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e Natural regeneration potential and tree diversity in Sal forest (Shorea robusta) under
different management (A case study from Lumbini Collaborative Forest)

e Evaluation and Assessment of the timber volume and firewood in the Terai Forest (A
study from three Community Forest of Nawalparasi (BSW))
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e Timber Losses during Harvesting in Managed Shorea robusta Forests of Nepal
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e A study on Human Wildlife conflict in Lumbini Province, Nepal: Status, Management

initiatives and Way-forward
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e Community Forestry Management for Rural Development of Nepal: An Empirical

Analysis (A Study of CFUGs from Palpa, Parbat & Rupandehi districts)
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Forest Types of Lumbini Pro\*ince
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Forest Management Practices in Relation to Enterprise
Development in Nepal

Ajeet Kumar Karn' Mohan Prasad Shrestha® Birendra Kumar Roka’

Abstract:

Nepal's rich forest and biodiversity has been a boon for the nation to bring prosperity, and so, the quote
"Hariyo Ban - Nepal ko Dhan" (Green forest - wealth of Nepal) was enchanted across the nation. Before
1960s, forest of Nepal was exploited extensively to convert into agricultural land, and to collect revenue
from agricultural land and timber export. Then, the quote was quite meaningful as the forestry sector was
the main source of revenue. After 1960s, to curb the effect of massive deforestation, Government realized
the need of forest conservation, and new policy focused on people's participation in forest conservation and
management, mostly in the hills in the name of Panchayat Forest and Panchayat Protected Forest and then
the Community Forest, which resulted into forest restoration from 29 % to 45%. Despite the success in
restoration of forest, there was lack of active forest management and negligible support was provided to promote
forest based enterprises to make the nation independent of forest products. Now, Nepal has huge potentiality
of production of timber, firewood, NTFEDPs and other forest products, which is estimated at equivalent to NPR
100 billion, generating employment to 12 hundred thousand people per year, if only half of nation's forest area
be managed sustainably for wood production. Due to lack of focus on the promotion of forest based enterprise
development, we export mostly raw NTFPs and import forest products equivalent to NPR 58 billion, with
trade deficit of around NPR 47 billion per annum. Still, our enterprise policy is quite conservative and is
not supportive to timber and timber products' export by imposing heavy custom duty of 200%, whereas, the
import of forest products is not levied. Even the forest based enterprises face severe problems by not getting forest
products in a perpetual way due to erratic policy decisions, resulting into use of around 50% imported wood
in furniture industries. The technological backup, startup support, easy and soft loan, subsidy, infrastructural
development, certification and quality control, ease in taxation, etc. could be the areas of reforms and supports
to make congenial environment for the forest based enterprise development. So, in this direction, both federal
and provincial government should forge conducive policy environment and support mechanism for enterprise
development, such that the production potential of forest could be realized and the way of prosperity be paved
up.

Keywords: Forest management, forest based enterprise promotion policies, import and export of forest
products, production potential of forest products of Nepal.

! Divisional Forest Officer; Division Forest Office, Banke, (Email: ajeet.karn@gmail.com)

2 Divisional Forest Officer, Division Forest Office, Dang, Ghorahi
? Forest Office,; Division Forest Office, Banke
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Introduction

Nepal is endowed with rich forest and biodiversity, which covers about 45.31% (6.61 million
ha) of the country (Ministry of Finance, 2024) with very high diversity of flora and fauna within
a very short span of about 193 Km from north to south. The altitudinal variation from 59
m (Musaharniya, Dhanusa District) to 8848 m (Mt. Everest) (Amatya & Shrestha, 2022) has
created forest types from Tropical in the Tarai to Alpine and Tundra in the Himalayan region.
Southern part of Nepal, which is flat land is called Tarai, which rises into the Siwalik region in
the north. To the north of the Siwalik region lies valleys called Dun (inner Tarai- Bhitri madhesh),
and Mahabharat range of mountain, which rises into high mountain and Himalayan region.
Beyond the Himalaya lies rain shadow area of Nepal and Tibet of China. Due to vast altitudinal
variation, there are 118 ecosystem types, with 75 vegetation types and 35 forest types. The

variation is also caused by the location of Nepal at crossroad of Paleartic and Oriental realms.

Forestry sector of Nepal was a major source of revenue during the Rana regime, when there was
more than 75% forest in the country. Revenue was collected from export of Sal timber from Tarai
and inner Tarai to India mostly for the railway sleeper. Then forest was extensively converted
to agricultural land, so that revenue could be collected from those agricultural land as well
(Hobley et al, 1996). As being the main source of revenue until 1960s, the forest resource was
also called as "Green Forest: Wealth of Nepal" (Hariyo Ban: Nepal ko Dhan). Besides conversion,
large areas of forest was provided by the Rana rulers as gift to Rana family members living
outside Kathmandu valley and army personnel and senior officials as Birta, Jagir; and hill ethnic

groups were provided with communal rights to hold forest area, named as Kipat (Ranjit, 2019).

But after the democratic move of 2007 BS, such Birta and Kipat forests were taken back by
Government, and land ceiling was fixed for people, and nationalization of the private forests
was done. The nationalization of the forest led to mass deforestation in hills during 1960s and
70s, converting the forest from 45.5% in 1963/64 to 35.9% in 1984 and further deforestation
led to decline of forest area to 29% in 1999 (Chapagain & Aase, 2020). Then, National Forestry
Conference, 1974 was held which formed Nepal's first National Forest Policy, 1976, which
focused on people's participation in forest management, later this was called Community
Forest. This participatory model of forest management was a big success in restoring forest

from 29 % to around 45% now. This has made available a big capital for the nation as a whole.

Though community participation in forestry sector has significantly restored forest in the hills,
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due to socio-economic transformation in society during last 10-15 years, most of the CFUGs
have become inactive institutions. Out-migration of people from hills, use of Liquid Petroleum
Gas (LPG) instead of firewood even in the hills, decreasing number of cattle, human-wildlife
conflict, etc. have significantly decreased the dependency of hill people on forest, resulting into
formation of dense unmanaged forests with increased population of wildlife. The abandonment
of agricultural land has led to colonization by bush type of plants and creating new forests nearby
settlements. In the absence of regular disturbance in the forest (e.g., collection of firewood,
leaf litter, fodder, etc.), the burning material in the forest floor is getting deposited in large

quantities, resulting into big forest fire events.

Though Nepal has regenerated and restored its forest which has grown its potentiality of
production of forest products, there is huge amount of forest products imported and very
less exported, resulting into a big trade deficit. The production of forest products within the
country is quite erratic, which does not guarantee the continuous supply of forest products to
the forest based enterprises (FBEs), resulting into unconducive environment for the FBEs. So,
in this scenario, this paper tries to delve into the opportunities and constraints of forestry sector
in relation to the forest based enterprise development in Nepal and in Lumbini province by
analyzing the trend of forest products' import, export, production and enterprises. This paper
tries to reflect the policy formulation and other ways-out for the development of forestry sector

in relation to the FBEs.

Objectives of the Study

This study intends to delve into the fact about the status of import-export and supply-demand
of forest products, potential of our forest to produce forest products, types of forest based
enterprises running in the nation, its challenges, opportunities, and ways-out. So, by studying
the current scenario of forestry sector and enterprise sector, this study wants to find out the gap
in forest management in relation to forest based enterprises development, based on that suggest

the actions for the future.

This paper intends to fulfill the following objectives:
*  Review the forest management practices of Nepal
*  Analyze the production potential and production status of forest of Nepal
*  Analyze the status of forest based enterprise
* Identify the issues and challenges related to forest based enterprise development

*  Suggest way-forward for effective forest based enterprise development
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Methodology
The methodology adopted for this study includes:

*  Literature review: Literature review was done to understand the scenario related to forest
management and forest based enterprises development.

*  Consultation with entrepreneurs: Entrepreneurs working in the field of forestry sector
were discussed in Nepalgunj, which included the discussion with members of
JABAN (Jadibuti Association of Nepal), Saw-mill owners and timber traders, plywood
manufacturer, and other industrialists.

*  Review of official records: Published and unpublished official documents and data of
Division Forest Offices, Forest Directorate, and other offices were studied, besides web
surfing.

*  Experience sharing of forest officials: Sharing of experiences with forestry officials working
for long time in this sector was also a major method of gaining different perspectives
related to forest management and enterprises.

*  Descriptive analysis: Mostly descriptive analytical tools were used which adopted logical

reasoning. MS Excel was also used to prepare tables, bar diagrams and charts.
Findings & Discussion
Historical Overview of Forest Management in Nepal

Nepal's large area of forest was cleared for conversion to agricultural lands during Rana regime
(before 1951), and the Sal timber was exported to India for railway sleeper, making the forestry
sector a major source of revenue to the government. Later on, forest areas were handed over to
local ethnic groups in the hills in the name of Kipat; to government high ranking ofticials and
army officials as Jagir; and to the extended Rana families as Birta. Bada Hakim (an administrative
head of the district) was responsible for conservation of forest, who issued permission for
major tree felling. However, unofficial functionaries nominated by rulers like Subba, Mukhiya
and Jimmawals, collectively called Talukdar, had the responsibility only for local forests. The
forest administration run by the Talukdar was quite eftective by providing reasonable amount
of protection and control. The local people collected forest products as per their requirement,
without paying any fees, but they had to give some sort of gift (theki) to the Talukdar in return
as a customary practice (Mahat et al, 1986). By the end of the Rana government, one third of
the forest and farmland areas were held under Birta grants, out of which 75% belonged to the
members of Rana family (Regmi, 1978). The Rana registered most of the Kipat lands on the

name of influential persons of the community, so that they could collect taxes from them and
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maintain the sovereign authority of the state. The forest in the hills got lost due to widespread
farming throughout most of the history (Bajracharya, 1983). Thus, the Rana regime led to
active reclamation of forest land as well as massive clearing of forests for timber export to India
due to commoditization of forest resources and concentration of rights over forests in the hands

of the ruling class and other courtesans (Ranjit, 2019)

The forest administration began by the establishment of Ban Janch Adda (forest inspection
office) around 1880s, but only in 1924 the central forest management office was established
at national level, which was looked after by one of the Rana Generals. And then in 1927, Kath
Mahal Oftice (Timber Office) was established to work on forests (Patil, 1996). Until 1950s,
forest administration hardly existed and it was under the charge of land revenue office and
general administration office (Mahat et al, 1986). In 1941, the need of forest management was
realized and forest service was created with support from British forest adviser E. A. Smithies
(1941-1947), who had spent several years with the Indian Forest Service. By his advice, the
Department of Forests (DoF) was established in 1942 with 3 regional and 12 divisional forest
offices. He emphasized on regulated tree felling, fire conservancy, stand improvement and
management of forest through Working Plan, which was similar to the Indian Forest Service

and regulation of Indian Forestry (Hobley et al, 1996).

After establishment of DoF, forest management of Nepal was protection oriented and efforts
were made to make the foresters powerful. The nationalization of private forests was done by
promulgation of the Private Forest Nationalization Act, 1957 to strengthen state control over
the forest management, which centralized the authority of forest management in Tarai and Hills
under state control, although local communities were informally managing patches of forests
adjoining their settlements. Furthermore, forest officials were provided with special rights to
issue permits even to harvest trees for household purposes with the promulgation of Forest Act,
1961. The forest officials had given authority to arrest oftenders without warrant, and there
was a one-member special court of the Divisional Forest Officer. The focus of the Department
was to manage forests without people's involvement (Kandel, 2017). During this period of
1950s and 1960s, policing and patrolling were the major roles of foresters to control the illegal
harvesting and encroachment. However, deforestation and denudation of forests continued
due to uninvolvement of local people in the forest conservation and management, which were
traditionally practiced in the hills as well as in the Tarai. So, the new Forest Act, 1961, enacted

by the Panchayat government, included the Panchayat Protected Forest and Panchayat Forests
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to provide local control over the forest resources. However, these provisions did not work to
control the deforestation as desired, and then in 1974 national forestry conference was held
in Kathmandu, in which foresters favored for people's involvement in forest protection and
management work, which brought new Forest Plan with the provision of participatory forest

management, which was later known as Community Forestry.

In 1978, the emergence of the Panchayat Forests (PFs) and Panchayat Protected Forests (PPFs)
Rules, 1978 based on the amendment of Forest Act, 1961 made the provision of handing over
of accessible government forests to village Panchayat as community forests. These rules allowed
for the transfer of responsibility for forest protection and management from government to the
local Panchayat as PFs and PPFs (Joshi, 1993). This was the first written policy document which
worked as a guideline for the forestry sector to involve the local communities in protection,
management, development and utilization of forests and forest products. Moreover, the plan
considered the forests as property of society as against the prior stand it as national property.
Also, this plan laid a foundation for scientific forests management in Tarai and Hills as well,
in which people could cooperate through private, community or Panchayat level and increase
participation in afforestation programs. But, the PFs and PPFs had very limited progress due
to political change, and unclear definition of the users and handing over of forests not to actual
users. However, the legislation can be considered as bold with a major shift in forestry policy
that empowered communities to manage their adjoining forest to fulfill their daily needs of fuel

wood, fodder, grass and small timber.

Then, the government of Nepal brought its Forest Sector Policy for the first time in the
Sixth Five-year Plan (1980-1985) emphasizing community participation in the management,
conservation and utilization of forest resources. Furthermore, the first National Workshop on
Community Forestry in 1987 recommended the concept of Forest User Groups (FUGs), which
was adopted in the Master Plan for Forestry Sector (MPES) and then into the Forest Act, 1993.
The MPES clearly mentioned the meeting of basic needs of timber, fuelwood, fodder, grass,
leaf litter, NTFPs etc. of local people by promoting Community Forestry in the hills, where
the role of the forest officials was mentioned as advisor and facilitator. Besides this, the MPFS
also focused on establishing forest based industries for income and employment generation;
protecting land against degradation by soil erosion, landslides, floods, desertification and other
ecological disturbances; conserving ecosystems and genetic resources; phase-wise handing over
of all accessible hill forests to communities (Ranji, 2019).
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Due to clear provision in Forest Act, 1993 and Forest Regulation, 1994 regarding Forest User
Group formation and handing over of forests to the user group, almost all accessible forest areas
are handed over to more than 22 thousand user groups across the nation, which comprise of
about 34% of the national forest (outside protected area). Though MPFS had clearly mentioned
handing over of forest to communities in Hills, well grown block forests of Sal in Tarai were also
handed over as mal-practices, in which the communities had little efforts of conservation. This
led to decline in royalty of the Government, because all the income even from the sale of the
valuable timber from Tarai forest remained within the treasury of the User Groups. However,
in the Hills, CFs have played significant role in restoring and regenerating forest ecosystem; but
in recent days, the socio-economic change in has led to inactivity of the hills' CFs, mostly where
there is lack of economic activities and active forest management. The lack of management
activities in the hill forests has negative consequences, such as human wildlife conflict, forest
fire, loss of forest products due to not harvesting at the time of maturity, ultimately leading to

overall loss of productivity of forests as well.

As per the recommendations of the MPES, to manage forest scientifically, Ministry of Forest
(MoF) attempted to manage the productive Sal forests of Nepal, by the implementation
of Operational Forest Management Plan (OFMP), in difterent Tarai districts, where the
Shelterwood system was implemented. Though being technically sound, the plan did not
get implemented due to lack of acceptance and participation of local people (Paudyal, 2007).
So, Government of Nepal realized to review its policy as per the Master Plan (1989) so that
productive block forests of Tarai could be managed. Then, the Revised Forest Policy, 2000 was
brought which included innovative concept of managing the "Government Managed Forest
(block forests)" of Tarai through collaborative forest management (CFM), involving different
stakeholders for forest management and benefit sharing (Paudyal, 2007). The piloting of
CFM was done in Bara, Parsa and Rautahat Districts with support from Netherlands (SNV)
funded project, namely the Biodiversity Sector Program for Siwaliks and Tarai (BISEP-ST);
and during the same period, by the support of Livelihoods and Forestry Program (LFP) (a
UK funded project), the piloting of CFM was done in Kapilvastu, Rupandehi & Nawalparasi
district. The forest management modality adopted in the CFM was the management based
mostly on shelterwood system in Sal forest, which was later advanced into the Scientific Forest
Management (SEM) by approving the SFM Working Procedure, 2071 BS by the government
(MoFSC, 2014). The SFM Working Procedure was adopted all over the country, mostly to

manage the productive forest of Sal and Chir Pine. However, due to politicization of the forest
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management in the name "Scientific Forest Management", and ill-motivation of politicians, the
SFM Working Procedure was quashed away on 28 May, 2020 without pointing out any technical
fault in it. This led to formation of vacuum in the forest management practice, and stoppage
of the forest management activities across the nation. The science based forest management
guideline was challenged by politicians who were actually non-foresters, and even the foresters
could not convince the politicians regarding SFM. Such types of dilemma have always been
there not only now, but from the time of implementation of OFMP. Such erratic way of forest
management has resulted into unmanagement of our own forest resources, encouraging the

import of forest products and its substitutes.

Now, Nepal is under federal structure, and the forest management mostly lies under the
jurisdiction of the Province Government, but the national forest policy should be formulated by
the Federal Government. The federal forest policy includes the sustainable forest management
based on Silviculture Systems; and on that basis the Lumbini Province Government has also
internalized the forest management. For this "Silviculture System Based Forest Management
Standard (Mapdanda), 2079 BS" has been approved and implemented by the Lumbini Province.
Based on this Standard, the forest management activities of productive forest of this province
are being implemented by the budgetary support of the Province Government as well as the
REDD+ and Forestry for Prosperity Project (World Bank funded project). As Nepal is party
to the UNFCCC and has signed agreement with World Bank for carbon trade (under REDD +
proram mechanism) sequestered Forest of Tarai Arc Landscape (TAL) area of forests, the forest
management has become a compulsion, to regenerate and increase the carbon pool through
sustainable forest management. In this direction, Lumbini Province is ahead of all other
provinces by implementing the sustainable forest management in 217 community forests, and
has planned to implement the SEM in 100 more CFs in the next fiscal year (Budget Speech
of Lumbini Province, 2081/082 BS). Bagmati Province has approved the silviculture system
based forest management guideline and other provinces are preparing the guideline. Now;,
the user groups of CFUGs and different stakeholders are very much supportive to the forest
management, though some people are still reluctant towards the sustainable forest management
due to lack of exposure and knowledge regarding its practice. In the absence of clear guideline
from federal government for forest management, other provinces are not carrying out forest

management operations and are only collecting dead and fallen trees from the forest.
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Production Potential of Forests of Nepal

Out of the total forest area of Nepal, about 51% (21,80,000 ha) forest area has potentiality
for productive management, which if managed, may produce the royalty of about NPR 100
billion, generating employment for 1300 thousand people per annum. Management of the
important forests such as Sal forests of Tarai, Chir pine (Pinus roxburghii), Katus-Chilaune
(Schima-Castanopsis) and Uttis (Alnus nepalensis) forests of hills can yield 6 to 12 crore cubic feet

of timber per annum on a sustainable basis (Government of Nepal, 2014).

According to Forest Resources Assessment (FRA, from 2010 to 2014), forest coverage of the
nation outside Protected Arecas (PAs) is 82.7% (49,29,436 ha); of which 66.32% (32,69,467 ha)
is in Hills, 6.38% (3,14,660 ha) in Tarai and 27.29% (13,45,309 ha) in mountains (Chapagain
& Aase, 2020). The Forestry Sector Strategy of Government of Nepal (2016 - 2025) has set
milestone targets to sustainably or scientifically manage its 50% forests of Tarai and inner Tarai,
and at least 25% forests of middle hills and mountains by the year 2025. So, on that basis,
Nepal Government has set its target to manage about 13,11,024 ha of forest area on the basis
of sustainable/ scientific forest management. However, due to the government's decision to
nullify the Scientific Forest Management Guideline about 4 years ago, the forest management
plans based on that Guideline were not implemented across the nation, and the target of the

Government by 2025 could not be met.

A study conducted by Kanel et. al. regarding the demand and supply of wood products in
different regions of Nepal has estimated the annual yield of wood, which is presented in the
table-1 below (Kanel, Shrestha, Tuladhar, & Regmi, 2012). This has taken into consideration
of all types of land-uses which can produce wood; and the study has projected that the forest
productivity will increase from 21.5 tons of wood per hectare in 2011 to 30.3 tons/ha in 2030
due to management intervention in all the physiographic regions. This shows the production

potential of 1095 cu. ft. of wood per hectare in 2025 and 1212 cu.ft. per hectare in 2030.

As per the productivity of 2025, i.e., 1095 cu. ft. of wood per ha; if 51% area (21,80,000 ha) of
forest is managed, the total yield of wood would be 2.38 billion cubic feet per year; of which
25% is assumed to be timber and 75% as firewood. On that basis, total timber production would
be 596.7 million cubic feet and 35.8 hundred thousand chatta of firewood (Table-2).
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Table 1: Estimated Annual Yield (tons of wood) per ha

ord | Awicimeand | crapgcrm | Lmebeld | Coemment | Grastind | |4
S | S~
Year LG Tarai iy .g Mountain Tarai | Mounta in Tarai | Mountain Hg_ls & Tg =
and Hills and Hills | [ | andHills and Hills S =
2011 | 1.15 0.55 3 6 1.5 3 2 4 - 0.3 21.5 | 860
2015 [ 1.15 0.55 3 6 1.5 3 2 4 - 0.3 21.5 | 860
2020 [1.43 0.7 3.33 6.67 |1.67 333 [233 4.67 - 0.3 24.4 1977
2025 [1.72 0.85 3.67 733 |1.83 3.67 |2.67 5.33 - 0.3 27.4 11095
2030 |2 1 4 8 2 4 3 6 - 0.3 303 1212

For valuation in monetary terms, the value of timber and firewood is assumed on an average
NPR 500 per cubic feet and NPR 6000 per Chatta respectively, which is in total valued equivalent
to about NPR 320 billion per year (Table-3). This valuation excludes the values of medicinal
plants, Non-Timber Forest Products (NTPFs) and other values, which may be generated

simultaneously by the management of forests.

Table-2: Production Potential (in terms of timber and firewood)

Per ha Forest Area that Wood to be Timber Firewood Firewood
production can be managed Produced (cu (cu ft) (cu ft) (Chatta¥*)
capacity (cu (ha) ft)

ft)
1095 2180000 2387100000 596775000 | 1790325000 3580650

* 1 Chatta = stacked firewood in the size of 20ft X 5ft X 5ft stack, ie, 500 cu. ft.

Government of Nepal has targeted revenue collection of NPR 1.26 trillion for the fiscal year
2081/082 BS; of which the forestry sector has potentiality to contribute about 25% of the
annual revenue. Moreover, the contribution of forestry sector may well surpass the total budget
allocated for the Ministry of Forests and Environment (NPR 15.17 billion for the FY 2081-82
BS).

Table-3: Production potential in monetary terms

SN Particular Production | Assumed Unit Monetary value
Potential Rate (NPR) (NPR)
Timber production (cu. ft.) 59,67,75,000 500 29,838,7500,000
2 | Firewood (Chatta) 35,80,650 6,000 21,48,39,00,000
Total 319,87,14,00,000
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Demand and Supply of Forest Products

A study carried out by Kanel et al has analyzed and forecasted the demand and supply scenario
of timber and firewood for different time periods from 2011 to 2030 (Fig. 1 and 2). According
to the physiographic zones of Nepal, the demand of timber and firewood is highest in Tarai,
due to highest population and in-migration. The study shows that the total demand of timber

for 2025 could be 48,67,000 cu.m. (about 170 million cu. ft.) across all physiographic regions.
Similarly, the firewood demand would rise up to 1,23,87,000 ton (12.38 hundred thousand
chatta) by 2025.

In this way, it is seen that the demand of timber and firewood is 170 million cu ft and 12.38
hundred thousand chatta respectively; and the production potential of half of the productive
forest area is 600 million cu. ft. timber and 36 hundred thousand chatta firewood by 2025 AD.
This shows that the production potential is about 3.5 times more than the demand, which

shows opportunity for foreign trade and attraction of investment in wood based industries.
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Status of Timber and Firewood Production

The production status of timber and firewood in the Lumbini Province shows that Community
forestis the major source of timber followed by Private Forests (Table below). By implementation
of the forest management based on silvicultural system in this province, timber production is
increasing from Community Forests and Government Managed Forests, which has surpassed
the production from private forests or plantations. The CFs holds about half of the total income
from forests as the whole income from sale of timber and other forest products is retained
within the treasury of Community Forest User Groups, and Government is not getting
income directly from the sale of forest products from CFUGs. The provision of getting some
share from the CFUGs is recently not implemented due to stay-order of the Supreme Court.
However, before the stay order from Supreme Court, the Lumbini Province Government got
25 % income from sale of timber outside the users as service charge in F.Y. 2080/81 .

Table 4: Forest Products Production & Sale in Lumbini Province

Firewood Medicinal Plants
Timber (cu ft) (Chatta) (Kg) Pine Resin (Kg)
Production 40,32,956 10,639 47,29,895.5 38,27,785
Sale 12,21,218 6743.3 18,01,744 35,97,655.2
Table 5: Timber production from different sources
Timber Production from Different Sources
Source Timber (cu. ft.) Percentage
Community Forests 20,42,915 50.65
Collaborative Forests 1,76,743 4.38
Government Managed Forests 1,54,232 3.82
Private Forests 16,44,499 40.80
Bewarise* (unknown source) 14,567 0.36
Total 40,32,956 100

*Bewarise is a nepali term, applied to the forest products which are seized during forest patrol

and their ownership is not claimed by anyone.
Import and Export of Forest Products and Trade Balance

The annual report of Department of Customs for the fiscal year 2079-80 BS shows that plants
and plant related products imported to Nepal is equivalent to about NPR 58 billion, whereas
the export accounts for NPR 11.41 billion resulting into the trade deficit of NPR 46.63 billion
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and revenue earned by the government is NPR 12.3 billion (Table 7) (Department of Customs,

Nepal, 2024).

Table 6: Income from Sale of Forest Products of Lumbini Province FY. 2080/81

Royalty & Income (NRs) Percentage
Royalty (Province) 16,74,02,516 13.26
Royalty (Centre) 7,37,60,945 5.84
User Group's treasury 79,74,94,651 63.18
VAT 20,48,47,718 16.23
Advance Tax (agrim aaya kar) 1,88,00,785 1.49
Total 1,26,23,06,615 100

Table 7: Import and export of plant and plant related products (2079-80 BS) (Figures

are in NPR thousands)
e Trade
Description Import Export balance Revenue
Trees and other plants, live; bulbs, roots and | 283557 5381 -278176 26110
the like; cut flowers and ornamental foliage -
Oil seeds and oleaginous fruits; miscellaneous | 24277820 | 1912956 -22364863 | 2377781
grains, seeds and fruit, industrial or medicinal
plants; straw and fodder
Lac; gums, resins and other vegetable saps and | 523320 35716 -487604 102497
extracts
Vegetable  planting  materials;  vegetable | 513798 2902443 2388645 26660
products not elsewhere specified or included
Wood and articles of wood; wood charcoal 5894276 5014223 -880053 1766649
Furniture; bedding, mattresses, mattress | 7623659 327689 -7295969 2819204
supports, cushions and similar = stuffed
furnishings; lamps and lighting fittings, n.e.c.;
illuminated signs, illuminated name-plates
and the like; prefabricated buildings
Pulp of wood or other fibrous cellulosic | 544925 82691 -462234 74146
material; recovered (waste and scrap) paper or
paperboard
Paper and paperboard; articles of paper pulp, | 18389643 | 1136558 -17253086 | 5109538
of paper or paperboard
58050998 | 11417657 | -46633340 | 12302585
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This shows ample opportunities for the forestry sector to increase export and substitute import.
Besides this, the informal trade from Indian boarder, mostly the import of plants and planting
materials, is not reported in the customs. Out of the total import value of NPR 1612 billion,
the import of plant related products comprises of 3.6%, whereas the export comprises of 7.26%

out of the total export value of NPR 157 billion.

Timber trade is one of the major sources of foreign exchange for developed countries, who
mostly produce softwood and its products (Table 8 showing top 10 wood producing countries).
The wood-based industries in those countries are also quite similar to those in Nepal, which
comprise of industries mostly based on timber for construction, furniture, paper, pulp, plywood,
etc. So, we also need to focus on attracting investments in wood based industries and promote

export of the wood and its products.

The United States forest products' industry accounts for approximately four percent of the
nation's total manufacturing GDP, producing over $200 billion in products every year (www.
usda.gov ... 2019 Apr 22). Similarly, forestry and logging sector is roughly 1% of the total GDP
of India; and FAO has estimated that Nepal's forestry sector contributed 3.5% to the GDP
of the country in 2000 and 4.4% for the period 1990 to 2000. The world's largest economy is
that of US, which is about $28.78 trillion (of 2024); and on the other hand, India's economy
ranks at fifth position in the world. Both of the big economies are contributed by the forest
based industries. The growth in forest based industries in Nepal could get benefited by the
neighboring fifth largest economy of India and second largest economy of China. Being capable
of producing hardwood and softwood of high quality (of Sal and Chir Pine), Nepal has huge

potentiality to boost its economy from the forest based industries.

Table 8: Top 10 Wood Producing Countries of the World

S Estimated Wood
N ) Country Production Major Wood Types Key Industries
o.
(2023) (cu. m.)
United - . . .

1 States 292.1 million Softwood timber Construction, furniture
Softwood and Construction. furnit

2 | China 225.7 million hardwoods (including OnStruction, HImitire, paper

production

bamboo)

3 | Russia 186.7 million C.omferous—Softwood Congtructlon, Furniture
Timber Making, pulp and paper

£ Addgel UUTICHAT 3ENRd dol RAaIATUel Addozl AforM It ¥3

(@l AdIhT AfAHdET®! BRITET N1



“JAlLD! T dol, ICUTGT I CUICDHCT Jleg T AT ol Tdagiol YUICHAN N RO ol cAaNuer”

S Estimated Wood
) Country Production Major Wood Types Key Industries
No.
(2023) (cu.m.)
- Coniferous Softwood The construction 1ndustry/

4 | Canada 166.2 million pulp and paper/ furniture

Lumber :

industry

5 | Brazil 78.3 million Hardwood (ma1qu Pulp and paper, furniture,

eucalyptus and pine) construction
6 |Indonesia | 73.0 million Tropical hard woods Pulp and paper, furniture,

construction

Softwood Timber mainly | Timber exports; pulp and

7 Finland 73.1 million Spruce & Pine paper; furniture

Softwood Timber Timber industry, pulp and

8 | Sweden 70.2 million . . .
(mainly spruce and pine) | paper, furniture

Tropical hardwoods
9 | Malaysia 65.1 million and plantation wood
(rubberwood, acacia)

Furniture, Plywood,
construction, timber exports

Sawn Timber, Furniture
10 | Germany 47.5 million Spruce, Pine, Beech Manufacturing, Wood
Processing

(Source: www.geeksforgeeks.org)
Status, Issues and Challenges of Forest based Enterprises

Forest based micro and small enterprise sector in developing countries in Asia and the Pacific
constitutes more than 90% of all enterprises, provides over 60% of jobs in the private sector,
generates 30-40% of total employment, and contributes nearly 30% to total direct exports
(ESCAPES, 2011).

Subedi et al. (2014) broadly categorized the forest-based enterprises into four groups, namely,
timber, Non Timber Forest Products (NTFPs), ecosystem services (eco-tourism and carbon),
and forest bio-energy. In Nepal, 41,062 forest-based enterprises are there under these four
groups; with 66% involved in primary production and the rest in processing, manufacturing
and trade, dominated by timber and NTFPs (Lamsal et. al., 2017).

Industrial Enterprise Act, 2020 (2076 BS) of Nepal is the guiding policy for enterprise
development, which classifies enterprises based on size of investment on fixed assets and nature/
sector of business. As per size of investment, enterprises are classified as micro (fixed capital

up to NRs 20 lakh & annual transaction up to 1 crore), cottage, small scale (up to 15 crore),
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medium scale (15 to 50 crore) and large scale (more than 50 crore) industry. Based on nature or
sector of business, the Act classifies as approval requiring, cottage, energy oriented, agriculture
and forest based, tourism, information technology, community technology and information

dissemination-based industries, service-oriented and industries with national priority.

As per the policy of government, Nepal has been able to facilitate the establishment of almost
all types of forest-based enterprises, mostly by the investment of private sector, with very few
investments from Government itself. The enterprise types include paper and pulp, katha and
cutch, veneer and plywood, sawmill and furniture, distillation plants, wood seasoning and
treatment plants, joining woods, parquet, block board, particle board, bio-char, lac and silk, rosin
and turpentine, nurseries, bamboo and rattan, botanical garden, tissue culture, agroforestry, cold
store for medicinal plants, pharmaceuticals using medicinal plants, wildlife farming, ecotourism,
etc. As the record of forest-based enterprises is not available updated in one official page, it is
difficult to get updated data. But still the data received from the Gharelu tatha sana udyog bikash
karyalaya of all the 12 district of Lumbini province (compiled by Forest Directorate of Lumbini
Province) is presented below, which shows that about 85% of the registered enterprises are in
operation and still new enterprises are getting registered every year. This shows positive sign as

regards forest based enterprises.

Table 9: Enterprises in Lumbini Province

S.N. Type of Enterprise Up to 2080 Ashadh (B.S.)
Registered | In operation | Operating Percent-
age
1 | Saw-mill 721 578 80.17
2 | Furniture 2372 2046 86.26
3 | MAPs processing enterprise 52 34 65.38
4 | Veneer/ Plywood 37 23 62.16
5 | Others 156 145 92.95
Total 3338 2826 84.66

Issues related to forest-based enterprises:

Some forest based enterprises are getting better and better during recent days, whereas some are
on the verge of giving up. For example, plywood industries are booming day by day and its export
is increasing, whereas industries related to katha and cutch, rosin and turpentine are on the state
of bankruptcy. It is because of certainty of raw materials availability and congenial export policy.

However, most of the industries based on timber are facing problem by uncertainty in the
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availability of timber due to erratic policy regarding forest management. Nepal Government
once had approved the scientific forest management guideline, was quashed away without giving
any other valid option of forest management and without suggesting for any improvement in
the existing guideline, leading to dilemma in forest management and no collection of wood
from national forest for about three years. This led to import of timber, aluminium, and other
commodities. On the other hand, government policy hinders the export of timber by imposing
200% custom duty on export of timber (which has recently been decreased to 50%), whereas
the import of timber is not levied. This policy discourages active forest management in Nepal
because of availability of imported wood at cheaper rate. So, there is challenge of producing
timber at low cost, which may be possible by decreasing the cost of collection of timber by
mechanization of timber harvesting procedures and improved yarding systems in combination

with other improved practices.

Similarly, there is no any provision of soft loan for promotion of forest-based enterprises; and
the insurance for the forest-based enterprises is quite impractical, because forest entrepreneurs
need to pay 10 times more premium as compared to that of other enterprises (based on discussion
with entrepreneurs at Nepalgunj). The furniture industries cannot take part in the auction
process of timber (in those districts where there are saw mills), rather they have to purchase
timber from saw mills, who are only authorized to purchase timber. In this way, government
policy has somehow created the syndicate of saw mills in the trade of timber in domestic market.
Moreover, the online marketing of plants and plants' products from unregistered vendors are
posing threat to well established enterprises, by increasing competition. So, the regulatory
mechanism as well as taxation system from the online vendors needs to be developed to keep in

track the online market and stop ill competition.

The fixation of royalty rate of timber and other forest products are not based on domestic
and international market price, which hinders the export of timber and even the domestic
consumption. One businessman argues that Pine timber is exported to India from US at the
rate of Indian Rupees 350 per cu. ft., but it is impossible for Nepal to export the Pine timber at
that competitive price. So, the royalty rate for any forest products should be fixed taking into

consideration the international market rate and competition there-in.

Some species of medicinal plants are not mentioned in the list of plants to be imported to India,
so the quarantine office of Indian side does not allow entry of those medicinal plants to India.

But those species were previously exported to India, when there was not the online system of
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quarantine at Indian side. Such problems should be resolved by the higher authorities of both

countries.

The environment protection rules and regulations require an enterprise to conduct Initial
Environmental Examination (IEE) or Environmental Impact Assessment (EIA) based on
extensiveness of the enterprise. The IEE/ EIA processes are very much criticized as it is much
time consuming and is becoming a hindrance for enterprise promotion. So, the Government
should establish a research wing and think tank to resolve the contemporary issues and promote

innovative concepts, which is lacking.

Besides these policy issues, there are other issues related to inadequate infrastructure
development to facilitate development of forest-based enterprises, for example, inconsistent
electricity, poor network and quality of road for transport of raw materials and distribution of
finished products. Moreover, internationally accredited laboratory establishment at different
boarder points and major cities is a dire need of present day, which could test the quality of

products and provide standardization and certification to fetch premium price.

Export of raw materials without any value addition, especially the medicinal plants, is fetching
very less foreign currency. So, processing to some extent should be promoted by appropriate
policy mechanisms, which could create opportunities in rural areas and the resources could also

get properly conserved.

Sal timber is only regarded as good timber in Nepal and other timber are called ku-kath (bad
wood), so wood treatment and preservation should be promoted by appropriate measures.
Transport of timber is often obstructed by harsh traffic check in the highways and wrong pre-
occupied notion of police that there is something wrong in it guided by rent secking behavior
of all the sections of society from youths to different groups to all other stakeholders. This
poses a big problem in transport and re-transport of forest products, which is always thought

suspicious.

Outmigration of people from the hills has left agricultural land unused and so this has given us
both opportunities and challenges of utilizing those land resources for production of valuable
species of plants for raw materials production. The abandoned land in the hills are getting
converted to bushy forests and posing threat by becoming wildlife habitat. So appropriate policy
mechanism needs to be formulated so that such abandoned agricultural land can be leased to

the poor households and utilized properly to produce raw materials for industries.
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Way forward

Realizing the huge potentiality of forestry sector for production of timber, firewood, NTFPs
and other products, conducive policy environment should be created by the government. For
this the government should guarantee uninterrupted supply of raw materials to forest based
industries by clearly stipulating objectives of forest management and giving high priority to
forest management. Policy support for forest based enterprise promotion should focus on -
easing the insurance mechanisms, providing soft loan, waiving of taxes for export to some extent,
revisiting royalty rates taking into consideration the international market and domestic market,
supporting for advance technologies, establishing research-wing or think tank, promoting easy
and smart tracking of forest products' transport and re-transport, establishing internationally
accredited laboratories for quality control and certification, attracting investments for large
scale forest-based industries and providing security to the investment, resolving quarantine
related problems between and among countries, charging more custom duty on import of
forest products, and their substitutes, etc. This would demand some reform in the existing

institutions and update human resources with appropriate financial support mechanism.

It is quite certain that the production of forest products will be excess of our domestic market
demand if only half area of the productive forest is managed, which will create opportunity for
export of the forest products to foreign countries. So, our country should strengthen linkage
with different stakeholders not only within our country but also internationally in different
fora to search for international market. Besides, the coordination and cooperation among
different line ministries, departments and stakeholders within the country is crucial, which
could support technological advancement and innovation, besides market linkage development

and advertisement.

Timber market in the country is mostly controlled by private sector saw mill owners, who have
developed a form of syndicate in the timber trade. So, to break the syndicate, fixing maximum
retail price (MRP) of timber, allowing furniture industries to take part in timber bidding,
strengthening the Forest Corporation (Ban Nigam), easy distribution of timber through Ban
Paidawar Aapurti Samiti (Forest Products Supply Committee at District level) could be some
measures. Similarly the government should fix and update royalty rate periodically based on
international market rate; and export of timber to foreign countries should be promoted by

waiving heavy custom tax in export of forest products, rather the import should be discouraged.
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Government should promote domestic wood consumption in construction of government
office buildings, even if it is costlier, so that it could have multiplier effect of employment
generation and push factor for forest management as well. Bagmati province has already made
it compulsory to use domestic timber in government building (by the decision of 2081 Baisakh
31). Other provinces as well as the federal government should make similar decision like
Bagmati province to promote domestic wood consumption and replace the imported wood and

its substitutes.

Private sector's involvement in forest management should be promoted not only in the leasehold
forestry but also in the block forest management, because the current capacity of forestry
institution is quite limited. So, attracting the investment from private sector and guaranteeing
the security of the investment is important to create enabling environment. The procedure of
leasehold forest for business purpose is quite complicated, which needs to be simplified; and
the 10% increment every year in the land rental is working as a hindrance for attracting the

investment, which should be amended reasonably.

Currently there is a wrong notion among people that trees should not be felled to save the
forest and carbon in the context of climate change. This wrong notion is hindering the
forest management indirectly. So, extensive extension activities regarding forest management
modalities needs to be carried out through different media as well as through school education
so that all sections of society could be made aware of the forest management and its effect
on the carbon sequestration and the climate change. The vocational education in school level
should also incorporate traditional wood works, carving and carpentry, which may transfer out

traditional knowledge of carving to new generations.

In our practice, the estimation of timber and firewood before felling operation is done based
on ocular-cum-mechanical method, where error is unavoidable. Mostly, height of trees is
estimated on the basis of ocular estimate, and diameter or girth is measured with tape, and
on that basis volume is estimated before felling, which differs significantly due to hollowness
or canker. The difference in estimated volume before felling and the real volume after felling
creates problem for the forest technicians, who are always suspected of wrong doings, even it
is due to unavoidable error and canker, which cannot be predicted beforehand. So, high-tech

instruments of tree measurement need to be introduced to minimize the errors.
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Conclusion

Forest management is indispensable for continuous supply of raw materials to run forest based
enterprises. The Government needs to realize the potentiality of forestry sector, and on that
basis should clearly stipulate the objective of forest management, allocate sufficient budget, and
provide technological and institutional support with policy reform for enterprise development
in the competitive domestic and international market. Forest management for enterprise
development should get high priority by the Government for employment and revenue
generation besides ecological improvement. Nepal should now target to earn foreign currency
from the export of forest products by policy reforms, and once again the popular saying of
Hariyo Ban - Nepal Ko Dhan should be made true. Attracting investment from private sector
as well as from international community for large scale forest based industries should be our
next priority, which will boost our national economy. The capacity of Government institutions
should be developed so that they can work not only as regulators, but also as facilitators for
forest based industries. The technological innovation, research, market linkage, exposure visit,

etc. should be accompanied with the reform in the Government institutions.
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Silviculture System for Chir Pine Forest Management :

A Valuable Tree Species of Midhills of Nepal
Shankar Prasad Gupta’

Abstract

Pinus roxburghii Sarg. (Chir pine) is an important native conifer species of the subtropical region in the mid-
hills of Nepal. It has dominated the coniferous forests of the country, which constitute 8.45% of the total forest
area of Nepal (DFRS, 2015). Chir Pine is an important structural grade timber and, therefore, it would be
advisable to manage them under long rotation so that they reach an exploitable size of 60 cm in diameter or
above before resorting to final felling. The Chir pine forest in Nepal has not yet been mandated with a specific
silvicultural-based forest management system. Various study analyses showed results suggesting 90—120 years
as the rotation age for Chir pine. In India, Pakistan, and other countries, Chir pine has been managed
under a uniform shelter wood system with a 30-year regeneration period and four periodic blocks, which is
unpractical in our context of Nepal. Therefore, a combination of systems that ensure natural regeneration and
shorten the regeneration period should be envisaged. In this paper, the Group Selection Cum Shelter Wood
System _for Chirpine Forest Management has been recommended, which is best suited to our existing context

of community-based forest management modalities.
Keywords : Chir Pine Forest, Silviculture System, Forest Management
Introduction

Forests and trees have social, ecological and economic importance to humankind. It is high
time to manage forests sustainably to ensure supply of forest based goods and services. Forest
ecosystems have potential to reduce poverty, enhance economic growth and prosperity thereby
contributing to sustainable development. Realizing the urgent need for sustainable management
of Nepal’s forest and recognizing the huge potential for the prosperity through forestry, a new
vision on forestry viz. “Forestry for Prosperity” was announced on 2012. Most of the accessible
forests are handed over and managed under difterent community based forest management

modalities (community forests, collaborative forests, leased forest).

Despite of invaluable contribution to sustain food, water and energy systems, forestry sector has

never been considered as high priority sector by the government in terms of resource allocation.

1 Senior Divisional Forest Officer, Division Forest Office, Pyuthan,
Email: shankarpdguptal @gmail.com
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It remained rather blamed for less paying in the government treasury and environmental over
concerned and hurdle for various kinds of resettlement schemes and development of physical
infrastructures by so called power producers, miners/extractors and other physical infrastructure
developers (K.C. Paudel, 2018). Forest management in Nepal has been inarguably dominated
by conservative narratives and therefore remained for decades without any active forest
management initiatives. Forestry was limited to plantation, protection and to some extent
thinning, pruning, fodder and grass cutting and removal of 4-D (dead, dying, diseased and
deformed) trees which eventually led to overstocked stand (Hunt et al., 2001).

Silvicultural systems are essentially planned programs of treatments designed to achieve
specific forest management objectives over the life of a stand. This approach ensures that forest
managementis sustainable and considers ecological, economic, and social factors. Currently, The
Forest Regulation 2022 emphasizes the use of silvicultural systems for managing national forests.
Rule 15 specifically mandates that these systems should incorporate indigenous knowledge,
traditional practices, community participation, and good governance. Certainly, sustainable
forest management in Nepal is a crucial endeavor, especially given the country’s diverse
ecosystems and the need to balance conservation with sustainable utilization. Many attempts
were made in the past by various institutions for silvicultural management of Nepal’s forests in
Tarai but failed due to various reasons such as lack of institutional capacity, political back-up and

conflict of interests among stakeholders.

Silviculture based Forest Management program is now implemented and confined mostly
in degraded Sal and mixed hardwood forests of some district of Terai region. Other forest
types include planted Eucalypts, Teak and Sissoo in Sagarnath area. Silviculture system
based management initiatives are implemented in collaboration with local community and
collaborative forest users and very few blocks of government managed forests. Silvicultural
systems applied include mainly irregular shelter wood system followed by simple coppice,

coppice with standard and selection system (K.C. Paudel, 2018).

Rationale of the paper

Chir pine is dominated the coniferous forests of mid-hills of the country, which constitute
8.54% of the total forest area of Nepal (DFRS, 2015) being the fifth most dense tree species in
Nepal with 7.05% of total volume in forest. Because of the high survival rate and simplicity in
the establishment, a massive Chir pine plantation has been done in more than 22000 hactare
in the hills of Kavre and Sindhupalchowk districts during 1970s and 1980s (Hunt et al., 2001).
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Chir pine is commercially important plant species used for timber, turpentine and several
medicinal and cultural purposes (Tiwari, 1994; Siddique et al., 2009). It is prized for its straight
trunk, durability, and suitability for construction purposes. Chir Pine is considered a structural
grade timber, meaning it is well-suited for load-bearing applications in construction. It can be

used for beams, columns, trusses, and other structural elements.

Chir pine Forest management in Nepal has been inarguably dominated by conservative
narratives without any active forest management initiatives. Chirpine forest management has
been limited to plantation, protection and to some extent thinning, pruning, fodder and grass
cutting and removal of 4-D (dead, dying, diseased and deformed) trees. Till now, Chir pine
forests are managed under selection (AAC) system where 4D and fallen tree are only utilised.
No any specific Silvicultural based forest management system has been prescribed yet for chir
pine forest in Nepal. Thus this paper try to propose a best silvicultural sytem for management
of chir pine forest that is socially, economically and ecologically best suits to our local context

of nepal
Characteristics of Chir pine Forest

The chir pine (Pinus roxburghii Sarg.) is a native tree species of the Himalaya. It generally occurs
up to 1200m, but at some sites it extends to over 2000m on exposed, dry south facing slopes,
and well drained area. It is found in the west of Nepal on all aspects, but in the central and east,
it tends to be confined to southern aspects and dry lower slopes of large river valley. It can be an

excellent species to study the state of past climate with tree ring analysis (Bhattaracharya, 1992).

P roxburghii is invasive in nature and can easily replace broadleaved species, ultimately leading to
monoculture forest development (Bhandari, 2003). It is a light demanding and fire promoting
species. Surface fire causes substantial loss of nitrogen, and this depletion on nitrogen is the
major cause of monoculture development of pineforests (Singh et al., 1984). The forest consists
of rugged topography with steep slopes but is covered by a dense canopy of pine trees. the
pine trees are highly resistant to damage by fire on account of having exceptionally thick bark,
however, severe fires may damage the natural regeneration or the young growth. the Chirpine
needles are the main burning material that is resulted into severe forest and caused a lot of

damage to the ecosystem as a whole.

+ Although young trees are also capable of producing fertile seeds but these are not sufficient
particularly in adverse circumstances. Therefore, ample seeds from mature seed trees

should be available in order to bring about eftective natural germination. On account of
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being light demander, the best germination comes in open conditions. Although pine grows
in physiologically dry conditions, therefore, can withstand low water conditions but severe
droughts affect the germination adversely. Further, the exposure to light, moisture is affected
by topography and soil of the area, accordingly it also affects the germination. Likewise, fire
incidence and its severity and grazing activity have adverse impacts on regeneration. The chir
pine has fair seed years at every 2 to 3 years and a good seed year once in 4 or 5 years. further,
due to rugged topography with steep slopes, harvesting operations of Chirpine is much more

laborious. Also annual coupe, fire line and forest path construction is inpractical.
Rotation Age of Chir Pine

One of the most important questions in the management of a forest is the proper rotation
age at which a forest crops should be harvested (Plotkowski et al., 2016). There are two main
approaches for estimating rotation age, the first one is physical rotation age or silvicultural
rotation age, which is based on the capability of forest trees to continue satistactory growth and
reproductive function at a given site. The second approach for rotation age is economic rotation
age or management rotation age, which is based on the culmination growth of mean annual
increment (MAI) or some time periodic MAI (Spears, 1822 Bilal Ahmad et al., 2015). Proper
rotation age of the forest tree in given site is dependent upon maximum sustainable yield (Reed,
1986).

The studies have indicated that the tree DBH and height shows a logistic type of relation with
stand age, 1.e., first increase slowly then at faster rate and later-on the tree growths decline or
level-oft at higher ages. The tree DBH and height increase slowly in the initial stage (upto the
age of 40 years) then grow faster (upto the age of 115 years) and thereafter growth becomes
slower and finally decline, exhibiting a logistic type of curve (Ahmad et al., 2018). Similar
growth pattern has been reported by Luo & Liao (2008). On the other hand, the tree basal area
and volume initially increase slowly (upto the age of 55 years) and then continuously increase
at faster rate with age (upto the age of 115 years) and thereafter increase with slow growth
rate (Ahmad et al., 2018). R. W. Hussain suggest 90-95 years as rotation of maximum volume

production for chir pine forest.

Chir forests are generally worked under Uniform System on a rotation of 120 - 150 years,
with a regeneration period of 30 years. In India and Pakistan, Pine forest has been managed
under shelterwood system consist of four periodic blocks with a rotation age of 120 years and

a regeneration period of 30 years. Regeneration period under shelterwood system for chir pine
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management is kept higher considering the periodicity of good seed years, the danger from

incendiary fires, rugged topography and the time required for establishment of regeneration.
Silviculture Systems for Management of Chir Pine forest

Harvesting of mature forest crop, regenerating the harvested area and tending of young crop are
major silvicultural operations in forest management. Silvicultural system provides a framework
for carrying out these silvicultural operations in a systematic manner. Yield is the annual amount

of produce that can be realized sustainably.

Initially, the chirpine forests were managed under selection system whereas now a days it has
been modified and are being managed under uniform or shelter wood system. The regeneration
operations comprises of reduction of the canopy density by felling of a part of mature stands.
These fillings are generally referred to as seeding felling, secondary felling and final felling.
These felling are carried out as the regeneration establishes and completed over a prescribed
period known as regeneration period. The area set aside for regeneration during the regeneration

period is termed as Periodic block.
Uniform Shelterwood System for Chir Pine Forest Management

In this system, canopy is uniformly opened over the whole area of a compartment to
obtain uniform regeneration. The old crop is removed in succession felling and the regeneration
is obtained from seeds shed by the seed bearers which are retained in the area for this purpose.
Sometimes Natural Regeneration is supplemented with artificial planting. The old trees are
removed in successive felling known as regeneration or seedling felling which extended over a
period of years. Chir Pine forests consist of four periodic blocks (PBI, PBII, PBIII, PBIV) with
a rotation age of 120 years and a regeneration period of 30 years. These blocks correspond
to stands of different ages (1-30, 31-60, 61-90, and 91-120 years) within the overall forest

management plan.
Group Shelterwood System

it is a silvicultural system in which regeneration felling are carried out in a groups rather than
uniform felling like shelterwood system due to the presence of advance growth which induces
regeneration de novo. group of promising advance growth is identified and located in the
compartment. Seeding felling is done all around the periphery crating initial groups. If advance
growth is inadequate, gaps are created by felling. Secondary felling is done when regeneration

appears in gaps in the first group. Then final felling is done in the group first, seeding felling is
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done in successive areas. In this way, felling is proceed so as to complete the whole forest.
Group Selection System

in this system, trees are felled in groups instead of being a scattered single tree. the size of
the groups varies with aspect, slope, height of surrounding trees, etc. in this, groups are not
enlarged centrifugally as like in shelterwood group system. crop obtained is irregular but within

the groups, all trees are similar in age.
Applicable to our context in Nepal

Chir pine is a major species found in the midhills of Nepal, where most of the accessible forest
is managed by community forest user groups. A part from fulfilling the local users demand for
timber and fuelwood, The Chir pine forest has played a crucial role in socio-economy of users
by selling the timber in the market and tapping the oleoresin from it. It is important to ensure
that the silviculture system chosen for managing Chir pine forest is compatible with the users'

management plan, local management practices, and topography.

The shelterwood or group shelterwood system for the Chir pine forest has adopted a rotation age
of 120 years and a regeneration period of 30 years in India, Pakistan, and other countries. So in
these systems, a forest management plan of at least 30 years is needed to ensure regeneration and
establish future crops in a Periodic Block. However, forest management plans for community
forest user groups or national forests in Nepal typically take 5-10 years to implement. A forest
management plan of 30 years is not practicable, affordable, and justifiable in our context of
Nepal. Therefore, a combination of systems that ensure natural regeneration within a short
period within the forest management plan should be envisaged. "Group Selection cum Shelter
Wood System" for Chirpine forest management has been proposed here combining the two
silvicultural systems namely the group selection silviculture system having the advantage
of its short regeneration period and the shelterwood silviculture system that ensure natural

regeneration.

In this proposed system, the whole forest will be divided into 6 to 8 blocks, based on the age
of the trees, status of regeneration, locality, facing, slope, etc. The forest with an older age of
trees (about above 50 years old) would have a smaller number of blocks whereas the forest with
lower ages would have a higher number of blocks. A block with the oldest stand will be selected
for the first regeneration felling and harvesting. The regeneration fellings in a whole block will

be carried out in 10 groups in 10 consecutive years of the Forest Management Plan. Immature
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trees of diameter up to 40 cm would left as part of the future crop (as an advance growth). The
assumption behind not cutting trees up to 40 cm diameter at breast height in a stand is that even
after final felling, the stand would have at least 30-year-old trees, i.e., the stand age can be taken

as at least 30 years old.

First regeneration felling will be done where already advanced profuse regeneration is available.
First preparatory felling will be done to create a canopy open where there is more likely to
easily attain regeneration for next year regeneration felling. The regeneration felling would be
diftused over the block over the ten years of period where regeneration foci are available rather
than consecutive fellings. The number of seed bearer trees retained is usually 12—15 per hectare
on cooler aspects and 15-20 on dry and hot aspects. The seed bearers are retained on the ridges
and on the upper portions of the slope so that they can command maximum area. Yield would
be regulated on the basis of number of trees method rather than volume or area controlled

method.

The seed bearers are removed from fully regenerated areas when the regeneration is 4 to 5
meters high on gentler slopes and 6-7 meters high on steeper slopes. Even after final felling,
in areas with frequent and destructive fires, it is usual to retain 3-5 trees per hectare to provide
seed in case a young crop is destroyed by fire. There will be no felling on slopes steeper than
45 degrees, unstable rock and landslide-prone slopes, within 100 m of important water sources,

and 50-100 m strips on either side of streams.

The area is continuing to be controlled-burnt and protected against grazing and burning.
Protection is continued till the regeneration is 2 meters high on gently sloping ground and 3
meters on steeper ground. After which controlled burning is started, and the grazing is allowed

as soon as this can be done without harm because this reduces fire hazard.
Resin Yield and wood properties of Chir Pine Forest

Chir pine is the primary species commercially tapped for oleoresin. Oleoresin production or
resin tapping is important for the oleoresin based industries and responsible for employment of
large numbers of rural people. Resin tapping is an important activity to increase the profitability
of pine forests as it constitutes an annual income. It contributes to job creation in depressed

rural areas and compels the management of pine forests, reducing the impact of fires.

Higher oleoresin yields from Pinus roxburghii depended on diameter of trees, diameter of
boreholes and concentration of chemical stimulant. Generally, the larger diameter trees were
associated with higher oleoresin yield. The highest oleoresin yield of 1304 g/hole/tree was
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recorded from the trees of 38-40 cm diameter class and the lowest oleoresin yield of 865 g/hole/
tree was found in 30-32 cm diameter trees (Kulwant Rai Sharma and Chander Lekha, 2013).
Mathauda (1961), Lohani (1968), Kaushal et al. (1983), Kaushal and Sharma (1988), Chaudhari
et al. (1992), Singhal (1996) and Murtem (1998) have also reported that diameter has positive

and significant effect on oleoresin yield in Pinus roxburghii.

Also at the wood level, resin tapping activity exploits the most commercially valuable part of the
stem. Thus, a question arising is whether resin tapping changes the characteristics of wood and if
those changes imply any limitations to its use, devaluing it. One way of answering this question
consists in comparing the anatomical, physical, chemical, and mechanical characteristics of

wood from resin tapped and non-tapped trees.

Resin tapping does not induce significant anatomical changes in the width of the growth ring
and in the resin channel area. There is a significant increase in the number of resin channels in
the resin tapped trees after the first year of resin tapping. Resin tapped trees had higher wood
density, especially on the incision side. No significant difterences were observed for the other
physical properties. The wood of resin tapped trees has a greater capacity for elastic deformation
on the incision side. The wood of resin tapped trees is less rigid and brittle, withstanding higher
stress at the maximum load point on the incision side (K. Venkaiah & D. Mutum, 2007). Thus
resin extraction is an activity that should be contemplated in chir pine forest management plans
as it does not interfere with the main characteristics and properties of wood and promotes
increased profitability of pine stands. Heavy resin tapping can also be done before felling activity,
along with Chir Pine forest management, which provides economic revenue and employment,

thus contributing to the socio-economic development of rural areas.
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River system based watershed management: Practice and
lesson learnt in the Lumbini Province
Shivaram Adhikari', Saroj Pokhrel, Rakesh Sahi’

Introduction: Watershed management

Watershed is a topographically delineated area that is drained by a stream system i.e. all of the
land draining its rain, snowmelt and ground water into a stream or river (Corn, 1993; Swallow
et al., 2001). Broadly, watershed management is “the process of guiding and organizing land
and other resources use in a watershed to provide desired goods and services without adversely

affecting land resources.

Watershed management integrates various aspects of hydrology, ecology, soils, climatology and
other sciences to provide guidelines for choosing acceptable management alternatives within
the socio-economic context taking into consideration the interactions and implications among
land resources and the linkages between upstream and downstream areas” (Brooks et al., 1991;
Sen et al., 1997).

Watershed management is a rational utilization of the land for optimum production with
minimum hazard to natural resources. It essentially relates to soil and water conservation in the
watershed, which means proper land use protecting against all forms of deterioration, building
and maintaining soil fertility, conserving water for farm use, proper management of local water
for drainage, flood protection, sediment reduction and increasing productivity, from all kinds

of land uses.

Integrated Watershed Management

Integrated Watershed Management (IWM) is a comprehensive multi-resource management
planning process, involving all stakeholders within the watershed, who together as a group,
cooperatively work toward identifying the watershed’s resource issues and concerns as well
as developing and implementing a watershed plan with solutions that are environmentally,
socially and economically sustainable (Botero, 1986; UNEP, 2004). The holistic approach
allows organizations and stakeholders to consider a system in the context of the higher levels in
which it is embedded and provide insight into the significance of phenomena at lower levels.

It deals with the management of natural resources but also involves community development

1 Watershed Management Director, Soil and Watershed Management Office, Palpa
2 Senior Soil Conservation Officer, Soil and Watershed Management Office, Palpa
3 Senior Soil Conservation Officer, Soil and Watershed Management Office, Rolpa
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and economic activities. Promoting integrated watershed development programs through
the effective participation of local people is intended to prevent further ecological imbalance.
Such an approach is needed for conserving, upgrading and using land, water, plant, animal
and human resources (Mountain, 2002). IWM encompasses the holistic approach to managing
watershed resources that integrates forestry, agriculture, pasture and water management, which
can be broadened to rural development with a strong link to the livelihoods of the local people.
Therefore, the watershed management approach has become an increasingly important issue in

many mountainous countries, including Nepal.

The objective of IWM is to implement watershed management program/activities with the aim
of land improvement, soil and water conservation, and forest management in mountain areas.
The holistic nature of an ecosystem requires holistic management since one sector’s activity

will affect another’s responsibilities.
River system based watershed management

A river system includes the main river and all its tributaries. The health and functionality of
a river system depend on the health of the entire watershed. River system-based watershed
management involves the integrated planning and management of land, water, and related

resources within a watershed or river basin. The goal is to achieve sustainable management of

these resources while considering the ecological, economic, and social needs of the region.

i Hddgel UOTIGHaAT 3MENRd dol RAaAud Addetll Al aldt s
(@o1 Jard!1 AfAHdETD BRI )



“JAlLD! T dol, ICUTGT I CUICDHCT Jleg T AT ol Tdagiol YUICHAN N RO ol cAaNuer”

Historical perspective of Watershed management in Nepal

A systematic approach to WM was first adopted in Nepal in 1966, when the United Nations
Development Programme (UNDP), FAO and the Government of Nepal jointly initiated
a pilot project called Survey and Demonstration for the Development and Management of
the Trishuli Watershed, which was implemented through the Department of Forests. This
project lasted for four year, and carried out diversified activities related to WM. Its aim was to
serve as a demonstration scheme for identifying the most suitable approach to mountain area

development (Bajracharya and Aung, 1966).

In 1974, following the recommendations of a high-level Nepalese team that had visited various
soil conservation projects in India, the Government of Nepal established the Department of
Soil and Water Conservation (DSWC) under the Ministry of Forests. It was responsible for
the effective implementation of soil and water conservation in Nepal. The soil conservation
tunctions of the Department of Forests, those of river training of the Department of Irrigation,
and of farm and water management of the Department of Agriculture were transferred to
DSWC (Government of Nepal, 1974). DSWC initiated the field testing of various technical
methodologies and institutional set-ups at priority sites in selected watersheds and at river

training projects.

Within five years it had gathered the technical expertise necessary for combating watershed
degradation, established an institutional mechanism to address resource management issues
through increased inter-agency cooperation and developed a procedure for involving local

communities in the planning and implementation of watershed programmes (Upadhaya, 1985).

After the inception of integrated rural development (IRD) projects in 1982, soil and water
conservation activities were implemented under a two-pronged strategy of dispersion and
concentration. In IRD projects, a wide range of soil and water conservation activities were
dispersed simultaneously throughout the project districts, while watershed project activities
were planned and implemented in a more concentrated manner. However, activities were
not properly integrated, and project results were disappointing. This led the government to
recognize the need to adopt an integrated and holistic approach to WM. In 1980, it transferred
DSWC’s responsibility for flood control to the Department of Irrigation, which was renamed
the Department of Soil Conservation and Watershed Management (DSCWM) in order to

emphasize its roles and responsibilities in integrated WM, particularly in upland areas.

In the meantime, some donor-assisted projects, (Such as the Swiss- and German-assisted Tinau
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Watershed Management Project and the United States Agency for International Development
(USAID)-funded Resource Conservation and Utilization Project) were working in relatively
large watersheds to develop participatory and integrated WM models. However, these projects
tended to ignore the users of watershed resources, and many line agencies sidetracked project
activities. One of the lessons learned from this experience was that the impacts of WM are not

made visible by spreading activities over a wide area.

In the mid-1980s, sub-watersheds were considered the appropriate unit for WM interventions,
and it was recognized that local people must be involved in the planning and management of
watershed resources (TDR, 1988). The 1988 Master Plan for the Forestry Sector (MPES) also
emphasized the importance of people’s participation and integrated approaches in WM. Thus,

local people started to be actively involved in sub-watershed activities.

At present, with Nepal's federal structure seven provincial governments have soil and watershed
management offices under the provincial forest and environment ministry while four basin
level offices viz Koshi, Gandaki, Karnali and Mahakali river basin offices and federal watershed
management resource center, Kulekhani are working in federal level for soil conservation and

watershed management.
Institutions and legislations

The institutional development of WM in Nepal started with the inception of the DSCWM
as the principal authority for WM functions. It gradually expanded with the establishment of
District Soil Conservation Oftices (DSCOs), which mobilize user groups to take the initiative
in planning and implementing WM interventions. The 1982 Soil and Watershed Conservation
Act (SWCA) and its 1985 Regulations were promulgated specifically for the conservation
and management of watershed resources. Other legal tools that contribute to the systematic
institutionalization of WM in Nepal include the Forest Act (1993), the Water Resources Act
(1992), the National Parks and Wildlife Conservation Act (1973), the Environmental Protection
Act (1996), and the Local Self-Governance Act (LSGA) (1999), and their respective regulations.

The constitution of Nepal, 2015 has recognized "Each person shall have the right to live in
a healthy and clean environment" and ensured legal provisions to strike a balance between
environment and development for the use of national development works. National periodic
plans aim to mainstream climate change issues in all levels, sectors and regions and develop
policies and plans at state, province and local levels. National action program (NAP) 2004

stated the total of 24 programs and 88 action plans in 16 areas. The major programs are forest
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management, soil and water conservation, pasture management, special programs for the
mountains, food security and poverty reduction, early warning and disaster relief systems and
cross-sectoral programs. Climate change policy, 2019 has established sectoral policies, strategies
and working policies. The main sectors are agriculture and food security, forest biodiversity and
watershed conservation, disaster risk reduction and management etc. Disaster risk reduction and
management act, 2017 envisages disaster management committees at local, district, provincial
and central level to coordinate all kinds of measures to address disaster management hence to

protect lives and properties of people and natural and cultural heritages.
Watershed management in Lumbini province including its key aspects

Lumbini Province is one of the seven provinces of Nepal, named after Lumbini, the birthplace of
Lord Buddha. Itis country's third largest province in terms of area as well as population. Lumbini
borders Gandaki Province and Karnali Province to the north, Sudurpashchim Province to the
west and Uttar Pradesh and Bihar of India to the south. Lumbini's capital, Deukhuri is near

the geographic center of the province.

Lumbini province comprises mostly of mountainous landscape with various natural resources
such as forestry, agriculture, pasture, water, minerals and soils. The province comprises of
number of important lakes, rivers and environmentally sensitive and important areas. There are
some important rivers such as Kaligandaki, Tinau, Rohini, Banganga, Rapti (also called as West
Rapti), Babai, Badigadh, Ridi, Ghodaha, Bhaluhi river etc in this province. These rivers are
fed by several small streams that originate in Chure, Mahabharat and midland region. Among
them, Tinau, Rapti and Babai are major watersheds of this province. Management of watersheds
of these important river systems deserve for integrated approach of management to resolve
the watershed degradation issues like forest depletion, biodiversity loss, land degradation,
improper water management, air pollution and food security holistically. Integrated approach of
watershed management is more crucial in river system where degradation problems are further
aggravated by improper management of upstream areas and where lacking of planning and

implementation of upstream and downstream linkages are existed.

River system-based watershed management in province is crucial due to the province's diverse
topography, climate, and reliance on water resources for agriculture, hydropower, and drinking

water.

20 Jdagel UOTIGHAT 3TRNRd dol RAd3ATuol Jddoe A NSt i
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Key Aspects of River System-Based Watershed Management
1. Topography and Hydrology:

e Nepal's terrain ranges from the high Himalayas to the flat Terai plains, creating varied

hydrological patterns.

e Major river systems include the Koshi, Gandaki, and Karnali, which originate from the

Himalayas and flow south into India.
2. Climate and Water Resources:

e The country experiences a monsoon climate, with most precipitation occurring during the

summer months.

e Watersheds play a critical role in capturing and managing this water, ensuring its availability

throughout the year.

3. Socio-economic Factors:

e Agriculture is the primary livelihood for a majority of Nepalese people, relying heavily on

river-fed irrigation.

e Hydropower is a significant economic sector, with rivers providing potential for energy

generation.

Practices adopted for river system based watershed management

Various practices are implemented for river system-based watershed management, aiming to

balance ecological health, water resource management, and community livelihoods.

1. Disaster Risk Reduction and Natural Hazards Management (f&aa siRew =gfaetor qam
TTehfaes wehia saaeama) Catchment Area Treatment:

Landslide inventory and documentation, hazards mapping, gully treatment, landslide treatment,
torrent control, and stream bank protection activities using various engineering and vegetative
measures may be required for the disaster risk reduction in practice. Check dams, retaining
walls, diversion channels, grass sowing, and tree planting are the main types of works under
these activities. Most of these activities would be in uncultivated streambeds, or on steep slopes,
or on the area of lesser economic return, or on public lands; therefore, treatment usually causes
minimum disruption to local land use. So, while implementing these activities, objections from
the local people regarding ownership is less likely. However, these measures are very expensive

and people’s participation in cash will be more difficult.
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2. Sustainable Land Management (f&t s1-saswama)

Sustainable land management measures are those, which develop and improve productivity
of the land, and thus increase production through appropriate land use management on the
basis of land capabilities. The emphasis is on change of management practices to permit to the
extent possible natural processes to restore the land and bring land use in line with rational land
utilization. Degraded land rehabilitation, diversion channel construction, on-farm conservation,
fruit tree planting, silvi-pasture improvement, nursery, conservation plantation, conservation
trenching are designated as productivity conservation measures. Productivity conservation
measures need to be extensively applied throughout the watershed, on cultivated lands, range
and pasture lands and degraded forests and public lands, and application of these measures may
require interruption or change in the existing land use. Thus, while implementing these activities
objections from the local people regarding land tenure may be likely. Measures such as terrace
improvement and fruit tree planting, may result in temporary economic losses, and may require
provision of some form of subsidy for the individual who undertakes the activity. The program
can be successfully achieved only when it is launched as a part of an integrated approach with a
high degree of management and co-ordination. People’s participation, incentives, motivation,

education and extension are essential for success of the program.
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3. Development Infrastructure Protection (foemeest gatemr wwerr)

Development infrastructure protection measures are those which protect and stabilize the basic
development infrastructures such as reservoir, irrigation, road and others to improve economic
status of the people. These measures usually require more investment and a higher degree of
technology to design and maintain. Irrigation channel protection, trail protection, road slope
stabilization, water source conservation, shelter belt and buffer strip come under infrastructure
protection measures. Under these activities various engineering and vegetative measures may
be required. Check dams, retaining walls, diversion channels, grass sowing, tree planting, are
the main types of works under these activities. Most of these activities would be related with
the daily life of the people; therefore, while implementing these activities people’s higher
participation should be expected.

WWW
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£ Hddgel UOTIGHaAT 3MENRd dol RAaAud Addetll Al aldt Q3
(@o1 Jard!1 AfAHdETD BRI )



“JALEDT AT Tol, IcUICST I FeUIGACT gDl TlT dol Adagiol YU MENRA oM el cIaAa”

4. Climate Change Adaptation / Resilience Development (@R IRadT AdHe/
DA faHE)

Climate change is one of many challenges of developing countries that must be recognized
and responded to in planning for the future. By increasing risks to human health, welfare,
natural resources and ecosystems, climate impacts can threaten development goals such as
reducing poverty, increasing access to education, improving human health, combating disease,
or managing natural resources sustainably. Climate-resilient development ensures that people,
communities, businesses, and other organizations are able to cope with current climate variability
as well as to adapt to future climate change, preserving development gains, and minimizing
damages. Climate-resilient development is about adding consideration of climate impacts and
opportunities to development decision-making in order to improve development outcomes,
rather than implementing development activities in a completely new way. Climate risks cannot
be eliminated, but negative impacts on people and economies can be reduced or managed.
Climate-resilient development helps minimize the costs and consequences of climate impacts

so they do not hinder progress toward conservation and development of the country.

Sioary UREdT AgHEeT s
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5. Conservation Extension Material Production (%&mr Sam &R ATt Seare)

Conservation education materials are the basic tools for awareness building. Conservation
education material production includes the production of extension materials like brochures,
posters, pamphlets, booklets, leaflets, calendar, newsletter, slogan, publications, models and

audio-visual documentaries, which are the major materials used in conservation education.
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6. Monitoring of Soil Conservation and Watershed Management Program
The monitoring and evaluation of soil conservation and watershed management program gives
the information on programs/ activities, input/output indicator, and ongoing results/effects etc.
However, the monitoring and evaluation program is most essential to maintain the quality and
quantity of any implemented activities of the soil conservation and watershed management

programs.

7. Bio-engineering Plots Establishment and Management (3t $fafafig wie wormamr
TAT STTEATI)

Bio-engineering plot is the plot established for the purpose of demonstration and wider

dissemination of the conservation technologies along the road sides or in landslide prone areas

for the conservation of the roads and the lands.

T gfoaRy e gwwE
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Lesson learnt through river system based watershed management
The implementation of river system-based watershed management in Lumbini province has
yielded several valuable lessons that can inform future practices both within the country and

in other regions with similar challenges. Here are the key lessons learned:

1. Community Engagement is Crucial
Ownership and Sustainability:
e Engaginglocal communities in the planning and implementation of watershed management
practices ensures greater ownership and long-term sustainability.
e Community involvement leads to better maintenance of projects and adherence to

sustainable practices.
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Traditional Knowledge Integration:
e Incorporating traditional knowledge and practices of local communities enhances the
effectiveness of watershed management.
e This integration respects local culture and utilizes proven methods adapted to specific

environments.

2. Holistic and Integrated Approaches Work Best

Comprehensive Planning:

An integrated approach that considers the entire watershed, from upstream to downstream,

ensures that all interrelated factors are addressed.

This holistic planning helps in balancing ecological, social, and economic needs.

Cross-Sectoral Coordination:

Eftective watershed management requires coordination across different sectors, such as

agriculture, forestry, water resources, and disaster management.

Collaborative efforts lead to more comprehensive and eftective solutions.

3. Importance of Sustainable Practices
Sustainable Agriculture:
e Practices like agroforestry, organic farming, and contour plowing help in maintaining soil
health and water quality.
o Sustainable agricultural practices reduce negative environmental impacts and enhance

productivity.

Conservation Efforts:

Reforestation, soil conservation, and wetland restoration are essential for maintaining the

ecological health of watersheds.

These efforts prevent soil erosion, enhance water retention, and support biodiversity.

4. Capacity Building and Education are Key
Training and Awareness:
e Training programs for local farmers, community leaders, and other stakeholders on best
practices in watershed management are essential.
e Awareness campaigns help in educating the broader community about the importance of

sustainable practices.
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Institutional Strengthening:

Building the capacity of local institutions to manage watersheds effectively is crucial.

watershed management policies.

5. Adaptive Management is Necessary
Flexibility in Approach:

o Watershed management strategies need to be adaptable to changing environmental

conditions and new information.

e Adaptive management allows for adjustments in practices based on monitoring and

tfeedback.

Climate Change Considerations:

¢ Incorporating climate change predictions and impacts into watershed management plans
ensures resilience.

o Strategies like enhancing water storage, promoting drought-resistant crops, and preparing

for extreme weather events are vital.

6. Effective Policy and Governance
Policy Support:

o Strong policies and regulatory frameworks support sustainable watershed management

practices.

o Policies need to be clear, enforceable, and supportive of community-based management

approaches.

Decentralized Governance:

¢ Decentralizing management to local levels allows for more context-specific and responsive
actions.

e Local governance bodies are often better positioned to understand and address specific

watershed issues.

7. Economic Incentives and Sustainable Livelihoods
Economic Benefits:

¢ Linking watershed management to economic benefits, such as improved agricultural

productivity and eco-tourism, motivates local participation.

e Providing incentives for sustainable practices, such as subsidies for organic farming,

encourages adoption.

i Addgal UOTIGhian 3mENRd dol Aaenud Jddetll Al aldt Qe
(@o1 Jard!1 AfAHdETD BRI )

Strengthening institutions ensures better planning, implementation, and enforcement of



“JAlLD! T dol, ICUTGT I CUICDHCT Jleg T AT ol Tdagiol YUICHAN N RO ol cAaNuer”

Diversification of Livelihoods:

Diversifying livelihoods reduces dependency on single resources and increases resilience.

Supporting alternative income-generating activities, like beekeeping or handicrafts, helps

communities withstand environmental and economic shocks.

8. Monitoring and Evaluation

Continuous Monitoring:

Regular monitoring of watershed health and management practices is essential to

understand the impact and eftectiveness of interventions.

Use of technology, such as GIS and remote sensing, enhances monitoring capabilities.

Feedback Mechanisms:

e Establishing feedback mechanisms helps in identifying issues early and making necessary

adjustments.

e Community-based monitoring ensures local involvement and immediate response to

emerging problems.

Opportunities and Challenges

River system-based watershed management offers significant opportunities for sustainable

resource use, ecosystem conservation, and community engagement. However, it also

presents challenges, including fragmented governance, funding constraints, climate change

impacts, land use pressures, and the need for public awareness and technical capacity.

Opportunities

RS

Managing the entire watershed as a single entity can lead to more efficient and
eftective use of water resources, integrating land and water management practices.
Maintaining or restoring natural ecosystems within watersheds can enhance
biodiversity, improve water quality, and provide recreational opportunities.
Engaginglocal communities in the management process can lead to more sustainable
practices and ensure that local knowledge and needs are considered.

Coordination among various sectors (agriculture, industry, local levels etc.) can
lead to innovative solutions that balance different water needs and reduce conflicts.
Advancesingeographicinformation systems (GIS), remote sensing, and hydrological
modeling allow for better planning and management of water resources.

New technologies for water conservation, pollution control, and sustainable

agriculture can significantly improve watershed management outcomes.
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Funding and grants for watershed management projects can support infrastructure
improvements, conservation efforts, and community initiatives.
Watershed management can enhance the resilience of water systems to the impacts

of climate change, such as increased frequency of extreme weather events.

Challenges

Managing a watershed often involves multiple jurisdictions and agencies, making
coordination complex and sometimes inefficient.

Lack of clear policy and guidelines about watershed management after federalization
create problems for implementation agency.

Securing consistent and adequate funding for long-term projects is often
challenging.

Less number of offices with inadequate staffs in the province create problem for
implementation of watershed management activities.

Predicting the precise impacts of climate change on water resources is difficult,
complicating planning and management efforts.

More frequent and severe weather events can disrupt water supply and quality,
necessitating more robust management strategies.

Lack of awareness or understanding of watershed management among the public
can hinder community involvement and support.

Encouraging sustainable practices among residents and businesses requires
significant effort and time.

Incomplete or outdated data on watershed management can impede effective

management.

Conclusion

The experiences of river system-based watershed managementin Lumbini province highlight

the importance of community engagement, integrated approaches, sustainable practices,

and adaptive management. Strengthening local capacities, ensuring effective governance,

and providing economic incentives are key to successful watershed management. These

lessons emphasize that holistic, inclusive, and flexible strategies are essential for managing

watersheds sustainably and enhancing the resilience of communities and ecosystems.
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SCIence)g\T | I el IoolTIh! AT bTc (Harvesting), G'Hﬁ (Regeneratlng)'{ W (Tending)
FW T Wy | A FE, IHE T gHEA v g
FAHAATS a7 TFIGAH] FAHAIBE (Silviculture
operations) “Hﬁ"%g | PICT P e, I ‘\@W,
R AHUHT TEETH A HUH] TAFAT NG
| TXT SHN HTH HEH WUH! T AT @l SISHT
Mg | GRS FW ag1 IHFT TEEeH! Ageddl AUEH! AT Mg | saaedad T+
AU FHT W AN JET CEEeH] AEeddl WUH ATEAAT H1EA T FAM HH HA T
fieag | 7R0 TR Y ANTAT g FHTH] TEEEH]
AEeAAT HUDT ATTAHT ZHIST B WA T Aoy
| EHIGT BEAT GH T T3] B Mg |
Q@ fo%dr TAUST @il TAH a9 SIS AT o]

mmma@mmm

e}

FE A qAeCHEHT B A T 9 gy | aag L w il

Bie aY gHIS B g W IJHT WA HSH T B T grg | Fa0 He TRty 4
AT I [AGCAEAD] HW g | ah] Hie WRAT T8 TEeed! ageadl HUHl T Hie

WRTHT SgH IHIHT TERTH] Al WUH! FATITHAT A o GETZHT HAEHAT T Ao
| PR Feare T AT AR it e a9 WEEahT FAHIEE BT T Hod
FAET GOAT G AAAF G | TWH] AN AT AAAH AATHT SH A1 IHT FHE Gorl 1]

TG | AYE AN AT ST G AaAeey |
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K.WWWW
I GEIGARl  HAGAT  ALH AT AT 2 I T AGEUTIART FAHATIEE
SAAEAIAB] HHAT THI dF HAAS a+g | TATAET AT e e
2 arel @AY a1 9 e sgae T
AT PIEIMUIRT  PUTheI  (Other forest [ ATR Tl AH, AT T, A IAAL AT T
management activities) | | TRl AT 5 e e
Fe T FHedae ag | T9 HAA Gl |« FRET aar Fraa
3 WA s qE-Aded e
el YOl grg | q9d AR @ —
WEL T UM [Hepra! sqaedra TRgT 9 %) W afwwn faewn wu seveor
@) a9 g HaeAm
T AT AU g7 | uﬁa_‘{w M) SrfEer aa S e R
H) A YA 991 A9AAF] Wl FedTe
TP U HE, [HAR T91 GHIBT Fide i
e T SR et g | aRe = e AT
< gaTdET FHEH

HAAAAA] 578 U AR G | TIAE (oo | ey moaearas

U 99 gdeaEeT A dgel waAr |49 forser o c2rerEar
9% o Feea fam

FHEAL T AAIH G | A ATANHT

T BREREGH! IR T HAEAGH T T997 WS (Connectivity) FITa afF = zarereamae

AT § UEEA | W T AT PABALE A AR AT FAHATEEHT AT |

AR T8 TWEHR (306%) < U= Il J- a9 SAIeqITH FAHAIEE dlierdl 2 A

T CH G |

&. 97 g WOTRATAT e I sqaedT Y

A GEEET IOMCATAT AT a qaedIqe THET el G HeaT Ufeell q aehl B sy
W | A Raga SN FRGE B T 94y | SEAE arsa §ed Wiiafed s
(9) AT RAATT G TERAM (Boundary and features) & THT STEqfedlel FaraT daIX T, () BT
TRUET 97 FFa2T TMeAlh] ATIRHAT aTells FIEHC T GI-HFACHAC o afies He &
(Annual coupes) AT FET £ (Felling area) AT SIS T, (3) ol Yol bFqIEHw a1 =it B
& AT FHS AW AEYIE YTl THAT WIE I T TS T a9 /AT T qdr ferEe
I, (¥) TTEIAHT [TATT T TS ATABT GHAD! ATIAT FL-HIEHAC a7 dMbb B
EAD] A AATATH ATIRHT H Ga-HFACHC a1 AMUH HeT &77 T B a7 TeaaTHT
FAHAT T Hl Tedd T TFGEA @S (A7 TFaaIH FAHAIEE S@EUH T4, (1)
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Al BIAT B T URAT (TG GEAT A Shrnagss Commniy Voo

HARA) MURT T T (§) FA a9 bb A Ares: 4995 e

G ADT FAHAT FHal-Ha! BATaaT T el TR S T -
AT T a7 FFAGT JUTedl ATAR AT ﬁh /
TIFTNEHT a1 A Fed a7 a1 FeE \"=._ :
ST faMe T ARE W E T | ._‘.\-..,.\ ,
YeTTIT TUCAHAT aAMfer=r T qAecdiad et /ﬁ/\" El

ATARHT WA HIEHea er aerg | L {r_/_

RG] TN H ATl o GoaIe e

AT Al W AT W% 50 A% T

TAGCAE Fad Q0 Y ffaT aare A1 9eT (50/90= ¢ Aa) A SRR Gal-HFAE A=A
St T TdE | UEd XUS B WUTEHET A SIS e W aers difereh Sedrshl
A SABAF MM Fa Sl B T 9y | IIEE Al e @I R
YO T FATAHAT STAEITIT T aells YO TN TR &AhAHT AMUb HM &7 qg] Tag
| T W A JOMCHT B 57 (Felling cycle) T ATHIKAT FellS a6 ErAhelsh T
FI &7 (Felling Areas) T TS TReg | %+ @il a9 90 o Ha o TE T gAie

YUl (Group Selection System) AT STAETT TH acATg Q0 daT U6 HAABAD] B EHAAT

o T g | | e
TG TS G TRGHN A GG JOAT AL 'v/ﬂwﬁ\'l
AT H GEATHT - HFIEHC a1 aMYH B &7 a1 ’ e mki .
oo B i | e R o e 2 e i o B | [ /’\/:1 —— J
A7 H ST JUIRH SEATAT THAT T TG o G \ gt Y-S /
WO g T 99 Gid W9l qedts [SaEme adde \w n.;;:.; s i

ATIRAT &b a-HIISHC a1 dAMbsb Hae & o \\, M T

FHE AR & A GFIGAH] HAHATT T 5 (e /%I_T' S

TEY | a9 GEEAH FAHAN R e G o :mf

(Harvesting) TS = ETZ WUTel AER fofirer =rel A 4
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ﬁﬁ‘ﬂ' | @ T oIS WA HelTars qIecqiad T (Regeneration Felling-RF),
qTECIE TANT Ha (Preparatory Felling-PF) WIHwg) ¥+ 9+ JUITRNAT e = Aieg | UeearaH
TqAT T b7 (Thinning and/or Improvement FeIIing-TI)@THTI'a dgal JHLDPI 2Uee W?QT;FHT
TRT FAHAT 2 | T IR FEH A AHUHT T8 HRAT TG IJHHT T@HT Tcedl3T HH
g %ﬁ‘%%aﬁga‘c‘“@?c‘ﬁﬁ?{ TEh] AIEH FHIA TEET G Ha| g | TP
& IL9 TR SUTHT TEEEh! SN A= IR T &1 | el TGS G B AT
B | B TIM (GEHTEHE AT SiNE B & A1 HH GF) W el TEEE A Wl
ATTATHT TcodT3q T \5:3:'1, qUR FHEHH! HA AMA T 916G | AT TRUHT AHH
FTHT TG JHLHT T 3T TEEE [WHUT Wbl ATTAMHT B HUBI THATS Gellg T4 qeedr3
T GUR FHed AEIF Tag | IgT SHHT TEet WA HUH Fa€dT WU Toedrs & /A
T el |

TEY A THAGAH] FAHAIEE Ahakhareg aiw
TIAAT Therd TR TRAT (Yield or AAC) f&@ma T é’ﬁgﬁf%u:

¢ o?—tf_‘;tuq‘.’
Ty | YealIE WEAT €4h F¥ HeH T & r‘;‘(!-:,{;r;’g?:.«;‘ :
. . ‘?‘.-I' ;‘» %3
TEIT TG TFAEA (Stem mapping) AE H@ITg | ety e

,-ﬁ.bﬁ"’ﬂ 2508

S i “,."
qIECHET HeM TN qa-HFACHCHT Tl aF q ,\;,1;;. :;-‘g
TEETH! [AUUH The ol AEES (GHEadan | 6 4
A ‘Q".t
T, TS, F, Faed) TS THT a1d T@ar T7a ’ﬁ;tﬁb
TN GHA S T TR SATERHAT TR T T 5;?;"; e
qFeaoR e AEUGHT FEIA] TH TR T | s ow e = ause
FAH G AT gedlerg | Al a+d Ta@dls e, S|
SFAT FTH TRA T9 TEAT: 6¥o |
FEE T T@H I Ghd Mg | a9ds ©d |
Frarg ATg | FEH A TE GeaTels IHecdad Fatd (@1 HIAANHT datd) o N ety
@ T4 HaH TN ©@ G€ ATSy | Abe e URATNTHT T899 Bura TRus v@ gedn
ool e 99 A TG H TS I G GET AT GRAT A TEH AT ATATHP
ATIRAT Blic TE GAEE WH g AT (AT B ) BIEASHET Jeord Mg
| T TRUE FHEH T ZHHT AMF FHa URHTTET CTH A HTT AFHT SRS
RTEmg 97 I g IRATTEHT TTHT IF Hel &AAT Wbl GFI TEeed] Aaqars [«eeg
| T T W AT TTATAT SR, ATAA A1 BE G ATGAT St BTAT el T

Vetes

£ Aadgal UoTciien MENRd dol Iaenud Jddct afdiam aidt 32
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afcarr fwmE T AfEeg | WS SRR Wl SRR STERAT TET g WUHT AT a = (A/R)*Fe
e el | a el S BTAT HA TN GG B | THRd A bl B LA
Ehel B W R WHET ST T Fc WHEl B W B | TG GUE A FUMHT a SFeTHl
EHT ASTT qed A7 ©@ Il AT URAT o =i Jeara URam & |

T YR T MRERU G TRUHT I GEIEH] FAHAEE FAEHE CIH BrAT=a= T
T HAEAAHT HAHAT FATAIAT FRAANIHT A@ATF G685 | Teal BRANABID] THAT
TqeT®T I A 9T UH § |

ARBT R: T TFAGADT FABAT BAT-aTT BrAdADBT

YoeT3s JuTTel), aiferas ¢o o, TeedreeT Aty to af TIYS FeTA JoIrel, Aferesh yo a¥

3T, FTRIGH 3rd. FRIShH
2081/082 |RF (C1S8)-121, RP-2.141 2081/082 |H/P(A1)-0.687, TI(A11,A12,A13)
2082/083 [RF (C1S8)-121, RP-4.282, TI (C153)-21.41 | |2082/083 |H/P(A2)-0.687, TI(A14,A15,A16)
2083/084 |RF (C1S8)-121, RP-6.423, TI (C1S5)-21.41 | |2083/084 |H/P(A3)-0.687, TI(A17,A18,A19)
2084/085 [RF (C1S8)-121, RP-6.423, Tl (C157)-21.41 | |2084/085 |H/P(A4)-0.687, TI(A20,A21,A22)
2085/086 [RF (C1S8)-121, RP-6.423, PF (C156)-21.41 | |2085/086 |H/P(A5)-0.687, TI(A23,A24,A25)
2086/087 |RF (C1S8)-121, RP-6.423, TI (C151)-21.41 | [2086/087 |H/P(A6)-0.687, TI(A26,A27,A28)
2087/088 |RF (C1S8)-121, RP-6.423, TI (C152)-21.41 | [2087/088 |H/P(A7)-0.687, TI(A29,A30,A31)
2088/089 [RF (C1S8)-121, RP-6.423, Tl (C154)-21.41 | |2088/089 |H/P(A8)-0.687, TI(A32,A33,A34)
2089/090 |RF (C158)-121, RP-6.423 2089/090 |H/P(A9)-0.687, TI(A35,A36,A37)

2090/091 |RF (C1S8)-121, RP-6.423 2090/091 |H/P(A10)-0.687, TI(A38,A39,A40)

RF-Regeneration Felling, PF-Preparatory Felling, RP-Regeneration Promotion, H-Harvest, P-Plantation,

TI-Thinning and/or Improvement Felling

C1S1-Name of sub-compartment (Sub-compartment 1 of Compartment 1), A1-Name of annual coupe
(Annual coupe 1), Numbers with decimals-hectare, whole numbers- Number of trees harvested in the
particular fiscal year.

. Fvd T gEE

FIHT SRATHT GIR A, T IcAET T SAEheadl g g, T 9! qaedrad wE e
Tefererarent L0 g, o WA GHEHT G, FUTEq AR T USRS For g, oI EEr T
SHELATHT A AT SO T ANEFT g4 W AAEL GO g < Gemad dvaE gy e
Tl = caeearaEl AN a7 qFerg Ot e a9 sqeaedy quied g |

Feoof et

. e JI9 THR J08%: a7 FFag TUTAHT AT o SATEATT HIITS R00% |

3. A9 AT 06 9: AT Hq FEH0 FHERET J0€ 9, AU WHR A9 @9 |
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yrafriAr a7 SFEeIA ¢ g T e
(FRITERPT AT)

gvedT GleT !, wET HIgT e ¥, faseer qadr’
q. THT

ATSTehT GTaferaeh STHTATAT T9arAT THd Tiafde JANT AcATaad SHqebdl g | T AHR
TAT YT WRFRETH aed o fefaea gfafaears grafqsrar oo @@ & | F9Td GREbRE
faraeer Wt qar FEHTET fefaea Ut BHa®, 0% HT TATAHR FATAITATE ATAATEH
qATATs I3, T, qAd ¥ qReedl aarg Aifq @eas AU g | ammEr ayv 3@ J9red
TYHRHT Tl (ARTIAT Uhbehed FTATAT SARATIT JOICAT ART T FRTSTRT FART FHHIT HH
TRA G A TERT ool TRURN G T F9Te ALHRET Al q9T FAHT 2059105 H qa1
7 Q=3 W1 AEASE FEEA TART TH FEAr gfafy qunelier "9ave fHarer W aRfaa ¥
WGl FATEAE | AEslAe [HHIadr TN AEted! eleddy, dRaUX, Hcddh, dedR
AREATAATHT AT Tt ToTeAl@oebl Iidides TeT TR B | Ao (Meraar FARTAT
AT YUITEAT qIT ARAATR AT &Adrd (AHI0r 9 qoa7 @@ fasfad awaaaarg
qTgtHeEar fag START T Fifq faeas I STERT Soi@ TRAaTe gfafael TR AR
Hecdqul JrafHedr WaH T g ATSES, |

TATTHT HHET STHT TR TANTR SITETHes qeadl aal il I a9 (4.6 3030
I Jovo afalk) greEfdes a9 FE qur @rell STSHT ARV Se fegudr ¥ A qar
FFITF P! ATAHATE a7 YT AR TAR T AT Hraraad TAT 5 fafqa g
zfave | fo=rent R g9t (fa. 9. R0%0 i@ 090 Ffvufk) = Fra e, fafoea qur faemsuaesr
AR, <@, TATHAT FFISIR TART, HidTgddre SAERT [ Albd TRAT Whl @3 |
ETA®] JqTAT T ﬁ%%ﬁ%%ﬁﬁwar?m (Silviculture system) HT AT TET AHT
T eaeaTa, evd SO, Arufie AR, gtafd TuT TReauel WANTHT e, YUY 9 T

fefsteet/ SUThTES®! HETSA H FoAT Tgo TEHHT AFARATHT bl 3Havg, |

AT U HEcaqul Afabolid Yrekiae Fid &1 | THeb! Ired qaIH q9T FgIANTeE e
fHTor qar ftes SrdaeAT TR @ FOHT ARTEE T4 93, | Iad aaearae F9THAT
G § T g TS A ATATERUT THSEE $@T T8 | a9 AT qaT FITeror begeh!

! feforsmet am afasea, fefaster a= @ramera, semat=r (poudel.01 @gmail.com)
2 fefoster aw wifarsea, fefas a= #aTera i@ (sapuran.madan@gmail.com)

3 0

fefasa a9 afusa, fefas a9 @ *faeas (vijaysubedi@yahoo.com)
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T R095 T TATEH ATAR TATAHT Fel & TG AT EAX &4 (STEAT STAHeTehT ¥ ¥|\9% Freqera)
FTET TEHN B T AT GITHT FA Al ATG AT AN (FA ATABAR! L 0.¥3 FiTera)
TN FHEAA FTbebT G | AT a9arT fafaer et &M sated 3 |

BTl TRUETHT TXER el APl AT TN GEAATT a9 el AT B | Pl Heea ol
TATAEedl o S&d a¥rg qar (T waerer ara faira o9, 9er qeredl @redew, 39
THIT-TIATSTHT a9 T IoF YSTSH §a8R GYH! a7 AT T T |1 9fF «rer
TAMRE 1S NI TIHT G g9 o a5, | T FEIRIIW, H1S TS IATEH -FTH
G T @A) q91 Afead ITANT TFAHT JGATHT EIT g JIEel THAT TS I3+
THSA | T a9 HARATIAA FF YQTaRe] ATI(T ol Tl AT IR AT H T,
yrafared qar Afted ATTHT Feet@wiTd ANTETH I3, AT AT & T AT ST GacTHT qad
IR g I@wg, |

T g9 UA Q0% qIT AT Ia9T a9 UF 00 of AN qdls AhRIRT Fdedd a9,
ATHETE a9, aTfHe a9, FATAadl a9, T a9 A& GFb] TqHT FTRITIA T Ficbe Jradn
EHN G | TAT ITHRRT THE AThd ITHEMAF I FaedTIT g T G AT AVhRERT
ZTRIT FTATS WA qE, T TLBR T WA STHhIESeh! FEhTIHT ATVhaTT bl FTAT
I T F1 THT SREP T T AIHRH! ATHA AIHTHAT FaT a7 FIITIT AREhT
IEwg, | AT BT ATl TILTHT R 92T =l a9, & a2l FTHaRl ad T L Fal a9 F&0 &7
TEHT T GTHEMIE TAR ghAT TU3d ST a9 HATAT A=A 40 If@ oo FaT ¥+
TR TTeh! FAANTAT WIhd § G o Gl A9 iReal g | fefas o=
FRATAT FAAIE] ARG &5 q2T FHENIF a9 R T2 AhaRI a8 EH S |

TP THAT ATEITI T IATEH T IATEHA FGT3 a9 Faed= JUTATHT ATeTea &l ad
SETATIH FHASTA FRATEIT T 875, | U a7 [HIHTEAl 09%, TIT ATFaAT TRl ad
fraaTaell 09 AT a9 FFEAGH JUTC qUT SFFRATIA, a9 drq Gueror ¥ favomen, a9 3fg
HIwaTd, ATMtTe T, aTell = 9T [AEcITad JIahT Ve (quaes TqeE TIHT HTaaTeT=TaT
Io@ T YT bl G | & a9 q¥aga Gl daaead T 9o [qu0g ITHRhTH
FTEAT, Al HARAT ¥ ANITd AT AIAHT FRTE (MR T AT I a9 Jrq
JI&T, TOF T TATE [GITTU AT TTidferes TeesHT JTeed Faid T SIS0 FARTA
JATS 9 Gl T ATH AT FATIee | THATE a7 Gridiaeben] AH, T qAT ITHHIESH
TTeAT, SATLATIHT T&7 T TATaTAT Afaglg s AU 3 |

fefaet a9 FATaaesHT [afa= e Med qa1 o= Mees (\@=ad, [@aanT, e,
A= IS qGT AT ol (Heb1d ¥ F=R S) a1 aRFER [aiie Tediees A THl qrewg,
| & W HONT ATHENIE aqH] Bg Atedel faeqd faarver, a9 YarEawel Wieard oid

Jdodgol UoTIchidT IMENR d dol RIaATUe Adddotl Afdan ot
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(AT Gud, are farshr, Ardf |tafd, o= waT, el Hisard, Sieadl, @il 1), a9 Jaray
ey fosnt ufaeaat evmaaer faua, ®rwer =T ([@fdedr R ger fauaar o afear
TETANT AT ATANTHT FEl Io0) IdHT el T | TIC (qaR0T Gaeh Udeh farqe
FAeFTaT T5TEeEe O ¥ FATT FAaATHT TITS FHARID! AATEHT GHAH RAdS. T T FTHT
TATIAT G | TTATE qearda T [STHST a7 FAd e d=aTd STARTHT ATSTH
IR, YT T GHEIIX T qTATA =T TeT T @IAUehl & | TAATS THIATIE STHT
qRATSA T 97 T T, IRBRATATEEATS AT TS T THY TTEEHT HraT=aaTql ATS+
FHAT TFAETHT THETAS! RUIaF T EATET HTAH TH HedIv gaaa g, |

I AT qAAHAH GfAfder JART T&T HF wIeeee g AfEs |

&) THEAP] HALATARIT TAT A7 JITARPT T I, [TISTTON T TAT QRIAT TEATFER
@Sl 9 el g,

g) THIF! FAA g1 T FH AT &l B THET T FichH,
) =ATedl ddAT FATehl TATE FHebled, ATl (HbrEHAT RUlidy T qasl g,

) AL THTETH] Jooied FTHT IR A |
R. B Iawea RGP qiarq

fefee av FATed HIAaT] TIT T HIAETHRT FATATEHHT HTI THTEA T, Toe TRET,
fgar Sfear ¥ FTHET IHT THEIAr RIS JaTITerd Hd doblel gaT Ured & T ATyt
[T AR Tiataerl JANT TRUH B |

R.9 SFMSS (Sustainable Forest Management Support System) m T

AT YTt Onedrive TRTTTTHT HATETRT B, | AT AT TP T [STATH a7 FATATRT AN
U ATZST QIATTHN T | T 99 [STASTTHT UF T qa1 AICATS AT TATIH! HFLAT TRTH
T | fthesdT ST HU=RIS T8 ZATEHT fhegAT o qeais W= & SUTHS! deAieh, Tfear
FIEHET ATT WSS hegHT 5 ATTHT T8T TS | q(hdl Uk Il AR q(k FIRTH
o dfger § garaHAr g TREfETH g7 | 91 TETE thesHr ¥ 3 FWhdT g T g
THUH! AT AT ATGAHT HH TH Alhd T Traddd TUHI SIS AT WU @t STHT &1
Jeaier [efaet a7 Frafedes F¥aiead AT Ighl HFISTHT AT e, | IaTEX0Ih! AT
AR F TAHT BAH a1 UleF TFdl qiF AT AT @A, GIHRGRT AaTedd aeh!
AU F9 ST QAT AT FOAIT Falfed 9 ATI( STETHT 3 At SATaTal HOAT Tema
STTETeRT FFIIETHT TTawE THbehl &reg, | THAT=I SIS ATAYARAT JTAR qrear = fgsirge
MRFHR IS ATARE T faeewor T o+ [FgHmEedl aqares o3 qar T fefas

i Addgal UOTIGhian 3mENRd dol Aaenud Jddetll Al aldt q33
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T THE qEE 99T geg | e a9 yHEel e 7 we W A9ars dtaw w9 fageg )
TIHT T 9@l Gl qTTH 21 A1 (a0 Gl amarel 979 &4 o, T 99 [efasieel qeais
RIS & AT HITIT TG IR HIATAT THEA T 9CT T T (STITAHT T2ATF & T 0
fesiren U &5 | Toe faaare I9ae 99 T T4 9I TRIH B |

7 7 9 Data sharing and Transfering system

T GYEaUR YART T fhegdT 5 dedish gfase X Rhegdle SRTAIA] AT A1 HIHIATS

FFIEATE e T FHARIR! Alead T JATAd FAT ATARF SHAE TATR FIS(Ag
Mg, | IFaTe theg AT HUMT &l T 97 FATATAT AR ST T FATH FHevhie TgH
¥ fefsea qots g9 fefasa avmaa fefasTaar e WY AmH) IH7T I8 e Aiheg | <a1d

AT FFEIHT AT HT qET T TUHT T (ST TaFATE ged fate ar = fevrgamr
QU T ATHT T @Al RIS ik, |

2aTa [l THHB! AFFHT AT Taqq T Searar a7 gfafuare freedm #@ & tAeEs
faawer Hrargaare § qend faq w1 o e fo | dfg faai garadr STERT g e
T BT AR Al Araeades gART 9 9y @ |

AT AHIAATHT YA FIATATHT FHAT FXIAT ATITHT AT [T Jaey Iuaedr enae
TRTRT T | ISR AR TEeh] FANTEATE TRFRTTT YT FHITEeh! AATal 1 Gl T
THT, Fra IS (G THAHT [qaxor TS T AFTF ATAR [Fel ARF THATFES
fergeroror @iy fard qandy w9 @fbd quer © | @™ T gAia gideed ol aHad giter
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Natural regeneration potential and tree diversity in
Sal (Shorea robusta) forest under different management.

Basanta Thapa', Michael Manthey?, Prem Raj Neupane’

Abstract
Shorea robusta (Sal) is an economically and ecologically valuable climax tree species forming gregarious and

pure stands in the low land of Nepal. A major impediment to the sustainable management of these forests is
the scarcity of natural regeneration and its establishment. The present study was carried out in Lumbini
Collaborative Forest of Rupandehi District, Nepal. The aim of research was to investigate the state of
regeneration, its mechanism and tree species biodiversity of Sal Forest managed under Irregular Shelter wood
System and collate to peripheral forests managed under different practice i.e. control and open access forest.

One hundred and ninety-two 5 m x 5 m vegetation samplings were carried out using quadrates of nested plot
design based on principle of systematic random sampling. The results showed a remarkable Sal seedlings and
saplings density in younger managed blocks. Furthermore, the average Sal seedling and sapling density were
appreciably higher in management intervention block comparing to control and open access forest. The mean

dbh and height of Sal sapling were significantly higher in older managed blocks indicating promising sites for
regeneration establishment. In addition, the mean dbh and height of established Sal regeneration were also

adequately higher in management intervention blocks comparing to other management practice forest.

Altogether 33 tree species of seedling and 21 species of sapling were recorded in seedling and sapling strata
respectively, where Sal was dominating species. Species richness, biodiversity and evenness indices were higher
in older managed forest blocks under both seedling and sapling strata in management intervention blocks.

Control forest depicted the higher species richness, diversity indices than in management intervention and open
access forest blocks in sapling strata, however, it was higher on management intervention blocks in seedling
layer. Die-back of Sal seedlings was not a problem in the management intervention blocks, however,

significantly higher mean density per 8 m* ca 60 percent of Sal seedling showed die-back mechanism both in
control and open access forest.

Keywords: Terai Sal Forest, management intervention, state of regeneration, sustainable forest management,

canopy opening, anthropogenic disturbances, established regeneration.
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1. Introduction

Conservation and sound management of remaining old growth forests are essential to retain
commercially valuable species and to stem further losses of biodiversity (Gibson et al., 2011).
Globally, sustainable forest management is a fundamental method that imperils neither future
harvests of forest products nor future benefits of environmental services (Putz, 1994). Basically,
the single most important step towards achieving the long-term sustainability of forests is
successful regeneration and its establishment.

Nepal’s unique geographical location in Southeast Asia with its dramatic changes in elevation
along the relatively short (150-250 km) north-south transect and associated high variability in
the physiographic and climatic conditions have resulted in a uniquely diverse forest ecosystem
in the country (MoFSC, 2009). The forest is second rich natural resources after water in
country. Stainton (1972) broadly classified the 35 different forest types in Nepal based on the
composition of species.

Shorea robusta (hereafter called Sal) is the most important climax tree species forming gregarious
and pure stands in the foothills of the Himalaya and is an ecologically and economically valuable
species of Nepal. The Sal forests share 15.27% of forest coverage which is the highest coverage
of forest types in Nepal based on single species composition and around 45% of Terai forest is
coverage by Sal (DFRS, 2014) however, commercial production of timber through sustainable
management of Sal forest for regional and national affluence has been debated for several
decades. In addition, it has always been exploited for power and economic benetfits both by local
elite and nation (Rajesh, 2007). The management aspect of Teari forests has been weak
throughout its history. In the past, many attempts were made for management based on
silviculture system by various institutions. It was only in the 1970s that the first attempts at
formal forest management planning were made through the Department of Forest (DoF),
although the plans were never fully implemented (Bampton, Ebregt, & Banjade, 2007). During
the 1990s, the GoN aided by Forest Management and Ultilization Project (FMUD) from
Finland attempted to manage forests scientifically in the Terai, developing operational forest
management plans but failed due to various reason like; lack of institutional capacity, political
back-up, an innate fear of felling green trees and conflict of interest among stakeholders
(Bampton et al., 2007).

Inwardness from past failure and realizing the need for sustainable management of Nepal's
forest and top of that recognizing the huge potential for the prosperity through forest, a new
vision on forestry — "Forestry for Prosperity" was endorsed by Ministry of Forest and Soil
Conservation (MFSC) in 2012 (MoFSC, 2012; Bishokarma & Jayasawal, 2016). As a new
beginning in 2012, at least one each in 10 districts including Kapilvastu, Rupandehi,
Nawalparasi, Morang, Kailali were selected for scientific forest management. Since then, the

q¥0 Aadgdl UOTichian 3MENRd dol Iaenud Jddct afdagm aidt i
(@o1 Jard1 AR dETd! BRI I



Scientific Forest Management (SFM) was internalized and mainstreamed through Department
of Forest (DoF).

The Scientific Forest Management (SFM) applied appropriate silviculture systems and forest
management principles through the design of systematic compartments of fixed rotation age
(Poudyal et al. 2020;Basnyat, 2021).It was promoted in the collaborative and community forests
to increase revenue from the forest and thereby enhance the forestry sector's contribution to
the national treasury; increase supply to meet local demand for timber and firewood, create
local level employment opportunities, and improve forest conditions. This was implemented
in more than 600 forest user groups covering 0.12 million ha of forests (MoF 2020; Basnyat,
2021). However, this practice remained widely controversial due to diverse understanding
among the stakeholders, lack of political will, technical support and governance issues (Basnyat,
2021). Considering wider dissatisfaction of the stakeholders and increasing governance issues
especially over-harvesting of the timber, the Government of Nepal prohibited harvesting,
collecting and selling timber from the SFM, with immediate effect on May 28, 2020. In
addition, the Government of Nepal and the Natural Resource Committee of the parliament
formed two separate independent committees to investigate on emerging issues related to the
SFM in 2020. Both committees recommended for the abolishment of the SEM due to over-
harvesting of the timber, lack of governance, poor investment in forest management activities.
Consequently, the cabinet of the ministers' decision of January 24, 2021, abandoned SFM in
the country.

Recently, Lumbini Province government has endorsed silvicultural based forest management
standard 2079 Currently, more than 150 communities and collaborative forest users' group are
managing forest on silvicultural based management.

The natural regeneration of Sal is divided into two phase; the recruitment phase and
establishment phase (Puri, 1960). Normally, the recruitment phase is linked with the
germination of seeds into seedling either through seed origin or vegetative propagation. As soon
as the seeds are germinated, the favourable habitat fastens the seedling apical and radial with
long tap root growth, after a couple of years which can sequentially develop into sapling called
establishment phase. On the other hand, seedlings exposed to an unfavourable condition such
as shade, frost, drought, grazing and fire frequently shows die-back or stagnation of growth.
Die-back is the phenomenon often linked to the recruitment phase. The seedlings recovery
from die-back year after year for a considerable period of time and are generally of a large
whippy or small woody form. Under normal condition, this process may take 3-10 years (J. K.
Jackson, 1994). However, this annual die back is no means universal and under good conditions,
the seedling will produce a shoot which will continue to grow without dying back (Jackson,
1994). The scientific studies of its natural regeneration and establishment process and state
under current diverse management scenarios will be crucial for future sound forest
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management plan design. A comprehensive scientific understanding of natural regeneration
and its establishment, and anthropogenic factors affecting Sal Forest when designing
silvicultural regimes is crucial for sustainable management of Sal Forest. Very few studies has
been done about how the silvicultural intervention influence the regeneration dynamics and
future crops compositon in difterent tropical broadleaf forest of Nepal. Information on these
implication of forest management on regeneration and tree diversity could be significant to
predict future trends in species composition and stand structure in order to optimize the
possible forest management strategies. Hence, this study explores the state of silvicultural based
forest management after five years of implementation and its comprasion with other
management practice that we have been implementing for several decades.

2. Materials and Methods

2.1 Study area
The study was conducted in seasonally dry deciduous Sal Forest managed under Collaborative

Forest management regime in Rupandehi district in April 2018.

Map showing the location of study site This forest type is the best representative Sal forests
N in Nepal, which extends continuously from east to
A far west along the East-West National highway and
< 1 is considered to be the largest chunks of remaining
i a4 3 rdl forest in this locality. The study area sal forest was
Eal dominant by Shorea robusta with more than 70 per

cent composition and its associate species were

‘ o e Terminalia tomentosa, Terminalia belerica, Adina
L 4
< \.{ cardifolia, Eugenea jambolana and Anogeissus latifolia.
) = (LCEMP, 2014).

r Lo S 2.2 Experimental layout

The forest has been managed under Irregular

Lumbini CEM

Shelterwood ~ System  since  2012.  Few

mother/shelter trees were kept and remaining trees
Fig.2. I: Map showing the location of study have been removed in regeneration felling
area. operations and advance regeneration were kept for
future crops. This method was one of the prescribed silviculture systems for Sal forest
management in Terai (MoFSC, 2014; Awasthi et al., 2015; Khanal & Adhikari, 2017).
Regeneration felling was the major silvicultural intervention followed by the post-harvesting
operation and weeding in first growing season. The whole forest was divided into eight

Periodic Blocks (PB) and yield was regulated through area control method. The full boundary

Jdodgol UoTIchidT IMENR d dol RIaATUe Adddotl Afdan ot fn

¥
s (@o1 Jard1 AR dETd! BRI I



of PB I was fenced to minimize the effect of grazing and human disturbances and fully
protected from the fire. In addition, this periodic block was further divided into 10 annual sub-
blocks of nine hectares each summing to 90 hectare, where regeneration felling operation as a
management intervention was subjected, leaving 15-25 trees per hectare and remaining trees
were felled under regeneration felling (LCFMP, 2014). The canopy cover was opened up to
95 percent. Until 2018, five annual sub-blocks had undergone to regeneration felling operation
and one annual sub-block was on the process.For this study purpose, those five annual sub-
blocks (treated from 2012/2013 to 2016/2017) were defined as managed forest blocks
abbreviated as; “M”. A unique identification is assigned for each annual sub-block in order of
treatment year: “Year 5 block” (treatment year: 2012/2013), “Year 4 block” (treatment year:
2013/2014), “Year 3 block” (treatment year: 2014/2015), “Year 2 block (treatment year:
2015/2016) and “Year 1 block (treatment year: 2016/2017). Remaining four annual sub-blocks
were defined as controlled forest block abbreviated as; ‘C’. The canopy cover for the control
forest varies from 60 to 90 percent. The forest area nearby managed PBI was PBII (Fig 2.1). A
22 hectares’ forest patch of PBII not receiving any treatment and subjected to illegal logging,
immature harvest of sapling, forest fire and grazing, is defined as open access forest block
abbreviated as; ‘O’.

Table. 2. 1 : Forest blocks with management intervention as treatment and their stand

attribute
Forest blocks Treatments/ Management Basal area (m’ Crown cover (%)
intervention hectare)
Managed Regeneration felling + post- 5.65 10-20
harvesting operations
+ protection
Control Only protection 23.75 60-90
Open access No intervention 19.75 45-80

Detailed inventories of managed, controlled and open access forest blocks were carried out
from March to May 2018 using the quadrate method of vegetative sampling (Mishra, 1968).
Based on the diameter at breast height (dbh) of each individual, plants were categorized into
four groups; Seedling, sapling, pole and adult tree. Managed and control forest blocks were
surveyed through transects and each transect was placed 100 m apart. Along a transect, 4 sample
plots were placed with 100 m distance apart. On the other hand, 4 sample plots in a transect
with 85 m distance apart were placed for the open access forest block. To minimize the edge
effect, the sample plots were assigned at least 20 m away from the border.All together 96 sample
plots were deployed to collect data. All the data analysis was performed using R (Team, 2018)
and various diversity indices were calculated using the Vegan package. All the species diversity
indices were subjected to one-way ANOVA to examine significant differences within seedling
and sapling strata under different management forest. The density of seedlings and saplings of
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regenerating tree species were calculated per hectare for each year of treatment block
categorizing them into Sal and other species. The trend analysis of Sal and its common associate
seedlings species with years of treatment was analyzed. Linear regression analysis was
performed where plot level mean density of Sal and other species seedlings were dependent
variables and treatment years were independent continuous variables. To study the Sal sapling
growth status, its diameter at breast height (dbh) and height were compared separately for each
year of treatment subjecting to one-way ANOVA to examine to observe if differences exist.
Furthermore, the regeneration status (seedling and sapling) of managed, control and open
access forest blocks were compared with each other to investigate differences in
regeneration status under different treatments. The die-back mechanism was analyzed through
the mean density of non-die-back seedling Vs die-back seedling of Sal.

3. Results
3.1 Regeneration Potential of Sal in the management intervention forest

3.1.1 Status of seedling in managed forest areas

The present study showed > 22,000 numbers of different tree species seedlings per hectare in
the difterent years of management intervention blocks (Fig.3.1). The abundance of Sal seedlings
was found to be higher in all managed forest blocks. The average Sal seedling density in
managed forest areas was 15,113 per hectare. The youngest managed forest block (1% year of
management intervention) had the highest number of Sal seedling; however, it was low in the
oldest managed forest block (5" year of management intervention).

Seedling distribution on managed forest blocks
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15000
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3
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£ 5000
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I 11 oI v \Y%
Management intervention years m Sal Seedling M Other seedling

Fig.3. 1: Density distribution of seedling along years since management intervention. I indicates the first year
of managed forest and V indicates the fifth years of managed forest.
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Opverall, the Sal seedlings showed the decreasing trend with the years since the management
intervention (Fig.3.1). In contrast, the density of seedlings other than Sal were higher in the
oldest management intervention block; however, they were found to be low in the youngest
management intervention block. Within other species, Terminalia tomentosa had higher
abundance throughout the managed forest area and it also showed the decreasing trend with
the years since management intervention. On the other hand, Mallotus philippensis showed the
increasing trend with years since management intervention. The constitutes of other species
were 25- 43%.

3.1.2 Linear regression analysis between relative seedling densities with
management years

Among 28 tree species of seedling recorded in management intervention forest only 9 of them
were found throughout all years of managed blocks. The plot-level linear relationship of various
seedlings density with years since the management intervention were analyzed (Table.3.1).
Light-demanding species Shorea robusta and Terminalia tomentosa were significantly negative
correlated with years of management intervention. However, next light-demanding species
lagerstroemia parviflora did not show any linear relationship with years since management
intervention. Moreover, the most of shade tolerant species showed significant positive

correlation ship with years since management intervention.

Table.3. 1: Regression analysis between nine common species plot level frequencies as dependent variables

and management intervention years as independent variables.

_ Silvicultural Dependent Independent Re. Cocfficients R2
Species . . .
characteristics variable variable
Bo B1
S. robusta Light demanding | Frequency | Management years | 21.13%*% | -1.93%** | (.25
T. tomentosa Light demanding | Frequency | Management years | 7.05%** -0.93 0.22
L. parviflora Light demanding | Frequency | Management years 0.86 0.1 0.15
A. cordifolia partial shade in | Frequency | Management years | 0.68% 021 | 0.24
E. hirta shade tolerant | Frequency | Managementyears | 0.69% 0.22%* | 0.25
S. oleosa shade tolerant | Frequency | Management years 1.03* 0.22 0.17
L. monopetala shade tolerant | Frequency | Management years | 0.89%* (0.22%* 0.2
M. latifolia shade tolerant | Frequency | Management years -0.05 0.74***% | 0.45
M. philippensis shade tolerant | Frequency | Management years -0.12 0.83** | 0.24
Note: ***P values <0.001, **P values <0.01 and * P values <0.05.
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3.1.4 Status of a sapling in managed forest area

The study found the appreciable number of tree species sapling in different years of
management intervention forest blocks. On average, > 7100 various tree species of saplings per
hectare were recorded in different years of managed blocks (Fig.3.2). The average Sal sapling
density was 6335 per hectare. The fourth years managed forest had the highest density of Sal
sapling and youngest managed forest plot had the lowest. Generally, the Sal sapling showed an
increasing trend with years since management intervention except for fifth years managed block
where the density of Sal sapling was lower than the former one; however, the density of pole
was higher indicating more sapling were established into pole developmental stage. In contrast,
the density of Sapling other than Sal showed an increasing trend with years since management

intervention.
2000 Sapling and Pole distribution
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Fig.3. 2: Per hectare sapling distribution on various years of managed forest blocks.

Terminalia tomentosa had second highest abundance and it also showed the increasing trend with
years since management intervention. The constitutes of other species varied from 10 to 20 %
throughout different years of management blocks.

3.1.5 DBH and height distribution of Sal sapling in management intervention forest

The Sal sapling distribution on dbh and height classes with years since management
intervention were analyzed in different years of management intervention blocks (Fig.3.3). The
analysis of variance for dbh revealed there was a significant difference between the mean dbh
of Sal saplings with years since management intervention (ANOVA, F(j 25 = 296.9, P =
0.000). The oldest managed block had the largest mean dbh and the second-year managed block
had the lowest mean dbh of Sal sapling. The average dbh of Sal sapling throughout managed
forest blocks was 3.01 cm. Overall, the growth performance of Sal sapling dbh with years since
management intervention was positive.
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Similarly, the analysis of variance for height also revealed significant differences between the
mean height of Sal saplings with years since management intervention (ANOVA, Fy; 1255 =
111.7, P = 0.000). The oldest management intervention block had the largest mean height and
the second year had the lowest mean height. The overall mean height of Sal sapling was 3.89
m. In general, the Sal sapling showed positive growth performance in both height and dbh with

years since management intervention

Sal sapling distribution on dbh class over managed forest areas Sal sapling distribution on Height class over managed forest areas

12

I
|
|

DEH in cm

Management years Management years

Fig.3. 3 : Distribution class for dbh and height of Sal sapling in 5x5 m2 quadrates in different years of
management intervention blocks. The thick black line inside the box indicates the median, the lines at the
outer edges of the box indicate the upper lower quartiles, and the lines at the end of vertical dashed lines indicate
the maximum and minimum values. The dots indicate any outliers. Boxplots with different letters indicate
the significant different at (P<0.001) of Post hoc Tukey’s test. Roman numerals assigned in two boxplot
represent dbh distribution (i) and height distribution (ii) of Sal sapling.

3.2 Comparison of regeneration under different forest management practices

3.2.1 Regeneration under different forest management

The result showed the higher density of seedling in management intervention block compared
to control and open access forest blocks (Fig.3.4). Within seedling regeneration, Sal seedling
showed the prominent status throughout the study area. Sal seedlings density was highest in
management intervention block and lowest in open access forest block. However, the other
species seedling composition were higher in control and open access forest block in comparison

to management intervention block.
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Fig.3. 4: Comparison of regeneration status under different forest management.

Furthermore, the established regeneration (sapling) was higher in management intervention
block and lower in open access forest block. In a sapling layer, Sal sapling had promising status
in management intervention block than in control and open access forest blocks. Sal sapling
density was twice the density of control and thrice of open access forest blocks; however, the

other species sapling were nominal in management intervention block.

3.2.2 Comparison of dbh and height distribution of Sal sapling under different
management

The Sal sapling distribution analysis was done on dbh and height classes under different
management types (Fig.3.5). The analysis of variance of Sal dbh revealed there was significant
difference between mean dbh of Sal saplings under different management types (ANOVA,
Fpai6ap = 77.97, P = 0.000). The management intervention block had higher sapling mean dbh,
followed by open access and control forest blocks. The overall mean dbh Sal sapling in the study
area was 2.71 cm.

Similarly, the analysis of variance of sapling height showed there was significant difference
between mean height under different management types (ANOVA, Fp,164) = 47.64, P =0.000).
The management intervention forest block had the highest mean height and control forest
block had the lowest. The overall mean height of Sal sapling in the study area was 3.70 m.

3.3 Analysis of regeneration diversity

3.3.1 Tree species diversity for seedling and sapling strata in management
intervention forest

The different tree species diversity indices for seedling and sapling strata in management
intervention blocks were analyzed. A total of 1857 individuals belonging to 18 families of 28
species of tree seedling and 1439 individuals belonging to 9 families of 9 species of tree sapling
were recorded in 80 sample plots on different years of managed blocks.
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The various diversity indices for tree species seedling and sapling varied slightly with years since
management intervention (Table 3.2). Significant variations in the mean number of species (S)
(Fla75) = 2.775; p = 0.033), Shannon-Wiener index (H’) (F475 = 7.635; p = 0.000), Simpson’s
index of species dominance (C) (Fj475 = 7.257; p = 0.000), Pielou’s index of species evenness
(J) (Flazs) = 4.068; p = 0.004) and Margalef’s index of species richness (D) (Fj475) = 4.093; p
= 0.004) were observed among different years of management intervention blocks in seedling
layer. The oldest management intervention block had significant higher total number of species
as well as Margalef’s index of species richness in the seedling layer. Similarly, the fifth- and
fourth-year’s management intervention blocks had higher Shannon-Wiener index and Pielou’s
measures of species evenness; however, the Simpson dominance index was lower in the oldest
management intervention blocks in the seedling layer.

Sal sapling distribution on DBH class Sal sapling distribution on Height class
b c

a L3 a 5
; ! i ;
c 4 = 1]
1 i 3 8 b b
o i B
a ¥ I { |

|
: E]
Cantrol Management Open Actass Contral Management Open Access
Forest envionment i Forest envronment i

Fig.3. 5 : Distribution class for dbh and height of Sal sapling in 5x5 m2 quadrates under different
management types. Boxplots with different letters indicate the significant different at (p<0.05) of Post hoc
Tukey’s test. Roman numerals assigned in two b boxplot represent dbh distribution (i) and height distribution

(ii) of Sal sapling.
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Table.3. 2 : Plot level species diversity indices (mean +SE) of seedling and sapling layer in different years

of management intervention blocks in Sal Forest of Nepal.

Manage No. ) ) )
Diversity Indices

ment of
interventio s.plot
H' C J | D 2.
n years s
Seedling layer
0.26 =
I 16 (3.88 + 0.42)* (0.68 = 0.10)* (0.66 = 0.05)* 0.03) (0.89 = 0.11)*
. a
(4.50 + (0.29 = (111 =
11 16 0.86 = 0.08)* (0.57=% 0.04)*
0.36)* ( " ) 0.02)* 0.10)®
(4.56 + (0.96 = b 0.32 (1.14 =
III 16 0.48+0.05)*°
0.42)* 0.10)® ( ) 0.03)® 0.13)®
(5.13 + b b " (1.32 =
v 16 1.15 = 0.09 0.52+0.04)* (0.36 = 0.02
0.46)1}) ( ) ( ) ( ) 0.12)31')
b b b b (148 =
v 16 (5.63 + 0.34)° (1.29 = 0.06)° (0.38 £0.03)° (0.37 = 0.02) 0.09)
Sapling layer
0.20 =
I 16 1.5+ 0.11) 0.04)" (0.80 = 0.05)* 0.12 £0.05 (0.21% 0.05)*
21 + (0.30 = b (0.35 =
II 16 074 £ 0.04)* 0.17 = 0.04
0.13)* 0.04)® ( ) 0.04)*
(032 = (0.70 = (0.38 =
11 16 2.1+ 0.13)® 0.18 = 0.03
@1+ ) 0.03)® 0.04)* 0.04)*
(0.36 = (0.65 = (0.44 =
v 16 2.3 + 0.13)® 0.20 = 0.03
@3+ ) 0.04)® 0.04)® 0.04)®
b b b (0.68 =
\% 16 (3.0 +£0.14)° (0.59 = 0.04)> (0.55 = 0.05)> 0.27 = 0.03 0.05)"

Note: S is the total number of species recorded, H Shannon-Wiener index, C Simpson index of d
dominance, J’ the Pielou’s measures of species evenness and Duwg the Margalef’s index of species richness in
plot level. Means and SE followed by the same letter across columns of seedling and sapling layers are not
significantly different at 5% level of significance.

Furthermore, significant variations in the mean number of species (S) (Fj475 = 3.793; p =
0.007), Shannon-Wiener index (H’) (F4-5 = 2.981; p = 0.024), Simpson index of dominance
(C) (Fpa75) = 2.628; p = 0.041) and Margalef;s index of species richness (Dmg) (F475; = 3.202;
p = 0.0175) were observed among different years of management intervention blocks in sapling
layer. With regard to Pielou’s index of species evenness (J) no significant variations was
observed (Fj;75 = 1.995; p = 0.104) in sapling layer. The oldest management intervention block
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had slightly significant higher species numbers, Shannon- Wiener diversity index and
Margalef’s index of species richness; however, the Simpson dominance index was slightly
significant lower in the sapling layer.

In conclusion, the seedling strata had higher species number and diversity index comparison to
sapling layer; however, the species evenness were more concentrated in the sapling layer.

3.3.2 Comparison of tree species diversity in seedling and sapling strata under
different forest management

An analysis of tree species various diversity indices on seedling and sapling layer were performed
for different forest management types. Altogether 3918 individuals belonging to 20 families of
33 species of seedling and 2694 individuals belonging to 16 families of 21 species sapling were
encountered in 192 sample plots in seedling and sapling strata respectively under different
management types.

18 families of 28 species were recorded in management intervention block while there were 14
families of 22 species from control and 15 families of 24 species from open access forest blocks
under seedling layer.

The plot level various diversity indices for seedling and sapling layer varied slightly under
different forest management (Table.3.3).

Significant variation in the plot level mean total number of species (S) (Fp g9y = 7.449; p =
0.0007), Simpson index of dominance (C) (F21509) = 3.777; p = 0.02), Pielou’s species evenness
index (J) (Fpis9; = 21.86; p = 0.000) were observed among difterent management. With regard
to Shannon-Wiener diversity index (H’) (Fp2150 = 2.852; p = 0.06) and Margalef’s index of
species richness (Dmg) (F21s0) = 2.850; p = 0.06) no significant variation were observed among
different forest management type in seedling strata.

Table.3. 3: Plot level species diversity indices (mean +SE) of seedling and sapling layer under different
management in Sal Forest of Nepal.

Manageme Diversity Indices for seedling strata
nt types S H C J D,
Seedling Strata
(1.03 = (0.45 = (0.41 =
1 02 + 0.12) 1.05 = 0.04)*
Contro (4.02 + 0.12) 0.04)" 0.02)" 0.01)° (1.05 = 0.04)
4.74 + (0.99 = (0.50 = (0.32 =
M d 1.19 = 0.05)*
anage 0.19)°  0.05)° 0.02)° 0.01)° ( )
. (1.03 = (0.42 = (0.45 = N .
Open access  (3.90 + 0.20) 0.05) 0.02)" 0.02) (1.04 = 0.06)
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Manageme Diversity Indices for seedling strata
nt types S H' C J D,
Seedling Strata

Sapling strata

273+  (0.62+ (0.65 + 03 + 0.02° (0.71 +
Control ,
0.13)  0.04)° 0.03)" 0.05)°
Mamced 219+ (034 + (0.82 + 02+ 0.41 +
n
anage 0.13)° 0.04)° 0.02)° 0.02)° 0.05)°
5 218+  (0.54 + (0.65 + 04+ (0.56 +
N acc
PERACEESS 016 0.06)° 0.04)" 0.04)" 0.07)™

Note : S is the total number of species recorded, H Shannon-Wiener index, C Simpson index of d
dominance, J” the Pielou’s measures of species evenness and Duwg the Margalef’s index of species richness in
plot level. Means and SE followed by the same letter across columns of seedling and sapling layers are not

significantly different at 5% level of significance.

The control and open access forest blocks had slightly significant higher Pielou’s measures of
species evenness than management intervention block; the however plot-level mean total
species number was slightly significant higher in management intervention block in seedling
strata. Furthermore, Simpson dominance index was also slightly significant higher in
management intervention block than in open access forest block.

Similarly, Significant variation in plot-level mean species number (S) (Fp 159 = 5.08; p =
0.007), Shannon-Weiner diversity index (H’) (Fp159; = 10.93; p = 0.000), Simpson dominance
index (C) (Fpo1509) = 14.49; p = 0.0000), Margalef’s index of species richness (Dmg) (F2 159 =
8.53; p = 0.0002) and Pielou’s species index of evenness (J) (Fj2150 = 16.29; p = 0.0000) were
observed among different forest management types. The control forest had slightly significant
higher plot level species number as well as Margalef’s species evenness index than management
intervention and open access forest blocks. Control and open access forest blocks had slightly
significant higher Shannon-Weiner index and Pielou’s measures of species evenness than
management intervention block; however, Concentration of Simpson dominance was
significantly higher in management intervention block than in control and open access forest
blocks.

4 Analysis of regeneration mechanism

4.1 Regeneration mechanism within management intervention forest

Analysis of Sal seedling recruitment strategy revealed that density of seedlings without die-back
was remarkably higher throughout management intervention forest (Fig.3.6). No significant
variation (F4 5 = 0.639; p = 0.643) was observed in mean density of Sal seedling without die-
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back mechanism in 8 m™ within each management intervention blocks. The study showed ca
84 per cent of seedling recruitment without a die-back mechanism in all years of management
intervention blocks. Furthermore, there was also no significant variation (F 45 = 0.358; p =
0.835) among mean Sal seedling density with no die-back mechanism in 8 m™ within different

years of management intervention blocks.

30 Regeneration mechanism
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Fig.3. 6: Mechanisms of natural regeneration (no die-back seedlings and die-back seedlings) of Sal in the
different years of managed forest blocks. Same letters in bar graph depicts no significant different in (p >0.05).
The legend 1 indicates first year managed forest plot and likewise V refers for fifth years managed forest blocks.

In conclusion, the majority of Sal seedling recruited without die-back mechanism under

management intervention blocks.

4.2 Comparison of regeneration mechanism under different forest management

The present study found the status of die-back Sal seedlings density varied significantly under
different forest management types (Fig.3.7). Significant variation (F,4;; = 30.91; p = 0.000) in
the mean density of Sal seedlings in 10 m™ with die-back mechanism was observed under
different management. Significantly higher mean density of Sal seedling with die-back
mechanism were observed in control and open access forest blocks than in management
intervention block. The results showed 61 and 65 per cent of mean density of Sal seedling with
dieback mechanism in open access and control forest blocks.

Furthermore, significant variation (Fj4; = 22.48; p = 0.000) in the mean density of Sal
seedlings in 10 m™ with no die-back mechanism seedling was observed under different forest
management. Significantly higher mean density of Sal seedling with no die-back mechanism
was recorded in management intervention block than in control and open access forest blocks.
Only 16 per cent of Sal seedling showed die-back mechanism in management intervention
forest.
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Fig.3. 7: Mechanisms of natural regeneration (no die-back seedlings and die-back seedlings) of Sal under
different management. The different letters show significant differences (p<0.001, Tukey HSD Test) and
same letters indicate no significant different. Legend M refers for managed, O for Open access and C for
control forest blocks.

In conclusion, Sal seedling successfully recruited without the die-back mechanism in
management intervention forest block; however, it was reversed in control and open access
forest blocks.

5. Results Discussion

5.1 Regeneration status

The prosperity of the forest depends on the potential regenerative status of species composing
forest stand in space and time (Jones et al., 1994).The present study showed 18,750 number of
Sal seedlings per hectare following canopy openness in the youngest management intervention
block and a mixture of other species were 25 per cent. This high seedlings density of Sal after
the first growing season recorded in the regeneration felled areas is not exceptional in Nepal.
This finding is corroborated with other reports in Nepal that Sal seedling regeneration is higher
after the canopy openness (Rautiainen & Suoheimo, 1997; Suoheimo, 1999; Awasthi et al.,
2015) in natural stands. Generally, the open canopy favours the seed germination through
increased solar radiation on the forest floor for light-demanding species (Khan et al., 1987) with
increased nutrients and reduced weeds competitions (Kadavul & Parthasarathy, 1999).

The seedlings density varied with years since management intervention. Shorea robusta and
Terminalia tomentosa seedling showed the decreasing trend with years since the management
intervention however, the other Sal associate species like Euphorbia hirta, Schleichera oleosa, Litsea
monopetala, Madhuca latifolia, Mallotus philippensis showed increasing trend (Fig.3.1). The
variation in the trends of different species may be due to their different silvicultural
characteristics. Shorea robusta and Terminalia tomentosa are strong light-demanding species

(Jackon, 1994) and complete overhead light is needed in most cases from the earliest stage of
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development (Champion & Seth, 1968). In the beginning, the opening of the canopy in the
forest stand strongly favours regeneration of light-demanding species. However, with the
growth of other understory seedling and overstored of sapling start then, the light demanding
species cannot tolerate the shade. Hence, the regeneration of Shorea robusta and Terminalia
tomentosa could be influenced in later years of management intervention blocks. Furthermore,
the other associate species are shade tolerant (Jackson, 1994) and partial or complete shade is a
necessity requisite from their earliest stage of development so they recruited better in older
years of managed forest blocks than in younger ones.

Furthermore, the study revealed the variation of seedling density and mixtures in different
forest management types. The management intervention block had 15,113 Sal seedling with 35
per cent mixtures of other species per hectare; however, the control and open access forest
blocks had lower Sal seedling with 51 and 53 per cent mixtures of other species respectively.
This variation of seedlings density with their mixture may be due to the difference in
microclimate and their associate’s disturbance in forest habitat. The forest canopy determines
the micro-habitat within the forest controlling the recruitment and growth of vegetation
(Cedamon et al., 2016). Basically, several physical and biological factors play a valuable role for
regeneration processes in canopy gaps (Arriaga, 2000). Canopy gaps always have higher light
intensities at the soil surface, and hence often higher soil temperatures, than areas with a dense
canopy (Denslow et al., 1988). Moreover, competition for light, nutrients, and water resources
are lower in canopy gaps than in dense vegetation environments (Bullock, 2000). Thus, the
combined eftect of increased light intensity, soil temperature and reduced competition increase
seedling recruitment and establishment in canopy gaps compared to areas with closed canopies.
In addition, the anthropogenic disturbance in the form of grazing by domestic animals, forest
fire, lopping for fodder, fuel and litter collection were more prevalent in open access forest and
Sapkota et al (2009a) pointed out that the moderate prevalence of mentioned anthropogenic
disturbance had a significant eftect on Sal seedling regeneration in natural stands.

The advancement of seedling into sapling developmental stages is crucial for the sustainability
of forest regeneration and the status of sapling density often depicts the state of established
regeneration. Various past researches had reported on the poor condition of sapling
regeneration in Terai Forest. A study from Napit (2015) in western Nepal and Garkoti &
Mishra (2014) from central Nepal reported significantly low density of Sal sapling in natural
stands. Timilsina et al (2007) recorded an appreciable number of Sal seedling but the state of
Sal sapling was very scanty in their study at both protected and community managed forest
regime in western Nepal. Furthermore, Webb & Sah (2003) in their study also revealed lower
Sal sapling density (600 per hectare) in natural Sal forest from central Nepal. In addition, the
recent national level forest assessment in Nepal also reported the very low state of Sal
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established regeneration although Sal seedling was very good (DFRS, 2014); however, the
present study revealed the higher number of sapling density in study area comparing to sapling
status of mentioned studies. Since the study area forest was managed under collaborative forest
management regime for last 10 years, so the average regeneration and its establishment
condition could be better than above studied Teari Sal Forest. In addition, the Sal saplings
density in managed forest blocks were about twice and thrice of control and open access forest
block respectively (Fig.3.4). The presence of a higher number of Sal sapling is an indicator of
excellent recruitment process of Sal and also reflect that the prevailing environmental
conditions of the management intervention blocks are favourable for regeneration
establishment stage.

The dbh and height distribution of Sal sapling revealed that growth performance was better in
managed forest blocks. The mean dbh was significantly higher (P<0.05) in management
intervention block than in control and open access forest blocks. Furthermore, the mean dbh
of open access forest was also significantly higher than the control forest. Similarly, the mean
height of managed and open access forest blocked was significantly higher than control forest
arca. Khan et al (1986) found the better growth of Sal regeneration in the forest periphery
compared to those under dense canopy, which illustrates the better growth and regeneration
establishment under canopy opening or threshold light intensity for the process of
photosynthesis. Furthermore, Troup (1986) found better root lengths growth in two plots of
open canopy forest against two plots in the dense forest, indicating that the vigorous growth of’
Sal regeneration could be obtained by the complete removal of the overhead canopy. Similar
differences of growth performances were recorded in Nepal Terai Sal forest under regeneration
felling (Suoheimo, 1999). This can be further clarified from the higher mean dbh and height
from older regeneration felled forest block in this study. In the managed forest blocks, older
managed forest block had significantly higher mean dbh and height than younger managed
forest blocks indicating canopy openness through regeneration felling is benefiting for
establishment Sal regeneration.

5.2 Species composition and diversity

Renewal of tree species through regeneration process is an important phase in maintaining the
desired species composition and stocking after disturbances (Duchok et al., 2005). Rautiainen
& Suoheimo (1997) reported, constituted of other species besides Sal up to 29 per cent in a
seedling layer between 1 and 3 years after regeneration felling in Sal forest and this present study
result of regeneration composition of other species besides Sal seedling is similar. The present
found the seedlings and saplings layer composed of 33 and 21 tree species respectively. Only 9
species of seedling were represented into sapling layer out of 28 species in managed forest
blocks. However, 13 species were present in sapling with four new species from 21 seedling
species in control forest block and 15 species of sapling were represent with 3 new species from
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24 seedling species in open access forest block. The sapling layers of Sal forest is monodominant
by Sal sapling with few other competing species (Stanton, 1972) and the present study result
was similar with Sal as pure dominant. The important value index also revealed that Sal and
Terminalia tomentosa as ecologically most important species and implied their high ecological
success and competence over other less common associated species in managed forest blocks;
however, the Sal, Litsea monopetala and Mallotus philippensis as ecologically most important
species and high ecological success in open access and control forest blocks. The Terai Forest
Inventory report of DFRS (2014) revealed Sal as prominent species followed by Terminalia
tomentosa. Similar results were explored in the case of managed blocks in this study. Since
Terminalia tomentosa was an important associate species in tree layers canopy but it was
completely absent in open access and control forest blocks in sapling layers though it was also
present in seedling layers. This may be due to the dense canopy layer in control forest and
persistence anthropogenic disturbance basically, forest fire, grazing and lopping.

5.3 Regeneration mechanism of Sal

Natural regeneration of Sal is a complex and baftling problem (Bisht & Sharma, 1987). The
present study reported an appreciable number of Sal regeneration. Seppinen & Acharya (1994)
and Rautiainen (1995) reported a tremendous number of seedling originated from the taproots
of Sal seedlings that have died back repeatedly. The present study also found the remarkable
number of Sal seedlings originated from tap roots after that have died back in control and open
access forest blocks. Jackson (1994) accounted for higher Sal seedling die-back due to the dense
overhead canopy and continued forest fire and grazing. In the present study, the control forest
area had dense forest canopy cover and frequent forest fire and grazing in open access forest
area. This may have caused of heavy seedling die- back over there. However, there were low
(7-16 %) seedlings die-back in the managed forest area. Rautiainen & Suoheimo (1997)
reported 4-10 per cent of seedling die-back in the first three years of regeneration felled area.
Since managed forest blocks had wide canopy opening as a silvicultural intervention and the
forest floor may have higher resources of light and nutrients and low competition of weeds
which may subsequently have fostered the seedling growth and establishment. Troup (1921)
reported remarkable growth of Sal seedlings root under an open canopy and subsequent
establishment.

6. Conclusion

The present study revealed the higher status of seedlings and saplings, the growth performance
of the established regeneration of Sal and its dominance to be remarkable in the managed areas
than in the natural stands. The persistence anthropogenic disturbance with dense forest canopy
is prime impediments of natural regeneration potential and their establishment in natural stands
of Teari Sal Forest. Furthermore, the higher species richness under the seedling layer in
managed forest areas indicate possibilities of maintaining higher tree diversity in long run.
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Therefore, the canopy opening intervention in Teari Forest not only foster the growth and
establishment of Sal regeneration but also favours the lost biodiversity to recovery in the long
run process.

Traditionally, the die-back phenomenon was considered a significant hindrance for Sal Forest
regeneration; but, by eliminating the adverse factors through silvicultural intervention in
natural stands, the early growth can be quickened and thus the period of the vulnerable stage
can be shortened. On the other hand, the die-back mechanism of Sal Forest can be used as a
major resource of new regeneration through comprehensive scientific designing of silvicultural
regimes. The existing alive rootstock in the soil (die-back seedling) can serve as a seedling pool
for better management of regeneration in Teari Sal Forest.

Implementation of Irregualar Shelterwood system (ISS) for managing existing production
and degraded Sal forest in Nepal not only enhance the sustainability of regeneration and its
establishement but also provide the ample opportunities for production of multiple forest
products along with timber and fuelwood which could entirely transform the present timber
importing trends in the country. It could also foster the landscape restoration and ecosystem
integrity for the longer term.

7. Management implication

*  Protection from uncontrolled forest fire, over grazing and illicit and immature felling
should be foremost strategy for the management of degraded Sal Forest

*  Adopt Irregular Shelter Wood System (ISWS) once the resources (human resources,
adequate and predictable financial resources and technical and technological
enhancement) are available.

»  Strong policy-back up and a market with improved value chain components will be
pivotal to motivate the forest owners to adopt the ISWS.
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Timber harvesting losses in felling and sawing process
in Nepal

Upendra Aryal ', Prem Raj Neupane *, Bhawana Rijal ' Michael Manthey ’

Abstract

In Nepal, conventional timber harvesting has been practiced throughout the country regardless of the varying
forest management system and ownership. Logging and sawing of timbers using conventional tools by
unskilled workers are causing enormous damage to timber, residual stand, regeneration and soil. The
putpose of this research is to estimate the volume reduction factor and identify major strategies to reduce
timber losses in the tree harvesting process in Terai Sal forest of Nepal. This study was carried out in two
Sal dominated forests and three sawmills in the Morang district of Nepal. Samples were selected as total Sal
trees felled from a designed coupe of both forests and randomly selected Sal logs from three sawmills. Field
measurements and product flow analysis of 51 harvested trees and 167 sawed logs for Sal timber harvesting
losses rate as well as 116 expert responses to explore strategy for reducing harvesting to procession losses were
analyzed. The results showed that Sal timber losses in the felling and bucking stage with and without stem
rot were 27% and 23% respectively. Similarly, losses in the sawing stage with and without stem rot were
31% and 30% respectively. In conclusion, the shelterwood system with subsequent regeneration felling using
conventional logging practices are resulting in higher timber losses and other damages on the stand.
Harvesting losses reduction could increase economic potential, reduce forest degradation and enhance climate
change mitigation. With the help of this study, local forest user groups could estimate the outturn volume of
usable timber and forest managers could prepare individual forest management and harvesting plans.
Experimental studies on comparison and identification of appropriate harvesting equipment and cost benefit
analysis for its introduction should be carried out.”

Keywords: Terai Sal forest, tree harvesting losses, harvesting tools, reduction strategies.
1. Introduction

Rapid improvements in long-term forest production can be achieved only with a well-devised
harvesting operations and stand improvement treatments through sustainable forest
management in tropical forest (Putz, 2009). Nepal has maintained a satisfactory amount of
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Protected Areas system covering 23.39 % of the total country's land, which contributes to in-
situ conservation of ecosystems and biodiversity across the country (MOEFE, 2018). Only a
small portion of Nepal; mostly Terai Sal dominated forest (about 17% of total forest area) are
being managed for production purpose(Rai, 2007).

Forest area of Nepal has minimum forest products potential of 1.66 million m’ per year and
minimum employment potential of 400,000 fulltime jobs per year (MSFP, 2014). However,
existing timber production is less than 0.5 million m’ per year and provides only 45,000
tulltime jobs per year (Dipak and Jayasawal, 2016). As a result, timber import to the country is
65 times higher than export rate i.e. import timber equivalent to 38 million US dollars with
export timber of value equivalent to only 0.62 million US dollars in fiscal year 2075/2076 i.c.
2018/2019 (DoC, 2020). Due to the lack of appropriate forest management practices, the
country is losing 91 million US dollars per annum (Subedi et al., 2018). Even though many
Terai forests are being managed under Scientific forest management including intensive
harvesting for timber supply since 2012, Nepal imported 727106 m’ of timber in the year
2018 and 514472 m’of timber in the year 2019 (DoF, 2020). (Subedi et al., 2018) concluded
that the forest productivity level today is much lower than the potential and the cost of not
having silvicultural operation in Nepal has been estimated about 81 million US dollars per
year. The timber demand and supply scenario show that Nepal is facing a shortage of timber
and fuelwood for many years. Under performance of community forests and underutilization
of over matured Terai forest are major causes for timber scarcity in Nepal (Nuberg et al.,
2019).
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Figure 1: Harvesting flow (From Standing tree to final outturn) in Nepal
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Harvesting losses rate during logging varies in different studies depending on its local
conditions, often considered 1:1 (i.e. 1 m’ of extracted logs result in 1 m’ of losses) as the rule
of thumb (Koopmans & Koppejan, 1997). Many studies concluded a wide range of timber
losses during selective logging i.e. one to five times the extracted timber indicating a recovery
rate starting from 20 percent (Butarbutar et al., 2016). According to (Poudyal et al., 2019),
major reasons in obtaining different timber recovery rates in different studies could be due to
the livelithood dependency rate in forest products, harvesting and processing cost as well as
market demand versus supply rate. Different rates of sawn-timber recovery or losses between
different studies and countries are different due to quality of logs, different sawing equipment
used and final aimed product size (Lock & Whittle, 2018). According to Torelli, 1987; cited in
(Kohl et al., 2006), harvesting studies are crucial for planning and inspection of harvesting
processes that recognize economic and ecological unsustainable activities such as illegal

logging and overexploitation.

Although harvesting loss is a serious issue in Nepal but no studies have been conducted till
date. The dearth of information about timber losses occurring in each stage of tree conversion
is leading towards unsustainable harvesting. This is a very big gap in our present forest
management system. Highly economical Sal timber losses in different stages of harvesting
processes are being ignored. It results in great economic loss in both local income and
national revenue. In this paper, we aim to identify a knowledge gap through the detailed
assessment on objective volume reduction factor and losses reduction strategies for Sal
harvesting in the Terai region of Nepal. We explore three main questions: 1) what is the
volume change ratio from standing tree to the felled log of Sal trees? 2) What is the volume
change ratio from felled logs to utilized timber of Sal logs? and 3) What are the corrective
action to minimize timber losses at each stage of Sal harvesting? For Nepal, this study would
serve as a baseline study which fills the knowledge gap on timber losses along the timber
production chain and suggest corrective actions to adopt for its control.

2. Materials and methods
2.1 Study area

Data were collected from two Sal dominated forests and three private sawmills in Morang
district of Nepal (Figure 2) which could represent most of the Terai forest and saw mills of
Nepal. Two sampled forests were selected based on forest characteristics i.e. late successional
climatic climax vegetation (Webb & Sah, 2003), same management practices and same

harvesting equipment i.e. power chain saw; model number MS382 sthil company being used
(Table 1).
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2.2 Data collection and Analysis

Field work was conducted during March and April 2020 followed by a questionnaire survey
in May 2020. All Data from field measurements and questionnaire surveys were analyzed in
MS-Excel (Oftice 2017).

2.3.1 Comparison: Estimated standing volume, felled volume and log volume

The standing volume of a standing tree is estimated using an allometric equation that requires
DBH and total tree height of a tree (Table 5). As recommended by DFRS, 2014, coefficients
a, b and ¢ of Sal species were taken -2.4554, 1.9026 and 0.8352 respectively. The volume of
the felled tree was also calculated using the same equation with measured tree attributes i.e.
DBH and actual height of the tree. Stem rot volume was calculated using the length, breadth
and height of the rotted part (Table 5). Newton’s formula was applied for volume calculation
of logs because of its greater accuracy (Li et al., 2015). The stem rot of each log was also
calculated using the equation as for a felled tree. The recovered volume was analyzed using
the volume recovery index (VRI)-the ratio of extracted volume to actual volume (Mayaka et
al., 2014) and presented in quantity and percentage.

2.3.2 Quantification of losses in each stage

The volume of the standing trees, felled trees and logs were determined. In this study, all the
solid material other than timber was evaluated as losses. However, some of these solid
materials might have other uses. Timber loss volume during felling and bucking was
calculated by deducting the total timber volume of logs of a tree from the timber volume of
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the standing tree. Similarly, timber loss volume during sawing was calculated by deducting
the total volume of planks obtained from the total volume of log sawed.

3. Results

3.1 Volume change ratio in tree felling stage

The timber losses rate during conversion from felled tree to logs with and without stem rot
were 21.59% and 17.11% respectively. Timber losses rate compared with standing tree
volume was higher by 5.76% and 6.28% respectively. Out of 51 sampled trees, 27 (53%) had
stem rot. The total stem rot volume of sampled trees was 21.01 m’ (7.58% of total timber
volume) (Figure 4).
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Figure 4: Standing tree to bucked logs volume change

3.3 Volume change ratio in timber sawing stage

The total stem rot volume of sampled logs was 1.39 m’ (1.54% of total volume). The timber
recovery rate from felled logs to utilized timber with and without stem rot were 70.2% and
69.19% respectively (Fig 5).
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Figure 5: Logs to utilized timber volume change
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4. Discussion
4.1 Volume change ratio from standing tree to felled logs
Our finding indicated that nearly one-fourth of timber volume losses occurs during felling
and bucking stages of Sal timber harvesting. More variations in tree harvesting losses rate can
be seen in different studies (Table 7).

Table 7: Tree harvesting losses rate of previous studies

Study area Losses rate Authors

Nepal 19.8% (left over) (Poudyal et al., 2019)

Nepal 27% (Meilby et al., 2014)

Gabon 25% (Carlson et al., 2017)

Ghana 30% (Eshun, 2000)

Latin America 44% (Dykstra & Heinrich, 1992)*
Africa 46% (Dykstra & Heinrich, 1992)*
Sarawak Malaysia 46% (Noack, 1995)*

Australia 47.20% (Poudyal et al., 2019)

Asia 50% (1:1 ratio) (Butarbutar et al., 2016)
Tropical region (avg.) 50% (Dykstra & Heinrich, 1992)*
Asia-Pacific 54% (Dykstra & Heinrich, 1992)*
Philippines 60% (Lasco et al., 2006)

Brazilian Amazon 66% (1:2 ratio) (Numazawa et al., 2017)
Terai Sal forest, Nepal 27.35% (including rot) This Study

23.39% (excluding rot)

*cited in Poudyalet. al., (2019a)

The key factors for these losses were due to stem rot, higher stump and other logging losses
left in the forest after harvesting. Harvesting losses rate during logging varies in different
studies depending on its local conditions, often considered 1:1 (i.e. 1 m® of extracted logs
result in 1 m’ of residue) as thumb rule (Koopmans & Koppejan, 1997). Many studies
concluded a wide range of timber losses during selective logging i.e. one to five times the
extracted timber indicating a recovery rate starting from 20 percent (Butarbutar et al., 2016).

The logging losses rate of our study is close to the results of (Eshun, 2000) in Ghana and
(Carlson et al., 2017) in Gabon implied similar methods as ours and was conducted in the
tropical forest of Africa. The timber loss rate of Sal logging in this study is similar to (Meilby
et al.,, 2014) in which logging loss rate was 27% of total timber volume in Terai region of
Nepal. A recent study from Nepal by (Poudyal et al., 2020) found that timber loss during
logging in the Terai region of Nepal was 19.8% which is less than our study. It could be due to
multiple species timber losses estimation and completely rotted (damaged) trees exclusion
during timber losses analysis.
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Most of the studies found that around halt (50%) of losses were gained during logging
activities which are higher than the loss rate of this study (Table 7). It could be due to three
reasons: 1) considered total tree volume including branches volume (in this study, only
stem/timber volume is considered as the total volume of tree i.e. clean bole volume of a tree),
i1) inclusion of transportation losses (in this study, timber losses were considered only from
felling standing tree to bucking into logs i.e. exclusion of transportation losses), and iii)
recovery rate calculation based on many species together (in this study, only individual Sal
species harvesting in Terai region of Nepal is considered).

4.2 Volume change ratio from felled logs to utilized timber

Our result indicated that nearly one-third of the total timber volume of a log got reduced i.e.
timber loss during the sawing process (Table 8). Those residues were caused due to saw dust,
Bakal (unfit and chips), stem rot and knots. It also showed that there was some effect in
timber recovery because of stem rot in logs. Different rates of sawn-timber recovery or
residues between different studies and countries could be due to different sawing equipment,
quality of logs and final aimed product size (Lock & Whittle, 2018).

Table 8: Logs sawinglosses rates of previous studies

Study area Losses rate Authors

Indonesia 20-30% (Malik & Hopewell, 2011)
Nepal 39% (Poudyal et al., 2020)

China 40% Chen, 2000*

Nigeria 43.92% (Olufemi et al., 2012)
Malaysia 45% Poyry, 1998*

Indonesia 46% Gintings & Roliadi, 2000*
Malaysia 48% Ravn, 1999*

Many developing countries 49.20(40-58)% (Enters, 2001)

Asia-Pacific 50% (Dykstra & Heinrich, 1992)*
South East Asia 50% IUFRO, 1992*

Papua New Guinea 50% FAO, 1990*

Malaysia 50-58% (Koopmans & Koppejan, 1997)
Terai Sal forest, Nepal 30.81% (including rot) This Study

29.73% (excluding rot)

*_Cited by (Enters, 2001; Pulkki, 1997)

Sawn timber losses rate of this study was found to be lower than many other studies including
hypothetical average sawn timber losses rate of 50-58% in common (Koopmans & Koppejan,
1997) and average sawmill losses rates of 49.2% (40-58%) in many developing countries
(Enters, 2001) (Table 8). It could be due to most of the final products of Sal logs are used
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primarily for building construction purposes where quality of Sal logs and its sizes used are
more flexible in Nepal than other countries having fixed standard sizes for construction
(Poudyal et al., 2020). Sawing timber loss rate of this study was also lower than many other
studies (Table 9). Reasons could be 1) Sal being most strong and valuable timber species in
Nepal and can hold gum and nails nicely, so that even smallest size of timber (i.e. 1 inch*1
inch or 2.54 cm *2.54 cm) were also taken as useable product for furniture and finishing
wood works which result in more recovery rate, and ii) exclusion of timber loss during the
conversion of planks to final use products i.e. in this study, only sawn planks from Sal logs
were considered as final outturn which excluded timber losses from further processing of
those sawn planks into doors, windows and any other furniture products.

In contrast, a study from (Malik & Hopewell, 2011)having similar methods and limitations
concluded that the sawing losses rate was 20-30%, which is slightly less than our study. It
could be due to 1) Study area: Jepara, Indonesia (developed furniture area with advanced
equipment used for sawing), ii) live sawing pattern in small green logs adopted which
generally results in higher green-oft saw recovery rates, and iii) targeted final products were

for chair or table legs and tops which could use outfit sawn wood too.

5. Conclusions and Recommendations

In dipterocarp forest, conventional logging practices where the shelterwood systems with
subsequent regeneration felling are being practiced are resulting in higher timber losses and
other damages on the stand. Both logging and sawing losses reduction can increase economic
potential by increasing the recovery rate and the secondary use of losses. Also, logging losses
reduction can reduce forest degradation and enhance contribution of forest sector to mitigate
climate change. This study serves as a baseline study to identify and quantify the timber losses
in different stages of tree conversion and also formulate their reduction strategies. Potential
timber loss reduction strategies in different stages of timber conversion is an innovative work
that helps local forest user groups to estimate the outturn volume of usable timber for
distribution, forest offices to prepare individual forest management and harvesting plans and
central/provincial government can prepare forest harvesting guidelines and annual plans of
districts incorporating places of timber losses and appropriate timber losses reduction
strategies.
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Effects of forest management on forest fire, forest
encroachment and illegal logging control in Lumbini
Province

Tekan Prasad Acharya'
Introduction:

Forest management is a branch of forestry concerned with overall administrative, legal,
economic, social, as well as scientific and technical aspects of forest. Objectives of forest
management can be achieved only when disturbing factors to forest management are
controlled. Forest fire, forest encroachment and illegal logging are some major disturbing
factors in forest management in Lumbini province as well as in the nation(DFRS/MoFSC,
2015). Forest management effects on forest fire control, forest encroachment control and illegal
logging control and also affected by these factors. The study of these effects helps to identify
the nature, amount and intensity of effects of forest management on these factors which is
ultimately related to forest management. This shows the two way relationship between forest
management and control of forest fire, forest encroachment and illegal logging.

According to constitution of Nepal, Provincial governments has authority of forest
management within their provinces boundary. Forest cover in Nepal has reached to 45.31 % of
total area of the country(GoN, 2023). Lumbini province has 43.72 % forest cover out of total
area of the province which is 14.74 % of total forest cover out of total forest cover in the country
(MOoFE, 2023). Forest fire, forest encroachment and illegal logging are the major disturbing to
forest management in the province (Baral et al., 2016, Bhusal et al., 2019, Pandey et al., 2022).
Forest fire frequency is increasing globally, with significant incidents occurring in Asia
(Vadrevu et al., 2019; Zong et al., 2020). Forest fire frequency is also growing at an alarming
rate in Nepal, suggesting that the current management practices and methods are inadequate to
address the risk (Parajuli et al., 2020). About 90 percent of the forest area in the tropical region
in Nepal is affected with fire annually, most of which is surface fire, which results in the
reduced regenerative capacity of forest (ITTO 2009). By province, the Terai and Siwalik regions
of the Sudurpashchim Province, Madhes Province, Lumbini Province, and Bagmati Province
are susceptible to fire(Bhujel et al., 2022). In terms of environmental loss and damage, every
year on an average, 3,098 fire incidences occur resulting in damage to 172,040.65 hectares (ha)
of forest per year accounting to emission of 3.30 million tons of carbon per year in Nepal (Bhujel
etal., 2022). Likewise, from 2007 to 2021, 71 human casualties have been recorded. Both natural

! Senior Forest Officer, Division Forest Office, Dang, Ghorahi.
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and anthropogenic factors are responsible for the occurrence of forest fire in Nepal. Thus, for
the protection of forests, properties and lives, strict forest fire mitigation policies and practices
ensuring sustainable forest fire management is crucial(Bhujel et al., 2022). Forest encroachment
is another disturbing factor to forest management in Lumbini province as well as in the nation.
Forests in terai and inner terai (Vitrti madhes) are more encroached than other regions in the
country(MoFE, 2012). Illegal logging is another next serious disturbance factor to forest
management. It is the harvest, transportation, purchase, or sale of timer in violation of laws.
Illegal logging is estimated to cost the international community US$30-100 billion each year
and amounts for 90% of timber exports in some countries (World Bank, 2019; Goncalves et al.,
2012). Some estimate that there is a loss of US$558-639 million in the Amazon alone
(Gutierrez-Velez and MacDicken, 2008). The loss to the environment is largely unknown
while some have indicated that the problem of illegal logging directly affects survival of certain
species (Carvalho Jr et al., 2020). There is more chances of illegal logging in terai than in
mountain and hilly region in Nepal. Most part of forest in Lumbini province is in terai and in
easy access indicates the higher chance of illegal logging.

Forest management can be an umbrella concept in controlling forest fire, forest encroachment
and illegal logging through traditional approaches as well modern approaches such as active
forest management, proforestation and fire-smart forest management resulting ecological as

well as economic benefits from forest.

2. Objectives:

The specific objectives of this paper was to analyze effects of forest management in controlling
forest fire, forest encroachment and illegal logging in Lumbini province based on secondary
sources. The general objectives were as follows:

a. To identify how forest management effects in controlling forest fire, forest encroachment
and illegal logging in Lumbini province.

b. To identity the major factors causing forest fire, forest encroachment and illegal logging in
forest management in Lumbini province.

c. To provide suggestion to control these factors through forest management in Lumbini

province.
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3. Methodology
3.1 Study area:

Lumbini province has been selected as i
study area for this study. This study area  qftadt gdw w
has been selected based on the criteria of /A5 :

the review seminar on Silvicultural system
based forest management, organized by
Lumbini provincial government, ministry
of forest and environment and Forest
directorate on 7th and 8th June 2024 at
Lamahi, Dang. Lumbini Province is a

province in western Nepal. Lumbini

Figure-1: Study area map

borders Gandaki Province to the east,

Karnali Province to the north, Sudurpashchim Province to the west, and Uttar Pradesh and
Bihar of India to the south. Deukhuri, Dang is the capital city of this province which is in the
center of the province.

Nawalparasi (Bardaghat susta paschim, Rupandehi, Kapilbastu, Palpa, Arghakhanchi, Gulmi,
Rukum (East part), Rolpa, Pyuthan, Dang, Banke and Bardiya are 12 districts in this province.
Total area of this province is 17810 Square Kilometers which is 12.10 % of total area of the
country. The location of this province is 27°39'33.13"N 83°26'18.3"E. Forest has covered 50.43
% of total area of the province. Forest management is under ministry forest and environment.
There are 1 Forest Directorate, 1 Research and Training Center, 14 Division Offices, 4
Watershed Management Offices, 86 Sub Division Forest Offices. 1 Plant Research Center and
Plant Garden, 4 protected areas are also within this province. This province is in the leading
position in the country in the implementation of Silvicultural system-based forest management
promotion in the country. The main factors affecting the forest management of this province
are forest fires, forest encroachment and illegal cutting.

2. Data collection:

Secondary data has been used for this study. Different sources of data has been searched. These
sources include forest management related international and national organizations reports,
policies and laws of government of Nepal and individual researcher's published articles / papers.
These sources are briefly as follows:
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Indiviutal articles / papers Reports Government
policies and
l 1 laws (n=5)
~

Articles identified through
database searching using key

words (n=45) ) National International
l organiational organiational
(n=5) A (n=3)

Articles removed after screening
the tonics and abstracts (n=25)

|

Article studied and reviewed
extensively (n=20)

l

a N
Full texts articles included in

review (n=15)

l

Total document included (n=28)

Figure-2 : Search and use of secondary sources for study

4. Result and analysis

4.1 Effects of forest management in forest fire control

Forest management basically controls forest fire in two ways: direct control such as adopting
control fire activities and in indirect ways such as maintaining forest floor free of debris, barks
and dry leaves. In brief, forest management contributes in forest fire control in following ways:
e Healthy tree plantations are less likely to burn. “It’s like anything else: when we’re healthy

and strong, we have the ability to avoid sickness. It’s the same for trees.
e Well-managed forests retain more moisture and resist damage from forest fire. When trees
are healthy and functioning and translocating water, they can withstand a small fire.
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Reducing the number of trees allows the whole forest to be healthier and grow vigorously
so that the forest is less susceptible to fire.

Controlled burning helps prevent mega fires.

Fire smart forest management: The Fire-smart forest management technique provides
practical approaches aimed at achieving sustainable forest management in fire dominated
ecosystems. It requires a spatial assessment of the current fire environment (Taylor et al.
1998, Tymstra 1998, Kafka et al. 2000) and how it may change over time under different
forest management practices and disturbances(Hirsch et al., 2001).

Forest fire management highlights uncontrolled forest fire and its consequences, and
policy and programmatic measures to be taken for the sustainable management of
forests(Pandey et al., 2022). Tarai and Churia of Nepal in many places suffered from
deforestation and forest fire is one of the drivers of deforestation (Chaudhary et al.,
2023).

4.2 Effects of forest management in forest encroachment control :

Forest management plays positive role in encroachment control (Brondizio et al., 2019;
United Nations, 2019; Glob. For. Goals Rep. 2021; Yahya, 2019; FAO, 2022).

Forest management in Lumbini and Terai region of Nepal can be an important approach
to control forest encroachment (Baral et al., 2016, Bhusal et al., 2019, Pandey et al., 2022).
Community based forest management is an effective way to control forest encroachment
(FAO, 2022).

Proforestation is the another effective practice of protecting existing natural forests to
foster continuous growth, carbon accumulation, and structural complexity and forest

encroachment control.

4.3 Effects of forest management on illegal logging

Criminological theories suggest intervention mechanisms that could either prevent or
severely limit illegal logging in the forests.

From forest management, by increasing surveillance in the forest area, it will be easy to
identify the person who causes illegal logging, increase the production and supply of forest
products, solve the problem of having to do illegal logging, and control illegal logging by
increasing the sense of ownership of the forest in the forest users.

Transparency strategies include remote sensing, wood tracking operation standards and
procedures, and independent certification. Additionally, forestry law enforcement, forestry
management, and local communities must be encouraged to actively combat the problem

of illegal logging(Ranjit, 2019).
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5. Conclusion and suggestions:

In Lumbini Province, Nepal, effective forest management is crucial for controlling forest fires,
encroachment, and illegal logging. Involving local communities in forest monitoring and
management strategies ensure the sustainable use and conservation of forest resources. In this
way, forest management is an effective tool which has potential in controlling forest fire, forest
encroachment and illegal logging in a same time and at a same place.

Forest management in Lumbini province has been playing an eftective role in controlling forest
fire, forest encroachment and illegal logging but the the effectiveness has not been fully realized.
Challenges and problem in forest management in Lumbini province has been created from
different reasons such as financial, policy related, organizational, Technical, sociocultural
aspects. Following suggestions based on these facts can be proposed for adoption of forest
management in controlling forest fire, forest encroachment and illegal logging in Lumbini

province.

1. Implement controlled burns and create firebreaks: Conduct regular controlled burns to
reduce fuel load and minimize wildfire risks. Establish firebreaks to slow or stop the spread
of wildfires

2. Early detection systems: Install lookout towers and deploy drones for early detection and
rapid response to fires.

3. Zoning and land use planning: Develop and enforce zoning regulations to designate specific
areas for agriculture, habitation, and conservation.

4. Community engagement: Involve local communities in forest management, providing
them with sustainable livelihood options and training in conservation practices.

5. Regular patrolling: Conduct regular patrols and monitoring using forest guards and
modern surveillance technologies to detect and deter illegal activities.

6. Strengthen legal framework: Enforce stricter laws and penalties against illegal logging and
encroachment, ensuring swift and effective action.

7. Promote sustainable practices: Encourage sustainable forest management practices and
certification schemes to ensure legal and eco-friendly timber harvesting.

8. Enhance supply chain Transparency: Implement systems for tracking timber from harvest
to market to prevent illegal timber from entering the supply chain.

In conclusion, forest management can be used as an eftective umbrella approach and practice
that can be used at the same time and in the same place to control forest fires, forest
encroachment and illegal logging.
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Community Forestry Management for Rural Development in
Nepal: An Empirical Analysis
(A Study of CFUGs of Palpa, Parbat & Rupandehi districts)

Damodar Sharma !
Abstract

Community forestry in Nepal was specifically designed to address the problem of forest protection
along with the fulfillment of the forest products and is services to the local communities with maintains the
surrounding environment. The concept behind such design is that people's access to the forest and their
involvement in decision making directly affects distribution of forest goods and service benefits. Practice of
community forestry has a long history in Nepal; it was initiated in Nepal to mitigate increasing
deforestation and forest degradation and address the negative impacts on rural livelihoods. Although, the
country is often considered an exemplar in promoting community forestry for socio-economic development
and environment conservation but no depth research conducted for justification.

Here, this research has tried to find out how CFs management practices supporting to RD from
forest products to the local people (CFUGs). Community forestry provided benefits related to socio-
economic, physical, human and natural assets that have been improving the livelihood of rural people. CFs
are found to be contributing to the local people in many ways, including fulfilling the basic subsistence needs
for livelihood, enhancing the natural capital, creating local institutions for collective discussion/action,
contributing to infrastructure developments, and supporting income generation activities. It also has some
limitation because it fails to address the need of poor and marginalized people of their society. Therefore, the
paper provides some recommendations for enhancing the contribution of community forests and forestry
towards achieving better livelihoods and improving equity along with sustainability in users for way forward
on Inclusion, CFUGs merger, scientific forest management, Occupational Health & Safety, One door
taxation, Hazard & Risk control and Contradictory acts and regulations.

Keywords: Community Forestry, Livelihood, Participation, Benefits, marginalized people, OHS and
Scientific Forest Management.

1. Introduction

Practice of community forestry has a long history in Nepal; it was initiated in Nepal
to mitigate increasing deforestation and forest degradation and address the negative impacts
on rural livelihoods. The country is often considered an exemplar in promoting community
forestry for socio-economic development and environment conservation.

1 PhD Scholar & Environment Safeguard Specialist, FFP/PPMU, Butwal

3% Aadgdl UOTichian 3MENRd dol Iaenud Jddct afdagm aidt i
(@o1 Jard1 AR dETd! BRI I



The research found that Community Forest supply of basic forest products, invest in
rural infrastructure and generate income from forest products to the local people (CFUG:S).
Community forestry provided benefits related to economic, social, physical, human and
natural assets that have been improving the livelihood of rural people. Community forestry is
found to be contributing to the livelihood's enhancement of the local people (CFUG
members) in many ways, including fulfilling the basic subsistence needs for forest products,
improving or enhancing the natural capital, creating local organizations for collective action,
contributing to infrastructure developments, and supporting income generation activities. It
also has been some limitation because it fails to address the need of poor and marginalized
people of their society.

Forest is one of vital natural resources and plays significant role for the uplift of living
standard of rural people if manage well. The goal of rural development also is to uplift the
livelihood of rural people thus forest management seems vital for the developing countries
like Nepal. Recently, every country has been focusing in the sustainable development and link
economic, social and environmental factors in the development practice. Forest management
relate all these aspects and argue that it was essential for the achievement of the sustainable
development goals set by the UN and must be achieved till 2030. Forest management seem
vital because in MDGs the goal of environmental sustainability (Goal 7) and in SDG clean
drinking water and sanitation (Goal 6) climate action (Goal 13), life below water and life on
land (Goal 14 and 15) and affordable energy (goal 7) are directly link with forest management.
Beside that other goals of SDG 2030 are indirectly like with environment sustainable which
mean that they are liked with forest management.

2. Statement of the Problem

Community Based Forest Management approach is globally recognized as an
innovative and successful approach to forest resource management and its governance
(Acharya, et al., 2004). There have been many positive outcomes including social, economic,
and environmental benefits that help for the enhancement of livelihood of rural people but
there are several issues and challenges related to community-based forest management in
Nepal. It continues to face some structural, organizational and societal challenges. One main
complaint is that there is inequitable benefit sharing among CFUGs specially for
marginalized people.

The impact from the community forestry to the local people and rural development
issue has been a crucial discourse for few years, but still relatively little empirical data are
available on how all benefits and system of various environmental, social and all kinds of
assets from forests are shared. Several studies in the community forestry have raised the issues
in inequality and unfair distribution of the generated benefits among the stakeholders such as
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municipality, local user groups and other disadvantaged people at the local level. However,
relatively few in depth studies in the impact of the community forests in rural development
have been carried out yet. Thus, the problem to be addressed in this study is the need to
obtain a better insight in the process of impact of the community forests in rural development
in Nepal.

3. Research Gap
Two schools of thought have been emerging toward community forestry and rural
development.

v" One, several studies have mentioned that the poor are deprived of getting benefits
from community forestry as it has limited access to the poor because the decision-
making forums are mostly dominated by elites.

v" Another, more studies have mentioned its positive contribution to poverty alleviation.

But, the contribution to the rural development and development sectors has not been
tapped in those study. In this context, the research gap is no an in-depth analysis of total
forest benefit gaining by local people livelihoods to livelihood, challenges facing and
inclusion of marginalized communities toward livelihood enhancement and rural

development.
4. Research questions

a.  What are the socio-economic and environmental benefits generated by community
forests to the local people?

b. What are the challenges faced by CFUGs for management and utilization, benefit
sharing and forest related conflict?

c.  Why does a community forest fail to address the poor and marginalized family who
are highly dependent on forest resources?

5. Objectives of the Study

The general objective of the study is to find out the socio-economic benefits and challenges
face by the CFUGs of difterent districts reference to the improvement of livelihood especially
of poor rural family.

Specific Objectives

e To examine the socio-economic and environmental benefit generated by community
forest to the local people of different districts.
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e To find out the benefit from community forest that improves the livelihoods of
CFUG of different districts.

e To assess the challenges, face by CFUGs for management and utilization, benefit
sharing and forest related conflict.

e To explore the reasons community forest fails to address the poor and marginalized
tamily who are highly dependent on forest resources.

6. Significance of the Study

The main goal of this study is to find out the socio-economic benefits and challenges
face by the CFUGs reference to the improvement of livelihood especially of poor rural family.
Thus, the finding of the study seems fruitful to identify the impact of community forest to
the improvement of livelihood of the rural people. The study helps for stakeholder and policy
makers to identify the factor affecting in benefit sharing and allocation of the resources have
been assessed. It also helpful to identify the challenges CFUGs face during the management
of the forest. The study also significance to give some valuable recommendations for CFUGs,
and policy maker to address some challenges and issues related to community forest and
implements of the suggestion of the study to other community forest of different districts of
Nepal. The study also seems vital because it help to identify the local participation in
community forest program and involvement of poor family who are more dependent on the
forest. From the study the socio-economic impact of the community forest program was also
explore and its benefit to the poor family also identify. Improvement of livelihood of the poor
family are the road for rural development so from the study distribution of benefit to the
shareholder especially to the poor family was explore which is necessary for improvement of
community forest policy and its implementation science the community forest program was
develop for protection and conservation of forest and improvement of livelihood of poor rural
family.

The CFs' contributions have also been a collaborating contributing sector for the rural
development; therefore, it is needed to assess the contribution of the CFs to analyze future
trend and possibilities of cooperation and collaboration in rural development through
institutional mainstreaming. This study results may contribute and guide to the rural
municipalities and even policy makers to generate ideas and knowledge to frame the policy
support for the long-term development strategies. Moreover, after federalization in the
country, the role of local level governments is being independently organized; therefore, it is
said that urgent concern is to generate local funds in local development. The study concerns
much to contribute to frame several ideas for sustainable financing and development
resources for the rural development. About more than 45% land is covered by the forest in the
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county and it may contribute much to sustain the development infrastructure and
environmental benefit too. This study could play a good reference for the rural development.

7. Scope and Delimitation of the Study

The study helps to examine the socio-economic impact of community forest to CFUGs
which is helpful to identify the factors that improve the living standard and livelihood of rural
people. The study helps to link the socio-economic impact on livelihood assets like physical,
financial, social, human and environmental assets and provide valuable recommendation to
policy maker and CFUGs related to the challenges related to community fort and policy
reform. Besides these scopes, following are some limitations of the study:

e The study was concentrated within three districts namely Palpa, Parbat and
Rupandehi. Therefore, the study was conducted in small area due the facts that
community forest was found in all seventy-seven districts of Nepal. Thus,
generalization of the finding for all the CF of Nepal seems challenging job.

e The study was based on the cross-sectional data generate during field visit but many
impacts like change in socio-economic status, benefits, practices of management,
benefit sharing and so on are correctly analysis though panel data which was lack in
the study.

e There are different phases of forest management but study only include community
forest management and focuses on community forest management group and link
with livelihood of CFUGs.

e The study also ignores the practice of community forest management, methods of
selecting members, decision making process related to forest management.

e Statistical tools itself have limited scope because they measure effectively only
numerical variables but for qualitative variables, they miss some feature related to
eftects and benefit, equity aspect of community forest and CFUGs.

As this study was confined to 11 CFUGs including the biggest and smallest area covered
CF and the largest and smallest users involved CFs of each district (Palpa, Rupandehi, and
Parbat); as three ecological zone including Tropical, Temperate, Sub-alpine and
physiographical regions including Terai, Mid-hill and Himal. Theoretical/Conceptual

framework was et as:
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g Pap—
= q Socio-economic Greenery Infrastructure
% Development Development Development

The conceptual framework explains the path and gives life to research (Imenda, 2014). The
study covers three parameters including socio-economic development, infrastructure

development, and environmental conservation to community forestry and rural development.

8. Methodology

This research is a mix of multi-theoretical approaches, qualitative and quantitative data
collection made. Data and information were collected through field visits (6), observation
(12), interaction (20), questionnaire survey (418), FGDs (180) and available documents of the
CFUGs (22) and DFOs records (15). All the primary and secondary data were analyzed by
setting parameters from social, economic, political, and cultural perspectives.
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| Data Analysis |
¥
I Eesult, conclision, Recommendation | .
v
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Final Feport Preparation and Submission /

Applied theory: (The research dealing with the SWMRD theory and its model) Applying with
the Social Welfare Model of Rural Development model

Feople |—»| Plan |»| Sustamnable Economic Return

Implementation ‘_)

people (here consider CFUG members), who make plan of their resources management

(here consider management/operational plan preparation) for the sustainable economic
return (here consider generate capitals as goods, services and funds) and its
implementation (here consider rural development activities).

9. Results and Discussion

Regarding the set objective 1: Benefits from community forest that improves the livelihoods
of CFUGs. From the field visit, survey questionnaires and focal group discussion, the results
found as:
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Availabilities of Forest Goods Services provided through CF
for daily households’ for livelihood
consumption/used

Fi d . .
FII‘Z (\izvoo Benefits from CF j] Capacity & Leadership
odder Source of drinking water

for livelihood

Timber Fresh air & Greenery
F odd&?rs Soil & Land prevention
Leaflitters

NTFP @

Auvailabilities of Facilities for
development

Health & Education
Hygiene & Sanitation
Infrastructures
Capacity building for IGA

Fuelwood supply scenario: In Rupandehi 90.73% Users HH getting firewood from their
CF; In Palpa 91.51% Users HH getting firewood from their CF and In Parbat 95.65% Users
HH getting firewood from their CF. There is still lack/limitation of fuelwood in CFUGs as
9.27% in Rupandehi; 8.49% in Palpa and 4.35% in Parbat district from their CFs.

Fodders supply scenario: In Rupandehi 98.01% Users HH getting fodders from their CF;
In Palpa 98.11% Users HH getting fodders from their CF and In Parbar 98.76% Users HH
getting f fodders from their CF. There is still lack/limitation of fodders in CFUGs as 1.99% in
Rupandehi; 1.89% in Palpa and 1.24% in Parbat district from their CFs.

Timber supply scenario: In Rupandehi 72.19% Users HH getting timber from their CF; In
Palpa 63.21% Users HH getting timber from their CF and In Parbar 70.81% Users HH
getting timber from their CF. There is still lack of timber in CFUGs as 27.81% in Rupandehi;
36.79% in Palpa and 29.19% in Parbat district from their CFs.

Regarding the set objective 2: Challenges faced by CFUGs on forest managements. Field visit,
meetings, survey questionnaires & focal group discussion, the results found as:
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During forest management

Forest & households’ ratio.
conflicts of interest.
overlapping users.
Increasing invasive Spp
lack of technical skill
Risks bearing on OHS
Exist Hazards & Risks
(Forest fire, Wildlife)
Erosion & Landslides.
Technical manpower
Inappropriate Mgt system

During forest product utilization

l% Challenges facing by

CFUGs

&] High demands of users
Record keeping system

Vested interest of CFUGs

Elite dominancy

U

During forest product distribution

Limited productivity
] Exclusion
mentalities

Poor Supervision

Taxation

Ineffective monitoring systems
Political and elite dominancy
Contradicting policies, protocols

Forest related challenges are found in the Institutional Management, Inclusion Mechanism

and Policy implementation. Due to being incompetent CFUGs, active people participation

and good governance practices being disturbing in CFUGs this is analyzed under institutional

management. Excluding poor and marginalize people in CFUGs this is analyzed under

Inclusion Mechanism and Contradictory and conflicting policies are being ineftective

CGUGs this is analyzed under Policy implementation. There is no any awareness in CFUGs

members on OHS and community forest areas are being hazard due to dead and dry leaflitter

(bio-mass) which is creating risk for forest fires.

Regarding the set objective 3: CF fails to address the poor and marginalized family who

are highly dependent on forest resources. Field visit, meetings, survey questionnaires

and focal group discussion,

R3Y¥

the results found as:
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Interest, Attitude and Act, Policies and protocols
Mentalities

Lack of interest in CF fails to address the Lack of special priorities to the
marginalize people poor and marginalized marginalize & poor families as
Dominating & suppressive famlly provision in act & protocols.

attitude Ineffective inclusion mechanism
(Elite and marginalize) Govt taxation system.

Bios & Discriminatory Supervisnon & Monitoring Exclusion mentalities

mentality Poor Supervision

(Involvement in EC)

Less privilege to
marginalized people in the
EC formation

Ineffective supervision

Poor monitoring system

Not applied act & rules in EC
formation

There are some Institutional related challenges (as set indicator: Active participation,
transparent account keeping & rules/regulations follow) shows that in Rupandehi 60% users
teel challenges in governance in their CFUG; In Palpa 25% users feel challenges in
governance in their CFUG and In Parbat 30% users feel challenges in governance in their
CFUBG. All have Governance related issues in their CFUGs.

There are some management related challenges (as set indicator: Protection,
plantation, silviculture operation & adapt Operational plan) shows that In Rupandehi 50%
users feel challenges in forest management from their CFUG; In Palpa 20% users feel
challenges in forest management from CFUG and In Parbat 20% users feel challenges forest
management from their CFUG. All have active participation related issues.

There are some utilization/distribution related challenges (as set indicator: Set
indicator: Active participation, Equity, transparency, sells and account keeping) shows that In
Rupandehi 50% users feel challenges in forest products utilization in their CFUG; In Palpa
20% users feel challenges in users feel challenges in forest products utilization their CFUG
and In Parbat 20% users feel challenges in forest products utilization in their CFUG. All have
elite dominancy issues.

10. Conclusion

The study focuses on the socio-economic and environmental impact of community
forestry on livelihood and rural development. From the study it is concluded that community
forestry is beneficial for rural people. From the community forestry local people firewood,
todder, timber for the construction, irrigation, medical plan, drinking water, loan from
CFUGs fund following equity principle and rural people get this benefit following the
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sustainable principle but study found that there is the discrimination of distribution of forest
resources among the HHs who are in EC and HHs who are not in EC. The study also
conclude that community forestry provide direct and indirect employment opportunity, helps
to boost local economy activities, support local priority by sharing benefit, support agro-based
industry development, investing on future economic return which are the economic benefit
from CF. local participation, local institution development, support for education, support for
recreation, encourage women participation are the social benefit that local people gain from
the CF. Similarly, CFUGs actively protect and conserve the forest and its area, water
resources, promote reforestation and followed the principle of sustainable use of forest which
are the environmental benefit from CF to the local people.

The study also conclude that community forestry improves the financial, social,
natural, physical and human assets of rural family by providing different socio-economic,
environmental benefit along with women empowerment and uplift of livelihood of poor and
marginalized rural family. Along this benefit there are some challenges arise in CF related to
conflict in interest, political power, resources utilization and overlapping the rules and
responsibilities between CFUGs and other government and non-government institution.

Community forestry is also the vital strategy for the rural development. The goal of
community forestry and rural development seems same but rural development is wider
framed than community forestry. From the community forestry it seems that local people are
benefiting and improving the livelihood which is also the goal of rural development. Active
participation of poor people, building strong local institution, women empowerment,
focusing on future growth and environmental conservation are the benefit of community
forestry and these are also the indicator of rural development and sustainable development
goals of Nepal. Thus, it is concluded that community forestry promotes vital aspect of
development of the country to the people living in rural area.

11. Recommendation

a) Government needs to formulate harmony and management friendly act, regulation and
protocols, have to focus on scientific management systems and one door taxation
procedure.

b) Productivity in forest should be increase through intensive application through
Scientific Forest Management approached application.

c) Contradictory forest related acts and policies (Central, Provision and Local
governments) should be amendment for conflict mitigation & harmony/management
friendly practice.

d) Monitoring authorities have to make strong mechanism to monitoring and supervision
for CFUGss, need reward and punishment mechanism in CFUGs activities.
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e) CFUGs have to go merger process, ineffective/inactive CFUGs have to merge in
adjoining capable/active CFUGs.

f) Need to incorporate Occupational health and safety (OHS) mechanisms in operational
as well management plan of CFUGs with fully commitment.

g) Immediate address increasing risk & hazards (forest fires and wildlife) to minimize
harm with providing more knowledge and skill and technology to CFUGs.

h) Incorporate Social & Environment Safety mechanism in CF operational/management
plan and go-a-head accordingly.

1) Have to aware marginalized peoples’ interest toward CF through education and capacity
buildings; likely have to change attitude of EC of ECs toward inclusion mechanisms
through awareness and effective supervision & monitoring in CFUGs.
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Rebirth and Resilience: The Dalbergia latifolia (Satisal) Plot’s
Journey to Survival, Documenting the successful case of
vulnerable species restoration by Division Forest Office Banke

Sushil Subedi!, Yajnamurti Khanal?, Ajeet Kumar Karn®, Tolak Raj Chapagain', Pankaj Jha*
Abstract:

Dalbergia latifolia Roxb. (Indian rosewood, locally known as Satisal) is a high-value tropical timber tree
valued for its durable, fragrant heartwood, which is used in valuable furniture, superior musical instruments,
and medicine. Historically overharvested, D. latifolia populations in Nepal collapsed due to past political
unrest and illegal logging. In Banke District, an encroachment-cleared government forest area was successfully
restored in 2006 AD and subsequently fenced and managed as a conservation plot, centered on eight remnant
"mother” D. latifolia trees, located now within the Shamshergunj Mathebas Government Managed (block)
forest. Restoration measures included fencing, invasive plant clearing, enrichment planting, and bioengineering
for erosion control. By FY 2078/2079 BS (2018/19 AD), a complete census of the D. latifolia plot recorded
4,307 stems (including the eight mother trees), with a total stem volume of 94.54 cubic feet. Notably, 79%
of these were natural regenerations, and only 21% were planted. Outside the plot, 131 additional D. latifolia
individuals were found (15 mature trees, 62 poles, and 54 saplings), concentrated in forest compartments C3,
C4, C5, and C6 of the Shamshergunj Mathebas Government Managed (Block) forest. These results indicate
successful natural regeneration under protection and enrichment plantation, but the species remains rare and
reliant on continued management. Future efforts will require sustained funding and scientific study of the

species' reproduction and genetics.

Keywords: Dalbergia latifolia, Conservation efforts, Vulnerable species, Encroachment, Enrichment

Plantations, Restoration
1. Introduction

Dalbergia latifolia Roxb., commonly known as Indian rosewood (Satisal in Nepali), is a slow-
growing, predominantly single-stemmed deciduous tree reaching 20—40 m in height with a
trunk girth of 1.5-2.0 m.(Prasad et al., 1993). It bears a dome-shaped crown of pinnate green
leaves and a gray flaky bark that exfoliates in longitudinal strips. Its heartwood is heavy, fragrant,
and ranges from rose-golden brown to purple-black streaked, making it exceptionally valuable
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for high-grade furniture, veneers, musical instruments and structural uses (Troup, 1921;
Kadambi, 1954). Troup (1921), Sivarajan (1969), Carter (1995) have long noted these valuable
qualities of Dalbergia latifolia and its use in high valuable furniture and musical instruments
especially standard guitars. Because of this high timber value, D. latifolia has been severely over-
exploited in South Asia. In Nepal, indiscriminate harvesting for trade led to a nationwide ban
on its harvest, transportation and export in 2001 (Thapa, 2004; GON 2001). The species is now
legally protected under Nepal’s Forest Act (2019) and is classified as “Vulnerable” by the IUCN
(Damaiyani & Prabowo, 2019). With realizing its importance for conservation, Department of
Forests and Soil Conservation (DOFSC), Government of Nepal prepared and approved Satisal
Conservation Action Plan 2080-2090 (DOFSC, 2023).

In the Terai lowlands of western Nepal, D. latifolia occurs naturally in mixed deciduous forests
along riverine areas. The Shamshergunj Mathebas Government Managed (Block) Forest
(shown in Map 1) Covering an area of 2,578 ha in Banke District borders Banke National Park

in the North, Trishakti and O S e S

Sidhhasatkumari Community Forest in
the West, Ashok Community Forest in
the East and Madhu, Laligurans,
Hariyali and Harlaphata Community
Forest in the South (DFO Banke
2022). The Muguwa Khola river bisects
this block forest and provides perennial

moisture for rich riparian forest in the
periphery (DFO Banke 2022). This
landscape hosts diverse fauna such as

Tiger (Panthera tigris), Elephant (Elephas

Map 1 Location of Shamshergunj Mathebas Government
Managed Block Forest

maximus), Spotted deer (Axis axis) and
Four-Horned  Antelope  (Tetracerus
quadricornis). Within this forest, D. latifolia grows alongside other valuable trees (e.g. Shorea
robusta, Acacia catechu, Dalbergia sissoo).

2. Materials and Methods

Key Informant Interviews (KII) were conducted with major stakeholders and community
leaders at the time of encroachment removal. The interviewees include the chairperson of the
Federation of Community Forest User groups, Governmental officials of that period,
Journalists covering the news at that time, and other forest activists from the area. This KII
aimed to understand the historical background of the encroachment, the removal of the
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encroachment, and the restoration efforts undertaken. Then, the detailed enumeration and
measurement of the total stem present in the Satisal Conservation plot were taken in 2023 AD.
The measurement includes Height, Diameter at Breast Height (DBH) for Tree and pole, First
branch Collar Diameter for sapling and seedling, Stem Condition (Injured or Healthy), and
Origin of Stem (Natural or Plantation). For the stem outside the conservation plot, Forest
guards were deployed intensively to track all the scattered stems over a period of four months
throughout the Block Forest. Then, the location and measurement of all tracked stems were
taken to get species distribution as much as possible.

3. Findings and Results

3.1 Historical Background of Encroachment

During the after wave of the Maoist insurgency period in Nepal during 2006/07, large-scale
encroachment devastated this Forest area. Amid the widespread unrest, individuals began
clearing dense forest areas, taking advantage of the weakened law enforcement. In Banke, some
local leaders fueled the encroachment by falsely promising land at the rate of 12 kathas per
family for a nominal fee of 86 rupees, primarily targeting economically marginalized groups
such as proletarians, squatters, and flood victims. This misinformation quickly spread to
neighboring districts, including Surkhet, Bardiya, and Dang, drawing thousands of people to
the area. As a result, over 3,000 families encroached upon approximately 600 hectares of forest
land, particularly in Muguwa (Thuria) and Dhakeri of Kachnapur and Mahadevpuri Village
Development Committees (VDCs). Within the Muguwa Khola area (Thuriya region) alone,
around 200 households occupied nearly 100 hectares of forest land. Over 200 squatter
households migrated from the hills of the then Rapti and Bheri zones of Nepal, specifically
Salyan, Jajarkot, and Dang, illegally clearing roughly 100 hectares of forest land around
Muguwa Khola. This encroachment led to the destruction of the pristine habitat of diverse flora
and fauna, including D. latifolia (satisal), resulting in habitat fragmentation of the Kamdi
corridor and impacting the fauna and floral diversity in that region.

Although the encroachers united to resist government interventions, then District Forest Oftice
Banke, under the leadership of then DFO Mr. Ashok Dhungana, launched a decisive operation.

3.2 Combating Encroachment

In 2007, the Division Forest Oftice (DFO) Banke (then known as the District Forest Office
Banke) took immediate action to combat encroachment, which was supported by the local
communities and forest activists of that area. Coordinated and joint action by the Division
Forest Office, security forces, and local people successtully cleared the huts and removed the
encroachment. The intervention model adopted by DFO Banke initially gained the political
consensus of the political party, including the Maoist, and reached an agreement to eradicate
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the encroachment. The Maiost showcased
. . . COMABTING ENCROACHMENT

their responsibility towards conservation, POLITICAL CONSENSUS

which proved to be a focal for the

successful encroachment removal. Then,

proper security provisions were made

before the operation, which included
forces from the Nepal Police, the Armed
Police Force, and Forest guards. Then,

THE
INTERVENTION R ool

How

v User aps and
orgonizations, local consenvation leaders, the Dstrct
Farest Office Bardiyo, and the Natianal Park

through proper collaboration with local

OPERATIONAL PROVISION
Two clephants were doployed to remove
the huts constructed by the encroochers

communities, Federations of Community
Forest User Groups (FECOFUN),
Conservation Leaders, and the adjacent
District Forest Office of Bardia and Bardia National Park, a successful large-scale
encroachment removal was worked out. The operation was conducted with the assistance of
two elephants, over 1,000 local communities, and 100 government staft and security personnel.

3.3 Restoration of the valuable threatened Species

During post-removal surveys, eight mature D. latifolia trees ("mother trees") were discovered
on the river banks. These became the nucleus of a new D. latifolia conservation plot. Beginning
in FY 2073/74 (2016/17 AD), the DFO Banke launched a recovery program under the
Threatened Flora and Fauna Habitat Protection initiative, aiming to protect and regenerate this

rare tree species.

The multi-faceted restoration program (2016 onward) combined strict site protection with
active management to facilitate Dalbergia latifolia recovery. A permanent fence was erected
around the mother-tree plot, and a guard patrol was established to exclude livestock grazing
and illegal encroachment. This exclosure approach aligns with findings that long-term fencing
markedly enhances forest regeneration and carbon stock. (Ruo et al., 2018). By removing
herbivores and human disturbances, the fenced area promoted the natural recruitment and
growth of D. latifolia stems.

Invasive and competing vegetation were regularly cleared to reduce resource competition and
fire risk. Weeding and bush-cutting removed dense shrub growth that might otherwise
suppress saplings. Simultaneously, DFO Banke maintained fire breaks and conducted regular
removal of fuel loads. These firebreaks and fuel reduction efforts likely decreased the likelihood
of wildfire damaging the recovering stand, consistent with the literature on fuel treatments in
dry forests (Brodie et al., 2024).
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The plot was also enriched by active planting.

|Encroachment Removed

Locally raised nursery stock of D. latifolia and

Revealing Mother Tress

other species (e.g., Acacia nilotica, Phyllanthus

emblica) was introduced to enhance stand diversity

Estabfishment of Black Forest

and structure. Enrichment planting with late-
successional or nitrogen-fixing trees can improve

Demarcation of Potential Hotspots

forest composition and accelerate ecological

Habitzt Protection Program

function. Using locally sourced seedlings helps

ensure genetic suitability to site conditions.
. . Full-phase Conservation Eforts
However, specific survival data are not yet

reported; this mixed-species planting likely

Fencng with Mesh \‘.'-1 Annul Wesding and Cleaning| Degloyment of Guard

complemented natural regeneration by filling
canopy gaps.

DFO Banke implemented erosion_control [ﬁer—ri Collection and Diseribut n"} and Bloenginesr| Seediing Production and n::m'r-lri.'n]

measures along nearby riverbanks. B amboo
Community Forast Flanting

(Dendrocalamus spp.) was planted on Muguwa

river banks. Gabion check dams of stone and

|Baseline Measurement

sandbags were built across the bank to control Figure 1 Restoration methods by DFO Banke
bank erosion. This structure was supplemented

by grass layering across the surface runoft to gain sustainable soil erosion control in the area.
Bamboo's extensive root system is well known for stabilizing soils and preventing erosion
(Tardio etal., 2018). In our context, bamboo plantations acted as living bioengineering barriers,
trapping sediment and reducing bank scour. Likewise, check dams reduce water velocity and
retain upstream sediment — a proven nature-based solution that conserves soil and water
(Carrera-Villacrés et al., 2025). Together, these measures protected topsoil and reduced

landslide risk in riparian areas.

In FY 2018/19 AD, we conducted comprehensive monitoring to quantify outcomes. Inside the
fenced plot, we inventoried every D. latifolia stem. We measured the diameter at breast height
(DBH) and height for each tree to estimate stem volume, as DBH is a standard metric closely
correlated with stem volume (Mercker & Yang, 2010). These data provide a baseline for stand
structure (e.g., size-class distribution and biomass). This survey mapped the species' presence
in the landscape and helped assess natural regeneration patterns outside the conservation plot.
Altogether, the inventory and survey establish pre-treatment reference conditions, allowing
future assessments to compare stem density, volume, and age-class distribution to evaluate how
the restoration actions influence population recovery over time.
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3.4 The Successful Re-birth

A comprehensive  assessment
conducted within the conservation
plot revealed a total of 4,307
individual Dalbergia latifolia stems,
which included the original eight
mother  trees.  These  stems
collectively accounted for a growing
stock volume of 94.54 cubic feet.
Of the total  regeneration,
approximately 79% was naturally
regenerated from seed fall. In
comparison, the remaining 21%
originated (as shown in Table 1)
from planted seedlings, indicating a
favorable response to natural
regeneration  under  protected
conditions. In addition to the

~

Satisal Plot (FY 2062/63) N Natural Regeneration of satisal ( 2080 BS)

= Number of Mother trees=
Number of stem= 8 A Number of Natural Regencration =3377

e ——
01330 00 %0 120

Enrichment Plantation ( 2078-2080 88) 7 Stem Map of Satisal Plot ( 2078-2080 BS)
Number of Planted Stem =922 A Total Number of stem =4307

Map 2.1 The sucessful restoration of Dalbergia latifolia in satisal
conservation plot

population within the fenced area, an intensive survey of the broader Shamshergunj Mathebas
(Block) Forest documented 131 individuals of D. latifolia beyond the plot boundaries. These

stems included 15 mature trees, 62
poles (intermediate-aged stems), and
54 saplings. These individuals were
primarily concentrated in forest
compartments 3, 4, 5, and 6 along the
Muguwa Khola river corridor,
suggesting that favorable
microhabitats for the species extend
beyond the core conservation area.
No significant seedlings were
observed outside the plot, suggesting
that the protected plot is the primary
regeneration source for the block
forest.
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Map 2.2 Location of Dalbergia latifolia outside the conservation plot
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Table 1 Statistics of D. latifolia stem

Location Origin Number Girth_ (cm) Heigflt (meter) Remarks
Mamrnun“ average Maxlmun‘J average
Satisal plot Natural |922 98 4.45 21 1.57 outside satisal plot only
Plantation| 3385 8 1.76 6.4 0.7 found stem above 9 cm
Block Forest outside satisal plot  [Natural |131 140 50.38 28 4.56 girth were only measure

4. Discussion

The thriving regeneration within the Satisal conservation plot demonstrates the species'
resilience when human pressures are removed. The presence of eight mother trees likely
provided abundant seed input, explaining the high proportion of natural recruits.
Comparatively, intensive planting was less critical than passive recovery, implying the habitat is
suitable for D. latifolia under protection. These findings contrast with other Dalbergia restoration
efforts, where low seed sets can limit recovery (Gaisberger et al., 2022). Continued canopy
protection and predator control (e.g., limiting herbivory) will be crucial to maintaining this

recruitment.

The population discovered outside the plot suggests that D. latifolia was historically more
widespread in this landscape than previously thought. Classical forestry literature (Kadambi &
Kadambi, 1954); (Orwa et al., 2009.) generally treated D. latifolia as exotic to Nepal. Kadambi
(1954) even notes that D. latifolia had been introduced to Nepal, Sri Lanka, and Burma for
plantations. However, the measured girth of more than 90 cm of some riverbank trees found
in the block forest suggests they are decades old, possibly pre-dating known introductions. Our
findings challenge the assumption that D. latifolia is merely an adventive species in Nepal.
Further botanical and genetic studies are warranted to clarify its native range and historical
ecology in this region. Understanding its natural distribution will inform conservation efforts:
if truly native, preserving genetic diversity and promoting connectivity among surviving trees

will be top priorities.

Opverall, the coordinated combination of protection, weed control, planting, erosion mitigation,
and monitoring has begun to create conditions favorable for D. latifolia regeneration. Fencing
and active management removed key constraints (browsing, competition, fire, erosion), which
should allow the species to persist and recruit. Further monitoring in the coming years will
reveal trends in stem recruitment and growth. The restoration effort exemplifies integrated
conservation, as evidenced by the literature supporting each strategy (fencing enclosures,
invasive species clearing, fuel reduction, and bamboo/check dams, which are beneficial for
forest recovery). Our results show whether D. latifolia populations respond as intended (Tardio
et al., 2018; Brodie et al., 2024; Gaisberger et al., 2022).
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Despite these successful species recovery, several ecological and institutional challenges may
threaten the sustainability of the restoration efforts. Publicity about the plot could spur illicit
harvesting, so public awareness campaigns must emphasize the importance of legal protection.
As noted by Yulita et al. (2022), in Indonesia, intensive domestication and fragmented habitats
can lead to poor fruit production and inbreeding in rosewoods. Similar replications may also
occur in the Nepalese context. Regular monitoring of the Satisal population's reproductive
output is advised, and a seed bank or breeding program may be needed to sateguard genetic
health.

Herbivory by native ungulates such as chital (Axis axis) and four-horned antelope (Tetracerus
quadricornis) poses a significant constraint, as young D. latifolia saplings are highly palatable.
While fencing has reduced browsing pressure within the core plot, natural regeneration outside
remains vulnerable; supplemental planting and protective measures may be necessary to ensure
the survival of saplings. Additionally, jurisdictional challenges include the fact that the site is a
government-managed forest rather than a community forest. This management regime may
limit the involvement of local forest user groups in management decisions and may reduce the
sense of ownership at the community level. Collaborative partnerships with Local government
and community forests could improve stewardship and monitoring,.

A critical limitation of the program is its dependency on budgetary allocations from the Ministry
of Forests and Environment. Without secure, multi-year funding, the continuity of
interventions such as weeding, fire control, and enrichment planting may be compromised;
therefore, some independent and self-generating sources of funding might be required.
Moreover, knowledge gaps regarding the reproductive biology, genetic variability, and
propagation techniques of D. latifolia must be addressed through further scientific research and
study. Strategic collaboration with forestry research institutions to develop evidence-based
guidelines for long-term conservation planning is highly required.

5. Conclusion

The restoration of Dalbergia latifolia within the Shamshergunj Mathebas Block Forest of Banke
District stands as a compelling example of successful species-focused ecological rehabilitation
in Nepal's lowland Terai. With the combination of strict protection measures, active habitat
management, and community and public support, a heavily encroached and degraded site has
been transformed into a biologically productive conservation plot. The presence of over 4,300
individual stems, including a majority of naturally regenerated individuals, attests to the species'
resilience and the eftectiveness of targeted restoration interventions. The discovery of a large,
mature tree in its natural habitat suggests that D. latifolia may have a broader native distribution
in Nepal. This finding challenges the older assumptions of its exotic status in Nepal.
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Persistent threats such as fire risk, riverbank erosion, herbivory, and institutional limitations
demand ongoing attention for sustainable species conservation. The long-term viability of the
species' conservation depends on sustained financial support and rigorous scientific research
into its reproductive ecology and genetic diversity. Integrating D. latifolia recovery into broader
landscape-level forest management, coupled with community co-management frameworks,
will be vital to securing its future.

Ultimately, this case highlights that with strategic planning, inter-agency coordination, and
ecological sensitivity, even vulnerable and historically overexploited species like D. latifolia can
rebound, restoring not only forest structure but also ecological integrity and conservation hope

across Nepal's threatened forest corridors.
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