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Abstract

Betula utilis is an indicator species of subalpine forest in the western Himalayan region,
performing dynamic ecological functions and providing significant ecosystem services to rural
mountainous communities that support livelihoods in harsh environmental conditions. The current
study was designed to investigate the ecosystem services and regeneration patterns of Betula utilis
forest in the subalpine zone of Kashmir, western Himalayas. The questionnaire method was used for
collecting ethnobotanical and fuelwood data. The systematic quadrat method was used for assessing
the regeneration patterns of B. utilis forest at 15 sites. B. utilis is a versatile plant with significant
religious and cultural values, as well as being used for the treatment of various diseases in humans
and animals. Results of fuelwood consumption revealed that mountainous rural communities consumed
an average of 7.18 kg/capita/day. The linear regression analysis showed that fuelwood consumption
values increase along the altitude of the investigated area. As altitude increases, the rural population
uses more fuelwood for heating purposes to sustain their lives in harsh environmental conditions.
The average seedling density was calculated at 1351.47/ha in the study area. Significant regeneration was
observed in some sites, while others showed a lower regeneration rate due to immense anthropogenic
pressure. The seedlings and saplings showed a higher number, ranging from 1429/ha to 911/ha, 1915/ha
to 495/ha, 1054/ha to 623/ha, and 1493/ha to 436/ha on the south and north aspects, respectively.
The north-facing aspect depicts more seedling and sapling numbers due to favorable conditions, whereas
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the south-facing aspect showed fewer numbers as compared to the north-facing aspect. Climate change

and anthropogenic pressure significantly affect the long-term viability of Betula forests in subalpine

zones because of their restricted ecological niches. Immediate management strategies are required

to minimize these threats and implement effective conservation strategies and a sustainable forest

management policy for the preservation of the subalpine forest in Kashmir.
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Introduction

Ecosystem services are the benefits that humans
derive from their forest ecosystems, which promote their
well-being through ecological characteristics, functions,
and products and help them understand the relationship
between rural populations and ecosystems in accordance
with the regenerative sustainability approach [1-4].
Numerous ecosystem services produced by forest
ecosystems support over 1.6 billion people’s livelihoods
directly or indirectly around the globe and improve the
quality of life on the planet [5]. The forest provides
a wide range of products for millions of households,
particularly in the rural areas of developing nations [6-
9]. Forest products are broadly classified into carbon
and non-carbon products. Carbon products include
fuel wood, timber, and medicinal plants [10], whereas
non-carbon products include carbon storage, soil water
conservation, ecotourism, and climate regulation [11,
12]. Forest products play a crucial role in the economic
development of rural populations [13-15].

B. utilis D. Don is an important tree species of the
Betula genus in the family Betulaceae [16]. The genus
Betula is commonly known as birches, which are only
angiosperm broadleaved species present at high altitudes
and latitudes. This genus is widely distributed in the
Northern Hemisphere, polar boreal forests, and alpine
tree lines [17]. The World Checklist of the selected plant
families recognizes 62 species of the genus Betula, all of
which are essential ecological components of northern
temperate and boreal forests across the world [18].
B. utilis is the only angiosperm broadleaved species
present in the Himalayas and dominates most of the
area at subalpine altitude. It is a moderate-sized tree
that grows up to 20m in height [19]. B. utilis tree line
vegetation helps to maintain the fragile ecosystem of
the Himalayas, which controls soil erosion and creates
a bioshield for the rest of the forest and Alpine meadows
[20].

Fuelwood consumption is the main energy source for
cooking, heating rooms, etc. for rural populations in the
western Himalayan region [21, 22]. Due to the limited
availability of energy sources, poor socioeconomic
status, bad road connectivity, and the high cost of other
commercially available energy sources, people continue
to depend on the forest ecosystem to sustain their lives
in harsh environmental conditions [23, 24]. Globally,
2.8 billion people, the world’s poorest and most
marginalized rural populations, use biomass to cover

their daily home energy needs [25]. Biomass extraction
may additionally threaten forests’ potential to provide
a healthy environment for people by contributing to
global forest deforestation, degradation, and climate
change [26, 27]. The Western Himalayan region has high
fuelwood demand, which has resulted in the significant
degradation of forest resources near settlements [22].
Fuel, forage, lumber, and other natural resources are
becoming increasingly scarce in the region as the
population grows [23]. In order to meet future demand,
fuelwood production and use in a sustainable manner
have drawn a lot of attention. For fuelwood utilization
to be sustainable, it is critical to comprehend the factors
influencing the patterns of fuelwood consumption.
These factors include activities involving fuelwood [28],
fuelwood prices [29], household size [30], and elevation
[31]. Fuelwood was roughly 42 million m* in 2011, and
by 2030, it is predicted to reach 55 million m?® [32].

Lack of adequate regeneration in the B. utilis stands
could be a major threat to its survival in the Himalayan
forests [19, 33]. Natural regeneration is the process of
reproducing or re-growing, which plays an important
role in maintaining the stable structure of a species in
a community [34]. Undisturbed old-growth forests have
poor seedling recruitment in understories, according
to most studies on B. utilis in the subalpine forests
[35]. Due to regional geographical and metrological
peculiarities as well as socioeconomic household
variables like size and wealth, data on fuelwood
consumption is insufficient [36]. Fuelwood collection,
especially in the western Himalayas, is unsustainable,
which has drastically reduced the population of woody
species and prevented the production of biomass for
bioenergy in a sustainable manner [37]. The main
objectives of the current study are to investigate: 1)
traditional ethnobotanical knowledge of B. utilis among
local communities; 2) the fuelwood consumption pattern
of B. utilis across various elevations in the subalpine
zone; and 3) the regeneration patterns of B. utilis in the
subalpine of Kashmir, western Himalayas.

Materials and Methods
Study Area
The study area is located in the western Himalayan

region of Kashmir, spread between longitudes 73°
and 74° north and 33° and 36° east. The landscape



Assessment of Ecosystem Services...

1687

73°0'0"E
1

F40E TS0 E
1 1

63"0'0"E TE00E TOCOME
1 1 1

-

IF00UN
EEEO
ABENITN

PN
NN

cpend

T
239007

Pakistan|

AJK

229000 N
1
4
N
R

T T T
65°0'0"E T0WE TO00"E

AN

34=0000

34700

33%00N
338N

0 10 20

1 U
7400 75000

Site 13

I T T T .
Kilometers

=
m
Ll
350N

Neelnm

34°00UN

Legend

Study Area

60 80 . ;
Smpling Sites

T
TA0'0"F

T T
T4900"F. TR0

Fig. 1. Map of the study area in the western Himalayan region of Kashmir and location of sampling sites.

of the study area is hilly and rugged, with deep valleys
carved out by numerous streams and rivers and
mountainous slopes covered with forests. Kashmir is
a hotspot for regional biodiversity that supports a wide
range of climatic conditions and ecosystems because of
its enamored elevational gradient [38, 39]. The current
field investigation was carried out in the subalpine zone
of Kashmir in four districts named Neelum, Jhelum,
Farwad Kahuta, and Muzaffarabad along an altitudinal
range of 2900-4000 m (Fig. 1). The climate of the
subalpine zone is characterized by extreme cold during
the winter season, with heavy snowfall and freezing
temperatures down to -10°C from November to April.
The average temperature is around 10°C during the
summer from June to August, while the summer season
is cold and short. The area receives about 1000 mm of
precipitation annually, most of which falls as snow in
the winter [40].

Ecosystem Services Assessment

Fuelwood collection and consumption patterns are
influenced by the climatic conditions, availability of
resources, and cooking techniques and are thus likely to
differ among valleys. A total of 15 sites were selected
from four districts for the assessment of subalpine forest
ecosystem services (Table 1). Each household’s head
member was chosen for an interview, during which
they were questioned about the size of the family,
the resources available for fuelwood, how fuelwood

is collected and used, and other pertinent topics by
following the method of Rawat et al. [41]. In accordance
with Negi and Maikhuri [42], data on fuelwood
consumption and collection were gathered based on
family size and subsequently converted into per capita
fuelwood usage. A well-designed questionnaire was used
for individual interviews regarding fuelwood collection
and consumption patterns. A weight survey approach
was used to measure the amount of fuel wood consumed
during a 24-hour period [14]. The rural populations
residing in the high-altitude settlement collected
fuelwood at all of the sites from June to September.
The ethnobotanical data for B. utilis was collected
using the questionnaire method. A semi-structured
questionnaire was used to collect the data from the rural
populations of Kashmir by following the method of
Mirzaman et al. [43].

Regeneration Patterns

The sampling was carried out at each of the 15
subalpine forest sites, and 15 quadrats were taken at each
site. The regeneration status of subalpine B. utilis forests
was determined by counting the number of seedlings
and saplings at each individual 900 m? (30 m x 30 m)
quadrat. The proportionate distribution of individual
densities in each seedling, sapling, and adult tree
species within the forest stand was used to evaluate the
regeneration status of dominant trees. The regeneration
status of species was classified into different categories:
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“good” when seedling density>sapling density>adult
tree density; ‘“‘fair” when seedling density>sapling
density<adult tree density; “‘poor’” when species only in
sapling stage and absence of seedling stage in stands;
“none’” no seedling and sapling but only adult trees;
“new” when sapling and seedlings were present and
adult trees were absent [44]. The recorded primary data
were used to compute the stump-to-tree value/ha. Visual
indicators such as browsed vegetation, cattle dung, hoof
markings, and trampling tracks were used to determine
the amount of grazing pressure at the study locations
and classify them into low, moderate, and highly grazed
groups [45].

Results
Ecosystem Services of B. Utilis Forest
Demographic Information

A total of 103 informants, including 67 males
(65.05%) and 36 females (34.95%), were surveyed
during the field investigation. The interviews and group
discussions were carried out in the local language to
facilitate communication with the informants.

Religious and Cultural Values of B. Utilis

The papery bark of B. utilis was used for writing
purposes. According to respondents, the bark of B. utilis
has a great religious value. Because the bark contains
lines, local people told us that these lines, Alif (the first
letter of the Urdu alphabet), represent the name of Allah.
The bark of B. utilis was also used for the writing of
the Holy Quran and the Mascot (Taweez) in ancient
times. Nowadays, bark is used for writing the mascot

(Taweez) and is hung around the neck for the protection
of misfortunes, evil, and disease. Local people collect
the papery bark of B. utilis to make a large sheet by
combining small pieces of bark. A large sheet of the
bark is also used during the wedding ceremony. Before
the wedding ceremony, 4-6 women put rice on the
papery bark sheets to check for dirt and small pebbles in
the rice. After this process, the rice is ready for cooking.

Ethnobotanical Uses of B. Utilis Bark

The bark of B. utilis is used for the treatment of
wounds in humans and animals. It’s also used for the
cleaning of wounds. Brunt bark ash paste is used for the
treatment of wounds in animals. The decoction of B.
utilis bark is used for the treatment of kidney, bladder,
and urinary tract disorders and jaundice. A paste of
bark is used for the treatment of swellings and bone
fractures. It is frequently used for writing purposes, the
packing of butter (locally known as ghee) for long-term
preservation and keeping butter fresh, food plates, and
as a source of light during the night.

Ethnobotanical Uses of B. Utilis Wood

B. utilis wood is used for the construction of huts and
making bridges on the streams in the subalpine zone.
Wood is used for making utensils such as wooden plates,
spoons, bowls, sitting stools, agricultural implements,
homogenizers (Madhani), small tables and chairs, and
making a spinning wheel (locally known as charkha) for
the spinning of cotton. The wooden triangle is wrapped
around the necks of animals used for the treatment of
haematuria (blood in urine).
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Fig. 2. Linear regression analysis between altitude and fuelwood consumption patterns in the western Himalayan region of Kashmir.
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Other Uses

The branches of B. utilis are used as a source of
fuelwood. Young branches are harvested in the summer
season, dried, and then used as fodder in the winter
season and as a rope (locally known as Sobbii) to wrap
the bundle of sticks and grass. Fresh leaves of B. utilis
are used as a source of fodder. Leaves are also used to
make soft beds in the form of carpet.

Fuelwood Consumption

The average fuel wood consumption by the local
population was calculated at 7.18 kg/capita/day.

The highest value of daily fuel wood consumption per
capita was 9.90 kg at Hari Perbat, whereas the lowest
value of daily fuel wood consumption per capita was
3.67 kg at Leswa (Table 1). Rural communities mostly
rely on B. utilis wood as a source of fuelwood for
cooking and heating their homes because subalpine
zones are dominated by B. utilis forests, and other tree
species like Taxus wallichiana, Pinus wallichiana, Abies
pindrow, and Acer caesium were recorded in fewer
numbers. The linear regression analysis revealed that
fuelwood consumption values increase along the altitude
of the study area (Fig. 2). This relationship showed the
dependency level of the rural population on B. utilis
as fuelwood due to harsh environmental conditions.
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As altitude increased, the rural population used more
fuelwood for heating purposes to sustain their lives in
harsh environmental conditions.

Regeneration Patterns

The regeneration patterns of B. utilis forests were
recorded by counting the number of seedlings and
saplings from each quadrat. The 12 sites were recorded
on the north aspect, and 3 sites were recorded on the south
aspect. The majority of sampling sites were observed as
pure Betula forests, but some sites showed mixed Betula
forests with associations of Taxus wallichiana, Pinus
wallichiana, Abies pindrow, and Acer caesium. The
average seedling density was calculated as 1351.47/ha
from the study area (Table 1). The highest seedling
density was calculated as 1915/ha at site 3 (Hari Perbat),
whereas the lowest seedling density was calculated as
495/ha at site 8 (Sari Top) (Fig. 3). The average sapling
density was calculated as 862.41/ha from the study area.
The highest sapling density was calculated at 1493/ha
at site 3 (Hari Perbat), whereas the lowest seedling
density was calculated at 436/ha at site 8 (Sari Top)
(Fig. 4). The seedling stratum showed a higher number
of seedlings and ranged from 1429/ha to 911/ha and
1915/ha to 495/ha on the south and north aspects,
respectively. The sapling stratum showed comparatively
low values and ranged from 1054/ha to 623/ha and
1493/ha to 436/ha on the south and north aspects,
respectively. The lower values of seedling and sapling
are due to anthropogenic pressure such as grazing
intensity, as 7 sites (46.66%) were observed as highly
grazed, 5 sites (33.33%) were moderately grazed, and
3 sites (20%) were less grazed (Table 1).

Discussion

The current study highlights the ecosystem services,
including ethnobotanical uses, fuelwood utilization, and
regeneration patterns, of B. utilis forests in the western
Himalayan region of Kashmir. B. utilis is an indicator
species of the subalpine zone and regulates various
ecological functions.

B. utilis is a versatile plant with many uses. The
word “utilis” means many uses of trees [16]. B. utilis
is an ethnobotanically important plant used for various
healthcare purposes in the region. The bark of B. utilis is
extensively utilized by the local populations of Kashmir.
The bark is used for various purposes, like packaging
material, writing, wound healing, and as a source of
light. The research on B. utilis indicates that this species
is used for the treatment of various diseases such as
colds, coughs, anemia, obesity, cough, urinogenital
diseases, and skin problems [46, 47]. From a religious
point of view, bark was used for the writing of mascots
to avenge misfortune, etc., and was also used for writing
the holy Quran in ancient times [48, 49]. Decoction
and paste of bark are used for the cure of a variety of

diseases because B. utilis bark contains significant
biological compounds such as betulic acid, methyl
betulate, triterpenoid karachic acid, sitosterol, oleanolic
acid, betulin, lupenone, methyl betulonate, and lupeol
[50, 51]. The wood of this plant is used for fuel wood,
the construction of huts, and the making of agricultural
tools and utensils. Leaves are used as fodder. A similar
pattern of usage was also reported by several workers
[46, 52-57].

The detailed interviews with the respondenst showed
that B. utilis is shifting in the range of higher elevations.
The shifting of B. utilis towards higher elevations is
possibly due to climate change. The B. wutilis shift in
the upper subalpine zone has also been reported by
Bobrowski et al. [58]. Anthropogenic pressure and climate
warming play a key role in shifting the B. utilis forest to
the upper belt [59]. Overexploitation is a major threat to
B. utilis due to the high domestic medicinal value of this
plant [60]. The reduction in the population size of the B.
utilis forest is due to overgrazing, deforestation, excessive
medicinal use, and soil erosion [61].

The depletion of forest resources in the Himalayan
region has been mostly attributed to the exploitation
of forests for the harvest of fuel wood. The fuelwood
consumption results revealed an average fuelwood
consumption by rural populations calculated at 7.18 kg/
capita/day. All investigated sites are in remote areas
due to hilly terrain, resulting in the unavailability
of LPG and light, which support livelihoods in the
subalpine zone [62, 63]. B. utilis is the only tree present
in the subalpine zone of Kashmir and the only source
of fuelwood and light. So, local populations use this
plant as a source of fuel wood for cooking and heating
their rooms. High elevations are characterized by
severe environmental conditions, including longer
winters and lower temperatures, leading to increased
fuelwood usage [22]. Linear regression analysis revealed
that fuelwood utilization patterns increase along the
elevational gradient due to the severity of environmental
conditions. According to Singh et al. [64], fuelwood
consumption level is also significantly influenced by
altitude. Extensive fuelwood extraction, overgrazing,
and deforestation are significant factors that impact
the size, shape, and structure of forests. Fuel wood
consumption has a great impact on the Betula forest,
which is reflected by the higher number of stumps in
the study area. The current study results are well in line
with the following results: fuel wood consumption of
4-9 kg/capita/day in the Western Himalayas [33]. Results
show that fuel wood consumption in the area is greater
than other studies from the Himalayan region [5, 14, 22,
23, 65, 66].

The average seedling density was calculated at
1351.47/ha in the study area. Significant regeneration
of B. utilis was observed, which indicates successful
regeneration in the pure as well as in the mixed at
some sites of Betula forest. In mixed Betula forests, a
higher number of seedlings were observed as compared
to pure Betula forests. The mixed Betula forest with
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open canopy has great potential for regeneration, and
these forests ensure a higher number of saplings and
seedlings in the open canopy forest [44]. In the closed
canopy, Betula forest has a low potential for regeneration
due to the low light intensity on the ground surface.
The lower light intensity constrains the establishment
of seedlings in the mature forest. So, in the adult stage,
trees are well represented, but seedlings require high
light intensity [19, 45, 61, 67].

The seedling and sapling density varies on the south
and north aspects. Higher numbers of seedlings and
saplings were observed on the north-facing aspect as
compared to the south-facing aspect. Aspect also affects
the establishment of seedlings, preventing successful
regeneration on south-facing slopes exposed to intense
solar radiation, etc. [19, 44, 61]. Higher seedling
accumulation at high altitudes in some of the study
sites would suggest that climatic variations may be
crucial in synchronizing these patterns [68]. Extensive
grazing in the subalpine forest poses significant threats
to the viability of Betula Forest. Due to overgrazing,
the B. utilis did not survive at the seedling and sapling
stages. Besides grazing, other factors, such as fuelwood
extraction, also decrease tree density and regeneration
rates in the region. Due to the abovementioned problems,
the B. utilis regeneration rate was not good as compared
to the regeneration status of B. utilis across the globe [61].

Conclusions

B. utilis is an indicator species of subalpine
forest in the western Himalayan region, performing
dynamic ecological functions and providing significant
ecosystem services to local communities. The current
study provides valuable insights into the ecosystem
services of the B. utilis forest and the regeneration
patterns of subalpine forests. Ethnobotanically, B. utilis
is a very important plant with various religious, cultural,
and medicinal uses. Results of fuel wood consumption
revealed an average value of 7.18 kg/capita/day, which
indicates the dependency of the rural population on B.
utilis for the subsistence of their lives at high elevations
with harsh environmental conditions. Regeneration
patterns showed that the north aspect had more seedling
and sapling density as compared to the south-facing
aspect. Fuelwood extraction, overgrazing, deforestation,
and climate change are the main threats to the long-
term viability of Betula forests. We suggest immediate
conservation measures, long-term forest monitoring, and
sustainable harvesting for the conservation of Betula
forests in the western Himalayan region of Kashmir.

Acknowledgment
The authors extend their appreciation to the

Researchers Supporting Project number (RSP2024R483),
King Saud University, Riyadh, Saudi Arabia.

Ethical Approval and Consent to Participate

All the experiments were performed in accordance
with relevant guidelines and regulations.

Author Contributions

Muhammad Manzoor: Field Collection, Writing-
Original draft preparation, Hamayun Shaheen:
Supervision and Review Editing, Javeed Hussain, Tariq
Saiff Ullah: Interpretation of Results, Analysis and
Visualization, Syed Waseem Gillani: Field Collection,
Methodology and Data analysis, Investigation, Syed
Waseem Gillani, Muhammad Manzoor: Interpretation
of Results, Abdullah Ahmed Al-Ghamdi, Mohamed
S Elshikh, Mohamed Ragab AbdelGawwad: Data
Curation, Funding.

Conflict of Interest

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work reported
in this paper.

Data Availability Statement

All the data has been presented in this article.

References

1. COSTANZA R., DE GROOT R. BRAAT L,
KUBISZEWSKI I, FIORAMONTI L., SUTTON P,
FARBER S., GRASSO M. Twenty years of ecosystem
services: how far have we come and how far do we still
need to go? Ecosystem services, 28 1, 2017.

2. NELSON E., MENDOZA G., REGETZ J., POLASKY
S., TALLIS H., CAMERON D., CHAN KM,
DAILY G.C., GOLDSTEIN J., KAREIVA P.M. Modeling
multiple ecosystem services, biodiversity conservation,
commodity production, and tradeoffs at landscape
scales. Frontiers in Ecology and the Environment, 7 (1), 4,
2009.

3. WANG S.,LIU Z., CHEN Y., FANG C. Factors influencing
ecosystem services in the Pearl River Delta, China:
Spatiotemporal differentiation and varying importance.
Resources, Conservation and Recycling, 168 105477,
2021.

4. ZHANG X. Toward a regenerative sustainability paradigm
for the built environment: from vision to reality. Elsevier,
65, 2014.

5. NEGI G. Trees, forests and people: The Central Himalayan
case of forest ecosystem services. Trees, Forests and
People, 8 100222, 2022.

6. PANDEY A., TRIPATHI Y., KUMAR A. Non timber
forest products (NTFPs) for sustained livelihood:
Challenges and strategies. Research Journal of Forestry, 10
(D), 1, 2016.



Assessment of Ecosystem Services...

1693

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

RASMUSSEN L.V., WATKINS C., AGRAWAL A. Forest
contributions to livelihoods in changing agriculture-forest
landscapes. Forest policy and economics, 84 1, 2017.
BAURI T., PALIT D., MUKHERJEE A. Livelihood
dependency of rural people utilizing non-timber forest
product (NTFPs) in a moist deciduous forest zone,
West Bengal, India. International Journal of Advanced
Research, 3 (4), 1030, 2015.

VERMA S.K., PAUL S.K. Sustaining the non-timber
forest products (NTFPs) based rural livelihood of tribal’s
in Jharkhand: Issues and challenges. Jharkhand Journal of
Development and Management Studies, 14 (1), 6865, 2016.
TUFAIL M., KHAN F., ALI J. Economic valuation of
goods and services provided by pine forest ecosystems in
Pakistan. Social Sciences and Sustainability, 1 (1), 1, 2021.
GRILLI G., SACCHELLI S. Health benefits derived from
forest: A review. International journal of environmental
research and public health, 17 (17), 6125, 2020.

ULLAH S., NOOR R.S., ABID A., MENDAKO R.K.,
WAQAS M.M., SHAH A.N., TIAN G. Socio-economic
impacts of livelihood from fuelwood and timber
consumption on the sustainability of forest environment:
Evidence from basho valley, Baltistan, Pakistan.
Agriculture, 11 (7), 596, 2021.

YADAV VK., YADAV S., ADHIKARI B., RAWAT L.
Forest provisioning services use pattern: A case study
from renuka forest division, Western Himalaya. Small-
scale Forestry, 21 (1), 55, 2022.

SHAHEEN H., AZIZ S., DAR M. Ecosystem services and
structure of western Himalayan temperate forests stands in
Neelum valley, Pakistan. Pakistan Journal of Botany, 49
(2), 707, 2017.

BARUA S.K., BOSCOLO M., ANIMON 1. Valuing forest-
based ecosystem services in Bangladesh: Implications for
research and policies. Ecosystem Services, 42 101069,
2020.

SINGH S., YADAV S., SHARMA P., THAPLIYAL A.
Betula utilis: A potential herbal medicine. International
Journal of Pharmaceutical & Biological Archive, 3 (3),
493, 2012.

KUMAR N., HOLSTEIN N., KHURAIJAM J.S., RANA
T.S. Taxonomic synopsis of Betula (Betulaceae) in India
and typification of three names. BioOne, 2022.
GOVAERTS R., FADEN R. World checklist of selected
plant families. Royal Botanic Gardens, Kew, 2013.
GATOO A.A.,, WANI A.A., ISLAM M., MURTAZA
S., BHAT A., ZEHRA S. Natural regeneration status of
Betula utilis in Sangla valley of Indian Himalayas. Journal
of Pharmacognosy and Phytochemistry, 9 (2), 1574, 2020.
SATISH K., DUGESAR V., PANDEY MK,
SRIVASTAVA PK., PHARSWAN D.S., WANI Z.A.
Seeing from space makes sense: Novel earth observation
variables accurately map species distributions over
Himalaya. Journal of Environmental Management, 325
116428, 2023.

DOBIE P, SHARMA N. Trees as a global source of
energy: from fuelwood and charcoal to pyrolysis-driven
electricity generation and biofuels. World Agroforestry
Centre, 2015.

SHAHEEN H., AZAD B., MUSHTAQ A., KHAN RW.A.
Fuelwood consumption pattern and its impact on forest
structure in Kashmir Himalayas. Bosque, 37 (2), 419, 2016.
KUMAR B., SINGH K., SHARMA J., GAIROLA S. A
comprehensive review of fuelwood resources and their use
pattern in rural villages of Western Himalaya, India. Plant
Archives, 20 (2), 1949, 2020.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

BABA M., ISLAM M., QAISAR K. Assessing the
household fuel wood extraction and consumption situation
in rural Kashmir, India. International Journal of Forestry
and Crop Improvement, 6 (1), 55, 2015.

BONJOUR S., ADAIR-ROHANI H., WOLF J., BRUCE
N.G., MEHTA S., PRUSS-USTUN A., LAHIFF M.,
REHFUESS E.A., MISHRA V., SMITH K.R. Solid fuel
use for household cooking: country and regional estimates
for 1980-2010. Environmental health perspectives, 121 (7),
784, 2013.

BAILIS R., WANG Y., DRIGO R., GHILARDI A.,
MASERA O. Getting the numbers right: revisiting
woodfuel sustainability in the developing world.
Environmental Research Letters, 12 (11), 115002, 2017.
BAILIS R., DRIGO R., GHILARDI A., MASERA O. The
carbon footprint of traditional woodfuels. Nature Climate
Change, 5 (3), 266, 2015.

SAN V., SPOANN V, LY D, CHHENG NV.
Fuelwood consumption patterns in Chumriey mountain,
Kampong Chhnang province, Cambodia. Energy, 44 (1),
335, 2012.

DANLAMI A.H. Assessment of factors influencing
firewood consumption in Bauchi state, Nigeria. Journal of
Sustainability Science and Management, 14 (1), 99, 2019.
WIN Z.C., MIZOUE N., OTA T., KAJISA T., YOSHIDA
S. Consumption rates and use patterns of firewood and
charcoal in urban and rural communities in Yedashe
Township, Myanmar. Forests, 9 (7), 429, 2018.

KHUMAN Y., PANDEY R., RAO K. Fuelwood
consumption patterns in Fakot watershed, Garhwal
Himalaya, Uttarakhand. Energy, 36 (8), 4769, 2011.
ENTERS T. Drivers of deforestation and forest degradation
in Myanmar. Available online: http:/www.myanmar-
redd.org/wp-content/uploads/2017/10/Myanmar-Drivers-
Report-final (accessed on 23 02 2024).

MALETHA A., MAIKHURI R., BARGALI S. Criteria
and indicator for assessing threat on Himalayan birch
(B. utilis) at timberline ecotone of Nanda Devi Biosphere
Reserve: A world heritage site, Western Himalaya, India.
Environmental and Sustainability Indicators, 8 100086,
2020.

BHATTA S.P, DEVKOTA A. Community structure
and regeneration status of Sal (Shorea robusta Gaertn.)
forests of Dadeldhura district, Western Nepal. Community
Ecology, 21 (2), 191, 2020.

SUJAKHU H., GOSAI K.R.,, KARMACHARYA S.B.
Forest structure and regeneration pattern of Betula utilis
D. Don in Manaslu Conservation Area, Nepal. Ecoprint:
An International Journal of Ecology, 20 107, 2013.
HUSSAIN A., NEGI A., SINGH R.K. AZIEM S,
IQBAL K., PALA N.A. Comparative study of fuelwood
consumption by semi-nomadic pastoral community and
adjacent villagers around Corbett Tiger Reserve, India.
Indian Forester, 142 (6), 574, 2016.

BHAT J.A., HUSSAIN A., MALIK Z.A., TODARIA N.
Fuelwood consumption of dhabas (temporary hotels) along
an altitudinal gradient in a pilgrim and tourist affected
protected area of western Himalaya. Journal of Sustainable
Forestry, 35 (2), 133, 2016.

MANZOOR M., AHMAD M., ZAFAR M., GILLANI
S.W., SHAHEEN H., PIERONI A., AL-GHAMDI A.A.,
ELSHIKH M.S., SAQIB S., MAKHKAMOV T. The local
medicinal plant knowledge in Kashmir Western Himalaya:
a way to foster ecological transition via community-
centred health seeking strategies. Journal of Ethnobiology
and Ethnomedicine, 19 (1), 56, 2023.



1694

Muhammad Manzoor, et al.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

GILLANI SW.,, AHMAD M. ZAFAR M. HAQ
S.M., WAHEED M., MANZOOR M., SHAHEEN H,,
SULTANA S., REHMAN F.U.,, MAKHKAMOV T. An
Insight into Indigenous Ethnobotanical Knowledge of
Medicinal and Aromatic Plants from Kashmir Himalayan
Region. Ethnobotany Research and Applications, 28 1,
2024.

GOAJK. 2019. AJK at Glance; A report by Planning &
Development Department Muzaffarabad, Azad Jammu &
Kashmir, Pakistan. 2019. Available online: https:/pndajk.
gov.pk/statyearbook.php?page=AJK%20at%20a%20
Glance (accessed on 25 02 2024).

RAWAT Y.S., VISHVAKARMA S.C., TODARIA N.
Fuel wood consumption pattern of tribal communities in
cold desert of the Lahaul valley, North-Western Himalaya,
India. Biomass and Bioenergy, 33 (11), 1547, 2009.

NEGI V.S., MAIKHURI R. Forest resources consumption
pattern in Govind wildlife sanctuary, western Himalaya,
India. Journal of Environmental planning and
management, 60 (7), 1235, 2017.

MIRZAMAN Z., KAYANI S., MANZOOR M., JAMEEL
M.A., WAHEED M., GILLANI SW., BABAR C.M.,,
BUSSMANN R.W. Ethnobotanical study of Makra
Hills district Muzaffarabad, Azad Jammu and Kashmir,
Pakistan. Ethnobotany Research and Applications, 26 1,
2023.

MALETHA A., MAIKHURI R., BARGALI S. Population
structure and regeneration pattern of Himalayan birch
(Betula utilis D. Don) in the timberline zone of Nanda Devi
Biosphere Reserve, Western Himalaya, India. Geology,
Ecology, and Landscapes, 7 (3), 248, 2023.

ALAM NM., SHAHEEN H., MANZOOR M,
TINGHONG T., ARFAN M., IDREES M. Spatial
Distribution and Population Structure of Himalayan
Fir (4bies pindrow (Royle ex D. Don) Royle) in Moist
Temperate Forests of the Kashmir Region. Forests, 14 (3),
482, 2023.

WANI Z.A., PANT S. Betula utilis D. Don: an Ecologically
and Economically Important Timberline Species of
Himalayan Region in Jeopardy. The Botanical Review, 87
(3), 377, 2021.

KALA C.P. Medicinal plants of the high altitude cold
desert in India: diversity, distribution and traditional uses.
The International Journal of Biodiversity Science and
Management, 2 (1), 43, 2006.

TRAK T.H., HUSAIN N., CHAUHAN D. Some Medicinal
Plants of Kishtwar district, Jammu and Kashmir,(India):
Biodiversity and Ethnosacred significance. Indian Journal
of Applied & Pure Biology, 32 (2), 189, 2017.

AYUB H., TRAK T.H., UPADHAYAY R. Inventorization
of Ethnosacred plants of Kishtwar district. World Journal
of Pharmaceutical Research, 3 (1), 1160, 2013.

ASHRAFI S., RAHMAN M., AHMED P, ALAM
S., HOSSAIN M.A. Prospective Asian plants with
corroborated antiviral potentials: Position standing in
recent years. Beni-Suef University Journal of Basic and
Applied Sciences, 11 (1), 1, 2022.

JOSHI H., SAXENA G.K., SINGH V. ARYA E.,
SINGH R.P. Phytochemical investigation, isolation and
characterization of betulin from bark of Betula utilis.
Journal of Pharmacognosy and Phytochemistry, 2 (1), 145,
2013.

RASTOGI S., PANDEY MM. RAWAT A.K.S.
Medicinal plants of the genus Betula — Traditional uses
and a phytochemical-pharmacological review. Journal of
ethnopharmacology, 159 62, 2015.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

RADHA, KUMAR M., PURI S., PUNDIR A., BANGAR
S.P., CHANGAN S., CHOUDHARY P., PARAMESWARI
E., ALHARIRI A., SAMOTA M.K. Evaluation of
nutritional, phytochemical, and mineral composition of
selected medicinal plants for therapeutic uses from cold
desert of Western Himalaya. Plants, 10 (7), 1429, 2021.
KALA C.P. Uses, Population status and management
of Betula utilis. Applied Ecology and Environmental
Sciences, 6 (3), 79, 2018.

SAFDAR 1., BIBI Y., HUSSAIN M., IQBAL M., SAIRA
H., SHAHEEN S., TAHIR N., MEHBOOB H. Review
on current status of Betula utilis: An important medicinal
plant from Himalaya. Journal of Botanical Sciences, 6 1,
2017.

SHEHZAD M.R., HANIF M.A., REHMAN R., BHATTI
I.A., BHATTA K.R. Himalayan Birch. In Medicinal Plants
of South Asia, Elsevier: pp.369, 2020.

KAYANI S., AHMAD M., GILLANI S.W., MANZOOR
M., REHMAN F.U.,, JABEEN S., BUTT M.A., BABAR
C.M., SHAH S.A.H. Ethnomedicinal appraisal of
the medicinal flora among the sub-alpine and alpine
lindigenous communities of Palas Valley Kohistan,
Northern  Pakistan.  Ethnobotany = Research  and
Applications, 28 1, 2024.

BOBROWSKI M., GERLITZ L., SCHICKHOFF U.
Modelling the potential distribution of Betula utilis in the
Himalaya. Global Ecology and Conservation, 11, 69, 2017.
SCHICKHOFF U., BOBROWSKI M., BOHNER J,
BURZLE B., CHAUDHARY R.P,, GERLITZ L., LANGE
J., MULLER M., SCHOLTEN T., SCHWAB N. Climate
change and treeline dynamics in the Himalaya. Climate
change, glacier response, and vegetation dynamics in the
Himalaya: contributions toward future earth initiatives,
271, 2016.

SHAW K., ROY S., WILSON B. Betula utilis. The [IUCN
Red List of Threatened Species 2014: e. T194535A2346136,
2014.

MIR N.A., MASOODI T., GEELANI S.M., WANI A.A.,
SOFI P. Regeneration status of bhojpatra (Betula utilis)
forest in north western Himalayas of Kashmir valley,
India. Indian Journal of Agricultural Sciences, 87 (7), 59,
2017b.

AHMAD K.S., HAMID A., NAWAZ F., HAMEED
M., AHMAD F., DENG J.,, AKHTAR N., WAZARAT
A., MAHROOF S. Ethnopharmacological studies
of indigenous plants in Kel village, Neelum valley,
Azad Kashmir, Pakistan. Journal of ethnobiology and
ethnomedicine, 13 1, 2017.

SHAHEEN H., AZIZ S., NASAR S., WAHEED M.,
MANZOOR M., SIDDIQUI M.H., ALAMRI S., HAQ
S.M., BUSSMANN R.W. Distribution patterns of alpine
flora for long-term monitoring of global change along
a wide elevational gradient in the Western Himalayas.
Global Ecology and Conservation, 48, ¢02702, 2023.
SINGH N., TAMTA K., TEWARI A., RAM J. Studies
on vegetational analysis and regeneration status of Pinus
roxburghii, Roxb. and Quercus leucotrichophora forests
of Nainital Forest Division. Global Journal of Science
Frontier Research, 14 (3), 41, 2014.

NEGI V.S, JOSHI B.C., PATHAK R., RAWAL R.S,,
SEKAR K.C. Assessment of fuelwood diversity and
consumption patterns in cold desert part of Indian
Himalaya: implication for conservation and quality of life.
Journal of Cleaner Production, 196 23, 2018.

MITRA M., KUMAR A., ADHIKARI B., RAWAT
G. Fuelwood resources and their use pattern by Bhotia



Assessment of Ecosystem Services...

1695

67.

community in Niti valley, Western Himalaya. Botanica
Orientalis: Journal of Plant Science, 11 1, 2017.

LATA R., SAMANT S., SINGH M. Review on
regeneration status of Betula utilis D. Don: A critically
endangered multipurpose timber line species in Indian
Himalayan region. Environment Conservation Journal, 22
(3), 155, 2021.

68. IAKOVOGLOU V., TAKOS 1., PANTAZI G., PIPSOU
A., NEOFOTISTOU M. Growth responses of seedlings
produced by parent seeds from specific altitudes. Journal
of Forestry Research, 31 2121, 2020.






