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The alpine grasslands of the Kashmir Himalayas serve as a lifeline for the region’s

pastoral communities, providing the primary source of forage for their livestock.

These high-altitude rangelands are not only crucial for the livelihood of these

communities but also play a significant role in maintaining the ecological

balance of the area. However, sustainable pastoralism in these fragile

ecosystem hinges on a thorough understanding of forage availability and

livestock carrying capacity. This study assesses the forage dynamics and

livestock carrying capacity of these high-altitude grasslands. Through

comprehensive biomass sampling across 23 strategically selected sites, we

calculated an average dry matter above ground biomass yield of 5.10 metric

tons per hectare, resulting in a total dry biomass weight of approximately

820,489.22 metric tons (820,489,220 kg), over the entire grassland area of

160,974 ha. Using a daily forage intake of 1.3 kg per Sheep Unit (SU) over

50 grazing days, time period which corresponds to the renewal period for new

grass growth, the average carrying capacity of the rangelands was determined

to be 39.08 Animal Units (AU) per hectare and the total carrying capacity was

estimated as 62,78,556 SU. The current stocking rate of 4,661,800 SU utilizes

about 74.21% of this Carrying capacity, leaving a surplus of 25.77% or

1,616,756 Animal Sheep Units. However, localized overgrazing in areas such

as Thajwas and Mohand Marg highlights the need for targeted management

practices to prevent rangeland degradation. This data is critical as it provides a

baseline for understanding the potential of these rangelands to support

livestock. This study underscores the importance of sustainable livestock

management to optimize carrying capacity while maintaining the ecological

balance of the grasslands. Engaging local pastoral communities in these efforts

is essential for the effective and sustainable management of the alpine

grasslands in the Kashmir Himalayas.
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Introduction

Grasslands cover around 40% of terrestrial ecosystems,

accounting for 3,500 million hectares on Earth, and are vital

for energy transmission, global biogeochemical cycles, and

climate change dynamics (Scurlock and Hall, 1998; Piao et al.,

2004; FAO, 2018, 2019). Rangelands, one of the largest

ecosystems on the planet, are vital for biodiversity and the

livelihoods of millions of people, particularly pastoral

communities. Grasslands are integral not only for livestock

sustenance but also for providing essential ecosystem services

such as carbon sequestration, water regulation, and biodiversity

conservation (DeFries and Rosenzweig, 2010; Xu et al., 2013;

Fassnacht et al., 2015). However, overgrazing has long been

recognized as a critical factor contributing to rangeland

degradation (Akiyama and Kawamura, 2007). Grazing

pressure, if not properly managed, can lead to reduced

vegetation cover, soil compaction, and changes in plant

species composition, all of which compromise the health and

productivity of rangelands (Milchunas and Lauenroth, 1993).

Global discussions on rangeland management underscore the

importance of balanced grazing practices to prevent long-term

ecosystem damage (Briske D. D. et al., 2015). Moderate grazing

can enhance ecosystem resilience, while overgrazing diminishes

rangelands’ regenerative capacity, leading to biodiversity loss

(Oesterheld et al., 1992; Holechek, 1988). Nonetheless,

rangelands remain susceptible to degradation, primarily due to

overgrazing. The rapid population growth over recent decades

has led to increased demand for natural resources and animal

products, exerting immense pressure on grassland ecosystems

and causing severe degradation (Zhou et al., 2003). Recognizing

the importance of grasslands in sustainable intensification,

there is a growing emphasis on improving productivity and

efficiency within these ecosystems (Zhou et al., 2005; Bogaerts

et al., 2017; Palermo et al., 2014; Thornton and Herrero, 2010).

Accurate modeling and prediction of the spatial and temporal

dynamics of grassland ecosystems are essential for their

conservation and sustainable management (Li et al., 2016;

Cao et al., 2019). Grassland degradation has led to a decline

in the carrying capacity per hectare regarding grass

consumption (Golluscio et al., 2015). To mitigate this

degradation and promote sustainable grazing practices,

comprehensive studies on the current state of grasslands,

considering both spatial and temporal dimensions, are

imperative. Fodder yield, a key indicator of grassland health

and a determinant of animal carrying capacity, necessitates

careful evaluation (Holecheck, 1988; Hunt et al., 2003; Hunt

and Miyake, 2006).

Livestock carrying capacity refers to the maximum number

of livestock units that a particular area of grassland can support

without causing environmental degradation. This concept is

crucial for sustainable grassland management as it ensures

that grazing does not exceed the regenerative capacity of the

ecosystem (Dong et al., 2022) Overgrazing, which occurs when

livestock density surpasses the carrying capacity, can lead to soil

erosion, loss of plant species, and a decrease in biomass

productivity, thereby further diminishing the carrying capacity

over time (Fuhlendorf and Engle, 2001). Effective management

strategies must incorporate regular assessments of carrying

capacity to adaptively manage grazing pressure and maintain

ecosystem health (Teague et al., 2013).

The alpine grasslands of the Kashmir Himalayas are crucial

for the livelihoods of local pastoral communities and the region’s

ecological stability. The degradation of these ecosystems is

particularly detrimental for over 1,000 species in the alpine

regions of the Himalayas, significantly reducing their survival

chances (Rawat, 2005; Körner et al., 2006). The tradition of

animal husbandry in Kashmir’s natural grasslands spans nearly a

millennium, with grazing being the primary human activity

shaping these grassland communities (Singh et al., 2018).

Overgrazing has led to ecological degradation, severely

impacting the sustainable development of animal husbandry

in these grasslands (Hua and Squires, 2015; Briske D. D.

et al., 2015; Tong et al., 2004; Yu et al., 2004). Variations in

grassland composition and biomass production across

landscapes are influenced by factors such as terrain, biotic

stresses, species dominance, rainfall patterns, and plant

species’ successional status (Liu et al., 2019). However, over

the past century, insufficient attention has been given to

balancing ecological preservation with production functions in

Kashmir’s grasslands (Roy and Singh, 2013). While traditional

field-based studies have been conducted on grasslands in some

regions, there is a pressing need for more comprehensive

examinations in other areas to develop effective pasture lands

management strategies (Rawat, 1998; Saleem et al., 2019).

Traditional practices and scientific assessments can work

together to sustain livestock populations and protect

grasslands. In this study, aboveground biomass (AGB) was

estimated using the plot field harvest method, which is

considered the most accurate and reliable approach for

determining biomass (Meng et al., 2022). Area under

grassland use type was calculated using supervised land use

classification (Saleem et al., 2021; Mushtaq et al., 2024; Saleem

et al., 2024), to estimate the total area of grasslands the alpine and

sub-alpine regions were delineated first, ensuring more

accurate results.

This study on forage availability and livestock carrying

capacity is vital to optimize livestock numbers, prevent

ecological degradation, and support sustainable pastoral

practices. Understanding forage dynamics informs policy-

making for effective rangeland management. Engaging local

communities fosters sustainable grazing practices, integrating

traditional knowledge with scientific insights (Biró et al., 2019;

Sharifian et al., 2022). Ultimately, this study provides a framework

for the long-term sustainability of the grasslands, ensuring

economic stability and ecological health for future generations.
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Materials and methods

Study area

The Kashmir Himalayas, located in the northwestern part of

the Indian subcontinent, are distinguished by their complex and

diverse geographical and ecological landscape. This region

extends roughly from 32°22′ to 34°43′ N latitude and 73°52′
to 75°42′ E longitude, bordered by the Great Himalayas to the

northeast and the Pir Panjal Range to the southwest. The

Kashmir Valley, a notable feature of this region, is an

elliptical, bowl-shaped valley approximately 135 km long and

up to 40 km wide, situated at altitudes ranging from 1,600 m to

5,375 m above sea level (Saleem et al., 2021). The Jhelum River,

which cuts through the Pir Panjal range at the Baramulla gap,

predominantly drains this valley. The region experiences a varied

climate, with cold winters andmoderate summers. The ecological

and environmental diversity of the Kashmir Himalayas is

notable, the region hosts numerous glaciers. The Kashmir

Himalayas are also home to extensive alpine grasslands

(Figure 2), which are a critical component of the region’s

biodiversity. These grasslands support a variety of flora and

fauna, including several species of grasses, herbs, and

medicinal plants. Some notable varieties found in these

grasslands include the endemic Himalayan blue poppy

(Meconopsis aculeata), Saussurea obvallata, and numerous

species of Rhododendron, notable plant genera in these

grasslands include Aconitum, Gentiana, Iris, Pedicularis,

Potentilla, Primula, and Ranunculus, while Astragalus, Lotus,

Medicago, and Trifolium are prominent legumes as documented

by (Dad and Khan, 2010; Zargar, and Shah, 2012). These alpine

ecosystems are not only important for biodiversity conservation

but also for the livelihoods of local communities who depend on

these grasslands for grazing livestock and harvesting

medicinal plants.

Land use land cover generation

The study utilized Landsat 8 OLI Surface reflectance

having a 30-m resolution acquired using cloud filtering

from the USGS database and subsequently pre-processed.

Prior to land use classification, to accurately relate the

gathered data to biophysical phenomena (Saleem et al.,

2024), the acquired satellite imagery was geo-referenced

and rectified to fit the UTM zone 43 N, adhering to the

WGS84 datum. Following the assessment of data quality,

the imagery was processed using ERDAS Imagine 9.1 for

radiometric and geometric corrections, such as image

enhancement, layer stacking, mosaicking (Chander and

Markham, 2003), and sub-setting according to the study

area. The Land Use Land Cover (LULC) analysis was

carried out, focusing on the alpine and sub-alpine regions

of Kashmir. The classification process identified six distinct

LULC classes, including Open Forest, Exposed Rock, Forest,

Shrubland, Grasslands, and Snow-covered region. Among the

various available LULC classification techniques, area under

different landuse classes were determined by using the

maximum likelihood classifier algorithm to generate accurate and

reliable LULC map. Figure 1 provides a visual representation of the

methods employed in this study.

Herbaceous plant sampling

To collect aboveground biomass data, herbaceous plant

samples were collected using the direct field plot harvest

technique from alpine and sub-alpine region of Kashmir

above 2,500 m. The dry biomass was measured by oven-

drying collected samples at 105°C for 72 h until a constant

weight was achieved. This process ensured the complete

removal of moisture content, allowing for an accurate

calculation of the dry biomass available in each pasture lands.

A total of 92 field observations were conducted over the period of

2 years from 2021 to 2022. Four 1 m2 (1 m × 1 m) quadrants

(Mueller et al., 1974; Kent and Coker, 1992), were laid down per

site, two from grazed areas near their wooden huts where they

stay and two from the ungrazed area of pasture lands and all

herbaceous plant species were harvested from above ground.

Figure 2 displays the location of sampling sites, which were

selected to ensure the representation of all major grasslands

across the study region.

Carrying capacity estimation

The concept of carrying capacity (CC) in the context of

rangelands pertains to the evaluation of the average number of

grazing animals that a specific pasture lands can sustainably

support over the course of a season without triggering adverse

consequences (Scanlan, et al., 1994; Desta and Coppock, 2002).

This quantitative measure is typically denoted as ha/AU/yr.

and serves as an indicator of a rangeland’s inherent

productivity, overall health, and resilience. The estimation

of carrying capacity commonly involves a rigorous analysis

of long-term forage yield data collected from a particular range

site. This information, spanning an extended duration,

facilitates a qualitative assessment of the pasture lands and

informs judicious decisions regarding stocking rates. Carrying

capacity, in essence, establishes the optimal stocking rate for a

pasture land during a defined grazing season, expressed in

terms of animal unit months (AUM) per unit area (Stoddart

et al., 1975).

Carrying capacities were determined by establishing the

relationship between forage biomass and the dietary needs of

animals based on their live body weight. The daily feed
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requirements for grazing animals were computed at 2.5% of their

live body weight, assuming a 6% crude protein content in the

range forage species, as established by Timberlake and Reddy

(1986). As a reference, a sheep with an average body weight of

52 kg requiring 1.3 kg of dry matter forage per day (equivalent to

2.5% of its body weight) was considered as one animal unit.

Using these parameters, forage consumption within a grazing

season amounted to 65 kg per 50 grazing days. Following the

methodology outlined by Kent and Coker (1992). In this

particular study, the grazing season was defined as 4 months

due to the harsh climatic conditions prevalent in the alpine

region of Kashmir, limiting grazing availability to this period.

However, the carrying capacity was estimated based on a 50-day

timeframe, which coincides with the grass regrowth season. The

livestock population in the study area predominantly includes

local breeds of cattle, cows, buffaloes, horses, sheep, and goats. To

accurately assess the carrying capacity of these categories,

livestock numbers were standardized into equivalent sheep

units. This approach ensures a uniform measure for

evaluating the grazing pressure and resource requirements of

different livestock types. The following (Equation 1) were used to

compute carrying capacity.

CC
ha
AU

Year
( ) �

Animal Forage Requirement kg
year or season( )

Forage Production kg
ha( ) (1)

A proper rangeland carrying capacity is calculated as (using

Equation 2).

Cc � F

I × D
(2)

Wherein CC is maximum number of animals a particular

rangeland can support for a specific period without degrading the

ecosystem, it’s expressed in standard sheep units (SU).

Standard sheep unit (SU): A reference unit used to compare

the grazing needs of different livestock types. One SU represents

the forage needs of a single adult sheep which is 2.5% live

body weight.

Usable forage (F): The amount of forage from the rangeland

that’s actually available and consumable by grazing animals

which is 50%.

Forage intake (I): The daily amount of forage consumed by a

standard sheep unit.

Grazing period (D): The total number of days in a year

(50 days) that the rangeland is available for grazing.

Stocking rate

The Stocking rate represents the actual number of livestock

that can graze a specific area of grassland for a given period

FIGURE 1
Methodology flow chart.
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without harming the ecosystem. It should consider all types of

large grazing animals and their meat consumption needs. The

formula (Equation 3) for calculating the approximate stocking

rate is defined as:

Sr � Sc + Ss + Sy + Sm (3)

Sr: Real number of livestock (standard sheep unit, SU).

Sc: Number of cattle within a grazing period (converted to

standard she ep units).

Ss: Number of goats within grazing period (standard

sheep units).

Sy: Number of horses within grazing period (converted to

standard sheep units).

Carrying rate

Carrying rate (Cr) emerges as a critical tool for gauging the

sustainability of grazing activity. Cr serves as an indicator of

whether grazing practices are exceeding the land’s capacity. By

calculating Cr, ranchers and landmanagers can determine if their

current grazing intensity aligns with the rangeland’s ability to

support livestock. A negative carrying rate (Cr < 0) signifies a

worrisome situation: overgrazing. This scenario occurs when the

number of animals grazing the land surpasses its sustainable

limit. Conversely, a positive carrying rate (Cr > 0) indicates a

more favourable situation with a surplus of available forage. In

this case, the grazing pressure is below the rangeland’s capacity,

suggesting the potential to support more livestock without harm.

Finally, a carrying rate of zero (Cr = 0) represents a scenario

where grazing activity precisely matches the rangeland’s

capabilities (using Equation 4).

Cr � Cc − Sr
Cc

(4)

In which, Cr is the carrying rate, Cc is the proper carrying

capacity, and Sr is real stocking rate.

Results

The LULC analysis focusing on the alpine and sub-alpine

regions of Kashmir was primarily aimed at delineating and

quantifying the area under grassland. This was crucial for

FIGURE 2
Study area map sampled pasture lands.
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understanding the spatial distribution and extent of grassland

ecosystems in the Kashmir Himalayas. Through Maximum

likelihood classification method, we have identified six land

use classes as given in Table 1. Wherein open forests covered

98,147 ha, which is 11.17% of the total study area. Exposed rock

formations were the most extensive, spanning 345,269 ha and

accounting for 39.28% of the total land cover. Forested areas

measured 169,367 ha, making up 19.25% of the area, while

shrublands covered 93,117 ha, representing 10.59% of the

landscape and snow-covered regions were relatively limited,

covering 12,159 ha or 1.38% of the total area. Grasslands

spanned an area of 160,974 ha, constituting 18.32% of the

total study area (Figure 3). This land use type was a primary

focus of interest due to its crucial role in supporting pastoralism

activities during the summer seasons in the region.

Above ground biomass (dry matter)

The investigation of rangelands in the Kashmir Himalayas,

covering 23 pasture sites (including portions of sampling pasture

land areas that are both grazed and ungrazed), across study area

provided valuable insights into their grassland biomass

production and growth patterns. The analysis of dry biomass,

derived from the collected field data reflecting organic matter

after removal of moisture content, reveals variability in grassland

productivity as shown in Figure 3. With an average dry matter

yield of 5.21 tons per hectare, the total estimated production for

the 160,974 ha of grassland in the study region is approximately

838,675 metric tons. The findings show pasture lands like

Daksum, Tragbal, Krush, Lung Marg, Lidwas, and Razdan

Top, have high dry biomass productivity exceeding 5.99 tons/

ha. The pasture lands show moderate levels of biomass

TABLE 1 Area under various Land Use types in hectares and
percentage.

Class Name Area in hectares Percentage (%)

Open Forest 98,147 11.17%

Exposed Rock 345,269 39.28%

Forest 169,367 19.25%

Shrubland 93,117 10.59%

Grassland 160,974 18.32%

Snow 12,159 1.38%

Total 879,033 100.00%

FIGURE 3
Grassland areas identified through land use and land cover assessment.
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production are Kongwattan, Gangbal, and Hangel Marg

demonstrated yields of 5.84, 5.69, and 5.67 metric tons per

hectare, respectively. Dagwan closely followed with

5.44 metric tons, while Lashkoot 5.21, Gumri 5.20, and

Bangus 5.16 produced metric tons per hectare. Other sites

included Danwas 4.66 t/ha, Pir Galli 4.63 t/ha, Chirsar 4.83 t/

ha, Maalish 4.55 t/ha, and Kud Marg 4.29 t/ha, in contrast,

Lower-yielding sites such as Thajwas, Mohand Marg, Yousmarg

Diskel and Maaldu Gali produced less than 4 metric tons of dry

biomass per hectare.

Livestock composition and feed
requirement

The livestock population of pastoral migrants in the Kashmir

Himalayas is diverse, reflecting varied cultural practices,

economic needs, and environmental adaptations. This

diversity is evident in the different types of livestock favoured

by different pastoral communities, which play a crucial role in

their livelihoods and subsistence (See Table 2). Sheep constitute

the largest share of the livestock population, with an estimated

12.85 lakh units, accounting for approximately 48.97% of the

total livestock. This significant percentage highlights the

predominance of sheep in the region’s pastoral economy.

Goats represent the second-largest group, with a population of

8.51 lakh units, making up about 32.43% of the total livestock.

The significant presence of sheep and goat indicates their crucial

role in the pastoral system. Their significance lies in their ability

to adapt to the region’s demanding landscapes and long

migration routes, making them essential to the livelihood and

economic stability of pastoralist communities. Cattle, numbering

(4.01 lac), comprise approximately 15.28% of the total livestock

population, also contribute vitally to the pastoral economy. They

are important for milk production, ploughing fields, and as a

source of meat. The Gujjars, known for maintaining a variety of

livestock including cattle, benefit from the diverse products and

services cattle provide, which support their semi-nomadic and

partially sedentary lifestyle. Horses, with having population of

86.8 thousand, constitute about 3.31% of the total livestock are

essential for mobility and transportation, especially for

Bakerwals. Understanding this livestock composition is crucial

for accurately estimating the carrying capacity of the rangelands.

The total forage requirements for livestock (sheep/goats/Cattle/

horses) are 302,956Metric tons have been calculated based on the

2.5% of their body weight for 50 days’ time period (Table 3,

Figure 4). The daily forage requirements for total sheep units

present are 1,670.5 metric tons, and for goats 1,106.3 metric tons,

cattle 2,606.5 metric tons, and horses 676 metric tons.

By considering the specific needs and contributions of each

livestock type, effective strategies can be developed to optimize

the carrying capacity, ensuring the long-term sustainability of

pastoralist practices in the Kashmir Himalayas.

Carrying capacity

The Carrying Capacity of the sampled grasslands have been

calculated for 50 days timeframe, which corresponds to the

renewal period for new grass growth. This timeframe reflects

the period required for the grasslands to regenerate sufficient

biomass to support grazing animals. By considering this renewal

cycle, the carrying capacity assessment ensures sustainable use of

the pasture lands without overexploiting the available forage.

TABLE 2 Major pastoralists of Jammu and Kashmir.

Name of the community Composition of livestock Type of movement

Bakerwal Mainly goats, sheep, horses and dogs Nomadic and Transhumance

Gujjars Cattle, buffaloes, sheep, horses and dogs Transhumance and sedentary

Chopans Mainly sheep Semi-sedentary

TABLE 3 Livestock statistics and forage requirements.

Livestock
Name

Livestock
Units

Avg Livestock/
Family

Weight
(KG)

Daily Feed
Requirement/

AU (Kg)

Livestock After
conversion into

SU (Kg)

50 Days Feed
Requirement (MT)

Sheep 12,85,000 16 52 (1SU) 52 × 0.025 = 1.3 65 × 12,85,000 83,525

Goats 851,000 11 52 (1SU) 52 × 0.025 = 1.3 65 × 8,51,000 55,315

Cattle 401,000 5 260(5SU) 260 × 0.025 = 6.5 65 × 20,05,000 130,325

Horses 86,800 1 312(6SU) 312 × 0.025 = 7.8 65 × 520,000 33,800

Total 26,23,800 33 46,61,000 302,965
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Carrying capacity have been calculated based on daily fodder

requirement of 2.5 percent of body weight of Animal unit (See

Table 4). The average carrying capacity observed across the study

sites was 39.08 animal sheep units per hectare (Figure 5), with the

present stocking rate of 29 Animal Sheep Units/ha, leaving a

surplus of 10.06 SU/ha. The total carrying capacity of rangelands

spread over an area of 160,974 ha is 62,78,556 whereas the

current stocking rate of 4,661,800 SU utilizes about 74.21% of

this Carrying capacity, leaving a surplus of 25.77% or

1,616,756 Animal Sheep Units. Pasture land like Daksum

(54.54 AU/ha), Tragbal (54.31 AU/ha), Krush (53.54 AU/ha),

and Lung Marg (52 AU/ha) recorded the highest carrying

capacities. Whereas, pasture lands like Gangbal (43.77 AU/

ha), Lidwas (48.54 AU/ha), and Razdan Top (46.08 AU/ha)

show a balance of moderate biomass production and sufficient

forage supply. Pasture lands like Diskel (29.85 AU/ha) and

Maaldu Gali (28.69 AU/ha), Yousmarg (23.46 AU/ha),

Mohand Marg (22.08 AU/ha), and Thajwas (18.85 AU/ha),

have the lowest carrying capacities, indicating limited forage

availability and more fragile ecological conditions.

Discussion

The findings of the present study offer a valuable insight into

the forage dynamics and livestock carrying capacity of the alpine

grasslands in the Kashmir Himalayas, which are crucial for

supporting pastoral livelihoods and maintaining the ecological

balance of these fragile ecosystems. The results highlight the

substantial biomass production of these grasslands and

emphasize their potential to support a higher stocking rate than

is currently utilized. To fully harness this potential, it is essential to

implement a strategic plan that actively involves a diverse range of

stakeholders, including pastoralists and policymakers. On the

other hand, concerns over the unequal distribution of grazing

pressure and the long-term viability of these rangelands due to

localized overgrazing in places where tourism overlap. The results

indicate lower biomass production in some low-elevated pasture

lands, that are generally anticipated to exhibit high productivity,

the finding suggests an inverse trend attributable to intensive

overgrazing practices due to their transformation into tourist

destinations. Key factors contributing to this reduced biomass

include the overstocking of horses, combined with grazing by

livestock from pastoral communities. Consequently, this

overgrazing has led to a significant decrease in both the

carrying capacity and overall productivity of these pasture lands

(Husain et al., 2021; Ashraf et al., 2012). The outcomes prompt for

a more in-depth analysis of sustainable pastoralism, emphasizing

the importance of adaptive management practices to maintain the

productivity and ecological integrity of grasslands.

The findings of this study align with the results reported by

(Dad, 2019), indicating a similar pattern of AGB distribution in the

region. Additionally, the results indicate lower biomass production

in some low-elevation pasture lands, such as Thajwas and

Yousmarg, which have become semi-degraded due to their

development as tourist destinations. Key factors contributing to

this reduced biomass include the overstocking of horses, combined

with grazing by livestock from pastoral communities.

In temperate continental grasslands, forage availability

during harsh winter periods is a critical factor limiting

livestock populations (Hui and Jackson, 2006; Rao et al., 2015;

Nandintsetseg et al., 2018; Piipponen et al., 2022). The results of

FIGURE 4
Showing livestock composition and their forage requirement.
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our study share several key similarities with other global

rangeland ecosystems, particularly regarding forage dynamics,

the grassland yield in the Kashmir Himalayas 5.10 metric tons

per hectare is significantly higher than the estimated average

yield for the Three-River Headwaters region in China, where

studies report values around 442.5 kg/ha (Fan et al., 2011). This

difference in yield can be attributed to varying environmental

conditions, such as altitude, precipitation, and temperature, as

well as the methods of calculation. The study in the Three-River

Headwaters utilized NOAA/AVHRR data, while ours is based on

biomass sampling and local field measurements, providing a

more direct and region-specific estimation.

Although the current stocking level is 29 sheep units (SU) and

the carrying capacity is 39 SU, the availability of forage in winters

continues to limit optimal livestock numbers, alongside other

factors. Various elements such as ecological zones, seasonality,

water availability, elevation, and livestock trampling can

significantly influence forage availability in grassland

ecosystems. While determining precise forage utilization is

challenging, a 50% utilization rate is generally recommended to

maintain rangeland health (Holechek, 1988; Liang et al., 2002;

Wang et al., 2011; Su et al., 2017). Despite an overall surplus in

carrying capacity, localized overgrazing near huts, water sources,

and in intervening pasture lands remains a significant challenge, as

reported by Lamba (2015) in Spiti, that areas aroundwater sources,

assessed using shorter transects, face intense species degradation.

Overgrazing is known to negatively impact rangeland quality

(Fleischner, 1994). This localized pressure has led to a decline

in biomass production and a reduction in carrying capacity in

these areas. As nomadic lifestyles becomemore sedentary, grazing-

induced degradation in certain areas may intensify due to more

frequent and concentrated grazing pressure (Vetter, 2005).

Rangelands with lower carrying capacities require careful

management to avoid overgrazing, while those with moderate

productivity support balanced livestock numbers with

appropriate oversight. High-productivity regions can sustain

TABLE 4 Carrying capacity and dry matter production across sampled grasslands.

Pasture lands Dry Biomass (MT/ha) Carrying Capacity (SU/ha)

Mohand Marg 2.87 22.08

Tragbal 7.06 54.31

Krush 6.96 53.54

Lung Marg 6.76 52.00

Maaldu Gali 3.73 28.69

Kud Marg 4.29 33.00

Gangbal 5.69 43.77

Dagwan 5.44 41.85

Maalish 4.55 35.00

Thajwas 2.45 18.85

Razdan Top 5.99 46.08

Gumri 5.20 40.00

Daksum 7.09 54.54

Lidwas 6.31 48.54

Hangel Marg 5.67 43.62

Diskel 3.88 29.85

Pir Galli 4.63 35.62

Bangus 5.16 39.69

Lashkoot 5.21 40.08

Danwas 4.66 35.85

Chirsar 4.83 37.15

Yousmarg 3.05 23.46

Kongwattan 5.84 44.92
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larger livestock populations, though the buffer capacity has

diminished, particularly where tourism and grazing overlap,

leading to overgrazing in some areas. The findings underscore

the need for strategic management to balance livestock demand

with sustainable rangeland use, ensuring long-term productivity

in the region.

To ensure the sustainability of these grasslands, it is

recommended that localized management strategies to address

areas experiencing overgrazing by implementing rotational

grazing systems, where livestock are moved between different

grazing areas based on forage availability and recovery periods.

This approach, already a key aspect of local pastoral management,

has successfully maintained a balance in rangeland biodiversity. The

study shows that pasturelands like Daksum, Tragbal, Krush, Lung

Marg, Lidwas, and Razdan used seasonally by Gujjer Bakerwal and

Chopans pastoral communities, maintain high productivity reflects

positive outcomes from these practices. Additionally, strengthening

community-based rangeland management approaches, where local

pastoralists play an active role in monitoring and managing grazing

practices, is essential for effective resource use. Policymakers should

also consider establishing forage reserves or creating alternative

grazing areas to reduce pressure on sensitive ecosystems,

particularly during periods of drought or forage scarcity.

Further, integrating traditional knowledge with scientific

approaches, such as GIS-based monitoring, could enhance

pasture management by providing real-time data on forage

conditions and livestock movements. Engaging pastoralists in

educational programs that promote sustainable grazing practices

and awareness of stocking limits would also foster greater

stewardship of the grasslands.

Future research may focus on more detailed and localized

assessments of forage availability, quality, and seasonal

dynamics. Conducting longer-term monitoring of forage

productivity, coupled with data on climate variability, would

provide a clearer understanding of how these grasslands are

responding to changing environmental conditions. Additionally,

research on soil health, including studies on root biomass,

nutrient cycling, and the impacts of grazing on soil

compaction and erosion, is crucial for developing a more

comprehensive picture of rangeland sustainability.

Investigating the socio-economic factors influencing

pastoralist behaviour, such as decision-making processes related

to livestock numbers, migration patterns, and grazing practices,

would also be valuable for designing effective management

interventions. Lastly, exploring the potential of integrating

climate-resilient forage species or improved livestock breeds

could offer innovative solutions for enhancing the productivity

and resilience of these rangelands in the face of climate change.

Conclusion

The study identifies critical zones where localized

overgrazing poses a threat to the ecological health of the

rangelands. The findings suggest that, despite grazing

pressures, the broader alpine grasslands of the Kashmir

FIGURE 5
Livestock carrying capacity across sampled grasslands.
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Himalayas remain resilient and productive, largely due to the

sustainable practices employed by pastoral communities.

However, the increasing influence of tourism in these sensitive

regions, underscores the need for balanced policies. Proper

management strategies must ensure that tourism and grazing

pressures are harmonized to prevent further degradation of these

fragile ecosystems. The study advocates for a balanced approach

that optimizes land use while preserving the ecological integrity

of the rangelands. The findings provide a valuable framework for

policymakers and pastoralists alike to ensure the long-term

sustainability of the Kashmir Himalayas’ alpine grasslands.

However, future research should focus on long-term

monitoring, climate change impacts, soil health, economic

analysis, sustainable grazing practices, and community

engagement to ensure sustainable management and

conservation of these vital grasslands.
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