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Abstract
A comprehensive understanding of the underlying indigenous uses of forestry resources is crucial for the implementation of forestry interventions for agricultural support and bioenergy security in the cold deserts of the Leh Himalaya, India. The study explored the diversity of forestry species, including their familial classifications, the plant parts employed, and the methods of utilization for agricultural support and bioenergy security within local communities in the Leh Himalaya. A multi-stage random selection technique was used to collect data from 185 sample families chosen from nine villages and five blocks. Data were collected through structured interviews and non-participant observations, and were subsequently analyzed using basic descriptive statistics. About 10 (5.98%) species of forestry plants, distributed across 6 genera and 5 families, were utilized by the local population for agricultural support. In contrast, the bioenergy plants comprised 19 (11.19%) species belonging to 14 genera and 12 families. All the plant parts, including bole (14), whole plants (11), leaves (11), twigs (7), branches (5), roots (1), stems (1) and entire plants (1), were utilized to support the day-to-day agricultural activities and bioenergy security. The 29 species included 13 trees, 12 shrubs, and 4 herbs that were used for agricultural support and bioenergy security. The important families providing the agricultural support and bioenergy security were Salicaceae (12), Fabaceae (2), and Rosaceae (2). The extensive utilization of forestry resources for livelihood security among local people indicated that livelihood intensification through forestry interventions should be given topmost priority for their all-round development.	Comment by Chandrima Debi: Not relevant in Abstract section	Comment by Chandrima Debi: Pl. restructure and reframe the sentence
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Introduction
[bookmark: _Hlk212393982]Exploitation of forestry resources is a common way for agricultural support in terms of compost, manure and mulches, boles for sheds/ store houses, nitrogen fixation, poles for ladders, scaffoldings, watch tower etc. among forest fringe dwellers (Banday et al., 2019). Forestry resources support agriculture through environmental regulation (soil, water, and temperature), direct material provision (like fodder, fuel, and building materials), and income generation from both timber and non-timber products (Islam et al., 2021a). Practices like agroforestry integrate trees into farmlands to enhance sustainability, productivity, and resilience against climate shocks like drought (Bhat et al., 2019). Forestry tree roots improve soil structure and water retention, while canopies and roots help prevent soil erosion and protect against floods (Gowher et al., 2025). Trees regulate temperature through shade and reduce the impact of drought (Behar et al., 2025). They also improve water quality and help manage the water cycle (Fatima et al., 2024). Trees provide essential habitats for pollinators and other wildlife that can help with pest control (Dar et al., 2022). Forestry provide fodder for livestock, and offer shade, helping to support animal health and productivity (Islam et al., 2021b). Forestry resources are used for building fences, making tools, and even creating plant-based insecticides (Islam et al., 2017). Forestry resources provide food (fruits, nuts, etc.) and fuel for cooking and preservation, which can supplement agricultural products (Bhat et al., 2022). Trees and other forest products are a valuable source of cash income, especially during times when agricultural income is low (Islam et al., 2021a). Forestry resources provide a storable source of food or income when crops fail due to drought or other problems (Bhat et al., 2022). Supporting markets for tree and forest products allows farmers to turn trees into a viable, market-driven cash crop (Islam and Quli, 2016a). The studies (Sarmah and Arunachalam, 2011; Shackleton and Pandey, 2014) reported that the forestry species contribute to higher production of fruits and crops by the soil stabilization, erosion prevention, enhancement of the land’s capacity to store water, enhancement of soil fertility, improvement of soil structure and moderation of air and soil temperatures. 	Comment by Chandrima Debi: Pl. follow journal guidelines for italicising fonts etc.
	Comment by Chandrima Debi: The sentences lack coherence	Comment by Chandrima Debi: Include spacings

Forestry resources are crucial for enhancing bioenergy security, offering a renewable, abundant, and locally available alternative to fossil fuels (Islam et al., 2018; Präger et al., 2019). By using wood and forest biomass to produce energy, countries can improve their energy independence, diversify their energy mix, and reduce greenhouse gas emissions (Banyal et al., 2013; Nelson et al., 2021).  The fuel wood is an intimate part of basic energy needs emerged as an integral to the ambitious plans for renewable energy in many countries to produce cost-effective, high-quality energy services at various scales (Islam et al., 2011). Fuel wood comprises the largest category of bio-fuels (fuel wood, vegetable oils, herbaceous energy crops, animal and plant residues, various by-products etc.) by consumption, due largely to the widespread use of wood and charcoal for cooking in developing countries (Chandramolly and Islam, 2015). Fuel wood includes biomass (lop, tops, roots and branches) derived from silvicultural activities such as thinning, pruning, logging and harvesting as well as industrial by-products derived from forest industries (Islam and Quli, 2016b). The energy use pattern in rural India is changing, with uptake of clean energy, but traditional fuels including fuel wood, crop residue and cow dung still constitute the main source of household cooking energy due to inadequate and unreliable supply of clean energy (Das and Srinivasan, 2012; Islam et al., 2015). However, fuel wood is the major source of traditional household’s energy for over 77 percent households in the rural India (Islam, 2008; Singh and Sundriyal, 2009). Fuel wood is society’s oldest source of energy constituting the mainstay of household cooking and heating energy to over two billion people in developing countries (Jaiswal and Bhattacharya, 2013). Keeping these facts in mind, this research is needed on forestry resources to support agriculture, enhance bioenergy security, optimize integrated systems, assess long-term impacts, and improve socio-economic outcomes in the Leh district of Ladakh.	Comment by Chandrima Debi: The title of the manuscript is not in sync with the content. 	Comment by Chandrima Debi:  If fuelwood is already in use then what is the novelty behind conducting the research? 
Materials and Methods
Description of study locale
Leh district (Fig. 1) is one of the coldest and highest inhabited regions in the world, with 112 inhabited villages and one uninhibited village at an altitude ranging from 2900 to 5900 metres (Anonymous, 2011). With an area of 45110 sq. km, it is likely the largest district in the nation. The district is located at an elevation of between 2300 and 500 metres above sea level, approximately between 32- and 36-degrees north latitude and 75- and 80-degrees east longitude. The district is bordered to the west by Pakistan-occupied Kashmir, to the east and north by China, and to the south by the Laquan Spite of Himachal Pradesh. The district is located 474 km from Manali (HP) and 434 miles from Srinagar. Geographically, the district is entirely mountainous, featuring three parallel Himalayan mountains. The district is divided into nine (9) blocks: Leh, Chuchot, Panamic, Saspol, Khru, Nyoma, Durbok, and Nubra. The Leh district is cut off from the rest of the nation for half of the year due to excessive early precipitation (snow) caused by its high altitude and geographic location. Since the Zojila and Rotang passes are closed due to severe winter snowfall, the area continues to be inaccessible from both Srinagar and Himachal Pradesh. The human population of Leh district is 117232 (Census of India, 2011). The density of population is 3 people per sq. km. One of the areas on Earth with the lowest population density is the Leh district. The population is divided into 76.70% rural areas and roughly 23.30% semi-urban areas. The working population is mostly employed in domestic industry, employment in agriculture, and other occupations. The district's principal development organization was established in September 1995 and is known as the Ladakh Autonomous Hill Development Council.
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Fig. 1. Location map of the study area	Comment by Chandrima Debi: Pl. mention name of study area
Sampling technique and Sample 
The current investigation was carried out in the Ladakh Union Territory's Leh area. The villages and the respondents were chosen using a multi-stage random sampling technique (Ray and Mondol, 2022). The first phase was the random selection of five (5) blocks from the Leh district: Leh, Nyoma Chochot, Panamic, and Khaltsi. The second phase involved random sampling of ten (10) villages, viz., Saboo from Leh Block, Chumathang and Mud from Nyoma Block, Stakna and Nang from Chochot Block, Lakjung and Panamic from Panamic Block, and Dha, Lamayuru, and Nurla from Khaltsi Block. In the third phase, 185 households in total were selected using a simple random selection technique for the field study, with a sampling intensity of 15% from the sample villages. The interviewees were either the head of the household or the oldest family members. The flow chart, shown in Fig. 2 below, summarizes the procedure used to choose the samples.
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Fig. 2. Sampling procedure
Data collection
The current study used both qualitative and quantitative methodologies to accomplish its research goals. Primary field surveys as well as secondary sources were used to gather data. Structured interviews with specific respondents and non-participant observations were utilized as primary sources (Mangal and Mangal, 2020). Secondary sources included documentation from several governmental and non-governmental organizations, literature from journals, records from the forest department, records from the village, the internet, earlier studies, annual reports, and other relevant materials. The primary data were collected at the household level, whereas the secondary data were collected at the block, village, and household/individual level.	Comment by Chandrima Debi: Research goals are not clear
Structured interview
Primary data were collected by means of in-person interviews with respondents using a pre-tested, well-structured interview schedule (Mukherjee, 1993) conducted at the household level. A reconnaissance assessment of the research region, conversations with locals, expert consultation, and the literature cited were all used to establish the interview schedule for the household survey. The structured interview schedule was used to gather data regarding the indigenous uses of forestry resources for agricultural support and bioenergy security including species name, family, vernacular name, common name, plant habit, parts used, mode of use, frequency of use, and seasonality in the locality. Thus, the data produced by these methods were utilized to investigate the livelihoods reliance on forestry resources in order to provide measures to stay up with the area's current development and upcoming issues.	Comment by Chandrima Debi: Check for plagiarism?
Non-participant observation
The basis for the qualitative analysis was firsthand non-participant observation (Mukherjee, 1993) and conversation with the respondents. The use of this technique made it possible to interact with the respondents directly, observe their behaviour in a realistic setting, and research the situation-based characteristics of behaviour.
Data analysis
To summarize the indigenous uses of forestry resources for agricultural support and bioenergy security in the Leh Himalaya, India, descriptive statistics were employed, such as frequency (f), percentage (%), average (x), standard error, and range (Snedecor and Cochran, 1967).
Results and Discussion 
Agricultural support 
A total of 10 (5.98%) forestry plant species distributed among 6 genera and 5 families were being utilized by the people for agricultural support (Table 1). The plant parts utilized were leaves (7), bole (9), twigs (3), branch (2), root (1) and entire plant (1) to support the day-to-day agricultural activities. Out of 10 species, 9 were trees and only 1 was shrub. The family Salicaceae represented the highest (7) number of species followed by Juniperaceae (1), Juglandaceae (1) Leguminaceae (1) and Elaeganace (1).
Table 1. Forestry resource exploitation for agricultural support in the sample households (N=185)
	Species
	Family
	Local name
	Part used
	Use 

	Hippophea   rhamnoides Linn.
	Elaegnaceae
	Kermang
	Entire plant/ bole/ leaves   
	Entire plant- live fencing; bole- tools; leaves- compost making.

	Juglans regia Linn
	Juglandaceae
	Starga
	Leaves/ bole
	Leaves- manure; bole- tools handles; fencing.         

	Juniper macropoda Boiss.  
	Juniperaceae
	Shugpa
	Bole/ leaves    
	Bole-tools handle; leaves- compost making. 

	Populus alba Linn       
	Salicaceae
	Byerpa  
	Bole/ branch/ leaves  
	Bole/ branch- tool handles; leaves- mulching.

	Populus nigra Linn.     
	Salicaceae
	Youlad
	Branch/ twigs/ bole
	Twigs- compost; bole/ branch- tools handles, agriculture implements, fencing.

	Robinia pseudoacacia Linn.
	Leguminanaceae
	Kiker
	Leaves/ branch/ roots
	Leaves- compost; nitrogen fixation.                                    

	Salix alba Linn.                        
	Salicaceae
	Malchang
	Leaves/ twigs/ bole  
	Leaves- mulching for fruits and vegetable crops, compost making; twigs- compost making. bole- fencing.

	Salix tetrasperma Roxb.            
	Salicaceae
	Drokchang
	Leaves/ bole    
	Leaves-manure, compost making, bole- tools; live fencing

	Salix daphnoides Vill.
	Salicaceae
	Shoa  
	Leaves/ stem
	Leaves- mulching, compost; stem-fencing.

	Salix babylonica Roxb.        
	Salicaceae
	Selchang  
	Leaves/ bole/ twigs
	Leaves- mulching, bole- tool handle, twigs- compost making Bole-tools handle, fencing,



The forestry resources play a potent role in agricultural support of the local communities by providing small/ medium sized trees or shrubs for live/ dead fencing, wood for agricultural implements and tools, leaves for making compost, manure and mulches, boles for sheds/ store houses, nitrogen fixation, poles for ladders, scaffoldings, watch tower etc. in the region (Bhat et al., 2022; Fatima et al., 2024). The forestry species contribute to higher production of fruits and crops by the soil stabilization, erosion prevention, enhancement of the land’s capacity to store water, enhancement of soil fertility, improvement of soil structure and moderation of air/ soil temperatures (Sarmah and Arunachalam, 2011; Shackleton and Pandey, 2014; Bhat et al., 2019). Construction of cattle sheds and store houses, making agricultural implements such as ploughs, harrows, rollers, clod-crushers, tool handles etc., manufacture of low-cost carts and carriages, fencing of agricultural fields and homesteads and making scaffolding, ladder etc. are the main sectors where major fraction of the timber is consumed among the local people (Banday et al., 2019; Islam et al., 2021b; Gowher et al., 2025). Important tree species being utilized to meet day to day timber requirement for agricultural support are Hippophea   rhamnoides, Juglans regia, Juniper macropoda, Populus alba, Populus nigra, Robinia pseudoacacia, Salix alba, Salix tetrasperma, Salix daphnoides and Salix babylonica.        	Comment by Chandrima Debi: Relevance with respect to context to the content is missing. 	Comment by Chandrima Debi: unitalicise?
Bioenergy security 
The bio-energy plant species constituted 19 (11.19%) species belonging to 14 genera and 12 families (19) which were being consumed to meet household energy consumption (Table 2). The plants parts consumed as bio-energy sources were whole plants (11), bole (5), leaves (4), twigs (4) branch (3) and stem (1). Among the 19 species, 11 were shrubs while trees and herbs were 4 each. The family Salicacaeae   recorded maximum (5) species followed by Fabaceae (2), Rosaceae (2), Polygonaceae (1), Elaeganaceae (1), Caprifoliaceae (1), Apiaceae (1), Papaveraceae (1), Brassicaceae (2), Chenopodiaceae (1), Tamaricaceae (1) and Plumbaginaceae (1).  
Table 2: Forestry resource exploitation for bioenergy security in the sample households (N=185)
	Species
	Family
	Local name
	Part used
	Use 

	Acantholimon lycopodioides Girard) Boiss.     
	Plumbaginaceae
	Lonze
	Entire plants
	Entire plants- fuel wood.

	Astragalus   cicerfolius Rolye ex Fisch.
	Fabaceae
	Yakpo
	Whole plants
	Whole plants- fuel wood

	Atriplex hortensis Linn.
	Chenopodiaceae
	Giangsar
	Whole plants
	Fuel wood

	Caragana versicolor (Wallich) Benth. 
	Fabaceae
	Tama
	Twigs/ stems   
	Twigs/ stems- fuel wood.    

	Populus nigra L.
	Salicaceae
	Yuolad
	Stem, branch       
	Stem- firewood; branch-fuel wood.

	Chaerophyllum    villosum  Wall.ex DC.
	Apiaceae
	Mesoso
	Whole plants
	Whole plants- fuel wood

	Corydalis   meifolia Wall.
	Papaveraceae
	Nyetapu
	Whole plants
	Whole plants- fuel wood

	Hippophes rhamanoides Linn
	Elaeagenaceae
	Tsermang
	Bole/ Twigs      
	Bole- fire wood; twigs-fuel wood.

	Lonicera heterophylla Dcne.   
	Caprifoliaceae
	Fumarpe
	Whole plants         
	Whole plant- fuel wood

	Maricaria germanica (Linn.) DESV. 
	Tamaricaceae
	Umboo
	Entire plants   
	Fuel wood

	Parrya exscapa C.A Mey
	Brassicaceae
	Sumu
	Leaves                     
	Fuel wood


	Polygonum polynemoides J & S.
	Polygonaceae
	Yeshuang
	Whole plants
	Whole plants- fuel wood

	Erysimum repandum Linn.
	Brassicaceae
	Chharpa                
	Whole plants
	Whole plants- fuel wood

	Populus alba Linn.
	Salicaceae
	Byerpa
	Bole/ branch/ leaves     
	Bole/ branch/ leaves- fuel.    

	Potentilla sericra Linn.
	Rosaceae
	Troma
	Whole plants
	Whole plants- fuel wood

	Potentilla tetrandra Bunge.
	Rosaceae
	Chantsu
	Whole plants
	Whole plants- fuel wood

	Salix alba L.            

	Salicaceae
	Sechang.                 
	Bole/ twings/ leaves       
	Bole- fire wood; twigs/ leaves- fuel

	Salix daphnoides Vill.    
	Salicaceae
	Shoa
	Bole/ branch/ leaves
	Bole/ branch/ leaves- fuel 

	Salix tetrasperma Roxb.  
	Salicaceae
	Malching
	Entire plants   
	Bole- fire wood, twigs/ leave- fuel



Bio-energy is society’s oldest source of energy constituting the mainstay of household cooking and heating energy in the district (Shah Khan et al., 2024a). The major areas where bio-energy is mostly consumed in cooking, cottage industries, heating, community function, household rituals e.g. marriage, child birth, child christening, death, ancestral worship etc. and religious functions namely, worship of God and Goddess, festivals, coercing of evil spirits and witchcraft etc. (Shah Khan et al., 2024b). Fuel wood comprises the largest category of bio-energy (vegetable oils, herbaceous energy crops, animal and plant residues, various by-products etc.) by consumption, due largely to the widespread use of wood and charcoal for cooking in the local communities (Islam et al., 2018; Präger et al., 2019). Fuel wood includes biomass (lop, tops, roots and branches) derived from silvicultural activities such as thinning, pruning, logging and harvesting as well as industrial by-products derived from forest industries (Islam et al., 2011; Banyal et al., 2013). The energy use pattern in Leh district is changing, with uptake of clean energy, but traditional fuels including fuel wood, crop residue and cow dung still constitute the main source of household cooking energy due to inadequate and unreliable supply of clean energy (Chandramolly and Islam, 2015; Nelson et al., 2021). The local communities not just collect these bioenergy products for their own consumption but also for commercial sale, which fetch them some additional income (Shah Khan et al., 2024c). The local people generally depend on bioenergy for these purposes as they have less access to other energy sources such as LPG, kerosene, coal etc. The major forms in which bio-energy is consumed in domestic works and rural industries are billets, twigs, wood shavings, saw dust, animal dung, crop residues and even leaves. The findings are not unusual and a significant number of studies across the world (Singh and Sundriyal, 2009; Islam et al., 2011; Das and Srinivasan, 2012; Banyal et al., 2013; Jaiswal and Bhattacharya, 2013; Islam and Quli, 2016b) have demonstrated the dependence of people on forestry resources for bio-energy security. The current production of bio-energy from forests, agriculture fields, community lands and homesteads is inadequate and cannot mitigate the bio-energy demand of population in the on-going scenario. Some alternative energy interventions are required to be implemented efficiently to keep pace with current development and future challenges. 
Conclusion
This research has qualitatively assessed how forestry interventions play significant roles in agricultural support and bioenergy security in the Leh Himalaya, India. Further, the study highlighted the indigenous uses of forestry resources in the local communities. The findings will be a base for future researchers to generate more data needed on how on-farm trees improve crop yields, soil nutrients, water use, fodder production, soil fertility, prevent erosion, aid pollination, and regulate water cycles, especially regarding their long-term effects on food production stability and resilience. This research will help to optimize the sourcing of biomass, investigate alternative feedstocks, enhance yield and efficiency and move from traditional forestry to advanced technology. Research findings will be beneficial for planners on the development of forestry systems that are specifically tailored to the unique environmental conditions and socio-economic contexts of the region. Findings will also be effective for policy approaches that promote synergy between agriculture and forestry to improve efficiency, productivity, and sustainability.
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