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Introduction: Kalanamak, an aromatic rice landrace (Oryza sativa L.) traditionally 
cultivated by indigenous farmers in the Terai belt of Uttar Pradesh, India, has seen 
a resurgence following the development of improved accessions with higher 
productivity and market potential. Like other aromatic landraces in India, Kalanamak 
holds deep socio-economic value, prized for its agroecological resilience, cultural 
identity, culinary heritage, and role in rural livelihoods.
Methods: The current study focused on three key aspects: (1) comparing 
the performance of traditional and improved Kalanamak cultivars within the 
Geographically Indicated (GI) area, (2) mapping the seed and milled rice value 
chain, and (3) building farmer capacity for quality seed production of improved 
Kalanamak varieties. Eleven traditional accessions and three improved semi-dwarf 
varieties of Kalanamak were evaluated through replicated multi-year trials in the 
GI area. Additionally, a comprehensive value chain assessment of the Kalanamak 
seed and rice market was conducted through participatory rural appraisal and in-
depth interviews with 50 value chain actors, including smallholder farmers, seed 
growers, millers, and community-based organizations (CBOs).
Results: Semi-dwarf cultivars such as Bauna Kalanamak 101, Bauna Kalanamak 
102, and Kalanamak Kiran showed higher mean yield compared to the traditional 
accessions; however, the differences in yield were statistically non-significant. 
Findings revealed a hybrid seed network where decentralized farmer-to-farmer 
exchange coexists with collective-led procurement and emerging private sector 
channels. To strengthen this evolving system, targeted capacity building in 15 
villages in terms of quality seed production was ensured—enhancing farmer skills 
in varietal selection, purity maintenance, and post-harvest handling—leading 
to the production of 6,800 kg of quality seeds and improved access to high-
performing Kalanamak varieties. Profitability assessment compared traditional 
and improved cultivars under organic and inorganic practices. Semi-dwarf 
Kalanamak variants under organic cultivation showed the highest profitability (B:C 
ratio 3.92), outperforming traditional varieties and inorganic systems. Sensitivity 
analysis further revealed that semi-dwarf systems remained the most resilient 
under adverse cost–benefit shifts, consistently maintaining BCRs above 2.0.
Discussion and conclusion: The results affirm that integrating farmer-led 
seed systems with scientifically validated accessions and localized training can 
enhance profitability, strengthen seed sovereignty, and revitalize the Kalanamak 
rice economy in the GI areas. The study underscores the importance of 
combining participatory approaches with varietal improvement and seed system 
strengthening to sustain the cultural and economic legacy of Kalanamak rice.
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1 Introduction

Rice landraces form the backbone of India’s agroecological 
heritage, honed over generations to thrive in local conditions. Their 
inherent resistance to pests, droughts, and diseases reduces 
dependency on chemical inputs, bolstering soil health and microbial 
diversity (Rana et al., 2012). Farmers sustain these varieties through 
indigenous knowledge (Dubey et al., 2023); selecting seeds based on 
traits aligned with seasonal cycles, soil needs, and ecological balance. 
Informal community networks have preserved this diversity, enabling 
farmers to adapt, exchange, and propagate seeds across regions and 
generations (Vernooy et al., 2020).

The Green Revolution disrupted this equilibrium, replacing 
landraces with high-yielding varieties (HYVs) (Pingali, 2012). HYVs 
prioritized productivity but eroded farmers’ seed autonomy, 
marginalized traditional seed systems, and centralized control under 
commercial supply chains. This shift depleted genetic diversity, 
increased vulnerability to climate shocks, and weakened 
agroecosystems, particularly in marginal farming regions. Concurrently, 
cultural practices linked to landraces, i.e., festivals, rituals, and 
traditional cuisines, faded-severing ties to agrarian identity and heritage.

Reviving landraces demands decentralized seed systems that 
prioritize community-led governance. Empowering farmers to 
manage seed production, preservation, and distribution restores 
ecological resilience and cultural sovereignty (Bishaw and Turner, 
2008). Such models blend traditional knowledge with scientific 
innovation, fostering farmer-participatory breeding, strengthening 
seed systems, and revitalizing local exchange networks. By anchoring 
seed systems in indigenous wisdom, communities can safeguard 
biodiversity, enhance climate adaptability, and counter corporate 
monopolies over seeds (Altieri and Nicholls, 2017).

This study examines the value chain of Kalanamak, an aromatic 
rice landrace in Uttar Pradesh, to demonstrate how integrating 
modern genetic interventions such as genetically improved accessions 
of landraces with traditional seed networks can revive its cultivation 
(Chaudhary et al., 2024). By analyzing the interplay between modern 
landrace accessions and varieties, localized seed systems, and existing 
agrarian knowledge, the research highlights strategies to enhance 
profitability while preserving cultural and ecological integrity.

2 Materials and methods

The districts of Gorakhpur and Siddharth Nagar in Uttar Pradesh, 
India, were selected for this study due to their historical association 
with Kalanamak rice and their recognition under the Geographical 
Indication (GI) tag (Chaudhary et al., 2017). These districts are part 
of the Terai region, where Kalanamak has been traditionally cultivated 
for centuries. The GI tag, granted to Kalanamak from this region, 
underscores its unique environmental adaptability and cultural 
significance (Singh et al., 2005).

2.1 Historical significance of Kalanamak 
rice in the area

Historical records and folklore trace Kalanamak’s origin to the 
Buddhist era. Renowned for its black husk, fragrant grains, and superior 

cooking attributes, this heirloom rice once graced royal kitchens and 
fueled regional trade. However, its cultivation plummeted from 
50,000 ha to 2,000 ha between the 1960s and 1990s due to high-yielding 
varieties, eroding seed availability, and diminished sensory quality 
(Chaudhary, 2005; Chaudhary et al., 2024). The recent resurgence is 
primarily triggered by the availability of semi dwarf Kalanamak varieties 
developed through modern breeding approaches.

Availability of improved varieties such as Kalanamak KN3, Bauna 
Kalanamak 101, 102, and Kalanamak Kiran (Yadav et  al., 2019) 
highlights the need for a robust farmer-managed seed system for 
timely access to quality seeds of these improved Kalanamak cultivars. 
The rising export potential of the landrace and its derived varieties 
further prioritizes the local farmer’s control over its seed production 
and distribution. In this regard, decentralized seed systems are key 
towards strengthening the farmers’ autonomy over seeds and grains, 
thereby increasing income opportunities of local farmers while 
preserving the landrace within the communities that have conserved 
it for generations (David, 2004).

2.2 Multilocation trials for varietal 
positioning

Eleven traditional Kalanamak accessions and three released 
Kalanamak varieties (Table  1) were evaluated in a replicated trial 
across within the Kalanamak Geographical Indication (GI) region of 
Gorakhpur, Uttar Pradesh. The experiment was conducted during the 
wet seasons of 2022 and 2023 at Krishi Vigyan Kendra, Belipar, 
Gorakhpur, Uttar Pradesh, India. Each entry was planted in 25 m2 
replicated plots, in a randomized block design. Key agronomic traits-
including days to 50% flowering, effective tillers per hill, plant height, 
panicle length, filled and unfilled grains per panicle, lodging 
percentage, and grain yield were systematically recorded to assess 
performance stability and yield potential under in-situ conditions.

2.3 Introduction of new Kalanamak 
varieties and capacity development in seed 
production and marketing

The introduction and capacity development intervention for seed 
production of new Kalanamak cultivars integrated indigenous practices 
with modern agronomic protocols across key cultivation areas. Thirty 
farmers (25 male and 5 female) from 15 villages within GI areas of 
Gorakhpur and Kushinagar were identified as master trainers, owing to 
their association with two local CBOs (Cluster Based Organizations/
FPCs) engaged with Kalanamak cultivation and marketing. The farmers 
were guided in variety selection, distinguishing semi-dwarf cultivars 
from traditional accessions through phenotypic markers such as plant 
height, pigmentation, and maturity period, supplementing the existing 
knowledge available to them through generational observation. Field 
preparation combined organic soil enrichment (50–60 quintals/ha 
FYM) with precise plant to plant and row to row spacing (20 cm × 15 cm 
for semi-dwarf against 25 cm × 20 cm for traditional varieties), 
optimizing tillering while sustaining historical planting norms practiced 
traditionally by the farmers.

Nutrient management combined split-dose of NPK application 
(80:40:40 kg/ha) for semi-dwarf types with traditional organic 
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regimens: Panchagavya foliar sprays and green manure incorporation 
to preserve aroma and soil health, especially in traditional Kalanamak 
plots. Genetic purity protocols emphasized roguing at critical growth 
stages; leveraging farmers’ ability to identify off-types using height 
difference (traditional: 140–150 cm; semi-dwarf: 90–110 cm) and 
panicle traits. Ensuring 50 m isolation buffers and staggered planting, 
paired with modern record-keeping to track varietal integrity helped 
in sustaining genetic purity of the introduced Kalanamak varieties.

Integrated pest management strategies were communicated to the 
farmers, which involved neem-based biopesticides and marigold 
intercropping supplemented with need-based herbicide use and 
scouting. The capacity building exercises further emphasized post-
harvest handling, which retained artisanal practices (hand-threshing, 
bamboo-bin storage) while introducing moisture meters during 
drying to maintain a grain moisture of ≤12%, ensuring market-grade 
quality without compromising sensory attributes.

This hybrid model facilitated farmer’s agency over the Kalanamak 
seed systems, enabling 30%–80% yield gains through the semi-dwarf 
cultivars while safeguarding traditional Kalanamak’s legacy. By 
valorizing indigenous knowledge, the capacity building program 
ensured agroecological resilience, demonstrating that productivity 
and cultural preservation are synergistic, not antagonistic, in heirloom 
crop revitalization.

2.4 Participatory rural appraisal and 
in-depth interview for tracking Kalanamak 
conservation-marketization pathways and 
profitability pre and post intervention

The current study employed an exploratory case study designed 
to elucidate the interplay between formal and informal seed systems 
and market dynamics within Kalanamak’s Geographical Indication 
(GI) regions. Grounded in a participatory framework, the research 
positioned local farmers, cluster-based organizations (CBOs), and 

market intermediaries as co-analysts, ensuring their lived experiences 
shaped the inquiry.

A purposive sampling strategy was adopted to select 50 key actors 
across five seed networks, viz. (1) NGOs—10 members (including 
leadership and program organizers) from two NGOs based in 
Gorakhpur and Siddharth Nagar GI areas; (2) cluster-based 
organizations (FPO/FPC/SHGs)—25 farmers involved in Kalanamak 
cultivation across 2 Women led self-help groups (SHGs) and 3 farmer 
producer companies (FPCs); (3) one local seed bank (4) agricultural 
universities—2 senior officials from local institutions; and (5) 
individual farmer producers—7 farmers (not linked with FPOs or 
FPCs). Additionally, market nodes such as 4 local vendors and 
distributors, 2 large millers and Kalanamak exporters were interviewed.

Stratified representation for farmers ensured inclusion of 
smallholders (<1 ha), medium-scale farmers (2–3 ha), and women-led 
enterprises to capture diverse agroecological and socioeconomic 
contexts. Ethnographic and ethnobotanical approaches, combined 
with farmer participatory inquiry, have been shown to be  highly 
effective in elucidating indigenous rice-based cropping systems. This 
is evidenced by earlier studies (e.g., Pfeiffer et al., 2006; Loko et al., 
2021; Gao, 2003).

Data collection integrated three complementary methods: semi-
structured interviews (n = 28), focus group discussions (FGDs; n = 5), 
and participant observation. In-depth interviews with seed producers, 
CBO leaders, and traders probed decision-making rationales, such as 
preferences for specific seed sources or market pathways for 
Kalanamak. FGDs, segmented by actor types utilized participatory 
tools like flow diagrams to visualize seed procurement practices and 
mechanisms prevalent in the area. Participant observation at local 
markets and CBO procurement events provided contextual insights 
into transactional norms and trust-based exchanges. Semi-structured 
discussions around themes related to seed genetic purity, market 
accessibility, and profitability drivers provided valuable insights, while 
historical timelines mapped the evolution from informal barter 
systems to formalized seed networks.

Analytical procedures involved iterative thematic coding of 
transcripts and field notes for identifying emergent patterns. 
Triangulation approaches involved validating farmer narratives with 
CBO records and market transaction data to elucidate seed flows and 
economic behaviors. Comparative analysis of cost–benefit (BC) ratios 
across production systems (organic/inorganic, traditional/semi-dwarf 
Kalanamak cultivation) helped establishing links between the various 
cultivation practices to farmers’ profitability. This methodological 
synergy bridging participatory narratives with empirical validation 
captured the complex socio-economic relations underpinning 
Kalanamak’s value chains in the GI area.

2.5 Economic evaluation: NPV, BCR, and 
sensitivity analysis

An economic evaluation of five Kalanamak rice production 
systems was undertaken to assess their comparative viability and 
resilience. The production systems analyzed include: (i) Inorganic 
cultivation with high-yielding varieties (HYVs) (inorganic + HYV), 
(ii) Inorganic cultivation with traditional Kalanamak (inorganic + 
traditional Kalanamak) (iii) Organic cultivation with traditional 
Kalanamak (organic + traditional Kalanamak) (iv) Inorganic 

TABLE 1  Kalanamak accessions and varieties evaluated under multi-
location farmer participatory trials.

Sl. No Variety name Remarks

1 K1 Accession Pureline from traditional Kalanamak

2 K2 Accession Pureline from traditional Kalanamak

3 K3 Accession Pureline from traditional Kalanamak

4 K4 Accession Pureline from traditional Kalanamak

5 K5 Accession Pureline from traditional Kalanamak

6 K6 Accession Pureline from traditional Kalanamak

7 K7 Accession Pureline from traditional Kalanamak

8 K8 Accession Pureline from traditional Kalanamak

9 K9 Accession Pureline from traditional Kalanamak

10 K10 Accession Pureline from traditional Kalanamak

11 KN 3 Pureline from traditional Kalanamak

12 Bauna Kalanamak 101 Kalanamak KN 3/Swarna Sub1

13 Bauna Kalanamak 102 Kalanamak KN3 / improved Sambha 

Mahsuri

14 Kalanamak Kiran Kalanamak KN 3/Swarna Sub1
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cultivation with semi-dwarf Kalanamak (inorganic + semi-dwarf 
Kalanamak), and (v) Organic cultivation with semi-dwarf Kalanamak 
(organic + semi-dwarf Kalanamak).

For each system, farm-level production costs were estimated on a 
per-hectare basis, including seed, fertilizer, labor, and crop management 
expenses. Benefits were calculated from farm-gate paddy prices. To 
account for the time value of money, a Net Present Value (NPV) analysis 
was performed over a two-year horizon at an 8% discount rate.

In parallel, the Benefit–Cost Ratio (BCR) was computed using base 
(undiscounted) values, expressed as the ratio of gross benefits to total 
costs per hectare. To test the robustness of results, a sensitivity analysis 
was conducted by jointly varying the incurred costs and benefits by ±10 
and ±20%. Four scenarios were generated: best-case (+20% benefits, 
−20% costs), worst-case (−20% benefits, +20% costs), moderate-best 
(+10% benefits, –10% costs), and moderate-worst (−10% benefits, 
+10% costs). Resulting BCRs were compared against base values to 
evaluate the resilience of each system under changing market and input 
conditions. This combined framework provided insights into both the 
absolute profitability and the relative stability of Kalanamak rice 
production systems across alternative management practices.

3 Results and discussions

3.1 Multilocation trials and varietal 
positioning

The pooled grain yield performance of the Kalanamak accessions 
and check varieties across Kharif 2022 and 2023 is presented in 

Figure 1. The mean yield of the checks was 3.38 t ha−1, which was used 
as the benchmark for assessing the test entries (Kalanamak accessions). 
Among the checks, Kalanamak Kiran recorded the highest mean yield 
(3.7 t ha−1), followed by Bauna Kalanamak 102 (3.3 t ha−1) and Bauna 
Kalanamak 101 (3.2 t ha−1), reaffirming the relatively superior and 
stable performance of the improved checks compared with the 
germplasm accessions of the traditional landrace. However, analysis 
of variance (ANOVA) did not reveal statistically significant differences 
between entries and checks (F = 1.28; p = 0.324), and subsequent 
pairwise comparisons using Tukey’s HSD test confirmed the absence 
of statistically significant yield differences (p > 0.05). Most of the test 
accessions (K1 to K10 and KN3) exhibited grain yield (pooled) 
ranging from 2.3 to 3.2 t ha−1, with most falling marginally below the 
check. Accessions K4, K7, and K9 performed comparatively better 
within the test set, with yields of 3.0 to 3.2 t ha−1. In contrast, 
accessions K3 (2.3 t ha−1) and K8 (2.4 t ha−1) consistently recorded the 
lowest yields, indicating limited potential for direct varietal release 
without further genetic improvement. This suggests that the observed 
variability in yield was largely due to environmental or residual factors 
rather than genetic effects (Supplementary Table 1).

The correlation analysis of key agronomic traits provided insights 
into the interactions among various phenotypic traits influencing 
grain yield. A significant negative correlation (r = −0.634, p < 0.01) 
was observed between days to 50% flowering and yield, suggesting 
that early flowering genotypes tend to produce higher yields. Effective 
tillers per hill showed a strong positive correlation (r = 0.755*, 
p < 0.001) with yield. Conversely, plant height exhibited a significant 
negative correlation with yield (r = −0.690, p < 0.01), highlighting that 
taller plants may have reduced efficiency in resource utilization or 

FIGURE 1

Pooled grain yield performance of Kalanamak accessions (K1 to K10 and KN3) and check varieties (Bauna Kalanamak 101, Bauna Kalanamak 102, and 
Kalanamak Kiran) across Kharif 2022 and 2023. Bars represent mean yields (t ha−1); accessions are shown in blue and checks in orange. The dashed line 
indicates the overall mean yield of checks (3.38 t ha−1).

https://doi.org/10.3389/fsufs.2025.1647732
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Nayak et al.� 10.3389/fsufs.2025.1647732

Frontiers in Sustainable Food Systems 05 frontiersin.org

increased susceptibility to lodging, ultimately lowering yield 
(Figure 2). These findings emphasize the importance of breeding and 
adoption of early-maturing, semi-dwarf, high-tillering Kalanamak 
genotypes to enhance yield potential.

3.2 Kalanamak rice seed system in GI areas

The participatory analysis uncovered five principal sources of 
Kalanamak seeds in the GI areas: (1) NGOs, (2) FPO/FPCs, (3) 
farmer-to-farmer exchanges, (4) agricultural universities, and (5) local 
seed banks. Analysis revealed that NGOs and FPO/FPCs, collectively 
known as cluster-based organizations (CBOs), consistently emerged 
as the dominant suppliers for farmers. Findings further reveal a 
bidirectional flow of seeds, wherein CBOs not only distributed seeds 
to farmers but also procured seeds from growers within the same 
communities or representing the farmer collective. This bidirectional 
flow, driven by kinship ties and institutional contracts, exemplifies 
adaptive reciprocity, associated with the CBO-led localized seed 
procurement pathway. The critical role of social ties in influencing 
seed exchange has been extensively documented in studies focusing 
on sorghum-based systems (Labeyrie et al., 2016; McGuire, 2008).

“Sharing seed isn’t a business transaction here-it’s a promise that 
if I help you succeed today, you’ll help me tomorrow. That promise 
is there among us (farmers).” (Farmer, Female, age 45, Piprauli 
village, Gorakhpur)

However, the respondents indicated that the emergence of 
organized seed procurement network through CBOs marks a shift 
from historically entrenched informal networks, as indicated by the 
Kalanamak producers in the GI area. Farmer-to-farmer exchanges 
mediated through monetary transactions or bartering of milled grains 
served as the predominant mechanism for seed flow for ages in the 
area. The significance of barter as a method of seed exchange has been 
highlighted in earlier studies (Schöley and Padmanabhan, 2017). 
These traditional exchanges were not merely transactional but 
embedded within socio-cultural practices, reinforcing localized 
farmer-led selection and the adaptive management of Kalanamak 
landrace in the region. This decentralized system further enabled 
in-situ conservation of the cultivar., ensuring the continuity of 
heterogeneous Kalanamak accessions as recalled by local farmers.

"In our days, we didn’t buy seeds from shops. We shared them-
between families, among neighbors, after harvest. That’s how 
Kalanamak stayed with us.” (Farmer, Male, age: 71, Piprauli 
village, Gorakhpur)

The role of informal seed exchange pathways in in-situ 
conservation has been earlier evinced by Pautasso et al. (2013) and in 
rice landraces by Pandey et  al. (2011) and Mishra et  al. (2013). 
However, the respondent farmers indicated that in last decade there 
has been an increase in demand for Kalanamak, which the local 
farmers could not capitalize since many of the farmers shifted to 
cultivation of high yielding varieties leading to a degradation of 

FIGURE 2

Correlation analysis between seven morphological traits at ***p < 0.001 and **p < 0.01 significance levels.
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existing informal seed networks and absence of strong seed system for 
the landrace.

“Now people ask for Kalanamak, but the seed isn’t easy to find 
anymore. Earlier, we passed it hand to hand, field to field. But 
when farmers moved to other varieties, those old links broke. The 
seed stayed with a few, and now even they struggle to keep it pure.” 
(Farmer, Male, age: 55, Motichak village, Kushinagar)

This has led to the emergence of formalized and semi formalized 
seed procurement pathways, as highlighted by CBO leaders and seed 
growers in the region. Despite the increasing role of CBOs in 
formalizing seed procurement, farmer-to-farmer exchanges still 
persist and primarily practiced by smallholders in the region, 
reflecting the continued reliance on trust-based networks and 
localized seed knowledge. The co-existence of formalized and 
informal mechanisms of seed procurement underscores the fluidity of 
seed access pathways; where institutional interventions do not fully 
displace embedded community practices but rather interact with them 
in complex ways.

The respondents further indicated that few private seed companies 
have started marketing Kalanamak seeds through local dealer 
networks. The emergence of private seed companies, albeit on a 
limited scale, signals a nascent commercialization of Kalanamak 
seeds, mediated through local dealerships. Universities and local seed 
banks additionally function at the periphery of direct seed distribution, 
their roles in conservation are distinct yet interconnected: local seed 
banks act as repositories for in-situ conservation, sustaining landrace 
availability within farming communities, whereas universities 
contribute to ex-situ conservation, safeguarding the genetic integrity 
of Kalanamak accessions for long-term breeding and research efforts.

These findings reveal a nuanced interplay between tradition and 
transformation, where multiple actors and mechanisms shape the 
evolving contours of the Kalanamak seed system. The interaction 
between formal seed production initiatives and deeply rooted informal 
exchange networks highlights an adaptive, hybrid model of seed 
distribution; one that is neither wholly institutionalized nor entirely 
community-driven but rather situated within a continuum of evolving 
practices, negotiations, and embedded socio-ecological relations (see 
Figure 3).

3.3 Capacity development and quality seed 
production program

Based on the predominant role of CBOs in seed production, the 
capacity development program for Kalanamak, conducted by the 
International Rice Research Institute, primarily focused on farmer 
collectives in the region, integrating their traditional production 
practices with new semi dwarf high yielding varieties. The capacity 
development exercises along with linkage to foundation seeds helped 
in amplification and availability of quality seeds for new semi dwarf 
high yielding Kalanamak varieties in the area. Following the 
identification of superior Kalanamak rice varieties through multi-
year field trials, a total of 200 kg of foundation seeds (FS) were 
distributed to 30 farmers trained under the capacity building 
program. The allocation included 50 kg each of the following 
varieties: Bauna Kalanamak 101, Bauna Kalanamak 102, Kalanamak 

Kiran, and KN3. Through the implementation of a training program 
and mentorship support, 30 farmers from two community-based 
organizations (CBOs) successfully coordinated the cultivation of 
improved Kalanamak varieties. Together with their member farmers, 
they produced the following quantities of Kalanamak seeds: 1,900 kg 
of Bauna Kalanamak 101, 1,750 kg of Bauna Kalanamak 102, 1,600 kg 
of Kalanamak Kiran, and 1,550 kg of KN3. The seed multiplication 
ratio of 1:38 (Bauna Kalanamak 101), 1:35 (Bauna Kalanamak 102), 
1:32 (Kalanamak Kiran), and 1:31 (Kalanamak KN3), were recorded 
for the Kalanamak varieties cultivated following optimum practices 
(Figure  4). In terms of area coverage and farmer outreach, the 
coordinated efforts of community-based organizations (CBOs) 
enabled the dissemination of quality seeds across approximately 203 
hectares, benefiting nearly 126 farmer households (Table 2) paving 
the way for possible spillovers in the future. Among the varieties, 
Pusa Narendra Kalanamak 1 covered the highest area (70 ha) and 
reached 53 farmer households, followed by Bauna Kalanamak 101 
and Bauna Kalanamak 102. These figures reflect the growing adoption 
of improved Kalanamak lines and the role of organized farmer 
networks in strengthening local seed systems and scaling quality seed 
access in GI-tagged regions. Important role of the informal seed 
system has been noted in the conservation and cultivation of rice 
landraces in the higher Himalayas, particularly in Uttarakhand. 
About 96% of the seed supply in this region comes from informal 
sources, mainly involving locally adapted landraces (Pandey et al., 
2011). Similarly, women-led community seed banks have played a 
key role in conserving and producing seeds of traditional rice, barley, 
and millets through informal and decentralized systems 
(Rengalakshmi et al., 2024).

3.4 Milled rice value chain for Kalanamak in 
GI areas

The in-depth interviews and FGDs conducted in the intervention 
areas provided nuanced insights into the emergent market pathways 
and economic dynamics associated with grains and milled rice derived 
from high-yielding Kalanamak varieties. A predominant pattern that 
emerged from the narratives indicated that farmers primarily engaged 
with local vendors as their first point of sale, with these vendors 
subsequently channelling the grains into larger market networks or 
‘mandis’. This practice was especially common in villages located far 
from major mandi centres namely, Dibiyapur, Mahulani, Bajha, 
Aligarhwa and Bazardih villages. Furthermore, vendors with 
established linkages to small and medium-scale rice millers played a 
pivotal role in extending market reach, as they facilitated the 
movement of grains into the milling sector.

“Most of us can’t make the long trip to the mandi or miller-so 
we sell to the village vendor. He comes right to our fields and pays 
us on the spot.” (Farmer, Male, age: 52, Dibiyapur Village, 
Siddharth Nagar)

A distinct pattern emerged among farmers cultivating Kalanamak 
rice on larger landholdings (over 2–3 ha) situated close to major town 
mandis. These growers strategically transact directly with millers or 
sell their paddy at nearby mandis such as those in Uska Bazar and 
Naugarh-to maximize returns by bypassing intermediaries.
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“Why should I hand over my hard-earned grain to a vendor when 
I can drive it straight to Uska Bazar myself? Why pay a middleman 
to clip my profits?” (Farmer, Male, age: 41, Uska Bazar, 
Siddharth Nagar)

In depth interviews with rice millers indicated that majority of the 
millers sold the milled rice across local markets through distribution 
channels, yet a section of the larger rice mills has intensified export of 
the Kalanamak rice through different channels as confirmed in the 
study by Chaudhary et al. (2022).

A comparative analysis of the farm-gate profitability of Kalanamak 
rice revealed a nuanced insight into the relationship between variety 
selection, production practices, and economic returns. The study 
captured variations in cost–benefit ratios (BC ratios) based on both 

the genotype used (traditional vs. semi-dwarf high-yielding varieties) 
and the nature of cultivation (organic vs. inorganic) (Table 3).

Among the respondents, a substantial proportion (38%) cultivated 
traditional Kalanamak cultivars with a limited use of conventional 
chemical fertilizers, while 23% adopted fully organic inputs-comprising 
organic fertilizers and plant protection products for the same traditional 
cultivars. For many consumers and farmers, traditional Kalanamak rice 
holds unmatched appeal because of its signature aroma, soft texture, 
and the cultural value attached to its age-old reputation. Its distinct 
black husk at maturity is widely seen as a marker of authenticity and 
heritage. However, several farmers have noted a deviation in aroma and 
perceived quality in the released high-yielding variants, raising 
concerns about the genetic purity of the seeds currently available for 

FIGURE 3

Illustrative flow of seed and grain exchanges in the Kalanamak rice value chain: mapping institutional and informal linkages based on insights from 
farmer interviews and focus group discussions.

FIGURE 4

Volume of quality Kalanamak seeds produced by beneficiary farmers 
linked with two CBOs in GI area.

TABLE 2  Estimated area coverage and farmer household reach through 
improved Kalanamak varieties.

Kalanamak 
variety

Approximate 
area covered 
using quality 

seeds (ha)

Approximate no. 
of farmer 

households 
reached

Bauna Kalanamak 101 60 45

Bauna Kalanamak 102 55 38

Kalanamak Kiran 50 25

Kalanamak KN3 38 18
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these improved lines. At the same time, while farmers value the heritage 
traits of Kalanamak, many also consider the advantages of improved 
varieties, which are shorter in stature and higher yielding, and therefore 
carry lower production risks. Still, the strong consumer preference for 
the unique taste of traditional Kalanamak continues to motivate 
farmers to cultivate its traditional accessions across significant acreages.

“Now consumers come to us looking for grains of the traditional 
varieties due to unique soft texture than their improved 
counterparts, and willing to pay higher price for it—which is 
pushing us to continue with cultivation of both segments.” 
(Farmer, Male, age: 48, Siddharth Nagar)

Notably, 27% of respondents engaged in the cultivation of semi-
dwarf high-yielding Kalanamak varieties under organic management, 
reflecting a shift towards input efficiency and sustainability. A 
relatively smaller segment (12%) cultivated semi-dwarf Kalanamak 
using inorganic/ chemical inputs.

“I grew the Bauna varieties (semi-dwarf Kalanamak) using only 
organic methods-compost and biopesticides….and harvested 
nearly the same yield with half the input cost. Best of all, my soil 
stays healthy and fertile for future seasons.” (Farmer, Male, age: 50, 
Naugarh, Siddharth Nagar)

4 Economic and sensitivity analysis of 
Kalanamak production systems

Farm-level costs and farm-gate paddy prices in the intervention 
area over a two-year period was used to conduct an NPV analysis at an 
8% discount rate at 2 years horizon, which revealed that all production 
systems were economically viable, generating positive NPVs (Tables 3, 
4). Among the scenarios, organic + semi-dwarf Kalanamak 

demonstrated the highest economic viability, with a two-year net 
present value (NPV) of ₹2,59,108.37 and the highest benefit–cost ratio 
(BCR) of 3.92. This was closely followed by the inorganic + semi-dwarf 
Kalanamak system, which also recorded a high NPV (₹2,68,024.69) and 
a BCR of 3.80, indicating strong returns relative to costs.

The organic + traditional Kalanamak system performed better 
than its inorganic counterpart (inorganic + traditional Kalanamak), 
achieving an NPV of ₹2,06,858.71 and a BCR of 3.37 compared to 
₹1,84,567.90 and 2.97, respectively. In contrast, the inorganic + high-
yielding variety (HYV) system, while positive in returns (NPV 
₹1,05,480.11; BCR 2.06), lagged considerably behind Kalanamak-
based systems.

The sensitivity analysis of combined cost and benefit variations 
(Table 5) confirmed that all production systems remain viable, with 
BCRs above 1.0 across scenarios. However, the magnitude of change 
varied notably. In the worst-case scenario (−20% benefits, +20% costs), 
BCRs declined substantially, with maximum decline in inorganic + 
HYV system (falling to 1.32), while the semi-dwarf Kalanamak systems 
retained stronger outcomes (2.28  in case of inorganic and 2.61 for 
organic systems). Under the best-case scenario (+20% benefits, −20% 
costs), the organic + semi-dwarf Kalanamak achieved the highest BCR 
(5.89), followed closely by the inorganic + semi-dwarf system (5.70). 
Moderate adjustments (+10% benefits. –10% costs) produced similar 
trends, with BCRs of 4.74 and 4.51, respectively, for organic and 
inorganic semi-dwarf systems, compared to only 2.51 for inorganic + 
HYV. Overall, the results highlight that while profitability is sensitive 
to benefit fluctuations, semi-dwarf Kalanamak systems are the most 
resilient and profitable options across varying conditions.

5 Conclusion

This study critically analyzed the Kalanamak seed system and 
rice value chain within its GI-designated (GI) region. Through 

TABLE 3  Input costs, revenues, and profitability of different Kalanamak cultivation methods.

S. No Investment (Rs/quintal/
ha)

Inorganic + 
HYV

Inorganic + 
traditional 
Kalanamak

Organic + 
traditional 
Kalanamak

Inorganic + 
semi-dwarf 
Kalanamak

Organic + 
semi-dwarf 
Kalanamak

Input costs (Rs)

1 Seed cost 1,350 1,200 1,200 2,500 2,500

2 inorganic Fertilizer (NPK) 10,000 7,000 0 8,000 0

3 Organic fertilizer 0 0 6,500 0 7,000

4 Plant protection 7,500 6,500 3,500 6,500 3,500

5 Irrigation 6,500 6,800 6,800 6,200 6,200

Labour costs (Rs)

6 Land preparation & transplanting 19,500 19,500 19,500 19,500 19,500

7 Harvesting & threshing 11,000 11,500 11,500 11,000 11,000

Total cost (Rs) 55,850 52,500 49,000 53,700 49,700

Revenue & profitability (Rs)

8 Paddy price (farmgate) (Rs/quintal) 2,300 6,000 7,500 6,000 6,500

9 Total income 115,000 156,000 165,000 204,000 195,000

10 Net income 59,150 103,500 116,000 150,300 145,300
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stakeholder interviews and FGDs, the study uncovered the 
intricate social relationships that have historically sustained this 
landrace over centuries and continue to influence its 
contemporary market dynamics. These networks, rooted in trust 
and intergenerational knowledge exchange not only ensured the 
landrace’s conservation but also determined its evolving 
commercialization pathways.

A key barrier to scaling Kalanamak production namely, 
limited varietal positioning and inconsistent seed availability was 
identified as a systemic challenge. To address this, the study 
emphasizes the urgency of capacity-building initiatives for local 
seed growers, which could strengthen semi-formal seed systems 
and enhance farmer agency over the landrace and its derived 
varieties. The Kalanamak market stands at a critical juncture, 
marked by tensions between full commodification and enduring 
informal exchange mechanisms.

To ensure equitable benefits for primary growers amid rising 
demand, the study argues for reinforcing farmer-centric seed 
systems in the region. Important policy recommendations should 
focus on:

	•	 Institutionalizing decentralized seed systems for landraces within 
state and national seed policy frameworks.

	•	 Establishing dedicated funding lines under central and state 
agricultural schemes to support community-managed seed 
production units in GI-designated regions.

	•	 Incorporating landrace promotion into public  
procurement programs, such as the Public Distribution 
System (PDS) and school feeding schemes, to create 
stable demand.

	•	 Developing region-specific seed certification and quality 
assurance protocols for traditional varieties to protect authenticity 
and farmer ownership rights.

	•	 Facilitating convergence between departments of agriculture, 
horticulture, and rural development for integrated promotion of 
landraces through seed, market, and branding support.

Such systems would empower farmers to retain control over 
the landrace’s genotype and associated agronomic traits, enabling 
them to capitalize on market opportunities while safeguarding 
both social and agroecological resilience. Future studies should 
explore how decentralized seed systems for landraces like 
Kalanamak contribute to rural income generation, particularly for 
smallholders and marginalized groups. Furthermore, future studies 
can analyze how strengthened decentralized seed networks for 
high-value landraces like Kalanamak can enhance women farmers’ 
decision-making power, control over resources, and participation 
in markets.
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TABLE 4  Net present value (NPV) at 8% discount rate, over 2 years, and benefit–cost ratio (BCR) of Kalanamak production systems.

Scenario Cost of 
production 
per ha (Rs)

Net income 
per ha (Rs) in 

year 0

NPV Year 1 
(Rs)

NPV Year 2 
(Rs)

NPV of 
benefits (Rs) 
for 2 years

BCR 
(per ha)

Inorganic + HYV 55,850 59,150 54,768.52 50,711.59 1,05,480.11 2.06

Inorganic + traditional Kalanamak 52,500 1,03,500 95,833.33 88,734.57 1,84,567.90 2.97

Organic + traditional Kalanamak 49,000 1,16,000 1,07,407.41 99,451.30 2,06,858.71 3.37

Inorganic + semi-dwarf Kalanamak 53,700 1,50,300 1,39,166.67 1,28,858.01 2,68,024.69 3.80

Organic + semi-dwarf Kalanamak 49,700 1,45,300 1,34,537.04 1,24,571.33 2,59,108.37 3.92

TABLE 5  Sensitivity analysis of BCR under alternative benefit–cost scenarios.

Scenario Base BCR Best-case 
(B + 20%, 
C − 20%)

Worst-case 
(B-20%, 

C + 20%)

Moderate-best 
(B + 10%, C − 10%)

Moderate-worst 
(B-10%, C + 10%)

Inorganic + HYV 2.06 3.09 1.32 2.51 1.68

Inorganic + Traditional Kalanamak 2.97 4.46 1.98 3.63 2.42

Organic + Traditional Kalanamak 3.37 5.06 2.25 4.11 2.74

Inorganic + Semi-dwarf Kalanamak 3.80 5.70 2.28 4.51 3.10

Organic + Semi-dwarf Kalanamak 3.92 5.89 2.61 4.74 3.26

B, benefits; C, Costs.
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