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Abstract
Millions of hectares of rice fields in India and Asia lie fallow after harvest, representing lost opportunities for food, income, and environmental balance. Minor millets—such as finger, foxtail, little, barnyard, kodo, and proso millet—offer a sustainable solution. With their short growth cycles, minimal water requirements, and ability to thrive on poor soils, these hardy “nutri-cereals” are ideal for rice fallow lands (FAO & ICRISAT, 2023; Bezbaruah & Singh, 2024). Beyond resilience, they restore soil fertility, curb erosion, build organic matter, and sequester carbon—making them climate allies and farmer-friendly crops (Singh et al., 2023). Economically, millets diversify income and meet the rising global demand for healthy grains, but adoption remains slow due to weak markets, low farmer awareness, and limited policy support (Jat et al., 2022). This review consolidates evidence on the ecological, economic, and nutritional value of minor millets, while outlining pathways—research innovations, capacity building, stronger value chains, and supportive policies—to unlock their potential. Promoting minor millets in rice fallows is not merely crop substitution; it is a pathway to climate-resilient farming, improved nutrition, and sustainable livelihoods.
1. Introduction
Rice fallow lands, which remain uncultivated after the main rice crop, represent a vast underutilized resource in South Asia. In India alone, they cover approximately 12–14 million hectares (Jat et al., 2022; Seth & Upasna, 2025). These lands are often left idle due to limited water availability, poor drainage, labor shortages, lack of suitable crop choices, and socio-economic constraints (Dass & Sudhishri, 2021). At the same time, there is a growing need for resilient and sustainable cropping systems that can enhance food security while conserving natural resources.
Minor millets—such as finger millet, foxtail millet, barnyard millet, little millet, and kodo millet—have recently gained attention as suitable alternatives for rice fallows. They are well known for their short growth duration, drought tolerance, and ability to thrive on poor soils with minimal external inputs (Bezbaruah & Singh, 2024; Jamal et al., 2023). Unlike rice and wheat, millets require significantly less water and are more resilient to erratic rainfall, making them particularly relevant under current climate change conditions (Singh et al., 2023).
Beyond their adaptability, millets offer multiple ecological benefits. They improve soil fertility, reduce erosion, and contribute to carbon sequestration, thereby supporting climate-resilient farming (FAO & ICRISAT, 2023). Nutritionally, millets are rich in fiber, calcium, iron, and other micronutrients, earning them the name “nutri-cereals” (Singh et al., 2023; Jamal et al., 2023). Their inclusion in diets can help address widespread malnutrition while diversifying food systems.
Economically, millet cultivation in rice fallows can provide smallholder farmers with additional income, reduce dependence on a single crop, and promote livelihood security (Jat et al., 2022). However, large-scale adoption remains limited due to weak market linkages, low consumer awareness, and inadequate policy support (Bezbaruah & Singh, 2024).
This review explores the potential of minor millets as alternative crops for rice fallow lands. It highlights their agronomic, ecological, nutritional, and socio-economic benefits while discussing barriers that need to be overcome. By drawing attention to both opportunities and challenges, this article emphasizes the role of millets in promoting sustainable agriculture and resilient food systems.
1.1. Overview of Rice Fallow Lands 
Rice fallow lands are areas left uncultivated after the harvest of the main rice crop. They are particularly widespread in South and Southeast Asia, where rice-based farming dominates. Despite their vast extent, these lands are often left idle due to inadequate irrigation facilities, labor shortages, soil constraints, and limited availability of suitable short-duration crops (Seth & Upasna, 2025; Dass & Sudhishri, 2021). This practice represents a missed opportunity, as these lands could be used to enhance cropping intensity, diversify food systems, and increase farm income.
The primary reason rice fallows remain uncultivated is water scarcity. In most regions, rice is grown during the monsoon (kharif) season, when rainfall is abundant. After harvest, the residual soil moisture is often insufficient to support another water-intensive crop, and irrigation facilities are either absent or inadequate. As a result, farmers typically leave the fields fallow until the next rice season (Jat et al., 2022).
From an ecological perspective, continuous rice monocropping without diversification has negative consequences. Leaving lands uncultivated leads to nutrient depletion, organic matter loss, and increased soil erosion. Introducing suitable crops in rice fallows can improve soil fertility, break pest and disease cycles, and make better use of residual moisture (FAO & ICRISAT, 2023). 
Economically, rice fallows represent untapped potential. Millions of hectares lying idle translate into lost opportunities for farmers who could otherwise benefit from additional harvests (Bezbaruah & Singh, 2024).
 

Fig. 1. Extent of rice fallow lands across major Indian states (2023). Data compiled from Ministry of Agriculture & Farmers’ Welfare (2023).
With the growing demand for climate-smart and water-efficient crops, there is an urgent need to reimagine the use of these lands. Minor millets, due to their low input requirements and resilience to harsh conditions, present a promising solution for this challenge.
Overall, rice fallow lands symbolize both a problem and an opportunity: a problem when left idle, contributing to low cropping intensity and farmer vulnerability; but an opportunity when managed effectively with alternative crops that enhance productivity, sustainability, and rural livelihoods.
1.2. Importance of Crop Diversification
Crop diversification is increasingly recognized as a key strategy for enhancing the sustainability and resilience of agricultural systems. In regions dominated by rice monoculture, diversification plays a crucial role in improving soil health, managing risks, and ensuring food and nutritional security. By shifting from single-crop dependence to more diverse cropping systems, farmers can make better use of natural resources and reduce vulnerabilities associated with climate change, pests, and market fluctuations.
One of the major benefits of diversification is its positive impact on soil fertility. Repeated cultivation of rice alone often leads to nutrient depletion, reduced organic matter and declining productivity. Introducing alternative crops, such as pulses, oilseeds or millets, into rice fallows helps restore soil nutrients, enhances microbial activity and reduces the build-up of pests and diseases. This not only improves long-term soil health but also reduces reliance on chemical fertilizers and pesticides.
From an economic standpoint, crop diversification provides farmers with additional sources of income and reduces the risks associated with crop failure or price instability. A diversified cropping system enables farmers to access different markets, spread production costs and stabilize household earnings. This is particularly important for smallholder farmers who are highly vulnerable to climate variability and fluctuating input costs.
Nutritionally, diversification contributes to healthier diets and helps combat malnutrition. While rice is a staple, it lacks certain essential micronutrients. Integrating nutrient-rich crops such as millets, pulses, and vegetables into rice-based systems provides balanced food baskets for rural households and contributes to national food security goals.
Moreover, crop diversification supports environmental sustainability. Diverse cropping patterns make efficient use of water, reduce greenhouse gas emissions, and increase biodiversity within agro-ecosystems. This is particularly significant in the face of global climate change, where resilient farming systems are essential for long-term productivity.
In summary, crop diversification is not only an agronomic practice but also an economic, nutritional, and ecological strategy. For rice fallow lands, the introduction of alternative crops like minor millets can transform idle fields into productive landscapes, ensuring higher returns for farmers while promoting sustainability and resilience.
2. Characteristics of Minor Millets
Minor millets, which include finger millet, little millet, barnyard millet, foxtail millet, kodo millet, and proso millet, are often referred to as “climate-resilient crops” due to their ability to thrive under conditions where other cereals struggle. These crops have been cultivated for centuries in semi-arid and rainfed regions, and their unique characteristics make them particularly suitable for cultivation in rice-fallow lands.
Agronomically, minor millets are hardy and adaptable. They require low inputs, can tolerate drought, and grow well in poor and marginal soils with minimal external support. Their short growing period, often between 60 and 100 days, makes them highly suitable for fitting into the limited time window available after the rice harvest (Fig. 2; Kumar, Singh, & Choudhary, 2020). Rice and wheat demand significant water, while millets can efficiently utilize residual soil moisture, making them a reliable option for water-scarce regions.
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Fig. 2. Utilization of Rice Fallow land through minor millets
Nutritionally, minor millets are recognized as “nutri-cereals.” They are rich in dietary fiber, calcium, iron, zinc, and essential amino acids, offering a balanced nutritional profile that surpasses many major cereals (Saleh et al., 2021; Rana, Verma, & Singh, 2023). Their low glycemic index also makes them beneficial for managing diabetes and other lifestyle-related health issues (Patel & Sharma, 2023). Thus, they not only serve as food-security crops but also play an important role in addressing malnutrition and improving public health.
From an ecological perspective, minor millets contribute to sustainable farming systems. They enhance biodiversity, improve soil structure, and require fewer chemical inputs, thereby reducing the environmental footprint of agriculture. Their resilience to pests and diseases further minimizes the need for chemical protection (Singh, Kumar, & Sharma, 2019), supporting eco-friendly cultivation practices.
Economically, millets provide livelihood opportunities for smallholder farmers by reducing dependence on costly external inputs and offering access to niche markets for health-conscious consumers. With growing awareness of their nutritional and environmental benefits, minor millets are increasingly gaining recognition at national and international levels, paving the way for their reintroduction into modern food systems (Jagadish, Kumar, & Pattanayak, 2018).
2.1. Definition of Minor Millets
Minor millets are a group of small-seeded cereal grains traditionally cultivated in dryland and rainfed regions of Asia and Africa. They are distinguished from major millets, such as pearl millet and sorghum, by their relatively smaller grains and limited area of cultivation. Despite being termed “minor,” these crops hold major importance for food security, nutrition, and ecological sustainability.
The group generally includes finger millet (Eleusine coracana), foxtail millet (Setaria italica), little millet (Panicum sumatrense), kodo millet (Paspalum scrobiculatum), barnyard millet (Echinochloa frumentacea), and proso millet (Panicum miliaceum). Each species has unique growth characteristics, but they share traits such as short duration, low input requirement, and high resilience to adverse climatic conditions (Saleh et al., 2021; Rana et al., 2023).
Minor millets are often called “nutri-cereals” because of their impressive nutritional profile. Unlike rice and wheat, they contain significantly higher levels of dietary fiber, essential amino acids, and important minerals like calcium, iron, and zinc (Patel & Sharma, 2023; Jagadish et al., 2018). These nutritional advantages have sparked renewed global interest in millets, especially in efforts to combat malnutrition and address lifestyle-related diseases such as diabetes and obesity.
Agronomically, minor millets are defined not only by their grain size and cultivation area but also by their adaptability to marginal environments. They grow well in poor soils, withstand water scarcity, and are less susceptible to pest and disease outbreaks (Yadav, Devi, & Mehta, 2018). This makes them particularly relevant for cultivation in rice-fallow lands, where resources are limited and climatic variability is high.
2.2. Agronomic Traits and Adaptability
Millets exhibit a short growing season, drought tolerance, and resistance to poor soil conditions, allowing them to thrive where other staple crops often fail (Yadav et al., 2018). Their ability to grow under low-input conditions with minimal fertilizer and water requirements contributes significantly to sustainable agricultural practices (Kumar et al., 2020).
Additionally, millets demonstrate robust resistance to pests and diseases, reducing the need for chemical interventions and thus supporting environmentally friendly farming systems (Singh et al., 2019). Their adaptability to marginal lands ensures food security for smallholder farmers in vulnerable regions (Patel & Jain, 2017). These traits collectively underline the importance of millets as climate-resilient crops that could play a crucial role in future food systems, especially under the increasing threat of climate change.
2.2.1. Drought and Waterlogging Tolerance
One of the most significant strengths of minor millets is their ability to tolerate extremes of water availability. They are naturally drought-hardy crops that can survive and produce yields with minimal rainfall by efficiently utilizing residual soil moisture. This makes them particularly suitable for rice fallow areas, where irrigation is often absent and post-rainy season conditions are dry.
Interestingly, some species of minor millets also demonstrate tolerance to temporary waterlogging, a condition that often follows rice cultivation. For example, barnyard millet and kodo millet can withstand short spells of excess moisture without major yield losses. This dual tolerance to both drought and limited waterlogging provides flexibility in cultivation, making minor millets reliable crops even under unpredictable climatic conditions.
2.2.2. Short Growth Cycles and Low Input Requirements
Another important agronomic advantage of minor millets is their short growth duration. Most varieties mature within 60 to 100 days, allowing them to fit well into the narrow window available after rice harvest. This ensures that farmers can make productive use of otherwise idle fallow lands without overlapping with the next cropping season (Fig. 3).
In addition, minor millets demand very few external inputs. They grow well on marginal soils with minimal use of fertilizers, pesticides, or irrigation. Their natural resistance to many pests and diseases further reduces the need for chemical protection (Singh et al., 2019). This not only lowers the cost of cultivation for farmers but also contributes to environmentally sustainable farming practices.

Fig. 3. Comparative water requirements of major cereals. Millets use 40–60% less water than rice and wheat (ICRISAT, 2020).

2.3 Nutritional and health benefits of minor millets
Minor millets are increasingly being recognized not just as resilient crops but also as valuable sources of nutrition. Unlike many major cereals, which primarily provide energy in the form of carbohydrates, millets are often referred to as “nutri-cereals” because of their rich composition of essential nutrients, dietary fiber, and bioactive compounds. Their inclusion in diets can significantly contribute to food and nutritional security, particularly in regions where malnutrition and micronutrient deficiencies remain widespread.

From a nutritional perspective, millets are excellent sources of complex carbohydrates with a low glycemic index, making them beneficial for managing diabetes and preventing lifestyle-related diseases. They contain higher amounts of dietary fiber compared to rice and wheat, which supports digestive health and helps in maintaining body weight. Additionally, they are naturally gluten-free, offering a healthy alternative for individuals with celiac disease or gluten intolerance.

Millets are also rich in essential minerals. Finger millet, for instance, is exceptionally high in calcium, which is important for bone health, while little millet and barnyard millet provide significant amounts of iron and zinc that help combat anemia and boost immunity. Furthermore, their content of antioxidants and phytochemicals contributes to reducing oxidative stress and lowering the risk of chronic illnesses such as cardiovascular diseases and certain cancers. These nutritional advantages are clearly illustrated in Fig. 4, which compares the nutrient composition of major cereals like rice and wheat with that of minor millets.

Fig. 4. Comparative nutrient composition of major (rice, wheat) and minor cereals (millets). Data adapted from ICRISAT (2018) and FAO (2023).
Beyond individual health, promoting millet consumption has wider societal benefits. In regions heavily dependent on rice and wheat, millet-based diets introduce diversity, improving overall dietary balance. As consumer awareness about healthy foods continues to rise, minor millets are finding a place in modern food industries through value-added products such as millet flour, noodles, breakfast cereals, and snacks. This not only enhances consumer health but also creates new economic opportunities for farmers and food entrepreneurs.
The nutritional and health benefits of minor millets extend far beyond basic food security. They play a vital role in addressing hidden hunger, reducing risks of non-communicable diseases, and supporting healthier and more sustainable food systems.

3. Ecological Benefits of Millet
3.1. Soil Fertility and Erosion Control
Millets play an important role in maintaining soil fertility and reducing erosion when cultivated in rice fallow lands. Their fibrous root systems bind the soil and improve aggregation, which is particularly valuable in light-textured soils prone to crusting and erosion. Studies on conservation agriculture show that residue retention and reduced tillage can lower soil erosion by more than 90% compared to conventional tillage, while mulching alone can cut sediment loss tenfold on sloping lands (Lal, 1998; Montgomery, 2007). In rice-fallow regions, where leaving land bare after harvest accelerates nutrient depletion and organic matter loss, sowing short-season crops such as barnyard and kodo millet provides continuous ground cover and recycles nutrients (Geethika et al., 2024). Field studies in eastern India further confirm that post-rainy crops like millets enhance soil organic carbon (SOC) by 0.2–0.3% under residual moisture conditions (Kar & Kumar, 2009). Thus, millet-based rice-fallow systems improve both the physical stability and nutrient dynamics of soils.
3.2. Carbon Sequestration and Climate Resilience
Millets are widely recognized as “climate-smart” crops because they contribute to carbon sequestration while reducing greenhouse gas emissions. Unlike paddy rice, which accounts for nearly 22% of agricultural methane emissions globally (Qian et al., 2023), upland millets do not produce methane since they grow under aerobic conditions.
Incorporating millet residues into the soil increases soil organic carbon (SOC) stocks. Practices such as conservation tillage and diversified crop rotations in millet-based systems have been shown to sequester between 0.2 and 0.5 Mg C ha⁻¹ yr⁻¹, with potential rates reaching up to 1.0 Mg C ha⁻¹ yr⁻¹ under favorable conditions (West & Post, 2002). These benefits are visually represented in Fig. 5, which compares SOC sequestration rates across different cropping systems. 
In addition to their carbon benefits, millet-based systems also significantly reduce water usage—by 25–70% compared to rice and wheat—with water footprints often falling below 1,000–1,500 L kg⁻¹ of grain, whereas rice averages around 2,500 L kg⁻¹ (ICRISAT, 2020). Their high efficiency in water and nitrogen use enables millets to perform well under conditions of erratic rainfall and nutrient limitations, making them a reliable choice for cultivation in fragile, rice-fallow environments.

Fig. 5. Soil organic carbon (SOC) sequestration rates under different cropping systems. 
3.3. Enhancement of Biodiversity
Integrating millets into rice-based systems enhances biodiversity both above and below ground. Monocropped rice-wheat systems often reduce microbial and insect diversity, whereas introducing millets improves microbial activity and creates more resilient rhizosphere communities (Figuerola et al., 2012). Intercropping millets with legumes has been shown to increase land-use efficiency and species diversity indices by 18–22% compared to monocultures (Mishra et al., 2018). Millets also act as hosts for beneficial insects and pollinators while their residues support mixed farming systems by providing quality fodder. By breaking pest and disease cycles common in rice monoculture, millet inclusion reduces pesticide dependency and fosters a healthier on-farm ecosystem.
3.4. Contribution to Sustainable Agricultural Practices
Barnyard and kodo millet align closely with the principles of sustainable agriculture. They can be grown successfully on residual moisture under zero-tillage or relay cropping systems, minimizing the need for irrigation, fertilizer, and labor. Research in eastern India demonstrated that rice-fallow systems incorporating millets reduced fuel and labor requirements by 25–30% compared to conventional tillage (Gangwar et al., 2006). Their natural resistance to many pests and diseases lowers pesticide dependency, further reducing environmental impact. Compared with rice, millet cultivation requires 70–80% less water and significantly fewer external inputs, making it one of the most resource-efficient cereal options available (ICRISAT, 2020). Moreover, their residues enrich soil organic matter while grains provide nutrient-rich food, ensuring a closed-loop system where soil, crop, and livestock benefit simultaneously. Collectively, these traits make millets not just alternatives but strategic crops for promoting sustainable agriculture in rice-fallow lands.
4. Economic Viability of Millets
4.1. Potential as a Cost-Effective Crop
Millets are widely regarded as cost-effective crops because they require fewer external inputs than rice or wheat. Their ability to grow on marginal soils with minimal fertilizer and irrigation reduces production costs substantially. A comparative study by ICAR-IIMR (2020) found that input costs for small millets were 30–40% lower than for rice due to reduced fertilizer, pesticide, and water requirements. In addition, their resilience to drought and low susceptibility to pests decreases crop failure risks, making them economically safer for resource-poor farmers. In rice-fallow regions, where farmers often lack resources for irrigation and fertilizers, millets provide a low-cost yet dependable alternative that can generate income with limited investment.
 4.2. Nutritional Value and Market Demand
The nutritional superiority of millets has earned them the name “nutri‑cereals.” For instance, finger millet contains 3–10 times more calcium than rice and wheat, while barnyard millet has a glycemic index nearly 50% lower than polished rice (International Crops Research Institute for the Semi‑Arid Tropics [ICRISAT],  2018). With growing urban awareness of lifestyle diseases such as diabetes and obesity, the demand for millet‑based foods is rising rapidly. India declares 2018 the “National Year of Millets,” and the International Year of Millets (IYoM) in 2023 further boosted both consumer awareness and government policy support.
Between 2017 and 2022, India’s millet exports reportedly grew by about 12–15% annually, with countries like the U.S., U.K., and UAE emerging as major importers (Agricultural and Processed Food Products Export Development Authority [APEDA],  2023). In 2024, export value was estimated around US $39 million—a decline of about 8–10% from the previous peak of ~US $43 million in 2023. Despite the recent dip, long‑term projections remain positive: the global millet market is forecast to grow steadily (e.g., reaching ~US $104 million in Asian exports in 2024) with India accounting for ~61% of exports (IndexBox, 2024). 
These growing market signals reflect shifting consumer preferences—but they also offer farmers premium prices for millet grains, especially when marketed as organic, gluten‑free, or health‑food ingredients. Value‑added products such as millet flour, noodles, breakfast cereals, and snacks are proliferating. A recent review noted that millets typically contain 65–75% carbohydrates, 7–12% protein, 15–20% dietary fiber, along with significant essential amino acids and micronutrients. The heightened nutritional and ecological profile of millets thus aligns with health‑driven consumer trends. The upward trajectory of export volume and value is illustrated in Fig. 6.

Fig. 6. Annual growth rate of millet exports from India (2017–2024). Export volumes have increased consistently due to rising global demand (APEDA, 2023; FAO, 2024).
Despite the positive outlook, consumption obstacles remain: a 2025 survey found that 75 % of respondents were unaware of millets’ nutritional value and 90 % consumed them only occasionally, highlighting that awareness and utilisation remain key bottlenecks.
4.3. Diversification of Farmers’ Income Sources
Integrating millets into rice-fallow systems enables farmers to harvest an additional crop without heavy investments, thereby diversifying their income. Studies from Tamil Nadu and Andhra Pradesh indicate that including small millets in rice fallows increases annual farm income by ₹12,000–18,000 per hectare, compared to leaving the land idle (Geethika et al., 2024). Moreover, millet residues are highly valued as livestock feed, reducing farmers’ expenditure on fodder. For example, a trial in eastern India found that farmers growing barnyard millet in fallows could cut fodder purchase costs by nearly 20–25%, while also securing household grain needs (Kar & Kumar, 2009). Thus, millets not only generate direct cash income but also reduce farm household expenses, contributing to livelihood security.
4.4. Economic Feasibility in Rice Fallow Regions
Rice fallows represent a huge untapped resource in India, with nearly 11.7 million hectares left uncultivated after rice harvest every year (Ministry of Agriculture, 2023). Utilizing even a fraction of this land with short-duration crops like millets can significantly boost food and income security. Studies have shown that barnyard and kodo millet mature within 60–90 days and yield 800–1,200 kg ha⁻¹ under residual moisture conditions (Mishra et al., 2019). Even at conservative market prices of ₹25–30 per kg, farmers can earn an additional ₹20,000–30,000 per hectare, without major irrigation or input costs. When compared to the zero returns of leaving land fallow, the relative advantage is clear. Furthermore, millets contribute to long-term savings by improving soil fertility and reducing fertilizer needs for subsequent rice crops, making them both immediately profitable and ecologically sustainable.
5. Barriers to Widespread Adoption
5.1. Market Infrastructure Challenges
One of the biggest hurdles in scaling millet cultivation is weak market infrastructure. Unlike rice and wheat, which benefit from strong procurement systems, storage facilities, and processing units, millets remain under-supported. According to APEDA (2023), although millet exports from India grew by 12–15% annually in recent years, only a small fraction of production is channelled through organized markets. In many states, farmers lack access to modern storage and processing technologies, leading to post-harvest losses of 10–15%. Additionally, the absence of large-scale procurement by the Food Corporation of India (FCI) means that prices fluctuate widely, discouraging farmers from adopting millet as a reliable income crop.
5.2. Limited Farmer Awareness and Knowledge
Another major challenge is the knowledge gap among farmers. Decades of policy-driven focus on rice and wheat under the Green Revolution led to a decline in millet cultivation and erosion of traditional practices. A survey by ICAR-IIMR (2020) revealed that less than 30% of farmers in rice-fallow areas were aware that millets could be profitably grown under residual soil moisture. Lack of demonstration plots, inadequate extension services, and limited access to information further restrict adoption. Farmers also hesitate to experiment with new practices due to perceived risks, especially where awareness of millet markets is low.
5.3. Policy Gaps and Government Support
Policy frameworks have historically marginalized millets. While rice and wheat enjoy assured procurement at Minimum Support Price (MSP), irrigation subsidies, and inclusion in the Public Distribution System (PDS), millets receive relatively limited support. Even after India declared 2018 as the “National Year of Millets” and the UN recognized 2023 as the “International Year of Millets,” actual ground-level interventions remain patchy. For example, in 2022–23, only 3% of total food grain procurement under PDS was from millets (MoA\&FW, 2023). The lack of strong price incentives, credit support, and insurance coverage makes farmers reluctant to shift from rice to millet cultivation in fallows.
5.4. Challenges in Crop Management and Technology Transfer
Practical constraints also limit millet adoption in rice-fallow regions. Mechanized rice harvesting often leaves behind dense stubble, making it difficult for farmers to sow millet seeds without specialized zero-till seed drills. Studies in Chhattisgarh and Odisha show that only 15–20% of farmers had access to such equipment (Geethika et al., 2024). Weeds are another major issue, as fallow fields left uncropped often have heavy weed infestations that affect millet germination and yield. In addition, improved millet varieties, though available from ICAR and state universities, are not widely distributed due to weak seed supply chains. The slow transfer of technology from research stations to farmers’ fields creates a gap that discourages adoption on a wider scale. These barriers, along with potential strategies to overcome them, are illustrated in Fig. 7.
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Fig. 7. Barriers and Strategies for Adoption of Minor Millets in Rice Fallow Lands
6. Strategies for Promoting Millet Cultivation
6.1. Research and Development Initiatives
Strengthening research is the foundation for wider adoption of millets in rice-fallow systems. Although ICAR and ICRISAT have released several high-yielding, short-duration, and stress-tolerant millet varieties, their adoption remains low due to weak dissemination systems. Developing location-specific varieties that can mature within 60–90 days and tolerate residual moisture conditions is critical for rice fallows. Breeding programs focusing on biofortified millets—such as iron-rich pearl millet and calcium-rich finger millet—demonstrate how nutritional and agronomic traits can be combined (ICRISAT, 2020). Investments in farm mechanization research are also essential, particularly the development of lightweight zero-till seeders that can operate in combine-harvested rice fields with heavy stubble. Strengthening seed systems is equally important; studies show that access to quality seed can increase yields by 15–20% in small millets (Geethika et al., 2024).
6.2. Farmer Education and Capacity Building
Farmer knowledge and capacity building are crucial to overcoming traditional barriers. Demonstration plots and field schools in millet-growing clusters can show the economic and nutritional benefits of these crops. Evidence from Odisha and Chhattisgarh shows that farmers exposed to on-field demonstrations were 40% more likely to adopt millet cultivation compared to those without exposure (Mishra et al., 2019). Integrating millet training programs into the extension network, particularly through Krishi Vigyan Kendras (KVKs), can expand reach. Capacity building should also include women farmers, who are often key custodians of millet processing and household nutrition. Promoting low-cost technologies for weeding, threshing, and storage can reduce drudgery and post-harvest losses, making millet farming more attractive.
6.3. Strengthening Market Linkages
Developing strong market linkages is central to making millet cultivation profitable. Farmers often hesitate to grow millets due to weak procurement and fluctuating market prices. Establishing Farmer Producer Organizations (FPOs) dedicated to millet aggregation, processing, and marketing can increase bargaining power and ensure better price realization. Value addition through millet-based products—such as ready-to-cook mixes, breakfast cereals, and snacks—is expanding in urban markets, where demand has grown at 12–15% annually (APEDA, 2023). Linking millet producers to institutional buyers like the mid-day meal scheme and the Integrated Child Development Services (ICDS) program can also create assured demand. Digital platforms for direct farmer–consumer marketing further open opportunities for premium sales in health-conscious markets.
6.4. Policy Recommendations for Promoting Minor Millets
A stronger policy push is needed to scale millet cultivation in rice fallows. While India declared 2018 as the National Year of Millets and the UN celebrated 2023 as the International Year of Millets, actual procurement and subsidy support remain limited. Current data show that millets account for only 3% of total foodgrain procurement under the Public Distribution System (MoA\&FW, 2023). Expanding Minimum Support Price (MSP) coverage, ensuring timely procurement, and including millets in nutrition-focused schemes (PDS, ICDS, mid-day meals) are essential steps. In addition, subsidies for millet-based machinery, seed kits, and processing units can lower barriers for smallholder farmers. Policy frameworks should also encourage millet inclusion in climate-smart agriculture programs, recognizing their low water footprint (30–40% lower than rice) and high nutrient-use efficiency. Coordinated action between central and state governments, research institutions, and NGOs will be vital to mainstream millets in rice-fallow regions.
7. Conclusion
Rice fallows in India represent a significant underutilized resource, with more than 11 million hectares of land left uncropped each year after the kharif rice harvest. Integrating minor millets such as barnyard and kodo into these systems offers a sustainable pathway to enhance food, nutrition, and livelihood security. Evidence shows that millets not only improve soil fertility, biodiversity, and carbon sequestration, but also provide a cost-effective and climate-resilient alternative to resource-intensive crops. Their low water and input requirements make them particularly suited to fragile, rainfed, and marginal areas where traditional rice–wheat systems are unsustainable.
Economically, millets have demonstrated clear potential. Farmers cultivating them in rice fallows can earn an additional ₹12,000–30,000 per hectare with minimal investment, while simultaneously benefiting from rising domestic and export demand for “nutri-cereals.” Their role in diversifying income sources and supplying nutritious grains positions them as key drivers of both rural development and food system transformation. However, barriers such as weak market infrastructure, limited farmer awareness, and inadequate policy support continue to hinder their large-scale adoption.
Addressing these challenges will require multi-pronged strategies: research on improved varieties and mechanization; capacity building for farmers, especially women; investment in value chains and market linkages; and stronger policy interventions such as procurement, MSP, and integration into food security programs. The recognition of 2023 as the International Year of Millets has created momentum, but sustained support is necessary to translate awareness into adoption.
In conclusion, promoting millets in rice-fallow lands is not merely an agronomic alternative but a strategic intervention for climate resilience, nutritional security, and sustainable livelihoods. With coordinated action by policymakers, researchers, extension agencies, and farmers, millets can transform rice-fallow landscapes from underutilized spaces into hubs of productivity and resilience.
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Water Requirement of cereal crops

Water Requirement (L/kg grain)	Rice	Wheat	Millets	2500	1800	1200	
Water USe (L/kg grain) 



Nutrient Composition of Major vs Minor Cereals

Rice	Protein (%)	Calcium (mg/100 g)	Iron (mg/100 g)	Crude Fiber (%)	6.8	10	0.7	0.2	Wheat	Protein (%)	Calcium (mg/100 g)	Iron (mg/100 g)	Crude Fiber (%)	11.8	30	3.5	1.2	Millets (avg.)	Protein (%)	Calcium (mg/100 g)	Iron (mg/100 g)	Crude Fiber (%)	10.5	344	9.3000000000000007	8.5	
Nutrient Content




Carbon Sequestration potential of Cropping System

SOC Increase (Mg C ha⁻¹ yr⁻¹)	Rice Monocrop	Rice–Millet Rotation	0.2	0.5	
SOC Increase (Mg C ha⁻¹ yr⁻¹)



Annual Growth of Millet Exports from India (2017 -2024) 

Export Growth (%)	
2017	2018	2019	2020	2021	2022	2023	2024	3	5	7	9	11	13	15	18	Year


Export Growth (%)



Extent of Rice Fallow land in India (2023)

Rice Fallow Area (million ha)	Odisha	Chhattisgarh	Jharkhand	Bihar	West Bengal	Tamil Nadu	Andhra Pradesh	1.8	1.5	1.3	1.1000000000000001	0.9	0.6	0.5	
Area (Million ha)
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