Unravelling the importance of our rice landraces
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ABSTRACT
Rice (Oryza sativa L.) is a vital cereal crop globally, serving as a staple food with significant nutritional, cultural, and economic importance. Traditional landraces and wild species of rice harbor valuable genetic diversity, including resistance or tolerance to various biotic and abiotic stresses due to the presence of trait-specific genes. These landraces have adapted to local environment over centuries and serve as key resource for breeding resilient and sustainable rice varieties. In addition to their agronomic value, many traditional rice landraces, especially red rice varieties, possess superior nutritional qualities, including higher zinc and iron content, and health-promoting compounds such as anthocyanins and antioxidants. Ancient Indian Ayurvedic texts, such as Susrutha Samhitha and Charaka Samhitha, have documented the medicinal properties of specific rice varieties used in traditional therapies. Preserving landraces is essential for food security and biodiversity conservation.
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INTRODUCTION
Rice (Oryza sativa L.) is a vital cereal crop, serving as the staple food for over half the global population (Sasaki and Burr, 2000). In India, although improved varieties have boosted yield, they often lack essential nutrients (Albahri et al., 2023). Problems like biodiversity loss, monocropping, chemical overuse, declining soil fertility, and water contamination have worsened the food crisis. (Linderhof et al., 2021). Traditional rice landraces are rich in micronutrients (zinc, copper, magnesium, calcium) and possess genes for tolerance to various stresses (Medina-Lozano et al., 2015). However, their cultivation has declined due to the dominance of high-yielding varieties, leading to a loss in genetic diversity (Zhang et al., 2025). Characterizing rice germplasm helps preserve genetic resources and supports breeding programs (Ferrer et al., 2025). Landraces are stable across generations. Characterizing rice germplasm helps preserve genetic resources and supports breeding programs (Salgotra et al., 2023). Landraces are stable across generations (Quazi, 2021) and adaptable to diverse environments (Jurado-Martín ,2021), making them valuable for crop improvement. Their erosion, especially post-Green Revolution, is alarming (Mitra, 2022). Genetic diversity and distance are crucial for effective breeding strategies (Swarup,2021). 
BIODIVERSITY OF TRADITIONAL RICE VARIETIES
Indian rice scientists Anuratha et al. (2025), in their notable work Rice of India, highlighted both ancient and modern literature to demonstrate that India once possessed an extraordinary wealth of over 200,000 distinct rice varieties a level of biodiversity unmatched globally. These diverse varieties represent the centuries-long efforts of countless farmers, particularly women and men of earlier generations, who carefully selected and cultivated rice suited to different climates, soil conditions, landscapes, and farming techniques. For instance, in the Chhattisgarh region of present-day Maharashtra, Dr. Anuradha, alone documented more than 20,000 unique rice varieties.
However, this incredible diversity has been declining steadily, largely due to the expansion of modern plant breeding and genetic technologies. Supporting this concern, Deb (2005), in his book Seeds of Tradition, Seeds of Future, provides detailed morphological information on 416 traditional Indian rice varieties that are now facing the threat of extinction. His work underscores the urgent need to conserve these traditional varieties, which often possess valuable traits like resilience to pests, drought, and floods, as well as superior nutritional and medicinal properties. The loss of such genetic resources could limit future agricultural innovation and reduce resilience to climate change, making their preservation critical for sustainable agriculture and food security.
	State/Region
	Number of Landraces

	West Bengal
	500+

	Odisha
	400+

	Chhattisgarh
	300+

	Assam
	250+

	Tamil Nadu
	220+

	Kerala
	180+

	Andhra Pradesh
	160+

	Karnataka
	150+

	Bihar
	140+

	Uttar Pradesh
	120+

	Maharashtra
	100+

	Gujarat
	60+

	Punjab
	30+

	Haryana
	20+


[image: ]
TRADITIONAL RICE VARIETIES IN INDIA
In 1994, a study by WWF-India across six districts in southern West Bengal identified 137 traditional rice varieties that were still being cultivated by marginal farmers. These indigenous varieties display a wide range of valuable traits, including the ability to withstand drought, tolerate flooding, and grow in poorly drained or low-lying areas. Many of them are naturally resistant to pests and diseases. Some even thrive in saline, alkaline soils, or deep-water conditions, showcasing their adaptability to challenging environments. Importantly, several of these traditional rice types are known for their medicinal and nutritional value, making them especially popular among consumers for both their health benefits and distinctive taste (Deb, 1995).
NUTRITIONAL BENEFITS
Indigenous landraces often exceed modern high-yield varieties, especially those from Manipur (~7.5 g protein, high fiber) and Arunachal Pradesh (~5.2 g fiber). Odisha landraces like Kalamalli and Dudhamani deliver superior iron (up to ~1.5 mg/100 g) and zinc (~0.49 mg/100 g), while pigmented Koraput types spike Fe up to 6.4 mg/100 g, Zn ~1.0. Some Odisha and Manipur landraces have lower phytic acid, improving mineral absorption. Koraput pigmented landraces are high in phenols, flavonoids, vitamins C and E—supporting anti-inflammatory and cognitive benefits. Assam and Eastern aromatic types (Chakhao, Tulshibhog, Kola Joha) also show high free phenol/flavonoid activity. Assam’s Rupahi and Bahadur Sub-1 landraces combine high protein with strong hydration, swelling, and flavonoid content, making them excellent for both nutrition and food processing. Kalanamak rice offers a low glycemic index (49–52) and nearly double the protein of typical white rice, improving satiety and micronutrient intake.
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	Region/Variety
	Protein (g/100 g)
	Fiber (g/100 g)
	Fat (g/100 g)
	Iron (mg/100 g)
	Zinc (mg/100 g)
	Highlights

	Southern Odisha landraces
(e.g. Kalamalli, Kandulakathi, Dudhamani)
	≈ 6.3 (±0.31) 
	≈ 1.6 (±0.09) 
	≈ 0.54 (±0.01) 
	Kalamalli ~1.49, Kandulakathi ~1.42, Dudhamani ~1.39 
	Kalamalli ~0.49 
	Low phytic acid in some; particularly nutrient‑dense accessions.

	Manipur landraces (33 types)
	Mean ~7.5 ± 0.8 
	~5.5 ± 0.4 (total dietary fiber) 
	~3.0 ± 0.3 
	Wide variation; coefficient of variation ≈ 25–32% 
	Similar high Zn variability; generally higher than modern varieties 
	High fiber, low phytate; many micronutrient‑rich types.

	Arunachal Pradesh landraces (33 types)
	—
	≈ 5.22 (brown rice) 
	—
	Average lower than hybrids 
	Average higher Zn than modern rice 
	Minimal milling retains nutrients; strong nutritional edge.

	Koraput (pigmented landraces)
	—
	—
	—
	Range: 3.8–6.4 mg/100 g Fe in pigmented types 
	Range: 0.78–1.005 mg/100 g Zn 
	High antioxidants (phenols, flavonoids, vitamins C & E); nutraceutical potential.

	Assam landraces (e.g. Rupahi, Bahadur Sub-1, Natun Aijong)
	Bahadur Sub-1 ~13.8 g/100 g (highest) 
	—
	Lalpeda highest fat ~4% 
	—
	—
	Strong antioxidant and functional properties; Lalpeda and Rupahi standout.

	Tulaipanji (West Bengal/Assam scented)
	~7.1–7.3 
	—
	—
	—
	—
	Aromatic, high amylose content (~16.7–28%); low glycemic potential aroma.

	Kalanamak (Uttar Pradesh scented)
	~11 % protein 
	—
	—
	Rich in Fe & Zn
	—
	Low Glycemic Index (~49–52); ideal for diabetics.



Traditional rice landraces from Tamil Nadu are rich in essential nutrients and bioactive compounds that contribute to their health benefits (Nandhini et.al,2023). Karuppu Kavuni (black rice) contains high levels of iron (~3.3 mg/100g), fiber (~3.6–3.9 g), protein (~8–9 g), and antioxidants such as anthocyanins, vitamin E, and zinc, making it beneficial for managing diabetes, heart disease, and inflammation (Shanmugavel, B., & Jayaramanathan, V. (2024). Kullakar red rice is rich in iron, zinc (≈2.6 mg/100g), calcium (~50 mg), potassium (~292 mg), and flavonoids (~176 µg/mL), helping to improve heart health and reduce body mass index (Darthiya, M. et.al 2021). Mappillai Samba is known for its high vitamin E content (~26.7 µg/g) and anthocyanins (~42 mg/g), which provide antioxidant and anti-inflammatory properties, support muscle strength, and enhance fertility (Rajagopalan, V et.al 2022). Other landraces like Poongar, Garudan Samba, and Kattuyanam are also rich in iron, dietary fiber, and phenolic compounds, making them ideal for women’s health, detoxification, and managing metabolic disorders. These landraces not only offer superior nutrition but also serve as functional foods with therapeutic value.
	LANDRACES
	PROTEIN (mg/100g)
	PHENOL(mg/100g)
	IRON(mg/100g)

	Karungkuruvai
	~9-10mg
	~42mg
	~8mg

	Mappilai samba
	~11mg
	~38.8mg
	Moderate

	Poongar
	~9-10mg
	Average
	Moderate

	Kattuyanam
	~9.8mg
	~42.3mg
	Rich

	Seeraga samba
	~7-8mg
	High
	Moderate

	Ilupaipoo samba 
	~9-10mg
	Above average
	Moderate

	Thanga samba 
	~8mg
	Fiber rich
	Moderate

	Garudan samba
	~9-10mg
	Moderate
	Moderate

	Karuppu kavuni
	~6-8mg
	~40mg
	~3.3mg

	Arupatham kuruvai
	~9mg
	Moderate 
	moderate

	Kullakar
	15.6mg
	– 140mg
	-4.2mg

	Thooyamalli
	-7.5mg
	-110mg
	-3.2mg

	Kichili Samba
	-7.0mg
	-100mg
	-3.0mg

	Chinnar
	-7.6mg
	-120mg
	-3.5mg

	Sivappu Kuruvikar
	-8.0mg
	-160mg
	-5.0mg

	Kattuyanam
	-7.8mg
	-140mg
	-4.6mg

	Pachai Vadavam
	-7.3mg
	-105mg
	-3.3mg

	Rajamannar Samba
	-7.2mg
	-110mg
	-3.2mg
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RESULT AND DISCUSSION: 
The review of traditional rice landraces in India reveals significant biodiversity across different agro-climatic regions. These landraces exhibit diverse morphological, physiological, and adaptive traits, reflecting their evolution under varied environmental and cultural conditions. The richness in biodiversity highlights the resilience and ecological value of these varieties, many of which are closely tied to local traditions and farming systems. A wide array of morphological traits, such as plant stature, panicle architecture, grain type, and pigmentation, were observed, demonstrating both stability and variability across different landraces. This diversity not only supports in-situ conservation but also offers valuable traits for modern breeding programs. Many of these landraces are known for their unique stress tolerance, disease resistance, and adaptability, making them crucial for future agricultural sustainability and climate resilience. In addition to morphological and ecological diversity, traditional rice landraces in India possess distinct nutritional profiles. Several varieties are reported to be rich in essential nutrients such as iron, zinc, antioxidants, and dietary fiber, often surpassing modern cultivars in nutritional value. This makes them highly relevant in addressing nutritional security, especially in rural and tribal communities. The integration of their nutritional strengths with their genetic and ecological significance emphasizes the importance of conserving and promoting traditional rice varieties in India.
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Rice Landrace Diversity by Indian State (Simulated Heat Map)
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Nutritional Profile of Selected Rice Landraces
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Iron Contribution by Local Rice Landraces
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