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Abstract

Background: In the past, wild edible fruits (WEFs) were a significant source of food and nutrition in Bhutan. These
nutrient-rich species can enhance food security and alleviate poverty in Bhutan. However, recent developments like
the introduction of improved fruit varieties, changes in dietary choices, and infrastructure development are expected
to influence indigenous knowledge and consumption of WEFs. We aimed to document the species diversity of WEFs
and their uses in eastern Bhutan and examine how the knowledge and consumption of WEFs vary with socio-demo-
graphic factors.

Methods: A total of 97 households in two districts were selected to participate in the survey. A semi-structured ques-
tionnaire was used to interview a selected adult from each household. Comparative analysis of indigenous knowl-
edge and consumption of WEFs among the socio-demographic factors was performed using one-way ANOVA and a
Chi-square test on R software.

Results: The present study reported 52 species of WEFs belonging to 35 families. The prevalence of WEF consump-
tion was found to be 42%. WEF consumption differed significantly between districts, age groups, and indigenous
knowledge levels. Similarly, indigenous knowledge of WEFs was significantly associated with districts and age groups.

Conclusions: Eastern Bhutan has a rich diversity of WEFs, but their consumption has been decreasing. Recent agri-
cultural and infrastructure developments may have impacted the consumption and indigenous knowledge of WEFs
in this region. Thus, domestication and agro-processing of WEFs should become a major focus in Bhutan to utilize
their nutritional value and potential economic benefits to enhance food security in the country. Additionally, incorpo-

rating WEF-related knowledge in the school curriculum is essential to educate younger generations on WEFs.
Keywords: Wild edible fruits (WEF), Ethnobotany, Indigenous knowledge, Eastern Bhutan, Consumption

Introduction

Wild edible fruits (WEFs) refer to edible fruit species
which are not cultivated but are collected from their
natural habitats [1]. WEFs are mainly consumed during
off-season periods of cultivated fruits and vegetables,
predominated by food shortage [2, 3]. Even though agri-
cultural communities rely mostly on improved cultivated
varieties due to their nutritional value, health benefits,
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and higher productivity, the habit of consuming wild
foods has not been entirely abandoned [4, 5]. Moreover,
the world population is expected to surpass 9 billion by
2050, boosting global food demand by 50% compared
to 2013 [6]. Thus, to meet the global food demand, the
domestication of other food-producing species and
intensifying the use of underutilized and neglected spe-
cies, including wild food resources, may become nec-
essary [7]. Wild food resources comprise a variety of
edibles, including WEEF, vegetables, mushrooms, orchids,
canes, and herbal plants; and WEFs contribute the most
to the total number of wild edible resources [8]. These
nutrient-dense fruits have been discovered to be good
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sources of vitamins, minerals, and antioxidants [9-12].
As a result, in most of the developing countries, WEFs
constitute a vital source of food, healthcare, and material
subsistence and are linked to human survival [13, 14].

Landlocked Bhutan, widely regarded as the sole car-
bon-negative country in Asia and sandwiched between
China and India, has an overall forest cover of 71%, with
51.44% covered by protected areas and biological corri-
dors [15]. Bhutan is, thus, one of the world’s biodiversity
hotspots, housing over 11,000 species [16]. The dense
forest and different agro-ecological zones in the country
favor the growth of a wide range of wild edible plants.
These species are excellent sources of food, medicine,
fuel, animal feed, and timber and have various house-
hold and ritual applications. Similarly, numerous WEFs
are employed in oil extraction, dyeing, and traditional
medicine. As a result, it has significantly contributed to
the food and nutritional well-being of rural Bhutan [17].
In contrast, another study reported that one out of three
Bhutanese suffered from food insecurity, with nearly 30%
of the population facing malnourishment and related
health issues such as stunting [18]. Additionally, the Pov-
erty Assessment and Analysis Report 2017 estimated that
8.1% of the Bhutanese population was under the national
poverty line of Nu 2195.95 income per person per month,
with a significantly higher poverty rate in rural areas.
Hence, with its high nutrient content and potential for
income generation through value addition, WEF species
can considerably contribute to food security and poverty
alleviation in remote areas of Bhutan.

However, the government’s push for commercialization
and the promotion of high-yielding cultivars in recent
decades threatens to erode traditional WEF use in Bhu-
tan [17]. Moreover, the reliance on wild edibles is likely
to diminish over time because of the easy accessibil-
ity of improved varieties [19, 20], the decline in species
diversity owing to habitat destruction through defor-
estation [21, 22], and infrastructure development [23].
As a result, indigenous knowledge and the consumption
of WEFs are rapidly declining among the younger gen-
erations. The extinction of indigenous knowledge is also
found to be linked to the reduction of plant diversity [24].
With the increasing erosion of indigenous knowledge on
WEFs and increasing reliance on improved fruit varieties,
there is a risk of complete substitution of wild fruits with
imported fruit types, resulting in the disruption of the
coexistence of people and forest, and loss of traditional
knowledge sooner.

Thus, it is crucial to document the diversity of wild
species and their indigenous potential for sustainable
management of wild resources [25] before the extinction
of indigenous species and their traditional knowledge.
Although few previous studies have been conducted on
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wild vegetables, non-wood forest products, and medici-
nal herbs [26-29] in southern, southwestern, and central
parts of the country, no study has focused particularly
on WEFs in eastern Bhutan. Furthermore, these studies
have focused intently on listing out the wild edible plants
and their uses, while a comparative analysis on indig-
enous knowledge and the consumption of WEFs has not
been conducted. We hypothesized that the consumption
of and indigenous knowledge about WEFs are decreas-
ing among the younger generations of Bhutan. Eastern
Bhutan has the largest land area and the greatest num-
ber of rural households in the country [30]. Additionally,
more than 70% of the land is under forest cover, making
the region ideal for conducting an ethnobotanical study
related to WEFs. Hence, in this study, we aimed to docu-
ment the species diversity and ethnobotanical uses, com-
pare indigenous knowledge and consumption of WEFs
among socio-demographic factors.

Materials and methods

Study area

The eastern part of Bhutan is the largest region in Bhu-
tan, comprising six Dzongkhags (districts). The region
has more than 70% of the land under forest cover [15].
It is considered to be less developed, with a higher
poverty rate than the rest of the country [31]. Moreo-
ver, the region has the greatest number of rural house-
holds dependent on agriculture and is closely associated
with nature and forests. This study was conducted in
the Trashigang and Trashiyangtse Dzongkhag, located
501 km and 533 km, respectively, toward the east of the
capital city of Bhutan, Thimphu (Fig. 1).

The survey was conducted in six Gewogs (sub-dis-
tricts): Udzorong, Kanglung, and Yangneer in Trashi-
gang; and Yangtse, Ramjar, and Jamkhar in Trashiyangtse
Dzongkhag. These Gewogs have been selected based
on their varying elevations and rural households. Both
Dzongkhags have a rich forest cover, distinct land size,
elevation, and household number (Table 1). Trashi-
gang has the largest land area and households among all
Dzongkhags in the eastern region, while Trashiyangtse is
the second smallest. Almost all the Gewogs in both the
Dzongkhags are connected to the Dzongkhag adminis-
tration by farm roads, and each Gewog has at least one
Basic Health Unit (BHU) for medication.

The eastern region has a warm temperate climate in the
northern part and a subtropical climate in the southern
parts. Agriculture is the main source of income and liveli-
hood for the rural populations. In 2010, the Japan Inter-
national Cooperation Agency (JICA), in collaboration
with the Ministry of Agriculture and Forests, initiated the
Horticulture Research and Development Project (HRDP)
to promote horticulture as a source of income in the six
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Fig. 1 Study area map showing two districts and six sub-districts

Table 1 Profiles of the study area

Trashigang Trashiyangtse
Dzongkhag Dzongkhag
Total area (km?) 3060 1437.02
Number of households 9147 3697
Forest cover (%) 73 70
Distance from the capital city (km) 501 533
Total geogs 15 8
Elevation (m) 550-4600 600-3200
Mode of transport Farm road Farm road

eastern Dzongkhags, in which more than 40 varieties of
improved fruits and vegetables were introduced [32, 33].
Hence, farmers cultivate many improved fruits like pear,
peach, plum, persimmon, and kiwi for consumption and
commercial purposes. Farmers sell their fruits and veg-
etables to the nearby market or along the highway. In
addition to farming, livestock rearing is one of the main
sources of livelihood in the region. Usually, farmers herd

their cattle in the forest, during which they collect and
consume WEFs.

Data collection and analysis

Information on demographic characteristics, diversity of
WEF species, and their associated ethnobotanical uses
were collected using semi-structured interviews in 97
households: 54 in Trashigang and 43 in Trashiyangtse
Dzongkhag. Most respondents were farmers and house-
wives in Dzongkhags, while seven respondents in Trashi-
gang were local healers and lay monks.

The Agriculture Extension Officer of the Gewog and
the village heads were informed before conducting the
survey. Respondents were selected from six Gewogs of
the two Dzongkhags. Questionnaires were prepared in
the KoBo Toolbox.! Data were collected between Sep-
tember and October 2021 in both the Dzongkhags.

! An open-source tool for data collection and analysis. It is accessible at
https://www.kobotoolbox.org/.
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Specimen collection and accurate WEF plant identifica-
tion were completed in December 2021. For this study,
four Bhutanese interviewers were recruited and trained
on the data collection process. Before starting the inter-
view, the nature of the research and its purpose were
explained to obtain oral consent from each respondent.
Interviews were conducted in Bhutanese languages and
transcribed in English by the first author assisted by the
four interviewers. In this study, WEFs were defined as
any edible fruits that are not domesticated by farmers
and found in the forest or any uncultivated land.

The WEEF plants cited by respondents were recorded by
their vernacular names in the Bhutanese language. The
plants or fruit samples available were collected and pho-
tographed through guided tours in the surrounding fields
and nearby forests. Collected plants or fruit samples were
identified by comparing their characteristics to the litera-
ture from the Flora of Bhutan [34]. Voucher specimens
were prepared for those species that the authors could
not identify. The vouchered specimens were identified
by the officials at the Agriculture Research and Devel-
opment Centre (ARDC), Wengkhar, and validated by
the officials at the National Biodiversity Centre (NBC),
Thimphu. The specimens were deposited at the National
Herbarium in the NBC, Thimphu. The scientific names
of the species were updated according to Kew’s data-
base—Medicinal Plant Name Services [35] and the World
Checklist of Selected Plant Families [36].

R software was used for data analysis to estimate the
frequency measures. One-way ANOVA and Chi-square
test were used to compare the indigenous knowledge and
consumption of WEEF, respectively, among the variables.

Results
Diversity and use pattern
The study area yielded a total of 52 WEF species belong-
ing to 47 genera and 35 families, including 29 (54%) trees,
13 (26%) shrubs, 5 (10%) herbs, and 5 (10%) climbers. The
family Rosaceae contributed the highest proportion of
WEF species with five species, followed by Rutaceae and
Lauraceae with four species each. Moraceae and Anacar-
diaceae contributed three species each, while Combreta-
ceae and Myrtaceae contributed two species each and the
remaining families contributed only one species each.
Out of 1,258 citations, the most cited WEF was Rubus
ellipticus, with 89 citations, followed by Docynia indica
and Juglans regia with 86 and 83 citations, respectively.
Among the 52 species, 26 were collected from the for-
est and 14 from the surrounding fields. Twelve species
showed no habitat preference as they were collected from
both habitat groups (Table 2).

We found that WEF species served various purposes
for the rural people. Besides food, the species have
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multiple uses as medicine, spices, oil, dye, fiber, fodder
for livestock, raw materials for furniture, and cultural/
religious purposes. The most cited use was food, fol-
lowed by their use as a raw material for furniture and
construction, spices, fodder, dye, and the other uses
had fewer citations (Fig. 2). The number of citations for
WEF uses did not differ between the two Dzongkhags
except for higher medicinal use in Trashigang Dzongkhag
(X*=3.836, df=1, p<0.05). In addition to the fruits, the
respondents also used other plant parts such as seeds,
underground parts, and flowers as food. The proportion
of species consumed both in raw and cooked/processed
forms was 43%, whereas 37% were consumed raw and
20% were consumed in cooked/processed forms.

WEF consumption

The survey result showed that only 42% of the respond-
ents collected and consumed WEFs within the last twelve
months. The proportion of the respondents who con-
sumed WEFs within the last twelve months was com-
pared between subgroups (Dzongkhags, gender, age
groups, education level, and indigenous knowledge level)
using the Chi-square test (Table 3). WEF consumption
varied significantly between Trashigang and Trashi-
yangtse Dzongkhag (p <0.05). Trashigang Dzongkhag had
significantly more WEF consumers when compared to
that in Trashiyangtse Dzongkhag. No statistically signifi-
cant difference was found between the WEF consump-
tion of women and men (p>0.05). Similarly, education
level also did not significantly affect WEF consumption.
There was a significant association between age and WEF
consumption (p <0.05). Those between the ages of 40 and
50 were more likely to consume WEFs than the younger
and elderly populations. Likewise, indigenous knowledge
level was significantly correlated to WEF consumption
(p<0.05). In this study, indigenous knowledge was indi-
cated by the number of species listed by the respondents.
We considered respondents who cited more species as
more knowledgeable than the others. The prevalence of
WEF consumption was high for those who cited more
species when compared with those who listed fewer spe-
cies (p<0.05).

The top 5 most consumed WEFs in the Dzongkhags
were Juglans regia, Myrica esculenta, Rubus ellipticus,
Zanthoxylum armatum, and Phyllanthus emblica. While
79 (81%) of respondents believed WEF consumption has
decreased compared to that in the past, 13 (13.4%) per-
ceived the trend remained the same, and 5 (5.14%) were
unaware of the change in consumption trend (Fig. 3). The
introduction of improved varieties, increased accessibil-
ity to improved varieties in the market, lower demand for
WEFs in the market, changes in the food preferences, and
lack of knowledge to identify species were the reasons



Page 5 of 17

(2022) 18:27

Yangdon et al. Journal of Ethnobiology and Ethnomedicine

[8v L]

[€d

6t '€z 1]

[6v 8]

l6v '8t '€z L]

(6]

lov]

(8¥/]

3|qe1ahan
e Se PaWINSUOD aJe SHNJ4

MEJ PaWNSUOD aJe S1iNni4

uonedisuod pue ‘eayl
-Jelp ‘ewyise 'ybnod 1ean
0] 2sodind snoibijal pue
QUIDIPAW [PUONIPERIY JO)
pasn sasodind [euldipaw
10} PaMaY2 a.e SUNy palg

uonelxe aAp ‘uoned
-115U0D ‘eWyise ‘uonsabul
‘e3U4IBIP 1POIY] 2I0S puP
ybnod 1oy pasn ‘asodind
snoibia pue aupipaw
[PUOIIPEI]Y 1O} P3SN S1IN4
'sasodind jeuipaw 1oy
paMayd ale s3nJj palg

sijIseb pue ybnod anayjal
‘SDUNOM pUB SUINg e}
0] ‘sasodind snoibijai 10y
pasn pue a|qe1aben e se
PaWNSUOD 34 SISMO|4

sreid e se

pue s1npoud Airep deim
01 pasn saAesT ‘dnos pue
‘A1IN2 ‘SyeUS se pauns
-U0D pue P3|Iog aIe SUI0D)

appdid se
pue MeJ PaWNSUOD S3N.4

soppdid se pue
MBI PAWNSUOD 4B SHNI4

ayoe
-UDRWIOIS pue d1igaxeus
1e311 0] 'sajod BudULy
pue poomaly se pasn aie
SyuNJ1 pue swiais =2diu uo
MBI PIUINSUOD 18 SHNI4

20151004 Buisies 1oy
Spaas pue sadol bupjew
10} Pasn swia1s adu uo
MBI PIWNSUOD 3. SHNJ4

OW
OW

ey

ey

ey

ey

ey

O

ey

O

Anf—aun(
1>0-dag

aunr—Aey

ga4-AON

dag-bny

ga4-uer

Bny—inr

Bny—nr

Bny—nr

AON-120

0

[4%

L

vl

0l

S

L0OAd

LCONM

GCONM

OCONX

9LONX

CLONX

7 LONM

ELONM

GLONM

A35 Leydeyy|
A3s as110d /495 edujwey

niy

nieg

Buljesjwen

puozog
A3s bunysuwiniyd

Aaswy

Kss buerdoy

A9sulo|ny
-bueyd/buoiodfaduwiyz

J1BI0A () sipupib piu20)
S|[eA DIDNIADD SNUIOD

.Z13Y DJNGaYD DILUILLI]

2 X0y (unseD)
DoUll[oq DijbuludIg |

gz
(1) wn2ipur winjAxoi0

J1042S
(1) bauaN2sa bISPI0j0D)
qlIHMY '8 1NgT'g (gX0Y)
SLIDJ[IXD SDIpUOdS0I20Y )

X0y DINLAIAS DIRyIbUDYY

SN SIsuaulyd snyy

< IPUL DSOJID2 DIpIUIIDY

okade1gINdND)
2e3deUIO)

ok9dklaIquIo)

ok9dklaIquIo)

seadejuoubig

oeadely

okode|piedeuy

okode|piedeuy

SeadeIpIedRUY

seadRIPIUNDY

sadua1349y

sasn J19y10
pue apow uondwnsuo)

AyjigejieAy  uoseas uonda|0d

asjbuediyses) bBuebiyses]

Jaquinu

SuoIeld JO ISGWINN  UOII3||0D)

aweu [e307

saweu [edjuelog

Ajjwey

ueINYg UJS1Sea U] SasN pue ‘Al1jIge|IeAR ‘SUOSES UOIIDI||0 I3l puB S4IAM JO ISIT T dlqeL



Page 6 of 17

(2022) 18:27

Yangdon et al. Journal of Ethnobiology and Ethnomedicine

pOoOoJ 3yl Ul 0DIds e se
pasn Uspmod OJul Passad
-oid pue ‘paup ‘pejes

S PaWINSUOD e S1INJ4
Buiduy pue buimold 1oy
odol e se pasn swa1s -adu
UO MBI PIWINSUOD SHNJ4

3] J31INQ Ul Ja3INg
Se SP3s pUB ‘SaARD)| B2} e
SISMOYJ 15K B SB 190D

1NU ‘2INJUINS 10§ POOM

[€7]  'Mes pawnsuod ale sinN|

pupjew

2INJIUINJ PUB POOMBIY
Se pasn S| poom ay|
‘Bunseos pue buljloq Jaye
‘MEJ PaWNSUOD aJe SINN

JUSWIPUOD
/221ds pue Jazppadde ue

se ‘uoljedi}suod aAd|jal

01 pasn sapypid se Jo

[8¥] MBI PAWNSUOD 3. SPOd

wa|qold urys

e 1eai} 01 pue sasodind
snoibifal 1oy pasn odu
UO MBI PWINSUOD SHNJ4

[PODJRYD pUE SIXOC|

3] 9¥ew O} ‘|elialew
UOI12NJISUOD B Se pasn
st poom 3y appaid e se
MEJ PAUINSUOD 318 SUN4

dUIM 01Ul passadoid 10
MBJ PRWNSUOD 3Je SHN.

203151001 Bslel
0} Pasn aJe SPads Pawlns
-UoD pue paup a.e syiniq

Bupduy

10y 3doy se pasn ale swa1s
‘Bunseol 1o buljioqg Ag
PaWINSUOD 3le SI3gN}

[Llz]  punoibispun pue [eLsy

ey Bny-nr

oW 29(-AON

qv 10-das

oW AON-120

ey [udy—tew

oW NON-120

ey das—|nr

qv Bny-nr

oW 1>O-das

ey AON-120

0¢

Ll

ol

a4

€

44

LC

€S

3l

3

14

124

6l

8CONX

6CONM

LZONX

OEONX

9CONX

800Ad

ECONM

C00Ad

7CONM

CCONX

SVEN

A3s bueyoyoiy

A3say

A3s eysi eys|

11e1a]

A3s ewbulysyeyS

A3s bunyieysen

A3s buljewbueq

wnpunb /A3s ngaipuly

Buepjof buelog

's12d (IN0T) bgagnd pasi]

¢ [[BM DI[OJ11D] DIjj]90G|OH

S bibai supibng

> DAV ([pur x9
‘gx0Yy) paIpul sisdoupisp)

o1 D2IpUI SNpULIDWD]

e18|D'gD X° JHO0H
((BUD) WiNsNIal WNUIIDA

«0x0y
snijoylaaub) sndip20apg

o1 DIjoj1Ip) snubvap3

q1smoyf soifdsoiq

1 043J1qInq 02102501

oradeIneT

oeade|eqezIpIeT

seadepue|bnr

oeadeqe

oeadRgR

°e30eD|13

wmwqu\_mqum_m_

seadeubeae|]

okadeusQdy

ElsEbl=ionNellg]

sasn JaYjo
saduaI9yey pue apow uondwnsuo)

Aujiqejieay  uosess uondd||0)

asybuefiyses) bBuebiyses|

Jaquinu

SuOIIe}Id JO JAqWINN  UOND3||0D

aweu [e>07

saweu |edjuelog

Ajwey

(panunuod) g ajqey



Page 7 of 17

(2022) 18:27

Yangdon et al. Journal of Ethnobiology and Ethnomedicine

adu uo
[lZ]  Mel paunsuod ale sini4

19pPO} Se SaAR3| ‘PlOd pue
ybno> Joj pasn adu uo
[6v'17] MeIPaWNSUOD 218 SaL1Ig

91182 10§ J9PPOy SP ‘S9N
-poid Aiiep deim 01 saAR3)
'sdiyd ojul passadoid pue

MBI PWINSUOD 3. SHNJ4

J9PpPO} B Se pasn sanea)|
‘MBJ PRUINSUOD 1€ SN

19pIOSIp
[ENIISUSW PUB ISAS) 1O}

21sed N1y 1appoy se

SWI1s pue saAes| -adi Uo

[6v'17] MBI PaWNSUOD aJe S)Nn.4

K123uasAp

pue eayllelp bupeasl Joy
S1INJJ PI1SROI ‘SIND pue
SPUNOM 1e3J3 0) Pasn
xa1e| 3y s1onpoud Aliep
deim 01 pasn a.e saned)
'J9pPO} Se SWIR1Ss pue
S9ARIT Ny PP Se IO
6V '€C’l7] MBI PIWINSUOD aJe S)N.4
UoIO| UIYs

‘JUsUIIeR.]) pPUNOM ‘[0 Bul
400D Se Pasn ‘UoNOrIIXD
10 10§ PaSN 3Je S1INJ4

320151001 35e)
01 PasN SPass 'POOMBIY
10} pasN S| POOA D1
yum Aund 1oy 21nnsgns
e Se PaWNSUOD aJe SHNJ4
lo Buyood e se pasn
“UOI1DBIIX3 |10 J0j PAsN
*921ds P SB paWNsuoD

av

O

O

ey

OW

av

ey

ey

ey

uer-23Q l 8

Bny-nr 3 0S

Anr-aunr 8 L

Bny-|nf 14 9

Bry—nr 1z L1

Bny-nr 3l 43

dag-bny 4 9l

Bny-dog €l 1z

pny-dag ¥ L

SO0Ad

700Ad

CEONM

€00Ad

EEONX

GEONM

LEONM

L LOAd

600Ad

A3s bunydsey

A3s nsins |

A3sie

A3s ewbuobeys

A3s ewbuoydieg

A3s euwibuoydD

1s6uIs

1105

A9S WDy

o8 DAID2010DW DISIpIY 2eIDRUISIAN

uogQ X2 ‘weH
-yong piuajn2sa LAY ELERLRIIV]

Dm:OU DIbUIWNID DSNN oraDRSN|A

4 GX0Y DIDLI3S SNIoy 2L3DRION

JUIS X3 “WieH
"yoNng DIDPIOIILSS SNDI 9L3DRION

54N07 LILINSLIND SN2IH 9R3DRION

,bUOTHQ (USIBIN)
DIO}J1112JU0D SDIJDSSDSDID] oradeIneT

o3 00K

xa Bury| synpa snjiyoopy aeadeIne]

2d0d'dD
(Ino7) bsounnyb pasiy seadeINe]

sosh 1ayjo

saduaisyey pue spow uondwnsuo) Aujigejieay

asybuefiyses) bBuebiyses|

Jaquinu

uoseas uold3||0) suoineld Jo IsquinN  Uoid3||0)

sweu |exo07

saweu |edjuelog Ajwey

(panunuod) g ajqey



Page 8 of 17

(2022) 18:27

Yangdon et al. Journal of Ethnobiology and Ethnomedicine

(Ll

l6v ‘8t ‘¢ L]

t3d

6y 'cz'1a]

1SNJ 9yl SAOWJ 01
‘p|o> pue ybnod Huieasy
10} pasn "9Ap e se pasn
*9p1d e o1ul passadoud
10 MBJ PaUINSUOD

IEVE)
pue ‘uonsabul ‘siedn pue
SIND 1O} PISM “BUIDIPaU
[PUOLIPRIY JOJ "SUIM pUE
sappo1d 01Ul passadoid pue
MBI PIWINSUOD 3. SUNJ4

asodind snoibyjal

puUe suUIPaW [eUORIPRIY
10§ PasN "p|od pue 'ybnod
‘uolsusladAy 1ean 01
P3SN "dUIM pUB 1InJ) paLIp
‘3pya1d e 01Ul pessed0id Jo
MBI PIWNSUOD 3. SHNJ4

adu uo
MBI PRWINSUOD 3Je SN

|ell2iewd UodNJIISUOS e
Se POOAA .@C_ummoh Joyje Jo
MeJ PaWNSUOD o1 SPoas§

2du uo
MBI PAWNSUOD 4B SHNI4

$9190RIP PUB UOISUS)
-19dAy 18211 01 PasN JUSW

-USa4jaJ B Se paWNSU0D
3Je s3|npou punoibiapun

K121UasAp ‘eayIBIp ‘S9)
-90eIp 1831} 01 19PPOy pue
poomaly se pasn -adu uo
MBI PWINSUOD 3J. SHNJ4

ea)
U316 B Se Pasn ale SR
“Jnipuep pue yimoib ey
10} 315ed sanes| -adil UO
MBI PIWINSUOD 3. SUNJ4

O

av

av

O

OW

O

ey

ey

O

1>0-dag

JeN-G94

go4-22d

Aew-|ndy

290-AON

dag-bny

Bny—-Ainr

Anr-unf

290-AON

6l

SC

S

6l

L

CPONX

LONM

6EO0NM

8EONM

LEONM

O7ONM

9EONM

900Ad

FEONM

Buewoyy

Buliebueyy

A3s usbioyd

wisjey L /waleyst

Bulys nydbuoy

puobliez

MR MeYy el

SSIUIN

A3sq9g

4’ZPIOY ([95107)
DLPUBBD] S2]LIOUADYD

o~ We pubnunow snydAziz

o1 D1qUId SNYIUDJIAYJ

q Twnpupib po1und

»BIes nybingxou snuig

QmCz__m SIinpa DIO[JISSDd

pI594dD
(1) LijoyIp103 sidajoIydaN

eS[9MS
(ruwn> wnibAzAs

q1 pADfoNb Wnipisd

ElEEBl=NeX|

okadeUWRYY

aeadeyiue|Ayd

2e3PdIUNg

oeaDeUld

oeaDRIO|JISsed

seadepidsjoiydaN

9LDPLIAN

2e30RUAN

S90U319j)9Y

sosh 1ayjo

pue apow uondwnsuo) AMjiqejieay

uoseas uold3||0)

asybuefiyses) bBuebiyses|

Jaquinu

SuOIIe}Id JO JAqWINN  UOND3||0D

sweu |exo07

saweu |edjuelog

Ajwey

(panunuod) g ajqey



Page 9 of 17

(2022) 18:27

Yangdon et al. Journal of Ethnobiology and Ethnomedicine

wisiewnayl
pue sydepesy ‘suing
‘sjjoq ‘ajdwid e 1eaiy 03
‘dwie| Jo1nq '|lo Bupood
Se pasn "UoNorIIXD |10
104 pasn odu uo Mmel

SWETTH (gX0Y)

[z PaWNSUOD 3Je S1NJ4 ey Anf—aun( / Sl 670N Bunjuiyd/Aas ui4 DaopIAING bwaLXOldIq seadejodeg
adu uo »BuUaAI] (quny])
MEJ PaUWNSUOD e 3N ey 29(0-AON C S /HON A3s bunyuaAbN psoulds wpbaipunip) oeadeIgNy
Adnd
Ul JUSWIPUOD B Se pasn »bualdg
le'€C’lc]  Mel pauInsuod ale sini4 oW Bny—Anr 9 I 9FON K35 1097/495 buesyiag () biuaoy pAouinyy 2eadeIny
Buiypu
pUE J2PIOSIP UIYS 18}
‘uolieuwwejul pue ujed
93121 01 PasN dpid pue
92In[ 03Ul passadoid pue
[€7]  Mel pauwNsuod ale Sini4 oW 290-AON €l / SYON puedwn 1 02Ipaw sniD SeaorINy
Hnipuep
SA0WRI 0} pas apaId e
01u] passadoid ‘pejes e se GRIBUIMS (WiaslyD)
[€Z] MBI pawnsuod aie syni4 ey 29(0-AON 91 % 0SONY indey DIJOJIIUDIND X SN 2eadeINy
suaids
[IA© JO piem O3 pas() ¢2d
[e7] -921ds e se pasn aJe saliag oW dag-bny 44 c¢ SHONY EED) wnipuwlp wnjfxoyiuby seadeiny
221n[ 0jul passadoid pue
[€7'17] MBI PIUNSUOD dJe SLLIDY ay aunr—Ae or 67 /00Ad puobiag S WS snondijja sngny 9832850y
[eLa1RW
320151001 B Se pasn Spass
"dUIM O1U] passadoud
pue 1nJj paup 1| ‘mel JuoQqQ X2
[€7] paWNSUOD 3Je S}Nn.4 oW AON-120 Gl 3l FHOND buo1a] ‘weH-yang biysod snikd 2e20PS0Y
92In[ 0jul passadoid pue ,B11EDET (J300H
MBI P3WNSUOD i S311Iag qv Anf—aunf 1z v€ SHONY Buobes  xa ‘|pu) pjodignu bLLbDI 2e90PS0Y
so19qelp
21N> 01 pue Jazppadde ue
Se Pasn HNJ} palp se pue
‘buiiseol Jo buljloq Jaye Saud3( ([1eM
[6]  ‘Mel paunsuod ale sini4 O 290-AON /€ 67 010Ad edyexbuny] X3 1ga|0D) baIpul bIUAOOT 9830850y
asybuefiyses) bBuebiyses|
sasn Jayjo Jaquinu
s9dUI99Y pue dpow uondwnsuo) Ayjiqe|jieAy  UOSEIS UOINID||0D) SuOoI1e1d JO JI2qWINN  UOIIR||0D aweu [ed07] sdweu |ediuelog Ajlwey

(panunuod) g ajqey



Page 10 of 17

(2022) 18:27

Yangdon et al. Journal of Ethnobiology and Ethnomedicine

y1og, ‘Buipuno.ns pjal4, ‘1s3104,—saweu [edjuelog

aley Y ‘21ISPOIA (O “JuRPUNQY:qyY—AlljIge]ieAy

JewueAp pue ‘soeT ‘eipul ‘[edaN ut s3193ds Pa3st] A|UOWWOd—SDUDIBY

adoi

pue saded Bulyew 1o}
pasn siyieq ay] =adu uo
MBI PAWNSUOD 3Je SHNJ4

9Ap e se pasn

S9ARST |10 BuI00D Se
PasN S| YdIYm UoIIdeiIx
|10 40y pasn 2dl Uo mel
PaWNSUOD aJe SHNnJ4

uojsuspadAy

pue sa12qe|p 1831} 0]
'3|qe1abaA B Se Payood 1o
M1 PIWINSUOD 3J. SHNJH

S9LIND pue B3] Ul
201ds e Se pasn Jes| 9199
YIM P3WNSUOD SJe SPass

ey

ey

ey

ey

Key

dag-bny

Anf—aun(

1>0-dag

L 0 L SONM
0 L CSONM
0 4 O0SONM
0 4 ESONM

Bulys oyssg

Bulys as1bueq /Ass niny

A3s euuyjodyod

Bueuisy equnpp

Uog'Q X2 "weH

~yang bnjoyq auydog 2e9082RPWAY L

DI

DpIpIN2IUDd SO20]AWIAS 2e32e20|dWAS

7 bubIAnIad SipSAY 9B3DBUR(OS

S$AO0OH windeA wnidlflf oeadeIpueSIYydS

sosh 19yjo

saduaiayey pue spow uondwnsuo) Aujiqejieay

uoseas uondajjod

as1buefiyses] Buebiyser]

Jaquinu
SUOIIe}Id JO JAqWINN  UOId3||0D)

suweu |e>o7

saweu [edluejog Ajiwey

(PanuNUOd) Z 3jqey



Yangdon et al. Journal of Ethnobiology and Ethnomedicine (2022) 18:27

Page 11 of 17

Total citations (%)

120

100

80

60

40

100

Fig. 2 Total citations for WEF uses

57

[
g

R

Use diversities of WEF

52

Table 3 A comparison of WEF consumption among socio-demographic factors

Category Total Number of respondents  Proportions of respondents  Chi? value df p-value
respondents who consumed WEF who consumed WEF

District 7.63 1 0.0058

Trashigang 54 30 55.6

Trashiyangtse 43 1 256

Gender 147 1 0.226

Male 51 25 49.0

Female 46 16 348

Age group (years)

20-30 15 26.7 12.14 4 0.016

31-40 23 348

41-50 20 15 75

51-60 16 7 43.8

>60 23 304

Education level 6.31 2 0.097

Primary 17 3 17.6

Secondary 7 3 429

llliterate 73 35 479

Number of WEF specieslisted 14.1 4 0.0071

7-9 7 3 429

10-12 41 I 26.8

13-15 28 11 393

15-18 16 12 75

>18 5 4 80

p-value <0.05 represented in bold indicates a significant difference
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Fig. 3 Respondents’perception of the consumption trend of WEFs
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Respondents

cited by the respondents for the decreased consumption
of WEFs. According to the respondents’ perception, out
of 52 species, 85% were moderately and rarely available,
while 15% were abundantly found.

Indigenous knowledge holder

The average number of WEFs listed was compared
between the subgroups of demographic factors using
one-way ANOVA to determine the indigenous knowl-
edge among different demographic characteristics
(Table 4). Indigenous knowledge about WEFs varied
significantly between the two Dzongkhags (p<0.05).
Trashigang had significantly higher indigenous knowl-
edge compared to that in Trashiyangtse Dzongkhag. No
statistically significant difference was observed between
indigenous knowledge among men and women (p > 0.05).
There was a significant association between age and
indigenous knowledge (p<0.05). Tukey’s test (post hoc
test) was performed to compare the multiple interac-
tions among five different age groups. Those aged 41-50
were likely to have more knowledge when compared to
the age groups 20-30 and > 60. No significant difference
was found in the indigenous knowledge and the educa-
tion level of the respondents (p > 0.05).

Discussion

Diversity of WEF species and uses

In this ethnobotanical survey, we recorded 52 WEFs spe-
cies from 35 botanical families in Trashigang and Trashi-
yangtse Dzongkhag, which is a larger number of species

compared to that recorded in a previous study in Bhutan,
in which 32 species of wild vegetables were reported from
Tsirang Dzongkhag [26]. However, this is less when com-
pared to studies conducted in Dagana and Trashiyangtse

Table 4 Comparison of subgroups of respondents on their
indigenous knowledge about WEF

Category Numberof  Average Fvalue pvalue
respondents no of WEF
listed
District 435 0.0000000031
Trashigang 54 14.5
Trashiyangtse 43 114
Gender 0.27 0.604
Male 51 132
Female 46 13.0
Age group 2.99 0.023
(years)
20-30 15 1.7
31-40 23 131
41-50 20 15.1
51-60 16 137
>60 23 12.0
Education 06744 0512
level
Primary 17 13.8
Secondary 7 129
lliterate 73 13.0

p-value <0.05 represented in bold indicates a significant difference
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Dzongkhag, which reported 241 and 165 species of wild
edibles [27, 37]. Similarly, a study conducted by Matsu-
shima et al. [38] identified 172 wild edible species in Bhu-
tan. A possible explanation for these differences could be
the inclusion of all wild edibles like wild vegetables, wild
fruits, cane, mushroom, and orchid, while the present
study focused only on the WEFs. The number of wild edi-
bles recorded in the present study is similar to that found
in other regions of Asia, such as Pakistan [39], Indone-
sia [40], Western Himalaya [41], and Ethiopian countries
[42, 43].

More WEFs were collected from the forest habitat
compared to the surrounding fields. A similar finding
was also reported by Regassa et al. [44] in Ethiopia. This
result aligns with the term “wild,” which is more gener-
ally associated with unmanaged environments. The
majority of the WEFs were collected during summer
and autumn compared to those during winter and spring
due to favorable climatic conditions for fruit setting and
maturity, which is consistent with studies in Nepal, Paki-
stan, and Yunnan [21, 39, 45]. Rosaceae represented the
greatest number of species which is in line with studies in
Pakistan and India [39, 46].

WEFs were mostly consumed as both raw and cooked/
processed, as most of them were used after drying or
fermenting into wine. For example, fruits of Docynia
indica and Pyrus pashia were consumed raw as well as
dried. This result differs from studies in India and Esto-
nia where WEFs were mostly consumed raw [46, 47].
Contrarily, species like Dioscorea bulbifera, Colocasia
esculenta, and the flowers of Oroxylum indicum were
cooked before consumption. WEF species such as Rubus
ellipticus, Docynia indica, and Juglans regia were rela-
tively common and familiar to the respondents and were
extensively listed in both the Dzongkhags. Similarly,
several past studies in Nepal, India, Laos, and Myanmar
commonly reported Colocasia esculenta and Phyllanthus
emblica for food and medicinal purposes [21, 23, 48, 49].

The ethnobotanical information showed that WEFs
have multiple uses in addition to food, with more cita-
tions for their use as a raw material for furniture and con-
struction, which is comparable with what was reported
in Ethiopia [50], where the people highly exploited the
species with multiple uses. Similar uses of WEFs among
different communities in the two Dzongkhags indicated
the existence of common traditional uses across differ-
ent cultures and geographical areas, which is consistent
with the reports of past studies in Ethiopia and Nepal
[4, 21]. However, a higher citation for medicinal use of
WEFs in Trashigang Dzongkhag might be due to some of
the respondents being local healers and lay monks who
commonly use wild edibles to treat local people. Spe-
cies such as Ficus auriculata and Ficus semicordata were
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reported for fodder use as in Nepal [51]. The fruit spe-
cies, Catunaregam spinosa, which is commonly called
mountain pomegranate has been reported for its high
medicinal value in other parts of South Asia [52, 53] but
in the present study, the respondents mentioned only the
food use of this species. This could be explained by the
lower abundance of this species or limited knowledge
on medicinal uses in the study area which could have
restricted their use to consumption.

The medicinal use of WEFs generally included tradi-
tional remedies to treat common illnesses such as cough,
dermal issues like skin irritation, pimples, and dandruff,
which correspond to the results of a study in Nepal [21].
In this study, one plant species was cited for multiple
health purposes; Terminalia bellirica was cited concern-
ing six health uses: to treat cough, sore throat, diarrhea,
ingestion, constipation, and asthma. However, medicinal
use of the species was one of the least cited uses by the
respondents, probably due to the accessibility of mod-
ern health facilities such as BHUs in each geog which is
similar to that reported by Weckmiiller et al. [54]. Simi-
larly, Zanthoxylum armatum was reported to be the
most commonly collected and consumed spices, as was
the case in Yunnan, China [55]. Likewise, Yangtse geog
was popular for its traditional paper made from the bark
of Daphne bholua, which is used for painting and writ-
ing religious scripts. A similar finding was reported in
Arunachal Pradesh, whose climatic conditions and reli-
gion are similar to that in Bhutan [56].

WEF consumption

The present study demonstrated that the respond-
ents mostly collected WEFs for self-consumption, with
only a few species being sold in the local market for
income generation, probably owing to the lack of or
low market value for the WEFs [55]. Barely 9% of the
respondents sold the WEFs, including the fruits of Zan-
thoxylum armatum, Mangifera sylvatica, and Juglans
regia, to the local market for income generation. Despite
100% citations for food use by the respondents, the con-
sumption of WEFs has decreased. Our observation found
that the primary reasons for decreased consumption of
WEFs were: (1) the introduction of improved varieties,
(2) accessibility to improved varieties in the market, (3)
less demand for WEFs in the market, (4) change in food
preferences, and (5) lack of knowledge on identification
of WEF species. These reasons are interrelated, as the
introduction of improved varieties may have improved
the accessibility to improved fruit varieties in the market,
leading to decreased demand for WEFs in the market.
Accordingly, Aryal et al. [41] also reported the negligence
of traditional food due to changing food habits, taste, and
availability of readymade foods in Western Himalaya. In
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addition to being easier to manage, the improved varie-
ties are widely perceived as having better quality than
WEFs. As WEFs grow in less ideal conditions, they are
often smaller and produce fewer fruits that are less juicy
and more seeded compared to the improved varieties
[57]. Hence, the shift in preference from the wild to the
improved varieties is understandable.

The present study found that middle-aged people,
41-50 years old, consumed more WEFs than the younger
and older populations. These people are generally ener-
getic in the villages, working closely with nature. More-
over, this age group has more indigenous knowledge,
resulting in higher consumption. However, this finding
contrasts with Nepal and Pakistan where young boys
involved in cattle herding in the forest consumed more
WEFs [21, 39]. Likewise, the Trashigang residents con-
sumed more WEFs than the residents of Trashiyangtse.
This unequal distribution in consumption might be
because of the difference in accessibility and acceptabil-
ity of WEFs among the two Dzongkhags, which is in line
with the findings of Bvenura & Sivakumar [58]. The WEFs
in Trashiyangtse may be located extremely far away from
the village, where people had to walk very long distances,
affecting their consumption. Moreover, the result showed
that only 26% of the respondents in Trashiyangtse had
consumed WEFs in the last twelve months, indicat-
ing their dependence on improved varieties. Indigenous
knowledge was significantly associated with WEF con-
sumption which corresponds to the findings of Reyes-
Garcia et al. [59]. Generally, people consume WEFs when
they know the fruit is edible or has some health benefits.
Contrary to the studies in Ethiopia and Indonesia, there
was no significant association of WEF consumption with
gender and education level [43, 60].

Indigenous knowledge pattern

In line with other studies [21, 61], this study showed
that indigenous knowledge of WEFs differed signifi-
cantly between the Dzongkhags, with the respondents
from Trashigang having more knowledge compared to
those from Trashiyangtse. An average citation of 14.5
and 11.4 WEF species in Trashigang and Trashiyangtse,
respectively, justifies the predominance of high indig-
enous knowledge in Trashigang Dzongkhag. Local heal-
ers and lay monks would have contributed to the higher
level of indigenous knowledge in Trashigang Dzong-
khag. Notably, age groups had a significant association
with indigenous knowledge of WEFs. In this regard, we
found high indigenous knowledge among middle-aged
people in their 40s and 50s compared to younger and
older age groups, which are consistent with studies done
in Pakistan and Nepal [39, 62]. However, it contradicts
the findings of Uprety et al. [21] where younger people
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were more knowledgeable than the older population, and
some studies in China where the oldest generation had
more traditional knowledge than others [55, 63]. Based
on our field observation, there are three possible expla-
nations for this tendency: firstly, people in their 40’s and
50’s were more knowledgeable due to first-hand experi-
ence; secondly, the less knowledge in younger genera-
tions, particularly from 20 to 30 years, would likely stem
from their low interest in WEFs, and less exposure to the
wild environment since the majority of the youngsters
spend more time at schools or in town nowadays; thirdly,
the declining knowledge exhibited by the senior citizens
could be because they have less direct involvement in the
forest.

In line with some studies in China [55, 64], the asso-
ciation between gender and indigenous knowledge was
not statistically significant since people worked closely
with nature irrespective of their gender. Nonetheless,
the result contrasts with the findings in Ethiopia, Brazil,
and Italy [43, 44, 65, 66] where women reported more
wild edibles than men. On the contrary, Kang et al. [67]
concluded that men were more knowledgeable in Cen-
tral China. Similarly, studies from Nepal and Argentina
also reported that men identified more fruit species than
women [62, 68]. These three studies were conducted in
communities with rich forest cover where it was always
the men who ventured further into the forest. Likewise,
this study also found no association between indigenous
knowledge and the education level of the respondents.
Generally, indigenous knowledge is transferred orally
from parents to children requiring no academic quali-
fication, which is consistent with the findings of Meng-
istu & Hager [69]. However, this result contrasts with
the findings in Ethiopia, where literates possessed more
indigenous knowledge [43, 44] while illiterates were more
knowledgeable in China [64].

Implications for promotion and conservation of WEFs

The present study found that WEF consumption has
decreased compared to the past, resulting in the extinc-
tion of wild food culture and its associated indigenous
knowledge. Thus, it is important to focus on promoting
these neglected species before the culture of wild food
consumption disappears. WEFs have a high potential
to enhance food security and income generation in the
remote areas of Bhutan owing to their high nutrient con-
tent and multiple uses. Hence, it is imperative to create
awareness of the nutritional and other diverse uses of
these species in the region. Regardless of its inferior qual-
ity and taste, the value addition of WEFs is reported to
yield high returns to the farmers and increase the keep-
ing quality [13]. In the study area, people hardly pro-
cessed WEFs to make them value-added except for a few
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conventional practices, including drying and pickle mak-
ing for consumption, owing to their limited skills in agro-
processing and value addition. Thus, training programs
on agro-processing and value addition are essential to
diversify products and increase profit to the farmers [70].
Simultaneously, integrating wild-plant-related knowledge
in the school curriculum would familiarize the youths
with these important wild species and their associated
indigenous knowledge.

This study found that 85% of the species were rarely
and moderately found in the region, indicating the pos-
sible declining diversity of some species, which is per-
ceived to be caused by deforestation, climate change, and
overharvesting. Similar findings of decreasing availability
of the species were reported in Nepal and Ethiopia [21,
43]. Hence, the future agroforestry agenda should prior-
itize the conservation and domestication of these rarely
available species. Owing to their hardy nature and better
adaptation to harsh climate than the improved varieties
[58], and their resistance to drought and natural disasters
such as fire [71], these wild species are suitable for plant-
ing in slide-prone areas. In addition, some WEF species
like Ardisia macrocarpa, Cornus capitata, and other
evergreen or deciduous trees with beautiful flowers and
fruits also add an additional aesthetic value to landscapes
and highways.

This study has a few limitations. Firstly, the duration
of fieldwork was short and included only the individual
surveys. Consequently, a logical follow-up would include
participatory and focus group discussions. Secondly, the
lack of marketing surveys as the WEF species were hardly
sold in the market for income generation. This study
attempted to document species diversity and ethnobot-
anical uses of WEFs in eastern Bhutan. Although the sur-
vey was limited to only two Dzongkhags, we believe that
the results sufficiently represent the species diversity and
indigenous knowledge in the east but may not be neces-
sarily pervasive to other regions in Bhutan. Therefore,
replicating this research based on a case study in other
regions is advisable to elucidate more comprehensive
information on species diversity and indigenous knowl-
edge associated with WEFs.

Conclusion and recommendation

This paper is the first ethnobotanical study of WEFs in
eastern Bhutan. While this study found a rich diversity
of WEFs in two Dzongkhags in eastern Bhutan, only
42% of the respondents consumed WEFs in the last
twelve months showing the decreasing trend in WEF
consumption, especially among younger generations.
Hence, there is a need to explore agro-processing and
value addition to boost the consumption and income
generation, as these neglected species have a high
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potential to enhance food security in the remote areas
of the country. Moreover, the study found a decline in
species availability, necessitating conservation meas-
ures and domestication. Thus, subsequent studies on
potential WEF species having an aesthetic and nutri-
tional value can promote and conserve the species. The
study further revealed that younger generations have
less indigenous knowledge than the elderly, recom-
mending the need for WEF-related knowledge inclu-
sion in the school curriculum.
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