residue concentration that complies with one regulatory system may not necessarily comply with
the requirements of an importing market (Ambrus and Yang, 2016; Dureja et al., 2015; Pasupuleti et al., 2022). Differences
between Indian and European requirements have been specifically noted for certain pesticides in pomegranate, including
carbendazim, creating additional challenges for export-oriented residue management (Mohapatra and Lekha, 2016).

This regulatory variation is particularly important for Indian pomegranate because export markets may impose stringent
requirements on both pesticide residues and documentation of production practices. Recent stakeholder-based analysis of the
Indian pomegranate export sector identified residue compliance and traceability as important concerns for exporters,
particularly in relation to high-value markets. The same assessment highlighted the need for better field-level documentation,
residue testing, and farmer training on Good Agricultural Practices and MRL management (Rao et al., 2026).

Thus, pesticide-residue compliance cannot be considered only as a post-harvest laboratory issue. It begins with pesticide
selection at the farm level and is influenced by the choice of molecule, application frequency, dose, timing, and adherence to
the pre-harvest interval. Regular monitoring of residues, together with proper farm records and awareness of the requirements
of the intended export market, is therefore important for maintaining consistent compliance. The available literature indicates
that residue occurrence in Indian pomegranate is well documented, but geographically broad and continuous monitoring
remains necessary to understand changing residue patterns and their implications for export trade.

The residue issue also needs to be examined alongside the broader export chain. Even when fruit meets the required residue
limits, export consignments must satisfy other quality, phytosanitary, traceability, and handling requirements. This indicates
that residue compliance is one component of export readiness rather than an isolated factor, leading to the need to consider the
analytical monitoring, regulatory standards and market-access requirements together.
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FIGURE 2: Pathway from farm-level pesticide use to residue monitoring, MRL compliance and export-
market acceptance.

VI. ANALYTICAL APPROACHES FOR MONITORING PESTICIDE RESIDUES IN POMEGRANATE

Reliable residue monitoring depends on analytical methods capable of detecting a wide range of pesticides at low
concentrations in a chemically complex fruit matrix. Pomegranate contains pigments, sugars, organic acids, and other matrix
components that can interfere with extraction and instrumental determination. For this reason, residue analysis generally
involves careful sample preparation followed by chromatographic separation and sensitive detection. The development of
multiresidue methods has made it possible to examine several pesticide groups in a single analytical procedure, which is
particularly useful for surveillance of commercially produced fruit (Banerjee et al., 2008; Satpathy et al., 2014).

The QUEChERS approach has become widely used for multiresidue analysis of fruits and vegetables because of its relatively
simple extraction procedure, rapid processing and suitability for simultaneous determination of multiple compounds. The
method generally involves homogenisation of the sample, extraction with acetonitrile, salt-assisted partitioning and subsequent
clean-up, with modifications introduced where necessary to reduce matrix interference (Pszczolinska and Kociotek, 2022;
Zhang et al., 2025). Its application to pomegranate has enabled the development of methods capable of detecting pesticides
belonging to different chemical groups at concentrations relevant to regulatory monitoring.

Earlier analytical studies demonstrated the feasibility of multiresidue detection in pomegranate using gas chromatographic
techniques. Banerjee et al. (2008) developed a method for the determination of 82 pesticides in pomegranate, apple and orange
using ethyl acetate extraction, dispersive clean-up and liquid chromatography-tandem mass spectrometry. The method
produced acceptable recoveries and reproducibility for most of the compounds examined. Savant et al. (2010) subsequently
developed a GC-ion trap MS/MS method covering 50 pesticides in grapes, pomegranate and mango, demonstrating the
capability of the approach to quantify residues at concentrations below relevant European Union MRLs.

With the increasing need to analyse pesticides having different physicochemical properties, both gas chromatography and
liquid chromatography have become important complementary techniques. Satpathy et al. (2014) reported a QUEChERS-based
GC-MS/MS method for simultaneous determination of 82 pesticides in grape and pomegranate. Other investigations have
applied modified QUEChERS procedures with GC-MS or liquid chromatographic methods for specific pesticide groups in
pomegranate (Mohapatra, 2014; Bilehal et al., 2014). These developments are important because no single instrumental
platform is equally suitable for all pesticide classes.

More recent multiresidue analysis increasingly combines GC-MS/MS and LC-MS/MS to provide broader analytical coverage.
Such approaches allow relatively non-polar and volatile compounds as well as polar and thermally less stable pesticides to be
examined within the same monitoring programme. The importance of this combined approach is evident from recent
pomegranate residue investigations in which large numbers of pesticides were screened using complementary chromatographic
techniques (Kottadiyil et al., 2023; Aralimarad et al., 2024). Method validation is equally important because the analytical
result forms the basis for judging whether a consignment complies with an applicable MRL. Validation generally considers
parameters such as specificity, linearity, recovery, precision, matrix effects, and limits of detection and quantification.
Validation against internationally accepted guidance, together with appropriate quality-control procedures, supports the
reliability of residue results used for regulatory decision-making (Sharma et al., 2021).
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The progress in analytical methodology has strengthened the ability to detect pesticide residues at trace concentrations, but
analytical capacity alone cannot ensure export compliance. Sampling strategy, representativeness of the samples, selection of
target pesticides and comparison with the correct regulatory standard are equally important. Differences in pesticide-use
patterns between production regions can also result in different residue profiles. Therefore, continuous field and market
surveillance using validated multiresidue methods is necessary to generate reliable information for residue management and to
identify potential compliance problems before fruit enters export channels (Kolekar et al., 2011; Kottadiyil et al., 2023). Taken
together, the literature shows that considerable progress has been made in the analytical detection of pesticide residues in
pomegranate. The remaining challenge is to connect this analytical information with farm-level pesticide practices, regulatory
requirements and export-market surveillance. Such integration is essential because the objective of residue analysis in an export
system is not merely to detect chemicals, but to provide dependable evidence that the harvested fruit meets the requirements
of the intended market.

VILI. DIETARY RISK ASSESSMENT OF PESTICIDE RESIDUES: FOOD SAFETY AND EXPORT COMPLIANCE

The detection of pesticide residues in pomegranate does not by itself indicate an unacceptable risk to consumers. The
significance of a detected residue depends on its concentration, the amount of fruit consumed, the toxicological reference value
of the pesticide and the population group considered. Dietary risk assessment therefore provides a different perspective from
MRL compliance, as it estimates the potential exposure of consumers under specified consumption conditions (Aralimarad et
al., 2024; Parmar et al., 2025).

Recent studies on pomegranate have used approaches such as Estimated Daily Intake (EDI), Estimated Short-Term Intake
(ESTI), Hazard Quotient (HQ) and Hazard Index (HI) to assess chronic, acute and cumulative dietary exposure. Aralimarad et
al. (2024) reported that although pesticide residues were detected in pomegranate samples from Kalyana Karnataka, the
estimated hazard quotient and hazard index values remained below one, indicating that the exposures considered in that
assessment were below the corresponding toxicological reference values. Similar findings have been reported by Parmar et al.
(2025), where residue occurrence and regulatory exceedance did not necessarily translate into a corresponding increase in
estimated dietary risk.

The distinction between residue compliance and dietary risk is particularly important for export-oriented pomegranate
production. An MRL is a regulatory limit established for a specific pesticide and commodity under a particular regulatory
system, whereas an HQ or HI compares estimated dietary exposure with a toxicological reference value. Therefore, a sample
may exceed the MRL established by an importing country even when the estimated dietary exposure remains below the relevant
toxicological reference value. Conversely, compliance with an MRL should not be interpreted as evidence that residue
monitoring is unnecessary, because the MRL primarily serves a regulatory and food-production control function (Ambrus and
Yang, 2016; Dureja et al., 2015; Pasupuleti et al., 2022).

This distinction becomes more relevant when multiple pesticide residues occur in the same fruit sample. Multi-residue
occurrence has been reported in pomegranate monitoring studies, with different pesticides occurring simultaneously in
individual samples (Kolekar et al., 2011; Kottadiyil et al., 2023). Such findings indicate that assessment based on a single
pesticide may not fully describe overall exposure, particularly where several compounds are detected in the same commodity.
The use of cumulative indices such as the Hazard Index provides one approach for examining combined exposure under defined
assumptions.

These findings should nevertheless be interpreted within the limitations of dietary risk assessment. The calculated exposure
depends on the residue concentrations measured in the sampled fruit, the consumption assumptions, body weight and the
toxicological reference values used. Consequently, results from one region or sampling period cannot automatically be
generalized to all pomegranate-producing areas. Continuous monitoring and periodic reassessment are therefore necessary,
particularly when pesticide-use patterns and residue profiles change over time.

From an export perspective, the practical importance of dietary risk assessment lies in its ability to complement, rather than
replace, regulatory residue monitoring. Export markets may impose specific MRL requirements, documentation procedures
and testing arrangements irrespective of whether a measured residue concentration represents a significant dietary risk. Recent
analysis of the Indian pomegranate export sector has therefore emphasized the need to strengthen residue management and
field-level compliance in order to satisfy demanding international markets (Rao et al., 2026).
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Overall, the available evidence indicates that the presence of pesticide residues and the assessment of consumer dietary risk
are related but distinct aspects of pomegranate safety. For India to supply a wider range of international markets, residue
management must address both consumer protection and compliance with the regulatory requirements of the destination
country. This brings the discussion beyond pesticide residues alone to the wider phytosanitary, certification, traceability and
market-access requirements that determine whether produce can successfully enter international markets.

VIII. POST-HARVEST MANAGEMENT, COLD CHAIN AND VALUE-CHAIN CONSTRAINTS

Meeting pesticide and quality requirements at the farm level does not by itself ensure that pomegranate reaches the international
market in acceptable condition. After harvest, the fruit passes through several stages involving collection, transportation,
cleaning, sorting, grading, packing and storage. Weaknesses at any of these stages can result in physical damage, moisture loss,
deterioration in appearance and reduction in shelf life. Therefore, post-harvest handling is an important link between production
quality and export quality.

Pomegranate requires careful harvesting and handling because damaged or diseased fruits are generally unsuitable for export.
In the export value chain described for Indian pomegranate, fruits are manually harvested and transported in crates to registered
packing houses, where they undergo quality inspection, cleaning, sorting and grading. Fruits are then classified according to
characteristics such as size, weight, colour and external appearance before packing. Traceability information associated with
the farm, plot, packing house and harvest or packing date is also maintained in export-oriented systems.

A major limitation in the present value chain is the inadequate availability of post-harvest infrastructure close to production
areas. The recent assessment of the Indian pomegranate sector identified insufficient pre-cooling, grading and washing facilities
at the farm or cluster level, along with inadequate cold storage and integrated cold-chain infrastructure. Sorting and grading
are still largely manual in many parts of the chain. These limitations can increase the time between harvest and proper handling
and may contribute to quality deterioration before the fruit reaches export facilities (Rao et al., 2026).

The lack of coordinated collection and processing infrastructure is another important issue. Production is often connected to
markets through pre-harvest contractors or village-level aggregators, while primary grading and packing facilities are not
uniformly distributed across production clusters. The 2026 export-sector assessment identified the absence of adequate primary
grading and collection centres, limited warehousing and cold-storage capacity, and gaps in transportation and marketing
infrastructure as important constraints in the domestic value chain (Rao et al., 2026).

Cold-chain management becomes even more critical when pomegranate is processed into arils. Unlike whole fruit, arils are
highly perishable and require rapid cooling and controlled-temperature handling. The export assessment reported that the
processing and export of arils require continuous cold-chain facilities from the point of processing through international
transport. Limited access to suitable processing, pre-cooling and refrigerated infrastructure can therefore restrict the expansion
of this higher-value segment (Gulati et al., 2022; Rao et al., 2026).

The development of value-added products nevertheless provides an additional avenue for improving the utilization of
pomegranate production. Arils, juice and other processed products can provide alternatives to dependence on fresh whole-fruit
exports. However, value addition also introduces additional requirements related to hygiene, temperature control, packaging
and traceability. The sector therefore needs infrastructure that can maintain product quality consistently from production
clusters to processing and export points (Gulati et al., 2022; Rao et al., 2026).

Taken together, the available evidence suggests that post-harvest limitations are not simply issues of storage or transportation;
they affect the ability to preserve the quality achieved in the orchard. A fruit meeting export specifications at harvest may still
lose market value through rough handling, delayed cooling, inadequate grading or breaks in the cold chain. Strengthening
packhouse facilities, pre-cooling, refrigerated transport, cluster-level processing and traceability can therefore help connect
farm-level production with export-market requirements.

Thus, the relatively small share of Indian pomegranate entering international markets needs to be understood in the context of
the entire value chain. Production volume alone does not determine export performance; the ability to consistently preserve
quality, document production practices and deliver the fruit in suitable condition is equally important.
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IX. PHYTOSANITARY REQUIREMENTS, CERTIFICATION AND MARKET-ACCESS BARRIERS

Even when pomegranate fruit satisfies the required physical and residue standards, entry into an international market depends
on compliance with the phytosanitary and import regulations of the destination country. These requirements are intended to
reduce the risk of introducing pests and diseases and to ensure that imported produce meets specified safety and quality
conditions. For Indian pomegranate, such requirements can become an important barrier when production, documentation,
treatment and inspection systems are not sufficiently aligned with those of the importing market (Rao et al., 2026).

Sanitary and phytosanitary (SPS) measures are particularly important for fresh fruit because importing countries may examine
both pesticide residues and the possible introduction of economically important pests and diseases. The recent assessment of
Indian pomegranate exports reported that stringent SPS requirements in markets such as the European Union and the United
States include controls related to pesticide residues, pests and diseases. Non-compliance may result in delays, additional
inspection or rejection of consignments (Rao et al., 2026).

Phytosanitary procedures can also differ substantially among destination countries. The recent export assessment highlighted
continuing market-access requirements associated with pest-risk analysis, pest-free areas and other phytosanitary conditions
for markets including China, Indonesia, Russia and Japan. Such requirements mean that market access depends not only on the
quality of the fruit itself but also on whether the exporting country can demonstrate compliance with the specific pest-
management and certification conditions established by the importing country (Rao et al., 2026).

Certification is another component of export readiness. Good Agricultural Practices (GAP) provide a framework covering
production practices, food safety and other aspects of responsible agricultural production. Certification can therefore provide
evidence that the crop has been produced and handled according to defined requirements. However, the cost and technical
requirements associated with certification may create difficulties for small and fragmented growers, particularly when access
to higher-value markets depends on documented compliance (Rao et al., 2026).

Traceability is closely connected with certification and phytosanitary compliance. Export-oriented supply chains require
information that can link the harvested produce with its production and handling history. The recent assessment identified
farm-level documentation and traceability as important areas for improvement in Indian pomegranate production, particularly
in relation to pesticide management and export-market compliance (Rao et al., 2026).

Packaging and labelling requirements add another layer of compliance. Export markets may prescribe specific information
regarding product origin, packaging and other characteristics, while environmental requirements associated with packaging
materials can further increase the cost and complexity of export operations. These requirements become more demanding as
exporters attempt to enter high-value markets with more detailed quality and traceability expectations (Rao et al., 2026).

The combination of phytosanitary requirements, residue standards, certification, labelling and tariffs therefore creates a broader
market-access challenge than any single technical requirement. The 2026 assessment noted that Indian pomegranate exports
remain concentrated in a limited number of neighbouring markets, while entry into several higher-value destinations is affected
by regulatory and other trade barriers (Rao et al., 2026).

Importantly, these barriers operate across different stages of the supply chain. Farm-level pesticide and pest-management
practices influence residue and phytosanitary compliance; packing houses are involved in inspection, grading and
documentation; and exporters must coordinate testing, certification, transport and destination-specific requirements.
Consequently, strengthening market access requires coordination between growers, producer organisations, packhouses,
laboratories, exporters and regulatory agencies rather than addressing each requirement independently (Rao et al., 2026).

Overall, the literature indicates that India’s limited export presence cannot be explained only by production or fruit availability.
Compliance with destination-specific phytosanitary and certification requirements is an additional stage between producing
export-quality fruit and successfully entering the international market.
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X. EXPORT DESTINATIONS, MARKET CONCENTRATION AND INTERNATIONAL COMPETITIVENESS

The export performance of Indian pomegranate shows an important difference between the availability of fruit for export and
the markets in which that fruit is actually sold. Although India has developed a substantial export trade over the past decade,
exports remain concentrated in a limited number of destinations. This concentration is important because different markets
offer different levels of price realization and impose different quality, safety and phytosanitary requirements (Rao et al., 2026).

India's pomegranate exports increased from USD 15.57 million in 2010-11 to USD 69.08 million in 2023-24, corresponding
to an average annual growth rate of 16.3 per cent over the period. However, export growth slowed during the later years, and
the volume exported in 2022-23 declined as the domestic market offered attractive prices to producers. This suggests that the
domestic market can compete with exports for available fruit, particularly when international markets involve greater
compliance and logistical costs (Rao et al., 2026).

The geographical distribution of exports further illustrates this pattern. During the period reported by the export analysis, the
UAE, Bangladesh, Nepal, the Netherlands and Qatar accounted for major shares of India's pomegranate exports, with the UAE
and Bangladesh together representing a substantial proportion of export volume. These destinations have helped India develop
and maintain export volumes, but the distribution also indicates considerable dependence on a relatively small group of markets
(Rao et al., 2026).

At the same time, substantial differences exist in the price realized across destination markets. The country-wise export data
for 2023-24 reported realizations of about INR 702 per kg in Switzerland and INR 628 per kg in the United States, compared
with approximately INR 126 per kg in the UAE, INR 47 per kg in Nepal and INR 32 per kg in Bangladesh. These differences
indicate that destination choice is associated with markedly different levels of value realization, although the higher-priced
markets also require compliance with more demanding quality, safety, certification and phytosanitary conditions (Rao et al.,
2026).

The present export structure therefore reflects two distinct market segments for Indian pomegranate. Neighbouring and regional
markets provide an established outlet for larger export volumes, supported partly by geographical proximity and relatively
shorter supply chains. In contrast, distant high-value markets require greater attention to fruit quality, residue compliance,
certification, traceability, cold-chain management and destination-specific phytosanitary conditions. The recent export
assessment suggests that strengthening these capabilities could support greater participation in high-value markets while
retaining existing regional destinations as part of the export base (Rao et al., 2026).

India also shows evidence of international competitiveness in pomegranate exports. The recent ICRIER-APEDA assessment
reported a Revealed Comparative Advantage (RCA) greater than one and identified a competitive price position for India.
However, the same analysis noted that trade remains constrained by non-tariff measures, including SPS and labelling
requirements, tariff disadvantages in some markets and limited product differentiation and branding (Rao et al., 2026). Thus,
production capacity and comparative advantage do not automatically result in broad international market penetration.

Another difficulty in assessing the global position of pomegranate is the availability of reliable trade statistics. At the
international level, pomegranate is included under the broader HS code 081090, which also covers several other fruits. This
prevents direct separation of pomegranate from all commodities classified under the same code and makes detailed country-
wise comparison of global pomegranate trade more difficult (Ergun, 2012; Rao et al., 2026).

Market diversification therefore appears closely connected with the broader quality and compliance issues discussed in earlier
sections. Access to higher-value destinations depends on producing fruit with consistent size, colour and appearance,
maintaining acceptable residue profiles, fulfilling phytosanitary requirements and preserving quality through the supply chain.
In this sense, diversification is not simply a matter of identifying new buyers; it requires the production and export system to
meet the technical requirements of those markets (Rao et al., 2026).

Overall, the export evidence shows that India has built a growing pomegranate export sector, but much of the trade remains
concentrated in regional markets, while higher-value destinations account for relatively smaller quantities. The difference in
destination-wise price realization, together with the requirements associated with premium markets, highlights the importance
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of improving quality, compliance, traceability and supply-chain performance. These factors provide the basis for examining
the major opportunities and strategies for expanding Indian pomegranate exports, including value addition, export-oriented
production clusters, market diversification and stronger integration of growers with export supply chains.

Export requirement

A x v b g o
Production and Sorting, grading, Residue analysis Market access
crop management packing and storage and testing and compliance

Pesticide use and 0 = s on
pre-harvest interval (PHI)
mm
I% Residue testing —
ool
Traceability 0
— (farm to export)
Phytosanitary compliance 0
(pests and diseases)
Certification 0
©  (e.g., GAP and other schemes)

Packaging and labelling =

<<«

Q0000
OQAd00O

0 Indicates key responisibility/requirement at this stage —  Not a primary responsibility at this stage

FIGURE 3: Destination-specific export requirements and the distribution of key compliance responsibilities
across farm, packhouse, laboratory and exporter stages of the pomegranate export chain.

XI. OPPORTUNITIES FOR EXPANDING INDIAN POMEGRANATE EXPORTS

The constraints affecting Indian pomegranate exports also indicate several opportunities for improving the position of the crop
in international markets. India already has important production advantages, including a large production base, the widely
accepted Bhagwa cultivar and the ability to produce fruit across different cropping seasons. The challenge is to convert these
production advantages into consistent export-quality supply through better integration of cultivation, post-harvest handling,
compliance and marketing (Prasad et al., 2013; Saroj and Sharma, 2017; Rao et al., 2026).

One important opportunity lies in the expansion of value-added pomegranate products, particularly arils. The available
evidence indicates that international demand exists for ready-to-eat arils and other processed products such as juice
concentrates, dried products and seed oil. Compared with whole fruit, these products can provide additional avenues for value
realization, although their expansion depends on appropriate processing, hygiene, packaging, cold storage and traceability
systems (Gulati et al., 2022; Rao et al., 2026).

The development of production-cluster-based export infrastructure could help address several of these requirements
simultaneously. Establishing packhouses and processing facilities close to major production areas can reduce unnecessary
movement of fruit before primary handling and provide facilities for cleaning, grading, pre-cooling, packaging and storage.
The recent export assessment has proposed strengthening such infrastructure through cluster-based systems and improved
connections between farms, processing centres and exporters (Rao et al., 2026).

Such an approach may be particularly useful for pomegranate-growing regions of Maharashtra, where large production clusters
already exist. The export assessment identified areas such as Solapur and specifically highlighted Sangola as a location with
substantial Bhagwa cultivation and experience in export-oriented production. Cluster-level facilities could therefore provide a
practical link between growers and export markets by combining primary processing, quality assessment, residue testing and
logistics within the production region (Rao et al., 2026).
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Market diversification represents another area of opportunity. Current exports are concentrated in a limited number of regional
markets, while smaller quantities are shipped to destinations where the reported price realization is considerably higher.
Expanding into such markets would require consistent compliance with quality, residue, certification and phytosanitary
standards, but diversification could reduce dependence on a small group of destinations and create opportunities for higher-
value trade (Rao et al., 2026).

Branding and traceability can support this process by distinguishing Indian pomegranate from competing origins. The recent
export assessment noted the importance of certification, traceability and targeted branding, particularly for premium retail
markets. Experiences involving traceable and certified Indian aril products suggest that market identity may be strengthened
when product quality can be linked with documented production and handling practices (Gulati et al., 2022; Rao et al., 2026).

Varietal improvement is also relevant to long-term export development. Although Bhagwa is widely accepted in international
trade, concerns regarding fruit size, uniformity and suitability for different market segments have been reported. The
development or selection of clones with stable fruit characteristics suited to particular agro-climatic conditions and export
requirements may therefore complement improvements in crop management and post-harvest handling (Prasad et al., 2013;
Saroj and Sharma, 2017; Rao et al., 2026).

Crop protection also has a role within this export-oriented approach. Better integration of pest and disease management with
residue management can help reduce unnecessary pesticide applications while maintaining fruit quality. Farmer training in
Good Agricultural Practices, pesticide selection, MRL requirements and record keeping can strengthen the connection between
orchard management and export compliance. The recent export assessment specifically identified farmer training, integrated
pest and disease management and stronger field-level compliance as areas requiring continued attention (Rao et al., 2026).

Taken together, these opportunities suggest that expansion of Indian pomegranate exports depends on improvements across
the entire supply chain rather than on increasing production alone. Higher export participation will require coordinated progress
in fruit quality, residue compliance, traceability, packhouse infrastructure, cold-chain management, value addition, varietal
improvement and market development. Such an integrated approach can help convert India's existing production capacity into
a more consistent and diversified export supply.

XII. RESEARCH GAPS AND FUTURE DIRECTIONS FOR INDIAN POMEGRANATE EXPORTS

The literature reviewed above shows that India has a strong production base and an established export trade, but the available
research is distributed across separate areas such as production, pesticide use, residue monitoring, post-harvest handling and
market access. These studies provide useful information on individual constraints, but relatively few studies examine how these
factors interact along the complete pomegranate supply chain. The recent ICRIER-APEDA assessment also identified the need
to consider production, compliance, infrastructure, processing and market access together when examining India's export
potential (Rao et al., 2026).

One important research gap concerns the relationship between farm-level pesticide practices and export compliance. Previous
studies have documented pesticide-use patterns and residue occurrence in different pomegranate-growing regions, but these
investigations are often limited to specific locations or sampling periods (Elango and Sridharan, 2017; Kolekar et al., 2011;
Kottadiyil et al., 2023). There is a need for more systematic studies linking the pesticides actually used by growers with residue
levels detected at harvest and, where possible, with the requirements of specific export destinations. Such studies could help
identify which production practices contribute most to residue-related non-compliance.

Geographically representative residue surveillance is another area requiring attention. Earlier investigations have provided
valuable evidence from Maharashtra, Karnataka, Gujarat and other regions, but the available information remains fragmented
with respect to sampling location, season, pesticide coverage and source of fruit (Kolekar et al., 2011; Pujeri et al., 2011;
Kottadiyil et al., 2023; Aralimarad et al., 2024). Continued multiresidue monitoring of both field-produced and market-
available pomegranate could provide a better understanding of changes in residue profiles over time. Such datasets would also
be useful for distinguishing persistent production-related problems from isolated residue findings.

A related gap exists in the integration of residue data with dietary risk assessment and export compliance. Studies have shown
that pesticide residues may be detected, and in some cases exceed particular MRLs, while estimated dietary exposure remains
below the corresponding toxicological reference values (Aralimarad et al., 2024; Parmar et al., 2025). Further work should
therefore continue to distinguish regulatory compliance from dietary-health risk and should examine both aspects when
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interpreting residue findings. Comparative studies using Indian regulatory limits alongside the requirements of major importing
markets could provide more practical information for export-oriented production (Dureja et al., 2015; Pasupuleti et al., 2022).

Traceability and farm-level documentation also deserve greater research attention. The recent export-sector assessment
identified gaps in documentation, pesticide management and compliance capacity in parts of the production system (Rao et al.,
2026). However, there is limited published evidence on how farm records, pesticide application histories, residue testing and
traceability systems can be integrated into a practical and economically feasible system for small and medium growers.
Research on digital or cluster-based traceability models could therefore contribute to improving continuity between farm
production, packhouse operations and export certification.

Post-harvest research also needs to move beyond individual technologies and examine the complete chain from harvest to
export. Existing evidence identifies shortcomings in pre-cooling, grading, cold storage, transportation and processing
infrastructure, while aril products require particularly careful temperature and hygiene management (Gulati et al., 2022; Rao
et al., 2026). Further studies could evaluate integrated packhouse and cold-chain models at major production clusters and
quantify their effects on fruit quality, post-harvest loss, rejection rates and export value.

Market-specific research is another important need. India's export destinations differ substantially in their price realization,
phytosanitary conditions, certification requirements and consumer preferences (Rao et al., 2026). More detailed studies
comparing destination markets could help identify the production and supply-chain characteristics required for entry into
particular markets rather than treating the international market as a single category. Such research would also help clarify
whether the major constraints to market expansion arise at the farm, processing, logistics or policy level.

Finally, greater attention is needed to the potential of value-added products such as arils, juice and other processed forms. The
literature and recent sector assessment indicate that these products provide opportunities for diversification, but their expansion
is constrained by processing capacity, cold-chain requirements, packaging technology and quality control (Gulati et al., 2022;
Rao et al., 2026). Research combining product quality, processing economics, food safety, shelf life and export-market
requirements could help determine where value addition can be integrated most effectively into the Indian pomegranate supply
chain.

Overall, future research should move towards a more integrated framework in which production practices, fruit quality, pest
and disease management, pesticide residues, traceability, post-harvest handling and destination-market requirements are
studied as connected components of export readiness. The evidence currently available provides a strong foundation, but
greater integration of these research areas is needed to understand why a large production base has not yet translated into a
proportionately broader international market presence.

XII. CONCLUSION

India has a strong foundation for pomegranate export through its large production base, widespread cultivation of Bhagwa,
long production season and established access to overseas markets. Yet the relatively small share of production entering
international trade shows that production volume alone does not determine export performance. The exportable share of the
crop depends on whether fruit consistently meets market requirements for size, colour, appearance, disease freedom, residue
compliance, shelf life, traceability and phytosanitary safety. The evidence reviewed in this article indicates that export
constraints are interconnected. Pest and disease pressure can increase dependence on pesticides; pesticide selection and
application practices influence residue profiles; residue non-compliance can restrict access to particular markets; and
inadequate post-harvest handling can reduce the quality of fruit that has already met farm-level requirements. At the same time,
certification, traceability, phytosanitary procedures, logistics and market-specific standards influence the cost and feasibility
of reaching higher-value destinations. Improving exports therefore requires an integrated production-to-market approach rather
than a single intervention. Priority areas include export-oriented crop and pest management, better control of pesticide residues,
systematic residue surveillance, stronger farm-level documentation and traceability, improved packhouses and cold-chain
infrastructure, expansion of value-added products such as arils, and diversification into markets with sustainable demand.
Research should increasingly examine these factors together so that farm practices, food safety, post-harvest management and
destination-market requirements can be considered within a common framework. The central challenge for India is not simply
to produce more pomegranate, but to increase the proportion of fruit that can move efficiently and consistently from the orchard
to compliant, higher-value international markets. Strengthening this connection across the entire value chain can provide a
more practical basis for expanding Indian pomegranate exports.
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