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Abstract
The assessment of medicinal plants existing in community managed forest of Uttarakhand has been explored for their me-

dicinal and economic value but the impacts of climate change on their conservation and existence has not been explored much 
for their economical purpose as well as regarding the impact of climate change on resource status. Present study was conducted 
to assess the people’s perception towards impact of climate change upon medicinal plant resources across three community man-
aged forests located in Western Himalayan region. The assessment comprised of questionnaire based survey of stakeholders and 
field based observations followed by statistical analysis. The results showed that among stakeholders (n=100), 66% -86% respon-
dents have been facing the change in climatic events while a significant number of respondents which is ranging between 40% 
and 53.33% have reported that large number of medicinal plant species have been disappeared since past decade due to climatic 
changes. Total 32 medicinal plant species have been reported across the study sites and the results signifies impact of climate 
change and other disturbance upon these resources which were documented and validated through community participation.
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Introduction
Forests in Uttarakhand region are a source of livelihood for 

rural residents and provide necessary resources such as fodder, fuel 
wood, green manure, and construction timber. These resources are 
critical to the household economy and developing market linkage 
for the sustainable livelihood development. In such a context, 
determining how forests can be collectively and appropriately 
managed is vitally important. At turn of the last century when 
settlements and reservations of the forests of the hills was being 
done, conflicts and fights led to the formation of VP. The State 
Government passed the Forest Panchayat Act (Forest Councils 
Act) of 1931 which empowered villagers to form relatively 
autonomous (at local level) management committees for hill 
forests. This devolution of powers to control and manage forest 
for subsistence purpose is the earliest example of co-management 
of natural resources by the state and local communities in India.

At present Uttarakhand has 405,426 hectares of forests 
(13.63% of total forest area) spread across eleven hill districts 

(administrative units) in the State of Uttarakhand. These districts 
which comprise VPs are namely Almora, Bageshwar. Champawat, 
Chamoli, Dehradun, Nainital, Pauri, Pithoragarh, Rudraprayag, 
Tehri and Uttarkashi, while Haridwar and Udham Singh Nagar does 
not have any VP. A total of 12,089 VPs are reported in Uttarakhand 
and most of these have been carved out of civil (protected) forests 
under the jurisdiction of the Revenue Department and state forest 
department.

Present study is focused on the region of Kumaun Himalayas 
which form an important part of the Uttarakhand state in north 
India. It is one of the major centres of cultural and traditional 
diversity, herbal medicines and rich floristic wealth including 
many endemic and rare plants. The rural communities of this 
region are very much dependent on biological resources for their 
sustenance such as fodder, fuel, agricultural tools, household good, 
rituals program and medicinal uses [1]. These rural communities 
play a significant role in resource conservation and sustainable 
management of the forests which are the soul dependency source of 
their sustenance and livelihood. Furthermore, better management 
of these community forests is a must as this management priority 
and its implementation can be further developed as a model for 
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further replication. In the present study the main focus is on the 
assessment of resources in VP forests and the effect of climate 
change, traditional knowledge, management status and disturbances 
on the conservation of medicinal plants. The study is designed to 
assess the medicinal plants status in selected VP forests, effect of 
climate change and relative disturbance on the plant resources and 
community orientation towards management of medicinal plants 
for their sustainable utilization.

Materials and Methods
Climatic Description of the Study Area

The study area is located in the Central Himalayan region 
with the temperature ranging between temperate to sub-tropical. 
Rainfall in the study area usually varies from 800-1000 mm in 
lower altitudes to 2000 mm per year in the higher altitudes. This 
region falls in short monsoon season area where the rainy season 
resides from July to August, and fairly long dry season starting 
from November to April. Winters are cold with occasional snowfall 
at higher altitudes during December-February; while the summer 
season is moderately warm [2]. The rainfall and temperature 
data for the study area was obtained for May 2015 to May 2016 
meteorological station of GBPNIHESD (Table 1).

Months Temperature (°C) Total Rainfall (mm)

May-15 13.82 0.22

Jun-15 22.15 0

Jul-15 24.28 6.24

Aug-15 24.07 3.11

Sep-15 22.8 0.42

Oct-15 17.52 1.06

Nov-15 12.57 0.02

Dec- 2015 9.73 0.09

Jan-16 4.24 0.07

Feb-16 8.88 0.16

Mar-16 16.08 1.06

Apr-16 20.38 0.23

May-16 22.29 3.85
Table 1: Climatic data of the study area (May 2015-May 2016).

Flora Distribution of the Study Area
The study area was located in the Kumaun Himalaya region of 
central Himalaya and the dominant vegetation of this area is 
comprised of BanjOak (Quercus leucotrichophora A. Camus) 
forms the climax vegetation between 1500-1700 m asl, where the 
study site C was located. The other two study sites were located 
in Chir-Pine (Pinus roxburghii Sarg.)forests which occur at 
lower altitudes (1000-1500 m asl). The study sites have low total 
species richness of shrubs andherbs and the dominant medicinal 
plant species (Table 2) were Berberis asiatica (Figure 1a) Rubus 
ellipticus and Pyrecantha crenulata (Figure 1b) etc.

Sr.No. Name Form Family Uses

1 Ajuga bracteosa Herb Lamiaceae Malarial fever,tonic,astringent and febrifuge

2 Aloe vera Herb Aloeaceae Cathartic, hypoglycemic, remedy for intestinal worms, also used for 
cough

3 Anaphalis contorta Herb Asteraceae Aromatic and medicinal plant used as paste to apply on cuts,wounds,boils 
and insect repellants

4 Artemisia annua Herb Asteraceae Used as antimalarial

5 Azadirachta indica Tree Meliaceae Anti-bacterial, anti-inflammatory, anti-malarial, anti-pyretic, antileprotic, 
astringent

6 Berberis asiatica Shrub Berberidaceae Used in ophthalmia

7 Bergenia ligulata Shrub Saxifragaceae Used for cough

8 Berginia ciliata Herb Saxifragaceae Rhizomatous part used as tonic and febrifuge, dried leaves adulterated 
with tea.

9 Cedrus deodar Tree Pinaceae Bowl complaints, applied in piles, rheumatic arthritis

10 Citrus limonum Tree Rutaceae Used as aromatic, digestive, hair rinse and mouth freshener

11 Datura indica Shrub Solanaceae Controls salivation, used in control of motion sickness

12 Ficus auriculata Tree Moraceae Edible fruit, medicinal use

13 Ficus palmate Tree Moraceae Used for digestive disorder
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14 Ficus religiosa Tree Moraceae Used as cooling, refrigerant, laxatives, treatment of cold

15 Hedera nepalensis Climber Araliaceae Paste applied on ulcers

16 Hypericum japonicum Shrub Hypericaceae Used for the treatment of asthma, appendicitis, pain in liver region and 
also used as styptic

17 Nicotiana tabacum Herb Solanaceae Cerebral stimulant, stimulates heart, nervous system

18 Ocimum basilicum Herb Lamiaceae Anthelmintic, used for bowel complaints, diarrhea, dysentery

19 Oxalis corniculata Herb Oxalidaceae Acts as anthelmintic, antiscorbutic, diuretic

20 Pinus roxburghii Tree Pinaceae Asthma and bronchitis

21 Polygonum capitatum Herb Polygonaceae Used as an antidote to snake poison, boils and insect stings

22 Potentilla sundaica Herb Rosaceae Antidote to snake bite, applied on itches

23 Prunus cerasoides Tree Rosaceae Used for the treatment of skin diseases and used as uterine tonic

24 Pyracantha crenulata Shrub Rosaceae Ornamental plant, used in cardiac failure, to make herbal tea

25 Pyrus pashia Tree Rosaceae Ripe fruits used in digestive disorders, used in pterygium disease to cure 
affected eyes of cattle.

26 Quercus 
leucotrichophora Tree Fagaceae Used for gonorrhoeal and digestive disorder

27 Rhododendron 
arboreum Tree Ericaceae used for treatment of headaches, coughs, diarrhea, dysentery and used to 

make squash

28 Rubus ellipticus Shrub Rosaceae Used to treat coughs, fevers, colic and sore throat

29 Salvia lanata Herb Lamiaceae Leaf extract given in colic and fever

30 Sonchus asper Herb Asteraceae Used in blood purification, hepatitis and on wounds

31 Taraxacum officinale Herb Asteraceae Used in treatment of headache and hepatitis.

32 Urtica dioica Shrub Urticaceae Leaf extract believed to stop baldness and roots in skin ailments

Table 2: Distribution of medicinal plants across study sites.

Figure 1: Important medicinal plants found across the study sites (a) Berberis asiatica (b) Pyrecantha crenulata.

Description of Study Area
The present study sites were located in Almora district of Uttarakhand between 29° 37’23” to 29° 50’56.1” N longitude and 79° 

35’04.8” to 79° 37’6.76” E latitude across an altitude range between 1186-1655m. The study sites were located in community managed 
or VP forests and were three in number (Table 3). The dominant forest types of the study area were Chir Pine (Pinus roxburghii) at two 
sites i.e. A and B and one site C comprises of Banj-Oak (Quercus leucortricophora) mixed forest. The dominant medicinal plants of the 
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study area were previously mentioned in (Table 2).

Site Longitudinal range Latitudinal range Altitudinal range Forest type/ Dominant species

A N 29039’206” -
N 29038’934”

E 79037’442” -
E 79037’676” 1186-1326m Pinus roxburghii

B N 290 37’23” -
N 290 38’339”

E 79036’779” -
E 79037’456” 1239-1465m Pinus roxburghii

C N 290 50’13.2” -
N 290 50’561”

E 79035’04.8” -
E 79035’928” 1591-1655m Quercus leucotrichophora

Table 3: Description of study sites.

The study was carried out by placing sample plots across study area at the VPs of A, B and C. The vegetation parameters (i.e. 
frequency, density, abundance, mean basal area, total basal area) were calculated following standard methodology of Misra [3], Muller-
Domboisand Ellenberg [4], Curtis and McIntosh [5]. Importance value index (IVI) for trees was determined as the sum of the relative 
density, relative dominance following [6].

Inside the selected quadrates three 1x1 m quadrates was placed to record the presence and effect of anthropogenic disturbances 
in the VP area. Sighting of any damage caused by cutting, lopping, leaf litter collection, soil removal, or cattle grazing; the presence of 
footpaths, forest fires, or weed or alien species; diversion of water bodies; NTFP collection; large canopy gaps and percentage of cut or 
logged trees and any other signs of disturbance were noted down in each plot during field observations following Rawal et al [7]. For the 
collection of climate change parameters, a semi structured questionnaire based assessment (Table 4) was conducted following Lise [8]. 

Information Parameters

General information Location, altitude, respondent information etc.•	

Social information Informant’s details/ profile of the village•	

Biological resource obtained from forest•	

Medicinal use/ Natural Resource Use•	

Method of collection and storage•	

Traditional knowledge•	

Water resources•	

Traditional land and soil management practices•	

Livestock•	

Duration of forest opening for grazing (Month/weeks)•	

Information on climate change•	

Important role in collection of forest resource•	

Management/ protection history of the forest•	

Table 4: Parameters undertaken for perception based analysis.

Results
The results are divided into two parts; first one consists of the vegetation parameters of the studied VP forests for the analysis 

of climatic impact and disturbance while second part consists of the perception analysis of the VPF community in respect to climate 
change. The vegetation analysis showed that the tree density ranged from 420 indi. ha-1 to 720 indi. ha-1. The sapling density ranged from 
50indi. ha-1 to 70 indi. ha-1 while seedling density ranged from 30 indi. ha-1 to 40 indi. ha-1 across the studied VPFs . The TBA ranged 
between 23.94 m2 ha-1 and 40.56m2 ha-1 across the studied VPFs while the distribution pattern ranged between 0.06 and 0.1 (Table 5).
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Site Tree Density
(indi./ha)

Sapling density 
(indi./ha)

Seedling density 
(indi./ha)

Total Basal Area
(m2/ha) Dominant species

A 520 70 40 28.348 Pinus roxburghii
(IVI-300)

B 420 50 30 23.949 Pinus roxburghii
(IVI-189.27)

C 720 130 70 40.563 Quercus leucotrichophora (IVI-
252.19)

Table 5: Vegetational parameters for forest resource assessment.

The disturbance status analysis showed that the lopping 
intensity ranged between 45.6% and 86.77% across studied VPFs 
and high intensity lopping was reported at Pine dominated VPF 
A and moderate intensity lopping was reported at Oak dominated 
VPF C. The grazing intensity ranged between 0.6 and 6.6 across 
the studied VPFs and it was maximum at VPF B and minimum at 
VPF C (Table 6).

Site Lopping intensity (%) Grazing intensity

A 77.8 6.6

B 86.77 3.1
C 45.630 0.6

Table 6: Disturbance status across VPFs.

The perception analysis showed that the maximum 
stakeholders of the VPFs have minimal information of 
conservation status and resource extraction techniques which 
leads to disturbance. The impact of climate change was basically 
perceived as increase in temperature regimes, decline in perennial 
water sources and increase of invasive species in the VPFs (Figure 
2). Followed by the decline in composition of medicinal plants 
due to climatic anomalies, change in agricultural sowing is also 
reported by significant number of stakeholders. 

Figure 2: Perception analysis of stakeholders.

The relationship between increasing disturbance in VPFs 
and climate change can be correlated as the higher numbers of 
responses were dependent on the resource extraction pattern and 
negative change in climatic situation during the past decade. 
Moreover, the visible impacts of climate change have been 

reported by stakeholders which are decline in perennial water 
sources (locally called as Naula), decline in rainfall and increase of 
invasive species in cropping fields as well as increased instances of 
forest fire, especially in site A and B (Figure 3). These impacts of 
climate change are directly related to the increased in temperature 
and less duration of rainfall which directly affect the land and 
water resources as well as the cropping systems. 

A-After recent fire incident Site B-After previous fire incident.

Figure 3: Forest fire incidents at study site A and B.

Discussion
In respect to the forest resource status analysis, the results 

showed that higher disturbance was present across the study sites 
and the grazing intensity was higher in the VPFs which are rich 
in resource diversity. Similarly, higher lopping density in Pine 
dominated VPFs showed the dependence of stakeholders upon the 
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Pine forests for fuel wood and was similar to the degradation of 
Pine forests which was also reported Prabhakar et al [9] and Pant 
and Tewari [10].

On the other hand, vegetation analysis showed that tree 
density is higher in Oak dominated VPFs which is due to lesser 
lopping intensity and moderated seedling-sapling density (Figure 
4). As the Oak forests are reputed to be resource niche of indigenous 
community residing in Himalayan region [11,12], the dependency of 
community on these forests tend to be higher than other forest types.

Furthermore, the increase in temperature and decline in 
rainfall leads to increased grazing pressure in forests as the 
declined availability of fodder due to lesser rainfall forces the 
community members to lead their cattle to forest land for free 
browsing and grazing. Present grazing trends also showed that 
the grazing pressure as well as high lopping intensity (Figure 5) 
across the VPFs affects the regeneration of canopy tress as well as 
the understory medicinal plants as the higher disturbance such as 
lopping, grazing, browsing and trampling affect the forest diversity 
and affect the regeneration capacity of native medicinal plants. 
Moreover, the climatic impact also leads to decline in regeneration 
capacity of medicinal plants in the forests which is duly affected by 
decline in rainfall and increase in temperature as well as increase 
in fire incidents (Figure 6). (Figure 4 and 5) showing the impacts 
of disturbance on forest vegetation

Figure 4: Grazed seedling of Banj Oak (Site C).

Figure 5: Grazing prove (Cattle dung pallets) at Site A.

The second part of the study which was based on the 
analysis of people’s perception for climate change and resource 
management showed that increase in temperature has led to decline 
in water sources and shift in sowing of agricultural crops (Figure 
2). Moreover, the change in behaviour pattern of stakeholders, 
specifically the youth towards conservation of natural resources for 
sustenance based economy has been minimal in comparison to the 
awareness status and enthusiasm of aged participants (Figure 6). 

Figure 6: Over the year change in temperature and rainfall across study 
area.

The forests and medicinal plants resources are mostly affected 
by climate change, while the management practices of VPFs is 
another factor of resource depletion which can be seen in VPF A 
and B which are Pine dominated and are open to the community 
for litter collection for the duration of one month (for single time) 
during the year and kept closed for regeneration during the rest of 
year, but the illicit felling and lopping is reported in these VPFs 
throughout the year, which signifies the resource dependency of 
stakeholders on their nearby VPFs.

These results showed that there is an immediate requirement 
of awareness and sensitization of community for their indigenous 
resources and its conservation and development of adaptation status 
and mitigation strategies to combat the ever-increasing issue of 
climate change. Only then the natural resources of these community 
based forests can be conserved for the future generations.
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