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Problem and Prospects of Finger Millet Production in India: A Review

ABSTRACT
Finger millet (Eleusine coracana L.), locally known as ragi or mandua, holds a significant agricultural and nutritional importance, especially in regions like southern India and hilly areas in the north. This grain boasts a unique composition with a five-layered testa and high dietary fiber content, making it a valuable source of protein (7.3g), carbohydrates (72g), minerals (2.7g), iron (3.9mg), calcium (344mg) and phosphorus (283mg). Despite its nutritional properties, finger millet cultivation has seen a decline in India over the past decades, primarily due to challenges such as drought, heat stress, low productivity, and limited access to certified seeds and markets. Additionally, pests and diseases, notably blast caused by Magnaporthe oryzae, pose significant threats to yield. Looking ahead, finger millet holds promise as a climate-resilient crop, but research gaps persist, particularly in genomic resources and trait dissection. None the less, there is a growing resurgence of interest in millets globally due to their nutritional benefits and resilience to environmental stressors, driving efforts to promote their cultivation through improved varieties such as GPU-28 leads to significant production of ragi and agronomic practices.
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1. INTRODUCTION
Finger millet (Eleusine coracana L.) is a staple food crop of low-input agricultural regions, especially in the semi-arid tropics of South Asia, India, Nepal, and Sri Lanka, as well as in the dry lands of several African nations such as Uganda, Kenya, Zimbabwe, Zambia, Malawi, Tanzania, Rwanda, and the Democratic Republic of the Congo. Globally, finger millet ranks as the third-most significant millet crop based on cultivation area and production (ICAR-IIMR, 2023). As per the most recent statistics from the US Department of Agriculture, global millet production for the 2023/2024 season is forecasted to reach 30.802 million metric tons, representing a 4.1% decrease from the previous year as presented in Table 1. Countries with high millet production, including India (-10%, with 12.2 million metric tons) and Niger (-7%, with 3.4 million metric tons), have faced a reduction in output. Similarly, production in Nigeria (-1.5%, to 2 million metric tons), Mali (-1.8%, to 1.8 million metric tons), and Sudan (-4.5%, to 1.6 million metric tons) is also expected to decline. However, China’s production is expected to remain unchanged at 2.7 million metric tons, while Ethiopia (+17%, to 1.1 million metric tons) and Burkina Faso (+10%, to 1 million metric tons) is projected to see increases in their millet production (USDA, 2023 -2024).
Table 1: Global millet production, in 1,000 mt (USDA, 2023 -2024).
	Country                                 
	2022/23
	2023/24
	Diff.

	India
	13,506
	12,200
	-9.70%

	Niger
	3,657
	3,400
	-7.00%

	China
	2,700
	2,700
	0.00%

	Nigeria
	2,030
	2,000
	-1.50%

	Mali
	1,833
	1,800
	-1.80%

	Sudan
	1,675
	1,600
	-4.50%

	Ethiopia
	942
	1,100
	16.80%

	Burkina Faso
	908
	1,000
	10.10%

	Senegal
	1,097
	1,000
	-8.80%

	Chad
	694
	700
	0.90%

	Others
	3,062
	3,302
	7.80%

	Total
	32,104
	30,802
	-4.10%


Finger millet is commonly referred as "ragi" or "mandua" in India. It is primarily cultivated in the southern states i.e. in Karnataka, Andhra Pradesh, and Tamil Nadu, as well as in the hilly northern regions, particularly in Uttarakhand and Himachal Pradesh (Chandra et al, 2020). Finger millet cultivation varies across Indian states, with Karnataka leading both in area (785,000 ha) and production (1.37 million MT), with a productivity of 1,745 kg/ha. Tamil Nadu records the highest productivity at 3,481 kg/ha despite a smaller area (83,000 ha). Other notable contributors include Maharashtra (82,000 ha, 94,000 MT, 1,151 kg/ha) and Uttarakhand (89,000 ha, 130,000 MT, 1,459 kg/ha). Andhra Pradesh (33,000 ha, 40,000 MT) and Odisha (41,000 ha, 33,000 MT) have moderate areas but lower productivity (1,197 kg/ha and 796 kg/ha, respectively). Some states, like Chhattisgarh (302 kg/ha) and Bihar (934 kg/ha), show low yields, while Jammu & Kashmir, Madhya Pradesh, and Kerala report negligible or zero production. The data highlights Karnataka's dominance and Tamil Nadu's efficiency in finger millet farming, with potential for improving productivity in lower-yielding states.
Table 2: Area, Production and Productivity of Finger Millet in Different States of India (2020-21). (Source: JETIR Journal of Emerging Technologies and Innovative Research ).
	State`s Name 
	Area(`000ha) 
	Production(`000MT) 
	Productivity(kg/ha) 

	Andhra Pradesh 
	33 
	40 
	1197 

	Bihar 
	3 
	3 
	934 

	Chhattisgarh 
	5 
	2 
	302 

	Gujrat 
	10 
	13 
	1205 

	Himachal Pradesh 
	1 
	0 
	842 

	Jammu & Kashmir 
	0 
	0 
	0 

	Jharkhand 
	19 
	16 
	874 

	Karnataka 
	785 
	1370 
	1745 

	Kerala 
	0 
	0 
	1435 

	Madhya Pradesh 
	0 
	0 
	0 

	Maharashtra 
	82 
	94 
	1151 

	Odisha 
	41 
	33 
	796 

	Tamil Nadu 
	83 
	289 
	3481 

	Telangana 
	1 
	1 
	1343 

	Uttarakhand 
	89 
	130 
	1459 

	West Bengal 
	6 
	6 
	1073 












  




The table 3 presents data on the area, production, and productivity of finger millet in India over a ten-year period from 2011–12 to 2020–21.  The area under finger millet cultivation has shown a declining trend over the years. In 2011–12, the area was 1.176 million hectares (Mha), which dropped to 0.891 Mha in 2018–19, the lowest in the decade. However, there was a slight recovery in the following years, reaching 1.159 Mha in 2020–21. However, production fluctuated significantly during the period. It reached a peak of 2.061 million metric tons (MT) in 2014–15, while the lowest production was recorded in 2018–19 at 1.239 million MT. The highest production years correspond with larger cultivation areas and higher productivity levels. Productivity (yield per hectare) ranged from 1,363 kg/ha (2016–17) to 1,747 kg/ha (2019–20). While the area under cultivation declined in several years, productivity improved in certain years, indicating better yield performance despite reduced cultivation. The highest productivity was recorded in 2019–20 at 1,747 kg/ha, while the lowest was in 2016–17 at 1,363 kg/ha. (Source: JETIR Journal of Emerging Technologies and Innovative Research ).
Table: 3 Area, Production and Productivity of Finger Millet in India from 2011 to 2021 (Source: JETIR Journal of Emerging Technologies and Innovative Research).
	  year              Area (Mha)         Production(`000MT)     Productivity(kg/ha)                  

	 2011-12        1176                    1929                               1641 

	 2012-13        1131                    1574                               1392

	 2013-14        1194                    1983                               1661 

	 2014-15        1208                    2061                               1706 

	 2015-16        1138                    1822                               1601

	 2016-17        1016                    1385                               1363 

	 2017-18        1194                    1985                               1662 

	 2018-19        891                      1239                               1390

	 2019-20        1004                    1755                               1747 

	 2020-21        1159                    1998                               1724



Finger millet offers several nutritional benefits over common staple cereals such as wheat and rice. These include a gluten-free protein composition, high calcium content, a low glycemic index, and a variety of bioactive compounds with potential therapeutic effects, making it a highly valuable crop. Traditionally, tribal communities consume finger millet in forms such as porridge, malt, and various beverages, while its straw is used as fodder for animals. Additionally, its ability to thrive in drought-prone regions, require minimal agricultural inputs, and adapt to marginal, fragile hilly ecosystems positions it as a crop with great potential for the future. Despite its agricultural importance, the global area dedicated to finger millet cultivation has decreased, partly due to issues such as inadequate post-harvest management. With these considerations in mind, this review aims to explore the challenges and opportunities for finger millet, as well as strategies to enhance its global production and sustainability in the face of climate challenges.
2. Problems of millet cultivation
2.1 Poor agricultural practices
Agricultural practices like Inadequate soil preparation such as insufficient ploughing, levelling, and soil amendment can lead to poor root development and low yield. Planting finger millets with low spacing results in competition for nutrients, water, and sunlight, leading to stunted growth and lower yields. Irrigation practices, such as over-watering or under-watering, can lead to waterlogging, soil erosion, and reduced water-use efficiency. Poorly managed irrigation system can also contribute to the spread of waterborne diseases and increase the salinity of the soil (Kumar et al., 2014; Reddy et al., 2017) 
[bookmark: _GoBack]Ragi requires balanced nutrition for optimal growth and development. Inadequate fertilisation or improper application of fertilisers can result in nutrient deficiencies or toxicities, leading to poor yields and susceptibility to diseases (Saxena et al., 2016; Mgonja et al., 2017). Wafula et al., (2016) found that Phosphorus had a positive influence on the nitrogen accumulation in the plant parts and total nitrogen uptake of finger millet as well as the finger width for both seasons with the peak observed at 25 kg ha-1 P2O5. Similarly Maitra   et al., 2020 concluded that Nutrient management for targeting production and sustainability, integrated nutrient management (INM) will be the most suitable option. Application of 100% NPK along with FYM @ 10 t ha-1 recorded significantly higher grain and straw yield and enriched the soil organic carbon. Application of farmyard manure (FYM) alone or in a combination with chemical fertilizers contributed to higher amounts of carbon inputs and build up a higher soil organic carbon pool in rain fed groundnut–finger millet rotation in alfisol of semi-arid region.
Besides this harvesting finger millets too early or too late can result in lower yields and poor grain quality. It's essential to harvest at the right stage of maturity to maximise yields and grain quality. Insufficient agricultural extension services, training, and access to information also leads to outdated or inappropriate farming practices. Farmers capacity-building and awareness-raising efforts are crucial for promoting sustainable and resilient finger millet cultivation (Shiferaw et al., 2014; Kumar and Kalita,  2017).
2.2 Cultural Preferences and Dietary Shifts
Many regions are shifting toward Westernized diets that emphasize grains such as rice, wheat, and other cereals, often at the expense of millets. These changing dietary habits and cultural preferences can affect demand, which in turn influences farmers' production decisions and market opportunities. Among cereal crops, finger millet stands out for its unique benefits when compared to major grains like rice, wheat, maize, and other millets. While rice faces challenges with salinity stress and wheat) has limited tolerance to heat, finger millet demonstrates greater resilience to a variety of abiotic stresses. (Ajeesh et al., 2021). In contrast to rice and wheat, which primarily utilize the C3 photosynthetic pathway, finger millet employs the more efficient C4 pathway, similar to maize. This allows finger millet to use water more efficiently and adapt better to high-temperature conditions. (Pardo and VanBuren, 2021 ; Goyal et al., 2023). Finger millet is often considered a traditional or "low-status" food, leading to reduced consumption among urban and younger generations. Traditional knowledge associated with millet has declined, diminishing its status in the cultural food hierarchy (Devi et al., 2014).
2.3 Adverse Climate effects:
Drought affects finger millet in different ways depending on the growth stage. For example, Maqsood and Ali, 2007 found that drought imposed at flowering and grain-filling stages leads to significant reductions ragi yield. Similarly, Mude et al., (2020) also reported that intense drought conditions hinder the growth and yield of finger millet. It was observed that drought stress significantly impacted the germination rate and seedling growth of finger millet (Mukami et al., 2019). Ramakrishna et al. identified a gene in the finger millet genome, named EcHSP17.8, and found that it becomes more active under extreme temperature conditions. This suggests that plants may be able to detect their molecular susceptibility to heat, offering valuable insights for further research. (Ramakrishna et al., 2018). On the other hand, Opole et al. (2018) observed that finger millet is particularly sensitive to high temperatures during its reproductive phase, more so than at any other stage of its life cycle. Additionally, their findings highlighted significant variations in grain yield and the number of seeds per panicle under these conditions, emphasizing the importance of considering genetic diversity when seeking heat-tolerant varieties. 
2.4 Disease pest infestation
Finger millet is susceptible to various diseases caused by fungal, bacterial, and viral pathogens, including blast, seedling blight, wilt (or foot rot), Cercospora leaf spot, downy mildew, smut, bacterial blight, ragi mottle streak, and ragi severe mosaic. Among these, blast disease targets the leaves, neck, and spikes of the plant, leading to distorted growth and development, which ultimately affects grain production. In Kenya, this disease can result in average yield losses ranging from 20% to 50%, and in severe cases, it can lead to total crop failure (Odeph et al. 2020). Symptoms of blast appeared during the seedling stage and escalated rapidly during the tillering phase, continuing to affect the plants up to the dough stage, which impacted seed formation and resulted in disease symptoms on the fingers of some plants. Banded blight was noted in only one location, while brown spot was observed in two. If timely measures are not implemented to control these minor fungal diseases, they could escalate into major issues, potentially causing considerable damage and reduced yields. Many plant pathologists across India and Nepal have documented findings related to the occurrence of fungal diseases in finger millet (Patro et al., 2020).
The primary pests affecting finger millet include ear head caterpillars, leaf aphids, armyworms, stem borers, cutworms, and autumn armyworms. (Adikini et al., 2021). Common insects that feed on millet include Schizaphis graminum (green bug) and Blissus leucopterus (chinch bug). These pests cause wilting or plant death, as well as yellowing and deformation of leaves, by feeding on the sap of newly developed whorls and leaves (Akhtar et al., 2012).
2.5 Limited Research and Development: 
Millets often receive less attention and investment in research and development Compared to staple crops like rice and wheat. As a result, there is a lack of technological advancements, effective agronomic practices, and the creation of improved varieties suited for various growing conditions. Despite its nutritional and functional benefits, there is insufficient research and investment in value addition, post-harvest technologies, and product development for food products derived from finger millet (Saleh et al., 2013).
Although biotechnological tools such as molecular markers, genomics, and genetic engineering have been widely applied in other crops, their use in finger millet is still restricted. This limitation is primarily due to insufficient research infrastructure, expertise, and investment in the crop (Ceasar et al., 2014; Kumar & Metwal, 2017). According to Nair and Devi (2024), advancements in plant breeding technology, such as speed breeding, genomic selection, genome editing, and high-throughput phenotyping, have revolutionized crop improvement. By applying these modern techniques, genome-assisted breeding can be utilized to enhance both the yield and quality of finger millet.
2.6 Poor Policies and Market Facilities
Ineffective government policies, such as minimum support prices (MSP), significantly impact finger millet cultivation. Farmers tend to grow crops that offer better economic returns. The Government of India announces the MSP for finger millet annually, and it has been increasing consistently over the years. For the 2022-23 seasons, the MSP was raised by 5.95%, from ₹3,377 per quintal in the previous year to ₹3,578 per quintal (Ministry of Agriculture & Farmers Welfare, 2022). This increase in MSP is intended to encourage farmers to cultivate more finger millet and enhance its productivity. Additionally, finger millet is well-adapted to the Indian climate, thriving in both high and low rainfall regions, making it an important crop for small farmers (Chand et al., 2022).
2.7 Post-Harvest Management:
Yield loss attributed to blast disease was recognized as the primary constraint to finger millet production by 94% of the respondents. In addition to blast disease, the labor-intensive nature of field practices, particularly planting and hand-weeding was reported as a significant challenge by 53% of those surveyed. Bird damage was also noted as an issue by 38% of the respondents. Furthermore, only 22% indicated that they had benefited from training on finger millet production or had received seeds of improved varieties (Kavoo et al 2021). The lack of sufficient infrastructure for storage, transportation, and processing leads to considerable post-harvest losses in millet production. Inadequate facilities prevent farmers from preserving the quality of their crops and efficiently reaching more distant markets.
3. Prospects of Millet Cultivation
Millets have great prospects for cultivation in India, given their adaptability to various agro-climatic conditions and their multiple benefits (Sreekala et al., 2023). 
3.1 Low carbon footprint 
Aishik and Udit (2023) in their review, it was determined that among all major cereal crops, wheat produces the highest greenhouse gas emissions, approximately 4 tons of CO2 equivalent per hectare, followed by rice and maize, which emit around 3.4 tons of CO2 equivalent per hectare. In contrast, millet helps mitigate climate change due to its low carbon footprint, estimated at 3,218 kilograms of CO2 equivalent per hectare. Additionally, millets have the lowest carbon equivalent emissions, at 878 kg C per hectare.
3.2 Health Outcome
 Millets provide significant nutritional benefits, with protein, dietary fiber, iron, and calcium levels that are 2 to 10 times higher than those found in staple cereals such as wheat and rice. Incorporating millet-based foods, which are rich in nutrients and possess anti-inflammatory and antioxidative properties, can contribute to improve health (Sendhil et al., 2023) Finger millet contains bioactive compounds, such as antioxidants and phytochemicals that may offer various health benefits. Research is increasingly focusing on the incorporation of finger millet into functional foods and nutraceuticals (Rajput et al., 2021). From an agricultural perspective, finger millets promote low-input and organic farming practices, requiring minimal water and fertilizer. This approach enhances soil health and supports sustainable farming, benefiting both the environment and farmers. In terms of food security, finger millets significantly contribute due to their nutritional value, adaptability, and resilience. They are an essential staple, especially in areas vulnerable to environmental and market challenges, helping to create a more secure food landscape for many communities 
3.3 Preserving Water Resources
 Millets are well-suited for arid regions, needing only 300-400 mm of water for cultivation. This is significantly less than the water requirements for crops like rice, which needs 1400-1500 mm, and sugarcane, which requires 1900-2000 mm. As a result, millets help conserve essential water resources (Joseph et al., 2023))
3.4 Addressing Malnutrition
 Millets present a powerful solution to malnutrition, offering greater nutritional value than wheat and rice. They release sugars slowly, which helps reduce the frequency of hunger and supports efforts to achieve the Zero Hunger Goal. The future of millet cultivation in India looks promising, and various initiatives aimed at promoting their production and consumption can contribute to achieving multiple interrelated Sustainable Development Goals (SDGs). To expand the reach and impact, numerous activities can be implemented to increase both the area dedicated to millet cultivation and overall production in India.
4. Strategies to improve millet production 
4.1 Production Linked Incentive Scheme for Millet-Based Products (PLISMBP): To encourage the production of millet-based Ready-to-Eat (RTE) and Ready-to-Cook (RTC) products, the Government of India launched the PLISMBP. The scheme, running from 2022 to 2027, provides incentives to companies that achieve at least 10% annual sales growth. It also requires the use of domestically grown millets to support Indian farmers.
4.2 Shree Anna Scheme: The Government of India introduced the Shree Anna Scheme to promote millets, also known as "Shree Anna," as a sustainable and nutritious food source. The initiative aims to boost millet cultivation, consumption, and processing, aligning with the global recognition of 2023 as the "International Year of Millets," as designated by the United Nations. The scheme focuses on increasing millet production and consumption by integrating them into food systems, supporting processing efforts, and fostering research and development. Additionally, it encourages the inclusion of millets in the Public Distribution System (PDS) and school feeding programs.
4.3 Odisha Millet Mission (OMM) :The Odisha Millet Mission (OMM) is a leading initiative at the state level in India aimed at promoting the cultivation and consumption of millets. It is part of a comprehensive strategy to enhance food security, improve nutritional standards, and support sustainable agricultural practices within the state. The mission employs various approaches, such as providing assistance to millet farmers, developing millet-focused value chains, and raising awareness about the nutritional benefits of millets. By highlighting the importance of millets in Odisha's agriculture, the mission seeks to address food security challenges and contribute to the overall well-being of the state's population.
4.4 Millet Village Scheme: The 'Millet Village Scheme' was launched by the Government of Kerala in 2017-18 to promote millet cultivation. This initiative aims to encourage farmers by offering technical training, financial support, and agricultural assistance. In addition to supporting millet production, the scheme also focuses on post-harvest activities, including procurement, processing, packaging, labelling, and distribution of value-added millet-based products.
4.5 Millets Magic-Recipes Contest: The 'Millet Village Scheme' was launched by the Government of Kerala in 2017-18 to promote millet cultivation. This initiative aims to encourage farmers by offering technical training, financial support, and agricultural assistance. In addition to supporting millet production, the scheme also focuses on post-harvest activities, including procurement, processing, packaging, labeling, and distribution of value-added millet-based products.
4.6 Tribal Sub-Plan: The Tribal Sub-Plan (TSP) is a national initiative established by the Ministry of Tribal Affairs to promote the socio-economic development of tribal communities. This program encourages these communities to cultivate millets using sustainable agricultural practices, including organic farming. The various millet-focused development initiatives highlight the government's dedication to advancing millet production throughout India and improving the livelihoods of smallholders and vulnerable populations who may have limited resources.
4.7 National Food Security Mission on Millets (NFSM-Millet): The National Food Security Mission on Millets (NFSM-Millet) is a central initiative launched by the Indian government aimed at promoting millet cultivation. This program provides financial and technical assistance to farmers across the country to support their efforts in growing millets.
4.8 National Mission on Nutri-Cereals: The National Mission on Nutri-Cereals was launched in the fiscal year 2018-19 by the Ministry of Agriculture and Farmers Welfare, following the celebration of the 'National Year of Millets' in 2018. This initiative aims to enhance the cultivation of nutri-cereals, including millets, by increasing millet crop production
4.9  Paramparagat Krishi Vikas Yojana: The Paramparagat Krishi Vikas Yojana (PKVY) was introduced in 2015 by the Ministry of Agriculture and Farmers’ Welfare. Its objective is to promote and encourage organic farming practices among farmers, focusing on improving soil health and management. Under this initiative, farmers are motivated to cultivate millets using eco-friendly and sustainable organic farming methods.
5. CONCLUSION
Finger millet offers significant potential for enhancing food security and promoting sustainable agricultural practices, especially in the semi-arid regions of India including Rajasthan, Himachal Pradesh, Uttrakhand, Kerala and Karnataka. Its adaptability to drought-prone environments and superior nutritional profile compared to staple cereals like rice and wheat make it a vital crop for combating malnutrition and meeting diverse dietary needs. However, the cultivation of finger millet faces several challenges, including cultural biases that classify it as a "low-status" food, adverse climate conditions, pest infestations, and a lack of research and development. These issues highlight the urgent need for targeted interventions to support its cultivation.

To realize the full potential of finger millet, it is crucial to revitalize cultural appreciation for this traditional crop and enhance agricultural practices through improved land preparation, efficient irrigation, and balanced nutrient management. Strengthening agricultural extension services and providing adequate training will empower farmers to adopt sustainable techniques, thereby increasing productivity and resilience. Additionally, implementing effective government policies, such as better market facilities and minimum support prices, will incentivize farmers to cultivate finger millet. By promoting this crop and addressing its challenges, we can foster a more resilient agricultural system that supports food security, nutrition, and environmental sustainability while adapting to the pressing challenges posed by climate change and evolving dietary preferences.
6. FUTURE PROSPECTS
Finger millet has immense potential due to its nutritional benefits, climate resilience, and emerging research. Its gluten-free, nutrient-rich profile is driving demand in the food industry, especially for health-conscious products. Recent advancements in whole-genome sequencing (WGS) and genetic tools like CRISPR/Cas9 are enabling the development of high-yielding, drought-resistant, disease resistant and biofortified varieties. Governments are promoting millet cultivation through incentive schemes, infrastructure support, and market expansion initiatives. The global millet movement, especially after the International Year of Millets (2023), has boosted awareness and investment in its production and commercialization. Despite challenges like low productivity and limited processing infrastructure, ongoing research and policy interventions aim to enhance its viability. With increasing consumer demand and sustainability advantages, finger millet is set to play a crucial role in future food security and health-focused diets. 
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