


Role of Landrace Varieties in Promoting Sustainable Agriculture in the Upper Kosi Watershed in the Mid-Himalayan Region	Comment by Imrankhan Jiragal: Below this, add the author's name and affiliation


Abstract
In recent decades, the rapidly growing population, increasing food demand, and modernization of agriculture have put pressure on landrace varieties, leading to the adoption of new crop varieties. Preservation of landraces is essential from the perspective of climate change and environmental sustainability, in the region. Therefore, becomes more important to identify and study landrace varieties at the local level, as they are crucial for the Himalayan agro-ecosystems. The market value of traditional crops is high due to their organic cultivation. They contribute to economic growth and are more nutritious than high-yielding varieties. These crops are in high demand, because of their unique taste. The present study aims to identify landraces in the region. Primary data were collected through field surveys, and all local varieties were identified with the help of local respondents. This study includes identification of local landrace varieties across different altitude zones and the role of new varieties are replacing and mixing with landrace crops in the fields. Such observations raise concern about the ongoing erosion of landraces.	Comment by Imrankhan Jiragal: Add one sentence on the study area and sample size
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1.0 Introduction
Uttarakhand is rich in agricultural biodiversity, particularly in the mid-Himalayan region, where traditional farming systems have preserved a wide range of landrace varieties of crops. Modernization in the field of agriculture has replaced traditional crop varieties with high-yielding varieties, which has raised serious issues for the Himalayan ecosystem including erosion of agrobiodiversity. Landrace varieties are essential for preserving biodiversity, ensuring long-term sustainability, and providing climate resilience (Lazaridi et al., 2024) Traditional varieties are regionally adapted, more nutritious than high-yielding varieties, and provide many health benefits (Santiago et al, 2025). They are largely free from harsh chemicals and fertilizers, making them more organic and sustainable (Kumar et al., 2020). Traditionally, the cultivation of landraces and indigenous crop varieties allowed farmers to withstand harsh climatic conditions and various biotic stresses (Puneeth et al., 2024). Their rich genetic diversity made them crucial for maintaining food security (Benlioğlu & Adak, 2019). Climate change threatens agriculture by reducing crop yield and quality, while weakening tolerance to abiotic and biotic stresses (Kumar et al., 2025). Developing improved varieties with better yield, quality, and resilience has therefore become essential. In this regard, the rich genetic diversity of indigenous varieties and landraces offers great potential for sustainable crop improvement (Lazaridi et al., 2024).	Comment by Imrankhan Jiragal: Explain the Upper Kosi Watershed structure and size in dimensions
In the Upper Kosi watershed, many landrace varieties are grown, which form part of the heritage of the Himalayan agricultural ecosystem. In this area, traditional varieties of rice, wheat, millets, pulses, and spices are cultivated, which play an important role in the livelihoods of farmers. These landraces are cultivated through organic methods, which provide uniqueness in terms of taste and nutritional value. Many landrace varieties are gradually disappearing, which is a matter of concern. Several varieties that were cultivated a few years ago are now being lost because farmers have started using new seeds. The main reasons for this are the unavailability of traditional seeds and the lack of proper conservation of these landraces. If these varieties are lost, the regional ecosystem will be disturbed. New seed varieties are highly vulnerable to climate change because they are not adapted to local conditions. In particular, modern varieties require nutrient-rich soils, higher amounts of chemical fertilizers, and more water, which is unsuitable for comparatively poor soils in most parts of the study region. This not only disrupts traditional organic farming but also impacts the environment negatively. Therefore, it is essential for the government to take measures to preserve landraces.
4.0 Methodology
Study Area	Comment by Imrankhan Jiragal: Please explain why this study area has been selected
The Upper Kosi watershed is located in the Lesser Himalayas, in the mid-eastern region of Uttarakhand. Geographically, it lies between 29°33′47″ N to 29°52′20″ N latitude and 79°33′12″ E to 79°48′11″ E longitude, within Almora district (Fig.1). The watershed covers an area of about 463.5 km², with elevations ranging from 1,041 m to 2,717 m above mean sea level. It encompasses more than 323 villages and 8 towns. The Kosi River, a non-glacial river originating from Dharpani Dhar at an elevation of 2,500 m, is the principal river of the watershed. Administratively, the area includes the western part of Almora tehsil, covering Takula and Hawalbag blocks. Out of the total watershed area, approximately 60.27 km² (13%) is under agricultural use.	Comment by Imrankhan Jiragal: Add the population of the study, sampling size, and the method you used for the data analysis in this study
[image: ]	Comment by Imrankhan Jiragal: Mention the name of location area in India and the Uttarakhand map 
Fig.1: Location Map of Study area
3.0 Objective
· To identify and document the existing landrace varieties cultivated in the Upper Kosi watershed.
· To analyse the role of landrace varieties in promoting sustainable agriculture.
For the purpose of this study, based on landrace varieties the Upper Kosi Watershed has been selected. Primary data are mainly used, while many research papers were reviewed for the literature. The study is based on both primary and secondary data sources. Data on local varieties were collected from field surveys at different altitudes. Location maps were prepared using ArcGIS.

5.0 Result and Discussion
In the study area, a wide range of landrace varieties are cultivated through traditional practices. Compared to modern cultivars, these landraces exhibit unique characteristics in terms of yield potential, plant morphology, taste, and nutritional composition. These varieties also differ from one area to another, depending on water availability and land type. For example, in this region, the varieties cultivated in Talaon land (irrigated areas) are different from those in Upraon land (unirrigated areas), although some varieties are common to both. These landraces have traditionally been used by farmers and are well adapted to the local climatic conditions. For identifying the landrace varieties in the study area, three major crops were used for the survey: rice, wheat, and finger millet.
5.1 Survey-Based Identification of Landrace Varieties
The data indicate that climatic and geomorphic factors play a crucial role in determining the cropping pattern of the region. Farmers predominantly cultivate indigenous crop varieties adapted to local climate and elevation (Table-1). Field observations revealed that improved basmati rice is being introduced in the Someshwar valley; however, in Talaon (irrigated land) areas, these varieties mature slowly and demand high water and fertilizer inputs, restricting their cultivation to a few farmers on a trial basis. In contrast, unirrigated land (Upraon) villages such as Raun continue to grow traditional basmati landraces. Below 1200 m, Upraon rice dominates due to sloping terrain and limited water availability, with wheat and finger millet grown mainly in unirrigated fields. At elevations above 1200 meters, traditional rice varieties such as Cheena Dhan (Chaina), Thapli, Magrad (Laal Dhan), Dudha, Pigala (Pigau), Kala Thuni, Basmati, Gajau, Kala Dhan, Bateshu, Jolly Rice, Damru, Thapchani, Chhota Dhan, and Laal Dhan are commonly grown. 
Ambala Gehu is generally a desi variety mainly grown in Haryana, and it is not a landrace variety of the study region. It is an adopted variety that provides higher yields than local varieties. In this elevation, Mungari, Laal Gehu, Dhusyau, and Band Gehu (in unirrigated land) are commonly grown. These varieties are cultivated in both irrigated and non-irrigated lands. The adoption of desi varieties indicates that, over the years, landrace varieties may get mixed or replaced. This elevation zone is well known for millet production, especially finger millet. The commonly grown landrace varieties include Garhwali Madua, Jhumki, Kala Madua, Pahari Madua, Laal Madua, Balri Madua, Nagchuni, Dhun Madua, Dhuniyau, Kumauni Madua, Balaria, Palari, and Dhun. In addition, many farmers in this region also cultivate improved finger millet varieties received from Vivekananda Parvatiya Krishi Anusandhan Sansthan (VPKAS), Almora, (ICAR). Documenting farmers’ knowledge of landrace diversity and connecting it with food traditions, cultural practices, and social values plays a crucial role in on-farm conservation. Such recognition can also strengthen their competitive position, especially when farmers have access to alternative livelihood options (Mehta et al., 2019).
In the study area between 1200–1400 m, both Upraon and Talaon rice varieties are cultivated. Thapchani and Chhota Dhan are common in irrigated fields, while other rice varieties and finger millet are mostly confined to unirrigated land. A wide range of rice landraces are cultivated in this area, including Naan Dhani, Chhoti Dhan, Dhur Basmati (Laal Dhan), Dudh Dhan, Thapchani (Talaon), Jhushau Dhan (Upraon), Bada Dhan, Chhota Dhan, Laal Dhan, Govinda Rice, Chaina Dhan, Deshi Dhan, and Kauchuni Dhan. Among these, Dhur Basmati, which has a distinct red color, is locally regarded as beneficial for individuals with diabetes. The presence of such a large number of varieties reflects the rich agro-biodiversity and the well-preserved traditional knowledge of farming communities in this region. At this elevation, several wheat varieties are cultivated. Among them, Deshi Gehu is not a landrace, whereas Pahadi Gehu, Safed Gehu, and Laal Gehu are traditional landrace varieties. Among the finger millet landraces, Kala Madua is widely cultivated in this region, primarily due to its distinct grain color and unique taste, which make it highly preferred by local communities.
At the elevation 1400–1600 m, both land types coexist, with rice largely grown in irrigated fields. Chainafor Dhan and Nani Dhan are considered superior valley varieties, while Bakula Dhan, Laal Dhan, Hara Dhan, Okhayan, Siyara, and Badpash are typical upland rice varieties requiring less water and different planting methods. At this elevation, a diverse range of rice varieties are cultivated, including Thapchani, Hari Dhan, 420 Dhan, Chainafor (considered superior in quality), Vikas (not traditional), Punjabi Dhan (not traditional), Basmati (though not well adapted to local conditions), Nani Dhan (highly preferred), Hara Dhan, Bakula Dhan (grown in Upraon fields), Kaushoni, Neem Padi, Bhimtoli, Naan Dhan, Chhota Dhan, Rajmati Dhan, Balari, Laal Dhan, Patoli, Kala Dhan (Kawthunia), Okhayan (an Upraon type requiring less water), Siyara, and Badpash. The cultivation of such a wide spectrum of varieties highlights the region’s rich agro-biodiversity and the adaptability of traditional rice farming systems. Vikas, Punjabi Dhan, and Basmati (which has not been successful in this region) are not traditional varieties. Wheat is cultivated in both irrigated and unirrigated areas. The main varieties grown in this region are Deshi Gehu, Pahadi Gehu, Safed Gehu, and Laal Gehu. Among them, Deshi Gehu is not a local landrace but a variety introduced from outside the region. Most landrace varieties are named according to their distinct morphological traits, including grain color, size, and shape, along with their regional origin, which reflects the close link between local agro-ecological conditions and traditional knowledge systems. Finger millet is predominantly cultivated in unirrigated lands, although in some cases it is also grown in Talaon (irrigated) fields. Kala Madua, Laal Madua, Chaumasi Madua, Jhumari, Gol Madua, Nangchuni, Dhuniyau, Pachhori, Agholi, Naukhuni, Jhaki, Doda, Madai, Bhadi, and Garhwali are well-known finger millet varieties grown at this elevation.
 At elevations of 1600–1800 m, rice production is restricted on hill slopes due to dependence on rainfall, leading most farmers (e.g., in Deolikhan) to focus on millets and pulses. However, valley areas near rivers support rice and wheat because of better irrigation. Villages such as Kantali, Bachurari, and Lod Batuliya, located in the northern watershed, are noted for their favorable soil and water conditions, making them important rice and wheat producers. Both upland and lowland rice and wheat varieties are grown here, along with some hybrids like Sava Dhan. Varieties such as Badpasa, Laal Dhan, and Bakula are common on unirrigated land, while others are cultivated in irrigated fields. At this elevation, many rice varieties are cultivated, including Pagati Dhan, Pappu Dhan, Thapchani, Badpasa, Laal Dhan, Punjabi Dhan, Naan Dhan, Chhotu, Controli, Basmati, Chaina, 420, Aakari Dhan, Sava Dhan (Hybrid), and Bakula. In the northern part of the study region, particularly within the river valley areas, this elevation is recognized as an important wheat-producing zone. A wide range of landrace varieties are traditionally cultivated; however, in recent years some farmers have also adopted hybrid varieties to enhance yield and productivity. Laal Gehu, Safed Gehu and  Pahadi Gehu, are well-known landrace varieties in this region, while Deshi Gehu and Raj Gehu a high-yielding improved varieties adopted by some farmers. Finger millet is primarily grown on unirrigated land. The major finger millet landraces cultivated in this region include Laal Madua, Kala Madua, Gol Madua, Jhumki (also known as Jhumari), and Lumaria Madua. These varieties are well adapted to local agro-ecological conditions and are valued for their nutritional quality and cultural significance.
Above 1800 m, in Syahi Devi village, only the Dhusyau Gehu wheat variety is grown. It is commonly known for its drought resistance and is mainly cultivated in Upraon (rainfed) land. Above 1800 m, wheat production has already declined considerably, and the 2025 survey confirmed that only a few farmers cultivate it on small plots, contributing negligibly to total output. In this region, rice and millets are generally not cultivated by farmers. Instead, pulses such as Rajma (a traditional variety) and maize are grown. The area is mainly known for apple and kiwi orchards, along with the cultivation of local vegetables.
Table 1: Distribution of Landrace Varieties Across Different Altitude Zones in the Upper Kosi Watershed.
	S.No.
	Elevation Range (meters)
	Village
	Indigenous Crop Varieties

	
	
	
	Rice
	Wheat
	Madua

	1
	>1200
	Raun, Matela, Tani, Pharka, Sunola Talli
	Cheena dhan (Chaina), Thapli, Magrad (Laal dhan), Dudha, Pigala(Pigau), Kala Thuni, Basmati, Gajau, Kala dhan, Bateshu, Jolly Rice, Damru, Thapchani, Chhota Dhan, Laal dhan.
	Ambala Gehu (not indigenous), Mungari, Laal Gehu, Dhusyau, Band Gehu.
	Garhwali Madua, Jhumki, Kala Madua, Pahari Madua, Laal Madua, Balri Madua, Nagchuni, Dhun Madua, Dhuniyau,  Kumauni Madua, Balaria, Palari, Dhun.

	2
	1200-1400
	Bhaisori, Bergaon, Beh, Baman Falya
	Naan Dhani, Chhoti Dhan, Dhur Basamati (Laal Dhan, good for diabetes), Dudh Dhan, Thapchani (Talaon), Jhushau Dhan (Upraon),Bada Dhan, Chhota Dhan, Laal Dhan, Thapchani, Govinda Rice, Chainafor, Deshi Dhan, Kauchuni Dhan,Thapchani (Talaon).
	Deshi Gehu (not indigenous), Pahadi Gehu,Safed Gehu, Laal Gehu.
	Kala Madua

	3
	1400-1600
	Salonj, Gurura, Falyati, Sunoli Maufi, Pankot, Maichor, Kwairala
	Thapchani, Hari Dhan, 420 Dhan, Chainafor (best), Vikas, Punjabi Dhan (not landrace), Basamati (not successful), Nani Dhan (best), Hara Dhan, Bakula Dhan (Upraon), Kaushoni, Neem Padi, Bhimtoli, Naan Dhan, Chhota Dhan, Rajmati Dhan, Balari, Laal Dhan, Patoli, Kala Dhan (Kawthunia),Okhayan (Upraon land, needs less water), Siyara, Badpash.
	Safed Gehu, Laal Gehu, Deshi Gehu, Pahadi Gehu,Vikasha Gehu, Dogari, Dhusyau, Pachhadi Gehu.
	Kala Madua, Laal Madua, Chaumasi Madua,Jhumari, Gol Madua,Nangchuni, Dhuniyau, Pachhori, Agholi, Naukhuni ,Jhaki, Doda, Madai, Bhadi, Garhwali.

	4
	1600-1800
	Deolikhan, Kantali, Bachurari, Lod Batuliya
	Pagati Dhan, Pappu Dhan, Thapchani, Badpasa, Laal Dhan, Punjabi Dhan, Naan Dhan, Chhotu, Controli, Basamati, Chaina, Controli, Laal Dhan,420, Aakari Dhan, Sava Dhan (Hybrid), Bakula.
	Laal Gehu, Safed Gehu, Pahadi Gehu, Deshi Gehu, Raj Gehu (high-yield improved variety).
	Laal Madua, Kala Madua, Gol Madua, Jhumki (Jhumari), Lumaria Madua,

	5
	<1800
	Syahi Devi
	Nil
	Dhusyau Gehu
	Nil


(Source: Field survey ,2021)
5.2 Erosion of Landrace Diversity
The modernization of agriculture has led to the replacement of landrace varieties with high-yielding varieties. This shift is primarily due to the higher productivity of modern varieties compared to local landraces. However, this has caused the erosion of landrace varieties and the associated traits of the agro-ecosystem in the study region. This is likely to become a major issue in the future, yet the agricultural department is not fully aware of it. It is very important to preserve landrace varieties, as the loss of traditional local crops represents a loss of agro-biodiversity and cultural heritage in the region. In the study area, 80.37% of farmers still cultivate landrace varieties, while 19.63% use both traditional and new/improved varieties (Table-2). The data in the table indicate the recent decline of landraces due to the adoption of new crop varieties, which is a matter of concern for preserving local varieties. In the study area, several high-yielding, improved, or new varieties were also identified during the field survey, such as Punjabi Dhan, Basmati, Vikas Dhan, Sava Dhan, Ambala Gehu, Deshi Gehu, and Raj Gehu. These varieties are also being used by farmers in the region. Even local respondents in Raun village also use high-yielding varieties of finger millet.  In areas above 1800 m altitude, farmers generally do not use high-yielding varieties due to steep slopes and limited water availability. However, in lower altitude zones above 1800 m, farmers have adopted high-yielding varieties, particularly for fruit crops.	Comment by Imrankhan Jiragal: Table 2 shows that Traditional varieties are used more by respondents than improved varieties, so what is the reason behind that? Explain it 
Table-2: Distribution of Traditional and New/Improved Crop Varieties used by Respondents across Different Altitudinal Zones.
	S.No.
	Elevation (m)
	Respondents
	Traditional Varieties used by Respondents  
	New/Improved Varieties (along with Traditional Varieties) Used by Respondents

	1
	>1200
	22
	18
	4

	2
	1200-1400
	17
	13
	4

	3
	1400-1600
	34
	28
	6

	4
	1600-1800
	32
	25
	7

	5
	<1800
	2
	2
	0

	Total
	107 (100%)
	86 (80.37%)
	21 (19.63%)


(Source: Field Survey, 2021)
5.3 Contribution of Traditional Varieties to Agrobiodiversity
Conserving crop biodiversity is essential for sustaining ecosystem health and building resilience against climate change. Landraces (traditional varieties) are especially valuable because they preserve genetic variation and often perform better under stress compared to hybrids or high-yielding varieties (HYVs). Being naturally adapted to local soils and climates, landraces are more tolerant of climatic extremes such as heat stress, erratic rainfall, drought, and pest or disease pressures. In the study area, farmers in the Upraon region (rainfed lands) have long cultivated millet varieties, which are well-suited to drought-prone conditions. These crops can endure both excessive rainfall and extended dry spells, making them among the most reliable options for ensuring food security and nutrition in the region. By cultivating landraces, farmers maintain multiple crop types, which helps preserve crop varieties and agro-biodiversity. These varieties serve as powerful tools for sustaining the agro-ecosystem. Mixed cropping systems are also beneficial, as they help retain soil moisture, reduce soil erosion, and provide resilience against climatic irregularities. In the hill region of Upraon, farmers grow rice, maize, and barnyard millet, and in some areas, finger millet, together in the same field. This system provides three crops at one time. If drought occurs, maize and finger millet, being more tolerant of dry conditions, are likely to survive. This means the system offers resilience—if one crop fails, another can still provide a good return. Acknowledging this significance, the Government of India is actively encouraging millet cultivation as climate-smart agriculture to strengthen long-term sustainability. However, field surveys revealed that farmers have also adopted high-yielding varieties, which has led to a decline in traditional varieties, thereby disturbing local agro-biodiversity and the ecosystem. Therefore, it is important to maintain local crops and preserve landraces.	Comment by Imrankhan Jiragal: For 5.3, 5.4 and 5.5, add a data table
5.4 Role of Landraces in Promoting Organic Farming and Marketing	Comment by Imrankhan Jiragal: Where is the data table? Add it
	The demand for organic farming is increasing today because people are becoming aware that food grown with chemical fertilizers can be harmful to health and may lead to various health-related issues. Everyone is moving towards organic food, but a major issue is that a large portion of farming is still dependent on high-yielding varieties, which require heavy use of chemical fertilizers. The modernization of agriculture, especially after the Green Revolution, has led to a continuous increase in fertilizer use day by day. As a result, many people are now becoming aware of the health issues associated with chemically grown crops. Even fruits and vegetables are often cultivated and preserved with high amounts of chemical inputs, raising serious concerns about food safety and sustainability. In India, most Himalayan states follow their traditional roots and still practice organic farming; for example, Sikkim. To maintain environmental quality and traditional farming, the Sikkim Legislative Assembly passed a resolution in 2003 to make the state fully organic. The use of chemical inputs and subsidies was banned, and in 2016 Sikkim was officially declared India’s first fully organic state. India is one of the largest producers of organic food. Globally, the USA, European countries, China, and Canada have the largest organic food markets. India exports most of its organic produce to the USA and European countries (Gurung et al.,2021).
In the study region, 80.30% of crops produced are organic landraces. People mainly focus on landrace varieties, which are considered tastier than market food. These varieties do not require chemical fertilizers, as farmers rely on animal manure mixed with grass and leaves. This practice is more effective and supports organic farming. These landrace varieties have been cultivated for a long time and are well adapted to local climatic conditions. The local farmers possess extensive knowledge of which varieties are suitable for different types of land, such as Upraon (unirrigated) and Talao (irrigated) lands. Owing to their traditional knowledge, crop cultivation is organic and well-structured in accordance with the regional climate and geomorphic features.
Presently, due to the harsh use of chemicals in farming, people are negatively affected and facing many health issues. As a result, the demand for organic food is increasing, and its value is higher than that of chemically produced food. Many online platforms and food and beauty brands are also promoting organic products in response to consumer demand. If local landrace varieties of wheat, rice, pulses, millets, and spices are marketed and sold online, farmers can receive a good income. However, awareness among farmers is very important regarding where and how to sell their products. Online platforms such as Amazon, Meesho, and Flipkart, which are available in the region, can also help local farmers sell their products, supporting the growth of organic businesses. Developing dedicated websites can also provide an effective platform for marketing organic products. In Uttarakhand, several farmers have already begun selling items such as ragi flour, traditional pulses, pahadi salt, and ghee through online channels. Organic food in the study region is mainly supplied through local markets and mandis. Local people show interest in organic food; however, due to migration, employment outside agriculture, and limited landholdings, many are unable to practice farming themselves. Still, they prefer purchasing organic produce from local markets, which benefits farmers by providing direct sales opportunities. Perishable crops, especially vegetables, are sold quickly in local markets. For example, in the Someshwar area, farmers sell potatoes directly from the field to customers as well as in the Haldwani mandi. Similarly, Takula is a good producer of taro, and local farmers market their produce both locally and in nearby mandis.
5.5 Landraces as Foundations of Sustainable Agriculture
Mountainous agriculture in the mid-Kumaon Himalaya is characterized by steep slopes, fragmented landholdings, fragile soils, and unique climatic conditions (Tarolli et al., 2020). Terrace farming is the dominant practice, while land is traditionally divided into Upraon (unirrigated) and Talaon (irrigated). Valley regions with loamy soils support rice and wheat, whereas hilly ridges rely on millets and pulses. Farms are small and scattered due to inheritance divisions, making fencing costly and challenging. Wild animal interference and limited irrigation add further difficulties. The study region falls under the mid-Kumaon Himalayan region, which has rich agricultural diversity. In this area, agricultural practices are found both on hilly ridges and in the lower river valley regions. Geomorphic landforms also determine the type of crops grown in the region. The riverine alluvial land is mainly used for cultivating rice and wheat due to better water availability and loamy soil. In contrast, the hilly ridges, where irrigation facilities are lacking and agriculture depends entirely on rainwater, are primarily used for growing millets, pulses, and unirrigated rice and wheat. This region is mainly characterized by mixed and intercropping patterns. Farmers traditionally practiced subsistence farming, but they are now shifting towards commercial agriculture to increase income. Although traditional farming is still practiced, it is gradually being replaced by modern methods due to time constraints and limited labour availability. In the Himalayan region, agriculture faces many challenges, yet it remains the lifeline of rural livelihoods. Therefore, adopting a sustainable approach in agriculture is essential, as it is a key pillar of sustainable development in the study area. Climate change is one of the major challenges affecting agriculture in the Himalayan region. Extreme weather conditions have also impacted crop productivity. Due to climate change, the shifting of rainfall months has affected cropping patterns. At times, heavy rainfall and, at other times, drought are major reasons for agricultural instability. According to the book Climate Change in Uttarakhand: Current State of Knowledge and Way Forward (Singh et al., 2015), various studies indicate that climate change has significantly impacted marginal and small farmers. They face food security issues and have experienced increasingly erratic weather patterns in recent years. Crop selection has become one of the major challenges due to climatic shifts. In Uttarakhand, the monsoon period has shifted from July–August to August–September. In 2010, cloudbursts destroyed nearly 30% of the crops. The agricultural land in the Someshwar Valley region is highly affected by floodwaters and mud during the monsoon season. This region is particularly sensitive to cloudburst events, which often destroy crops. In 9 May 2024, the Chanoda area was impacted by a cloudburst that damaged many houses and agricultural fields. Between August 5 – 6, 2025, heavy rainfall affected a large portion of the agricultural land. Due to the intense rainfall, the river changed its course toward the farmlands, resulting in the destruction of a large area of paddy crops. This event severely impacted the agricultural lands of Adhuria, Surf Jaal, Palyura, and Manan, where water and mud completely inundated the fields and destroyed the standing crops. The study also notes that increasing temperatures have led to shorter snow periods, declining apple yields, and the upward shift of apple-growing zones due to reduced snowfall. The shortening of the winter (Rabi) season has further impacted crop cycles. However, some advantages were observed, such as successful cultivation of cabbage, peas, and tomatoes at higher elevations. Rising temperatures and humidity have also created favorable conditions for pests like Coleoptera (kurmula), which damage crops during early growth stages. Hailstorm events have also shifted from March to late May, destroying fruit crops during flowering and damaging wheat crops during the harvesting period. 
The high-yielding varieties (HYVs) developed in research centres are often drought-tolerant, flood-tolerant, and heat-resistant. These varieties produce higher yields, but their major drawback is that they require more water availability for irrigation and large amounts of chemical fertilizers. HYVs are bred for rapid growth and high productivity, which also means they extract more nutrients from the soil, particularly nitrogen, phosphorus, and potassium (NPK). In the study area, HYVs have not been widely successful due to sloping land, soil texture, and the lack of sufficient irrigation facilities, especially for rice varieties. During the field survey, it was observed that only in valley regions a few farmers experimented with HYVs’ rice, but many reported that these varieties were not successful in their fields. Instead, farmers in this region mainly cultivate mixed landrace varieties, which are better suited to climate resilience. If one crop is damaged by climatic impacts, another crop can still fulfill household food requirements. Landraces also require less water, fewer fertilizers, and are naturally adapted to local climatic and soil conditions. These traditional varieties support organic farming, as farmers primarily use compost prepared from farmyard manure of domestic animals. In earlier times, no chemical fertilizers were used at all, though nowadays some farmers apply small amounts of urea for plant growth. Organic farming is not only more nutritious and healthier but also has higher market value compared to chemically grown HYVs, due to its unique taste and health benefits. Therefore, it is very important for local farmers to preserve their landraces, as they sustain ecosystems, conserve agro-biodiversity, and provide significant health benefits. The taste and quality of these traditional crops cannot be found elsewhere—they are truly the gems of the Himalayas and an integral part of local culture. At the micro level, sustainable agriculture uses eco-friendly practices on small to medium farms, ensuring fair income distribution and social stability. Organic and integrated farming follow this model. For the sustainability of agriculture, economic and social sustainability are equally important. From an economic perspective, it is essential to promote high-value landraces of crops that suit the local climatic conditions, such as millets (finger millet, barnyard millet, foxtail millet, sorghum, amaranth millet, etc.), which are highly nutritious foods. Pulses are also valuable, being rich in protein and fiber, and are widely grown in this region. The market value of Pahadi pulses (traditional varieties) such as black bean, red lentil, and horse gram is high; although these lentils are grown across the country, their taste is unique in the Himalayan region. Corn also contributes to farmers’ economic growth, as it is sold directly to tourists as corn chaat or with chutney, and even along highways by farming families. Additionally, corn flour has a good market price. Local spices like ginger, garlic, and turmeric also hold high market value. Social sustainability is equally important because without it, economic and environmental goals cannot be achieved. Farmers in the Himalayan region have traditionally lived close to nature and practiced eco-friendly farming methods such as terrace farming, bund construction, organic composting, organic farming, and the use of landraces. However, modernization has brought environmental challenges, and there is a need to provide training to the younger generation to maintain these practices. Promoting smallholders, cottage industries, and preserving traditional crop varieties is crucial for achieving agricultural sustainability and ensuring food security, biodiversity conservation, and cultural preservation.
6.0 Conclusion 
Landrace varieties, also known as traditional varieties, play a vital role in the agro-ecosystem and sustainable development. In the study area, the adoption of high-yielding varieties has led to a decline and mixing of local landraces, making their preservation very important. Local varieties are more climate-resilient and well-suited to local conditions, providing benefits during climate change impacts. Their unique taste and organic cultivation make them more nutritious than high-yielding varieties. Farmers possess extensive knowledge of these landraces, and it is crucial to pass this traditional farming knowledge to the next generation to maintain the ecosystem and preserve the uniqueness of Himalayan agriculture.
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    Role   of Landrace Varieties in Promoting Sustainable Agriculture in the  Upper Kosi Watershed  in the Mid - Himalayan Region       A bstract   In recent decades, the rapidly growing population, increasing food demand, and  modernization of agriculture have put pressure on landrace varieties, leading to the adoption of  new crop varieties.  Preservation of landraces is essential f rom the perspective of climate change  and environmental sustainability,  in  the region.  Therefore , becomes more   important to identify  and study landrace varieties at the local level, as they are crucial for the Himalayan agro - ecosystems.   The market value of traditional crops is high due to their organic cultivation. They  contribute to economic growth and are more nutritious than high - yielding varieties. These  crops are in high demand,  because of  their unique taste . The present study aims to identify  landraces in the region. Primary data were collected through field surveys, and all local  varieties were   identified with the help of local respondents.   This study  includes  identification  of local landrace varieties across different altitude zones and  the role of  new varieties are  replacing and mixing with landrace crops in the fields.  Such observations raise concern about  the ongoing erosion of landraces.   Keywords:  landrace,  sustainability, organic, high yield, erosion.   1.0  Introduction   Uttarakhand is rich in agricultural biodiversity, particularly in the mid - Himalayan  region , where traditional farming systems have preserved a wide range of landrace varieties of  crops.   Modernization in the field of agriculture has replaced traditional crop varieties with  high - yielding varieties, which has raised serious issues for the Himalayan ecosystem  includ ing   erosion of agrobiodiversity.   Landrace varieties are essential for preserving biodiversity,  ensuring long - term sustainability, and providing climate resilience   ( Lazaridi   et al., 2024)   Traditional varieties are regionally adapted, more nutritious than high - yielding varieties, and  provide many health benefits   ( Santiago   et al, 2025) . They are largely free from harsh chemicals 

