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Assessment of Land Use–Land Cover and Phytosociological Characteristics of Bangus Grassland in the Ramhal Forest Range, Kashmir Himalaya

 

ABSTRACT

Grasslands are globally extensive ecosystems that deliver key services (carbon sequestration, climate regulation, soil and water conservation) and sustain pastoral livelihoods, yet they are increasingly degraded by land-use change, overgrazing, infrastructure expansion, and climate variability. This study assessed grassland distribution and phytosociological characteristics in the Ramhal Forest Range of Kemil Forest Division. Sentinel-2 multispectral imagery (October 2024) was pre-processed and classified using on-screen digitisation, map accuracy was evaluated using confusion-matrix metrics and kappa statistics. Vegetation composition was quantified using randomly placed 1 × 1 m quadrats and the Importance Value Index (IVI) derived from relative density, frequency, and basal area. The Ramhal Forest Range covers 32,008.72 ha and is forest-dominated, with closed forest as the principal class (13,252.82 ha; 41.40%) and grasslands form a relatively small but ecologically pivotal component (2,517.27 ha; 6.43–7.86%), mainly in forest openings and higher elevations. Classification performance was high (overall accuracy 92.8%, and κ = 0.91). Floristic analysis revealed that the, 36 herbaceous species were recorded, Poa annua exhibited the IVI of 15.88, indicating its clear dominance in the community followed by Plantago lanceolata (15.63), and Trifolium repens (15.37).   These results indicate that relatively intact forest matrices and moisture controls (snow and hydrology) shape patchy grassland habitats that sustain high herbaceous diversity, underscoring the need for regulated grazing and spatially informed conservation planning to maintain high-altitude ecosystem integrity in the Kashmir Himalaya.
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1. Introduction

Grasslands constitute one of the most widespread terrestrial biomes, covering nearly 40% of the global land surface (Jia et al., 2024). These ecosystems play a fundamental role in maintaining ecological balance by providing essential ecosystem services such as carbon sequestration, climate regulation, soil stabilization, water conservation, and biodiversity conservation (Wang et al., 2022). In addition to their ecological functions, grasslands are of immense socioeconomic importance, supporting pastoral livelihoods, sustaining livestock production systems, and contributing significantly to food security worldwide (Bardgett et al., 2021). Despite their ecological and economic significance, grasslands are increasingly subjected to degradation due to multiple anthropogenic pressures. Factors such as land-use change, overgrazing, agricultural intensification, urban expansion, and climate change have accelerated the deterioration of grassland ecosystems globally (Bhat et al., 2025). It is estimated that nearly half of the world’s grasslands have experienced varying degrees of degradation, resulting in reduced productivity, biodiversity loss, and diminished ecosystem services. Such degradation poses a serious challenge to ecological sustainability and undermines efforts to achieve global environmental targets, including the Sustainable Development Goals (SDGs) (Gibbs and Salmon, 2015). 

In India, grasslands are distributed across diverse agro-climatic regions and constitute approximately 24% of the total geographical area (Singh et al., 2015). The Himalayan region, in particular, hosts a significant proportion of these ecosystems, with nearly 35% of its landscape covered by different types of grasslands. These include warm temperate grasslands, subalpine pastures, alpine meadows, and cold-arid steppe formations (Rawat and Adhikari, 2015). In the Western Himalaya, alpine grasslands typically occur above the treeline, especially on north slopes where climatic and edaphic conditions favor herbaceous vegetation growth (Rawat, 2005). Himalayan grasslands are integral to the livelihoods of local communities, particularly in regions such as Jammu and Kashmir, where a large proportion of the population depends on these ecosystems for grazing and associated agro-pastoral activities (Mugloo et al., 2023). Locally known as margs, bahaks, and dokhs, these alpine and subalpine pastures represent critical ecological and economic resources (Nisa et al., 2025; Singh et al., 2015; Haq et al., 2023). Beyond their provisioning services, these grasslands contribute significantly to slope stabilization, erosion control, hydrological regulation, and disaster risk reduction in fragile mountain environments (Malik and Hashmi, 2021; Malik and Ford, 2024; Bhat et., 2025).
Grassland ecosystems are increasingly threatened by multiple anthropogenic and environmental pressures, including climate variability, shifting grazing regimes, infrastructure expansion, and unsustainable land-use practices (Bhat et al., 2024; Paudel and Andersen, 2010). These drivers not only modify vegetation composition and structural attributes but also impair ecosystem functioning, thereby reducing resilience and long-term sustainability. Although previous studies in the Himalayan region have explored aspects of vegetation ecology, climate–vegetation interactions, and floristic composition (Dad, 2019; Dar and Parthasarathy, 2023; Mugloo et al., 2023; Saleem et al., 2024; Rather et al., 2025).  However, comprehensive assessments integrating land use/land cover (LULC) dynamics with vegetation structure and phytodiversity across spatial scales remain limited, particularly in the context of the Kashmir Valley (Nagendra et al., 2013;  Shaheen et al., 2012).This study provides essential baseline information on land use patterns and floristic diversity in a remote Himalayan forest landscape, highlighting key ecosystem services such as carbon sequestration and grazing resources under increasing climatic pressures (Nagendra et al., 2013). Given the ecological sensitivity of Himalayan mountain systems, integrated approaches combining geospatial analysis with phytosociological assessment are crucial for understanding landscape dynamics and biodiversity patterns (IPCC, 2022). In this context, the present study evaluates the Bangus grassland ecosystems of the Ramhal Forest Range, through an integrated framework. The objectives include: (i) analysing land use and land cover, (ii) assessing vegetation composition, and (iii) examining spatial distribution patterns of grassland communities. This integrated approach is expected to generate critical insights for sustainable grassland management, conservation planning, and evidence-based policy formulation in the ecologically sensitive Himalayan region. Furthermore, the findings align with global sustainability priorities, particularly those outlined under the United Nations Sustainable Development Goals (SDGs), including SDG 13 (Climate Action) and SDG 15 (Life on Land), by promoting ecosystem resilience and biodiversity conservation in mountain landscapes.


2. METHODOLOGY 

2.1. Study area
 
The study was conducted in the Ramhal Forest Range of the Kehmil Forest Division, representing a typical temperate to alpine Himalayan ecosystem characterized by rugged terrain, steep slopes, and high altitudinal variation. The area lies between 34°20′00′ N to 34°30′00′ N latitude and 74°00′00′E–74°10′00′E longitude, with elevations ranging from approximately 1500 m to above 3500 m. Within this range, the Bangus grassland is the most prominent and accessible grassland, playing a key ecological role. (Abdullah and Andrabi 2021).  The region experiences a temperate to subalpine climate, with cold winters, moderate summers, and significant snowfall, which strongly influences hydrology and vegetation dynamics (Zaz, et al., 2019). Vegetation shows clear altitudinal zonation, with coniferous forests (Abies pindrow, Pinus wallichiana) at lower elevations, transitioning to subalpine forests and alpine grasslands at higher altitudes. Although the area remains relatively less disturbed due to its remoteness, localized grazing and resource extraction continue to influence vegetation structure and regeneration (Peerzada et al., 2021;).

2.2 Methods
 2.2.1 Pre-processing of Satellite Data 
Sentinel-2 multispectral imagery (October 2024) obtained from ESA via USGS Earth Explorer was used for LULC analysis due to its high spatial resolution and suitability for mountainous terrains. The data were preprocessed in ERDAS Imagine through layer stacking, atmospheric correction, and image enhancement to improve spectral quality, followed by the generation of false colour composites (FCCs) for better land cover discrimination. A preliminary field survey of the Ramhal Forest Range was conducted to understand landscape variability and identify representative LULC classes. Ground truth data were collected during 2024 using a handheld Garmin GPS to record location parameters, supported by high-resolution Google Earth imagery in inaccessible areas. 

 2.2.2 LULC map generation
 Mapping of satellite data for the year 2024 was carried out through onscreen digitization using ArcGIS at a mapping scale of 1:20000. The satellite data were classified into different land use/land cover categories, including agriculture, built-up areas, closed forests, forest scrub, grasslands, horticulture, open forests, snow cover, trees outside forests, wastelands, water bodies, and wetlands, reflecting a diverse and heterogeneous landscape.
 2.2.3 Accuracy Assessment

The accuracy assessment of the generated LULC map was carried by using ground truth points collected   during   field   visits   and   from   Google earth in case of in accessible areas. The user’s accuracy, producer’s accuracy and overall accuracy of the LULC  map  of  Ramhal Forest Range    was  generated  using  error matrix  and  on  the  basis  of  these  accuracies, KAPPA    (KHAT    coefficient)    was    calculated. Producer’s accuracy is a measure of  error  of omission  and  user’s  accuracy  is  a  measure  of error   of   commission.   KAPPA   analysis   is   a discrete multivariate used in accuracy assessment (Congalton et al., 1983)   The standard accuracy measures were calculated using Equations 1, 2, 3, and 4.
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Where,
 r represents the number of rows in the matrix, xii denotes the count of observations located in both row i and column i, while xiþ and xþi signify the marginal totals for row i and column i, respectively. Additionally, n stands for the overall number of observations (pixels).

2.2.4.	Floristic composition 

 In the present study, the random quadrant method was employed to calculate the IVI to examine the various community characteristics of herb species (Misra, 1968). Quadrates of a specific size (1 × 1m) were randomly placed at each chosen location. Within each quadrant, herb species were categorized and the number of individuals per species was tallied to determine various phytosociological aspects. Plant identification was carried out in the field under expert supervision and subsequently verified using authenticated reference collections housed at the Herbarium of the Centre of Excellence in Biodiversity and Taxonomy, University of Kashmir. Voucher specimens were collected, processed, labelled, and deposited in the COBT–KU herbarium for future reference. Curtis (1959) was used to compute the vegetation density, frequency, and basal area. Relative values for frequency, density, and dominance were established according to (Phillips, 1959). IVI for each site was calculated using the following formula:

	IVI = Relative Density + Relative Frequency + Relative Cover

	 



Whereas Relative Density + Relative Frequency + Relative Cover can be computed using equations 1, 2 and 3 respectively. 
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3. RESULT

3.1. Land Use Land Cover (LULC)

A land use/land cover (LULC) analysis of the Ramhal Forest Range for 2024 reveals that the total geographical extent of the range is 32,008.72 ha. Forest constitutes the dominant component of the landscape. Closed forest represents the most extensive class, covering 13,252.82 ha (41.40%), indicating the presence of dense and relatively intact forest stands. Open forest occupies 5,645.31 ha (17.64%), reflecting areas with comparatively lower canopy density, often associated with forest margins, transitional zones, or moderate anthropogenic influence. In addition to intact forest cover, forest scrub extends across 1,783.84 ha (5.57%), representing degraded or regenerating forest patches shaped by both natural factors and localized human disturbance. Grasslands, covering 2,056.72 ha (6.43%), are distributed mainly across forest openings and higher elevations, functioning as ecological transition zones and supporting seasonal grazing. Snow-covered areas occupy 2,837.50 ha (8.86%), reflecting localized high-altitude conditions and seasonal snow persistence. Agricultural land accounts for 1,118.64 ha (3.49%), largely confined to valley bottoms and gentle slopes where cultivation is feasible. Horticultural land, covering 885.12 ha (2.77%), represents orchard-based land use characteristic of temperate Himalayan environments. Trees outside the forest, occupying 322.17 ha (1.01%), occur as scattered tree cover within agricultural fields and settlement areas. Built-up areas cover 722.50 ha (2.26%), indicating limited settlement and infrastructural development within the forest range. Wastelands, comprising 2,517.27 ha (7.86%), include barren, rocky, or sparsely vegetated surfaces associated with rugged terrain and shallow soils. Water bodies occupy 866.82 ha (2.71%), encompassing rivers and streams that play an important role in local hydrological processes (Fig. 1 and Table 1).   The spatial distribution of grasslands in the Ramhal Forest Range (2024) exhibits a fragmented and patchy pattern. Grasslands are primarily concentrated in the southern and south-eastern parts, with the Bangus grassland forming the most prominent and accessible patch, characterized by relatively large and continuous areas associated with higher elevation alpine and subalpine zones. In contrast, the northern and central regions are dominated by other land cover types, with only small, scattered grassland patches. Additionally, narrow grassland strips occur along ridge tops and gentle slopes, reflecting the influence of topography on their distribution. The overall accuracy (OA) of the LULC classification was 92.8%, indicating an excellent level of agreement between the classified map and reference data. The kappa coefficient (κ) of 0.91 further confirms a very strong agreement beyond chance, underscoring the robustness and reliability of the classification methodology.  
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Fig 1:  Landuse Land Cover Map of Ramhal Forest Range (2024)






 Table 1:  Spatial extent of various LULC classes of the Ramhal Forest Range using on-screen digitisation
	Class
	Area (ha)
	%

	[bookmark: _Hlk224904701]Agriculture
	2056.72
	6.43

	Builtup
	1783.84
	5.57

	Closed Forest
	13252.82
	41.40

	Forest Scrub
	2837.50
	8.86

	Grassland
	2517.27
	7.86

	Horticulture
	722.50
	2.26

	Open Forest
	5645.31
	17.64

	Snow
	866.82
	2.71

	Trees Outside Forest
	322.17
	1.01

	Wasteland
	1118.64
	3.49

	Waterbody
	885.12
	2.77

	Wetland
	0.00
	0.00

	Grand Total
	32008.72
	100.00





 3.2. Floristic Diversity

The phytosociological investigation of the Bangus grassland in Ramhal Forest range revealed 36 herbaceous species, representing a rich and diverse assemblage of grasses and forbs characteristic of alpine–subalpine meadow ecosystems (Table 2). The vegetation composition reflected substantial representation from families such as Asteraceae, Poaceae, Fabaceae, Lamiaceae, Ranunculaceae, and Polygonaceae. Among all species, Poa annua exhibited the highest Importance Value Index (IVI = 15.88), indicating its clear dominance in the community. This was closely followed by Plantago lanceolata (IVI = 15.63), Trifolium repens (IVI = 15.37), and Ranunculus laetus (IVI = 14.25), reflecting their strong ecological significance and wider distribution across the study area. Species such as Senecio chrysanthemoides (IVI = 12.52), Impatiens thomsonii (IVI = 11.99), and Sorghum halepense (IVI = 11.96) also showed relatively high IVI values, indicating moderate dominance and adaptability to local environmental conditions. In contrast, species like Veronica laxa (IVI = 1.85), Stellaria media (IVI = 2.65), and Veronica persica (IVI = 3.45) recorded the lowest IVI values, suggesting their limited distribution and lower ecological importance within the grassland community. Therefore, the vegetation structure of the Bangus grassland is dominated by a few key species, particularly grasses and forbs, while the majority of species exhibit moderate to low dominance.  

Table 2:  Phytosociological characteristics of herbaceous species in Bangus Grassland,
	S. No
	Species Name
 
	Relative Density
	Relative Frequency
	Relative Basal Area
	IVI

	1
	Achillea millefolium L.
	2.288911
	3.249097
	3.562218
	9.100227

	2
	Aconitum chasmanthum Stapf
	3.204476
	3.249097
	2.279819
	8.733393

	3
	Arisaema jacquemontii Bleum
	2.238047
	1.805054
	5.129593
	9.172694

	4
	Asplenium trichomanes L.
	1.576806
	2.527076
	1.282398
	5.38628

	5
	Caltha alba Cambess.
	2.746694
	2.888087
	0.569955
	6.204735

	6
	Capsella bursa-pastoris (L.) Medik.
	3.509664
	4.33213
	0.569955
	8.411749

	7
	Cirsium wallichii DC.
	4.933876
	4.33213
	0.3206
	9.586605

	8
	Corydalis govianiana Wall.
	4.679552
	4.33213
	1.282398
	10.29408

	9
	Euphorbia wallichii Hook.f.
	2.49237
	2.166065
	0.115416
	4.773851

	10
	Geranium wallichianum Oliv.
	4.018311
	3.971119
	0.890554
	8.879985

	11
	Impatiens thomsonii Hook.f.
	3.967447
	2.888087
	5.129593
	11.98513

	12
	Iris hookeriana Foster
	1.831129
	1.805054
	3.562218
	7.198401

	13
	Myosotis arvensis (L.) Hill
	2.136317
	2.527076
	0.3206
	4.983993

	14
	Oxalis acetosella L.
	2.746694
	2.527076
	0.569955
	5.843724

	15
	Phlomis bracteosa Royle ex Benth.
	1.424212
	1.083032
	6.981947
	9.489191

	16
	Plantago  lanceolata.
	2.288911
	1.805054
	11.54159
	15.63555

	17
	Poa annua L.
	5.645982
	3.249097
	6.981947
	15.87703

	18
	Polygonum amplexicaule D. Don
	1.62767
	2.527076
	0.3206
	4.475346

	19
	Polygonum aviculare L.
	2.136317
	2.166065
	0.142489
	4.444871

	20
	Potentilla indica (Andrews) Th.Wolf
	3.611394
	3.610108
	0.569955
	7.791457

	21
	Primula denticulata Sm.
	2.085453
	1.444043
	2.279819
	5.809315

	22
	Ranunculus laetus,Royle
	2.238047
	2.888087
	9.119277
	14.24541

	23
	Rumex nepalensis Meisn
	2.950153
	2.888087
	3.562218
	9.400457

	24
	Salvia hians Royle ex Benth.
	3.153611
	3.249097
	2.279819
	8.682528

	25
	Senecio chrysanthemoides DC.
	2.288911
	3.249097
	6.981947
	12.51996

	26
	Sibbaldia cuneata Edgew.
	4.120041
	4.33213
	0.3206
	8.77277

	27
	Sorghum halepense (L.) Pers.
	1.7294
	3.249097
	6.981947
	11.96044

	28
	Stellaria media (L.) Vill
	1.424212
	1.083032
	0.142489
	2.649733

	29
	Taraxacum officinale L.
	2.746694
	2.888087
	2.279819
	7.9146

	30
	Thymus linearis Benth.
	3.407935
	3.249097
	0.3206
	6.977632

	31
	Trifolium pratense L.
	4.984741
	3.610108
	1.282398
	9.877247

	32
	Trifolium repens L.
	4.425229
	3.971119
	6.981947
	15.37829

	33
	Urtica dioica L.
	2.746694
	1.805054
	3.562218
	8.113966

	34
	Veronica laxa Benth
	0.559512
	0.722022
	0.569955
	1.851488

	35
	Veronica persica Poir.
	0.966429
	2.166065
	0.3206
	3.453094

	36
	Viola odorata L.
	1.068159
	2.166065
	0.890554
	4.124778

	Total
	100
	100
	100
	300



 

 3.3. LULC–Floristic Diversity Dynamics
The LULC analysis of the Ramhal Forest Range (2024) reveals a forest-dominated landscape (41.40% closed forest) interspersed with grasslands (6.43%) and snow-covered areas, reflecting a heterogeneous high-altitude ecosystem. Grasslands occur in a fragmented yet ecologically significant pattern, primarily concentrated in the southern and south-eastern parts, where the Bangus grassland forms the largest and most continuous patch. The high classification accuracy (OA = 92.8%, κ = 0.91) confirms the reliability of these spatial patterns. This landscape configuration strongly corresponds with the observed floristic composition of the Bangus grassland. The presence of relatively intact forests, open canopy zones, and favorable topographic conditions provides suitable habitats for diverse herbaceous communities. The phytosociological analysis recorded 36 species, with dominance of Poa annua, followed by Plantago lanceolata, Trifolium repens, and Ranunculus laetus, indicating high adaptability and ecological significance of these species in alpine–subalpine conditions. The patchy distribution of grasslands, as revealed by LULC analysis, is reflected in the heterogeneous species composition and varying IVI values, where a few dominant species coexist with several low-abundance species. This pattern suggests that environmental gradients, grazing pressure, and habitat fragmentation play a key role in shaping vegetation structure.  

4. DISCUSSION:
  
 4.1 Land Use Land Cover (LULC)
The land use/land cover (LULC) analysis of the Ramhal Forest Range highlights a heterogeneous and environmentally sensitive high-altitude landscape, shaped by interactions among topography, climate, and anthropogenic pressures. The alpine and subalpine zones comprise a mosaic of dense forests, grasslands, snow cover, and minor human-modified areas, forming an ecologically significant component of the Kashmir Himalaya. While substantial LULC transformationsparticularly conversion to agriculture and horticulture have been reported in lower elevations, such changes remain relatively limited but ecologically critical in high-altitude zones (Ahmad et al., 2022; Saleem et al., 2024).
The Ramhal Forest Range exhibited the highest proportion of closed forest (41.40%), indicating relatively intact vegetation. Rugged terrain and poor accessibility act as natural barriers to anthropogenic disturbances, supporting forest conservation, consistent with findings from other Himalayan regions (Malik et al., 2019). These forests, dominated by Abies pindrow, and Pinus wallichiana, play a vital role in watershed protection and biodiversity conservation (Peerzada et al., 2019). However, the presence of open forests and scrub patches suggests localized degradation due to grazing and resource extraction (Haq et al., 2022). Grasslands form an important ecological component, with their distribution controlled by altitude, slope, soil, and moisture conditions. These ecosystems are crucial for biodiversity, hydrological regulation, and traditional livelihoods (Husain et al., 2019), but remain highly vulnerable to overgrazing and land-use pressures, which can lead to vegetation degradation and expansion of scrub (Saleem et al., 2024). Snow cover, occupying 8.60% of the area, plays a critical hydrological role by regulating seasonal water availability through meltwater release (Qazi et al., 2019).  The results align with previous studies indicating increasing fragmentation and gradual ecological change in Himalayan landscapes (Fayaz et al., 2020). The classification achieved a high overall accuracy of 92.8% and a kappa coefficient of 0.91, indicating strong agreement and reliability of the LULC map (Bhatt and Maclean, 2023).
4.2. Floristic Composition 
The phytosociological structure of the Bangus grassland indicates a diverse and ecologically stable alpine subalpine meadow system, shaped by habitat heterogeneity and favorable edaphic conditions. The recorded species richness (36 species) aligns with previous studies from the Kashmir Himalaya, where altitude, aspect, and microhabitat variability strongly influence vegetation composition (Addullah and Andrabi, 2021; Peerzada et al., 2021; Dar et al., 2012). The community is clearly dominated by a few key species, with Poa annua showing the highest Importance Value Index (IVI = 15.88), followed by Plantago lanceolata (15.63), Trifolium repens (15.37), and Ranunculus laetus (14.25). The dominance of these grasses and forbs reflects their high adaptability, wider distribution, and contribution to biomass and nutrient cycling, a pattern commonly observed in Himalayan grasslands under moderate grazing conditions (Rawat, 2005; Husain et al., 2019).
Several species, including Senecio chrysanthemoides, Impatiens thomsonii, and Sorghum halepense, exhibited moderate IVI values, indicating ecological flexibility, whereas species such as Veronica laxa, Stellaria media, and Veronica persica showed low IVI, reflecting restricted distribution and niche specificity. Such uneven distribution patterns are typical of mountain ecosystems, where microtopography and soil heterogeneity create localized niches (Khan et al., 2014; Islam et al., 2025).   The presence of legumes (Trifolium spp.) further enhances soil fertility and ecosystem productivity through biological nitrogen fixation, thereby improving nutrient availability and supporting plant community development in grassland systems (Bardgett & Wardle, 2010). The Bangus grassland represents a relatively undisturbed and resilient ecosystem, where limited accessibility and moderate grazing pressure help maintain species diversity and ecological stability, consistent with findings from the Kashmir Himalaya (Abdullah and Andrabi 2021).  
4.3.  LULC–Floristic Diversity Dynamics
The integration of LULC patterns with floristic composition reveals a strong linkage between landscape structure and vegetation dynamics in the Ramhal Forest Range. The dominance of closed forests alongside fragmented grasslands reflects a heterogeneous landscape shaped by variations in altitude, slope, and canopy cover, thereby enhancing species diversity (Malik et al., 2019). Grasslands, although limited in extent, function as ecologically dynamic habitats within forest matrices, supporting rich herbaceous diversity under moderate disturbance, particularly grazing (Husain et al., 2019). The presence of scrub and wastelands indicates ongoing degradation and secondary succession, contributing to transitional habitats and influencing species distribution patterns (Shukla and Srivastava, 2017). Seasonal snow cover and water bodies further regulate moisture availability and phenological cycles, thereby shaping vegetation patterns (Qazi et al., 2019). However, increasing fragmentation, uneven species dominance, and intensifying disturbances highlight growing ecological pressures, underscoring the need for integrated landscape-level management to sustain biodiversity and ecosystem resilience in the Kashmir Himalaya (Dar and Khuroo, 2020). This study is limited by the use of single-season Sentinel-2 data, which may not capture seasonal variability in vegetation. The on-screen digitisation approach may introduce some subjectivity, and field sampling was restricted, potentially underrepresenting spatial heterogeneity. Additionally, key factors such as soil properties, grazing intensity, and microclimatic conditions were not explicitly assessed. Future studies using multi-season data and broader ecological variables would provide more comprehensive insights.

5. Conclusion
This case study assesses Kashmir Himalayan grasslands within the Ramhal Forest Range of Kemil Forest Division by integrating geospatial land use/land cover (LULC) mapping with phytosociological analysis to address growing concerns over grassland degradation from land-use change, grazing pressures, and climate variability in high-altitude Himalayan systems.   LULC mapping used Sentinel-2 multispectral imagery (Oct 2024) processed in ERDAS Imagine and classified using on-screen digitisation. LULU revealed that the Ramhal Forest Range was forest-dominated, with closed forest as the largest class (13,252.82 ha; 41.40%), followed by open forest (5,645.31 ha; 17.64%); additional classes include forest scrub (1,783.84 ha; 5.57%), and grasslands (2,056.72 ha; 6.43%). Classification accuracy was high (overall accuracy 92.8%, κ = 0.91), supporting reliable interpretation of LULC patterns; Phytosociological analysis revealed that the   Bangus grasslands documented 36 herbaceous species. Among all species, Poa annua exhibited the highest (IVI = 15.88), followed by Plantago lanceolata (IVI = 15.63), Trifolium repens (IVI = 15.37), and Ranunculus laetus (IVI = 14.25).  By explicitly linking the LULC structure to observed community dominance and diversity in Bangus, the study underscores the conservation and management importance of maintaining regulated land use and grazing to sustain ecosystem services, hydrological regulation, and alpine–subalpine grassland resilience in the Kashmir Himalaya. 
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