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Hippophae spp. (sea buckthorn or SBT) is a highly nutritious, climate-resilient plant of the trans-Himalayan
region with significant ecological and socio-economic value. While it provides livelihood in Ladakh, its
potential in Uttarakhand is still underutilised. Hence, this study aims to identify and prioritise the key barriers
to SBT commercialisation in Uttarakhand, highlights their causation and proposes actionable interventions for
sustainable livelihood generation. This study is a narrative review with semi-quantitative prioritization approach
which uses Relative Weighting Approach to identify and rank (based on severity scores; S,) the barriers to SBT
commercialisation in Uttarakhand using literature from scientific databases, government reports, and institutional
sources. This analysis identified market awareness gaps (28.2%; most severe barrier), supply-chain issues (18.4%),
and infrastructure shortages (about 16%) as the most critical barriers. These barriers majorly occur due to limited
farmer-training programs, weak market linkages, underdeveloped cold-chain infrastructure, limited access to natural
SBT populations, etc. If interventions like frequent occurrence farmer-training programs, development of mobile
processing units, enhanced institutional coordination, etc are applied correctly, potential of sustainable livelihood

generation by SBT can be fully utilised in Uttarakhand.

1. INTRODUCTION

Sea buckthorn (Hippophae spp.; hereafter written as SBT), family
Elaeagnaceae, is an economically and medicinally important dioecious,
perennial, woody, thorny, nitrogen-fixing tree or shrubs, flourishing
at temperature range; —43°C to 40°C in more than 40 countries, like
India, China, Russia, Japan, and America [1]. Normally, it thrives on
slopes, river banks, shores, ponds, etc [2]. Its fruits and leaves are high
in phenolics, flavonoids, vitamin C and carotenoids [3]. Historically,
SBT was used by Mongolians and Greeks to feed horses, giving them
shiny coat (Hippophae, means “shining horse”). Traditional medicinal
use of SBT is mentioned in the Ayurvedic, Grecian and Tibetan
texts [4-7]. In India, SBT is present in the Himalayan region (states
of Himachal Pradesh, Uttarakhand, Arunachal Pradesh, and Sikkim
and Ladakh), at an elevation of 228-3,100 m above sea level [2]. In
Uttarakhand, India, it is commonly known by several names, such
as, Ames, Badri berry, Chukh, Garchukh, Ritulchukh, Shankhdhara,
Chook, etc. In Uttarakhand, Hippophae tibetiana and Hippophae
salicifolia are distributed in high-altitude regions of Garhwal and
Kumaon, including, Uttarkashi, Rudraprayag, Chamoli, Pithoragarh.
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Many products like, herbal salts, pickles, and chutneys are made from
the dry seeds. Its pulp is used for cooking with fish, and as a remedy
for treating eye- related and liver diseases [7]. Moreover, SBT helps in
nitrogen fixation as it has an ability to thrive in nutrient-poor soil, due
to its symbiotic association with Frankia, forming root nodules [8].

Despite its ecological and economic potential, SBT is underutilised,
leading to limited livelihood generation and threat of genetic erosion.
In Uttarakhand, prior studies have focused on ethnobotany, genetic
analysis or distribution but studies on livelihood generation by SBT
are scarce. Institutional surveys discussed value addition by SBT
but remain scattered and do not align with market dynamics, policy
frameworks, and recent initiatives [9—15]. Therefore, the current study
focusses on evaluating barrier to SBT farming and commercialization
by applying Relative Weighing Approach and comparing initiatives
taken by Indian states such as Ladakh and Himachal Pradesh
and countries like China and Russia to propose a policy-aligned,
context-specific framework for sustainable value addition of SBT in
Uttarakhand.

2. MATERIALS AND METHODS

2.1. Study Design and Data sources

This study is a narrative review with semi-quantitative prioritization
approach. The impact level of key barriers to SBT commercialisation
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in Uttarakhand are quantified and ranked using ‘Relative Weighting
Approach’, inspired by the occurrence-severity assessment of Hegazy
et al. [16], with slight modifications. Primary sources (like Peer-
reviewed scientific articles, Government reports, etc) and secondary
sources (Books, Conference proceedings, market and media reports,
etc) were used to retrieve relevant literature from academic databases:
Scopus, Google Scholar, PubMed (using Boolean logic) to get a pool
of relevant documents describing botanical science, socio-economics,
and policy analysis of SBT in the Himalayan region. Targeted search
of government portals and institutional websites was also performed.
The search lasted till 26 July, 2025, including data from the year
1992 to 2025. Sources which aligned with the theme and sources
which had geographical relevance were included. Thematically or
geographically irrelevant, non-reputed sources, and sources with
inaccessible full-text were excluded. The collected documents were
categorized under the following themes: Ecological Importance,
Economic Potential, Challenges in Cultivation, Government & Private
Sector Initiatives, Comparative Analysis. Other documents were cited
to give background, context and supporting evidence in the study.
The findings were cross verified across different types of sources, to
enhance robustness (For details, refer Appendix: Section A.1-A.6. and
Supplementary Table S1).

2.2. Identification, Scoring and Weighing of Barriers

Impact level (%) of the key barriers to SBT commercialisation was
performed as the primary finding(s) of the quantitative analysis of this
review article, by using the ‘Relative Weighting Approach’. These
finding(s) were integrated in latter sections of this article as qualitative
evidence. For this, from the categorised collected documents
(Supplementary Table S1), key documents were selected on the basis
of topical relevance, geographic focus, and relevant data content. The
selected documents were screened to identify discrete “barriers” to
SBT farming. The Occurrence (O,) scores were based on the frequency
with which a specific barrier was cited across the selected documents.
An expert panel comprising, Yashaswi Singh, Abhishek Kumar and
Swati Singh (authors of this study) independently gave Severity (S))
scores to the barriers on a scale of 0—1 (0 = negligible, 1 = critical)
without prior consultation to minimize bias. The standard deviation
values of severity scores of all the experts were generally low (0.03—
0.09), indicating good agreement among the experts. O, and S, were
combined to calculate raw weight (R, = O, x S)), which was normalised
to calculate relative impact (W,%) (For details, refer Appendix:
Section A.7., Supplementary Table S2—-S5).

2.3. Visualization

All the graphs are made in Microsoft® Excel® 2021 MSO (Version 2503
Build 16.0.18623.20178) 64-bit. The geographic map representing
areas of SBT cultivation in Uttarakhand were generated by using
ArcMap 10.8, 2020 version.

3. RESULTS AND DISCUSSION

Several medicinal properties of SBT are scientifically proven by
pharmacological and clinical assays. In this context, some of such
properties of SBT are mentioned below.

3.1. Medicinal Properties of SBT

SBT shows strong antioxidant activity, with leaf extract
exhibiting higher 2,2-diphenyl-1-picrylhydrazyl and 2,2'-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging

activities (123.5-138.7 and 102.28-125.25 mg Trolox equivalent/g,
respectively), compared to fruits. It also demonstrates broad-spectrum
antimicrobial activity: Leaf extracts showed lower minimum
inhibitory concentration values against Staphylococcus aureus
(6.20-25.0 mg/ml) and Pseudomonas aeruginosa (6.20-12.5 mg/
ml) than fruit extract [17]. While SBT juice inhibited Escherichia
coli (17.46 mm inhibition zone) [18]. In cellular and animal models,
anti-inflammatory activity was observed by SBT-derived compounds,
reducing interleukin-6, tumor necrosis factor-alpha, Nuclear Factor
kappa-light-chain-enhancer of activated B cells, Nitric Oxide
Synthase, Cyclooxygenase-2, and nitric oxide production [19]. This
plant also shows anti-hypersensitive activity, where fermented juice
showed higher Angiotensin-Converting Enzyme inhibition (76.51%;
IC,, = 222.87 ng/ml), compared to non-fermented juice. SBT also
demonstrates anti-cancer potential, especially in fermented juice
with lower IC,  values against human colon cancer (Caco-2) cell
lines and mouse hippocampal (HT-22) cell lines [18]. Organic acid
derivatives in SBT stimulates osteogenesis, by improving osteogenic
differentiation in mesenchymal stem cells by up to 1.4-fold [20].
Adding to this, SBT seed oil reduces UV-induced oxidative stress
and reactive oxygen species in human skin cells by approximately
25%, providing photo-protection [19]. Several peer-reviewed
clinical studies further confirmed therapeutic activities of SBT, like
its antioxidant, hepatoprotective, anti-inflammatory, and metabolic
modulatory activities in humans. For example, preliminary clinical
results in liver cirrhosis patients showed significant improvements in
fibrosis markers and liver function, after SBT supplementation. Recent
trials also reported improvement in lipid metabolism, glucose- and
blood pressure-regulation. Moreover, no significant adverse effects
were indicated (even in high doses), confirming SBT’s potential as a
nutraceutical or in complementary therapy [21-23].

3.2. Advantages and Opportunities in SBT Cultivation in
Uttarakhand

SBT has immense potential for economic, environmental, and social
benefits in Uttarakhand. While SBT farming has flourished in Ladakh,
Uttarakhand remains underdeveloped in this sector due to several
constraints, such as a lack of infrastructure, policy support, and market
access [24]. The results of this study provide an in-depth understanding
of the advantages, opportunities and challenges associated with SBT
cultivation in Uttarakhand.

3.2.1. Ecological advantages

SBT is an ecologically sustainable crop, contributing to the well-being
of the environment [25], and its key environmental contributions are
discussed below:

*  Soil conservation: The deep root system prevents soil erosion,
stabilizing fragile Himalayan slopes, like hilly terrains of Uttarakhand
[26-28].

*  Nitrogen fixation: Enhances soil nitrogen levels naturally [8,29],
helping in improving nitrogen availability in the soil of hilly areas of
Uttarakhand [30].

. Climate resilience: Withstands extreme temperatures [31], favourable
in the cold deserts of Uttarakhand.

High suitability of SBT for Uttarakhand’s terrain and climate is

advocated. Compared to other commercial crops like rice, wheat,

barley, millets, large cardamom, SBT performs better in terms of soil
conservation and nitrogen fixation. However, some constraints may

occur the post-harvest processes of its fruit [27,32-34].
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3.2.2. Indigenous uses of SBT in Uttarakhand

In the high altitude (2,200-3,400 meters above sea level), SBT
has been used indigenously, in areas like Niti, Mana, Bhyundar,
Urgham, Kedarnath, Madhmaheshwar, Pinder, Yamunotri, Gangotri
and Mandakini, and it is conventionally used for food (20%—-90%),
medicine (10%—60%), veterinary uses (20%—100%), fuel (10%—-80%),
fencing (20%—-80%), agricultural tools (20%—50%), and dye mordant
(60%). Overall, it has caused economic upliftment of the locals in the
Central Himalayas [7].

3.2.3. Economic potential of SBT

SBT (Hippophae spp.) has significant commercial value, serving
nutraceutical, pharmaceutical, cosmetic, and beverage industries
[25,35]. According to a report of Fortune Business Insights, the size of
the global SBT market was counted to be worth USD 381.40 million
in 2024. This report also claimed that, SBT market is dominant in Asia
Pacific with a market share of 67.42% in 2024. Adding to this, the
same report also predicted that, the market growth of SBT is projected
to growth from USD 419.08 million in 2025 to reach USD 837.26
million by 2032, growing with a Compound Annual Growth Rate
of 10.39% during the forecast period; in which, the SBT market in
US is projected to grow significantly to an estimated value of USD
79.22 million by 2032, due to the rising awareness among consumers
regarding its health enhancing properties such as antioxidant, anti-
inflammatory, and anti-bacterial properties. This report also attributed
the government backed initiatives are helping in the market expansion
of SBT in countries like India, mainly due its medicinal significance in
Indian Medicine system called Ayurveda [36].

3.2.4. Employment generation and rural economy

SBT farming can create substantial opportunities for employment
at multiple levels, from farming and harvesting to processing and
marketing [37]. In Ladakh, SBT berry collection has provided
economic support, particularly to women [38]. Literature surveys and
case studies indicate that mechanized processing units, cooperative
farms, and optimized value chains contribute to socio-economic
stability [35,39]. Since the hills of Uttarakhand are also rich in SBT
biodiversity, a similar model in Uttarakhand could also benefit rural
communities [40]. Employment distribution in SBT farming follows
a multi-tiered model where employees are engaged in cultivation,
processing, branding, and exports [38]. Moreover, SBT farming could
reduce dependency on unsustainable agricultural practices, ensuring
consistent income generation for marginalized communities [41]. As
per the Ministry of Food Processing Industries [42], expanding SBT
farming in Uttarakhand through policy-backed financial incentives,
cooperative farming models, and agro-industrial training programs
could drive long-term employment growth, self-sufficiency, and
regional economic stability. A structured public-private partnership
(PPP) framework connecting farmers, market players, and research
institutions would further enhance rural entrepreneurship and
economic sustainability [42].

3.2.5. Government support and policy initiatives

The government has introduced several initiatives to promote SBT
farming, but their application remains limited. Programs such as the
Pradhan Mantri Formalisation of Micro Food Processing Enterprises
(PM-FME) and the subsidies for organic farming are designed to
support small-scale agricultural entreprencurship and encourage
environmentally sustainable practices [42]. According to Ministry
of Food Processing Industries, India [42,43], PPPs have been made

to encourage, strengthening the value chain by connecting producers
with markets and technology providers. However, in Uttarakhand,
application of these initiatives remains inconsistent, as evidenced by
delayed fund disbursement, complex documentation requirements,
and limited infrastructure access in remote districts [42,43]. The
land suitability analysis, market trends, environmental sustainability
insights, and policy recommendations outlined in research indicate
that SBT’s commercialization can significantly contribute to
employment growth, ecological conservation, and rural livelihood
enhancement [41,44,45]. This explains that these initiatives require
better implementation strategies, including simplified farmer loan
access and improved infrastructure [46-57]. Further details are
presented in Table 1.

3.3. Challenges in SBT Commercialization

Despite the potential of SBT farming in Uttarakhand, it still faces
multiple challenges, as barrier for cultivation and commercialisation
of SBT [41,58]. Therefore, we identified key barriers to SBT
cultivation and analysed their impact by selecting and analysing 11 key
documents [32,34,35,39,41,51,52,59-62] (Refer Supplementary Table
S1 for details) using structured Relative Weighting Approach which
converted qualitative textual data (mentioned as barriers in literature)
into quantitative indices (weights), providing hierarchical ranking of
constraints in SBT commercialisation, actionable for policymakers.

3.3.1. Identification of barriers

About eight key barriers to SBT farming were identified by analysing
11 key documents, selected on the basis of their relevance to the scope
of the review;

1. Infrastructure shortages in areas like, processing units, cold storage,
rural roads [32,35,51].

2. Supply-chain issues in fragmented distribution and price swings
[32,34,35,61].

3. Market-awareness gaps in farmer training and branding deficits
[32,35,41,59-61].

4.  Certification burdens in areas like, organic farming and export
[35,52].

5.  Biotic-stresses, like leaf-spot, root-rot, wilts, etc [61,62].

6.  Propagation hurdles like nursery mortality, no released cultivars, etc
[32].

7. Post-harvest losses like, perishability, wash-off and drying losses, etc
[35].

8. Policy and regulatory issues like fragmented land tenure between
forest departments and local communities, and limited operational
support programs [39,52].

Detailed analysis, including study region, study type, barriers reported

and rationale for inclusion of each study, is given in the Appendix:

Supplementary Table S2.

3.3.2. Ranking of barriers

The occurrence and severity score of each key barrier were calculated
by the expert panel, based on which, the score of impact of each
key barrier was derived. The raw score of impact of the barriers was
normalised, to get the relative impact of each barrier (Table 2). For
details, refer Appendix: Supplementary Table S3-S5. The relative
impact of key barriers in SBT cultivation as bar graph (Fig. 1).

This analysis indicates that, market awareness gaps (28.2%) and
Supply-chain issues (18.4%) are the biggest constraints in SBT
commercialisation (over 46% of the total barrier weight). The lack of
awareness among the producers and the consumers about SBT and its



Table 1. Overview of key government schemes, their effects, and limitations in supporting SBT cultivation and value chain development in the Himalayan region.

Policy / Scheme

MoEF-DRDO National SBT
Programme

MIDH - SBT Value Chain
Analysis (2017-18)
PM-FME scheme

Regional agroforestry schemes

Ladakh SBT development
(DIHAR)

Centre-approved SBT cultivation
(Himachal Pradesh)
NMSHE

MHWDP (Himachal Pradesh)

Key effects

Promoted agroforestry; soil stabilization via
nitrogen fixation; enhanced berry-based rural
income

Formalized value-chain model; pilot processing
units; community participation

Credit and processing support; promotes micro-
entrepreneurship

Incentivized SBT plantation; biomass and fodder
improvement

Demonstrated income potential; commercialized
SBT products

Few Russian varieties (e.g., nX1 and nX6)
survived climate of Lahaul-Spiti, Himachal
Pradesh

Ecosystem restoration funding (3550 crore, 12th
Plan); includes SBT plantation

Watershed restoration (223,000 ha); improved
soil-water retention and livelihoods; potential SBT

Negi et al.: Journal of Applied Biology & Biotechnology 2026: Article in Press

Major limitations References
Area targets unmet; complex regulations; [32,46,47]
limited processing infrastructure

Limited scale-up; regulatory bottlenecks; low [35,48]
off-season processing capacity

No explicit SBT targeting; limited [42,43,49]

awareness/access in remote districts

Predominantly natural stands; limited
systematic domestication

[32,35.47,51]

Region-specific; limited replication beyond [50-52]
Ladakh

Early-stage implementation; limited adoption [53]
data

No SBT-specific targets or measurable [54]
metrics

No explicit prioritization of commercial SBT  [35,65]

cultivation

inclusion

Abbreviations: SBT, Sea buckthorn; MoEF, Ministry of Environment-Forest and Climate Change; DRDO, Defence Research and Development Organisation; MIDH, Mission for Integrated
Development of Horticulture; PM-FME, Pradhan Mantri Formalization of Micro Food Processing Enterprises; DIHAR, Defence Institute of High-Altitude Research; NMSHE, National
Mission on Sustainable Himalayan Ecosystem; MHWDP, Mid-Himalayan Watershed Development Project; ha, hectare.

Table 2. Relative impact and ranking of key barriers to SBT
commercialisation.

Barriers N, O, S, R, W, Rank
Market-awareness gaps 6 0.55 0.72 0396 28.2% 1
Supply-chain issues 4 036 072 0259 18.4% 2
Infrastructure shortages 3 027 085 0230 16.4% 3
Biotic stresses 2 0.18 0.80 0.144 10.2% 4
Policy / regulatory issues 2 018 0.67 0.121 8.6% 5
Certification burdens 2 0.18 0.65 0.117 83% 6
Post-harvest losses 1 0.09 0.80 0.072 5.1% 7
Propagation hurdles 1 0.09 0.75 0.068 4.8% 8

Abbreviations: Ni, Number of studies reporting barrier i; Oi, Occurrence Score of barrier
i; Si, Severity Score of barrier i; Ri, Raw Weight of barrier i; Wi, Relative Weight of
barrier i; Wi%, Relative Impact (percentage) of barrier i; SBT, Sea Buckthorn.

products and the supply chain issues are due to weak market linkages
and weak pull of natural populations in the market due to poor access
of locals in the reserved forests and biochemical instability of the
produce, despite strong nutritional value. Infrastructure shortages
also act as a key barrier in SBT commercialisation with relative
impact of over 16%, due to lack of cold-chain logistics, mechanical
harvesting tools, and shortage of irrigation-networks. Biotic stresses
(diseases) have over 10% impact in SBT commercialisation, due
to mortality of SBT trees by vascular wilts and ‘Dried-Shrink’
disease caused by Fusarium sporotrichoides. Policy/regulatory and
certification hurdles have a relative impact of over 8% each (together
about 16%), due to fragmented land tenure between government and
locals, ambiguities in access and benefit sharing (ABS) framework,
lack of sustainable SBT harvesting protocols, threat to organic
status of SBT due to chemical treatments and lack of certified SBT
varieties in the market. Post-harvest losses and propagation hurdles
together have a relative impact of about 10%, due to fragile mountain
ecosystem, where SBT grows in specific ecological conditions,
where inefficient harvesting methods leads to nutrient loss in SBT

produce. Issues related to policies, certification, propagation and
post-harvest care come across as the least concerning challenges in
this context, because there are bigger challenges at the start of the
value chain of SBT like market-awareness, infrastructure and supply-
chains issues, which is why, other issues appear to be the ‘second-
order’ problems. These so called ‘second-order’ problems will only
become the primary constraint after the ‘first-order’ problems like
market awareness and infrastructure shortages are resolved. In a
nutshell, this indicates that, growing SBT would become a challenge
only if the market demand, supply chain and infrastructure are fully
developed [32,34,35,39,41,51,52,59-62].

The following subsections further analyse the scenario of SBT
commercialisation in Himalayan states-Uttarakhand, Himachal
Pradesh and Ladakh; in different contexts (like, climatic, socio-
economic, etc), which further contextualise the key barriers identified
in this study.

3.4. Case Studies of SBT

Case studies of SBT cultivation areas of the Indian subcontinent
[35,43,50] were analysed to discuss the steps which helped in
SBT commercialisation and value addition. These steps could be
replicated in Uttarakhand for the same effect (Table 3). The success
of Self-Help Groups (SHGs) based harvest of SBT in Leh, Ladakh
can be replicated in Uttarakhand by establishing similar collection
and trade mechanisms, potentially leading to income generation of
people living in areas with high wild growth of SBT. Moreover, this
plant’s dense micro-nutrients’ profile [51], could fulfil the micro-
nutrients’ requirements in the people of Uttarakhand. Trials of
exotic cultivars (HI-1 to HI-5) led to the development of thornless,
dwarf, high-yield variants in Himachal Pradesh [44]. Also, studies
have shown 1-30 times variation in antioxidant activity based on
geography and genotype [62]. Hence, localised biochemical profiling
of indigenous populations of SBT could help in identifying better
cultivars in growing in Uttarakhand. SBT beverage processing units
of Ladakh [63], can be replicated in Uttarakhand. The integration of
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Figure 1. Relative impact (%) of key barriers to SBT commercialisation in Uttarakhand, derived using the
Relative Weighting Approach based on 11 Uttarakhand- and Himalayan-region-specific studies.

Table 3. Regional case studies on SBT development and their implications for Uttarakhand.

Region Key interventions & outcomes Relevance for Uttarakhand References
Ladakh (Leh &  SHG-based harvesting empowered ~500 families; wild harvest income  SHG-led aggregation model; structured market [41,50-52]
Nubra Valley) (~3,344/household); nutritional profiling confirmed high vitamin— linkages; nutritional security integration; GIS-
mineral content; GIS mapping of ~11,500 ha wild SBT; DIHAR-led based harvest planning; institutional coordination
commercialization and value-chain formalization model
Himachal Exotic cultivar trials (HI-1 to HI-5) identified thornless, dwarf, high- Localized cultivar trials; integration with cold- [44]

Pradesh (Lahaul) yield variants; watershed-linked horticultural strengthening

chain and horticulture infrastructure

Abbreviations: SBT, Sea buckthorn; SHG, Self-help group; GIS, Geographic Information System; DIHAR, Defence Institute of High-Altitude Research; ha, hectare; T, Indian Rupee.

SBT in traditional systems like Sowa-Rigpa in Ladakh [51] can help
in the primary treatment of people living afar from medical aid in
Uttarakhand. The mapping of 11,500 hectares of wild populations in
Ladakh using Geographic Information System (GIS) tools [52] can
also be replicated in Uttarakhand to evaluate the current scenario of
sustainable harvesting. Strong community involvement and policy
advocacy in Pakistan's Hindu Kush Himalaya region had helped in
SBT value addition [64]. Similar public awareness and participation
to ensure proper incorporation of policies could uplift SBT cultivation
in Uttarakhand. However, direct transfer of SBT interventions from
Ladakh and Himachal Pradesh is difficult due to ecological and
socio-economic differences. Himachal Pradesh has well-developed
horticulture systems and cold-chain infrastructure, while Ladakh
has community-based forest management system, leading to large-
scale SBT cultivation. On the contrary, Uttarakhand has fragmented
landholdings, declining Van panchayat governance (community-based
forest management system), and socio-economic divide, limiting mass
cultivation of SBT. This is why, governmental schemes like Pradhan
Mantri Kisan Samman Nidhi (PM-KISAN) have limited outreach in
Uttarakhand. These differences are needed to be addressed to improve
SBT farming and commercialisation in Uttarakhand [65-73]. Case
studies beyond South-Asia, also give valuable insights for SBT
commercialisation in Uttarakhand. SBT breeding programs in Russia
by the Lisavenko Research Institute developed thornless, high oil-
yielding cultivars (like Hippophae rhamnoides ssp. mongolica), by
the support of centralised nurseries and integrated processing systems.
Certified germplasm propagation of SBT by standardised nursery
protocols led to large-scale afforestation in degraded lands of China.

Organic subsidies promoted ecological cultivation of SBT in Romania,
despite infrastructure related challenges (like cold-chain infrastructure)
and product standardisation. SBT played an important role in post-
mining ecological restoration in Germany. SBT is cultivated on around
2.33 million hectares around the world, in which, China accounts for
around 2.1 million hectares due to industrial and ecological demand,
while Russia utilises high oil-yielding SBT cultivars for oil production
to export [74—-80]. Research on SBT has shifted from phytochemical
profiling to optimization of valuable metabolites through cultivar
development. For example, temperature and altitude significantly
affect flavonoid (like quercetin and isorhamnetin) accumulation in
Chinese cultivars [80]. Genetically superior SBT cultivars are being
identified in Romania, terms of nutraceutical properties, like ‘Cora’
(high ascorbic acid) and ‘Mara’ (high natural preservatives) [81].
Moreover, comprehensive utilisation of the plant (like seeds for
mineral and protein, leaves for flavonoids, fruit pulp for nutrition,
etc) is targeted [80-82]. International case studies emphasize the
need for site-specific, climate-resilient SBT cultivars in Uttarakhand,
which could ecologically improve degraded landscape. Biochemical
profiling and ecotype matching of cultivars, mobile processing
units, and coordination between cultivar lifecycles and government
systems are also important. In a nutshell, SHG-based and women-led
enterprises could support SBT processing under various governmental
schemes (like PM-FME), providing rural livelihood. Scientific
selection of nutritionally and ecologically superior SBT cultivars
would boost SBT production. By integrating SBT into governmental
development policies, along with strong market linkages and cold-
chain infrastructure will enhance SBT commercialisation.
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This section contextualised and gave practical solutions to some of the
key barriers ranked in section 3.3, which are, market awareness gaps;
by SHGs and Geographical Indication (GI) branding, supply chain
issues (by institutional coordination), infrastructure shortages (by
mobile processing units and nursery system), and propagation hurdles
(by certified habitable cultivars).

3.5. Comparison Between Ladakh and Uttarakhand

Ladakh’s success in SBT farming and trade happened due to support
of well-established government structures. The Defence Institute
of High-Altitude Research (DIHAR) helped in providing certified
planting material, maintaining demonstration orchards for farmers,
and conducting hands-on training sessions in Ladakh. After which,
DIHAR transferred the SBT based technology to a private firmin2001.
Then SBT berries collection became a significant income generating
activity of the region [35]. Adding to this, the SBT cultivation area
in Ladakh has been mapped through GIS (approximately 12,000
hectares), whereas the same has not been done in Uttarakhand [51].
Research institutes, Non-Governmental Organizations, district
bodies, and producer groups were connected by formal platforms
which played their defined roles. Market-linkages, branding efforts,
GI tag registration helped in the stabilization of market prize of SBT,
which, in turn, encouraged the participation of SHGs, especially for
women, and helped in production of a variety of value-added products,
supporting rural livelihoods, environment and reforestation [35].
The documented fruit prices in Ladakh have been increased from
8/kg (2001) to I22/kg (2010), demonstrating market stabilization
and demand growth, while Uttarakhand lacks any documented prize,
indicating irregular pricing and barter system in SBT trade. Ladakh
also organises cluster programs, for example, Scheme of Fund for
Regeneration of Traditional Industries, benefiting over 500 families,
whereas such interventions are so far, absent in Uttarakhand [51].
Ladakh has cooperative pulp and beverage processing units in
remote areas; preparing varied products (tea, squash, wine), whereas
Uttarakhand lacks these units in hilly areas [44]. On the other hand,
Uttarakhand has several challenges in SBT cultivation and trade.
For example, Uttarakhand has a complex administrative structure;

The State Secretariat oversees implementation through Divisional
Commissioners and District Magistrates. The implemented schemes
are executed by various line departments, like forest and horticulture
department, which transfer the tasks to Block Development Officers.
Moreover, many SBT cultivation sites are under the control of Van
Panchayats or are in reserved forest areas, which requires benefit-
sharing agreements, increased coordination costs and access to
these sites would be legally negotiated [56]. On the other hand,
Ladakh has time-bound harvest permits for SBT, benefiting the SBT
harvesters [51]. Uttarakhand also faces socio-political hurdles like,
caste and gender stratification, dispersed and small land holdings,
and significant seasonal migration in rural households, especially in
hilly regions, which reduces labour availability and cooperative trust
[41,83]. This section also contextualised and gave practical solutions
to key barriers discussed in section 3.3, like, Uttarakhand needs to
take several measures like, explicit Memoranda of understanding
(MoUs) between the forest department, van panchayats and Self-
Help Farmer Groups to define harvest zones and benefit-sharing
ratios for SBT (to resolve policy/regulatory issues) [56], detailed
project report-based PM-FME or PPP demonstration units with
time-bound performance targets, district SBT facilitation cells,
which could be located in the horticulture offices of District Rural
Development Agency to reach out to the farmers from complex
administrative structure, involvement of institutions like Herbal
Research and Development Institute Gopeshwar as nursery and
agronomy anchor for SBT, mandatory governance key performance
indicators with regular reporting should be implemented (to address
supply-chain issues, infrastructure shortages and market awareness

gaps).

3.6. Potential Area of Cultivation for SBT

In Uttarakhand, SBT is naturally found in high-altitude regions,
especially along the river valleys and glacial streams, which
contextualises its potential role in soil stabilization, ecosystem
balance and livelihood support in Uttarakhand. Until 2009, the
total area of SBT cultivation or wild growth was approximately
3,750 hectares, across four major districts, namely, Uttarkashi,

AREA OF CULTIVATION

m Uttarkashi
B Rudraprayag
B Chamoli

® Pithoragarh

Figure 2. District-wise share of total mapped area under cultivation or natural populations of SBT in
Uttarakhand.
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Figure 3. Geographic distribution of mapped SBT cultivation and natural populations across high-altitude districts of Uttarakhand,
generated using ArcMap 10.8 based on compiled secondary data

Rudraprayag, Chamoli, and Pithoragarh [84]. Total cultivable area
for SBT among these four districts is presented Figure 2. Uttarkashi
has the most area of SBT cultivation or wild growth, indicating
its suitability for further developments in value addition of SBT,
followed by Rudraprayag. While the total area of cultivation or area
with natural SBT populations, of Uttarakhand is geographically
mapped in Figure 3. This geographical spread of SBT in Uttarakhand
is evidence of the ecological adaptability of this plant in the alpine
and sub-alpine zones of Uttarakhand. However, it is difficult to access
that exactly how much of the mapped area is actually accessible for
value chain development of SBT, and how much of the total arca
is used for cultivation or have natural populations of SBT, which
could be only evaluated if the actual areas are mapped carefully and
extensively, like in Ladakh [52]. But at present,, it can be concluded
that a significant part of the total cultivable area is inaccessible
due to various reasons, like; SBT populations present in minimal
dispersed patches characterised with steep slopes, which makes
harvesting operations logistically difficult [85]. This gives context
to the barriers like infrastructure shortages and policy/regulatory
issues, which were identified in Section 3.3.

3.7. News Articles and Media Reports

Many media reports and news articles based on SBT are being
published. A few of it are discussed in this section. The Defence
Research and Development Organisation (DRDO) added SBT juice in
the daily diet of soldiers in Siachen, due to its nutritional superiority.
Local cooperatives like Himalayan Flora are actively involved in

production and trade, with juice priced between 31,350 and 3,000
per litre, due to the growing demand [86]. The grant of GI tag
strengthened its market identity, supporting local livelihood [87]. In
Uttarakhand, commercial cultivation using by cultivars sourced from
Himachal Pradesh has started and processing infrastructure is being
developed by the Uttarakhand Government. Plans for a processing unit
in Sukki village (Harsil valley), Farmer Producer Organization (FPO)
formation, and allocation of ¥70 lakh for infrastructure development
had been done [88]. However, follow-up evidence is scarce. There
is a clear contrast between Uttarakhand and Ladakh in this context.
Ladakh has flourishing SBT economy, whereas Uttarakhand is in
budding phase. This section contextualises infrastructure shortages,
weak supply chain, limited market awareness, certification and
propagation hurdles.

3.8. Future Interventions to Drive Growth for SBT

Commercialisation

By 2020, SBT cultivation in Ladakh had expanded to over 11,500
hectares, supported by GI recognition and strong institutional backing.
In Himachal Pradesh, investments over ¥1,000 crore strengthened
horticulture infrastructure, mobilized FPOs, and improved cold
storage and planting material systems [35,38,44,73], facilitating
SBT value addition. On the contrary, Uttarakhand faces structural
constraints such as small landholdings and low credit absorption under
schemes like PM-KISAN and Kisan Credit Card [83], limit value-
chain development. Addressing these challenges requires targeted
public and institutional interventions.
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Proposed key interventions are presented below:

3.8.1. Expansion of farmer training programs to improve cultivation
practices, disease management, and market literacy.

3.8.2. Structured branding strategies to position SBT products in
domestic and international markets.

3.8.3. Policy reforms in export certification, financial access and agro-
industrial incentives.

3.8.4. Investment in decentralised processing units to reduce post-
harvest losses and enhance value-chain efficiency.

A phased 3-year pilot model is proposed for Uttarakhand:

Year 1: Establish district facilitation cells; strengthen and expand
demonstration plots in Chamoli and Uttarkashi; scale farmer training
through institutions such as HDRI Gopeshwar.

Year 2: Expand cultivation to farmer-owned lands; deploy mobile
pulping units; formalise sustainable harvest zones through MoUs with
Van Panchayats.

Year 3: Secure regional procurement contracts via PM-FME or PPP
models; increase fruit collection volumes; ensure at least 30% female
participation.

Progress should be monitored through measurable indicators such
as aggregate fruit volumes (MT), pulping latency (days), subsidy
disbursement timelines, and plant survival rates (%).

4. CONCLUSION

In conclusion, SBT has a strong potential for livelihood generation
in Uttarakhand, as evidenced by successful models in Ladakh and
Himachal Pradesh. It supports ecological restoration and promotes
sustainabledevelopment. However, keybarrierstoitscommercialisation
like lack of awareness, infrastructure shortages, supply-chain issues,
and policy gaps exist, inhibiting direct replication of success models
of Ladakh and Himachal Pradesh in Uttarakhand. These key barriers
are linked to scarcity of the following factors: institutional support,
knowledge gaps among farmers, SBT processing and storage
facilities, access of locals to wild SBT populations, etc. Without
addressing these factors, SBT commercialisation in Uttarakhand is
difficult. For this, coordinated efforts of the governments, institutions
and private stakeholders is crucial. Regular and in-depth farmers’
training, establishment of decentralised processing units, development
of cold-chain and transport infrastructure, policy/regulatory support to
improve ABS between government and locals, and promoting market
awareness through marketing can help in removing barriers to SBT
commercialisation. Overall, SBT is promising for environmental
conservation and livelihood generation in Uttarakhand, if the above
discussed barriers are mitigated properly.
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