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Abstract: Trees Outside Forests (TOF) are essential for maintaining the ecological balance, increasing 
biodiversity, and providing both economic and environmental benefits. The objective of this study is to 
analyze the distribution, composition, and ecology of TOF in Manipur across different land-use types, 
including urban built-up areas, institutional lands, cultivated agricultural land, roadside plantations, and 
home gardens. The data demonstrated that institutional land possessed the highest proportion of TOF 
(30%), followed by agricultural land (25%) and urban residential areas (22%). The study showed that 
TOF maintain important ecosystem benefits such as carbon sequestration, enhancing soil fertility, and 
regulating climate, while also identifying the current pressures posed by urban encroachment, land-use 
change, and deforestation. This research emphasizes the need for policy, community involvement, and 
sustainability in agroforestry systems to protect and expand TOF. Policies should be strengthened, and 
programs developed to raise awareness of the ecological and socio-economic benefits resulted from TOF. 
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1.INTRODUCTION 

Manipur is a northeastern state in India, with a variety of geographical features, rich biodiversity, and 
cultural heritage. The area is 22,327 sq.km in size, with hills making up 90% of the land, while the fertile 
Imphal Valley occupies the remaining 10%. Manipur lies within the Indo-Burma biodiversity hotspot, 
which contains a number of unique flora and fauna. Manipur features a subtropical monsoon climate 
with four distinct seasons: warm summers, torrential monsoons, pleasant autumn seasons, and cold 
winters. Rainfall ranges between 1,500 and 2,500mm, whereas, temperatures can vary between 0-35°C. 
The ecosystem relies on the same natural resources, including forests, rivers, and wetlands, in addition to 
agricultural landscapes. 

1.1 Trees Outside Forests (TOFs) in Manipur: 

Inthe Imphal Valley, specifically assist in the connection of urban to rural ecosystems. TOFs occur in a 
variety of land uses, such as home gardens, roadsides, and farmland. Also encourage biodiversity, carbon 
sequestration, and contribute to livelihoods. However, urban development and land-use change are 
threatening the existing TOFs and they are losing ecological integrity. In this study we are looking at TOF 
diversity, density and conservation challenges in the Imphal Valley. The results of this study can be applied 
to aid sustainable land-use planning that will address TOF conservation for local communities. 

1.2 Objectives of the study: 
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1) To assess the distribution, structure and ecological roles of Trees Outside Forests in different land-
use in Manipur. 

2) To identify the barriers and opportunities related to conservation of TOF and recommend 
specific policy measures that support sustainable management of TOF. 

2. LITERATURE REVIEW 

Trees Outside Forests have a significant role in supporting ecological integrity, improving biodiversity, and 
providing inputs to agroforestry systems. With study of Manipur (Devi et al., 2024) have identified nine 
treesofcultural importance in Manipur,whichwerehistorically of relevance and still of spiritual and 
conservation importanceto the Meitei community:Konthoujam Lairembi, Khoriphaba, Pureiromba 
Khongnang, Khongnang Hogaibi, Sati Khongnang, Meikibi Khongnang, Potsangbam Khongnang Lai Ahal, 
Potsangbam Khongnang Lai Manao, and Changing Lairembi, Yurei Pambihighlights the importanceof 
connections between the cultural and natural worlds in Manipur and provides insight into how the Meitei 
community uses trees for spiritual and historical purposes and in conservation efforts to protect the 
environment.  The investigation by (Devi et al., 2024) reveals on the exotic tree species of Manipur Valley, 
asthesespecies were introduced inthe past as a result of human activity,yet have beendisregardedasanareaof 
study. The fieldworkforthis research was conducted in remote villages as a means to document and 
identify exotictree species in Manipur Valley. The study observed a total of 71 exotic tree species belonging 
to 23 families, with Fabaceae, Myrtaceae, Lythraceae and Annonaceae families being over represented in 
the exoticspecies identified. Some of these tree species areindigenousto the Indian Subcontinent but not 
to Manipur, meaningtheyplayedamajorrole in alteringthe natural vegetation in Manipur. The 
studytakesasignificantfocuson documenting and conservingthe exotic species, notably their multiple uses 
and ecological role.The paper of (Devi and Singh 2022) isfocusedon Trees Outside Forests in India, with 
a primary focus on Manipur. TOF is a keyfactorfor timber supply and environmental sustainability andhas 
an important role to play in agroforestry, pasture adaptation, and urban ecosystems. The study finds that 
the total growing stock of TOF in India is 1,616 million m³, with the WesternHimalayas resulting in the 
greateststock of TOF. In Manipur, the carbon stock recorded in forests differedbased on type, with 
thegreatestcarbonstocksbeingrecorded in sub-tropical forests. The study also highlights the importance of 
also conserving trees that are indigenous,as the depletion of these species isnotedtobe growing. Several 
studies have discussed the significance of TOF as a carbon sink, its soil fertility augmenting capacity, and 
contribution to climate resilience (Gupta & Das, 2020; Bhatia et al., 2018). Its structural and functional 
diversity enables it to while thrive in a wide range of ecosystems while supporting local floras and faunas. 
In Manipur, TOF plays an important role in the livelihoods of rural communities and agroforestry-based 
land use systems. For instance, Meitei and Devi (2017) study highlights the TOFs in soil conservation and 
enhancement of microclimatic conditions while also providing key inputs like fodder, fuelwood, and wild 
medicinal plants. In other words, TOFs provide positive contribution in traditional farming systems and 
cultivators orient their land use practices along agroforestry principles to ensure sustainable land use 
systems are developed. However, while empirical studies exist to some degree, rigorous quantitative studies 
on TOF diversity, density, and structural dimensions are scarce, particularly in urban and peri-urban 
contexts. Land use changes present one of the most pressing threats to TOF sustainability in the Northeast 
India region. Future work will involve quantitative and spatial analysis to understand the state of trees 
outside the forest (TOF) in different land-use categories, their contribution to carbon sequestration, and 
the threats of urbanization and climate change. These types of studies can be useful for creating 
conservation strategies, developing agroforestry work, and ensuring the resilience and sustainability of 
TOF in Manipur and similar ecosystems. 

 

3. RESEARCH METHODOLOGY 

The research was carried out in a total of five districts of Manipur (India). These districts are Imphal East, 
Imphal West, Kakching, Thoubal, and Bishnupur and these districts cover urban, institutional, 
agricultural, and roadside landscape areas in Manipur. Stratified random sampling technique was used to 
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select the sites where data was collected both primary (surveys) and secondary (literature review) data. 
Some of the major parameters determined included tree species, tree density, diameter at the breast height 
(dbh), canopy cover, and land-use affiliations. Then description statistics were used on the data to 
understand the diversity of TOF and their conservation status in the Imphal Valley. The time taken to 
research this study is 6 months from October 2024 to March 2025. 

4. FINDINGS AND DISCUSSION 

This section provides an overview of the findings associated with species diversity, tree density, diameter 
at the breast height (dbh), canopy cover, and frequency distribution of trees outside forests in the Imphal 
Valley of Manipur. Also, discussions about species attributes in different land-use types will be discussed 
along with their ecological significance in these landscapes. 

4.1 Species Diversity and Dominance: 

The research recorded a total of 100 tree species under the land use types in the Imphal Valley. The 
Shannon-Weiner Diversity Index (H'), which accounts for species richness and evenness, was between 2.8 
to 3.6 representing moderate to high diversity levels. 

Dominant Tree Species 

The species represented an abundant of them among the commonly encountered dominant species 
within agroforestry and home gardens included Boroi (Ziziphus mauritiana) for its fruit and medicinal uses. 
Heinou (Mangifera indica) was ubiquitous across institutional lands and roadside plantations, popular for 
its edible fruit and various ecological services. Leihao (Magnolia champaca), a fragrant flowering tree, was a 
common resident of both urban and peri-urban areas and was also grown for use in decorative landscaping 
or religious purposes. Theibong (Artocarpus heterophyllus) also supported pollinator species and was viewed 
as an important part of traditional agroforestry and a source of fodder. Khongnang Bot (Ficus benghalensis), 
another important ecological species, was also frequently seen in sacred groves for its ecological 
significance, primarily in providing shade/habitat. Some of the other noteworthy species were Nashik 
(Eucalyptus globulus), valued for both fruit and medicinal uses, as well as Yongchak (Parkia timoriana), a 
multipurpose tree with edible fruits, timber resources and nitrogen-fixing benefits. Heinoujom (Averrhoa 
carambola), was used primarily for providing shade as well as fruit production, and was a frequent resident 
along roadsides and backyard gardens. Khagi Leihao Angangba (Plumeria rubra) and Khagi Leihao Angouba 
(Plumeria alba), were also part of the traditional & contemporary landscaping purposes and ecosystem 
services. Kurao Angangba (Erythrina indica) was often encountered in a field margin or mixed agroforestry 
landscape and aided in maintaining good soil health. Neem (Azadirachta indica) was often reads as one of 
the well-known ecological benefits and medicinal tree to many as well, in providing effective pest control 
or repellent resource. Nobab (Citrus grandis L Osbeck), of special note in the urban green scene as a 
significant contributor to inclusive green infrastructure and consolidary of a notable species.The species 
for timber and/or shade, declining native timber species, included; Pungdon (Psidium guajava) a tree of 
high quality timber used from local and region, and Sanakhonang (Ficus religiosa) is a native flowering 
species sought after for its ecological and medicinal uses. Shitaphal (Passiflora edulis) was perhaps one of 
the more common fruit trees while Awathabi (Carica papaya) was of traditional significance and was located 
in sacred groves. Less known plants such as Champra (Citrus limon), contributed to local biodiversity, while 
Chigonglei (Vachellia nilotica) and Chigonglei Namthibi (Senna siamea) were commonly used in traditional 
medicine and agroforestry. Chumbrei (Prunus persica) was available in mixed plantings as well as roadsides 
and Heibi (Vangueria spinosa), a fast-growing timber tree, has many commercial uses. 

Ecological Importance of Dominant Tree Species 

Trees outside forests are crucial for ecological stability, biodiversity enhancement, and supporting local 
ecosystems. Theyperform various ecological functions, including carbon storage, enhancing soil fertility, 
providinghabitats, and climate amelioration. 
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1) Carbon Storageand Air Quality Improvement: Trees such as Neem (Azadirachta indica), Theibong 
(Artocarpus heterophyllus) and Sana Khongnang (Ficus religiosa)plantcontribute to a decrease in 
atmospheric carbon dioxide concentration, and improve air quality from 
pollutants,andtheyprovideregulationoftemperatures in urban spaces with extensive canopies. 

2) Soil Fertility and Nitrogen Fixation: Some tree species, such asYongchak (Parkia timoriana), Kurou 
Angangba (Erythrina indica),andothers,aresignificantcontributorsto soil fertility through their 
nitrogen-fixingproperties. Theybuildup soil structure, prevent soil erosion, and improve 
productivity in agroforestry systems. 

3) Biodiversity ComponentandHabitats: Large canopy trees likeKhongnang  bot (Ficus benghalensis), 
Heinou (Mangifera indica), and others provide important nesting and foraging space for avians, 
insects, and small mammals. Thesetreesare keystone species for supporting the community of 
pollinators and the food chain. 

4) Water Cycle Controland Erosion: Specieswithlonger roots such asLeihao (Magnolia champaca), 
Pungdon (Psidium Guajava), and Heibi (Vangueria spinosa)stabilize soil to prevent erosion, regulate 
groundwater, and helptomaintainthe health of the watersheds by reducing surface run off. 

5) Medicinal andCulturalValues: Certain trees such as Boroi (Ziziphus mauritiana), Nashik (Eucalyptus 
globulus), and Chigonglei (Vachellia nilotica)provide significant potential for traditional medicine 
bycontaining antimicrobial and therapeutic properties associatedwiththeirleaves, bark, and fruits. 

6) Urban Greening and Aesthetic Value: Trees such asNobab (Citrus grandis L Osbeck), Sanakhongnang 
(Ficus 
religiosa),andothersbeautifycommunities,enhanceusablegreenspaces,andpromotewellness.Theirsi
zeprovidesshade,whichhelpstomitigate urban heat. 

 

A  B 

Fig: A. Photo of Roadside tree plantation, B. Photo of Home garden tree 

LIST OF 100 TREES SPECIES FOUND IN IMPHAL VALLEY OUTSIDE FOREST 
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4.2 Tree Density Distribution: 

The mean tree density across surveyed locations was 145 trees per hectare, with a standard deviation of 
±15 trees per hectare, indicating moderate variation across sites. The density of TOF varied significantly 
based on land-use type, reflecting differences in urbanization, conservation efforts, and plantation 
initiatives. 

Tree Density by Land-Use Type 

Land-Use Type Tree Density 
(trees/ha) 

Key Influencing Factors 

Urban Residential Areas 80–120 Lower density due to space limitations, construction 
activities, and reduced planting initiatives. 

Institutional Lands & 
Roadside Plantations 

130–170 Higher density attributed to planned afforestation efforts 
and long-term conservation strategies. 

Agricultural Fields & Home 
Gardens 

100–140 Moderate density, with trees integrated into farmlands 
and private gardens for fruit production and shade. 

 

Key Observations: 

• Urban areas have lower tree densities due to land constraints and expansion of infrastructure. 

• Institutional lands and roadside plantations have higher densities, demonstrating the 
effectiveness of afforestation projects. 

• Agricultural lands maintain moderate tree density, benefiting from traditional agroforestry 
practices. 
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4.3 DBH (Diameter at Breast Height) Analysis: 

The DBH distribution provides insights into the age and structural diversity of TOF species. 

DBH Classification 

DBH Range (cm) Percentage of Trees Age Group 

10–30 cm 65% Young and medium-aged trees 

30–60 cm 25% Mature trees 

>60 cm 10% Old-growth trees 

The mean DBH value was 22.5 cm ± 5.3 cm, suggesting a predominance of young and medium-aged trees 
in TOF landscapes. 

 

Key Observations: 

• 65% of trees fall in the 10–30 cm range, indicating a dynamic and regenerating TOF ecosystem. 

• Mature and old-growth trees (DBH >30 cm) make up 35%, playing a crucial role in carbon 
storage, shade provision, and habitat support. 

• The presence of old trees is limited in urban areas, as these trees are often removed for 
development projects. 

4.4 Canopy Cover Analysis 

Canopy cover plays a vital role in microclimate regulation, soil protection, and biodiversity conservation. 
The findings highlight the distribution of TOF canopy cover across different land-use types. 

 

Canopy Cover Categories 
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Canopy Cover 
Percentage 

Percentage of 
TOF Trees 

Impact on Environment 

Low cover (10–
30%) 

35% Limited shade, lower contribution to cooling and air 
purification. 

Medium cover 
(30–60%) 

45% Moderate shade provision, important for urban 
microclimate regulation. 

High cover (60–
90%) 

20% Significant ecological benefits, including reduced heat 
island effects and improved biodiversity. 

The mean canopy cover was 42.8% ± 12.6%, reflecting a moderate shade provision across the surveyed 
areas. 

 

Key Observations:  

• Urban residential areas and agricultural fields had a higher proportion of low-canopy trees, 
mainly due to space constraints and pruning practices. 

• Institutional lands and roadside plantations had a higher proportion of medium to high-canopy 
trees, contributing to shade, air quality improvement, and ecosystem stability. 

• Increasing high-canopy trees in urban landscapes is essential for reducing temperature extremes 
and enhancing biodiversity. 

4.5 Frequency Distribution of TOF in Land-Use Categories 

TOF distribution varies across different land-use types, influenced by management practices, conservation 
strategies, and human activities. 

 

 

 

TOF Distribution by Land-Use Type 
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LAND-USE TYPE TREE COUNT (%)  DOMINANT SPECIES  

URBAN RESIDENTIAL 22% Peepal tree, Indian Jujube 

INSTITUTIONAL LANDS 30% Red temple/pagoda tree 

AGRICULTURAL FIELDS 25% Tree bean, Papaya 

ROADSIDE PLANTATIONS 15% Babul tree, Eucalyptus 

HOME GARDENS 8% Pomela, Mango 

Key Observations: 

Institutional sites hold the largest proportion of Trees Outside Forest (TOF) at 30%, which likely occurred 
due tree planting and conservation initiatives. 

 - Urban residential/settlement areas are a reasonable tree-proportioned, (22%), but there is opportunity 
for increased green cover in these settings, which provides biodiversity and air quality benefits.  

- Agricultural lands (25%) indicate that there is a strong role for agroforestry that would place trees 
strategically where potential for improving soil health, providing crop shade and crop protection is 
possible.  

- Roadside tree planting (15%) play a role in urban beautification, pollution abatement and soil erosion 
mitigation. - 

 - Home gardens (8%) contribute towards biodiversity conservation and food security for residents, with 
species Pomela, mango fall within the most common species for home activities.  

5.CONCLUSION:  

Trees Outside Forest (TOF) in Manipur contribute towards ecological stability, agricultural sustainability 
and urban greening, from findings in this study. TOF provide most prominently through biodiversity 
conservation, carbon capture dynamics, and soil fertility functions. Despite being important, TOF are 
under threat from urban expansion, agricultural intensification and ad hoc land-use change scenarios 
should be acknowledged. This study underscores the value of a long-term perspective to TOF conservation 
and management, supporting a policy intervention, participatory endorsement from community 
members; for rural and urban communities, as well as sustainable land-use practices within life-cycle 
considerations. Once the material value and socio-economic benefits can be demonstrated to TOF, then 
the related interventions can begin, towards to working for the sustainability beyond your generation. 

6. SUGGESTIONS: 

The following strategies should be adopted to strengthen sustainable management and conservation of 
Tree Outside Forest in Manipur: 

6.1 Strengthening the Policies and Legal Framework: Formulate possible policies that may embed 
conservation of TOF into land-use planning policies, urban development policies, and agricultural 
policies. Create legal tools for conservation of native and ecologically significant tree species. Develop 
policies for regeneration, harvesting, and re-planting of TOF. 

6.2 Community Consultation and Awareness: Enhance community engagement with education, 
planting and other conservation programs. Increase educational programs pertaining to the ecological 
and economic significance of TOF to Manipur and local communities. Develop incentives for private 
land owners and farmers that will promote their sustainability or increase cover of TOF.  

6.3 Sustainable Land-Use and Agroforestry: Explore agroforestry systems that integrate TOF with 
agricultural activities to enhance production and ecological sustainability possibilities. Train and engage 
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farmers in sustainable management and harvesting of tree species. Explore tree planting substituting 
priority trees with native and climate resilient species as first choices.  

6.4 Institutional Support and Research: Initiatives Encourage governance structures, working in district 
health and environment programs, where local communities, government agencies, and research 
institutions may work in partnership. Provide budgets for research on both climate resilience and TOF; 
as well as TOF supporting biodiversity and sustainable actions in urban settings. Implement monitoring 
mechanisms to assess the status and trends of TOF across a variety of landscapes. 

6.5 Urban Greening and Roadside Tree Planting: Integrate tree planting initiatives into urban planning 
to expand green areas. Establish roadside afforestation initiatives to improve air quality and carbon 
sequestration areas. Develop and implement regulations and bylaws to address indiscriminate harvest on 
tree cover, as well as compensatory tree planting. 

6.6 Climate Adaptation and Environmental Stewardship: Design restoration projects to stabilize 
degraded land, wetlands and to restore the riparian forest communities that developed along riverbanks. 
Develop biodiversity parks and conservation areas to promote the long-term viability of native tree species. 
Encourage research on the role of TOF to respond to climate change. 

 6.7 Sustainable Economic Use of TOF: Promote ecological-based industries aligned with the TOF, e.g., 
sustainability-derived timber and herbal medicines. Facilitate access to markets for farmers engaged in 
TOF-based enterprises. Support community nurseries, which enable afforestation and rural livelihoods. 
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