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Abstract

Ethnobotanical field surveys were carried out in the Tanawal area of the Lesser Himalayan
Region, Khyber Pakhtunkhawa, Province from April 2016 to October 2017. The area is
located between 34.36 (34° 21’ 30 N) latitude and 73.07 (73° 4’ 0 E) longitude with an aver-
age elevation of 1374 meters above sea level. Ethnomedicinal data were collected through
Participatory Rural Appraisal (PRA), and participants were selected through the snow-boll
technique. Semi-structured, in-depth and open-ended interviews were conducted. The data
were quantitatively evaluated using ethnomedicinal indices i.e. Relative frequency of citation
(RFCs), Fidelity level (FL), and Use Value (UV). The ethnobotanical data were also compar-
atively analyzed through the Jaccard Index (JI). The study yielded 66 medicinal plants in 62
genera and 43 families. Asteraceae and Solanaceae were the most important families with
five medicinal taxa each. Regarding medicinal plant part utilization, leaves (43.28%) were
used predominantly, followed by whole plant (14.92%) and fruits (14.92%). Decoction was
the main drug formulation applied to 21 species (31.15%) and the oral route was most com-
mon (56.1%) while 31.2% of medicinal plants were used for both oral and topical applica-
tions. Fifty health disorders were recorded and grouped in 15 categories. Maximum species
were used to treat gastrointestinal disorders i.e. 13 species, dermal problems (12 species),
and respiratory tract ailments (9). The calculated RFCs ranged between 81 to 31. The most
important medicinal plants were Acacia modesta, Citrullus vulgaris, Tamarindus indica, and
Momordica charantia with an RGFC of 81 each. The UV ranged between 0.58 and 3.6.
Medicinal taxa with the highest UV were Dioscorea deltoidea (3.6), Withania coagulans
(3.3), Momordica charantia (3.5), Silybum marianum and Pyrus pashia (3.2). FL values
showed that 28 (41.79%) species had a FL value below 50 (74.62%) while 39 (58.20%) had
higher FL values. Momordica charantia, Tamarindus indica, Acacia modesta and Citrullus
vulgaris were 95.2 each. The Jaccard Index (JI) values ranged from16.77 to 0.98. The cur-
rent study also reported 16 medicinal plants, commonly used around the globe, have been
rarely documented for their medicinal values in the local ethnomedicinal literature i.e.
Althaea officinalis, Plantanus orientalis, Jasminum sombac, Maytenus royleana, Cucurbita
maxima, Phyllanthus emblica, Citrullus vulgaris. Polygonatum verticilliatum, Caseria
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tomentosa, Cistanche tubulosa, Bambusa arundinacea, Schinus molle, Tamarindus indica,
Pongamia pinnata, Citrus limon and Catharanthus roseus. However, 48 medicinal plants
had been reported in the literature but the current study reported their novel medicinal uses.
Important taxa should be established in botanical gardens for in-situ conservation, chemical
investigation and sustainable utilization. It would also be effective to improve the livelihoods
of the local population.

Introduction

Mountain landforms are well-known for their biological, geological, climatic, ethnic, cultural
and linguistic diversity [1, 2]. They cover 23% of the total global land area and host more than
13% of the global human population. They are also known to be susceptible to different geo-
physical changes and global climate change [3, 4]. The western part of the Himalayan Moun-
tains located in Khyber Pakhtunkhwa Province of Pakistan includes Kohistan, Mansehra,
Abbottabad and Haripur Districts. These occupy lower hilly localities and remote valleys in
the high elevations. The area is characterized by moist climate, incredible vegetation and var-
ied topography. Due to these characteristics the territory is also a famous tourist attraction.
Presently, these Districts are experiencing escalating human population, increase in tourism
infrastructure, developmental projects (roads, dams), efforts of the China Pakistan Economic
Corridor (CPEC) and high outmigration trends [5, 6]. Consequently, rapid geo-physical
changes can be seen, leading to the displacement of human population, high land-use for con-
struction, destruction of agricultural lands and vegetation. The Pakistan Bureau of Statistics
revealed that, based on the 2017census, more than 25 million people with varied ethnic, lin-
guistic and cultural backgrounds reside in these territories (https://www.pbs.gov.pk/). They
rely on moist temperate forests for their subsistence, including for fuel wood, fodder, pastures,
medicinal plants, timber, and construction materials. The trade of medicinal plants is one the
sources of their social livelihoods. Therefore, medicinally important plants often suffer unsus-
tainable utilization, improper collection and bulk extraction [7, 8]. Due to these circumstances
the human population and plant based traditional knowledge of the studied area are exposed
to a great transition, giving urgency to document and conserve the traditional knowledge of
phytotherapies practiced by local people. Fragmented ethnobotanical studies have been con-
ducted in the region of the lesser Himalayas, especially in higher altitude areas, e.g., Abbasi

et al. (2010), Abbasi et al. (2013), Shah et al. (2014), Shah et al. (2013) and Shah and Khan
(2006) [9-13]. The current study site covered various lower hilly and upper sub-alpine locali-
ties of the Lesser Himalaya region in the Tanawal area, where no ethnomedicinal study had
been conducted yet. We hypothesized that the inhabitants of the study area retain considerable
indigenous knowledge of medicinal plants, and used three research questions: 1) how many
plants were used as medicine in the studied area? 2) which plants were regarded as highly val-
ued medicinally? 3) how did the medicinal plant knowledge differ from existing regional eth-
nomedicinal studies?

Materials and methods
Study area

Ethnobotanical field surveys were conducted in the Tanawal valley of Khyber Pakhtunkhawa
Province from April (2016) to October (2017). The valley is located between the latitude of
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34.36 (34° 21’ 30 N) and longitude of 73.07 (73° 4’ 0 E) with an average elevation of 1374
meters above the sea (Fig 1). It is a vast valley and stretches in the areas of three districts i.e.
Haripur, Abbottabad, and Mansehra. It borders with Batagram in the north, Tehsil Balakot
and Kashmir in the east, a territory of capital Islamabad and Punjab in the south and on the
West there are the other districts Swat, Swabi, and Mardan. Geophysically, it is a vast valley
and exhibits numerous undulating terraces and hills shaping giving origin to several streams.
The rivers Siran and Ichha are the main perennial water bodies. The climate is of the moist
temperate type and the region has two rainy seasons: January-February and June- July respec-
tively. The elevated areas are mountainous where snowfall occurs in winter. Floristically the
study area falls into the Sino-Japanese regions. The infrastructure is undeveloped and people
are still deprived of basic life necessities like electricity, education, and health services. Recently
better road connections and communication were established. The population of the area is
315788. People live in small villages along with watercourses. The people are primarily peas-
ants and engaged with small-scale mountain farming.

Data collection

Consecutive and well-planned field visits of certain 12 sampling sites (Table 1) were made dur-
ing different seasons in 2016-2017. Before conducting the field surveys, formal written ethical
consent was obtained from the local government authorities (Forest departments). Ethnome-
dicinal data was collected through the Participatory Rural Appraisal (PRA), based on interac-
tion with indigenous people and direct observation in the field [14]. Ethical committee of
Rawalpindi Women University and local council of study community provided ethical
approval to the study. In addition, before the interviews, verbal prior informed consent was
obtained from all respondents. The participants were interviewed by using a semi-structured
[15] and an open-ended questionnaire (S1 File). Respondents were selected on the basis of
their knowledge, experience and willingness to participate in the study. A total of 85 persons
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Fig 1. Map of the study area showing villages of three districts; Abbottabad, Mansehra and Haripur.
https://doi.org/10.1371/journal.pone.0263604.g001
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Table 1. Description of the visited localities for ethnobotanical data collection.

Community Latitude (N) Longitude (E) Elevation (m) Population (household) Ethnicity/Clans

Gandaf 34.1 72.7° 622 2,412 Tanoli, Awan, Syed and Gujjer
Lasan Nawab Sahib 34.37 73.0° 817 2,735 Hindko, Tanoli, Pushtu
Shungli Bandi 34.45 72.96° 1410 1,451 Hindko, Gojri, Tanoli, Pushto
Gali Badral 34.43 73.02° 1502 1,512 Tanoli, Hindko, Pushto, Gojri
Shehargarrh 34.42 73° 1203 2,712 Tanoli, Hindko, Pushto

Beer 34.2 72.9° 839 1,349

Parrehna 34.3 72.6° 665 3,112 Tanoli, Hindko, Pushto
Chamatti 34.227° 73.034° 849 2025 Tanoli, Awan, Syed and Gujjer
Lasan Thukral 34.2 73° 925 3,678 Hindko, Gojri, Tanoli & Pushto
Pind Kargo khan 34.17° 73.06° 1248 9,375 Tanoli, Awan, Syed and Gujjer
Sherwan 34.19 73.06° 1057 7,815 Tanoli, Hindko, Pushto

Chhar 34.07° 73.09° 1437 69,827 Tanoli, Awan, Syed and Gujjer

https:/doi.org/10.1371/journal.pone.0263604.t001

belonging to twelve localities of the three Districts were interviewed in their respective native
language (the majority in Hindko and few in Pushtoon) (Fig 2 and Table 1). Additionally, the
free listing technique was employed to record the plant species and their medicinal values.
After taking demographic details the ethnomedicinal knowledge of the participants were docu-
mented. The reported plants were identified with their vernacular name and collected with the
help of local informants in the field. To protect the vouchers from plant pathogens, pests, and
fungi the specimens were treated with Mercuric chloride, copper sulphate, and absolute alco-
hol (2 g mercuric chloride and 10 g copper sulphate dissolved in 1000 ml absolute alcohol) [16,
17]. The plant species were identified using the Flora of Pakistan [18, 19]. The collected plants
were identified by Dr. Rizwana Aleem Qureshi, Department of Plant Sciences, Quaid-i-Azam
University Islamabad, Pakistan. The botanical names and respective families follow the Angio-
sperm Phylogeny Group [20]. The Plant List (2010) (http://www.theplantlist.org.), and World
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Fig 2. GIS-based map of the study area depicting targeted localities.
https://doi.org/10.1371/journal.pone.0263604.g002
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flora online (http://www.worldfloraonline.org/). The identified plant specimens were properly
labeled, stamped, and given voucher numbers after identification. Finally, they were deposited
in the herbarium of Hazara University Mansehra, Pakistan.

Relative abundance of fodder plants
Kent [21] was followed for the estimation of Relative abundance (RA) (Table 2).

Total percentage Cover of species in all plots « 100

Relative abundance of species =
P Number of plots estimated

Data analysis

Relative frequency of citation (RFCs). RFC indicates the importance of each species and
is calculated based on the frequency of citation ‘FC’ (the number of informants mentioning
the use of species. The FC value is divided by the total number of informants participating in
the survey (N), without considering the use categories [22]:

RFCs =1, FCs/N

Where FCs is the number of informants who mentioned the use of a plant species and N is the
total number of informants.

Use Value (UV). The use-value (UV) is a manifestation of the comparative importance of
each plant species employed by the informants in the study range. The value was calculated
using the following formula proposed [23]:

UV = 2U/n

Where, U is the number of use reports quoted by each informant for a given plant species
while n refers to the total number of informants interviewed for a given plant [24]. The UV
parameter helps to determine which of the plants are most frequently used for a particular pur-
pose. Thus, UV is high when the plant is mentioned by a large number of informants and low
when there are few usages cited.

Fidelity level (FL). The fidelity level (FL), is the percentage of informants using a certain
plant species for the same purpose, calculated as:

FL (%) = (Np/N) x 100

Where, Np = number of informants that claim use of a plant species to treat a particular illness;
N = number of informants that use the plants as a medicine to treat any given disease [25, 26].

Table 2. Abundance categories and scale of reported plants.

Abundance scale Abundance categories Coverage of grass species
+ Rare (R) <5%

1 Occasional (O) 5-20%

2 Frequent (F) 20-50%

3 Common (C) 50-90%

4 Abundant (A) 90-100%

https://doi.org/10.1371/journal.pone.0263604.t002
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Novelty index (Jaccard index)

Novelty index (Jaccard index (JI)) was calculated by comparing current findings with previ-
ously published studies from aligned regions. Following formula was used:

JI=cx100+-a+b—c

where a is the number of species of the area A, b is the number of species of the area B, and c is
the number of species common to A and B [27].

Statistical interference

IBM SPSS 25 version was employed for Descriptive statistical analysis of various qualitative
parameters (Frequency and cross tabulation). Furthermore, Pearson Correlation was used to
interpret the relationships between quantitative indices i.e. UV and RFC. Hierarchical cluster
analysis was also performed for grouping of reported medicinal plants into meaningful groups
of high, medium, and low used value plants.

Result and discussion
Respondents’ demography and traditional knowledge

A total of 85 participants were interviewed about the ethnomedicinal flora of the Tanawal area
in the present work. Most people practice high mountain small level farming and lower hill
horticulture, and also rear sheep [28]. Agriculture in most of the area depends on rainfall, and
only a small part of the Tanawal is irrigated by diversion of perennial flow water from Siran
River and Ichhar Nallah [29]. The major crops grown in the area are maize, rice, tobacco, and
wheat. Vegetables and fruits are not common. It is observed that out of all respondents 45.88%
came from Mansehra, from Haripur District 21.18%, and District Abbottabad 32.94%. The tra-
ditional knowledge regarding medicinal taxa was different based on gender, age, ethnicity, and
profession. Interestingly, the female respondents were equally knowledgeable as men in all sur-
veyed areas alike to Voeks [30], who described women, are the reservoirs of traditional knowl-
edge. In the age group between 40-50 years and 60-70 years, female respondents were more
knowledgeable than men. In contrast men in the 50-60 year age class were more knowledge-
able than women. However, in Mansehra men were more knowledgeable, while women from
Abbottabad had higher knowledge. In Haripur showed men held slightly more knowledge
were 52% and females were of having 47%. Elderly women (60-70 years) were found equally
knowledgeable, but the information provided by them followed a different structure.

This showed that women acquire knowledge later in life. Quick knowledge acquisition and
rapid eroding of indigenous knowledge were observed in men with age as compared to
women. Reyes-Garcia et al. [31] interpreted that elder people retain more knowledge irrespec-
tive of gender. But Kainer and Duryea [32] found that women not only demonstrated refined
botanical knowledge but were also skilled in plant collection, processing, and management.
Our study also showed that women were more proficient in botanical knowledge as compared
to men. This may be correlated to women’s engagement with agro-activities, cultural practices,
and limited communal life. Men were engaged in outdoor activities and acquired an inclina-
tion towards modern medicine, thus losing traditional knowledge.

Similarly, the interviews revealed that the Hindkos (34.12%) and the Tanolis (29.41%) eth-
nic groups were more knowledgeable ethnobotanically, while Gujjars and Pushtoons had less
knowledge (Table 3), although there was no significant difference in medical uses of indige-
nous plants. This homogenous plant-based knowledge indicates prolong common socio-cul-
tural history. This may also be attributed to similar geophysical localities, settlements, and the
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Table 3. Respondents’ demography.

(a) Overview of sampling sites

Social variables

Localities

Sex Ratio

Ethnic groups

Age Groups

Education Level

Social Livelihoods

https://doi.org/10.1371/journal.pone.0263604.t003

Description Men Women No. of people Percentage
Haripur District 10 8 18 . 2118
Abbottabad District 13 15 28 j 32.94 )
Mansehra District 21 18 39 7‘7 45.88
(b) overall demographic attributes of respondents . ‘ y
Women 10 9 y 44 9 51.76
Men 11 14 e 41 _‘ 4824
Gujjar 17 12 y 4 19 22.35
Tanoli 5 7 y . N 25 2941
Hindko 15 21 - 29 34.12
Pashto 13 12 12 14.12
Between 40-50 years 9 15 36 42.35
Between 50-60 years 8 12 25 - 29.41
Between 60-70 16 y 13 24 28.24
Iliterate 15 y . 7 20 23.53
Primary 9 L 5 29 34.12
Graduate 15 N 14 22 25.88
Masters 18 8 14 16.47
Farmers 15 6 29 34.12
Shepherds 5 4 | 26 30.59
Job Holders 10 9 21 24.71
Wood cutters 11 14 9 10.59

local of the Tanawal area. However, some variations in knowledge retention could be per-
ceived in these districts. Mansehra district was first with regard to knowledge, with 91.6% of all
plants and uses found there, while Abbottabad and Haripur stood second and third (89.09%
and 51.57%.). The retention of indigenous knowledge in Mansehra may be associated with the
huge area of mountains, mountain communities, and alpine pastures.

Taxonomic diversity

We found 66 medicinal plants used by the local inhabitants of the Tanawal area (Table 4).
These 66 species belonged to 62 genera and 43 families. Descriptive statistics showed that
Fabaceae was the leading family with five species, followed by Euphorbiaceae, Asteraceae, and
Solanaceae with four medicinal taxa each. Brassicaceae, Lamiaceae, and Cucurbitaceae pre-
sented three species while Berberidaceae, Lythraceae, Malvaceae, and Rosaceae contributed
two plant species (Fig 3). The remaining 32 families were monotypic for medicinal taxa of the
region. The reported medicinal floral diversity was significant, medical knowledge was widely
distributed among the different ethnicities. A taxonomic study might indeed increase details if
comprehensive work would be conducted. Due to the rampant urbanization and tourism
activities, the infrastructure is rapidly changing and building and highway construction is
increasing. Ultimately this causes habitat fragmentation and an increase of plant extraction for
sale in the area. It further emphasizes the need for rapid and detailed ethnobotanical surveys to
retain ethnoecological knowledge before it is lost forever. The majority of the plants were col-
lected in the wild (80.30%) (Fig 4). The estimation of relative abundance showed some serious
concerns about conservation of these indigenous medicinal plants. Results showed only 18%
of the species were abundant in study area and that most were occasional (28%) or frequent
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Fig 3. The ethnomedicinally dominant families of the study area.

https://doi.org/10.1371/journal.pone.0263604.9003

(24%) (Fig 5). A whole 10% of plants were regarded as rare in the study area (Fig 6). These rela-
tive abundance results were alarming and reflected overexploitation of medicinal plants in the

study area.

Part(s) used, drug formulation and administration mode

Based on descriptive statistics leaves (43.28%) were the predominantly used medicinal plant
part, followed by whole plant and fruits (both 14.92%). Flowers (13.67%, seeds, roots, bark
(10.44%) and gum (2.67%) were less commonly used (Fig 7). The most common recipe of
drug preparation was decoction i.e. 21 species (31.15%). However, infusion and paste formula-
tions were also commonly used (paste 12 species, 17.21%; and infusion 11 species, 18.83%).
The remaining plants were used cooked form (9 species 13.34%), as a poultice (5 species,
7.46%), tea (5 species, 7.46%), and raw (4 species, 5.97%). Local people of the Tanawal area

= Cultivated
= Wild

Fig 4. Availability status of medicinal plants in the study area.
https://doi.org/10.1371/journal.pone.0263604.g004
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Fig 5. Relative abundance of medicinal plants in the study area.

https://doi.org/10.1371/journal.pone.0263604.9005

preferred oral administration (56.1%). However, 28% of medicinal plants accounted for both
oral and topical applications (Figs 8 and 9).

Medicinal plants versus disease(s) cured

A total of 50 health disorders recorded in the study area were grouped in 15 categories. These
categories were evaluated for the total number of taxa used. It was revealed that maximum spe-
cies were used to treat gastrointestinal disorders (13 species), dermal problems (12 species),
respiratory tract ailments (9), and hepatic disorders (8). Seven species were used for musculo-
skeletal problems and general body debility, while six species were used for dental disorders, as
a laxative, as a diuretic, and for urinary tract infection. Similarly, for the treatment of diabetic
ailments and anti-inflammatory five species were used while for renal problems, ophthalmic

Fig 6. Pictorial view of some valuable medicinal plants of study area (A) Acacia modesta Wall (B) Acacia nilotica (L.)
Delile. (C) Catharanthus roseus (Linn.) G. Don (D) Chenpodium murale L. (E) Datura innoxia Mill (F) Ricinus
communis L. (G) Tribulus terrestris L. (H) Withania somnifera L. (I) Xanthium strumarium L.

https://doi.org/10.1371/journal.pone.0263604.9006
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Fig 7. Depiction of parts used of medicinal plants.
https://doi.org/10.1371/journal.pone.0263604.9007

disorders, and sore throat four species were used. Gastrointestinal (GIT) disorders (i.e. consti-
pation, indigestion, gastric trouble, dysentery, acidity, and stomach ulcer), skin diseases (pim-
ples, pustules, and ringworm), respiratory tract infections (bronchitis, asthma, pneumonia),
and musculoskeletal ailments were the common health problems. The prevalence of gastroin-
testinal (GI) disorders may be attributed to poor available hygiene. The harsh and hostile
weather might contribute to getting respiratory infections, and the limited sanitary facilities
might contribute to intestinal problems. The painstaking activities for survival in this difficult
topography might lead to cramps and orthopedic disorders. Intestinal ailments, skin-related
diseases, and problems concerning the digestive system were among the highest medical prob-
lems reported categories in the Tanawal community. These recurrent health issues may be
attributed to harsh weather, lack of hygiene, and poor food selection [33, 34]. Other common
medicinal uses categories mentioned by respondents included the muscular-skeletal system,
urinary system, and general body tonic (Fig 10).

® Decoction =Infusion mPaste mCooked m=Poultie mTea =Raw

Fig 8. Percentage of the mode of drug administration.

https://doi.org/10.1371/journal.pone.0263604.g008

PLOS ONE | https://doi.org/10.1371/journal.pone.0263604  February 22, 2022 17/25


https://doi.org/10.1371/journal.pone.0263604.g007
https://doi.org/10.1371/journal.pone.0263604.g008
https://doi.org/10.1371/journal.pone.0263604

PLOS ONE Indigenous knowledge of the Tanawal area, Lesser Western Himalayas, Pakistan

® Inhalation
¥ Oral
288 # Oral & Topical

= Topical

Fig 9. Percentage of the mode of drug administration.
https://doi.org/10.1371/journal.pone.0263604.9009

Statistical data analysis

Homogeneity in the traditional knowledge was evaluated using quantitative indices i.e. Rela-
tive Frequency of Citation (RFC). RFC indicates the significance and status of a particular
medicinal plant in the targeted human community [35]. Higher RFC values indicate the reten-
tion and smooth transmission of traditional knowledge among local people [36]. In our study
the highest RFCs were calculated for Acacia modesta, Citrullus vulgaris, Tamarindus indica
and Momordica charantia with 81 each. Some other species had high values, e.g., Brassica cam-
pestris (80), Citrus limon (80), and Eruca sativa (78). This indicates the stability of traditional
therapeutic information regarding highly cited species. Jastacia adhatoda, Vitex negundo, Jas-
minum sombac, Diospyrus lotus, Cedrus deodara and Otostegia limbata scored low RFC values
indicating their least medicinal importance.

To assess the relative importance on the uses of reported plants Use Value was used. Use
value (UV) is an index widely used to quantify the relative importance of useful plants [37].

General Body Deblity 7
Sore Throat 4
Ophthalmatic problems 4
Renal disorders 4
Diabetic issues 5
Diuretic agent 6
Hepatic diseases 8
Anti-Inflammatory agent 5
Respiratory tract disorders 9
Laxative 6
Urinary tract infection
Masculo-Skeletal ailmets
Dermal disorders 12
Gastro-Intestinal disorders 13
Dental diseases 6

Disease categories

w

-1

0 2 4 6 8 10 12 14
Number of taxa used

Fig 10. Categories of diseases of the study area and number of plants used.

https://doi.org/10.1371/journal.pone.0263604.9010
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The Use Value (UV) ranged from 0.66 (Colchicum luteum) to 3.6 (Dioscorea deltoidea. Witha-
nia coagulans (3.3), Momordica charantia (3.5), Silybum marianum, and Pyrus pashia also
reported with high UV values. The Pearson correlation between UV and RFC reflected a posi-
tive correlation. However, the coefficient value was quite low (0.0316) which showed that these
two indices are nearly independent to each other in concern to the ethnobotanical knowledge
of the Tanawal community. This might be interpreted by the fact that RFC is only the indicator
of the familiarity or popularity of a particular plant in the study area. Abundance and availabil-
ity in the wild could be possible reasons for their popularity in the study area. RFC does not
indicate the diversity in plant utilization from the medicinal perspective and it can only be pre-
dicted by UV application.

The Pearson correlation between UV and RFC reflected a positive correlation. However,
the coefficient value was quite low (0.0316) which showed that these two indices are nearly
independent to each other in concern to the ethnobotanical knowledge of the Tanawal com-
munity. This might be interpreted by the fact that RFC is only the indicator of the familiarity
or popularity of a particular plant in the study area. Abundance and availability in the wild
could be possible reasons for their popularity in the study area. RFC does not indicate the
diversity in plant utilization from the medicinal perspective and it can only be predicted by
UV application (Fig 11).

The Fidelity Level (FL) is the percentage of informants claiming the use of a particular plant
species for the same major purposes or requirements, was also determined for the most fre-
quently reported diseases or ailments. The calculation revealed that 28 (41.79%) species had
FL values below 50, while 39 (58.20%) had higher FL values. The FL values ranged from 36.4 to
95.2. The taxa securing highest values were Momordica charantia, Tamarindus indica, Acacia
modesta and Citrullus lanatus with 95.2. Rydingia limbata, Crataegus songarica, Jastacia adha-
toda and Diospyrus lotus were the taxa securing lowest Fl values. FL% basically reflects the sig-
nificance of plant for particular use. Multiple ethnomedicinal studies suggested that plants
with highest FL% can be considered as the most useful.

Cluster analysis. Based on UVs, the total 66 reported medicinal plants were clustered into
3 groups. Cluster 1 comprised of those plants that had lower UVs (0.66-1.13), plants of cluster
2 possessed comparatively higher UVs (2.3-2.7), whereas, plants of cluster 3 (Momordica

‘E
! . y = 0.4589x + 1.4692
e S * R = 00136
B
3 3
‘ 25 s, D i 2
B | L= 2 *
; ,3’/’{’:” e UV
nl o &%= V: Linear (U.V)
1 :0 L
+* @
0.5 * Ve %
0 _
0 0.2 0.4 0.6 0.8 1 1.2
RFC

Fig 11. Pearson correlation between RFC and UV.
https://doi.org/10.1371/journal.pone.0263604.g011
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Fig 12. Showing the clusters based on UVs.
https://doi.org/10.1371/journal.pone.0263604.9012

charantia, Dioscorea deltoidea, Pyrus pashia, Withania coagulans had the highest reported
UVs (3.2-3.6) (Fig 12).

Cross tabulation between three clusters and relative abundance (RA). Cross tabulation
between three clusters and relative abundance (RA) reported that the relative abundance of
plants declines by the increase of their UVs. It can be said that the higher the utilization aspect,
the lower the relative abundance in a particular study area. It can be observed that among the 4
plants of cluster 3 (with uppermost UVs), none of the plants was reported as abundant in the
study area. However, in cluster 2, only 2, and in cluster 1 (lowermost UVs), 5 were reported as
abundant in the study area. As the utilization of plants lowered the probability of their abun-
dance increases simultaneously (Table 5).

Novelty index

The current study results were compared with ethnobotanical literature to draw novel aspects
of the study. The similarity index was calculated using the Jaccard Index (JI) (. Documented 66
ethnomedicinal plants of this study had been cross verified in the 21 published articles that
had similar geographic or climatic conditions (Table 4). In the current study, the JI values ran-
ged from16.77 to 0.98 (Table 6). The highest values have been reported by the Gokand Valley
of District Buner [38] followed by the Banda Daud Shah in Karak [39], Karamar Valley [40],
Patriata, and New Murree [41] and Charmang village in Bajur [42] i.e. > 11. A higher JI value
reflects the similarity in vegetation types of two areas due to similar geographic or climatic
conditions [43]. The lowest JI (2.15) was calculated in comparison to study of Kayani et al.

[44] (Alpine and sub-Alpine regions). The current study showed a greater resemblance with
data of Manoor valley [45] (25.92%). This indicates that although Gokand Valley and Tanawal
share a similar flora, however, their usage patterns are more analogous to Manoor Valley.

Table 5. Relative abundance * cluster no. cross tabulation.

Count
Cluster no. Total
1 2 3
Relative Abundance Abundant 5 0 7
Common 9 2 1 12
Frequent 5 11 0 16
Occasional 10 2 19
Rare 8 1 12
Total 37 25 4 66

https://doi.org/10.1371/journal.pone.0263604.t1005
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Table 6. Jaccard index of the medicinal flora.

Citation

Abbas et al. (2016)
Shoaib et al. (2017)
Abbas et al. (2017)
Bano et al. (2014)
Majid et al. (2019)
Rahman et al. (2019
Abbasi et al. (2013b)
Khan et al. (2013)
Sulaiman et al. (2020)
Ahmad et al. (2011)
Khalid et al. (2017)
Tariq et al. (2019)
Khan et al. (2014)
Kayani et al. (2015)
Farooq et al. (2019)
Adnan et al. (2014)
Abidullah et al. (2019)
Ullah et al. (2020)
Ahmad et al. (2017)
Murad et al. (2013)
Ahmed et al. (2013)

Study area Province |Np NPSU | NPDU |TPCBA | PRAA PRSA JPSU PPDU |]JI
Tormik Valley GB 63 1 2 3 60 62 7| 1.59 3.17 | 240
Lowe kaghan Valley KPK 46 3 3 6 40 59 652 652 571
Shigar Valley GB 84 |1 4 5 79 60 119 476 347
Skardu valley GB 50 |1 2 3 7 e 200 | 400 2.68
Lesser himalayan KPK 38 1 0 1 37 | 64 | 2.63 0.00 1098
Manoor Valley KPK 27 |7 0 7 20 |58 12593 |000 - |824
Lesser Himalayan KPK 45 2 2 4 41 61 4.44 444 | 3.77
Naran valley KPK 101 |7 4 1 9% 54 6.93 _‘ 396 |7.10
Gokand Valley KPK 109 |9 16 25 84 40 826  |1468 1678
Tehsil Kabal KPK 140 |7 10 17 123 48 500 | 7.14 9.04
Karamar Valley KPK 63 7 6 |13 50 |52 11.11 9.52 11.30
Tone valley KPK 35 1 2 3 32 62 2.86 5.71 3.09
Haripur KPK 10 2 1 | 3 7 62 iZ0.00 10.00 4.17
Alpine and sub alpine region | KPK 125 |3 Pt 4 121 61 2,40 0.80 2.15
Dhirkot AJK 140 |4 1 5 135 60 286 | 071 2.50
northwest Pakistan 107 |5 7‘2 14 93 |5l 4.67 8.41 8.861
Charmang village, Bajur KPK 64 6 7‘77 13 51 |52 9.38 10.94 11.207
Sheen Ghar Valley, Dir KPK 51 2 ‘ 7 9 42 |56 3.92 13.73 8.411
Neelum valley AJK 50 0 7 | 7 |43 58 0.00 14.00 6.481
Banda Daud Shah, Karak KPK 58 1 12 13 ‘_45 52 1.72 20.69 11.818
Patriata and New Murree KPK |93 5 11 16 77 49 5.38 11.83 11.268

Key: GB-Gilgit Baltistan; KPK-Khuber Pakhtoon kha; AJK-Azad Jamu Kashmir; Np number of participants, NRPs number of reported plant species, NPSU number of
planst with similar uses, NPDU number of plants with different uses, TPCBA total plants common in both area, PRAA Plants reported in aligned areas, PRSA Plants

reported only in study area, PPSU percentage of plant with similar uses, PPDU percentage of plant with different uses, JI Jaccard index.

https://doi.org/10.1371/journal.pone.0263604.t006

These resemblances and variations arise due to the ecological [46] historical [47], organoleptic
[48], and phytochemical differences [49] across the regions. The current study also reported 16
medicinal plants which have been rarely documented for their medicinal use in the studied
ethnomedicinal literature i.e. Althea officinalis, Plantanus orientalis, Jasminum sombac, Mayte-
nus royleana, Cucurbita maxima, Phyllanthus emblica, Citrullus vulgaris. Polygonatum verticil-
liatum, Caseria tomentosa, Cistanche tubulosa, Bambusa arundinacea, Schinus molle,
Tamarindus indica, Pongamia pinnata, Citrus limon and Catharanthus roseus.

Conclusion

Current ethnobotanical investigation showed that the people of the Tanawal area retain sub-
stantial indigenous knowledge. The people of all ethnic groups keep and transmit their infor-
mation related to plants irrespective of gender, locality, and ethnicity. But the old people seem
to be the real caretaker of this knowledge. They use a considerable number of medicinal taxa
to treat their ailments as a basic remedial source. However, a rapid trend in tourism and infra-
structural development causes direct habitat destruction in the area. Moreover, broad-scale
medicinal plant extraction, deforestation, and grazing are also potential human-made threats
to medicinal species. These factors could be detrimental for both phyto-medicinal taxa and
associated knowledge. The establishment of medicinal plant nurseries and their cultivation
will be an effective measure for their conservation. On the other hand, the species which were
identified as of great importance and constancy in the focused communities could be
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investigated against their reported therapeutic potentials. The study is a preliminary survey
and maybe a potential literary contribution for local researchers, conservationists, and
policymakers.
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