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From the Editor’s desk

Die-back disease of Neem (Azadirachta indica) fias emerging as a significant concern for the
farestry in India. This disease causes progressive death of twigs, branches, shoots, and roots,
starting from the tigs, and impacts neem trees of all sizes and ages, leading to nearly
complete loss of fruit productivity in severely affected trees. As Neem trees are integral to
rural economies and sustainable agriculture, it is crucial to implement effective management

strategies, including monitoring, early detection, and the promotion of disease-resistant

varigties, to safeguard this invaluable resource and ensure the resilence of forest

BLOSyStEms across Inda.

In line with the above this issue of Van Sangyan contains an article on Die-back disease of Neem: An emerging issue in forest
industry. There are also useful articles viz. Solar Orying: Advancements and challenges in solar wood drying technology in India,
FHAHTRF F&T IR Berer #1 3oa @dr, Nanoljgnin: Synthesis methods and applications in polymer composites,
Harnessing excellence: Delving into the thermal properties of oil in wood modification for enhanced perfarmance, Phyllanthus
indofischeri Bennet - A wild edible fruit with multifarious uses, Feological significance of Rhododendron arboreum: Regeneration
problems, utilization, and response to chimate change, Harnessing forests for chimate change mitigation, Arial Unicode MS, &
FATITIT & FTRT FTTE, FLETT TF ATAFFT & THET FIT and dTieadr lged a7 (47) 797 §IEe.

Looking forward to meet you all through farthcoming issues.

Dr. Naseer Mohammad
Chief Editor
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Die-back disease of Neem: An emerging issue in forest industry

G.B. Rawale and S.B. Chavan

ICAR-National Institute of Abiotic Stress Management
Baramati, Pune 413 115

Introduction

Neem (Azadirachta indica) is commonly
known as ‘Indian Lilac’, and it is one of
the most versatile, multipurpose trees of
the tropics. Neem is native of the Indian
subcontinent and it occurs naturally in
Shivalik hills, dry forests of Andhra
Pradesh, Tamil Nadu, Karnataka and
Maharashtra up to an altitude of 700 m
(Roxburg. 1874). South Asian and sub-
Saharan regions constitute the main areas
of distribution. Today neem trees are
found in nearly 80 countries worldwide.lts
importance at global context has been
enlightened by The US National Academy
of Science by publishing a report entitled
“Neem: A tree for solving global
problems” in 1992 (NAS,1992). It is
cultivated and frequently naturalized
throughout the drier regions of tropical and
sub-tropical India. Neem, renowned for its
anti-viral,  anti-bacterial and  anti-
inflammatory properties, is under a
virulent fungal attack and the disease is
spreading rapidly. Almost every part of
neem i.e., leaf, bark, seed, flower etc. used
for making beneficial products.Neem has
been shown to exhibit insect control
activities against as many as 250 insect
species (Anonymous 1993). More than
150 compounds have been isolated from
different parts of this enigmatic tree. Neem
has potential to use against plant
pathogenic fungi and in the treatment of
many human pathogenic fungi. The
ingredients are known to have vital effects

on as much as 350 species of agricultural
pests. But it does not exempt the neem
trees from being attacked by pests and
diseases. It has become a familiar sight
in Maharashtra and also in some other
states over the last few years that twigs
and leaves of neem trees dry up. The
dieback disease was first reported in the
country during the 1990s near Dehradun
in Uttarakhand. The dieback is a fungal
disease but the neem trees are sometimes
hit by insect infestation and the
combination of both increases its impact.
Though neem trees are strong enough to
combat the damage caused by the disease,
measures to control its spread can be
undertaken at community level for better
results.

What is die-back of neem?

Die-back of neem is serious disease caused
by fungus Phomopsis azadirachtae.The
occurrence of die-back of neem was first
reported from new forests of Dehra Dun,
North India (Sateesh et al., 1997)It is said
to be complex of pest (Tea mosquito bug)
and multiple pathogen attack (Phomopsis
and Colletorichum spp.) but major one is
Phomopsis azadirachtae. The Phomopsis
azadirachtae is a fungal pathogen
responsible for causing die back disease in
neem belonging to the genus Phomopsis.
The species was first identified and
described by Sateesh et al. in 1997.P.
azadirachtae, the incitant of die-back on
neem is a deuteromycetes fungus and seed-
borne in nature.
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Morphological characteristics of P.
azadirachtae

Mycelium immersed, branched, septate,
profuse, colourless, becomes pale brown
later. Conidiomatais pycnidial, solitary or
aggregate, half-immersed, pale brown to
dark brown or black, ampulliform or sub-
globose, unilocular, thick-walled, uniform
throughout with the endogenous basal
swelling cone with lumina of bigger cells,
outer layers melanised, 300-500 um high,
up to 900 pum, wide in sections, ostiole
single, unilocular, circular, papillate
(Girish et al., 2008).Conidiophores simple
or branched, short or elongate, septate,
filiform, hyaline, line the inner layer of
locule, 12-20 x 1.6-2.0 um, subulate or
filiform, integrated or discrete, channel
and collarette minute, hyaline, periclinal
thickenings of variable thickness, 5-8 x
1.6-3 pm, The pathogen produces two
types of spores i.e.Alpha(a)conidia are
hyaline, fusiform, straight, 2-4 guttulate,

smooth, aseptate, 4.8-11 x 1.6-3.2 um,
germinate readily, Beta(p) conidia are
hyaline, filiform, eguttulate, aseptate, 16-
25.6 x 1.6-2.0 um germination unknown
(Girish et al., 2008).

Die back disease symptoms

e The disease symptoms include twig
blight, inflorescence blight and
fruit rot.

e The disease is more pronounced
during August to December,
though can be observed throughout
year.

e Appearance of symptoms starts
with the on-set of rainy seasons
and becomes progressively severe
in later part of the rainy season and
early winter season.

e The terminal branches are mainly
affected. The disease results in the
progressive death of the tree, year
after year (Girish et al., 2008).

Fig: Die-back disease of neem at Malegaon, Pune (PC: Dr. Sangram Chavan)

e Twig blight is the major
symptom of die back disease,
also results in inflorescence
blight and fruit rot resulting in
almost 100 % fruit yield loss.

e Disease has been noticed in
neem trees irrespective of age,
size and height.Disease spreads
through  conidia that are
disseminated by rain droplets
and insects.
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Integrated disease management of die-
back of neem disease

Implementation of integrated disease and
pest management (IDPM) programs which
combine cultural, chemical, and biological
approaches are highly recommended to
control dieback of neem.

Cultural Control

e The pruning i.e., removal of old
dead twigs and branches is very
important for the control of
diseases. Previously infected dead
shoots should be removed early in
the spring before new growth
begins to lessen the number of
infective spores (tnau, agritech
portal).

e To manage dieback disease,
traditional horticultural practices
have been applied to confront the
fungal attack.

e In general, avoidance of wounding
of trees can limit disease incidence
(Alemu, 2014).

e Infected parts should be pruned
from 7-10 cm below the infection
site, removed, and burnt (Asrey et
al., 2013).

e Attempts to arrest early infections
have been made by treating with
copper oxychloride or pasting with
cow dung on pruned ends.

Biological control

e B. subtilis and P. aeruginosa were
highly effective in suppressing the
growth of the pathogen.

Chemical control

e Bavistin is effective, which
completely suppresses mycelial
growth, sporulation and conidial
germination at 0.3 ppm.

e Treatment of neem seeds with
bavistin resulted in the death of the
seed-borne pathogen.

e Carbendazim (bavistin) at 0.25
ppm controlled the growth of the
pathogen completely. (Girish et al.,
2008).

Future perspectives

e Geographical demarcation of
pathogens inciting die back
disease of neem is necessary.

e Identification of particular genes
associated with host pathogen
interaction.

e Management of neem seedlings
at nursery stage to maintain the
vigor of tree.

e Interdisciplinary approach is
necessary  to study  the
mechanism of die back of neem
in detail.

e Public awareness and area wide
approach to manage both pest
and pathogen causing of die back
of neem.

e Use of advanced technologies to
survey the actual incidence e.g.,
Hyperspectral Remote sensing.

e Co-operative approach among
state forest and agriculture
department.
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Introduction

Wood, a very important biological
material, primarily consists of cellulose,
hemicellulose, lignin, and secondary
metabolites in the form of extractives. In
its green state, wood retains moisture,
providing an ideal environment for
microbial growth and decay. Various
organisms such as insects, fungi, termites,
and bacteria feed on moist wood, leading
to degradation. Additionally, moisture-
induced shrinkage and swelling can cause
significant damage to wood structures and
furniture. To enhance wood's longevity
and usability, it must undergo drying to
reach specific moisture levels. Throughout
history, humans have employed various
drying methods to remove moisture from
wood, aiming to mitigate the risks of
biodegradation. Traditionally, techniques
like air drying and kiln drying have been
used, supplemented by modern approaches
such as vacuum drying, dielectric heating,
and hybrid systems combining multiple
methods. Controlled drying, also known as
wood seasoning, and ensures defect-free
dried wood suitable for various
applications.  Therefore, understanding
proper drying techniques is essential for
prolonging wood lifespan and optimizing
resource utilization.

India, being a developing country with a
large population, has a significant demand
for raw materials, including wood. Wood
serves as a crucial natural resource, widely
acknowledged for its utility (Leiker and
Adamska, 2004). While water is essential
for tree life, it must be removed before
utilizing wood as timber. Once a tree is
felled, it loses its natural resistance against
decay and insect attacks, termed natural
durability (Scheffer and Morrell, 1998).
Drying wood is the initial step towards
enhancing its performance in various
aspects such as dimensional stability,

finishing, weight reduction for
transportation, preservation, and
mechanical ~ properties  improvement

(Oloyede and Groombridge, 2000). The
process of reducing water content in wood
before utilization is termed wood drying
(Oyebamiji et al., 2015). Wood is obtained
from natural forests or trees outside forests
in diverse shapes and sizes, dictating the
drying technique employed (Simpson,
1983). The art of wood drying dates back
to ancient civilizations, with around 300-
400 commercially utilized wood species
requiring  specific  drying  methods
(Simpson, 1983). In the contemporary
context, drying techniques  should
prioritize enhancing wood drying quality
while being energy-efficient (Lianbai,
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2007). Human efforts to dry wood have
evolved, encompassing a range of methods
from conventional to advanced drying
techniques (Hansson and Antti, 2003;
Sharma et al., 2022).

Water in wood exists primarily in two
forms: free water and bound water
(Stamm, 1967; Simpson, 1983).

Cell wall
saturated
with water

Saturated
water vapours

Liquid water

Additionally, water may be present in
vapour form within cell lamina, although
at typical humidity and temperature levels,
this vapour content is negligible (Sharma
and Kumar, 2023). Free water resides in
cell lumens, while bound water is
chemically bound within cell walls (Perre
and Keey, 2014).

‘Water vapour
in equilibrium
with moisture
in the cell wall

Cell wall
containing
some water

Fig.1: (A) Water in the cell of green wood; (B) Water in cell of dry wood

Fig. 1 illustrates the distribution of water
within green and dry wood cells. The Fiber
Saturation Point (FSP) is a crucial concept
in wood drying, marking the point at
which there is no free water present, and
cell walls are saturated solely with bound
water. Above the FSP, water removal is
relatively easy and requires less energy
since the water is not chemically bound.
Conversely, below the FSP, only bound
water within cell walls exists, necessitating
higher energy input to break these bonds
and release the water from the wood. In
addition to the FSP, Equilibrium Moisture
Content (EMC) significantly influences
wood drying properties. EMC represents

the moisture content at which there is no
exchange of water or moisture with the
surrounding environment (Oyebamiji et
al.,, 2015). Efficient wood utilization
necessitates the removal of this moisture
content. Water travels within wood
through diffusion or along moisture
gradients  (Nelson, 1986). Various
techniques have been developed to remove
water from wood, evolving from ancient
times to modernity in response to societal
needs.

Solar kiln

Solar timber drying kilns merely apply the
principles used in greenhouse to the drying
of timber where heat is trapped inside a
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structure glazed with a material that is
transparent to short wave radiation (light)
and non-transparent to longer wave
radiation (heat) and which at the same time
reduces heat loss by conduction and
convection. There are several types of
solar kilns, but they all generally rely on
some type of solar collector to provide the
heat energy that evaporates the water in
the lumber (Belessiotis and Delyannis,
2011). Unlike solar heating for an office or
home, in lumber drying it’s not possible to
reduce the heat requirement to the point
where solar heating can be competitive.
When you’ve got a certain amount of
water to remove from a certain amount of
wood, you need a certain amount of total

e

Heat From the sun’s rays
is collected by UV plastic

heat to do it, and that heat requirement
can’t be changed. Drying times in a solar
kiln are dependent upon the weather, and
thus unpredictable (Ekechukwu and
Norton, 1999). In hot climates, they can
degrade lumber due to excessive drying. In
colder climates, they are unreliable and
slow. Solar kilns often use electric—
powered fans to circulate air through the
lumber, but the cost of running these fans
is high—and because of the long drying
times, you've got to run the fans for a long
time, making solar drying quite expensive.
The electricity for running the fans in a
solar kiln is usually more than would be
used running a DH Kkiln, as the drying time
is longer.

SUN

Air in kiln chamber
becomes heated

X

<=
<

Outside air can be used to
prevent damage caused by
drying too fast

Air i1s drawn through
lumber stack, collecting
moisture

Air drawn by circulating
fans is recycled through
kiln or exhausted

Exhaust

=i I 1

IO
L]

I

Fig.2: The Drying process of solar kilns

Advantages of Solar Kiln
Environmental friendliness

Solar kilns utilize renewable solar energy,
reducing reliance on fossil fuels and

&
A3
£

minimizing carbon emissions, thereby
contributing to environmental
sustainability.

Cost-effectiveness
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Solar energy is free and abundant, leading
to reduced operating costs over the long
term compared to conventional kilns
powered by electricity or fossil fuels.
Energy efficiency

Solar kilns can achieve high levels of
energy efficiency, especially in sunny
regions, by harnessing natural sunlight to
dry wood effectively.

Reduced drying time

With proper design and operation, solar
kilns can achieve comparable or even
faster drying times than conventional
kilns, leading to increased productivity and
throughput.

Improved wood quality

Solar kilns can provide more uniform
drying conditions, resulting in better wood
quality with fewer defects such as
warping, checking, and degradation.
Versatility

Solar kilns can be designed and scaled to
meet various drying needs, from small-
scale operations for hobbyists to large
commercial facilities, making them
suitable for a wide range of applications.
Independence from the grid

Solar kilns operate off-grid, making them
ideal for remote locations or areas with
unreliable electricity supply, providing
greater independence and flexibility to
wood processing operations.

Status of solar drying of timber in India
In India, solar drying of agricultural
products is relatively common, but its
application in timber drying remains
limited. Challenges such as:

Lack of continuous operation

It operates intermittently and does not run
continuously for 24 hours; drying does not
occur during nighttime, resulting in longer
overall drying times.

Lack of awareness

Many timber producers and processors are
unaware of the benefits and feasibility of
solar drying.

Technical expertise

Adequate  training and  technical
knowledge are essential for designing,
operating, and maintaining solar drying
systems.

Infrastructure

The lack of suitable infrastructure,
including drying chambers and equipment,
impedes the adoption of solar drying
technologies.

Future  research  directions  for
improving solar wood drying efficiency
include

Minimizing heat losses from the Kkiln
Addressing transmission losses from the
kiln due to convection, conduction, and
radiation is crucial. Strategies such as
effective sealing of joints, multiple glass
glazing layers, low emissivity coatings,
and using inert gases like Argon can help
reduce these losses.

Optimizing kiln design

Conducting studies to estimate the actual
heat demand for wood drying in
commercial-size kilns can help optimize
the sizes and areas of the roof and south
wall of double-inclination kilns,
maximizing solar flux in winter months.
Enhancing thermal conductivity of
Phase Change Materials (PCMs)
Improving the low thermal conductivity of
PCMs can resolve issues related to their
melting and solidification processes.
Implementing nano-coatings on thermal
collectors

Exploring nano-coatings to increase the
absorptivity of collectors and enhance
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efficiency can be a promising avenue for
research.

Developing automatic, self-sufficient
solar drying systems

Integrating solar drying systems with
thermal storage and computer
programming can create commercially
viable and energy-efficient solutions.
Conducting pilot-level studies
Undertaking pilot studies with
commercial-scale  kilns can provide

valuable insights for practical
implementation.
Exploring  high  storage  density

materials

Researching materials with high storage
density can improve the economic
feasibility and commercial acceptance of
solar drying systems.

Utilizing crossers/stickers as PCM
containers

Investigating the use of crossers,
commonly used in wood stacking, as
containers for thermal storage can enhance
the efficiency of solar wood drying
systems.

Conclusion

The solar drying of timber presents a
promising avenue for addressing the
challenges of traditional drying methods
while leveraging renewable energy
sources. Despite its potential advantages
such as environmental friendliness, cost-
effectiveness, and improved wood quality,
the widespread adoption of solar drying in
India faces hurdles related to operational
continuity, awareness, technical expertise,
and infrastructure. However, future
research directions outlined, including
minimizing heat losses, optimizing kiln
design, enhancing thermal conductivity of
Phase Change Materials (PCMs), and

developing automatic systems, offer

promising solutions to enhance the

efficiency and viability of solar wood
drying. By addressing these challenges and
embracing innovative approaches, the

solar drying of timber can emerge as a

sustainable and efficient method to meet

the growing demand for wood products
while minimizing environmental impact
and maximizing resource utilization.
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Introduction

Trees are the largest and the oldest living
organisms on earth, producing a complex
lignocellulosic  biomaterial known as
wood. Wood is the very first source of
energy for mankind and continues to be
the most important single source of
renewable energy along with its
application in the development of
structural components for  high-rise
buildings It is one of the most abundant
and versatile natural materials having a
unique and complex chemical structure
that primarily comprises 38 — 51%
cellulose, 17 — 38% hemicellulose, 21 —
31% lignin and 2 — 3.5% other extractives
and has been observed to depend on
various factors such as species, age,
location, climatic conditions, longitudinal
and radial location in the tree(Jiang et al.,
2018).Lignin, the second most abundant
biomaterial besides cellulose, is a highly
complex and aromatic biomaterial that
plays an important role in plants by
providing  mechanical support and
translocating minerals and water. It is
extensively branched and composed of a
variety of functional groups such as
hydroxyl (-OH), methoxy (CH3-O-),
carbonyl (-C=0), carboxyl (-COOH) and
benzene (C¢Hs).

However, apart from its abundant natural
availability a large quantity of lignin,
around 50 million tonnes per year is being
produced by the paper and pulp industries
but only 2% of it is extracted and
effectively used in various value-added
products. The majority of lignin has been
discarded or burned for heat and electricity
generation. Nowadays, nanotechnology is
pivotal in the fields of medicine,
agriculture, energy, food processing,
chemistry, cosmetics, electronics and
environmental clean-up due to the
exceptional surface-area-to-volume ratio
and high surface energies of nanoparticles,
which make them more advantageous than
bulk macro materials (Liu et al., 2020).
Converting unordered and complicated
lignin into ordered and uniform
nanoparticles has attracted wide attention
for their controlled structures and size,
enhanced  polymercompatibility  and
improved antioxidant activity.

Synthesis methods of Lignin and Lignin
Nanoparticles (LNPs)

Lignin

The process of extracting lignin from
lignocellulosic biomass involvesbreaking
down lignin graduallyby using fragments
with alteredfunctional groups enabling its
solubility (Lisyet al., 2022).different
solvents resulting in smaller There are
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currently four main processesmentioned macromolecules. Similarly, macro-lignin
belowin Table 1. particles can be converted into nano
Nanolignin size.Several studies have reported methods
Nanomaterials are unique possessing high of nanosizing lignin including (1) Physical
reactivity because of their increased methods and (2) Chemical methods

surface area compared to their

Table 1. Summary of methods for extracting lignin

S. No. | Delignification Summary References

Lignosulphonate, Hydrolytic process, NaOH
Sulphite process | and Na,SO3; Temperature: 120-180°C, High | Kienbergeret al., 2021
molecularweight product

Kraft lignin, Hydrolytic process, NaOH and
Kraft process | Na,S, Temperature 150-180 °C, Medium Hubbeet al., 2019
molecularweight product

Organosolv lignin, Hydrothermal process,
Organosolv Organic solvent, Temperature 90-210 °C, Low | Kienbergeret al., 2021
molecularweight product

Soda lignin, Hydrolytic alkaliprocess, NaOH,
Soda process | Temperature 90-150 °C, Low molecularweight Lisyet al., 2022
product

TN

o Ultrasonication
. Physical

= Homogenization

Synthesis methods

Self-assembly

= Chemical

Solvent exchange

Acid precipitation

Cross-linking

Polymerization

Emulsion

Fig. 1. Schematic representation of nanolignin synthesis methods (Behera et al., 2023)
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Biomass

Physical methods

Several  researchers have preferred
physical methods to synthesise LNPs
either by ultrasonication or

homogenization. These methods are
simple as theyreduce particle size through
mechanical separation or by using high-
frequency sound waves.

Ultrasonication

The ultrasonication technique uses high-
frequency sound waves to create
mechanical vibrations, which can break
down lignin into nanoparticles
Homogenization

Homogenization involves subjecting lignin
to high shear forces, which break down
larger particles into smaller ones.
Chemical methods

The chemical method is utilized to convert
lignin into nanoligninin which, spherical
LNPs are obtained due to the interaction of
chemicals with lignin particles.
Self-assembly

Lignin
Extraction

Chemical Modifications

It involves the spontaneous organization of
lignin  molecules into  nanoparticles
without external forces.

Solvent exchange

In this, the lignin nanoparticles are created
when an anti-solvent is added to the lignin
solution because the anti-solvent reduces
the lignin's solubility.

Acid/Flash Precipitation

It involves inducing the precipitation of
nanoparticles by changing the solvent
conditions, such as pH or temperature.
Emulsion polymerization

It is a technique utilized to produce
polymer nanoparticles by dispersing
monomers in an aqueous phase containing
a surfactant and a water-immiscible
organic phase, often with the aid of an
initiator.

COgantisolvent method

It involves dissolving the raw lignin in a
variety of non-aqueous solvents, including
tetrahydrofuran,  dimethyl  sulfoxide,
ethanol and acetone.
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Table 2. A comparative profile of different methods to LNPs

S. No. | Source of lignin Method Size (nm) Shape
1 Wheat straw, Ultrasonication 10-50 Spherical
Sarkanda grass
2 Soda Lignin Homogenization <100 Non-spherical
3 Kraft Lignin Solvent shifting 38 Spherical
4 Soda Lignin Self-assembly 67 Spherical
5 Alkali lignin Solvent shifting 13 Spherical
6 Organosolvlignin | Acid precipitation | 100-463 Irregular
Synthesis of modified lignin difficulty of dispersion and size reduction

nanoparticles for their incorporation in
composites

The peculiar chemical nature leading to
strong hydrogen bonding between the
molecules is the main reason for the

of lignin nanoparticles. So, several

methods have been adopted to improve the
reactivity and surface properties of LNPs
with chemical modification (Parvathy et
al., 2021).

Fig. 2. Methods and modifiers for synthesis of modified LNPs for preparation of LNP

polymer composites.

materials characterized by an ultrafine
phase dimension ranging from 1 to 1000
nanometers. Nanolignin composites are
nanocomposites and nanohybrids that
involve lignin  being utilized as a
component after converting it into
nanoform along with polymeric or metal
matrix. Lignin is a biopolymer that has
been used in the synthesis of

andBaican, 2023).Due to its affordability,
renewable nature, and  widespread
availability, lignin proves to be a viable
additive for polymer matrices such as

rubber,  polyvinyl  alcohol  (PVA),
polylactic acid (PLA), polymethyl
methacrylate  (PMMA), polyethylene

(PE)and epoxy(Parvathyet al.,2021).The
nano transformation of lignin yields nano
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entities with higher reactivity compared to
their bulk counterparts, whose inclusion in
composites endows them with enhanced
mechanical properties and
bioactivities.The development of lignin-
based nanocomposites opens a new eco-
friendly option for bio-composites by
surpassing hazardous and expensive
chemicals.

Recently, biobased fillers like LNPs have
attracted much research due to their
lightweight, biodegradable and large-scale
availability, along with their ability to
provide improved thermal stability and
mechanical ~ with  significantly  less
hazardous to the environment.

Table 3. Mechanical properties and degradation temperature of nanolignin composites

Composition and Tensile Young Degradation
Polymer gontent strength | modulus Temperature TGA References
(MPa) (E) (Tmax °C)
PLA 44.3 1955.8 346.5
PLA PLA+1Wt.% LNP 487 215322 351.1 vangetal., 2015
PTT 51.49 2058 427
+1.5wt.9 .
Bio-PTT P:Tl ; 5"‘(’; f :L\'P - 59.16 2221 adl Gupta et al., 2014
+1.5wt.% +
VGCE 61.74 2309 542
Natural Pure 25.24 2.00 370.0 .
J tal., 2018
Rubber 7wt.% LNP 2924 2.95 386.5 1ang €+l
*PLA-polylactic  acid, LNP-Lignin  Nanoparticles, PTT- Poly (trimethylene

terephthalate),VGCF - vapor-grown carbon fibers.

Applications of nanolignin composites

Nanolignin composites can be modelled
and fabricated to have excellent properties
such as biodegradability, non-toxicity,
environmental resistance, excellent
thermal stabilityand biocompatibility. For
instance, they can be used as antioxidants,
thermal/light stabilizers and reinforced
materials. They also have great potential as
chelating agents, antimicrobial agents, UV
protectors, nanofillers, adsorbents,
catalysts, supercapacitors, drug and gene
carriers and emulsion stabilizers (Behera et
al.,, 2023). Recently researchers have
reported the increased  adsorption
efficiency of lignin-based hydrogels and

their subsequent applications in water
purification. The ability of these hydrogels
to remove pollutants can be enhanced if
lignin nanoparticles can be translated into
hydrogel nanocomposites.

Conclusion and future perspective

With the growing demand for renewable
materials such as lignin-based biomaterials
in value-added applications, LNPs and
composites continue to confront various
challenges due to their complicated
structure, which must be addressed. Most
of the methods used during the synthesis
of  lignin  used expensive and
environmentally hazardous chemicals that
need to be substituted with inexpensive
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Lisy, A., Haz, A., Nadanyi, R., Jablonsky, M.,

and environmentally friendly solvents such
as water and ethanol. Preparation and
applications of nano lignin-based polymer
composites is still a nascent stage that
needs to be explored further for improved
performance keeping in  mind the
sustainability aspect. Further research to
bring the fabrication of LNPs toa
commercial scale and rapid synthesis of
LNP composites with greener methods can
open a new vista in the research of lignin
nanocomposites.
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Introduction

Wood is an extremely versatile material
with several applications in industries
ranging from construction and furniture to
creative efforts and even aeronautical
engineering.  However,  despite its
widespread use and natural capabilities,
wood has some limits that require
modification to improve performance.
These limitations include sensitivity to
biodeterioration and fluctuations in
dimensional stability, especially under
changing environmental circumstances.
The effects of thermal alteration are
considerable, improving the wood's
endurance, dimensional stability, and
mechanical strength.Thermal modification
strengthens wood's chemical composition,
making it more resistant to moisture,
insects, decay, and other forms of
deterioration. This not only extends the life
of wood products, but also broadens their
applications, particularly in outdoor and
high-moisture conditions that standard
untreated wood may struggle to withstand.
Need of oil - Thermal modification of
wood

The early 1990s saw a surge in
environmental concern, with a need to
limit the use of persistent hazardous
chemicals and a shift to ecofriendly green
procedures that may be utilized
indefinitely. One such technology is oil-
based wood modification. OHT is one of
the technique for modifying wood without

using toxic chemicals is heat treatment,
which can increase the material's
dimensional stability, water resistance, and
biological endurance during the oil heat
treatment procedure, wood is heated in
vegetable oil (such as sunflower, rapeseed,
or linseed oil) which render high durability
at a tolerable strength decrease, wood is
heated in a closed process vessel at
temperatures between 180 and 220°C
while being submerged in hot oil. Under
the brand name Menz Holz OHT, the
procedure was created in Germany (Jirous-
Rajkovicet al., 2019). The enhancement of
heat treatment using vegetable oils is the
result of study into thermal treatment of
wood (Sidorova 2008).

Oil-based thermal modification of wood is
a specialized procedure that enhances
wood qualities by combining heat and
specific types of oils. Unlike typical
thermal modification methods, which
expose wood to heat in the absence of
oxygen, oil-based thermal modification
includes impregnating the wood with oil
before thermal treatment.

The procedure usually begins with the
selection of appropriate oils, which can be
vegetable oils, mineral oils, or other bio-
based oils. These oils perform several
functions in the alteration process. For
starters, they operate as heat transmission
carriers, ensuring that the wood is heated
evenly. Second, the oils permeate the
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wood structure, lubricating it and allowing
heat to diffuse into its core.

Finally, the oils react chemically with the
wood components during the heating
process, altering the wood's characteristics.
Furthermore, thermal modification
improves dimensional stability and lowers
the possibility of warping, shrinking, and
swelling, guaranteeing that wood products
retain their shape and integrity over time.
This is especially important in construction
and architectural applications, where
precision and durability are critical. To
overcome these limitations and realize the

full potential of wood, a variety of
modification  techniques have been
devised, with thermal modification

emerging as a promising option. Thermal
modification involves heating wood to
temperatures above 180°C in an oxygen-
deprived atmosphere. This process causes
chemical modifications in the wood cell
wall components, altering their molecular
structure. In essence, thermal modification
is a sustainable and effective method of
increasing the value of wood that adheres
to the principles of environmental
conservation and resource efficiency. By
using heat to modify the qualities of wood,
we can open up new possibilities and
ensure that this renewable natural material
continues to play an important part in a
variety of sectors for future generations.
One of the primary benefits of oil-based
thermal modification is its capacity to give
long-term protection for the wood. The
impregnated oils serve as preservatives,
inhibiting the growth of fungus and other
bacteria ~ that  cause  degradation.
Furthermore, the treated wood has reduced
hygroscopicity, which means it is less

likely to expand and shrink in response to
humidity fluctuations.

Advantages and disadvantages of Oil-
thermal treatment of wood

Overall, oil-based thermal modification
provides a sustainable and
environmentally  benign  method for

improving the performance and lifespan of
wood components. By harnessing the
synergistic effects of heat and oil
treatment, this procedure allows for the
creation of wood products with improved
qualities,  boosting  their  potential
applications  in  building,  furniture
manufacturing, and other industries. Over
the past two decades, the development of
alternative wood modification
technologies has received significant
encouragement due to environmental and
health concerns around the impregnation
of wood with specific chemicals, Heat
treatment is one of them (Dubey et al.,
2016). Wood thermal treatments are
advantageous and ecofriendly methods can
enhance some wood attributes such as
dimension stability, durability, and colour
(Bazyar 2012). It has been proven that
substantial changes in both physical and
mechanical characteristics occurred in a
thermally modified wood, resulting in a
reduction in wood-related problems such
as swelling owing to increasing moisture
content (Cheng et al., 2014).As in thermal
treatment there is a significant reduction in
the quantity of bound water in the wood
cell wall (Cai et al., 2021; Obataya et al.,
2002).

On the contrary, it has also been analysed
that thermal modification of wood results
in considerable strength loss and deprived
mechanical properties due to the alteration
in the anatomical structures of wood also,
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Wood usually darkens after a heat
treatment, which is frequently attributed to
the development of coloured breakdown
products from  hemicelluloses and
extractive chemicals (Sundgvist et al.,
2002). Heat-treated wood has various
drawbacks in addition to enhanced
stability, decreased hygroscopicity, and
dimensional changes, such as loss of
toughness, decreased tensile and bending
strengths, unstable colour when exposed to
the elements, and the emergence of surface
cracks (Zivkovié et al., 2008).The duration
of thermal treatment determines the degree
of swelling and EMCi.e.with increase in
the temperature, EMC and Anti Shrinkage
Efficiency (ASE) decrease (Bak et al.,
2012). Hence it is formulated that a
decrease in EMC leads in better dimension
stability of wood. By using oil treatment
methods uniformity in colour can be
achieved by those species which are solely
treated by thermal modification.
Conclusion

Oil-based thermal modification of wood
presents a sustainable approach to
enhancing wood properties by combining
heat and specific oils. This technique
improves dimensional stability, durability,
and resistance to decay. While it may
cause strength loss and color alteration, its
benefits outweigh limitations, making it
valuable for diverse industries. Over the
past two decades, alternative wood
modification technologies have gained
momentum  due to  environmental
concerns,  further  highlighting  the
significance  of  oil-based  thermal
treatment. By harnessing the synergistic
effects of heat and oil, this method not
only extends the lifespan of wood products
but also broadens their potential

applications, aligning with eco-friendly

practices.
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Introduction

Non-timber forest products (NTFP) such
as seeds, fruits, roots, flowers are
important source of income and livelihood
for Indigenous people living in and around
forests. (Panayotou et al., 1992 and
Ganesan R. 2003).The extraction and use
of non-timber forest products (NTFPs)
have had historical and current importance
in cultures of indigenous people and in
local economics. With increase in market
demand, NTFPs today have been playing a
role in large-scale commercial income
generation and employment in many parts
of the world (Sinha and Bawa2002). Due
to lack of knowledge on their distribution
or overexploitation or population status,
may lead to the species vulnerable to
extinction. (Ganesan R. 2003). Phyllanthus
indofischeri Bennet is a species endemic to
peninsular India and globally vulnerable
(Thyagarajan, 1998; Kiemer, 2003 and
Chattopadhyay, 2006). Due to commercial
importance of these fruits and preferred
marble green color with less dark spots
due to fungal attack make these
Phyllanthus indofischeri more vulnerable.
C.E.C. Fischer in 1906 first collected
Phyllanthus indofischeri  from  North
Coimbatore and described as
Emblicafischeri Gamble (Ganesan, 2003).
Following the rules of nomenclature,
Emblicafischeri should have been renamed
as Phyllanthus fischeri pax. But already

existed for an African Species of
Phyllanthus.Therefore, the Indian species
was renamed as Phyllanthus indofischeri
Bennet (Ganesan, 2003). It has different
common names depending on the region
Perunelli (Tamil), Chittiusiri (Telugu).
Origin and distribution

It is found in hilly areas in high altitudes
above 350m. Limited to peninsular India,
Karnataka, Tamilnadu and velugonda hills
of Nellore district of Andhra Pradesh and
it is endemic to Deccan Plateau of certain
drier forest areas of Southern India found
in scrub forests. (Gamble 1925).
Description

Deciduous tree which grows up to height
of 5-12 m. Bark is smooth in younger
trees, fissured with square or rectangular
flakes in older trees, grey, terete branches,
glabrous, tubercled with persistent scars of
previous year branchlets, branchlets are
pale brown 3-5 per tubercle, acropetal,
deciduous, subtended by minute scales,
scales puberulous, 1.5-2.2 mm long,
floriferous part of branchlets are thick with
prominent floral and bract scars restricted
to lower portion of branchlets thick with
prominent floral and bract scars restricted
to lower portion of branchlets, young
branchlets are 5-9 cm long and with
floriferous portion is up to 3.5 cm long.
Stipules are brown, pinkish triangular and
minute, and scaly 1-1.5 mm long,
acuminate, fimbricate to laciniate along
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margin. Leaves are alternate, distichous,
obtuse rounded or subcordate at base less
than 50 per branchlet, elliptic or ablong.
Leaf blades 2.8 X 0.5-1.3 cm, sub-sessile,
entire, acute, coriaceous, glabrous,
glaucous beneath, or retuse at apex.
Lateral nerves 5-7 pairs, looping along
margin, prominent beneath obscure above.
Flowers fascicled, in leaf less portion
branchlets, acuminate at apex, bracts
triangular, laciniate to fimbricate along
margins. Pedicles filiform, 2-3 mm long,
sub-fleshyperianth lobes 6, oblong to
obovate, imbricate, papery,1.5-
2mmlong,obtuse at apex, laciniate along
margins, glabrous, with a globose gland at
base, pale green. Disc fleshy, enclosing
three-fourth of ovary, 6-angled, irregularly
lobed. Ovary globoid, styler arms 3, each
6-8 mm long, slender, flat, bifid at apex
curved, glabrous beneath. Stamens 3,
yellow, filaments united into a column,1-2
mm long, vertically dehiscing anthers 1-2

=~

ﬁittps:/lenvis.frlht.org/ )
mm long. Pedicillate male flowers, many
restricted to lower portion of floriferous
branchlets. Sessile female flowers usually
1-3, surrounded by numerous male

flowers, protogynous, restricted to upper
portion of floriferous branchlets. Fruits
drupaceous, fleshy 2.5-4 cm, globose,
across, pale green, seeds 6, grey (Ganesan
2003; Rao 2011). Fruits and seeds have
been used in pickles, herbal medicines,

g

cosmetics, jams as well as dyeing and
tanning. Seed extracts used in hair oils and
medicines (Sinhaand Bawa, 2002).
Propagation

Among various Conservation methods, in-
vitro propagation is generally followed or
enhance the biomass and conserve the
germ plasm especially when population
members are low in wild (Anitha, 2014)
and also to maintain plant genetic
resources. In-vitro propagation methods
are essential they are becoming
increasingly important for rare and
endangered plant species (Sudha et al.,
1998). Anitha 2014 in her study reported
the effective procedure for in-vitro
conservation of Phyllanthus indofischeri
through embryo culture. Embryos from
mature seeds were used as explants.
Although germination was achieved on
MS medium containing various Plant
growth regulators, maximum response was
observed on MS medium with added BAP
2.0 mg/I+IBA2.5mg/land GA3z 0.1mg/l and
observed plantlets formation.

Marketing

According to fruit harvesters, the marble
green color with less dark spots due to
fungal attack makes the fruits more
valuable. Preferred colour of this fruit can
make it more exploited and vulnerable.
Also, the market demand for Indian goose
berry fruits is forcing collectors to harvest
phyllanthus indofischeri.

Fruit collectors, tempt by money, cut the
threes the major branches to maximize
collection and also during a religious
festival called ‘Utthanadwadasi’ held at
end of monsoon season, huge number of
people in Karnataka and Andhra Pradesh
worship the fruiting branches along with
tulsi (Ocimum sanctum) believing that this
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fruiting branches will bring prosperity to

their families. On this day of festival large
loads of lopped branches of Phyllanthus
indofischeri with young fruits are sold in
local market. Due to high increase in
demand, it has been cultivated on large
scale. It has been introduced in cultivation
as a horticultural variety under name
‘Krishna’ in Tamilnadu and ‘Champakad
large’ in Kerala. In addition, Horticultural
varieties with good traits have been
released for large-scale farming to meet
the demand from the international market.
However, large quantities of fruits of
Phyllanthus indofischeri are still harvested
from wild in different parts of India
(Ganesan, 2003).

Conservation

Phyllanthus indofischeri Bennet. is a
vulnerable medicinal plant and listed in
IUCN (The International Union for
Conservation of Nature).It is facing threat
from habitat loss and also from excessive
fruit  collection that impedes its
regeneration. Scrub and dry deciduous
forests in peninsular India have been
extensively cleared for agriculture in the
past. Present the rest of other patches of
these forests are under threat due to forest
fire, grazing conversion to monoculture
plantations, encroachment and
unsustainable collection of NTFPs (Non-
timber forest products) and fuel wood
(Rawat 1997; Ganesan, 2003)

Conclusion

The above-mentioned facts reveal that the
species have a good economic potential.
Since phyllanthus indofischeri is a
significant NTFP species with distribution
in a few pockets of forests of Deccan
plateau in Southern India, indiscriminate
collection can lead this species to rapid

extinction. Bringing awareness to NTFP
collectors about its vulnerability to
extinction and restricted distribution might
encourage them to pot non-destructive
collection practices. Efforts have begun in
this direction by Forest department by
involving indigenous people and local

NGO (Non-governmental organization)

(Bawa, 1999). These agencies are trying to

reduce the level of damage of tree while

harvesting and to improve the regeneration
of Phyllanthus indofischeri.
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General description and distribution

The term ‘Rhododendron’ finds its roots in
the Greek words ‘Rhodo’, meaning rose,
and ‘dendron’, meaning tree.
Rhododendron, a vast genus of woody
plants within the Ericaceae family, boasts
a remarkable diversity. These plants range
from low-lying creepers measuring just a
few centimetres in height to towering trees
reaching up to 30 meters. They exhibit
both evergreen and deciduous
characteristics. In their natural habitats, the
Himalayas and South East Asia emerge as
hotspots for rhododendron diversity.
Globally, there are approximately 1024
species of rhododendron, with India
hosting 87 species, 12 subspecies, and 8
varieties. Notably, 20 of these species are
unique to the Indian Himalayan Region.
Rhododendrons thrive in mountainous

Table 1: The distribution of rhododendron species across different

(Bhattacharaya and Sanjappa 2008)

regions with temperate climates, often
favouring elevations between 1500 to 4000
meters characterized by high rainfall,
humidity, rich organic matter, and acidic
soils. They often coexist with mosses,
which aid in moisture retention. In India,
they are indigenous to the Himalayas,
North Eastern regions, and the southern
Western Ghats. In the northwestern
Himalayas, particularly Himachal Pradesh
and Jammu and Kashmir hosts four
notable  species of  rhododendron:
Rhododendron arboreum (known as
burans), Rhododendron campanulatum
(Kashmiri Patta), Rhododendron
anthopogon (Talispatra), and
Rhododendron lepidotum (Kashmiri Patta)
whereas, six rhododendrton species are
present in Uttarakhand.

Indian states

Name of State Number of Species Reported
Arunachal Pradesh 67
Sikkim 36
West Bengal 19
Nagaland 7
Uttarakhand 6
Manipur 5
Himachal Pradesh and Jammu & Kashmir 4
Mizoram and Meghalaya 2
Tamil Nadu and Kerala 1
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Rhododendron arboreum stands out as one
of the most widely distributed and
recognized species across the Indian
subcontinent and beyond.lIt is an evergreen
tree and can grow up to 14 metres in
height and 2.4 metres in circumference.
Bark that is soft, rough, and reddish-brown
exfoliates in thin flakes. The flowering and
fruiting seasons are March through April
and June through September respectively.
This species is also known as Burans,
Bras, Buras, or Barah-ke-phool in local
dialects, serves as the state tree of
Uttarakhand and the state flower of
Nagaland.

Habitat and Ecological importance of R.
arboreum

R. arboretumis an important associate
species of Himalayan forests ecosystems,
which can be generally found between
1500 and 4000 metres above mean sea
level. As per the Champion and Seth forest
classification, R. arboreumis mainly found
under forest types of 9/C1lb — Himalayan
Chir Pine Forest, 12/Cla — Ban Oak
Forest, 12/C1b — Moru Oak Forest, 12/C1c
— Moist Deodar Forest and 12/Cle — Moist
Temperate Deciduous Forest. At low
elevation, it mixes with Chir pine and
broadleaf species, while in low to mid hills
it remains under canopy Species in
Quercusleucotrichophora and Quercus
floribunda forest. At high elevation it
remains either as under canopy species in
Quercussemecarpifolia forest or dominates
as canopy species in some location near
timberline (Gaira et al. 2014).
Rhododendrons perform a number of vital
roles in the forest since they are regarded
as key indicators of a healthy forest
ecosystem, which sustains a variety of
species. They help to maintain fragile

ecosystem in the transition zone between
sub alpine to alpine. It has also been
observed that Rhododendron spp. preserve
moisture in hilly regions while sustaining
transpiration rates and humidity in places
with minimal rainfall at higher elevations.
Additionally, they maintain the slope of
mountains, regulate wind speed, and help
to manage soil erosion. Rhododendron
arboreum plays a crucial role in various
aspects of ecosystems and human welfare.
Studies have highlighted the plant's
significance in biodiversity, especially in
mountainous regions (Jump et al,
2012).The plant's distribution patterns and
regeneration status in different forest
ecosystems have been studied, shedding
light on its role in forest dynamics and
regeneration processes
(Giri&Katzensteiner, 2015; Paul et al.,
2018).

Regeneration problems

Rhododendron species face hurdles in seed
viability and germination. Dormancy
issues, minute seed size and low seed
viability ~ often  hinder  successful
germination. Habitat fragmentation caused
by human activities isolates rhododendron
populations, reducing genetic diversity and
disrupting  pollination.  Anthropogenic
factors such as deforestation, urbanization,
and unsustainable logging threaten
rhododendron habitats, with over 300
species facing extinction risks due to such
activities.  Climate  sensitivity  poses
another challenge, as variations in
temperature and rainfall patterns affect
flowering and seed production. Studies
predict shifts in flowering phenology and
distribution due to climate change, with
rhododendrons likely to move to higher
elevations to adapt. Furthermore, presence
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of thick humus layer, drought like
condition and competition from invasive
species limits resources for rhododendron
regeneration, while overharvesting for
ornamental, medicinal, and fuel purposes
further threatens their survival.
Unsustainable extraction of rhododendron
plants for firewood exacerbates the
pressure on their populations, especially in
rural areas where fuel-wood is essential for
daily needs.

Propagation Techniques

Propagation of R. arboreum presents a
formidable challenge, vyielding few
satisfactory outcomes. Natural
proliferation occurs swiftly in newly
exposed terrain, such as landslides and
crevices of barren rocks, where ample
moisture exists; however, arid locales
hinder natural reproduction as seedlings
swiftly succumb to drought.

However, the artificial regeneration
through  seeds involves pre-sowing
immersion of seeds in gibberellic acid
solution followed by sowing in the month
of March or April in containers filled with
moistened fine sand or powdered brick,
left uncovered and sheltered from
precipitation and excessive sunlight.
Subsequent transplantation, if warranted
by size, occurs in the second season,
followed by nursery maintenance until
suitable for outdoor planting. The
recommended substrate, as proposed by
Pathak et al. (2021), comprises equal parts
soil, sand, and cow dung, with a targeted
pH of approximately 6.2, ensuring optimal
germination outcomes. Stem cuttings
presents an alternative method for R.
arboreum propagation. Stem cuttings of
size 0.5-1 cm in diameter and 10 cm in
length, ensuring they are healthy and

freedom from diseases or pests are mostly

preferred.  Application of  growth-
promoting hormones such as IAA (Indole-
3-acetic acid) and NAA (1-
Naphthaleneacetic acid) at specified

concentrations i.e. 1000 ppm and 2500
ppm (Ahmad et al. 2020 and Ahmad and
Puni, 2010) has been considered optimum
for stimulating root development. Regular
monitoring for rooting and growth signals
is essential, coupled with adjustments to
environmental parameters to optimize
rooting and overall plant vigor.
Maintenance of adequate moisture levels,
avoiding water logging, as moisture is
integral to successful root initiation.
Response to Climate change
Rhododendron species are sensitive to
climatic variations. Changes in
temperature, rainfall patterns, and extreme
weather events influence their flowering,
pollination, and seed production, affecting
their regeneration success. In recent
studies, it is predicted that rhododendron
arboreum is likely to move towards higher
elevation in Himachal Pradesh and
Uttarakhand to cope with climate change
due to global warming. Study conducted
by Gaira et al (2014) generates evidences
of changes in flowering phenology of
Rhododendron arboreum in Indian central
Himalaya. Real-time field observations
(2009-2011) showed peak flowering
during early February to mid-March.
Analysis on long-term temperature data
revealed significant increase in seasonal
(winter and post-monsoon) and annual
mean maximum temperature  which
predicted 88-97 days early flowering over
the last 100 years. Furthermore, long-term
temperature data from real-time field
observations and herbarium  records
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depicted annual mean  maximum
temperature responsible for shifts in
flowering dates of the target species.
Furthermore, research has emphasized the
impact of climate change on
Rhododendron species, stressing the need
for conservation strategies to safeguard
them in the face of changing
environmental conditions (Kumar, 2012).
Utilization

The phytochemical composition of

Rhododendron arboreum includes
flavonoids, alkaloids, terpenoids, and
glycosides ~ which  substantiates  its

traditional applications and highlights its
pharmacological potential (Ahmad et al.
2022).  Additionally, Rhododendron
arboreum is recognized in traditional
medicine for its anti-ulcer and wound
healing capabilities (Agarwal & Rajput,
2023). These plants are also noted for their
compounds that alleviate headaches and
reduce blood pressure. Traditionally, the
flowers have been used in the treatment of
several ailments, and the extracted juice is
both nutrient-rich and culturally valued
refreshment.

Economically, rhododendrons provide
multifaceted  opportunities  for local
communities. They are a source of income
through the sale of flowers and value-
added products such as juice, jam, wine,
and squash, thereby supporting livelihoods
and bolstering rural economies. However,
it is important to exercise caution in the
consumption of certain plant parts, such as
the leaves and rhododendron honey, due to
their potential toxic effects. In regions like
Uttarakhand and Himachal Pradesh, the
commercial exploitation of rhododendrons
is emerging, with small-scale enterprises
increasingly producing popular items like

squash, which are marketed both locally
and in urban centers. Studies have shown
that a significant number of households in
these areas participate in the harvesting
and trading of rhododendron flowers,
generating considerable income during the
flowering season.

Future research thrust

Utilizing R. arboreum for livelihoods
requires balancing conservation efforts, as
its wide-ranging use for fodder, fuelwood,

and agricultural tools increases
anthropogenic pressure. Thus,
conservation via domestication and
sustainable harvesting is imperative.

Addressing the scarcity of germination
data for rhododendrons, research can focus
on developing nurseries and promoting
local conservation efforts to mitigate slow
vegetative propagation and poor seed
germination rates. Sustainable harvesting
practices, such as leaving 60% of flowers
on trees to mature into seeds, should be
encouraged. Non-destructive harvesting
methods and community involvement can
be promoted through awareness and
capacity-building programs.

Restoration and conservation efforts for
rhododendrons  not  only  benefit
biodiversity but also address ecological
concerns. Establishing sanctuaries and
utilizing ex-situ conservation methods, like
tissue culture, can aid in their preservation.
Educating local communities about
rhododendron significance and facilitating
simple propagation methods like seed
germination and air layering can enhance
conservation  efforts and  promote
economic opportunities. Research on
genetic variability highlights the need for
in-situ  conservation  measures  and
exploring ex-situ methods such as tissue
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culture to preserve genetic diversity.
Promoting R. arboreum as a horticultural
crop and providing training on quality
control and value addition can enhance its
commercial potential while sustaining
local livelihoods.

Conclusion

Rhododendron arboreum plays a pivotal
role in its native ecosystems, but it faces

significant  challenges related  to
regeneration, utilization, and climate
change. The difficulties in natural

regeneration may be exacerbated by
overexploitation and habitat degradation,
necessitating  sustainable  management
practices to preserve these keystone
species. Whereas, the sound success by
artificial mean through seed as well as
vegetative mean is still  awaited.
Furthermore, the utilization of
Rhododendron arboreum provides
substantial economic benefits to local
communities and it must be balanced with
conservation efforts to ensure the long-
term viability of populations. The response
of Rhododendron arboreum to climate
change remains a critical area of study, as
shifts in climate parameters could alter its
distribution and phenology, impacting not
only the species itself but also the broader
ecological  networks it  supports.
Addressing these challenges through
comprehensive research and adaptive
management strategies is essential for the
conservation and sustainable use of
Rhododendron arboreum in the face of
environmental changes.
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Introduction

Climate change is assumed as a certainty
and described it as the biggest challenge
humanity has ever faced. It is widely
acknowledged that anthropogenic
greenhouse gas emissions are the main
reason that is accelerating the process
(Lionel et al., 2020). Finding ways to
lessen the effects of climate change is
therefore crucial, primarily because their
severe effects have already been felt,
frequently manifested in the occurrence of
exceptionally violent weather events.
Undoubtedly, forests are one of the most
effective and easiest ways to act as carbon
sinks. With their ability to support around
a billion people and serve as habitats for
the majority of the planet's species, forests
are essential ecosystems. Healthy forests
play a crucial role in absorbing billions of
metric tonnes of CO, annually.

The ability of forests to absorb carbon
from the atmosphere through the process
of  photosynthesis is the primary
mechanism underlying their role in
mitigating the effects of climate change.
Compared to other terrestrial ecosystems,
forests have a definite advantage in their
capacity to absorb significant amounts of
carbon. Thus, woods may offer a way to
lessen the effects of climate change, a
problem that continues to affect the world.

Every year, trees absorb approximately 2.6
billion tons of carbon dioxide, or one-third
of the CO, emitted by burning fossil fuels
(IUCN, 2021). Forest preservation and
restoration are critical to meeting global
climate targets. As a result, forests
constitute an achievable solution since
they can efficiently contribute to CO,
capture and sequestration over a variety of
time periods. Better management of
existing forests would improve forest
growth and help mitigate climate change
by increasing the forest carbon (C) stock,
by storing carbon in forest products, and
by generating wood-based materials
substituting fossil carbon based materials
or other CO,-emission-intensive materials
(Pekka et al., 2022).

Forests - Carbon relation

Forests are able to create their own carbon
cycle because trees and plants in general
absorb CO, from the atmosphere and use it
to produce organic matter, water, and solar
energy through photosynthesis. It is the
process that allows the use of biomass
energy to be considered carbon neutral, as
it is considered that the carbon emitted is
only that which the plant has absorbed and
stored during its lifetime. Trees and forests
are already one of the most effective
carbon capture methods (Kumar et al.,
2023). According to the US Forest
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Service, America's woods store around
800 million tons of carbon each vyear,
accounting for approximately 12% of total
US emissions (U.S Forest Carbon Data,
2023). Forests sequester or store carbon
mostly in trees and soil.

Forests as carbon sink

When trees carry out photosynthesis, they
remove carbon dioxide from the air, bind it
to sugar, and release oxygen. Trees use
sugar to form wood, branches, and roots.
Wood is an incredible carbon sink because

PN
H U O CARBON BALANCE

CARBON COMPENSATION POINT

it is mostly made of carbon (about 50%), it
lasts for years as a standing tree, and takes
years to break down after the tree dies.
While trees mainly store carbon, they do
release some carbon, such as when their
leaves decompose, or their roots burn
sugar to capture nutrients and water.
Young woods feature a lot of trees and are
great at collecting carbon. Middle-aged
trees grow slowly compared to new trees,
but they sequester and store more carbon.

OPTIMAL CARBON SEQUESTRATION

Ty QY oiee

L ke 18 " A’

TIME

Fig. 1 Variation of carbon absorption with tree age

Soil

Forest soils contain plant roots, leaf litter,
and other dissolved organic material. The
quantity of carbon retained in forest soils
varies, and how much carbon soil can
sequester is determined by several local
characteristics such as geology, soil type,
and plant. Clay soils can bind a
considerable quantity of carbon, whereas
sandy soils cannot. Soils with more
organic material (pieces of wood, rotting
leaves, or dead organisms) can store more
carbon because organic material readily
binds loose carbon molecules and is stored
as carbon.

Forests: a mitigating factor

Forests are excellent examples of natural
recovery and adaptation, making them one
of the most successful nature-based
remedies. Their resilience, doesn’t shield
them from anthropogenic  stressors,
including land-use change, deforestation,
agricultural intensification, and
urbanisation. Healthy forests are effective
carbon sinks, which means they absorb
and store CO,. According to estimates,
forests absorbed twice as much carbon as
they emitted between 2001 and 2019,
averaging 7.6 billion metric tons of CO2
per year (UNDP, 2023). Therefore, forests
provide a crucial capacity to remove
greenhouse gases from the atmosphere and
help us avoid the worst impacts of the
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climate  crisis.  According to the
Intergovernmental Panel on Climate
Change (IPCC), the agriculture, forestry,
and other land use (AFOLU) sector can
contribute up to 30% of the GHG
emissions reductions required to keep
global warming below 2°C at a reasonable
cost. For the AFOLU industry, forests
provide numerous high-impact mitigation
opportunities (Verma et al., 2023).

Forest management based on carbon
sequestration capacity

Carbon conservation model

The model shows an interaction that
contributes to a forest management trend
in  which carbon concentration is
conserved in the forest. In theory, this
model does not contribute to reducing
atmospheric carbon, nor does it contribute
to increasing it. With the concern of
carbon content, this model is considered
neutral.

Carbon Storage Model

The model is the representation of the
forest management for carbon storage. The
goal of this model is to increase the
amount of carbon in the forest plants and
soil, as well as the surface or carbon
content of biomass in natural and planted
forests, through increased storage in
durable wood products. To improve
carbon storage in vegetation and soil, it is
vital to protect secondary forests and other
degraded  forests.  Reforestation  of
uncovered land, as well as the promotion
of natural or artificial regeneration of
secondary forests, and increasing forest
covers on agricultural land or pastures, all
contribute to enhancing sequestration.
(Nelson et al., 2008)

Ways to increase carbon sink capacity

of forest

e Converting additional forestland to
plantations might significantly
boost carbon sequestration.

e Additional potential management
interventions include delaying
timber harvests, planting trees
rather than relying on natural
regeneration, thinning to enhance
forest growth, combating forest
fires and other disturbances, and
fertilizing.

e Preventing  deforestation  and
restoring natural ecosystems by
reforestation.

e Plantation of trees with good
carbon sequestering capacity. eg.,
Teak, Poplar, Silver maple etc.

e Agroforestry has enormous
potential to contribute to India's
forestry NDC target, hence it
should be pushed (Singh et al.,
2023).

Initiatives through plans, programs and
policies

National action plan on climate change

The NAPCC identifies methods that
enhance development objectives while
also providing co-benefits to effectively
address climate change. Action Plan on
Climate Change (NAPCC) coordination,
State Action Plan on Climate Change
(SAPCC), National Institute on Climate
Change Studies & Actions, National
Carbonaceous Aerosols Program (NCAP),
Long Term Ecological Observations
(LTEO), International negotiations and
capacity building. The NAPCC is
comprised of eight "National Missions".
They aim to increase understanding of
climate change, adaptation and mitigation,
energy efficiency, and natural resource
conservation. The eight missions are:
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National Solar Mission

National Mission for Enhanced
Energy Efficiency

National Mission on Sustainable
Habitat

National Water Mission

National Mission for Sustaining the
Himalayan Ecosystem

National Mission for a Green India
National Mission for Sustainable

Vol. 11, No. 9, Issue: September 2024

Everyone may contribute to
climate change mitigation, from
individuals who adopt sustainable
behaviors and advocate for change
to government implementing rules,
provide incentives, and facilitate
investment. Through regulation of
policies and programs, climate
change can be decreased to some
extent by implementing strict

actions for prohibiting activities
that produce greenhouse gases.
They offer opportunities to
improve resilience and contribute
to sustainable development.

Agriculture

e National Mission on Strategic
Knowledge for Climate Change

e Climate change mitigation involves
reducing or preventing human-
caused greenhouse gas emissions.

Table 1: Programs and policies to mitigate climate change

PROGRAMS / POLICIES FEATURES

National Afforestation Program (2002) Aims to accelerate the on-going process of
developing forest protection, management and
development functions to decentralized

institutions.

Green India Mission (2014) e Increasing carbon sinks in sustainably
managed forests and other ecosystems.

e Enhancing resilience of vulnerable
species/ecosystems to changing climate.

e Enabling adaptation of forest-dependent
communities to climatic variability

National REDD+ Policy (2014) Intended to provide incentives to local forest

communities to protect forests (carbon sinks).

National Forest Policy (2018) The ministry of environment, forest and
climate change has framed a new draft which
proposes climate change mitigation through

sustainable forest management.

2000-2008, carbon emission went to be
increased with low percentage. After 2010,
there went a sudden increase due to excess
number of pollution that boosted through

Climate change: a challenge for India

Over the past few years (2000-2022),
global greenhouse gas emissions have
exceeded relatively. During the period of
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various modernized technologies and
anthropogenic activities. Carbon emission
kept on increasing up to pre-pandemic
period to 50.2%. In 2020, the COVID-19
pandemic caused a 4.8% drop in emissions

and suddenly it rebounded by 4.7% in
2021 (lan Tiseo, 2023). Till now, there is
regularity in increase of greenhouse
emissions.

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

2008 2010
2020 2022

Fig 2. Rate of carbon emissions from year 2000-2022

SECTORS

M Electricity and heat producers B Commercial and public services ® Agriculture

B Other energy industries

Residential

Fig. 2: Sector wise carbon emission
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Conclusion

When trees are destroyed, usually due to
deforestation for agriculture or
urbanization, the stored carbon is released
back into the atmosphere, leading to
climate change. Thus, conservation and

sustainable forest management are critical.
The larger the green cover of the forest
and healthier the trees are, the better is its
capacity to sequester carbon. They are
under threat due to deforestation and
degradation. Forest preservation and
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restoration are crucial for achieving the
world’s climate goals. A pragmatic and
far-sighted approach is necessary. Coal, a
major role in India's energy industry, must
be regulated, and a transition to green
energy is required to help India meet its
renewable energy conversion objective.
Forests that serve as carbon sinks require
long-term management through
collaboration between local people and the
government. Financial, political, and
policy leadership are at the heart of all
recommendations for a successful climate
change policy in India. Regional, state,
national, and global involvements are the
most effective ways for India to attain its
climate resilience goals and long-term
sustainable growth.
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FATAT AT Tl gl TH TRAET H7 3297
a1 H 9 9SSl TGHEAT 9% F1e 919 &
form gfaam fesfea AT aur a+91 3i7
TS G & =1 6 7 3T Ig TUF
T ATAT JTH o 9ad ScATad i At
TR e ¥ IFRT THTE FLAT gl AT & o7
I T 6 | T TH A FTeh SART TTI0T
fFguor oififRafas e F=
RIS EIEF PRI IR ER IR 1
TET 21 TYUT A o 9T g 97T ITH IIh
qear dit gl it AUt Sraer g9t & 3o
STITET &1 FEMET ST M| 6 T
Mt F wreaw | A FT ATIF HLAq0

T IUTRT TohAT AT Foha T g, Foreer areort
T TSN oI & qIT-A7T Ararar &
qroer ol § g 9T w3 §
HaE [ertT

IR F ST 5T S a9 T T
@ ySrtaat

gt HIFH | 22 =T & 9ATd ITAeLdr
T B % w0 AN & O 3w et i
STt Tt & ETT TH@dT & START §
ATE ST §, W OF OFETr ey qer
TGS TET TATET &=f & o ST
e TSITIAT qTferaT 70-1 3T 2 & Ferrft
AT 5

qrfereT 70 -1
TR & ASTAT & g STLH & FSITaat

090 AT ATH EENEERIE]
1. Mulbery (2Tgdd) Morus alba
2. Subabool (F&eT) Leucaenaleucocephala
3. Shisham (efterm) Dalbergiasissoo
4. KachnarKashay (F=T) Bauhinia purpurea
5. Babul (s77) Acacia Nilotica
6. Drum stick (FgsT9) Moringaoleifera
7. Agasthi (3RTET) Sesbaniagrandiflora
8. Ber (3) Ziziphusmauritiana
9. Neem (<) Azadirachtaindica
10. Khejri (B<T=1) Prosopiscinereria
11. Gambhar (TF2X) Gmelina arborea
12. Peepal (fTTT) Ficus religiosa
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qrfereT 70-2
TRAGTS (F@TTATAT &) Y ST T v
H090 AT AT CEnEEIC)
1. Mulbery (eT2q1) Morus alba
2. Subabool (F=e=T) Leucaena leucocephala
4. Kachnar (F99T7) Bauhinia purpurea
5. Babul (F79) Acacia nilotica
6. Drum stick (Fgs19) Moringa oleifera
7. Ber (3%) Ziziphus mauritiana
8. Neem (%) Azadirachta indica
9. Peepal (fT0<T) Ficus religiosa
10. Mahua (Wg3T) Madhuca longifolia
T AT ST AT g Tigexr STEEAT AT & AT, HIT TET I T
T ST ST T % Fare o fom START ATSIA A Tohal FEal 6 (o1 &har

qaH Hged Il 3, 97 Icariad =T & ey
T A W AEeTH TL IT T Aol (oA

AT, SATATA: TYET IATEA H Fel AW
FT 60-70 ITaerd W (ITY) | ATCT 2
AT T ICATEA AT JEHT STANT FEA o,

AT, STHTS-STTE Ffaa 7

TR T IS 9% (A9 F:ar g1 e
T I Gt | IqA ATC FATAAT bl
T ST &, =T il g o o 19 9

T FEA ATAT, TAT AT AT TAT JeT

IeqTfad AT &1 SATHTT: TAATT H <9 T
63 e gL AL q9T 23.5 Jfaad g
I ET FHT T FTHRAT FLAT I8 2T 2

STAT g1 SH THE AT ScCAET - 2 39
[OTAAT ATAT FHIT TRT I ITAH B i
Tgd HH TEAATEATE F91 & | gH STIH
TOTTS TS g&F TSATa Tl (qTfersT ofiT 2) T
TATT AT H ©dl o HS 9% 6T, 81
=T T 7T A7 oft 92T T a2
e R Ao

HEA o AAATT TAT =T 3T AT T Fele

& 918 Yaod Agcd Ul g, FAITh 3=d

JIIT T TIUF qedl 6l g STAsdr = &

AT BT TATE ITATE 6l OET a1 Tgal gl
FT TAT HTH [ G@T FATT AT AT F1T

(ATEeIeT) % 9 H "rerg AT ST aedr §
ST Hw A Rafa qum Sucrsy g9t F
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STETAT T qATITsRT 70 3 3T 4 F A9 o

e ST geRare | FEfae = & &dl FATAT AT E —
qedl H a1 39 AC AT ITHIH
TreefT fEaeor a7 e T -3TeT &A1
arfersT 0 -3
T T AT &
F0T0 1 faraor St e CRERIEN
1. T AT T id (FTa/Im0) %. 8-10
2. F F gL AT AT frwa s Bmm) % 6
3. FeT IeATIET (I=AT) AL AT A (3iea) ./ Bmo) s 4
4. QU AT % UL HI HFq (3Ead) €./94) %. 400 wia/ger
5. i U2 F&T ScaTiad AL sl 71T (3ieaq) FRamo/ger) 100
qrferst 70-3 H TR A& & foherer wta ., ST =Y & 9 &t fa w/g3e

TAT Y ICATGRT o o< [ohal T FHEA 6
ST 9T TS * AR g A, 88
I, JeT IcaTiad (<) AL 0 Has./

TaT 9IfT Ug g IATEd AL A AT
e/ TohT. T FLTAT AT B

it A0 - 4
FRAQTS (FET TAFAT &)

#. 9. =11 Ao geaeeft faaor CREEIEN
1. T =T %t rAa gfd/ B % 10-12
2. T T 9TH g2 A AT hrAa =0/ BRI % 6
3. FeAIIT AT 0T A (3fea) €0/ BRI %. 6
4. OO AT o geF il A (3Ead) T0/qeT %. 600/3e1
5. i &1 =T AT AT (reae) Brmo/aer 100

qrferT q0-4 §  Fra@UE % FURI T

st BT, &t = % U i S /96

TZT % I ICATEHI o A1 [ T TG0
& UL ITH qASA 6 ATHE T AT, 8L

AT, &1 IATRd (T =T 6T FHa =/
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T IAIRT AR I ATHTRG SR T
FIHI h (TTSAST AT h GATET ST
TLATAT TAT FW FF 70 Ffd9rd swarar
T geF IcATad  (I=IT) MY 6 ScaTad o
T 9T TSI 3T TS AT TG FT
THAT g1 T AT 3T ATSHTerehT
SRt ® AT (AT AT L) & Ao
9T TSt forer § R 0 U sremge v
1T grar g T =T Ieama 7 o fauue
T T dgeaid Il g, g&F Scared
TAT =T AT AT 3 IATEA AT
U % =TI Haed g o FHT AT
Tqfera T ST ahar gl

THI FH § AT S99E | 967 Ud =779
TRt % |7 &1 JF T 90+ Fh -
YA H&AT 1
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FoT AGTT AT CATGT o o7 dTefi &
= AT TAT WA T T TH ST A T
EEopr)

TANT |0 1 H gHA Y AN F o SuIsh
TR @ TSN &1 &7 TR 0 AT
(Imx1m T9T 1.5 m x 1.5 m) § R0,
& sWew (Sesbania  grandiflora),
FAATL  (Bauhinia purpurea), #HgSIH
(Moringa oleifera) TaT g (Gmelina
arborea) Y@ SITTaat &, =T TeITiaat
1 a7 feawa 2021 Fr T = qur ar
FT TETT 2024 H TAHT TIH IcATEA TTH
TFaT T, qUfershT 905 H TH qTe | gEL
STEr T AT o6 (A< o SAHTL UTel #f SATs,
AT, g4 TIRIEAT TAT g4I Ahsl & o 71X
H T T 3{q T Z9AT IT47 21

2 -1 AICRP-17 YIRS STAAS § &7 ST =T T LT €T

=T . - 5
& ISTQGT & S Y T TAT A9 I ATHR A A

Y | g ST | SATs (F0)
T ATH

=T (§0HT0)

O o=t wr | g St &
SERIES SERIES
(Fram) (7. 9IT)

¥ ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India




Van Sangyan (ISSN 2395 - 468X) Vol. 11, No. 9, Issue: September 2024

(per tree after | (per tree after
harvesting) harvesting)
1 m{l5mx|1Imx |[15mx|1Imx |15m x|1m x| 15m x
x 1]15m Im 1.5m Im 1.5m Im 1.5m
m
1. T 1.36 | 1.52 0.71 [0.85 1.92 | 250 1.85 | 1.98
(Sesbania
grandiflora
)
2. FAAR 2.52 | 3.00 1.02 |0.70 051 |0.31 0.85 |0.75
(Bauhinia
purpurea)
3. HeoteT 2.34 | 3.55 2.08 | 248 0.28 |0.86 1.85 | 3.75
(Moringa
oleifera)
4, IFER 2.05 |3.80 2.12 | 2.08 0.72 |0.91 1.28 | 2.65
(Gmelina
arborea)

SIRT 701 H &R 70 ref § T (Moisture content (%)) @9 %€ TiéiF (Crude protein
(%)) T ATAT Tl TEIT ATARTT0-6 H F9ATAT ITAT 2-

JTHT 9.-6
January 2023 October 2023
Parameter
Imx1m 1.5mx1.5m Imx1m 1.5mx1.5m
Moisture content (%o)
STET (Sesbania 39.65 37.51 37.64 36.51
grandiflora)
P (Bauhinia 45.59 44.71 46.94 47.16
purpurea)
g (Moringa 54.50 53.25 53.25 49.11
oleifera)
TeeTC (Gmelina 56.39 56.17 58.93 52.65
arborea)
Crude protein (%)
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3TECT (Sesbania 25.75 24.31 25.75 24.31
grandiflora)

F=41¢ (Bauhinia 26.44 25.88 26.44 25.88
purpurea)

Tgsi= (Moringa 28.50 26.06 28.50 26.06
oleifera)

TR (Gmelina 21.94 27.13 21.94 27.13
arborea

YANT €T 2 ;9T SET F o ' AT TSATAAT 7 TAA0T TS 2022 FH AT

EENLRIR R P

TINT §0 2 H gY A & O Uk =
(&) et #1939 o e
Stylosanthes hamate (¥2T=<T), Brachiaria

TAT TAT6 Held T8 TAHT IcaTad JTH
T, arferr 90 7 @ A9U F6 wEA 1=
TF AT F SaWTe (Ted/gaeay) & saame
¥ AT < T Tf9T Fear g, AThaw g

mutica (9TXT  =THE) dAT  Pennisetum RERL ‘gr%ﬁl’s’ REREERIEIREI
typhoides (BTEfsiE AToaR) yq@ y=irfaat 2,
qTferT . — 7

HTE FSTIQET & ITH SAaHT 7 $ia
%0 ST TSI T AT oI Y IS FT a9 (g/ ha-1)
g0
1. Stylosanthes hamate (¥TZ<T) 194.65
2. Brachiaria mutica (97T =TH) 438.77
3. | Pennisetum typhoides (gTzfae AfiR) 860.16

e

o J B \KE
iR

‘l"' "> ./;

‘,
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wiasT § d& i< gEifaat

AT ofrer oS T T=TE-TETE F29 F
ForT ITaTRIer sTeara &7 JETaT o ST &
FORRAATF  aqE IAWAT A
gtoreor FeH F U e H sEye
THTSTT T TATIAT o qTT -A7 TR
TSAT 3T Fafogsm TSt el & aganT &
HYTH ATHATT ALAAT FAT A2 Y
LT AT i FY foame Feal,
e e wvreat |, Sf=ae "t s
I TTALAT FRT o6 AT TZANT A & (T
U fAeaTe T & w19 i AatE
& F Il TTA 64T ITH Fd g0 IATAAT
T TITE 2 o forw o 3t o
TSI § IR ATt o 91 g Jigarsi
T AT B d HEAT ST ATAAR T T AT
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L AT 3T /T &l I LA o o0 FhaTe
T AT &l AT TSATAAT ol I o o0
STETETT Hgeaqul R, TS orargor
iR T ICATEA gL AT 6 T H 2T |
FUHI Bl A5 THATHI & 9L F dgd A8 d
SITHRTEY &, ST STk ST, FT9Te, TATSA 3
STATEHAT &l @I Thcdt g | FIH &
STRTEAT oY i F9LT | 5 T 1Y
TEAL TIUT , SATSTTRT AT T AT
eI | A et

gTadY (Acknowledgement)

TH FF & o G agrar afEsE
"SI H AT =TS A FF HA o0
T HT IqASIAT ST AT H R
(AICRP-17)" =TT 9RASHET #T FT
ST (MOEF&CC) 3 Tad TaTd T % 2
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qrieaar fgedfasr (=) T3 'qaigs
e st ", d=mT?, st e, gear a|l, S e, [Afae amt?, |t gt

LopaT fasTe fara T, et s gifedeay ue wivedt a3, g9 (R.7.)

et Fa=TTe, it S gifedmoay Ue Rl a<1, gy (R..)

et s T, et ot giféaoas Ue wiveds a4, g (R.w)
=T, =@ ()
* -/ shivanicd@gmail.com

=T

=T (grfeaar fEeara#T) A=At J=ih
T TH 9eT ST a6l UF 6ed gl I8
qeT AT F AiFEH! e feror s
H 9T SITAT § | TH agd T ATl T $iY
ST qTIHTT T6E gl Usedh 9eq
e, Rt sref 8 e, = orsg &1
e g o F =97 o 390 7w ey #i
TSI 1 F0 (6T, TH TR SR 910
feeatesT (" = F1") g=T = uE gl
T, AT i 7 Fohew 8 i 3k ot
T ITES & T H ST 1qT gl TH =HF
It o forT 39T Srar g1 s ge7 = °
ZT YT & I & Ueh aTel W7 & =T dier
3 gAY The =T &1 3 it | fAtae
YA % SUART qed ATHA BId 8, 9
s, Teereed T AFT-3 Hel UEEl

TR AATAT, T ST FTHT TTAT H VT
FTEaes Te, Faigege T AAEA
e TaH Fd gl =ET i F ogew
THATT, TIEelE U [ohe 0T 3MT FHIeTeeiel &l
FH T gZaT T (FIETaeFae (S Tere)
| FATAT ¢ | =T e s W F w1\
T HH FLAT g A ALHG 3T Fsol o
[EEARER IR e

=T &1 9T I F AN "eie 9|
SATEHATAT ATel, Fie |l U&7 FLAT g S 2L
T AT AT I g1 | AGTEAT 31 &
10 | 15 HT &t FaT12 a% Tgo dhd 2l
T H FEA B H BAl ol EATT gl &, S
AT T o I AT TZAT § 3T TqeIE *
T ST ATIATT 3T 9 FH I AT 2l
afrt &7 offt ST gor o =IHehier HET gY
[T HT ram gl

CRNEEECRICT

wTie
RN E T EC)
ForfersnfeasT
RIELEE
e
afeaar
e, e taeT
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§r gu e i ERIEINEIRINER SR

FHTERT FHIY AT o SrgETe ST 100 I GrE 9% 97907 7 fFaw:

T ATAT/100 ATH T ATAT/100 ITH

T 5.8 I HrefieT 2.72 foreft I
EX1| 486 Tt Sy SRR 55.2 WTEHTITH
T 5.8 I faerfam =t 1.6 Tty o

3 fafae (@@ ) | 486 7 CIRIEE] 0.62 foreft I
g 2030 a1 REEIEKICE] 0.17 foret I
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RIEIEI e 16.5 7T [RRIEE] 8.83 fareft I
Torr 30.7 ITH eTd 49 HTZHIITH
Ffeeraw 631 freft I HIeTE ZTee 49 HTEHETH
EIRECH 7.72 o<t o e &fi-12 0 HTZHIUTH
afrforw 335 faeft 9 e T, 54 =757
HIERTH 860 fireft T [EEUEEIE 0.5 frett
FrEfor 407 Freft o HERCER TIRUEEE] 3.33 7T
GIERE 16 foreft 9 FTeTeg(el 0 foreft wm

o 4.58 freft I FIT 0.924 Tt I
adt gt g1 = it wer qor i fer 7w
=T % dTer 7 ST AT A T F AT FrIH, i i Ao aERa s FEs
FaT ST @ear g1 zEed ' o o sy HIo AT ST ATACH & Hh0d gl dahal
STt feTe aTelt gt o "Heaw et g gl

7 Yttt g At sraeIdar gt gl I8
qrET SFAT SR weaw gar fagr #
TTATrer ¥ AT gl el o F
ST TATIAT o o0 QI avg & 99 gy &
AATHAT Bt gl Ao & forw T3 @ras
FT SAFLTFHAT A5l gIdl g FAIH I qgd B
g &, TACT 1S S & ars gt &
goh H SN F AT Srar gl SE-se
AT T BIA ST &, U8 T gl ST gl

T AL § T AT ST qHAT 3. St
gre S et ' % Fafha o |
qret T g § U BIaT & T @raaant
9% =0T graT g1 T 9l & w9 I9h
TN H IITAT ST THAT § AT dga< 3T
% [T ae-ar = #3ET1 aEeT® 2
TEHET gt F U ogEaw quge HEr
TR 16-26 =T |fewae g1 a&d =% if
Fater 100-150 o=t 3 &= g1 = e &t
#Ea IT9 350-400 FFTUTH/UFE F A

T st T w7 oade At o
(TASUA) FIAESA FHl FH FL Ig T
et I (TS FeEi F @
N FRTAT & | ST g T (2021)
IER TASIUA  Floegid H " T=ar"
Fleeeid ST Fgl STAT g, Tk TAS U
FATLA H " GO FTEST F &7 §
afieha TRaT STTAT 81 gTAieh, S T &l
SIS gl AT ST AT T T s ot
ATETT IF FITESI il Seh Al HT qHAT
g =T He9 § W 9T # wreay g
gl STEAIAT o ATHTY, FISaL Th T .
TAT AT T TIAUS AT FH F0d | 983
T THAT 5, ST 2129 2 HeHg AT T3
g & @ay &1 7 wear gl FET e d
HThF TR AT9H UErslaeiee gam g,
e gom-Treft o7 gra 81 T At w
Ao ST & oI Heelt T R FwH
T § off wag e gadl g | 9 ST
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=T i 3T Sk 9 § UTEfaE w4 7
M0 AT T UErsliadiee al U& fEeqd
qEAT ES AT g, AT ITRIH,
FIZEEAA, FUSAITE 3T TIATHATIOTHR
AT =T s & qicieATiersh JIRr
T FIFd § Sl 3aal Ulsfiaice
wfafater ® arre w2 81 F W e,
ofieTe AT T 7Y A 3T gregio &
FA HT ATAT AHaT & o qW ST g
TS e A AYgHg, ASTEHT T
qIRE TRT fgd T STl & qeer
TR A & AATET a7 oY i & 3
S qRIAT AATRAT T FATEAT AR
RG]

=T S @ F T FH AT AR g A6
Y AETT FIZa< il HAT ATeF gl &
AT FTeH T 9T FH grar gl =ar i
G | ATF a arel AT Je™ o TEd
ANTE A 6T 3T a99 FH Fid H HAIR
et g1 MU U o g 2019 #
THRAT Teh THAT qF 6 A, HLHG
T drer™ ¥ fifsa =t s =Er dis &
T FJ &, Irg AT H FHHT, BT HHL AT
affer siw ufewmtees & gfs &1 sqaa ar
qFHAT & - T ST A1 SIf T | a7 &
STHTE S o 1 FH F2dT 2

T I=ART A ITATRAT

T Faa™ | =7 S 7 AT w
errert =1 foror g7 81 =T st & S
GTe AT | qIea, FI0rd, AT, d AT
St |fea fafser =t § o STar g1 2000
", st s feemfadent & ufy fawr 48
I\ & ot =T w7 a9 T8t w9 A
TEroRTTCer 71 =T &7 STERT I e et
&9 | FoRIT ST ThdT 8, SATeheT hael AT
AT H
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=T ST #7 ¥a9 f6ege, TEET, 99,
WA ST UET ok 9T [erRe fhRsm S
ThaT gl =T st UF FrEShiers qie
g ST AT 99 a9 | 12 TAT SAferw e
g ThaT gl Tl =g diT ar=r
ETYOT T %0l &ATAT o 1L, =T Feers
F STAN GTT  IOTET H dATEE,
Tsie & &9 § f6ar 1 gaar g1 = s
TS R g1 6 AT H UH HwAHE
FET F & § ITANT fR@mar @ 2
AAATH, HeTerg w219 3T M et S
AT grEgaldaise & audrq =7 @#iw ™
U FAT A THTHF TaTd | AT, THHT
ST osft I =T H A9l AT AT g
F(T THHI HLAAT T ATF AR
ITAS TR 2|

RaTfiTEam s EaaE

=T % &S F7 9T | '@ & forw gefe
g 3 | gratteh, =i =T S § wreax
FT AT qgT ATAF AT 7, TATT FATET
g U 9 TE AR G SE qrEA g9t
oY U7 FT Thd &1 U TETAT o §9eh |
s o T i w5 ST € el 3 e
de Fofdt Ruwar o o g, e
A ® 9=t aTter ann & o mae
U T THAT g FA(1oh & TAAVTAT H FHET
T bl & ST Thae Ul HT Tohd &l
Ao

= i & 7T W 9T . O 9o
qgd FIIIHE IerEfehd Tard g il
THAT TEd & ST AT T § 4T H:ivd
gl Foaefier i gaefia ®wEay, -3
dT -6 B THE ¥ AYIT dd, AETH
I TT § W IiE, @fa,

" © Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X)

Vol. 11, No. 9, Issue: September 2024

RIS eleh Heahod SISl % T Tgeaqul HeaHhi
H & g F(h ITH T AT A 1A 8,
orrersRat fo=ger a9 aut & 396 o, fere
w7 ¥ UIgRULe~aa T Udsadise
TATAT T IAhT ATAT Kl TgATEA AT
T o TATH | 39 9T &A1 ahigd T g

gl Jga¥ eTefewhe IO AT G & |
T AT F T T2 Fohedd a1 o forw
= ot a% T sorfaeE e 9
I ST TERAT g1 TH TR =T o7 9wy A ;v
IO 1T a9 T 2
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