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Abstract. Increasing human population and various developmental activities in the Indian state of Arunachal Pradesh, which lies in one of 
the most bio-diverse regions of the world, has caused large-scale deforestation, pushing a large number of native tree species to the serious 
verge of elimination from their native forest. In such tribal-dominated landscapes around the world, myriads of studies have emphasized the 
potential of homegardens as a site for local biodiversity conservation as they are known to have a huge Indigenous Knowledge System (IKS) 
on the use of diverse native floras. The present study was, therefore, undertaken to investigate if the native communities of the Mishmi tribe 
conserved native indigenous tree species in their homegardens and if they are grown then what is the future of these tree species? It was 
hypothesized that harbouring greater indigenous knowledge implies greater domestication of tree species in their homegardens. Altogether, 
103 species of trees were recorded from 243 homegardens in the present study. Although the native species constituted more than half of the 
species diversity, they, however, greatly lagged in all other aspects of the study such as population share, frequency distribution and regeneration 
potential. Native tree species constituted just 37% of the total tree population. Only two species, Bauhinia variegata L. and Alnus nepalensis 
D. Don, made up the major bulk of the native population. In terms of frequency distribution, only a handful of native species maintained 
a decent presence in the homegardens. Most of the native species grew naturally in unmanaged homegardens. The regeneration potential of 
all native species was very poor, including B. variegata. The study demonstrates that out of the 76 native species recorded from the region, only 
7 species can rightfully be regarded as being domesticated by virtue of IKS of the Mishmi community. Our study concludes that the native 
species do exist in large number in homegardens of the rural tribal areas, but most of the native wild species exist in the rural homegardens not 
because they are planted/preferred but because they just happen to randomly grow there since most of the homegardens of tribal household 
are unmanaged or poorly managed, thereby giving way to wild species to germinate, at least until the owner decides to weed them out. 
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1. Introduction

In the face of increasing deforestation and forest loss around 
the world, biodiversity conservation has today become one 
of the major concerns of scientists and conservationists 
alike. Northeast India, being a  part of the Indo-Burma 
biodiversity hotspot of the world, is one of the most bio-
diverse regions in the country, supporting nearly about 

50% of the biodiversity of India (Mao & Hynniewta, 2000; 
Paul et al., 2005). Along with the nation, this region has also 
been witnessing increasing forest loss (Ramakrishnan, 1984; 
Gupta et al., 2005; Reddy et al., 2015). Arunachal Pradesh, 
inhabited by indigenous tribal folk, with 26 major tribes and 
more than 100 sub-tribes, is one the remotest states located 
in the northeastern Himalayan region of India. The state is 
home to many endemic, rare, and endangered species. The 
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state has witnessed a sharp increase in human population 
in the last few decades (Census of India, 2011; Kanwal, 
2014), and the relationship between population increase and 
forest depletion has been on work in the state too (Bhuyan 
et al., 2003; Lele & Joshi, 2009; Ravindranath et al., 2012), 
especially due to expanding human settlement, agriculture 
and changing lifestyle of people in the region (Lele & Joshi, 
2009; Tangjang & Nair, 2016; Tsering et al., 2019). In the 
face of such deforestation and species loss, many researchers 
have portrayed agroforestry land management practices 
such as homegardens as an important way of conserving 
biodiversity. Homegardens are especially important in the 
context of the rural areas and the regions inhabited by 
the tribal population where they play an important role 
in livelihood sustenance (Barbhuiya et al., 2016). Lots of 
recent studies have emphasized the importance of the IKS 
of various tribal communities around the world (especially 
those residing adjacent to the forests) as an important 
potential tool for biodiversity conservation, both in 
homegardens and the local forest, as the tribal communities 
around the world are known to harbour huge IKS on the 
use of various floras in the forest (Gadgil, 1987; Gadgil et al., 
1993; Berkes, 2000; Das & Das, 2005; Parrotta & Agnoletti, 
2007; Galluzi et al., 2010; Fraser et al., 2010; Kumar & 
Tiwari, 2017; Idohou et al., 2014; Yang et al., 2018). They 
have been known to domesticate many wild species of the 
floras in their homegardens and other agroforestry lands 
as a part of their livelihood security and cultural practices. 
This agroforestry land practice can be the only place where 
some of the native tree species now survive outside the 
natural forest. Like any tribal communities around the 
world, the tribal population in Arunachal Pradesh have 
also been known to collect diverse local tree products from 
adjoining forests to supplement their livelihood (Gangwar 
& Ramakrishnan, 1990; Tangjang & Arunachalam, 2009; 
Singh et al., 2010; Fentahun & Hager, 2010; Kumar et al., 
2015). The Mishmi is one of the major tribes in this remote 
state which has been documented to harbour rich IKS 
on the use of various indigenous floras and tree species 
(Shankar & Rawat, 2008, Namsa et al., 2009, Moyong et 
al., 2019, Eko et al., 2020). The majority of this community 
still lives in remote hamlets and depends heavily on forest 
products to sustain their livelihood. The rich IKS on the 
use of diverse floras can easily make people assume that 
the community domesticates the wild native groups of 
trees in their homegardens and other agricultural lands for 
day-to-day use. Many studies have documented the wild 
native species growing in the homegardens of the tribal 
population but it is equally important to study the growth 
status (Planted or Natural) and the regeneration potential. 
The objective of this study is therefore to study the native 
tree species growing in the homegardens of the Mishmi 

community, their uses, growth status and the regeneration 
potential so that the data can be used to analyze the actual 
conservation that IKS is encouraging.

2. Material and methods

2.1. Study area

The survey was extensively carried out in 19 villages from 
different administrative regions of the Mishmi Belt, namely 
Dibang Valley, Lower Dibang Valley, and Lohit Valley. 
Dibang Valley district is the largest district in the state with 
an area of 9,129 km2. It is the least populated district with 
a total human population of 8004 (Census of India, 2011). 
The district consists of only rural villages and no major 
town. It stands between 95.15’E and 96.35’E longitudes and 
28.22’N and 29.27’N latitudes, bounded by the international 
boundary in the north-west, north, and east with Tibet and 
China, respectively. The climate is humid subtropical and 
temperate. Lower Dibang Valley district stands between 
37.33’N and 24.30’N latitudes, and 95.15’E and 97.30’E 
longitudes. The climate is humid subtropical with abundant 
rainfall. The Lohit district lies between the latitudes 27.33’N 
and 29.22’N and longitude 95.15’E and 97.24’E. The region 
is overall tropical to subtropical climate.

2.2. Data collection and analysis

The study was conducted for 10 months, from early November 
2018 to late August 2019. A total of 243 homegardens from 
19 different villages were surveyed from the three districts 
constituting the Mishmi belt – Dibang Valley, Lower Dibang 
Valley, and Lohit. The studies were carried out in each village 
by visiting the houses randomly during the daytime. All 
the villages surveyed were essentially located adjacent to 
the local forest area. The total homegardens visited in each 
village was in correspondence to the total homes in the 
villages, therefore, fewer homes were visited in the villages 
with less population (fewer homes), and more homes visited 
in villages with more population (more homes).

The total numbers of the trees and shrubs, their diversity, 
and DBH were recorded in the field notebook considering 
each homegarden as a unit. The percentage frequency (F in 
%) of each species was measured using the given formula:

F = (total No. of quadrats in which species occurred/total 
No. of quadrats studied) × 100%. 

Based on their DBH (Diameter at Breast Height), the 
plants were classified into two groups. Those plants with 
DBH<15 cm were considered young, while those with 
DBH>15 cm were considered adults. The origin of the plants 
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was also questioned, whether they were introduced by the 
owner or occur naturally. The uses and the purposes of these 
plants were also recorded. The collected specimens were 
recorded in the field notebook, dried inside an old newspaper 
under pressure. For identification, dried specimens were 
made into mounted herbarium sheets following Jain 
and Rao (1977) and Das (2021). The identification of the 
collected specimens was done consulting literature: Flora of 
British India (Hooker, 1998) and Flora of Assam (Kanjilal, 
1934–1940) and the regional herbaria (ASSAM, ARUN). The 
updated names were followed using ABRS (2020) and WFO 
(2021). Some of the species which could not be identified 
have been labeled “Unknown”.

3. Results and discussion

3.1. Diversity

A  total of 6754 individuals belonging to 103 different 
species were recorded from 247 homegardens in the study 
area. Seventy-six species were found to be native, while the 
remaining 27 species were exotic (non-native). Almost all the 

exotic species were grown for their edible parts, commercial 
values, or ornamental values. The tree species grown for 
edible parts made up a major portion of the diversity within 
this exotic group as they contribute directly to household 
food security. The most common species (measured by 
percentage frequency (F in %) was Areca catechu L. (F=45.3%) 
which was widely planted in the homegardens as well as in 
the farms for their fruits having high commercial value. 
Carica papaya L. was equally common (F=45.3%), grown for 
its fruits. Other popular tree species included Psidium guajava 
L. (F=31.3%), Mangifera indica L. (F=28.8%), and Artocarpus 
heterophyllus Lam. (F=25.1%). 

Based on different F, species were grouped into five classes 
(Table 1). Only three Native species had decent distribution 
– Bauhinia variegata L. (F=33.3%), M. indica (F=28.8%), and 
A. heterophyllus (F=25.1%). B variegata is extensively used by 
rural populations as a fence tree for demarcating personal 
land boundaries. The species is preferred over others due to 
its high growth rate and for its easy vegetative propagation. 
M. indica and A. heterophyllus are valued for their food value. 
Although not as abundant as B. variegata, they, however, made 
their presence in most of the rural homegardens. Ninety-two 
percent of the native species, however, fell under the lowest 

Figure 1. Map of the study area (Mishmi Belt) in Arunachal Pradesh, India
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F group implying very poor occurrence in the homegardens, 
most of them grew in just a single homegarden.

Although the native species constitute 74% of the total 
species, they, however, formed only 37% of the total tree 
population recorded from the study site. Depressingly, 
only four species (Picea sp., M. indica, B. variegata, and A. 
nepalensis) made up 76% of the total native tree population. 
The rest of the 72 native species had F < 20, barely making 
their presence in the homegardens with just one or two 
individuals. Within the exotic group too, a few groups of 
species maintained a dominant presence, especially those 
with food or commercial values such as A. catechu, C. papaya 
and P. guajava.

Although 76 native species were recorded from the 
study site, only 29% (22 species) of those were planted by 
the owners, while the rest 71% (54 species) of the species 
grew naturally in the homegardens (Fig. 3). Almost all of 
these naturally growing wild tree species occurred in just 
one or two homegardens. Most of the adult trees grew in 
the site before the land was cleared for settlement. They were 
left uncut mostly for providing shade and will most likely 
be used as firewood once the tree dies out. Similarly, the 
younger, non-planted native trees will also likely be weeded 
out in a few years from now as the owners showed no interest 
in tolerating those trees in the homegarden for long. 

Even though 29% (22 number) of the native species 
were planted by the homegarden owner themselves, only 
7 of them, however, can truly be considered domesticated 
from the wild (by virtue of the IKS) since the rest of the 
15 species cannot be considered truly wild (W) as these 
species today hardly constitute a member of any natural 
forest in the region (Fig. 3). These include already popularly 
domesticated species (D) such as M. indica, A. heterophyllus, 
Citrus maxima (Burm.) Merr., Syzygium cumini (L.) Skeels, 
Litchi chinensis Sonn., Livistona jenkinsiana Griff., etc. which 
grows natively in the region. The seven proper native tree 
species which have been planted are B. variegata, A. nepalensis, 
Zanthoxylum rhetsa (Roxb.) DC., Lagerstroemia indica L., 
Baccaurea ramiflora Lour., Picea sp., and Pinus sp. These seven 
species are preferably planted by the homegarden owners 
for their utility and the trees of these species can also be 
easily found in the nearby forest. These species, despite 
being used in some way, the latter four species have a very 
low population share, both in terms of the distribution and 
the regeneration potential, reflecting very low enthusiasm 
among homegarden owners in growing these tree species. 
The only native species with good distribution and 
regeneration potential were B. variegata and A. nepalensis. 
Both these species are used for land boundary demarcation 
in rural areas.

Table 1. Distribution of woody species into different F class 
interval

Exotic species Native species
F group 

in %
No. of 
species % No. of 

species %

0.00–10.0 20 74 70 92
10.1–20.0 4 15 3 4
20.1–30.0 0 0 2 3
30.1–40.0 1 4 1 1
40.1–50.0 2 7 0 0
Total 27 100 76 100

3.2. Regeneration status

The exotic group of plants with a high population of the 
younger trees had good regeneration potential (Fig. 4) with 
68% of the population (2911 individuals) constituting the 
younger trees. Some species within this group such as A. 
catechu, C. papaya, Malus domestica Borkh., P. guajava, Pyrus 
communis L., and Prunus persica (L.) Botsch contributes more 
to the data than the others.

Seventy-nine percent of the total native tree population 
(1953 individuals) belonged to adult groups, leaving only 

Figure 2. The native (wild and domesticated) and exotic species 
recorded in different homegardens of Mishmi belt, Arunachal 
Pradesh, India: A. Percentage of species; B. Percentage of population

Figure 3. Chart displaying the total number of native species that 
are planted by homegarden owners and those that grew naturally 
in different homegardens of Mishmi belt, Arunachal Pradesh, India
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21% of the total native tree population (519 individuals) as 
younger trees, reflecting very low regeneration potential. 
Most of the available young population of this small group 
also comes from just a few species such as B. variegata, A. 
nepalensis, Picea sp., M. indica, and A. indica. The regeneration 
potential of the two most dominant wild native species, B. 
variegata and A. nepalensis, is likely to drop down significantly 
in the future due to the increasing financial condition of 
the people in the region leading them to choose brick 
walls over these tree fences, especially in the homegardens, 
while they are still preferred for farmlands. The other 5 
truly domesticated species had very poor regeneration 
potentials. All other groups of native trees have a very low 
young population implying people are not keen on planting 
much of these tree species. Most of these remaining species 
are represented by just one or two individuals in the study 
area and many do not have any young population in the 
homegardens. The most serious concern was with the group 
of plants in the “Non-planted” category. This group consists 
of 54 species, and despite consisting of the highest number 
of native species, has a very low population (98 individuals). 
Almost all the individual trees of 54 species will likely be the 
last to exist in the homegarden, as most of the adult trees 
will be used as firewood when they die, and the young trees 
which grew naturally will be weeded out soon. The future 
existence of other groups of wild native trees is also uncertain, 
evident by their very low occurrence in homegardens of the 
region and low young population, except B. variegata and 
A. nepalensis, which may be seen in future homegardens for 
a few more years to come. High deforestation rate in the 
wild and low frequency of occurrence in homegardens of 
the region coupled with very low regeneration potential 
makes this group of native tree species highly vulnerable to 
extinction from the local area.

Figure 4. Age status of native and exotic trees growing in different 
homegardens of Mishmi belt, Arunachal Pradesh, India

4. Conclusion

Homegarden is, no doubt, an important site where plants 
can grow in the human-dominated landscape as projected 
by various workers, and it is true that tribal communities 
of the state, like any tribal communities around the globe, 
have huge IKS on the use of many local tree species as is 
evident by various studies on the NTFPs (Murtem, 2000; 
Sarmah, 2010; Jha, 2015; Kumar et al., 2015; Chaudhry & 
Murtem, 2017). Most of the homegardens in our study sites, 
however, looked like any other common homegardens in 
other regions of northeast India, filled with exotic edible 
and ornamental trees. Our study showed that out of the 
76 native species recorded from the region, only 7 of them 
can be rightfully regarded as being domesticated under 
IKS of the Mishmi community. The present study also 
shows that the mere presence of plants in the homegarden 
of the tribal people does not necessarily mean that they 
are conserved by the owners. The wild species happens to 
grow in those homegardens because the homegardens are 
mostly unmanaged or poorly managed, thereby allowing 
wild dispersed seeds to settle and germinate in the area. The 
owner may, however, be using the plant just because the plant 
happened to grow there. It is therefore important for any 
worker studying conservation in homegardens to specifically 
mention whether the occurring species were planted by the 
owner or occurred naturally. Most people might rather 
prefer collecting them straight from the forest as has been 
reported by some studies (Jha, 2015; Eko et al., 2020). This 
is especially of concern in the face of social changes and 
modernization leading to loss of IKS across each generation 
among the tribal communities. Since tribal people are the 
only people left with knowledge on the importance of local 
native tree species, therefore, it is important to push them 
into conserving those species in their homegardens and 
other agriculture plots before those species disappear from 
the local forest. Since homegarden owners do not maintain 
species with intention of conservation, therefore, there is 
a need to seriously promote native species for their utility 
before the traditional knowledge fades away in a successive 
generation.
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