


Extraction of Forestry Resources for Livestock Production Among Rural Households in Leh Himalaya, India

Abstract
The extraction of fodder resources from forestry landscapes enhances the diversity of feed, improves livestock nutrition, ensures income diversification, and generates employment for local communities in developing countries. This study explores the diversity, distribution, mode of use, frequency of use, and reliance on forestry fodder resources for livestock production, income diversification, and employment generation in the Leh Himalaya. Structured interviews and non-participant observations were used to gather data from 185 sample households who were selected through a multi-stage random sampling technique from five blocks and nine villages. Descriptive statistics were applied to the data analysis. Results revealed that 38 forestry fodder resources were collected from 30 genera and 14 families for livestock production; among the 38 species, 35 were herbs, 2 were shrubs, and 1 was a tree. The total collection of fodder from forestry resources was 844.06 tonnes/annum, of which 823.54 tonnes/annum (97.57%) were consumed for subsistence and 20.52 tonnes (2.43%) were traded per annum for cash income. The forestry fodder collection produced 7,090.10 man-days of unpaid employment annually. Forestry fodder sources constitute a key source of livestock feed, nutrition, safety nets, cash income, and employment. Insights from this study can be used to support forestry fodder conservation, create management plans that complement livestock production, fodder security, poverty reduction, and sustainable livelihoods for rural communities in the Leh Himalaya, and create practical policy recommendations. The findings, thus generated through these approaches, will be used to put forth strategies to keep pace with current development and future challenges.
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Introduction
Forestry resources support livestock production through fodder and forage, providing shade and shelter, and supplying materials for farm infrastructure and tools (Islam et al., 2025). Agroforestry systems integrate trees with livestock and pasture to create a more sustainable and productive system that can enhance soil fertility, provide diverse income streams, and improve animal production (Peterson et al., 2020). Trees and shrubs provide a vital fodder source, especially in seasons with limited grass, such as during the dry winter months (Chandramolly and Islam, 2015; Abraham et al., 2022). Trees offer protection from the sun, which can reduce heat stress, and can also provide shelter from wind and rain, leading to improved weight gain and lower winter-feeding costs (Moraes et al., 2014). Some trees and plants have medicinal properties that can help improve animal health, and they offer a source of varied nutrients (Khan et al., 2018). Trees and hedgerows provide natural elements for animals, such as scratching posts, which can improve their welfare and productivity (Abraham et al., 2022). Forestry products like timber/branches are used to construct farm buildings, cattle sheds, and other necessary structures (Islam et al., 2022). Forestry provides raw materials for making tools used in farming and livestock management (Islam et al., 2021b). Manure and litter from livestock, which are sustained by forestry resources like fodder, are used to fertilize agricultural lands, creating a feedback loop (Venkatesh et al., 2024). Agroforestry are land-use systems that combine trees with crops and livestock in the same land unit with the aim of complementing each other, which are designed to create a synergistic relationship that can improve economic and environmental outcomes (Soni et al., 2014; Islam et al., 2021a). By integrating forestry resources, farmers can create more resilient systems that provide food security, improve soil health, and can be more adaptive to climate change (Fieldsend et al., 2022).
The fodder energy is returned by the livestock in the form of manure, milk and traction power, etc., however, this crucial relationship is now facing increasing pressure and threat from different sources (Chandra et al., 2008). The feed deficiency is due to heavy population pressure, the quantitative and qualitative deterioration in common grazing lands resulting in low biomass production, and the lack of adoption of fodder production technologies and most of the deficient regions lie in the arid and semi-arid agro-ecological zones (Rawat and Vishvakarma, 2011). Although India is the highest milk producer country but the per capita milk production is very low due to the huge deficit in the availability of feed stuffs (Pandey and Mishra, 2011). The animals depend predominantly on open grazing or stall feeding and on the byproducts of agricultural produce like wheat straw, paddy straw, hay and green or dry grass collected from forest for feeding (Islam, 2008). The animals do not get even one third of feed that is needed. There is a large gap between requirement and availability of feed at the national level. Recent estimates indicate that in India the dry fodder deficit is 31%, green fodder 23% and concentrates 47%. Regional deficits are however, more important than the national deficit. Out of 55 micro agro-eco-regions of India, 43 are deficient in feed. The study inferred that to relieve forest from pressure of over-grazing, alternate source of fodder production should be developed and the existing land resources should be efficiently exploited to get additional grass fodder, tree foliage, herbage etc. (Chhetri, 2010). Smallholder farmers in Leh have practiced forestry interventions for many years to foster resource circulation and enhance the farm’s long-term sustainability, as well as serve farmers’ environmental and economic goals. Forestry plantations provide opportunities for enhancing the efficiency of agricultural systems, improving food security, farmers’ incomes, soil health and climate resilience (Banday et al., 2019). They ensure efficient utilization of resources, reduced environmental impact and enhanced adaptive capacity to the changing climatic (Raja et al., 2021). In this context, the study was designed to examine the diversity of forestry resources that are collected and consumed for livestock production, as well as those traded to support the household economy in the Leh district of Ladakh UT.   
Materials and Methods
Description of study area
Leh district (Fig. 1), with an area of 45110 sq. km, which probably makes it the largest district in the country in terms of area, is one of the coldest and most elevated inhabited regions of the world, having 112 inhabited villages and one uninhibited village with an altitude ranging from 2900 to 5900 metres (Anonymous, 2011). The district is situated roughly between 32- and 36-degrees north latitude and 75- and 80-degrees east longitude, with an altitude ranging from 2300 metres to 500 metres above sea level. The district is bounded by Pakistan-occupied Kashmir in the west, China in the north and eastern part, and Laquan Spite of Himachal Pradesh in the south. The district is at a distance of 434 km from Srinagar and 474 km from Manali (HP). Topographically, the whole of the district is mountainous, with three parallel ranges of the Himalaya. The district consists of nine (9) blocks, viz., Leh, Khalsi, Khru, Nyoma, Durbok, Saspol, Panamic, Chuchot, and Nubra. Due to its location and high altitude, the Leh district experiences heavy early precipitation (snow), which results in its being cut off from the rest of the country for six months of the year. The district remains inaccessible, as the road links from Srinagar as well as Himachal Pradesh remain closed due to the closure of Zojila and Rotang passes due to heavy snowfall in the winters. The human population of Leh district is 117232 (Census of India, 2011). The density of population is 3 people per sq. km. Leh district is one of the places where population density is lowest on the inhibited part of the earth. Approximately 23.30% of the of the population is semi-urban, and the remaining 76.70% is rural. The main occupations engaged by the working force are cultivation, agriculture labour, household industry, and other works. The Ladakh Autonomous Hill Development Council emerged in September 1995 as the main development agency of the district.	Comment by kanaka gulagi: Cross check the altitude range value
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Fig. 1. Location map of the study area 	Comment by kanaka gulagi: Mention the reference for map image you have depicted here
Sampling technique and Sample 
[bookmark: _Hlk171267616]The present study was conducted in the Leh district of Ladakh Union Territory. A multi-stage random sampling technique (Ray and Mondol, 2022) was used to select the villages and the respondents. The first stage was the random sampling of five (5) blocks, namely, Leh, Nyoma Chochot, Panamic, and Khaltsi of Leh district. The second stage 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 stage, a total of 185 households were selected from the sample villages with a 15 percent sampling intensity employing a simple random sampling technique for the field study. The respondents interviewed were either household heads or eldest members. The summary of the sample selection process is given in the flow chart, as detailed below in Fig. 2.
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Fig. 2. Sampling procedure
Data collection
In order to achieve the research objectives, the present study included both qualitative and quantitative methods. Data were collected by using both secondary sources and primary field surveys. Secondary sources included literature from various journals, forest department records, village records, the internet, previous research, annual reports and other related documents, and different governmental and non-governmental agencies. Primary sources included structured interviews with selected respondents and non-participant observations (Mangal and Mangal, 2020). The primary data were collected at the household level, whereas the secondary data were collected at the block, village, and household/individual level.
Structured interview
The primary data were collected through the personal interviews of the respondents through a well-structured, pre-tested interview schedule (Mukherjee, 1993) at the household level. The interview schedule for the household survey was prepared on the basis of the literature referred to, a reconnaissance survey of the study area, discussion with local people, and consultation with the experts. The interview schedule prepared was employed to collect information on forestry fodder resources, including species name, family, vernacular name, common name, plant habit, parts used, mode of use, frequency of use, seasonality, quantity collected, consumed and traded and employment generated in the locality. 
Non-participant observation
The qualitative analysis was done on the basis of non-participant observation (Mukherjee, 1993) and interaction with the respondents. This technique helped to have firsthand on-the-scenes contact with the respondents, to examine the behavior in a natural situation, and to study the situation-based features of conduct.
Data analysis
Descriptive statistics, including frequency (f), percentage, average (x), standard error, and range (Snedecor and Cochran, 1967), were used to summarize the data and present the different variables through tables and graphs.
Results and Discussion 
The fodder plant use category comprised 38 species (22.75%) from 30 genera and 14 families, addressing the fodder requirements for livestock production. Among the 38 species, 35 were classified as herbs, 2 as shrubs, and 1 as a tree. The fodder plant species were categorised into 14 families, with the highest representation from the family Fabaceae (12 species), followed by Poaceae (6), Chenopodiaceae (4), Asteraceae (3), Boraginaceae (2), and Iridaceae (2). Additionally, there was one species each from the families Apiaceae, Elaeagnaceae, Ephedraceae, Leguminaceae, Polygonaceae, Ranunculaceae, Saxifragaceae, Scrophulariaceae, and Juncaceae (Table 1.a&b).
Table 1.a: Forestry resource exploitation for livestock production in the sample households (N=185)
	Species
	Family
	Local name
	Part used
	Use 

	Aconogonum tortuosum Hara  
	Polygonaceae
	Serpal
	Leaves
	Fodder-Green

	Arthrophyllum thomsonii L.
	Chenopodiaceae
	Chengopa
	Whole plants
	Fodder-Green/Dry

	Aster flaccidus Bunge. 
	Asteraceae
	Niamentok
	Entire plants          
	Fodder-Green/Dry    

	Astragalus frigidus (Linn.) Gray.
	Fabaceae
	Skarmalo
	Entire plant          
	Fodder-Green/Dry

	Astragalus adesmiaefolius Benth.ex.Bunge 
	Fabaceae
	Lekhman
	Entire plants        
	Fodder-Green/Dry

	Astragalus ciliolatus  Benth.ex.Bunge 
	Fabaceae
	Skarmalo  
	Leaves                        
	Fodder-Green/Dry

	Astragalus confertus Benth. ex-Bunge.   
	Fabaceae  
	Singyalo
	Entire plant          
	Fodder-Green/Dry

	Astragalus heydei Baker  
	Fabaceae
	Yanglang   
	Entire plants           
	Fodder-Green/Dry

	Astragalus oxyodon Baker  
	Fabaceae
	Khalyangar  
	Entire plants    
	fodder-Green/Dry

	Astragalus subulatus Pall      
	Fabaceae
	Rungentso
	Entire plants
	Fodder-Green/Dry

	Atriplex   rassifolia Mey.           
	Chenopodiaceae
	Gyaloo
	Leaves
	Fodder-Green/Dry

	Bothriochloa   pertusa  
	Poaceae
	Jamak
	Entire plants          
	Fodder-Green/Dry    

	Bromus oxyodon Shrenk
	Poaceae
	Piantso Juncus
	Entire plant          
	Fodder-Green/Dry

	Bromus tectorum Linn 
	Poaceae
	Zamak  
	Entire plants          
	Fodder-Green/Dry

	Calamogrostis emodensis Griseb.
	Poaceae
	Yangloo
	Whole plants
	Fodder-Green/Dry

	Chesneya cuneata (Benth.) Ali
	Fabaceae
	Laeemopa
	Whole plants
	Fodder-Green/Dry

	Cicer microphyllum Benth.
	Fabaceae
	Sari
	Entire plants          
	Fodder-Green/Dry    



Table 1.b: Forestry resource exploitation for livestock production in the sample households (N=185)
	Species
	Family
	Local name
	Part used
	Use 

	Cicer microphyllum Benth.
	Fabaceae
	Sari
	Entire plants          
	Fodder-Green/Dry    

	Clematis orientalis     Linn.
	Ranunculaceae
	Tik tikmo        
	Entire plants          
	Fodder-Green/Dry    

	Crepis stoliczkai Linn.
	Asteraceae
	Richkut
	Whole plants
	Fodder-Green/Dry

	Ephedra intermedia Schr&Mey. 
	Ephedraceae
	Chhapat  
	Fruits/ stem         
	Fodder- Green/Dry

	Euphrasia vulgaris Benth.           
	Scrophulariaceae
	Bepamatso
	Whole plants
	Fodder-Green/Dry

	Ferula jaeschkeana Vatke.
	Apiaceae
	Sampharu
	Whole plants
	Fodder-Green/Dry

	Halocharis  violacea.Bunge.        
	Chenopodiaceae
	Spangzil
	Entire plants
	Fodder-Green/Dry

	Juncus himalensis KL. & Garke
	Juncaceae
	Gimmalo
	Whole plants
	Fodder-Green/Dry 

	Hippophae rhamnoides Rousi
	Elaeagnaceae
	Sastalulu
	Leaves
	Fodder-Green/Dry

	Iris lalcate Thunb
	Iridaceae
	Tesmamentok  
	Entire plants      
	Fodder-Green

	Iris hookeriana Foster.                
	Iridaceae
	Teshmaentok
	Entire plant          
	Fodder-Green/Dry

	Kochia indica Wight.
	Chenopodiaceae
	Spangzil
	Whole plants
	Fodder-Green/Dry

	Lactuca tatarica C.A.Mey.Tarno      
	Asteraceae
	Khala
	Leaves/ stem
	Fodder-Green/Dry

	Lathyrus humilis (Ser.) Spreng.  
	Fabaceae
	Kaown
	Entire plants        
	Fodder-Green

	Lindelofia anchusoides Lehm.  
	Boraginaceae
	Makpen
	Entire plants          
	Fodder-Green/Dry

	Lindelofia longiflora Bail.  
	Boraginaceae
	Makpen
	Entire plants       
	Fodder-Green/Dry  

	Medicago falcata Linn.
	Fabaceae
	Zamak
	Entire plants          
	Fodder-Green

	Oxytropis   cashemeriana Camp
	Fabaceae
	Yamghu
	Leaves Stem
	Fodder-Green/Dry

	Parnassia palustris Linn      
	Saxifragaceae
	Folamo
	Leaves 
	Fodder-Green/Dry    

	Poa falconeri Linn                        
	Poaceae
	Zamak  
	Whole plants     
	Fodder- Green

	Poa stewartiana    Bor.
	Poaceae
	Shoma
	Stem leaves                         
	Fodder-Green/Dry

	Robinia pseudoacacia L.
	Leguminaceae
	Kikar
	Leaves
	Fodder-Green

	Carargana versicolor Wallch Benth.
	Fabaceaea
	Tama
	Whole plant
	Fodder-Green/Dry



The total collection of fodder from forestry resources was 844.06 tonnes/annum with an average of 4.56 tonnes/household/annum, while the fodder consumption was 823.54 tonnes/annum (97.57%) with an average of 4.45 tonnes/household/annum (Table 2). The per capita collection and consumption of fodder from forestry resources were 0.85 and 0.83, respectively. Among the surveyed households, involvement in collection, consumption, and trade was 100%, 97.30%, and 11.35%, respectively (Fig. 3). 
Table 2: Collection and consumption of forestry resources for livestock production (N=185)
	Variable (Unit)
	Collection 
	Consumption 
	

	
	
	Absolute
	Relative (%)

	Total (tonnes /annum)  
	844.06
	823.54
	97.57

	Average (tonnes/household/annum)
	4.56
	4.45
	97.57

	Per capita (tonnes/annum)
	0.85
	0.83
	97.57




[bookmark: _Hlk209980317]Fig. 3. Households involved in collection, consumption and marketing
Out ff the total fodder collected from forestry resources, only 20.52 tonnes (2.43%) were traded per annum for cash income, averaging 0.11 tonnes per household annually. The fodder from forestry interventions generated an income of ₹ 205226.40/annum among the sampled households, with an average of ₹ 1109.33/household/annum. The collection, consumption, and trade of forestry fodder resulted in the generation of 7,090.10 man-days per annum across the sampled households, averaging 6.00 man-days per household per annum (Table 3).
Table 3: Sale, income and employment in forestry resources extraction for livestock production (N=185)
	Variable 
	Sale
(tonnes/annum)
	 Rate 
(₹/kg)
	Income
(₹/annum)
	Employment 
[bookmark: _Hlk211944822](man-days/annum)

	Total 
	20.52
	10.00
	205226.40
	7090.10

	Average/household 
	0.11
	10.00
	1109.33
	6.00



In Leh district, majority of the population lives in the villages mainly depending on agriculture and animal husbandry (integrated crop-livestock farming system) for their survival (Khan et al., 2024a). Livestock component is closely linked with the forestry ecosystem and common property resources to meet the fodder demand (Khan et al., 2024b). The livestock sector, apart from contributing to food and nutritional security, has good potential for improving the socio-economic condition of the people (Khan et al., 2024c). The local people rear the livestock for animal products such as milk, ghee, meat, dung, manure etc. ploughing, religious sacrifices, entertainment, propitiation of gods and celebrations. The pastures in the vicinity of the villages offer grazing grounds with considerable fodder availability for livestock rearing during peak season. Grazing/ browsing in nearby pastures is the common practice among all the livestock owners. The livestock farmers graze their animals for maximum time during the day to provide sufficient feed to their livestock. As regards the stall feeding, the livestock farmers generally used to give wheat straw, fodder grasses, weeds and other agricultural residues collected from agricultural fields and homesteads, lops and tops of trees and shrubs and by-products of cereals and pulses, bran, oil cakes etc. to their livestock. Such poor feeding reduces the quality and quantity of livestock products resulting in low economic return. The fodder energy is returned by the livestock in the form of manure, milk and traction power, etc. (Chandra et al., 2008). There is a large gap between requirement and availability of feed at the household level. The feed deficiency is due to heavy livestock population pressure, the quantitative and qualitative deterioration in common grazing lands resulting in low biomass production, and the lack of adoption of fodder production technologies (Rawat and Vishvakarma, 2011). The low economic condition, unavailability of fodder production units and ignorance towards green fodder production resulted in higher intensity of grazing on pastures (Pandey and Mishra, 2011). To relieve forest from pressure of over-grazing alternate source of fodder production should be developed and the existing land resources should be efficiently exploited to get additional grass fodder, tree foliage, herbage etc. (Chhetri, 2010).
Conclusion
Integrating forestry interventions in farming systems is a promising approach to addressing the complex fodder challenges that livestock production faces in Leh. This study demonstrated how forestry resources substantially improve fodder security for livestock production, increase farmer incomes, and generate employment. Forestry resources provide a viable path to sustainable and diversified fodder production, optimizing resource mobilization and encouraging synergistic interactions among system components. The forestry resources can help meet the growing demands of an increasing population while also preserving the natural resource base essential for long-term fodder productivity. Forestry resources specifically contribute to fodder security by increasing feeding diversity, and overall farm output. The inclusion of nutritious fodder sources from various forestry components helps combat underfeeding and reduces reliance on agricultural crops. Forestry resources improve livestock farmer livelihoods by diversifying income streams and providing employment opportunities, resulting in financial empowerment and socioeconomic development. The forestry interventions also provide environmental benefits such as carbon sequestration, land reclamation, climate change mitigation, and various ecosystem services. The sustainable management of forestry resources is essential for maintaining fodder productivity and ensuring livestock feed security. Consequently, this study highlights the necessity for policies that advocate for sustainable extraction and management practices.
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