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From the Editor’s desk

The rapid increase in the global population is straining land resources dve to intensive farming
practices that ultimately degrade soil quality. To ensure sustainable land use, it's crucial to maintain
soil health, Une common approach to replenishing depleted soil nutrients is the use of chemical
fertilizers. However, their high cost poses a significant challenge, particularly for small-scale
farmers. Moreaver, improper and excessive application of chemical fertilzers can harm sail health by

disrupting soil enzymes, microorganisms, and the enviranment. while also contaminating groundwater.

This not only poses health risks and contributes to chimate change but also reduces nutrient use
efficiency, making chemical fertilizers less viable. Improving nutrient use efficiency is key to
aptimizing crop production, minimizing nutrient loss, and providing cost-effective nourishment. Historically, intensive cropping
has been used to address agricultural challenges, but now, diminishing responses to inputs in rice-wheat systems highlight the
need for better mutrient management. Lrops typically utilize only S0-50% of applied nitragen and 45% of phosphorus from

fertilizers. Lombining chemical fertilzers with organic manures can enhance nutrient eficiency.

In line with the above this issue of Van Sangyan contains an article on an overview of nutrient use efficiency and mutrient

budgeting in crop production. There are also useful articles viz. Dendrocalamus stocksii A Potential Agroforestry Species, Die-

back disease of neem: An emerging issue in forest industry, Fire ecology - The role of wildfires in forest ecosystems, Fmbracing

Wisdom from the Forest Man of Indis, T3t TRaTT #1 87 HE7@q a7eq1d41 7 TTHTT TR, forest fire

management for ecosystem restoration, Role of urban forests in carbon sequestration, Harvesting technigues: A key ta promote
management practices of bamboo and 3% @1 T ZTEFISHT FT 757,

Looking forward to meet you all through forthcoming issues
Dr. Naseer Mohammad
Chief Editor
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An overview of nutrient use efficiency and nutrient budgeting in
crop production

Milind Sagar and Narendra Singh

Department of Agronomy, College of Agriculture
Banda University of Agriculture and Technology, Banda, U.P.-210001
Email: milindsagarlynx@gmail.com

Introduction

By 2050, it is predicted that there will be
more than 9 billion people on the planet,
most of who will live in developing
nations that are already struggling to feed
their populations.The need for NPK
fertilizer will rise in tandem with this
population growth. Almost all cultivated
soils in the world are deficient in one or
more of the vital nutrients needed to
support healthy plants.The need for food
will rise in both quantity and quality as
developing nations like India and other
Asian nations become more urbanized.
India is primarily an agricultural nation,
employing 65% of its workforce in this
sector. Until the mid-1960s, India's
agriculture was primarily dependent on
organic manure. However, with the arrival
of the Green Revolution, enhanced high-
yielding variety seeds and advanced
irrigation systems, the country began using
more high-analysis chemical fertilizers.
The nation consumed just 0.06 Mt of N
fertilizer in 1950-1951, but in 2000-2001,
that amount rose to 10.8 Mt, a nearly 190-
fold increase in just 50 years (FAI: 2000-
2007). P fertilizer consumption has also
increased significantly, from less than 0.01
Mt in 1950-1951 to 1.8 Mt in 2000-2001.
Nonetheless, K fertilizer use has been
extremely low, ranging from nearly non-
existent in 1950-1951 to just 0.81 Mt in
2000-2001. Although agricultural

production initially increased significantly
along with the rise in fertilizer
consumption, it eventually stagnated and
began to decline. The amount of food
available per person annually rose from
141 kg in 1950-1951 to 208 kg in 1990-
1991 but fell to 192 kg in 2000-2001.This
is a severe problem, and more needs to be
looked into in order to close the gap
between supply and demand and raise the
amount of food available per person. It has
been reported that the overall efficiency of
applied fertilizer is approximately 40% for
K, less than 10% for P, and approximately
50% for N. (Baligar et al., 2001). Nutrient-
absorbing and utilizing plants significantly
improve the effectiveness of fertilizers
applied, lowering input costs and
preventing nutrient losses to ecosystems.
For a long time, improving fertilizer use
efficiency (FUE) and lowering its
detrimental effects on the atmosphere have
been global priorities.It can be especially
impacted by soil and irrigation
management, as well as fertilizer
management. The world's food demand is
driving up demand for fertilizer nutrients,
but there aren't enough of these resources
available, and public awareness of the
negative effects of nutrient use is
growing.This has prompted demands for
improving NUE without sacrificing crop
productivity. The ability of the plant to
absorb nutrients from the soil effectively is
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a major factor in determining nutrient use
efficiency (NUE) which is also influenced
by nutrient internal transport, storage, and
remobilization.

What is Nutrient Use Efficiency?
Fertilizer use efficiency (FUE) or nutrient
use efficiency (NUE) can be expressed as

yield per unit input of fertilizer or as the
amount of applied fertilizer that is
recovered. ~ When  assessing  crop
production systems, the concept of nutrient
use efficiency, or NUE, is crucial.

NUE and their applications (after
Dobermann, 2007)

S.No. Term Typical use
1. | Partial factor productivity | As a long-term indicator of trends.
: - It is used as a short-term indicator of the impact of
2. | Agronomic efficiency

applied nutrients on productivity.

As a long-term indicator of trends, mostly used when

3. | Partial nutrient balance . . . e .
combined with soil fertility information.
As an indicator of the potential nutrient loss from the
Apparent recovery . -
4, .. . cropping system and to assess the efficiency of
efficiency by difference .
management practices.
L To evaluate genotypes in breeding programs; values
Internal utilization i
5. .. of 30-90 are common for N in cereals and 55-65 are
efficiency i i
considered optimum.
In research, evaluating NUE among cultivars and
6. | Physiological efficiency other cultural practices, values of 40-60 are

common.

How to increase FUE

The objective of nutrient use is to increase
the overall performance of cropping
systems by supplying economically
optimal nutrients to the crop. For
increasing NUE approaches are defined
below:

Scientific nutrient management
Appropriate  nutrient management in
cropping systems should purpose to supply
suitable fertilizers based on the demand of
the crops and apply this method that
reduces loss and maximizes the use
efficiency.

Right rate

The most significant method currently
available for assessing the soil's ability to
supply nutrients is soil testing; however,
high-quality calibration data is also

required in order for the results to be
helpful in recommending fertilizer.

Right time

It is connected to nutrient management
that is site-specific (SSNM). Improved
nutrient use efficiency, particularly for N,
requires more synchronization between
crop demand and nutrient supply (Giller et
al., 2004). It is well known that dividing
up N applications during the growing
season, as opposed to applying a big
amount all at once before planting,
improves N use efficiency.

Right place

The way fertilizer is applied affects how
efficiently it is used. Fertilizer is applied
primarily in two ways: before and after
planting. Determining the appropriate
placement is crucial in determining the
application rate.
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Integrated Nutrient Management (INM)
Integrated Nutrient Management (INM)
entails making the best use of naturally
occurring nutrients, such as crop residues,
organic manure, biological N fixation, and
chemical fertilizer, along with their
complementary interactions to increase N
and P recovery. Growing returns to
farmers in terms of yield, soil quality, and
NUE of applied N requires a proper
understanding of and utilization of these
beneficial interactions among plant
nutrients (Aulakh and Malhi, 2004).

Use of modified fertilizers:

Use of slow-release fertilizers

A range of slow-release fertilizers is now
marketed which have the potential to
reduce various N losses and improve NUE
(Giller et al., 2004).

Use of nitrification inhibitors

The addition of nitrification inhibitors can
check the conversion of ammonium-N into
nitrate-N  and  ensure a  higher
concentration of the ammoniacal form of
nitrogen in the soil medium, to increase
NUE and crop yield (Shivay et al., 2001).
Nitrogen stabilizers [e.g., Nitrapyrin, DCD
(Dicyandiamide), NBPT (n-butyl-
thiophosphorictriamide)] inhibit
nitrification or urease activity, there by
slowing the conversion of the fertilizer to
nitrate.

Use of organic and green manures

Use of conservation tillage for proper
crop residue management

Reducing losses of nutrients

Nutrient Budgeting

Equilibrium  between the inputs and
outputs of nutrients in the farm or
horticultural system is the goal of organic
farmers. Because crop rotations are used
and animals are a part of the system,

nutrient management in such systems has a
longer view than a single season or crop.
When it is possible to quickly and easily
create nutrient budgets for farms, these
budgets can be used to guide decisions
about nutrient management as well as to
evaluate possible nutrient surpluses or
deficits.

Nutrient budgets are commonly used in
the following circumstances:

e As a tool to allow farmers and
growers to make optimum use of
available nutrients.

e To design and evaluate the viability
and sustainability of arable and
horticultural crop rotations by
organic advisers

e To assess an arable or horticultural
rotation or whole farm system
against organic production
standards by an inspector

e To indicate likely surpluses of
nitrogen in the farm or horticultural
systems and therefore risk of losses
by leaching to ground and surface
water, especially in
environmentally sensitive areas or
nitrate vulnerable zones.

A nutrient budget can be compiled for any
one or all of the plant nutrients. Nitrogen is
often the nutrient limiting crop growth and
therefore it is often the first nutrient
assessed when planning rotations. Where
phosphorus or potassium levels are low in
the soil, use of nutrient budgets may allow
the use of supplementary fertilizing
materials to be planned. Calcium and
magnesium are less important and can, if
required, be ignored unless potential
deficiencies make them significant, e.g., in
fruit  growing, glasshouse  tomato
production or with livestock. In practice,
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the extra effort involved in completing a
budget for all five nutrients is often
negligible.  Budgets are commonly
compiled for an arable or horticultural
rotation but can also be drawn up for
whole-farm systems.

Types of Nutrient Budgets

There are three types of nutrient budgets:
farmgate, soil surface, and soil system
Farm-gate nutrient budget

Accounts for, only how much nutrient is
imported and how much is exported for the
development of farm production. These
nutrient inputs and outputs (e.g., Animal
feed, fertilizers, crop, manure and animal
products) can be readily tracked.
Hochmuth and Bennett (2011) present an
example of a farm-gate budget in their
publication.

A soil surface nutrient budget

Consider all nutrients that enter the soil
surface and leave the soil through crop
uptake. In the case of N, the total amount
of manure or fertilizer N applied would be
adjusted to account for ammonia
volatilization, since this N would not enter
the soil surface. It also accounts for the
nitrogen that has been lost in the field from
the soil surface. In addition, the soil
surface budget includes estimates of
nutrient inputs such as biological N-
fixation and atmospheric deposition.

A soil system budget

This is a different kind of nutrient budget
because all nutrient inputs and outputs in a
given area of interest are included in the
budget. The soil system budget requires
the use of assumptions and estimations to
account for nutrient transformations in the
soil (e.g., immobilization and
mineralization) and nutrient export from
the system (e.g., losses through runoff,

leaching, volatilization and
denitrification). Because a soil system
budget relies on assumptions and
estimates, more uncertainty is associated
with this type of budget compared with
farm-gate or soil surface budgets.
Nitrogen cycle

Understanding the nitrogen cycle is
important when considering how to create
a nitrogen budget. Nitrogen fertilizers are
an irreplaceable part of agricultural
production. However, when nitrogen is
added to an agricultural system, it becomes
subject to all the transformations contained
within the nitrogen cycle. When all of the
nitrogen applied to agricultural fields is
not taken up by crops, the excess reactive
N can cause environmental problems,
including groundwater nitrate
contamination and emissions of nitrous
oxide, a potent greenhouse gas. An
increased understanding of the factors that
will affect the transformations of nitrogen
allows for better management of this
important nutrient.

Phosphorus cycle

Phosphorus is often a limiting nutrient in
crop production and is fundamental for the
efficient use of nitrogen fertilizer. The
main target for optimal crop production is
to synchronize phosphorus supply with
crop plant requirements during critical
stages of yield development. The
maximum uptake rate of phosphorus by
plants occurs around flowering but its
accumulation continues until maturity. The
amount of the P in the soil solution, and its
proximity to the crop root, is decisive for
both crop growth rate and nitrogen
efficiency (Wang et al., 2010).

Summary
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An effective management tool for
quantifying the amount of nutrients
imported into and exported from a system
iS a nutrient budget. Reducing the
overapplication of fertilizers  while
maintaining or improving agricultural
productivity or urban aesthetics is the aim
of nutrient budgeting for farmers. For an
agricultural or urban system, having a
balanced nutrient budget greatly reduces
the potential for pollution from excess
nutrients and helps avoid needless
production costs.
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Dendrocalamus stocksii: A potential agroforestry species

Akunuri Supriya', Salma* and Syed ali?
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’College of Forestry, Sirsi, UAS, Dharwad- 581401
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Introduction

Dendrocalamus  stocksii ~ (Munro) s
naturally distributed in Central Western
Ghats. Itis locally known as ‘Chivari’,
‘Mes’ in Maharashtra; ‘Konda’, ‘Oor-
shema’, ‘Marihal bamboo’ in Karnataka;
‘Manga’ in Goa.The culms of D. stocksii
are medium-sized, robust, sturdy, and
strong. Despite having a natural
distribution in humid tropical regions with
lateritic soil types, this plant is highly
adaptable and may thrive in semi-arid and
subhumid environments with black and red
soils. For farmers in Peninsular India, it is
the most favored plant, following
Bambusa bambos and Dendrocalamus
strictus. D. stocksii is regarded as a
significant  species for agroforestry,
making it perfect for plantations in coastal
and watershed areas. It is planted as pure
block plantations or as a part of household
gardens. It is typically seen on agricultural
boundaries or as live fences in
home gardens.This is a highly manageable
species with significant ecological and
economic value as well as the potential for
widespread use. Because of its easily
managed culms that are loosely spaced and
non-thorny, this species is favored by
bamboo users. In addition to being used as
edible shoots and in handicrafts, it is a part
of many agricultural tools, including
stakes for crops like tomatoes, support
posts for growing grapes and bananas,
farm buildings, and live fences. In

addition, it is utilized for walking sticks,
scaffolding, paper and pulp, crafts,
building, basketry, umbrella handles, and
country boat navigation, among other
things.Because cane and rattan are
becoming harder to find, this species is
being considered more and more as a
replacement in the furniture business
because of its typical anatomical traits,
which include strong nature, good culm
wall thickness, and the existence of non-
predominant nodes. Peninsular India's
National Bamboo Mission (NBM) has
given priority to the large-scale production
of this species due to its numerous
applications and potential significance.
Habitat

This speciesis native to the Central
Western Ghats, can be found in
Maharashtra, Karnataka, Goa, and Kerala.
Due to its need for deeply rooted soil that
drains properly, its native range is
primarily restricted to stream banks. D.
stocksii is grown mostly around arecanut
gardens and rice fields in the coastal areas
of Karnataka (Seethalakshmi  and
Mukteshkumar, 1998; Devar, 2000).
Agroforestry

This species is an essential component of
home gardens and is typically chosen for
use as farm boundary plantations,
particularly in the West Coast region.
There have been attempts to include D.
stocksii in agricultural systems,
particularly in  highland agricultural
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systems in the humid tropics along the
Western ~ Ghats,  alongside  crops.
According to preliminary observations,
culm emergence, culm collar diameter, and
diameter at fifth internode of emerging
culms  under intercropping  have
significantly improved (Bhave et al.,
2011). Every year, bamboo intercropped
with fingermillet (S3) could yield up to 18
culms per clump, whereas sole bamboo
(S1) could only vyield about 8 culms per
clump. Given that bamboo can efficiently
use the management inputs provided to
agriculture crops, this suggests that
bamboo will perform better when
interplanted with agricultural crops, at
least in the early years. A key factor in
determining an agricultural crop's yield is
spacing. Although there is initially little
variance in agricultural yield from the base
of the clump, as a clump ages, it is
doubtful that this tendency will be true as
competition for resources may become
more apparent and eventually result in a
decline in yield.

Utility and potential

Because of this bamboo's inadequate seed
lying and non-gregarious habit, genetic
diversity may be severely limited, and
ongoing vegetative multiplication from a
limited genetic base may have detrimental
effects on the species' ability to survive.
The creation of a gene bank via genotype
collecting throughout the genotype's
natural distribution region is necessary.
D.stocksii provides natural benefits such
ease of clump management and harvesting
due to its loosely spaced culm habit and
robust, erect culm structure. It is becoming
more widely acknowledged in the
bamboo-based furniture business as an
alternative to cane and rattan. It is simple

to harvest and use because to its non-
thorny nature and low branching habit.
Boatmen favor this species in riverine
parts of coastal Karnataka districts like
Dakshin Kannada, Udupi, and Uttar
Kannada, especially in estuary areas where
country boats play a major role in the
delivery of goods and services.

The bamboo and cane furniture industry
seems to be a ready market for the culms,
which are now being offered for Rs. 80 a
piece (20 feet long). The Konkan Bamboo
and Cane Centre (KONBAC), located in
Kudal, Sindhudurg District, Maharashtra,
has made many unique designs in home
furnishings such as chairs, tables, sofa sets,
cots, partitions, outdoor furniture, benches,
etc. possible. In Peninsular India, they
have been among the first to use D.stocksii
in furniture manufacturing, particularly as
a cane alternative. Only around 10% of the
nation's need for bamboo furniture is met
by KONBAC alone, which has an annual
requirement of 3 lakh culms of D. stocksii
(20 feet long). Other market participants
that make significant use of D. stocksii
include NGOs like Uravu and Waynad, as
well as Bamboo Pecker, Marathahalli,
Bangalore. Using D. stocksii, the National
Institute of Design (NID), Bangalore, has
also produced some cutting-edge designs
for home furnishings. The availability of
D. stocksii clumps with an average culm
diameter exceeding 40 mm and a culm
wall thickness to culm diameter ratio of
1:3 should further enhance the commercial
potential of this species for the furniture
sector. This culm dimension may prevent
cracking during treatment and use and aid
in better joinery. At the moment, the
majority of the culms that KONBAC
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purchases in the Western Ghats region
have a diameter of 25 to 35 mm.
Advantages

This species has a wide
adaptability comes up well in
tropical humid, sub humid and
semi-arid conditions.

Non thorny nature

Loosely spaced culms permits
easy harvesting of culms and
management of clumps.

Non predominant nodes, hence
may be used as substitute for
cane in furniture making

Solid culms, offer more
strength and less end splitting
or cracking like other hollow
bamboo species.

Self pruning of lower branches
permits easiness in harvesting
and processing

Only  sporadic  flowering
noticed, hence less chance of
entire growing stock getting
depleted.

Multiple utility (edible shoots,
oars by boatmen, agricultural
implements, house hold
handicrafts, as stakes in
agriculture commodities like
tomato,  support/prop  for
banana and grape cultivation,
furniture, walking sticks).

In  commercial cultivation,
because of its specific culm
characteristics (erect nature,
less number of side branches
and solid and narrow culm
diameter) this species can be
grown at higher density.

Disadvantages

No seed formation, hence
narrow genetic base of endemic
population in central Western
Ghats.

The culm height less compared
to other mid-sized bamboo
species

Vegetative propagation
cumbersome since only two or
three nodal culm cuttings can
be used.

Transportation of material for
propagation becomes difficult
due to solid nature of culms
Variation in culm diameter
limits end use potential.
Susceptible to scale insect, rust
disease during growth phase
and borers to a lesser extent
during post-harvest and
utilization phase.

Being very rigid, it has to be
steamed to make it flexible for
furniture making.
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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 wuse 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,

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-
256 x 16-20 pm  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.

filiform, hyaline, line the inner layer of
locule, 12-20 x 1.6-2.0 pum, 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

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

—
: Y

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.
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e The terminal branches are mainly
affected. The disease results in the

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.

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

progressive death of the tree, year
after year (Girish et al., 2008).
copper oxychloride or pasting with
cow dung on pruned ends.
Biological control
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 ldentification of particular genes
associated with host pathogen
interaction.

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

¢ 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.

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

Human Dbeings derive a range of
advantages from the effective functioning
of natural ecosystems, commonly known
as  ‘ecosystem  services.”  Wildfires
represent a globally significant and
integral aspect of numerous ecosystems,
playing crucial roles in ecosystem
dynamics and the preservation of species
that have evolved in response to fire
(Pausas and Keeley, 2009). We argue that
most wildfires are natural phenomena that
offer various benefits to humanity. In
ecosystems  dependent on  wildfires,
disturbance occurs when there are
disruptions in the natural fire regime, often
resulting from the suppression of fires or
an increase in burning frequency (Keeley
and Pausas, 2019). While the conservation
of natural processes should not solely
hinge on their utility, it is essential to
reassess the services wildfires provide,
particularly since they are frequently seen
incorrectly as destructive
disturbances.This article is aimed at
analyzing the studies of how wildfires
impact the main components, biodiversity,
and functions of forest ecosystems. The
paperanswers the question of why
wildfires while beinga destructive factor,
are sometimes considered a factor
increasing biodiversity.

Impact on biodiversity

Wildfires impact plants both directly, by
causing complete or partial destruction,
and indirectly, through alterations in the

GRS
5 O
(Y

surrounding environment. Consequently,
short-term, and long-term effects of
wildfires can be identified. Short-term
effects encompass the combustion of forest
fuels, such as phytomass, soil heating,
burns or death of plants, loss of food
sources, air quality issues, microclimate
changes, immediate impact on nesting and
breeding sites, terrestrial vertebrates, soil
animals, and microorganisms (Geraskina,
2021). Long-term consequences include
fire-induced soil transformation, loss of
vegetative cover, a reduction in soil biota
diversity, impaired water quality in aquatic
ecosystems, changes in species
composition,  disruption of  wildlife
corridors, increases invasive species, the
desiccation and demise of trees, phytomass
accumulation, and postfire vegetation
succession (lvanova et al., 2018). The
positive impact of wildfires on forest
biodiversity is thought to involve: 1)
diminished root competition among
different tree species, 2) enhanced seed
germination resulting from the burning of
forest litter to the mineral layer, 3) a
decline in the number of small mammals
that may harm seeds and plant sprouts, 4)
accelerated mineralization of organic
matter, 5) the antiseptic effect of high
temperatures on soils, and 6) reduced
competition for light and precipitation on
the burnt landscape.

These arguments find support in the
functional losses observed in the
biodiversity of contemporary forests.
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These effects establish biotic relationships
within forest ecosystems: the destruction
of litter is facilitated by invertebrate
saprophages and saprotrophic
microorganisms, which also complete its
mineralization, exerting a ‘sanitation’
effect on soils and regulating the balance
of different bacterial groups. Additionally,
the formation of structural diversity and
the reduction of competition between
plants, including underground root
systems, are facilitated by zoogenic
mechanisms in forest regulation (Smirnova
etal., 2018).

Ecosystem services arising from wildfires
are categorized into four main groups:
supporting, provisioning, regulating, and
cultural services, as outlined by the
Millennium Ecosystem Assessment in
2005. Some of these services have
received limited study, and as a result, they
are introduced here as hypotheses.
Supporting services

Supporting services are typically defined
as those essential to produce all other
ecosystem services. One fundamental
ecosystem service provided by wildfires is
the creation of open habitats that facilitate
the evolution of a diverse range of shade-
intolerant plants and animals. Fire is likely
to contribute to a range of ecosystem
services, as biodiversity offers numerous
benefits to humans, and fire significantly
influences the variability in biodiversity.
Two broad processes linked to fire—
evolutionary processes (through natural
selection and evolution) and ecological
processes (through habitat
heterogeneity)—are known to enhance
biodiversity. The impacts on biodiversity
from both types of processes occur
because fire creates gaps in vegetation.

Fires establish new habitats with increased
resources and reduced competition. Many
plants have evolved diverse adaptive
strategies to persist under recurrent fires
and exploit the habitats generated by fire.
Fire often shortens generation time and
decreases the overlap between generations,
promoting evolutionary novelties,
especially in non-resprouting plants. While
the ecological effects of fire on animals are
less researched, there is growing
acknowledgment that fire may influence
various animal traits. At the ecological
scale, fires create habitat heterogeneity by
opening gaps, forming snags and
deadwood patches, thereby increasing the
number of potential ecological niches, and
enhancing evolutionary processes. Under
natural conditions, many species depend
on the open habitats created and
maintained by recurrent fires and grazing,
with species-rich savannas and prairies
serving as clear examples.

When wildfires occur, they break down
organic matter and release essential
nutrients into the soil, fostering the growth
of new plants. They contribute to
maintaining  biodiversity by creating
diverse habitats and promoting the growth
of fire-adapted plant species. Some plant
species rely on wildfires to initiate seed
germination, ensuring their survival and
life cycle continuation. Wildfires also help
control insect populations and prevent
disease spread by eliminating weak or
diseased plants. The heat and disturbance
caused by wildfires enhance microbial
activity, facilitating nutrient cycling and
organic matter decomposition. The mosaic
pattern created by wildfires, with both
burned and unburned patches, contributes
to habitat heterogeneity, supporting a
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variety of species with different ecological
requirements and enhancing overall
biodiversity.

Provisioning services

Throughout history, wildfires have been
the primary natural force responsible for
creating and preserving open spaces that
early human societies relied on for
activities like gathering food, hunting, and
later, agriculture. Presently, wildfires
continue to play a vital role in supporting
open grazing areas and wildlife habitats,
providing advantages for recreational
pursuits such as tourism and hunting.
Human-initiated fire  practices, like
prescribed burning programs aimed at
improving pastures or aiding in hunting,
have replaced many traditional fire
patterns. Wildfires are essential for
upholding diversity and genetic variability,
contributing to the production of various
natural products consumed by humans.
The heat produced by wildfires could
crack open seed coatings, facilitating
germination and the establishment of new
growth, ensuring the survival of diverse
plant populations. Ecosystems prone to
fire, designed to resprout following a
blaze, harbor a diverse flora with
underground plant structures safeguarding
buds and carbohydrates below the surface.
Early hominids consumed these plant
resources, including bulbs, tubers, and
rhizomes, potentially influencing the
evolution of bipedalism(Lieberman 2014).
Contemporary versions of these plant
structures are commonly used in gardening
and horticulture. Post-fire resprouts of
specific species remain valuable in crafting
materials, with tribes in Northern
California utilizing hazel, willow, and

beargrass resprouts (Pausas and Keeley,
2019).

An annual life cycle serves as an adaptive
strategy for plants in disturbed ecosystems,
with many annual food crops originating
from open, fire-prone environments. Open
habitats are rich in flowers, pollinators,
and herbivores, leading to the evolution of
various chemical compounds attracting
pollinators and deterring herbivores. Some
of these compounds form the basis for
significant industries, including perfumes
and drugs. The absence of a prolonged
history of wildfires would severely limit
these critical services. Additionally, dead
trees and woody debris resulting from
wildfires can be a source of firewood or
biomass energy, contributing to local
energy needs. Burned vegetation can be
strategically used for erosion control
measures, stabilizing soil in areas prone to
erosion.

Regulating services

Ancient human societies utilized fire to
clear campsites of nuisance species, and
today, parasites remain a challenge for
both humans and livestock. Fire has
proven effective in reducing parasite loads,
with evidence suggesting that suppressing
fires increases the risk and transmission of
infectious diseases carried by various
organisms. Fire has been shown to modify
host-parasite  dynamics in  different
systems. For example, burns are currently
employed to manage the spread of pest-
related issues like  mosquito-borne
diseases. Scasta (2015) referenced 24
studies demonstrating the effectiveness of
fire in managing vegetation, parasites, and
disease, supporting its role as a natural
control for diseases and pests affecting
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wildlife, forests, livestock, and human
populations.

Wildfires also impact the hydrological
cycle by altering vegetation structure and

ground cover, influencing water runoff

patterns, groundwater recharge, and
overall water flow regulation in
watersheds. Post-wildfire, the reduced

woody vegetation significantly decreases
water consumption by plants, increasing
water availability in wells and springs.
Reports from local farmers in Chile
indicated increased stream flow after large
fires in 2017, consistent with observations
that burned forests are less prone to
drought mortality, and surviving trees
exhibit faster growth. While wildfires
produce smoke and pollutants, the
combustion of vegetation can clear the air
of allergens, pathogens, and pollutants,
contributing to improved air quality.
Additionally,  wildfire-generated  ash
enhances soil fertility by releasing
nutrients, regulating nutrient cycling
processes, supporting plant growth, and
maintaining ecosystem health. Wildfires
influence  species  abundance  and
distribution, acting as a form of natural
population control and contributing to
ecosystem balance.

In a warming world, wildfires may
facilitate the rapid shift of plant species to
more suitable environmental conditions by
opening gaps, especially in non-
resprouting species-dominated ecosystems.
Although wildfires release carbon in the
short term, they contribute to long-term
carbon storage in soils by converting
organic matter into stable charcoal,
resistant to microbial decomposition. In
regions with limited natural pollinator
abundance due to a shortage of flowers,

people often induce fire disturbances to
enhance pollination activity by creating
open spaces, where both flowers and
pollinators thrive.

Cultural services

Wildfires, by fostering biodiversity and
habitat diversity, create avenues for
recreation and ecotourism. Notably,
certain savanna ecosystems serve as
ecotourism and hunting tourism hotspots.
In addition to this, wildfires play a role in
building traditional ecological knowledge
within  communities. This involves the
development of insights into fire regimes,
adaptive strategies, and the impact of fire
on shaping ecosystems. Such knowledge
opens doors for educational initiatives on
ecosystem dynamics, fire ecology, and the
crucial role of fire in sustaining healthy
ecosystems. Furthermore, wildfires present
researchers with valuable opportunities to
investigate how  disturbances shape
adaptations and influence biodiversity,
thus contributing significantly to scientific
knowledge.

Conclusion

In summary, analyzing the role of
wildfires in forest ecosystems is essential
for devising effective strategies in fire
management and conservation. Despite the
apparent destructiveness of wildfires, they
constitute a fundamental component of the
natural cycle, playing crucial roles in
sustaining the health of ecosystems.
Processes such as nutrient recycling, seed
germination, and the promotion of habitat
diversity highlight the contributions of
wildfires to the resilience and adaptability
of forest ecosystems.Human intervention
and fire management practices must be
guided by this ecological perspective,
finding a balance between safeguarding
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Pausas, J. G., & Keeley, J. E. (2009). A

lives and property, and recognizing the
ecological  benefits  wildfires  offer.
Sustainable approaches should encompass
controlled burns, community education,
and innovative technologies to mitigate the
impact of uncontrolled wildfires while
safeguarding the ecological functions that
fire serves.
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Introduction

In a world grappling with environmental
challenges and deforestation, the story of
Jadav Payeng, often referred to as the
"Forest Man of India,” serves as an awe-
inspiring testament to the power of
individual action in the face of adversity.
Born in 1959 in Assam, India, Payeng's
journey from an ordinary villager to an
internationally acclaimed environmentalist
is nothing short of remarkable. This article
delves into the life, journey, awards,
philosophy and my interaction with
Padama shri Jadav Payeng, whose tireless
dedication has transformed a barren
sandbar into a thriving forest ecosystem.

A lifetime of extraordinary
environmental dedication
Biography

Jadav Payeng was born (31 October 1959)
into the Mishing tribe in Assam, a region
known for its rich biodiversity. Growing
up on Majuli Island, he bore witness to the
alarming erosion and deforestation that
were rapidly engulfing his homeland. His
connection to the land and its creatures
sowed the seeds of his environmental
passion.Payeng, known as the "Forest Man
of India,” is celebrated for his remarkable
work in reforesting a barren sandbar along
the Brahmaputra River in Assam. His
journey began in the early 1980s at the age
of 19 when he was deeply moved by the
sight of dead snakes on a barren sandbar
after a devastating flood and he witnessed
severe erosion and deforestation on Majuli

Island, the world's largest river island,
where he lived. This heartbreaking
moment inspired him to take action and
embark on a daring mission to reforest the
land. With unwavering determination, he
started by planting saplings despite facing
numerous  challenges and  limited
resources. Over the years, his relentless
efforts gradually transformed the once-
barren sandbar into a thriving forest
teeming with diverse flora and fauna. To
combat this environmental degradation
and preserve wildlife habitat, he single-
handedly planted and nurtured a vast forest
spanning 1,360 acres. Today, this forest
boasts a rich biodiversity, including
elephants, tigers, rhinoceroses, deer, and
various bird species.

Awards and recognition

Jadav Payeng's outstanding dedication to
environmental conservation and
reforestation has garnered widespread
recognition and praise. His work
underscores the significance of individual
efforts in combating deforestation and
habitat loss, serving as an inspiring
example of one person's capacity to
positively impact the environment. In
2015, Payeng received the prestigious
Padma Shri, one of India's highest civilian
honors, in acknowledgment of his
exceptional commitment to preserving
nature. The forest he nurtured with his
own hands was officially named the
"Molai Forest™ in his honor, continuing to
flourish as a testament to his enduring
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legacy. Payeng's inspiring journey has
been immortalized in documentaries such
as "Foresting Life" (2013) and "The Man
Who Planted Trees" (2020), spreading his
remarkable story to wider audiences.
Furthermore, he has been the subject of
multiple documentaries and a fictional film
titled "Kaadan,” "Aranya,” and "Haathi
Mere Saathi” (2018), directed by Tamil
director Prabhu Solaman, casting Rana
Daggubati. A locally made documentary,
"The Molai Forest,” produced by Jitu
Kalita in 2012, showcased his life's work.
Additionally, the 2013 documentary film
"Foresting Life,” directed by Indian
filmmaker Aarti Shrivastava, celebrates
Payeng's life and accomplishments in the
Molai forest. This documentary was also
the focus of William Douglas McMaster's
2013 film, "Forest Man," which received
recognition and awards at various film
festivals. Payeng's story has been adapted
into children's books, including "The Boy
Who Grew A Forest: The True Story of
Jadav Payeng," written by Sophia Gholz
and illustrated by Kayla Harren. This book
received several awards and was translated
into German and French. Another
children's book, "Jadav and the Tree-
Place,” written and illustrated by Vinayak
Varma, was also created, furthering his
impact on younger generations. Overall,
Jadav Payeng's remarkable journey and
dedication to environmental conservation
continue to inspire people around the
world through various media, films, and
literature.

Philosophy

Jadav Payeng's philosophy is deeply
rooted in his profound love for nature and
his unwavering belief in the power of
individual action. His resolute declaration,

"I will continue to plant until my last
breath,”  encapsulates his lifelong

dedication to the environment. His life's
work exemplifies the notion that small,
persistent actions can Yyield significant
results in the fight against deforestation
and habitat loss.

Photo: Meeting with Padama shri Jadav
Payeng at the International Conference
on Sustainability Education, 2023 held
at Indian Habitat Center, New Delhi on
19-20" Sep 2023

%
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My interaction

During a brief but impactful interaction
with Jadav Payeng at an International
conference on Sustainability Education,
2023 held at the India Habitat Centre in
New Delhi, it became evident that his
humility and passion were as remarkable
as his reforestation efforts. Mr. Payeng
shared insights into his  journey,
emphasizing the importance of starting
small and persisting in the face of
challenges. His message resonated with
attendees, inspiring them to take individual
actions for environmental conservation. As
the conversation concluded, it was evident
that Jadav Payeng's legacy would continue
to motivate and guide a new generation of
environmental stewards, all of whom left
with a profound appreciation for his
unwavering commitment to the planet.

Conclusion

The story of Jadav Payeng, the Forest Man
of India, is one that transcends borders and
speaks to the universal call for
environmental stewardship. His life's work
serves as a source of inspiration for
individuals and communities worldwide,
underscoring the vital role each person can
play in conserving our planet. In a world
grappling with environmental crises,
Payeng's legacy stands as a beacon of
hope, reminding us that  with
determination, passion, and unwavering
commitment, we can indeed make a lasting
difference for the Earth and its future
generations. Jadav Payeng's remarkable
journey will continue to be celebrated,
studied, and cherished for generations to
come.
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ATt TRAT Y T Ag<a U aeq (a1l HT AT TR=g
o g T st s

o LT THTT
SR LT A AT HEATH
EEKKSS

HTASHY, Bl aTel qTet &1 Iam g, e
TR 4225 AT TSATAAT 8 | 369 IRaw
#T T Hg<d Ul aqeq(a a1 foivg g8 dTHT
FIIAAT GHHAFHL ToalS F ad g, 98
STl TAT o7 T F AT T8 HTH S
g foreT wegeT (Sida acuta Burm. f.), =T
Fiear (Sida cordata (Burm.f.) Borssum.),
foreT WifFawiferaT (Sida rhombifolia L.),
foreT FifewIteaT (Sida cordifolia), TXAT
Ararer (Urena lobata L), Z3AT fEreerar

(Urena sinuata L.), fEfawra raeq
(Hibiscus lobatus (J. A. Murray) O. Ktze.)
THE &, ST ATIET TAT 39 918 o HiEH T
o ET | FHfST FTAmET §F AT \9T
GETIR]

T FAEAfadt AW & AT, g g F e,
AT, IS TTAT TART F AT g a1
Il, O o &= § It g |

AT § Teg AT, Afdaar, qiEe«r,
AREET offe ATHT & 9897 S1a7 gl
AT €T & T FEeafadl Bie AT &
YT F T, BT ATST 6 & | g1 Thel 1 g,
T W SE Abitlon indicum (Linn.)
Sweet, Urena lobata L., Urena sinuata L.

QT Gl T TLAH AR T ATSITAT qTe0
EREERIE

ST 1 THH | SATETAY aaeradt § qrer

[F I IGRA AT ATE, T

Fg Tl | (AT TAT THE T o6 TOT 3T
2l

Sida acuta Burm. f
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Tadt IR & =9 9 Al AT
ATATATE AT & ST STaT gl FUSt 7 9
7 dte, Bt 7 @il / @ier qour 996 -
AT ATTS ATHT | SATAT STTAT | THT I
T A AT Hed FTHIHT HIAT STTaT 2

Tg AT Aied 7T ISHiad T TATH H
ATETHT & @7 ST qhaT gl Tg aoie, el
T HH I ATAT ST I ATTE T T
ATETHT | TAIAT g1 TERT qreT =t srey
F &7 | grar g, o ot 319 ey qur
HSGA g ST HgT a8+ § 7ag Hdl &l
AT Tt Fw AR g A ¥ o i
TAAT | F=T grav g, TAqT gt At o
AqE aFfa o g7 g 8 T
AT & % |1 T 2raT g areTeT '
q T | TFhed T FAT — FAT 7 7 a7
gl STANT — AqAs § TH T qAT qaT
Teeft ol &1 @ Fd gfgq amiie
TSl Y| FEA ATAT AT a2l
AT e HOgHeE ARIGAT T A
SETEHT G@TH & 918 948 | qrgHT ATS &
&9 H TEIHTA [T 1T 5

Abutilon Indicum (Linn.) Sweet

aferor ufor g=1 & = 9g oot 4 =
AT F AT & e &0 § TgaT=T 17 gl
AT % AATaT g et 7 off qrw s
TAT g qrGT 2 Hex SHAE % d98d o
THAT g1 T 9T&T TF & fhATe AT T T
ETT o ol g4 AT a@T ST gl gl 3H
SIS T T ey, fBear & F T Jha
H SATdaaT TS ATHT & ST SIraT gl Tt
ATl 9% TIAaTE BId 8, S o arr-amsr
H AT FH H A T3 H Sl gldl g
|

for — AT T % B Haway § el
ATE ¥ Y@ dI¥ 9T AT §, g 9% &
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afeal § AT T He ATqraeor Fed o7 g7
FAT T AT ST LT gl SHHT AT

w F9¢ 10 | AT STSTRrenm F I grar
gl SEdr sqmEe T@e 7 o R "9
fears 2t 7, ForEs 28 oo 7 e
AL

SERIN

Ugfed  IRFA ® AT TTHH
rfeheaT wa AT Hrfhear 925fa 7 93
FaT STaT 81 TR AiSE fwd i o %
FHTLOT THeh ST, T, 6T U ST€ & ITIRT
Bty g & TN S, g@, qTq d
AYET, T fahl 1 2 FTA qAT a6l

ArOer F =T | gram gl
Sida cordifolia L.

TR H TAT gl S a7 Tg A 17 oA

T UF STEGATHT q1aT e, ST 100 §HT &
ST Tell F2q of Fahdl gl ATHT qIT 97
T 7 T ATS % & | gar 8l g
YT SATeRa =dr |, ATERI, 77 €71
TS ST 9 SETT | 999aT 2l

T SATHTT T ZeehT TIRIAT o6 LT 26
ETE-A T HIST ATH & AT SATAT g | SR
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T WATH AHRE L ATl WA
Reraragdza FfadwrFrg o &
FEATIT FT 9 2aT 2l

ST

Jgq G AWl IO F A I ardr
AT AT T&T F3d |, 7 fawe ¥

FEA o AT — 97T gaF "qaeft A &1 g

FLA W FHTH ATAT 1 THEF T oF T HT

SITRT =T Gaelt Al #f @ aFiea 7
T STaT gl

Sida cordata (Burm. f.) Borss. Waalk.
o=t Ficer a1 gt fAaret 4tam 2|
Tg WTEA % ITHREHT 37

ST el §aTHT TATRT | IT3T ST
FTAT AT AT ATGHTEHT TTT &1 THRT
HTHTT ATH A=T-Fei5 dIeT gl fear a4
T, HEhd H SHEAT qT ANEr AT
Ig 50 &. HY. AT

ST FEd of qohal gl IraaT , 1- 6.0 FHT

o

aeft, T F AT AT AT e AT AT
qAT THAE graT @ | dier 37 o B ail ahf

ATHT § ST STt 2
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T 9¥ T2T B | AT &9 § FFga? 9

AT HIg § 9 OO 21aT 8l

TR

THH TN AT HT STANT qeft o = |
AT ST 8l ST FT SYANT &= "adt
AT qEt SARAT St TR F ITAR H
T STarT 8l

Urena lobata L.

TIAT AMETeT FTET  AEr ATST AT
SUATEAT wreT &, et F=1E 1.0 #iex
o AfIw T ghdl gl T AT I 9T
HISCATS, N S A0 § AT ATar g |
f@eal ¥ =0 Aoy &9 97 3= Urena
burr, Hibiscus burr 7= Pink burr sfe 1T
T T TZATHT SATAT 8 | T ITET0T AT Fferor
TF Ul Afgd IrefeadT & #
GIOqATE i qLg AET | et Sqrar 2l
Tg LT GoT g4 &S T TEF & Tohare SrEt
SRTEl 9% AT | S9aT gl &9 Jraeqrer
ST o FTLOT Tg A ST SATRT STHT STa1
H Tg FF I99dT gl THh v § Havae —
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AFEAL A H gicligi® SIe ATl |l 3Tl
g, TAT EAl FT TRET FLAT q1 ZaT 2l
T IT BIE — BIS FleqdAT L BId g, ST 10
SHal e 9% =O&ae ed6 a0 &l
TETIOT §X T i | Tg1adr F3d gl Ta-

T 5% A1 TEY S 5 2 A

STANT - T ST, TMq 3%, TIT I gadT
THEATAT Fl T FA F GgTa gl o]
it F THHT q19 9T A0 F AT S
AT gl AT qaT A — 919 & a9 |
THAT WAt THE TTH 219 AT HI2a< & oy
& SATAT Tt 2

Urena sinuata L.

TIAT TET3TaT TfTE & &7 |TeT g, a7
Tg TAT TLAT AT Fgd AT o g5
2T 2l

ATARTAT: T AT FT Teh gl qrdT THAT
STTAT g1 ZEAT TEerar T UF AT e,
ATEIET FgameT qrear g, St S
2.5 HieX T gl 9&dl g | TH T qI¥
9% Bur Mallow FgT SITar g | fgwat & =9
ot TYeaT & AT § AT T4 81 Tg 4rew
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G g & AT TEF & (oA 1< 1S S8l 9
ATETHT & IRTAT g| TRIFT T&AT qAT A7 ot

e, TH ST qTAT | T HT gramT g a7 THh

T TIAT ATGTET T ALE &l TATST I &l
SRR

QIR q1E THY FEaT TS AT STl
TAT TH TAT L HA ATAT AT F T H
ot SITAT STt 2

Sida rhombifolia L.

fereT Tiftawiferar 9 afga «ff & &
AT ¥ ¥ 99 Tl ISId gl 3
T I (9T, FET Se, 98ad e 919 &
ff ST ST Bl AE TEGHTET AT
I FT & AT gl STATST F =7 H TG
50 H.4T. 7 e F=e % A1 Y 99 F
& T FEAT gl TOAT a6 A1 aT-arey &
AT gl & qaT ITA: BI¥ o AR T
e faataa gfaee AT areft grdt 2|
Tg TSI AHAE I FAERTRI, a5 I,
FEAT *F AT TAT AERT 6 [hATE I@T ST
AT g1 | IAT 0l LT IT Tahed AT =)
o, qrraErat & forey u¥ ama g, 5 o frer T
T ook AT BT g 2
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ST
THT Tl T TIRT goardT sirafer
7 § FohaT STaT 2

Hibiscus lobatus (J. A. Murray) O.
Ktze.) TRiEere Areed U ariu qrdT &,
ST f% 50 & 60 |HT T J2d of 9hdT gl Tg
Sorhfedefty UidET ud enhrhr 1 g
ATt qte 1 rere & 1 &g ST =7
ot Y oETd WEHAT ATl ATl
HYAATSAT & Eehl gl gl Wre dw S
af At ST 9% AT, o 9% qEhrer
A arferaT 7 frarera grar g1 areTea:
THE FAT AT W7 A6E gral gl ToaT T
FAT T TNAT [ATE & TG+ I o oo o
EARIEL
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Forest fire management for ecosystem restoration
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Introduction

Forest fires are not abnormal. It has always
been a part of the ecology, dating back to
when the planet's forests first began to
grow. For healthy natural forest
development and regeneration, the
majority of fires are quite beneficial.
Forest fires have been started and allowed
to spread naturally throughout the ages.
Historically, the forest floor was protected
from the natural yearly accumulation of
litter, such as dead trees, senescent leaves
and twigs, tree needles, withered grass,
and heavy undergrowth, by these low-
intensity  fires. Fire has therefore
influenced the distribution of species and
the patterns of vegetation in the forests.
Not every forest experiences fire in the
same way.However, depending on the
vegetation type and climate, the same fire
that is good for one ecosystem could be
terrible for another. The places least
affected by flames are tropical rainforests
that are engulfed in fog and perpetually
wet from mists and downpours. Because of
the frequent downpours, moisture, and
high relative humidity found in temperate
deciduous forests, fire occurs rarely and
causes minimal damage. Coniferous
woodlands and evergreen forests with
wide leaves are generally more prone to
fire.

Components of forest fire

4
g

Fire is the naturally occurring companion
of energy released in the form of heat and
light, when oxygen combines with a
combustible or burnable material at a
suitable high temperature (about 617°F,
temperature or 325°C for wood to burn).
There are three components i.e. fuel, heat,
and oxygen that are needed in the right
combination to  produce fire. A
combination of these  components
produces the “fire triangle”. By nature, a
triangle needs three sides, missing any of
one side will collapse the triangle. The
same is true for fire. Take away any of the
three components of fire - fuel, heat, or
oxygen, the fire collapses. Firefighters to
suppress the fire, try to do just that and
remove one of the three essential
components of fire.

Fig.1.Forest fire triangle

Forests have been an integral part of the
human ecosystem. They play a very
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significant role in social, economic, and
religious activities and have enriched
human life since ancient times. Despite
their significance, forests face a myriad of
challenges ranging from deforestation due
to Land Use and Land Cover (LULC)
changes and disturbances from fire,
diseases, insects, pests, and severe weather
conditions as a result of climate change.
Among these factors, the incidence of
forest fires has increased in recent decades
and has been recognized as a major driver
of the degradation of forests.

Adverse impacts of forest fire

Forest fires are a major cause of the
degradation  of  forests/environment.
Despite the lack of reliable information
about forest fires, it is clear that the
acreage of forest area burnt today is much
more than ever before, all over the world.

1. Loss of valuable timber
resources

2. Impact of forest fire on eco-
system

3. Degradation of water

catchment areas resulting in
loss of water

4. Loss of wildlife habitat and
depletion of wildlife
5. Loss of natural vegetation and

reduction of forest cover
Global warming
Microclimate change
Soil erosion
Decrease in
sequestration potential
10.  Threat to Life and Property
Forest fire management methods
Important forest fire management elements
like strategic fire centers, coordination
among  Ministries, funding, human
resource development, fire research, fire

© oo N

Carbon

management, and extension programs are
need of the hour. There are four stages in
the management of forest fires.

Prevention

In the forest manuals, working plans, and
guidelines issued by the government
following  prevention measures are
mentioned. Creation and maintenance of
forest lines/fire breaks. Weed
management. It is imperative to remove
dried leaves to reduce fuel load, especially
in the forests of Uttarakhand and Himachal
Pradesh which face severe forest fire
incidents every year.

Detection

Some of the detection mechanisms are as
follows: Forest fire watch towers. The
density of these is higher in the protected
areas in comparison with the areas outside
the protected areas.

Early warning system

Involvement of local people for ground-
based detection depends on the acumen of
the local DFOs in involving local people
as informers - Regular patrolling activities
which are intensified during fire seasons.
Suppression

Some of the suppression mechanisms are
as follows: In addition to the traditional
method such as bush beating, used for
dousing forest fires, many SFDs are
buying firefighting tools.

Involvement of JFMCs, EDCs, BMCs,
and WMCs

Each state has its own best practices of
forest fire management and working plans,
which are being implemented by the govt.
officials.

Post-Fire

Criteria for damage assessment post-fire
vary in every state. Soil and moisture
conservation measures should be taken.
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Plantation of native fire-hardy species &
broad-leaved species

A uniform format for Damage assessment
should be made. Implementation of post-
fire restoration and rehabilitation programs
should be carried out Provision of
plantation schemes.

Concepts of ecosystem restoration

Since these ideas have been covered in
several books and publications, we will
briefly discuss them with an emphasis on
burned area restoration. The act of aiding
an ecosystem's recovery after it has been
harmed, destroyed, or degraded is known
as restoration (SER 2004). Degraded or
destroyed native forest ecosystems fall
under this category. Restoring an
ecosystem to its pre-disaster state is the
goal of restoration. In the Mediterranean
region, where human activity has shaped
landscapes for millennia, it might be
challenging to establish this baseline
reference. But when it comes to burned
area management, especially if our goal is
to alter the sort of ecosystem that was
burned, we might not even consider
restoration as a goal.

Types of restoration

e Active restoration uses techniques
including plantations and direct
seeding. These are relatively
expensive tools for restoration, as
they require site preparation,
equipment, manpower, seedlings
from nurseries, transport to the
area, fertilizers, tree shelters, etc.

e Indirect restoration implies the use
of natural regeneration, and it can
be either passive or assisted.
Passive restoration is based on
protecting the area from further
disturbances and letting ecological

succession work. In burned areas
regeneration may occur from seeds
from resprouting of burned trees
and stumps or resprouting of

burned shrubs or herbs. Tree
resprouts, in particular, have
significant advantages over

seedlings or planted trees because
they have an established root
system which may confer a higher
probability of survival and better
growth Further stages in natural
regeneration management imply
assisted restoration and may
involve thinning, the selection of
shoots in coppices, and the control
of unwanted vegetation or
protection from grazing animals.
Framework for planning post-fire
restoration
Forest and landscape managers are
equipped with the means to map regions
that are vulnerable to wildfires even before
a fire breaks out, as well as to prioritize
areas for post-fire intervention and fire
prevention. Soil information, topography
(particularly slope), vegetation type, and
the locations of values-at-risk (important
ecosystems, buildings, and infrastructure)
are among the essential data needed to
create these maps. These authors have
mapped susceptible regions using a
Geographic Information System (GIS) by
a joint assessment of the vegetation's
potential for regeneration and the risk of
degradation (i.e., environmental factors
influencing the potential for regeneration).
The combination of auto succession
potential—the capacity to restore the pre-
fire vegetation type—and plant recovery
rate—which establishes how quickly
vegetation recovers to safeguard the soil
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and lower the risk of excessive erosion and
runoff—was used to calculate regeneration
capacity for various vegetation types.
Based on the erosion potential (calculated
using the Universal Soil Loss Equation)
and the drought risk (an approximation of
the duration of the dry period), the
degradation risk was calculated. In the
end, the regeneration capacity and
degradation risk combined to produce an
ecosystem vulnerability map that made it
possible to identify priority regions for
post-fire action in the case of a wildfire.
Conclusion
How forests were once used is no longer
applicable. Thus, it becomes crucial to
develop participatory, effective plans for
managing forests. Current technology
needs to be assessed, and appropriate
recommendations need to be made to
further it while maintaining the goal of
efficient fire control. It is necessary to
assess the current policies and programs
and create an adaptive management plan to
safeguard the ecosystem. Research on
scientific methods for efficient
reconstruction in India's burned regions.
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Introduction

For the first time in history, the majority of
the world’s population is currently
estimated to reside within urban areas
(UN-Habitat, 2009). This recent trend of
rural-to-urban migration is one that is
expected to continue into the future
(Grimm et al., 2008; UN-Habitat, 2009).
The process of urbanization is directly
associated with the two primary
anthropogenic  activities  contributing
atmospheric CO;, levels - fossil-fuel
consumption and land-use change via
deforestation (Pataki et al., 2006; Grimm
et al., 2008). Carbon dioxide (CO,) has a
very prominent role in the regulation of
Earth’s temperature (Hegerl et al., 2006;
Foster et al., 2017). There has been a
substantial rise in atmospheric CO; in the
past 150 years, from 280 to 416 ppm
(Krishnapriya et al., 2020), owing to the
industrial activities that support modern
human civilization. The increasing carbon
emission is of major concerns for entire
world as well addressed in Kyoto protocol
(Chavan and Rasal, 2010; Ravindranath,
et. al., 1997).

Fortunately, urban forest development can
help mitigate atmospheric CO, levels
through biological sequestration and
storage, while also providing a number of
other benefits to the community at large
for the single cost of planting and
maintaining a tree (Dwyer et al., 2000;
Nowak, 2006; Carreiro, 2008). These

&

benefits include improved air and water
quality (Dwyer et al., 1992; Nowak, 1994;
Yang et al., 2005), increased opportunities
for recreation, leisure, and relaxation
(Dwyer et al., 1992; Peckham, 2010), and
reduced energy demands associated with
heating and cooling of buildings (Heisler,
1986; Akbari et al., 1997). As such, much
interest has been directed toward how
communities could better understand the
urban forest as a valuable resource, in
addition to exploration of strategies to
optimize benefits associated with urban
forest maintenance and enhancement.
Benefits of urban forests

Because the world’s population continues
to become more urban, there is an
increasing need to understand the impacts
associated with urbanization of landscapes
(Grimm et al., 2008; UN-Habitat, 2009)
Environmental benefits

Urban trees, as major biota within urban
ecosystems, have a number of direct and
indirect impacts on the environment in
which they grow, many of which result in
the provision of valuable functions and
services. Urban forests have been shown to
have positive impacts on air and water
quality (Dwyer et al., 1992; Nowak,
1994a; Yang et al., 2005; Nowak et al.,
2006; Nowak and Dwyer, 2007). They are
also capable of reducing levels of air
pollution in urban areas directly via dry
deposition, and indirectly through reducing
emissions  associated ~ with  energy
consumption (Yang et al., 2005).
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Stormwater runoff is a non-point source of
pollution in urban areas (Duh et al., 2008).
As such, it contains an array of pollutants
that are, by their nature, extremely difficult
to trace, and typically include
contaminants such as lead, zinc, and
excess nutrients, including nitrogen and
phosphorous (Duh et al., 2008).
Stormwater runoff subsequently degrades
water quality in urban areas. Urban forests
affect hydrological cycling in urban areas
(Dwyer and Miller, 1999) established a
positive  relationship  between  the
percentage of canopy cover and the
volume and rate of stormwater runoff in a
study conducted in Stevens Point,
Wisconsin. They concluded if tree canopy
cover is increased, pollutant loading in
urban water (as is attributable to
stormwater runoff) could be decreased.
Social benefits

Although social benefits provided by
urban forests are difficult to assess and
quantify, evidence supported by many
research efforts continues to accumulate
supporting the significance of direct and
indirect social and psychological benefits
urban forests provide to communities
(Ulrich, 1984, 1986; Dwyer et al., 1992;
Kuo and Sullivan, 2001; Peckham, 2010).
Urban forests provide many opportunities
for recreation, leisure, and relaxation for
urban residents, most identifiably in
park-like settings (Dwyer et al., 1992,
Dwyer et al., 2000; Peckham, 2010), in
addition to the connections people feel
with the natural environment (Dwyer et
al., 1992). Ulrich (1984; 1986) advocates
that the benefits provided by urban forests
contribute towards improving human
health  through  elevating  positive

emotional and psychological conditions
through reduction of stress and anxiety.
Economic benefits

One prevalent economic benefit associated
with urban forests is savings associated
with reducing energy consumption of
buildings (Heisler, 1986; McPherson et al.
1995; Akbari et al., 1997, 2001; Akbari,
2002). Urban trees reduce heating and
cooling demands of buildings through
influencing local microclimates. When
strategically  placed, trees provide
much-appreciated shade on a hot
summer’s day, and thereby contribute to
negating the degree of urban heat islands
(UHI). In the winter, properly planted trees
block harsh and prevailing winds.
Decreased energy consumption directly
translates into monetary savings, but also
simultaneously reduces levels of GHG
emissions used to generate energy. Other
economic benefits provided by urban
forests include increased property and real
estate values (Anderson and Cordell, 1988;
Tyrvédinen and Miettinen, 2000; Nowak
and Dwyer, 2007), as well as improved
positive consumer-merchant interactions
within commercial areas (Wolf, 2003).

Carbon sequestration and storage
within urban forest

Increasing concentrations of  carbon
dioxide in the atmosphere and its

consequences on climate change have
prompted a renewed interest in enhancing
the carbon sequestration under different
land use systems in India. Tree based land
use practice could be one among the viable
alternative to store atmospheric carbon
dioxide due to its cost effectiveness, high
potential rate of carbon uptake and
associated environmental as well as social
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benefits (Zan et al. 2001; Kaur et al.

2002).

An account of biomass, carbon stock and
CO, sequestration in urban forest across
the world is given in Table below.

Table: Biomass, carbon stock, and CO; sequestration of certain urban green
infrastructure of the world (t ha™)

Urban  forests  with . Stored CO,

. Biomass Source
Locations carbon sequestered
Varanasi, India (urban 4,048.79 1.904.74 6.990.51 Singh et al.
tree cover) (2022)
Varanasi. India 144.06- 72.03- 264.35- Singh et al.

’ 2327.81 1163.90 4271.54 (2023)
;Zfi?acxﬁgzgi"zlh oM 166.03- 60.36— 22152~ | Khanand
- d?aj 9arm, —1720.12 319.35 1172.03 | Jhariya(2023)
Agartala, India (urban Majumdar and
area) 90.82 45.42 166.66 Selvan (2018)
Chennai, India (Cooum Majumdar and
. .01 43.01 157.84
river bank) 86.0 30 o178 Selvan (2018)
Delhi, —India  (urban |, g 57.02 209.26 | Ugleet al., 2010
forest)
Vietham (Yok Don
National Park) 158.7 79.35 291.23 Nguyen (2012)
Hangzhou, China Zhao et al.

. 60.5 30.25 NA
(Industrial area) (2010)
Leipzig, Germany Strohbach and

L 11.81 5.9 21.65
(municipal area) Haase (2012)
ShoreWOf)d, USA (urban 36.48 998 83.67 Dorney et al.
community) (1984)
Muscat, Oman (urban Amoatey and

11,1 .
area) 6050 3,000 100 Sulaiman (2020)
Darmaga, Indonesia Lavistaet al
(Bogor Agricultural 58.22 27.36 100.41 '
o (2016)
University)

. . Khadangaet al.
Pondicherry, India 278.22 139.11 NA (2018)
West Tripura, India 11.82 591 NA Deb et al. (2016)

Dhakal et al.
Kathmandu, Nepal 548.92 214.99 NA (2017)
Medan City, North Rahmawatyet al.
Sumatra, Indonesia 218.82 100.68 NA (2017)
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Sambalpur  University 116.08 58.04 NA Khamari et al.
campus (2021)
Conclusion sales prices. Landscape and Urban

In summary, urban forests play a critical
role in sequestering carbon dioxide,
making them indispensable assets in the
battle against climate change. Amidst
escalating  urbanization and carbon
emissions, these green havens in cities
absorb and retain substantial amounts of
CO2, offering a potent solution to global
warming. Beyond their aesthetic appeal
and recreational value, urban forests act as
crucial carbon reservoirs, bolstering the
planet's ecological balance. Promoting and
acknowledging the importance of urban
forests isn't just integral to sustainable
urban development; it's also pivotal in
combating climate change and fostering
resilient, eco-friendly cities for generations
to come.
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Introduction

Bamboo, an evergreen woody perennial
and one of the world's fastest-growing
plants, serves as the backbone of the rural
people’s economy, generating increased
interest within farming communities in the
modern era (Seethalakshmi et al., 1998).
In natural bamboo forests in India, the
average Yyield per hectare typically ranges
from 2.5 to 4.0 tonnes/ hectare. If the crop
is handled correctly, one can anticipate
roughly  6-7.5 tonnes/hectare  from
artificially propagated woods (Sharma
1980). Extensive research into various
disciplines involved in bamboo production
has led to its management in homesteads
and agroforestry. To ensure optimal
nutrition for healthy shoots, weak shoots
must be trimmed during both the early and
late stages of shooting (Maoyi and Banik
1995). Most bamboo species reach their
maximal static bending and compression
strength, making them ready for harvest
after three to four years (Huang et al.
1993; Espiloy 1994; Banik 2015). Bamboo
plantations commonly follow a harvesting
cycle of 3 to 4 years, leaving a few old
culms and all first-year culms, with the
harvesting season typically spanning from
November to January (Upreti and
Sundriyal 2001). Culm harvesting is
traditionally conducted during the dry

winter season to mitigate borer damage.
Investigation on the management of D.
strictus, which is a close relative of D.
hamiltonii, revealed that sustainable
harvesting depends on felling intensity,
cutting methods, and felling cycle
(Darabant et al. 2016a). The two main
justifications for Yogyakarta's custom of
falling bamboo during the old season are
to prevent powder post-attack from insect
attacks and to end the bamboo clumps'
shooting period (Suthoni 1995).

Methods of harvesting

Selective cutting

Selective cutting, described as the removal
of shoots and culms with a low intensity
(25% each), aims to prevent clump
congestion and subsequent deterioration
caused by the death of shoots near the
clump's periphery (Troup 1921; Franklin
2008).

Horseshoe harvesting method

The horseshoe cut method (Tewari, 1992)
was incorporated as a labour-intensive
substitute that requires expertise in the
correct spatial arrangement of the culms to
be removed. Harvesting schedules
appropriate for situation have been
developed in India for D. strictus. The
horseshoe method is extensively utilized in
India and Nepal, where the convex arch of
the shoe is oriented uphill to prevent dirt
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accumulation in the arch. With this
strategy, new shoots are primarily
generated on the horseshoe's outer arch,
and clumps are projected to develop uphill
(Bradshaw 1997). Using the horseshoe
method, 75% intensity was employed to
gather both shoots and culms. Horseshoe
cutting, by preventing clump congestion,
enhances clump vigor, leading to an
increase in shoot production (Malab et al.,
2006; Franklin 2008).

Clear cut method

The clear-cut method is identified as the
most readily and safely executable option
in unmanaged, dense clumps of D.
halmiltonii (Nath and Das 2011). The
clear-cut treatment involved the removal
of 50% of new shoots and all culms older
than two years. Culms were taken above
the second node, resulting in a stump
height of around 10-25 cm (Darabantet al.
2016b). The clear-cut method includes the
elimination of dead stumps and culms,
collecting culms at the base while
preserving two internodes, and harvesting
shoots from the inside out.

Clear-felling

In situations where culms are not
harvested for a number of years, they tend
to grow clogged, making clumps more
vulnerable to infections and damage.
Clear-felling of culms becomes beneficial
for maintaining  appropriate  clump
development and morphology, promoting
clump health. Farmers in Uttarakhand
(Kalinagar, Dineshpur, and Gadarpur),
Bihar (Pusa), and West Bengal (Bankura)
occasionally practice clear-felling in dense
clumps of B. bambos, B. balcooa, and D.
strictus. According to a study conducted in
the Shahdol district (Prasad, 1987),
clearing congested clumps and enabling

new shoots to emerge is more helpful than
the common method of working the
congested clumps.

Challenges encountered in
bamboo harvesting

Workers often cut more bamboo in easy-
to-reach places and from young bamboo
plants, ignoring the rules about how much
to cut. This happens because they are paid
based on how much they cut. They are
tempted to collect bamboo from places
that are easy to get to, like the sides of
streams that always have water. This leads
to using up too much bamboo in those
easy-to-reach areas, and the bamboo there
becomes less healthy and smaller. On the
other hand, bamboo on steep slopes or in
hard-to-reach parts of the forest is rarely
taken, so those areas have too much
bamboo that isn't being used, and the
bamboo plants there are crowded and not
growing well.Bamboos are typically not
collected from inaccessible regions due to
the mountainous terrain and difficulties in
cutting and transportation. As a result,
huge parts of northeast India and
Myanmar, as well as other forests, have
been left unexploited and underutilized for
years. National highways and district
roads, particularly narrow roads on hills,
should be maintained and developed for
better transportation of bamboo resources.
Bamboos are frequently cut 1.0-1.5 m
above ground level and the upper narrow
segment 1.5-2.0 m is chopped off, leaving
only the mid-portion. The lower 1.0-1.5 m
is heavier and has more biomass, whereas
the top half of the culm has longer fiber
length, which is desirable for pulp
manufacturing. In most cases, these
sections are left in the forest (which
provides valuable raw materials to pulp

forest
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and paper mills) and are not harvested. It is
believed that around half of the entire
length of harvested bamboo remains on the
forest floor.
When clumps are cultivated on
homesteads and farms in communities, old
stumps and rhizomes must be removed
every two years. Cutting the top parts
should be avoided because it makes the
culm very fragile and is bad for pulping.
Conclusion
Harvesting techniques play a pivotal role
in promoting sustainable management
practices of bamboo, a versatile and
renewable resource. These ways are
needed to make sure bamboo lasts a long
time, keeps nature in balance, and brings a
lot of money from using bamboo. When
we use good ways to collect bamboo, it
helps bamboo be a valuable plant, helping
the people who live nearby and making
industries like building, furniture, and
crafts that use bamboo grow. We need to
be careful not to collect more bamboo than
can grow naturally so the environment
stays healthy, and we always have bamboo
to use.
References
Banik, R.L. (2015). Bamboo the plant and
its uses. Springer International
Publishing  Switzerland.  DOI
10.1007/978-3-319-14133-6
Banik, R.L. and Maoyi,Fu. (1995).
Bamboo Production Systemsand
their Management.Proceedings of
the Vth International Bamboo
Workshopand the IV International
Bamboo CongressUbud, Bali,
Indonesia, pp 18-25
Darabant, A., Rai, P.B., Staudhammer,
C.L. and Dorji, T. (2016).
Designing and Evaluating

Bamboo Harvesting Methods for

Local Needs: Integrating Local
Ecological Knowledge and
Science. Environmental

Management 58:312-322

Dransfied, S., Widjaja, E.A. ed. (1995).
Plant resources of South-east Asia
No.7 Bamboos.
BackhuysPublishers, Leiden.

Espiloy, Z. (1994). Effect of age on the
physio-mechanical properties of
some Philippine bamboo. In:
Proceedings of the 4th international
bamboo workshop on bamboo in
Asia and the Pacific. FORSPA
Publication 6 IDRC FAO-UNDP,
Chiangmai, Thailand, 27-30 Nov
1994, pp 180-182

Huang, Q.M., Yang, D.D., Shen, Y.G.
(1993). Studies on the primary
productivity of
phyllostachyspubescens grove.
RISF annual report 1995. Research
Institute of Subtropical Forestry,
Chinese Acad of Forestry, Fuyang,
Zhejiang, P R China, pp 16-17

Malab, S.C., Batin, C.B., Malab, B.S.,
Alipon, M.A., andMidmore, D.J.
(1999). Improving productivity of
apreviously unmanaged
Bambusablumeanaplantation  for
culms and shoots in llocos Norte,
thePhilippines. In Midmore, D.J.
ed., Silvicultural management of
bamboo in the  Philippines
andAustralia for shoots and timber.
Los Barios, 22-23 November 2006.
pp. 24-53.  ACIAR,Canberra,
Australia.

Seethalakshmi, K. K., Kumar, M. S. M.
(1998). Bamboos of India. Peechi,
Kerala, India. Technical Bulletin of

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

40



Van Sangyan (ISSN 2395 - 468X) Vol. 11, No. 6, Issue: June 2024

Kerala Forest Research Institute, P. In: Tewari DN (ed) A monograph

342. on bamboo. International Book
Sharma, Y.M.L. (1980). Bamboo Research Distributors, Dehra Dun, pp 169-

in Asia. Proceedings of a workshop 186

held in Singapore, pp107 Troup, R.S. (1921). The silviculture of
Sulthoni, A. (1995). Shooting Period of Indian trees I1l. Oxford University

Sympodial bamboo Species: An
Important  Indicatorto  Manage
Culm Harvesting. Proceedings of
the Vth International Bamboo
Workshop and thelV International
Bamboo Congress Ubud, Bali,
Indonesia, pp99

Tewari, D. N. (1992). Silviculture and

management of bamboos in India.

Press, Oxford, U.K., 1195 pp.

Upreti, T.C. and Sundriyal, R.C. (2001).

Bamboo and cane resources of
Arunachal Pradesh:  Utilization
pattern and implications for
management. Bamboo Science and
Culture: The Journal of the
American Bamboo Society 15(1):
20-34.

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



Van Sangyan (ISSN 2395 - 468X)

Vol. 11, No. 6,

Issue: June 2024

S @dt & Trehredt FT 7g<d
ERIENISEIRIGEC RIS IR T

Lorer fasT 0 fo T s, erge e (A.9)
2ayat s Ue S TETE o
TISTHTAT st #teET Y Frata=meay, Ao (q1.7.)
S-AdT: brajkishorprajapatil@gmail.com

St FT TF THT ITTET TOITAT g ST
FEH AT, dtearerhi, fawE Far,
ST TeEt o oI FRTTeHe =T & Y9 &
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e ofiw Tremafae <fier avew F gy
T AT ATVETI®  gEH  SHaTE 9%
Bt w9 g=ar g1 Fiaw e &
TIRT | TET UQT FA ATAT FRar #
gfargs uar ot IO gt g oadr
THATIAT % JFAT qTHT Tqreey & forw ot
CUREIRE AR

STEHISHT UH FEE &, ST arHad: JaT |
arEft STt @1 ZEE FE TSIaAT 8, T
SHH grewrEwr AT, grEmredr
gIISUAT, ZTEhISHT  ATedd  AidF
SITRIT TSATTAAT 81 T8 FEHE 3% W a0 gl
gl STSHIeAT, SR & & H HIHSAT
TAT FAATZSEIL IqT FTAT 8l 70 o
FAATSSEAT ATOT araraor § @ 997
TH T § 92 1A gl ATHA aArarao
e 97 I FATES TR TE aq I
Jlamed § qdT Afew dedar § wAtear

FATT gl TSl &1 Fee IT Hiowd

qTead | IATHL THAT Foad dITT TR
SITAT 8l TH Fodd &l hice@H AT ATH
e H 1:2 & oqUTa § e aead
TS % T H I Fod? adT FHaT ST
21 == 100 ITH, 250 I, 500 I AT 1
.37, 9T FT FH AT ATt TierefiT A
ferat § e s % forw dame fr
SITAT g1 39 GTTT T |19 oH TR T@
SITaT g T 9 I Feas § w9 | 2X
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10° a7 zad Afdw waEr wET IHe
(HrTe)=

aredreH! it ot fafyr

TTEHRIEAT 9 TSRl S SRS,
ot TresEer=aT st # w1 3 99
% oo TogT geAear gt g, e
LS EEIEINCIP-CI EEA L I ERar-t IS )
2 ZrEAEAl ¥ dwE dq (wfETRam),
TRISTT & BHE o aqall & 99 § 3Id &f
I THE od gl THH FACART TSI
&1 fawme 9awg Bl JATaT gl T8 39U
SIEHISHT dU9 JUAl (AT &
TRISTHHT % FHE aqal H T FLATHL 3T
U AT Jfg FA AT gl TAAT &f Ael
AT ZT AT TRISTHHT 6 AT Fs TR 6
TUSTEH SAH-FTSfeAsT, dier 1, 3-TehTe,
TS e e adT gl TErSAs i
FTTreRT fofxr % 1 AT & & Tt 7%
STAT 81 STShISHT [HTHe TR1 6 TTasiia®
g oa e So-FefafiEe,
R, dTomred qredeq arfe o
ST FLAT 8, ST TRT Sl i JFgIe
U o@Y T gl gTedEAl FE
FTS TS TLATFEATSE ST TaTs Ieqel 2id &
S| & orgt § T & 9fa g
THAT ST T ST g1 STShISHT %0l Hal §
Suftafa et TFRETHRe A
FATLTA TATAT g1 THh a1 &f ag o,
Tforre, TR SH eH T Al Al qHAAT
T FETAT 81 TH THTT T /T Tohel TTTH
TeTd IUed A Bl FHATAET Urey i
FrgaiT ETE =21 grar gl THE Tl
SHH TSl 6 TTd dE hl &Har §

FfaET 2
ITEHISHT it T fafy

T IT=R
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I ITATL F TorT 6-10 TTH ZTHRISHT AT
HTAT T Wi .37, &isT il &2 & TN e
g, TIehe &7 Tg ad g o Tg qr3e¥ Ty
Ao ® g9 &7 7 F=uw S Jte i i
ATATCT TS g T e LI1eT 30 | i
Tfx &fier &t ATAT FH g 7 FhET B AT
0 F ST AT A | TH G THH T
qETOT § ZrEehredt qrese e sy
qve fBemd 7fe sraeas g1 av il U< 5-
10 fo.&fY. 97+t T Fier § [T 37 2-3 =e
T STAT § TETH % F1F TS F7
GYET/GYE F ST ATACq T ST T STATC
THHT STANT IA%AAl, S dTer T
oS o A7 i F ®T OH T &
FTAEITAHR AT T STTRT ST T, 37 AT
qae Afe § FRaT omar 21 =@ f&Afar #
Tredhredt i 10 I 9T A I e
qTt # = o) TR g H o & o dam
9Tt T STET A AT 9Tl o aTAed s AT
T SH &g, The, Toq Afs & 10-15 foee
T A & AT LA ATAT FHAT 0 T2
T FY| ATTETTAR AT 6T ATST a8 AT
¥ @ F 91 gF T § gAre R 0y
ITATR & o0 10 ITH STSHRISHT T3S &l
U e a1 § TR 38 =t O °ie it
STET T AH F

THO ITATC

=a fafg &1 ST geua: @ssit ATl
FHAL % o0 o6 srar g, fSreeht 7gr gn
TEUAITE Fed gl 6T et a7 & §
FA gl GTEILTAT IUATC o o 250 a1
STSISHT TT3ST &l 50 e I | =7t
TH HT | 400 FIHIET ST T TrLATAT o0l
FATLT T ST AT T T F HTEAHT | a¥ FHT
% AT 250 ATH ITSHISHT ITSST &l 2-2.5
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1. @t g2 Max & @re § fHerHT 400
FHIET & KT G (FTE) O
TRgShehe TH! goahl [ETs HT (Wal # fHar
3

TET ITATK

H&T ITAT & T 2,0-2.5 .37, greaiedl
qTSeY F 75-80 FhUT. Wl gT MET HF
gz # fAeT 10-15 At & oo @
BTATITT T § TIHL I SE & 1L H Th
3| &9 @ IHE T q 9 @)

TS AT FTAH T@IAT o FHT ITLh ATAT
T I e il a0 F A FLl

TS FEA | REwE

T FEA H FHRESAT RN 6 AT THE
g U¥ TAH YT & fow 6-8 I
aredredl & gfd e aHr § e
Rrsara 31

ERINEICENER

o IAT ATOT W H FH TELHLH g

o THH TN o A9 YaT § TaTq T4
2T =ATRT)

o TH IUTAI I fAsaaiT &ral & &t
R

o TH ICATE ITH e | qF 12
FT o T =9 9 U AT A
ERIRENGEERERIRRI

o TH TG F THTT A TEIHTA
Tl g ITT FESTIOT AT 9T
g AT ] 99 9 SR 1 9 8
qIg 997 & forw et F7)

o Tty IRUMH WTH 4 F oW
3= FIRT T AT FL |

o VAN ¥ UF e H fha ool
STTHHTAT AA AT 9€ |
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o T
o THH ITAM & dqTe 4-5 faAT aF
TS FAERATIT T ITANT T
T
o Tl HaT H reehleHl T TART 7
T, FIh TN qEATE T S
T2 = forg Tt aga sraeT+ gl
o TTTHITHT IUATA AIST AT I H 7
T
o TEY ITAIRG WEY Hit @E #
SATET THT T 7 T
& & a0y faig
o FoaY H TATH ATAT H HL.UF. 7.
(FIATAT BT FfHe) FreT ATR TN
o TEl HHY WL ZIZHISAT HT ITAN
¢, S| SFFF w%e #7198
THT T T T
o FeAL FT FHHA UL Tal FTHT FodAT
Iared fAfr & = #gM & sy
ST Fe I gl gl
et FO H A w7l § gamsiaa 9
fora T B T o Fee
T FREATeE ZaTel ¥ gt (A9 2|
fasr wo it gFeTd SS9 gy THw
AT U &I BHEATS TaT & ISTANT &
TREATETRT H 3T T ITAe &9ar 3w
STITEd ARG § gfg offe Ieaa gram &l
FEAT H I AT ATl TARATH & @
SEIRIEE ORI DI
FEREATLRT T AT STIRT L, ST T haT
gHTE T F 90 & forw qefera g
Ffes ATt gresRroT & T AT9ETT+ 2
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