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Abstract
CONTEXT: How to scale impacts of food system interventions to ensure they deliver system change – or even, food system transformation, remains ambiguous. While early debates focused on scaling as a process of widespread technology adoption on farm, the food system transformation agenda has reframed scaling as a systemic process requiring interconnected changes across multiple system levels. Yet, what enables scaling processes to succeed, going beyond pilot projects, remains unclear.

OBJECTIVE: The case revisits how scaling of sustainable innovation can occur, shedding light both on the features characterise a scaling process capable of addressing multiple dimensions of food system transformation, and the roles organisations can play in triggering and supporting such scaling. We explore these questions through a case study of the efforts of the M. S. Swaminathan Research Foundation (MSSRF) to reintroduce and expand production and consumption of millets in Odisha, India.

METHODS: The case study analysis is based on a purposive search for relevant information, including published and unpublished MSSRF documents, academic and technical literature, and key informant interviews. Interviews were conducted with custodian farmers, rural consumers, MSSRF staff with direct knowledge of historical interventions, government advisors, and policymakers. The data was organised historically to showcase the evolution of the scaling process.

RESULTS AND CONCLUSIONS: The case study reveals how the scaling process happened across different but interconnected spheres —the local sphere, the networks, relationships and intermediation sphere, and the system sphere. Within each sphere, MSSRF tackled several elements: technologies, infrastructure, behaviours and values, Research & Development (R&D) trajectories, policies and institutions, and political economy. Once these elements had undergone change in one sphere, the organisation could move to operating in the next sphere. In the case of MSSRF, at the local sphere, this meant building technologies and infrastructure through participatory R&D while setting up community institutions to help behavioural shifts. The initial credibility built for the innovation at the local sphere allowed the organisation to move to the next – with much broader visibility and expansion of technology, infrastructure, R&D, community institutions as well as policy interest. This interest and expansion once again led to changes in the system sphere, where the innovation was anchored at the state level through the set-up of an ad-hoc innovation-mission, further bolstering the changes in the multiple elements. This finding highlights an important feature of scaling: both synchronised (i.e. happening at the same time) and sequenced (i.e. happening in a temporally coordinated manner) changes are critical for interventions to move beyond the local sphere towards the system sphere.

SIGNIFICANCE: The paper offers a novel conceptual framework (the 3S framework) for understanding scaling as a process that requires both synchronisation across multiple system scales and strategic sequencing over time. Without synchronisation and sequencing, “pilots never fail but never scale”, as they find themselves unable to couple acceptability and change at the local level, with sustained engagement and efforts to “move up” to the next spheres, which would ultimately achieve scaling. The paper then points to the importance of multifunctional organisations capable of operating across different scales and successfully performing a synchronisation and sequencing function, enabling a system-level value shift for scaling the innovation and moving towards the broader transformation of the food system. 

Introduction
In agricultural research for development, the question of how to scale the impacts of interventions for poverty alleviation, improved food security and nutrition, decent livelihoods and equitable growth remains contested and unresolved (CGIAR, 2020; FAO, 2022). Interest in scaling, particularly in in terms of tracking the uptake of improved (Green Revolution) agricultural technologies has a long history reaching back to the 1960s (Brown et al., 1979; Fliegel et al., 1968). Scaling has once again become an issue of prominence and debate in relation to how the food system transformation agenda can be advanced (Kihoro et al., 2025). Particularly, the understanding of food system transformation as system-level changes tackling incumbent challenges reframes the notion of scaling in multiple ways (Moallemi et al., 2025b; Rockström et al., 2025; Zanello et al., 2024).

[bookmark: _Hlk218847104]Not only does the food system transformation  agenda poses critical questions around responsible scaling – that is, scaling processes attentive to inclusion, diversity and cultural values, legitimacy and transparency of decision‑making as well as anticipation, prevention and mitigation of potential negative social, environmental, or distributional side‑effects (Kihoro et al., 2025; Klerkx and Rose, 2020; Van Parys et al., 2025). It also shifts attention away from scaling solutions such as technical innovation to scaling processes, capabilities and values that deliver long-lasting and structural impact (Gibson et al., 2025; Kihoro et al., 2025; Van Den Bosch and Rotmans, 2008). This reframing broadens the impact narrative from local achievements and processes to the adaptation of food system capabilities and values (Wigboldus and Brouwers, 2016). In other words, scaling is framed as a systemic, dynamic process involving the reformatting of multiple and interconnected elements of the food system across multiple and equally interconnected physical and temporal scales (Conti et al., 2021; Hall and Dijkman, 2019).

This recognition of the systemic nature of scaling is apparent in both the diagnosis of the slow scaling of many current initiatives and the scaling concepts that have emerged to address the identified shortcomings. Slow scaling has been attributed to several factors: a tendency to set up pilot projects in very controlled environments that make it difficult for them to transition to real-world scale (Woltering et al., 2019a, 2024), a focus on short-termism and “quick wins” that overshadows the need to invest in the development of more structural capacity for innovation and scaling (Govaerts et al., 2021; Schut et al., 2020), and a limited engagement and understanding of the complexity of food systems, with their context-specificity and multi-scale nature, both in terms of geography and temporality (Conti et al., 2024a; Hambloch et al., 2022; Mausch et al., 2025; Moallemi et al., 2025a). 

These shortcomings have, in more recent years, led to increasing efforts to better understand the mechanisms through which interventions, and organisations enacting them, can achieve the much desired “impact at scale”. For instance, seminal work by Moore et al. (2015) on society-wide innovation rethinks scaling as having three dimensions: scaling out, or the horizontal dimension of change where greater numbers of people are reached by replication the interventions scaling up, or the vertical dimension of change that involves building institutional capacities and policies that allow the intervention to success in wider geographies, and scaling deep, where scaling is seen as a  social change process that has to be embedded in people, relationships, values and cultures. A significant contribution to understanding scaling has also come from the socio-technical system literature where scaling is conceived “scaling” as a societal reconfiguration process in which niches or protected spaces created through specific interventions or emerging spontaneously, start influencing the broader regime (Geels, 2006). This literature considers scaling as a multi-phase, multi-dimensional and deeply evolutionary process in which norms and values evolve to produce societal systems oriented towards altogether different outcomes (e.g. sustainability, equity and resilience) (Hall and Dijkman, 2019; Moore et al., 2014; Westley et al., 2011). 

These system perspectives on scaling, while helpful for understanding scaling as a more complex societal process, still leave many unanswered questions. How does this new understanding reframe the idea of an intervention or project that has scaling ambitions? In the same vein, how does scaling reframe the role of agencies who have traditionally been on the front line of scaling food and agriculture innovation with farmers? Ultimately, what does this proposed new practice of system-oriented scaling look like in practice?
Here, we attempt to better understand the process of scaling when it is conceived as a process of moving towards sustainable system change across multiple dimensions and multiple sub-systems (Hermans et al., 2016; Moore et al., 2015; Woltering et al., 2019a). In particular, we focus on two interconnected questions:
i. What are the features of a scaling process that addresses multiple dimensions of the food system transformation challenge? And
ii. What is the role of the organisation(s) in triggering and supporting the scaling process? 

To answer these questions, we examine a case study of a multidecade process of millet reintroduction, improvement and scaling enacted by an Indian Non-Governmental Organisation, the M. S. Swaminathan Research Foundation (MSSRF) in the Eastern Indian state of Odisha. The motivation for MSSRF was the recognition that millets offer significant nutritional benefits and resilience to climate variability experienced in parts of the Indian state of Odisha, largely inhabited by resource-poor tribal communities (Bala Ravi et al., 2010). The case study shows how the logic underpinning MSSRF’s action evolved over time. From initial engagement with millet reintroduction mainly as a farmer crop adoption task, MSSRF progressively understood and engaged with the systemic nature of the challenge and the need to act and coordinate action across three scales: the local sphere, the networks, relationships and intermediation sphere, and the system sphere. MSSRF was able to synchronise action across these three different spheres and by doing so scale the nutritional and environmental benefits of millets across large parts of Odisha. The scaling process was “responsible” both in how it respected and strengthened local and often overlooked preferences, and in how it engaged a diverse set of stakeholders to establish governance arrangements capable of supporting these preferences and their associated benefits within broader policy arenas (Kihoro et al., 2025). While these represent only some of the dimensions that characterise responsible scaling, which would be difficult to capture in their entirety within a single case study, we use the experience of MSSRF with millets to propose a conceptualisation of scaling as a process of synchronisation and sequencing across different spheres. The paper also discusses how this conceptualisation and the experience of MSSRF reframes and expands the roles and capabilities of organisations to drive system change. 

The paper proceeds as follows: the next section highlights the salient points of the scaling debates over the last few decades, to then present the methods and the case study. In the analysis of results and discussion, we answer the two proposed research questions and their implications for scaling debates. The conclusion reconceptualises scaling as a process involving synchronised and sequenced changes across three spheres and highlights the critical role of multi-functional organisations in enabling this process.

Towards a system framing of scaling
2.1 A brief history of scaling
Debates on scaling have evolved and expanded over time with three distinct conceptualisations emerging over time.
Prior to the 2000s, attention was focused on how development interventions could increase livelihood incomes and food security, mainly through technology adoption (Sumberg and Okali, 1988). Technological change was conceived mainly as an on-farm phenomenon, dependent on individual level factors such as farm size, gender, age and education (Bonny, 1992; Rauniyar and Goode, 1992; Sahal, 1981). Over the years, additional factors influencing technological change started being remarked upon – in particular, the challenges and opportunities experienced by farming communities in their broader local context, and the cultural norms, historical patterns and broader economic and political incentives playing out in these communities (Pimbert et al., 2003; Robson, 1974). 
In the early 2000s, the concept of an agriculture innovation system, while not explicitly addressing scaling debates, presented a different way of thinking about of technical change. In particular, rather than looking at the binary adoption or non-adoption of technology by farmers and the effectiveness of agricultural extension and advisory services, it pointed to the networks of actors—researchers, farmers, input suppliers, extension agents, policy makers—and the institutional arrangements that shape how knowledge is generated, shared, adapted, and used (Hall et al., 2001; Klerkx et al., 2010; Klerkx and Leeuwis, 2008). Most importantly, this framing focused holistically on the process of innovation rather than its component parts of technology creation and technology use (Hall, 2007). Implicit in this framing is the understanding that scaling is fundamentally a systems problem: rather than simply being a problem of the characteristics of individual technologies or adopters, it was recognised that the strength of innovation networks, the quality of knowledge flows, and the alignment of incentives across actors determine whether innovation can move beyond pilot projects to achieve broader impact. This insight was crucial to move scaling debates towards a recognition that interactions between people are a key component of scaling processes  (Leeuwis et al., 2021; Meadows, 2009). Intermediation – or, the work of actors who bridge between different types of actors and organizations started to emerge as a critical scaling function (Kilelu et al., 2011; Klerkx et al., 2010; Klerkx and Leeuwis, 2009; Loeber and Kok, 2024), hinting at the importance of good institutional arrangements connecting the multiple actors (Hellin, 2012; Kilelu et al., 2011; Mattee and Kundi, 2015). Such arrangements seemed to be necessary for both scaling horizontally across communities (outscaling) and vertically into policies and institutions (upscaling) (Hermans et al., 2013; Kalvelage et al., 2023; Moore et al., 2015).
From the 2015s onwards, food system transformation literature has conceptualised scaling as systemic change process requiring the coordinated reformatting of the underlying structures and supporting mechanisms that make the system operate in a particular way (Moallemi et al., 2025b; Woltering et al., 2019a).  For instance, the Multi-Level Perspective (MLP) offers one way to analyse such change. In the MLP, niches are protected spaces where innovations can be developed, tested, and supported before they interact with wider system dynamics. Regimes refer to the relatively stable configurations of technologies, practices, supply chains, markets, policies, and institutions that reproduce dominant ways of producing, distributing, and consuming food. Landscapes refer to the broader societal, political, economic, and biophysical context, including pressures such as climate change, food insecurity, economic shocks, or shifting public expectations. Transitions occur when niche innovations gain momentum while landscape pressures destabilise existing regimes, creating openings to reconfigure the regime (Geels, 2002; Wigboldus and Leeuwis, 2013). Food systems are often locked into unsustainable trajectories through mutually reinforcing elements—technologies, behaviours, infrastructure, policies, R&D arrangements, and poitical economy —that resist change (Conti et al., 2021) (see Box 1). In this framing, scaling refers to redirecting whole-system performance (e.g. towards environmental sustainability or improved diets) by tackling these elements in a coordinated way.  For example, the adoption of technologies or agribusiness practices aligned to values such as sustainability or ethical production and consumption require changes in behaviours that support adoption of these technologies or practices, and policies that facilitate the shifts. This usually requiries multiple actions by multiple actors to be taken in a coordinated, whole of system way. Scaling becomes "deep" (Moore et al., 2015) because it requires transforming underlying cultural values, beliefs, relationships, and norms that lock systems in place. As result this type of deep scaling presents  a profound governance challenge demanding careful attention to actor inclusion, diversity, and preferences (i.e. responsible scaling)  to achieve lasting system change (Conti et al., 2025; Kihoro et al., 2025; Wigboldus and Leeuwis, 2013).

1.2 Three spheres of scaling
Drawing from the insights emerging from the literature described above, we conceptualise scaling as a process happening across three interconnected spheres:

The local sphere encompasses place-based relations among farmers, input suppliers, processors, consumers, and community organisations, including the technical, economic, and social viability of local production–consumption cycles (Enthoven and Van den Broeck, 2021). Scaling at this level—often termed outscaling—involves reaching increasing numbers of farmers and communities with practices that are economically and socially viable (Hermans et al., 2013; Schut et al., 2014).This sphere is where farmers and communities experiment with and gradually adopt alternatives that respond to locally identified challenges. Viability in this sphere depends on farmers and communities perceiving tangible benefits of interventions (e.g. higher yields, reduced labour, better nutrition, climate resilience) Enthoven and Van den Broeck, 2021). Local institutions (self-help groups, farmer collectives) might be important to manage shared resources fairly and start involving neighbouring farmers to build local knowledge and behavioural changes that spread new practices across villages and communities (Conti et al., 2024b).
The networks, relationships and intermediations sphere acknowledges the importance of interactions between people (Leeuwis et al., 2021), and refers to the formal and informal networks, partnerships, and intermediary organisations that facilitate learning, resource flows, and credibility-building between local actors and broader organisational and institutional levels (World Bank, 2006). This sphere includes research-practice partnerships, farmer organisations, policy forums, advocacy platforms, and individual champions working across levels (Ernstsen et al., 2021; Klerkx and Aarts, 2013a; Orr et al., 2022). Intermediaries —whether researchers, development organisations, farmer leaders, or government advisors—operate at this level, translating learning from local experimentation into information that can inform policy and foster institutional change (Kilelu et al., 2011; Klerkx and Leeuwis, 2009). The presence of these networks is essential to maintain information and knowledge flows, enrol multiple actors in the innovation process aligned to new values, and support advocacy for broader institutional and policy change that can enable further scaling and system change (i.e. upscaling).
The system sphere covers the formal arrangements that structure food systems at scale: state and market institutions, procurement and contracting rules, value-chain infrastructure, public investment priorities, regulatory standards, and the administrative routines through which these are implemented (HLPE, 2014). Scaling here is deep scaling (Moore et al., 2015)— or scaling that embeds new goals, practices, and values to fundamentally alter system performance and enable system transformation  (Hall and Dijkman, 2019). This sphere sees emerging  and novel institutional configurations directing food systems toward altogether different objectives like environmental sustainability, social inclusion, and equity (Caron et al., 2018).

The different system elements mentioned in Box 1 operate within each of these three different system spheres, both interacting within their own sphere - for instance, local technology adoption is underpinned by local changes in behaviour, local infrastructure, and so on – and across system spheres. For example, more farmers acknowledging the benefits of the technology and shifting their production patterns can build credibility for policy changes that would reinforce this adoption. Similarly, new infrastructure emerging locally can help disrupt the political economy of the food systems that privileges certain markets or certain development narratives (Magrini et al., 2016). The case study that we present in section 4 shows how these spheres play out in practice. 

	Box 1. System elements to be addressed for system change 
Built upon a systematic review of over 120 publications, the Conti et al. (2021) framework identified six interconnected food systems elements that keep the food system operating in a certain way: 
· Technology options: actors develop skills and knowledge around certain technologies, creating a routines and practices that socially embed these. Established technologies often lock-out better, or more sustainable, options.
· Behaviours and Values: determine what food is produced and consumed, and how. Once these patterns become familiar, they can slow the uptake of alternatives. For example, farmers may continue cropping practices linked to family history or past investments, while consumers may remain attached to cheap, convenient, or highly processed foods.
· Infrastructure: Storage, processing, transport, logistics and marketing systems are often built around dominant crops, products and supply chains. This gives established foods and production systems an advantage, while making it harder for less dominant crops, products or practices to enter markets.
· Research & Development (R&D): once certain research priorities and innovation trajectories are set, a system develops around them, including professional reward systems for scientists, patterns of partnership, funding modes, evaluation criteria, and technical capabilities. These keep shaping research agendas towards the delivery of certain outcomes.
· Policies and Institutions: policies and institutions structure the incentives and constraints through which food system actors make decisions. Policies include public programmes, subsidies, procurement rules, regulations, and standards. Institutions include formal rules and informal norms that organise behaviour across markets, public agencies, research systems, and communities. Once these arrangements are established, later decisions often build on them, reinforcing established production and consumption pathways.
Political economy: political economy refers to how power and interests shape the distribution of value, risk, advantage, and recognition across the food system. They influence which crops, practices, actors, and markets receive support and recognition, and which remain marginal. These patterns shape the direction in which the food system develops.



Methods 
This paper employs a qualitative historical case-study design (Petrina, 2020) to reconstruct how millet scaling unfolded in Odisha over two decades, tracing MSSRF's engagement with evolving community practices, markets, infrastructure, and policies. Odisha was selected because it provides a long-running and well-documented case, with changes over time in cultivation area, yields, households reached, and policy integration (Table 1). Multiple data sources were used to strengthen triangulation and reduce reliance on any single account.

Twenty-one semi-structured interviews were conducted with key informants between February and March 2025. Interviewees were purposively selected based on their role and duration of involvement in MSSRF millet interventions and included five MSSRF staff, two of whom were senior researchers involved since the early 2000s, two government officials, and fourteen farmers. Interviews focused on historical events, turning points, and scaling enablers and challenges. The interview data were triangulated with more than twenty MSSRF annual reports and other publications covering the period from 2001 to 2025. Additional sources included government portals, Odisha Millet Mission reports (Department of Agriculture and Farmer’s Empowerment, 2024), and external academic and technical literature (Mal et al., 2010; Rao, 2015; Times of India, 2011) were also searched.

[bookmark: _Hlk218852079]Data were organised chronologically through manual historical process-tracing of key events and turning points (Ojha and Hall, 2021). Data were organised chronologically through manual historical process-tracing of key events and turning points (Ojha and Hall, 2021), using the analytical lenses presented in section 2.2. For ease of analysis, the data were grouped into three phases: Phase I (2002–2009) focused on community-level action; Phase II (2010–2016) addressed value-chain and innovation-network challenges; and Phase III (2017–2025) emphasised policy advocacy, state-level institutionalisation, and wider recognition of millets.
We acknowledge that the study has certain limitations, including its single-region focus, which may not capture top-down scaling processes observed elsewhere (Goulet, 2021; Kok et al., 2025; Moran et al., 2021), and which future comparative analyses could address, and potential biases such as stakeholder recall and organisational affiliation. These were partly mitigated using multiple data sources. 

Results 
The case study narrates a process of scaling enacted by MSSRF. MSSRF was founded in 1988 under the leadership of Prof. M. S. Swaminathan, who—well before discourses on sustainable development gained attention in either the global or the domestic Indian agenda —had begun articulating the need to complement India’s productivity gains with attention to ecological, nutritional, and social security and well-being. MSSRF’s agenda reflected this early recognition, focusing on biodiversity conservation, low-input farming, and more democratic institutional models that could strengthen resilience among small and marginal farmers. In doing so, the organisation anticipated many of the concerns that have since become central to food system transformation agenda (MSSRF, 1995, 2012a). In Odisha, these concerns were addressed through the reintroduction of millet, as a crop that had useful nutritional and agronomic properties (Gupta et al., 2017), was well adapted to the region’s agro-climatic conditions and aligned with the preferences of tribal communities. In other parts of India, MSSRF pursued similar goals through different interventions: for example, efforts for mangrove restoration in coastal areas since the early 90s (MSSRF, 2025a), or increasing pulses production and consumption in Tamil Nadu (MSSRF, 2015), amongst others. 

i. Phase I: 2002-2009: (Re)making millets part of the local sphere 
While tribal populations had historically consumed and preferred millets over other crops, productivity at the beginning of the 2000s was low. The expansion of High Yielding Varieties of rice following the Green Revolution had sidelined millets within a food system increasingly organised around rice and wheat (Conti et al., 2024b; Gollin et al., 2021). This shift improved calorie availability, but also created several unintended consequences, such as increased vulnerability to erratic rainfall and growing micronutrient deficiencies (Jain et al., 2024). Agricultural incomes remained unstable, with many households relying on off-farm or migrant work to cope with economic insecurity. Odisha faced a complex set of development challenges: hilly and ecologically fragile terrain, poor infrastructure, limited market access, and limited reach of public support and agricultural extension systems (Das and Das, 2007). The absence of state procurement and price support for millets[footnoteRef:1], coupled with their lower market visibility, discouraged investment and reinforced local dependency on subsidised rice through the public distribution system. [1:  To address food security concerns from the 1960s onwards, state procurement agencies started buying large quantities of rice and wheat from farmers at minimum support prices (Government of India, 2025a). These grains were then supplied to low-income households through the Public Distribution System (PDS). Even if the PDS underwent numerous reforms across the years, it consistently prioritised rice and wheat over other crops. For instance, in 2010–11, public procurement reached 34.2 million tonnes for rice and 22.5 million tonnes for wheat, compared with only 0.128 million tonnes for coarse grains (National Informatics Centre, 2012). This created a strong incentive for farmers to focus on rice and wheat production, while also pushing consumption towards these cheaper and widely available crops. ] 

Millet revival therefore required action on both production and consumption constraints. Manual processing remained laborious and was usually performed by women; seed access was weak; productivity was low; and market visibility was limited. In this early phase, MSSRF focused on testing whether the basic conditions for a local millet economy could be restored. With support from the International Fund for Agricultural Development (IFAD), it piloted interventions across four areas critical to foster millet uptake:
First, it set up technologies that could reduce processing drudgery—adapting coffee grinders, introducing new threshers and pulverisers (Bala Ravi et al., 2010; King, 2016). 
Second, staff worked on improving infrastructure and seed availability through village‑level seed and grain banks operated by women, which eventually enabled the formation of Self‑Help Groups (MSSRF, 2005). 
Third, to improve yields, research efforts focused on participatory varietal trials that combined scientific breeding with on‑farm selection using farmer‑preferred landraces (MSSRF, 2012a)[footnoteRef:2]. Women’s knowledge was central to varietal testing and selection processes (Arunachalam, 2007; FAO and MSSRF, 2008).  [2:  Demonstration plots across 48 sites between 2007–2010 recorded average yields of 1504 kg/ha, up from baselines as low as 185–587 kg/ha (Conti et al., 2025b).] 

Fourth, to support the revival of millet production and consumption, MSSRF implemented a series of targeted trainings to change values and perceptions around millets. These focused on improving soil health (e.g. vermicompost production and soil management), strengthening seed systems (e.g. quality seed production, row planting, participatory selection), raising awareness on the nutritional benefits of millets, and building skills for value addition—including packaging, labelling, and marketing—to increase returns from millet-based products (MSSRF, 2012a).
Together, these interventions linked technology, infrastructure, R&D, local institutions and behaviour change within a small number of communities. This early phase remained geographically limited, testing whether challenges in processing, varietal access and participation could be addressed through community-level action. Technology, behavioural, infrastructure and research shifts were evident within communities, but remained localised. Thus, while encouraging results emerged, the scope of change was limited, prompting MSSRF to explore additional strategies for broader uptake.

ii. Phase II: 2010-2017: Strengthening networks, relations and intermediation to build broader credibility for millets 
Building on what had been learnt, MSSRF expanded its activities to a wider set of villages, while collaborating with other R&D and advisory organisations such as the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) and FAO (FAO and MSSRF, 2008). As MSSRF staff remarked, there was a gradual shift from community-level intervention to building the networks, partnerships, infrastructure and community institutions needed to extend the work beyond the initial sites. This was considered by the leadership at the time as a key step to expand the reach and scope of interventions.
Through participatory trials and research collaborations with ICRISAT and FAO, MSSRF further refined cultivation practices to increase yields —on average by 28% (MSSRF, 2021). Additional agricultural equipment, including seeders and weeders, was introduced to reduce manual labour and improve productivity. Processing infrastructure also expanded, enabling more villages to shift from home-based to shared milling and storage facilities. Compared with Phase I, the emphasis was no longer only on testing technical feasibility in a few villages, but on extending and standardising practices through wider collaboration.
[bookmark: _Hlk218851969]MSSRF paid equal attention to institutional development to sustain adoption. It partnered with the Swiss Agency for Development and Cooperation to establish gene-seed grain banks across villages enabling poorer households—especially those who had previously consumed all their seed during lean periods—to conserve and access diverse millet varieties (Arunachalam, 2007; FAO and MSSRF, 2008). Women managed these assets and expanded or created new Self-Help Groups (SHGs) to coordinate infrastructure and training on millet adoption. They also began experimenting with millet‑based products, such as snacks and sweets sold in local markets, indicating early commercialisation. These SHGs evolved into focal points for peer learning and community planning, helping neighbouring farmers replicate successful practices (MSSRF, 2019b). Efforts to preserve genetic diversity and empower local communities also gained praise from FAO, which granted the region a formal status as “Globally-important Agricultural Heritage Systems” (FAO, 2012), a prize given “in recognition of the conservation of both agro-biodiversity and local knowledge systems (MSSRF, 2012b). 
[bookmark: _Hlk218928511]At the same time, Professor M.S. Swaminathan recognised that further progress required policy and institutional change to expand nutritional and environmental impacts. His advocacy started countering long‑standing incentive patterns that favoured a narrow staple regime of rice and wheat, while new partnerships and forums built momentum for diversification (MSSRF, 2013; Rao, 2015). As a parliamentarian (2007-2013) he championed millets, that he labelled “climate smart nutri-cereals” as early as 2011 (Times of India, 2011). He promoted their inclusion in the National Food Security Act (2013), which later resulted in a specific recommendation for the inclusion of millets in the Public Distribution System, the Indian government-run food subsidy programme that provides essential grains to low-income households at subsidised prices (MSSRF, 2017). This advocacy opened an institutional space within national food policy that had historically been dominated by a narrow focus on rice and wheat (Mooij, 1998), and came into fruition a few years later (see next phase) (MSSRF, 2016, 2015). 
These efforts positioned MSSRF as an intermediary organisation, linking community interests and preferences to broader political debates and priorities, and was fundamental in starting to shift both international and national perceptions around millets, signalling their nutritional, environmental and cultural value.  
iii. Phase III: 2017–2025 – Value shift towards Millet through institutional anchoring and state-wide promotion
By the mid‑2010s, millets had gained policy visibility as a viable option for improving nutrition and income in tribal areas. Sustained dialogue between MSSRF and the Department of Agriculture and Farmers’ Empowerment led to the Odisha Millet Mission in 2017 (MSSRF, 2018), marking a shift from project‑based interventions to a state‑backed institutional framework that integrated millets into production, procurement, and nutrition schemes (Garg et al., 2022). The Mission also reflected a wider adjustment in policy priorities, as state actors began supporting more diverse and climate‑resilient crop portfolios within their procurement systems. The Mission formalised earlier decentralised efforts through block‑level procurement centres, enabling farmers in remote areas to sell locally and expanding Minimum Support Price (MSP) coverage (CEEW, 2021). By 2025, MSP rates for millet rose by approximately 50%, contributing to greater income stability for smallholder producers (Department of Agriculture and Farmer’s Empowerment, 2024). 

Local procurement centres reduced farmers’ transport costs and drew more tribal producers into formal value chains. Millets were gradually integrated into the Public Distribution System and school‑feeding schemes, reaching over 150,000 children
(Mohanty and Mohanty, 2023). The Mission also advanced on several fronts—encouraging household consumption, conserving landraces, building decentralised processing units, and promoting value‑addition enterprises. Together, these actions consolidated a new equilibrium between social inclusion, market incentives, and state support, revealing a fundamental shift in the political‑economic foundations of Odisha’s food system.
[bookmark: _Hlk218929622]Implementation of the Millet Mission is now led by MSSRF, which acts as a “facilitating agent” (MSSRF, 2019a) thanks to its widely recognised and long-standing presence in the state. Often, MSSRF partners with local NGOs to expand outreach.  Overall, increased interest and awareness, raised in policy and agricultural circles in the previous phase, led to sustained public investment, capacity-building programmes, continuous public procurement, and ongoing work on seed conservation and participatory varietal trials.  Millets became increasingly embedded within routine food-system planning and delivery at the state level (MSSRF, 2020, 2019b, 2017). 
[bookmark: _Hlk218929906]MSSRF interventions and advocacy work also led to the development of decentralised infrastructure such as community-based processing units. In particular, a key institutional development has been the strengthening of Farmers’ Producer Organisations, which built on earlier Self-Help Groups, but are formally structured and publicly registered entities (Rukmani et al., 2018). Unlike SHGs, which primarily focus on mutual support and savings, FPOs can receive grants, manage assets, operate local processing units, and link directly to markets. This attention and support given to Farmers’ Producers Organisations has enabled an expansion of many of their operations, such as seed conservation, post-harvest operations, and aggregation, while also improving prices through reduced dependence on intermediaries (CEEW, 2024).
[bookmark: _Hlk218930986]Following success in Odisha, awareness and interest towards millets grew:  India declared 2018 as the “year of millets”(ICAR and Indian Institute of Millets Research, 2018), followed by FAO’s International Year of Millets in 2023. Multi-stakeholder consultations (involving both national and international stakeholders) continued  (Government of India, 2023; Jain, 2023; MSSRF, 2025b). In 2025, MSSRF hosted a national consultation that brought together farmers, government, researchers, and development partners to reflect on the millet experience and explore its relevance beyond Odisha (MSSRF, 2025c). The event signalled growing consensus around the value of integrating millets into broader food and nutrition strategies and helped position Odisha as a reference point for similar efforts for other crops elsewhere  (APAARI, 2025; C Conti et al., 2025a). 
The more quantitative achievements of MSSRF Millet scaling process are presented below in Table 1. 

Table 1. MSSRF millet achievements, from 2000s to 2025s. Source (Conti et al., 2025)
	Indicator
	Early 2000s
	2020s (up to 2025)

	Area under cultivation
	118.4 acres
	5072 acres

	Average yield
	185–587.5 kg/ha
	1804 kg/ha (average)

	Price 
	USD 0.04 (Rs. 4)/kg 
	USD 0.5 (Rs. 45)/kg

	No. of villages reached
	~5 villages (pilot scale)
	196 villages

	No. of farmers reached
	~195 households
	7500 households

	Processing labour (weeding)
	30 days/acre
	5 days/acre

	Community seed banks
	0
	17

	Villages with Decentralised procurement system
	0
	216 villages



[bookmark: _Hlk229233816]Analysis 
This section revisits the case study to show how scaling occurred through interconnected changes across multiple elements (Box 1) across the three spheres of scaling presented in section 2.2 — (i) the local sphere, (ii) the networks, relationships and intermediation sphere, and (iii) the system sphere. The scaling process took more than 20 years of engagement by MSSRF. This analysis is then used to propose a novel scaling framework (Figure 1).

Initially, MSSRF was focused on the local sphere. The organisation tackled local barriers to adoption by expanding technology options for farmers, including processing infrastructure (to reduce drudgery) and varietal improvement achieved through participatory R&D. It also created local institutions, such as SHGs and women-managed seed and grain banks. Combined with training and nutrition messaging, these changes started altering practices, behaviours and values, creating an opening for different production and consumption patterns at the local level. 

Work then concentrated in the networks, relationships and intermediation sphere, where local viability was translated into wider collaboration and interest. R&D and technology were taken forward and refined through collaborations with partners such as ICRISAT, FAO and the Swiss Agency for Development and Cooperation, supporting further productivity gains and additional infrastructure, including shared milling and storage facilities that enabled wider use and early commercial activity. Institutions matured as SHGs coordinated training, seed conservation, and product experimentation and became platforms for peer-to-peer learning. Policy and institutional change were pursued through advocacy and agenda-setting, with community knowledge, preferences and challenges being increasingly recognised in policy discussions (e.g. around the National Food Security Act) and in global fora (e.g. FAO Globally important Agricultural Heritage Systems recognition). Actions in this sphere contributed to the credibility and legitimacy needed for subsequent action in the system sphere. Together, these changes gave millets greater visibility and created the conditions for later shifts in public policy, investment, procurement, and institutional support.

In the system sphere, scaling was carried through formal instruments and state mechanisms. Policies and institutions became the main lever of change through the Odisha Millet Mission, shifting scaling from implementation/project arrangements to formal state mechanisms. Infrastructure and delivery arrangements became institutionalised through procurement centres and decentralised processing units. Millet inclusion in public procurement (block-level and state-level) and nutrition schemes (Public Distribution System, school feeding via Integrated Child Development Services) anchored demand through formal programmes. Political support encouraged the set-up of Farmer Producer Organisations, which could receive grants, manage assets, operate processing units, and aggregate directly to markets, becoming recognised institutions in the food system. R&D and technology continued through seed conservation, participatory varietal work, and agronomic support, aligned with and supported by state policies. Initiatives such as the National Year of Millet and the International Year of Millet reinforced wider visibility, shifting a vision of the food system centred on major crops like wheat and rice towards a new direction, where millets were framed as one of the possible and desirable solutions to shift food systems towards environmental sustainability, economic well-being, social inclusion and cultural diversity agendas (Government of India, 2025b). 

Discussion
This section aims to answer the two research questions around i) the features of the scaling process and ii) the roles of the organisations triggering this process, to then relate them to the broader debates in the literature around scaling.

6.1 A novel framework highlighting the importance of synchronisation and sequencing in scaling processes 
[bookmark: _Hlk219112693]Based on the analysis conducted in Section 5, we present the 3-Spheres (3S) gearing framework (Figure 1). The framework suggests that scaling requires two linked processes: synchronising changes across system elements within each sphere, and sequencing action across spheres over time. The system elements are those identified in Box 1: technology options, infrastructure, behaviours and values, R&D, policies and institutions, and political economy. The three spheres are the local sphere, the networks, relationships and intermediation sphere, and the system sphere.
	Synchronisation refers to what needs to align at the same time – and at a compatible pace (Conti et al., 2021; Pel, 2012). In the case study, synchronisation in the local sphere meant that technologies, infrastructure, local institutions, training, and shifts in behaviour had to happen together to create local viability. This same logic applies to other spheres. This aligns to similar findings in the literature, which have shown that if one element changes without interconnected changes in the others, the unchanged elements might block uptake (Conti et al., 2024b, 2021). For example, interventions which had a primary focus on technology adoption, and overlooked  changes in infrastructure, lacked community institutions, or did not engage with changes in consumer behaviours, either failed or only succeeded at the pilot stage (Magrini et al., 2022; Meynard et al., 2016; Orr et al., 2022). 
Sequencing refers to what needs to happen first, next, and later (Foster et al., 2012; Lombardi et al., 2011). In the case study, local synchronisation created changes in production practices and local consumption, gaining community legitimacy and acceptability while creating broader evidence of viability. MSSRF could use this basis to engage the network and intermediation sphere through partnerships, R&D collaborations, public recognition, and policy dialogue. These efforts built the credibility needed for later engagement with the system sphere, where public programmes, procurement arrangements, nutrition schemes, and formal institutions started embedding the innovation in the wider food system. Sequencing illustrates both that niches can be important starting point to trigger change (testing local viability and desirability), as already widely remarked by the literature (Bui, 2021; Moallemi et al., 2020; Ningrum et al., 2024) but that without efforts to then “move up” to other spheres – for instance, by building networks and then engaging with formal institutions – their potential to foster (food) system transformation remains extremely limited. This is not “bad” per se, and some initiatives might in fact desire to remain local (Alberio and Moralli, 2021; Salavisa et al., 2021). However, it is important in the context of scaling, telling us why “some pilots never fail but never scale” (Leeuwis, 2024). Innovation might remain “stuck” at the local sphere (Hatanaka, 2020; Holtkamp, 2023), or end up being altogether “abandoned” because of its inability to build dedicated networks and garner the necessary institutional support (Hall et al., 2003; Orr et al., 2022).
A gear metaphor is used to illustrate this logic. Each sphere represents a gear. The “teeth” of each gear are the recurring system elements that need to connect for the gear to move (i.e. synchronisation), while the three gears triggering movement one after the other (i.e. sequencing) signal how from the local sphere the initiative can “scale up” by triggering change in the next sphere. This is, in part, resonating with the Multi-Level Perspective (Geels, 2019) - in the sense that it suggests that niches (i.e. local sphere) can trigger broader system change. However, the 3S framework emphasises the importance of much more deliberately and proactively engaging with multiple system elements at the same time, while very carefully considering the temporal dimension of the scaling process, with a clear understanding of what needs to happen first (i.e. demonstration of local viability) and what needs to happen later (i.e. broader partnerships, institutional engagement) to scale interventions and trigger system change. 
Finally, in the case study, we examine a more bottom-up movement (from the local to the system sphere). There could be other cases in which the movement is more top-down (from the system to the local sphere). For instance, changes could be initiated by carefully synchronised policies, research, and institutional changes at the system level, and then trickle down to local spheres (Conti et al., 2025; Rao et al., 2025). Examples of such processes can be found in the literature and have an important potential to trigger transformation (Goulet, 2021; Moran et al., 2021). Regardless of whether the dynamic is more top-down or bottom -up, the main point here is that both coordination across elements and a thoughtful progression across sphere is necessary for scaling. Acting on one element, or within one sphere alone, is unlikely to shift the entail wider changes in the system. 
Figure 1. The 3S gearing framework. The double-headed white arrows represent synchronisation, while the light blue pathway represents sequencing. Image generated using ChatGPT image-generation tools by OpenAI, based on author-provided instructions. 
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6.2 How can organizations support scaling as a synchronised and sequenced process?
While recognising the importance of synchronising and sequencing for the scaling process, it is also important to recognise the role of organisations in triggering and supporting the scaling process. In the MSSRF case study, three aspects deserve recognition.

First, the gradual shift in problem framing that eventually garnered broader support. What enabled MSSRF to be successful in scaling an initially small intervention was its progressive reframing of the problem from a local sphere issue to a system sphere issue. The work on millets started with the somewhat romantic aspiration to bring back a neglected crop that was culturally preferred and agronomically suitable for a region highly affected by poverty and malnutrition. The problem at this stage was mostly framed as a technology adoption problem (i.e. improvement of millet productivity and processing). This reflects contemporary debates in the literature, which were mostly focused,  as seen in section 2.1, on technology adoption at the farm-level as a way to enhance agricultural productivity and incomes (Feder and Umali, 1993; Zeller et al., 1998). However, as work in the local sphere took place,  the growing interest in millets (from both farmers and development practitioners and researchers), started to reveal how their expansion depended on the build-up of much broader partnerships to “scale out” the innovation, gaining funding and bolstering R&D efforts to further develop technologies and infrastructure, set-up local institutions, and convene dialogues. Evidence from other scaling cases similarly shows the set-up of the right partnership can “make or break” a research project (Adekunle and Fatunbi, 2012; Hall et al., 2003; Kilelu et al., 2013). While partnerships developed, institutional and policy bottlenecks became apparent, also linked to the broader political economy of the Indian food system, visible for instance in the lack of inclusion of millets in the Public Distribution Systems or in public procurement programs (Ghosh, 2023). These constraints directed part of MSSRF’s work towards scaling up the intervention politically and institutionally (Hartmann and Linn, 2008; Schut et al., 2014). This is consistent with arguments on the need for “effective development and deployment of institutions and mechanisms that can carry forward the scaling up process “ (Westermann et al., 2018). The combination of local feasibility and correct identification of institutional constraints (which are often overlooked in projects (Conti et al., 2024a; Orr et al., 2022) led MSSRF to successfully re-frame millets not only as a desirable and valuable solution for local communities, but also as a policy-relevant food systems solution that, if accompanied by the right institutional and policy changes, could help India tackle existing and emerging food security, healthy nutrition, environmental viability, and decent livelihoods.  

Second, the championing and intermediation role MSSRF was able to play. At the beginning of the 2000s, debates on sustainability were arguably only at the margins of political and research debates in India, which was still largely focused on enhancing agricultural productivity (Foster and Rosenzweig, 2004). Millets would not have resonated with government priorities or even consumers preferences without efforts to build up new values around the importance of environmental sustainability, climate resilience, healthy nutrition or even cultural heritage and diversity. This is why “scaling deep” has been deemed in the literature as a critical component of scaling, as well as, more broadly in the food system transformation processes (Lam et al., 2020). Evidence points at how many interventions remain confined as the “pilot” or “niche” level unless the changes, values and ideas they promote are accompanied by changes in established ways of thinking (culture), doing (practices) and organizing (institutions) (Moore et al., 2015; Van Den Bosch and Rotmans, 2008). 

[bookmark: _Hlk219193794][bookmark: _Hlk219193638]But how to achieve deep scaling? For MSSRF, it was achieved through two components. The first was the leadership of M.S. Swaminathan himself (Chand, 2025). Often called a “pioneer” or a “visionary” in his field (Abraham, 2023; ICRISAT, 2023), the scientist identified and advocated for sustainability, climate and equity challenges well before they made their appearance in international and national policy and research arenas (Chand, 2025; Khush et al., 2024). His efforts to build networks and lobby for support of sustainable, equitable and culturally appropriate innovation (including, but beyond millets) saw him emerge as an “innovation champion” (Klerkx et al., 2013). These personalities have been described in the literature as individuals capable of promoting innovation despite disinterest, lack of knowledge or even opposition (Klerkx and Aarts, 2013a; Marckstadt et al., 2020), and inspire new visions of the future (Sergeeva, 2016). Because of their ability to convey convincing narratives of change(Sergeeva, 2016), and build partnership and alliances between stakeholders with different interests (Klerkx and Aarts, 2013b; Leiringer and Cardellino, 2008), they have been considered as extremely important actors in facilitating and fostering not only innovation, but transformation processes more broadly (Schneider and Rossi, 2025; Steyaert et al., 2016). In our case, M.S. Swaminathan was able to spearhead a value change within policy circles, helping  re-shape formal institutions (Khush et al., 2024) and conveying an appealing narrative for the general public (i.e. millets as healthy nutri-cereal). 

Of equal importance, MSSRF as an organisation was able to perform an intermediary function. Intermediaries, are also deemed as key actors in brokering scaling of innovation as well as societal transformation (Mignon and Kanda, 2018). As in the case of MSSRF, intermediaries provide, translate and communicate key knowledge to different stakeholders, thus supporting  learning processes (Kivimaa et al., 2019; Klerkx and Leeuwis, 2008), create explicit platforms for deliberation and collaboration between multiple actors (Hamann and April, 2013), and lobbying for visibility and resources in policymaking (Kivimaa et al., 2019). Ultimately, MSSRF could be considered as a multi-functional organisation, or an organisation capable of operating and performing different functions across different spheres (local, network and intermediation, system sphere): conducting R&D and technology development, building credibility for new practices and generating knowledge, building networks and trust, setting joint priorities and championing policy and institutional change (Conti et al., 2025). This multi-functionality is not an inherent capability found in all organisation working on food security issues., Rather, it depends on both an organisational recognition of the systemic nature of the challenges and opportunities that serendipity emerge around specific interventions, and is not always present in bottom-up sustainability efforts (Conti et al., 2025). Our case study suggest that this multi-functionality depends on the ability  of an organisation to attract and assemble a wider portfolio of capabilities that spans community mobilisation, high-quality R&D, partnership-building, and sustained policy engagement (Conti et al., 2024b).

Finally, our synchronising and sequencing conceptualisation reimagines scaling as an emergent complex systems phenomenon (Hall and Clark, 2010). While recognising the role of MSSRF is scaling millets is important, what can be observed “outside” the case study is that, as millets gained institutional legitimacy, policy arenas (at the state and national level) also became more receptive to sustainability-oriented experimentation more broadly. The deeper shift in value that saw rising interest (and sometimes, concern) around environmental, climate, nutrition and equity challenges, led to the opening of a new policy arena that aimed at tackling these new aspects (e.g. moving away from agricultural productivity or food security only). New priorities, funding streams, and programmes were set-up in other states and agroecological zones in support of other place-specific innovation, such as  Non-Pesticide Management, organic agriculture, and Zero Budget farming (Conti et al., 2024b; Manoharmayum et al., 2025). This development could be defined as “emergent”: it could not be foreseen or planned, arising from the interactions, relationships, and networks in a (social, political, economic) context that that built and evolved over time (Kok, 2023; Lanhoso and Coelho, 2021), and producing enabling conditions that went beyond a single intervention to widen the “menu” of credible options available to policymakers and practitioners. These conditions couldn’t be pre-engineered, although MSSRF engagement across three spheres helped made a significant contribution to nudging the system in this direction. 

Understanding the emergent property of scaling helps shifting debates on scaling and innovation away from logics around “replicating an intervention” - i.e. “find[ing] out what works in one place and do more of the same elsewhere” (Wigboldus et al., 2016) - or scaling a single intervention (whether on millets or on organic agriculture or others) to building the enabling policy and institutional conditions and value shifts to draw from a much broader portfolio of innovation to foster sustainability and transformation objectives (Glover et al., 2021; Woltering et al., 2019b). Such an approach requires a nimble approach that can make the most of unpredictable windows opportunity (Mason-D’Croz et al., 2025; Thompson and Scoones, 2009): successful organisation need to be entrepreneurial in the sense of both making their own luck, but also being able to make the most of the luck that is given to them (or, as Greek philosopher Seneca argued “Luck is when preparation meets opportunity”). This type of scaling could be fostered by single organisations but will likely require much more proactive and inclusive partnerships involving top-down and bottom-up actors alike to champion system change (Conti et al., 2025, 2024b). 

Conclusion
This paper re-conceptualises scaling as a process of interconnected change across three spheres—the local sphere, the networks, relationships and intermediation sphere, and the system sphere—and across recurring system elements (technologies, infrastructure, behaviours and values, R&D, policies and institutions, political economy), providing a novel framework (the 3S framework). The case shows study shows how synchronisation and sequencing function had to be carefully carried out by MSSRF through the deployment of different capabilities and the coordination of different actions over two decades. Ultimately, this translated in the “deep scaling” –with the shift of both societal and political interest (Moore et al., 2014; Schut et al., 2020) towards an innovation that, from being “forgotten”, started representing an important solution for nutritional, environmental and economic well-being at the country level (Government of India, 2023). While the framework presented here might need further testing, this new conceptualisation of scaling across spheres raises many questions for intervention aimed at achieving system change: what actions and actors in different contexts need to be in place to drive interventions from the local towards the system sphere (Bui, 2021; Kok et al., 2023)? What are the “right” timespans that should be allocated to do so, considering the long-term nature of transformative processes (Geels, 2006; Govaerts et al., 2021)? And more importantly, now that many political agendas are shifting back to economic-growth and technology driven agenda (Kalvelage et al., 2023; Lacey-Barnacle et al., 2026), how can the narrative and impact of interventions for food system transformation  be more convincingly articulated?  
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