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From the Editor’s desk

Historically, natural dyes have been employed to color food substrates, leather. and common
textile fibers such as cotton, wool and sik However, with the emergence of synthetic dyes and
their superior fastness properties compared to natural dyes, the latter have experienced a
significant decline in usage. In the contemporary cantext, there is 2 heightened awareness of the
eco-friendliness and sustainability of consumer products. This fias led to @ renewed interest in
natural dyes, resulting in a gradual resurgence in their popularity.

In recent years, there has been a substantial increase in the utilzation of natural dyes. This
resurgence s attributed to a growing concern among peaple regarding envirommental pollution.
Lonsequently, individuals are inclined to avoid chemically more hazardous synthetic dyes and
intermediates. The export market hias witnessed a day-by-day escalation in the demand for textiles
dyed with natural dyes, reflecting a positive shift towards envirommentally conscious choices.

In line with the above this issue of Van Sangyan contains an article on Natural dyes: [pportunities and strategies. There are also
useful articles viz. Unlocking ecological histories: Advancements in dendroecology research, Feeding ecology of Sloth Bear
(Melursus ursinus) and its role in seed dispersal, from grey ta green: Unleashing the potential of urban farestry, Seed bigpriming
in forestry: Enhancing reforestation and sustainable forest management. Review an Melia dubia -/ sustainable raw material for
wood industries, Forest engineering and infrastructure development and 7133 3937 91T & IF1d G 1 1374,
| hope that readers would find maximum infarmation in this issue relevant and valuable to the sustainable management of forests.
Van Sangyan welcomes articles, views and gueries on various such issues in the field of farest science.
Looking forward to meet you all through forthcoming issues
Dr. Naseer Mohammad

Chief Editor
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Neither Van Sangyan (VS) nor its editors, publishers, owners or anyone else
involved in creating, producing or delivering Van Sangyan (VS) or the materials
contained therein, assumes any liability or responsibility for the accuracy,
completeness, or usefulness of any information provided in Van Sangyan (VS), nor
shall they be liable for any direct, indirect, incidental, special, consequential or
punitive damages arising out of the use of Van Sangyan (VS) or its contents. While
the advice and information in this e-magazine are believed to be true and accurate
on the date of its publication, neither the editors, publisher, owners nor the authors
can accept any legal responsibility for any errors or omissions that may be made or
for the results obtained from the use of such material. The editors, publisher or
owners, make no warranty, express or implied, with respect to the material

contained herein.

Opinions, discussions, views and recommendations are solely those of the authors
and not of Van Sangyan (VS) or its publishers. Van Sangyan and its editors,
publishers or owners make no representations or warranties with respect to the
information offered or provided within or through the Van Sangyan. Van Sangyan
and its publishers will not be liable for any direct, indirect, consequential, special,
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conditions from time to time and your access of Van Sangyan (VS) or its website
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Natural dyes: Opportunities and strategies

S Vennilal, P. Radha® and K. Kumaran?

Agricultural College and Research Institute, Vazhavachanur
2 Forest College and Research Institute, Mettupalayam
Tamil Nadu Agricultural University, Coimbatore

Introduction

India has a rich biodiversity and it is not
only one of the world’s twelve
megadiversity countries, but also one of
the eight major centres of origin and
diversification of domesticated taxa. It has
approximately 490,000 plant species of
which about 17,500 are angiosperms; more
than 400 are domesticated crop species
and almost an equal number their wild
relatives. Thus, India harbours a wealth of
useful germplasm resources and there is no
doubt that the plant kingdom is a treasure-
house of diverse natural products. One
such product from nature is the dye.
Natural dyes are environment friendly, for
example, turmeric, the brightest of
naturally occurring yellow dyes is a
powerful antiseptic which revitalizes the
skin, while indigo gives a cooling
sensation (Mahanta and Tiwari, 2005).
After the accidental synthesis of mauveine
by Perkin in Germany in 1856 and its
subsequent commercialization, coal-tar
dyes began to compete with natural dyes.
The advent of synthetic dyes caused rapid
decline in the use of natural dyes, which
were completely replaced by the former
within a century (Singh, 2001). However,
research has shown that synthetic dyes are
suspected to release harmful chemicals
that are allergic, carcinogenic and
detrimental to human health. Ironically, in
1996 Germany became the first country to
ban certain azo dyes.

Presently there is a great demand for the
use of natural colours throughout the
world due to non-biodegradable and

carcinogenic  nature associated  with
synthetic dyes (Chungkrang and Bhuyan,
2020). They are not produce any undesired
by-products and at the same time they help
in regenerating the environment, therefore
natural dyes are the safe dyes. Government
of Germany was the first to take initiative
to put ban on azo-dyes for manufacturing,
dyeing and importing textiles and other
consumer goods dyed with these dyes
from January 1, 1995 by the act of German
Legislation (Consumer Goods Ordinance).
Netherlands followed a ban with effect
from August 1, 1996 on similar lines.
European Union is likely to impose ban on
these toxic dyes shortly. India has also
banned the use of specific azo-dyes and
under notification sufficient legal teethl
had been given for taking panel action
against those who use these dyes (Singh et
al., 2006).

Natural dyes are important since they are
better than synthetic dyes in many ways.
Undeniably, the natural dyes are healthier
products, purely because they do not
comprise chemicals damaging to fitness
(Baliarsingh et al., 2013). These dyes are
collected from nature and no need to apply
manufacturing process to prepare them.
These dyes are easily decomposed in
nature after using and they do not pollute
the environment while destroying them
after end use (Alam et al., (2020). The
natural dyes are used mainly in coloration
of textiles, food, drugs and cosmetics.
Small quantities of dyes are also used in
coloration of paper, leather, shoe polish,
wood, cane, candles and such other
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products requiring coloration (Gulrajani,
2001).

Status of natural dyes in India

Presently natural dyes are not in use for
mainstream textile processing. Only about
1% of the total textiles produced are dyed
by using natural dyes. Traditional dyers
and enthusiasts are the main users of
natural dyes who work at the cottage level.
Some small industries are also using
natural dyes and there are a number of
companies who are manufacturing and
selling natural dyes both as finely ground
plant material as well as purified extracts.
Sustainability IS a complex
multidimensional concept concerning the
environment, economy, human health, and
social impact. It aims to meet the needs of
the present generation without
compromising the ability of future
generations to meet their needs. Many
researchers emphasis on using natural dyes
in the textile industry can make a valuable
contribution to  the  environmental
sustainability in the twenty-first century.
Various sustainability issues involved in
the present status of usage of natural dyes
viz., renewable and biodegradable; easy-
to-treat effluent; promote vegetation and
carbon fixation; Status in Global Organic
Textile Standards (GOTS); availability and
supply Issues of natural dye; high cost of
natural dye and dye products.

Potential source of natural dye

Natural dyes obtained from plants, animals
and minerals. Although some fabrics such
as silk and wool can be coloured simply by
being dipped in the dye, others such as
cotton require a mordant. Many natural
dyestuff and stains were obtained mainly
from plants and dominated as sources of
natural dyes, producing different colours
like red, yellow, blue, black, brown and a
combination of these. Almost all parts of
the plants like root, bark, leaf, fruit, wood,
seed, flower, etc. produce dyes. It is
interesting to note that over 2000 pigments
are synthesized by various parts of plants,
of which only about 150 have been
commercially exploited. Nearly 450 taxa
are known to yield dyes in India alone
(Chandramouli, 1995). The increasing
market demand for dyes and the dwindling
number of dye-yielding plants forced the
emergence of synthetic dyes like aniline
and coal-tar, which threatened total
replacement of natural dyes. Even today,
some dyes continue to be derived from
natural sources; for example, dyes for
textile industries are still obtained from

Bixa orellana, Terminalia chebula,
Tectona grandis, Hibiscus Sabdariffa,
Eucalyptus, Casuarina, Anogeissus

latifolia, Indigofera tinctoria, Sterculia
foetida, Terminalia catappa, Carthamus
tinctorius and Clitoria ternatea those for
eye shadow from indigo. Tables 1 show
some of the important dye-yielding plants
used traditionally.

Table 1. Promising natural dye yielding tree species

S. | Scientific name Family Common Dye yielding | Dye colour
No name parts
1. Ailanthus triphysa Simaroubaceae Malabar Tree | Leaves Black
of Heaven
2. Adhatoda vasica Acanthaceae Malabar nut | Leaves Yellow / Grey
3. Clerodendrum Verbenaceae Bracted Leaves Pale green
bracteatum Glory Bower
4. Cordia dichotoma Boraginaceae Sebesten tree | Leaves Yellow
5. Tectona grandis Lamiaceae Teak Leaves Yellow
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6. Indigofera cassioides Fabaceae Neel Leaves & Blue
Flowers
7. Indigofera tinctoria Fabaceae Indigo Leaves Blue
8. Zizyphus mauritiana Rhamnaceae Indian jujube, | Leaves Red-pink
Ber
9. Ficus religiosa Moraceae Pipal Leaves & Bark | Red & Brown
Yellow
10. | Lawsonia inermis Lythraceae Henna tree Leaves Brown
11. | Toona ciliata Meliaceae Indian Leaves, Red & Yellow
mahogany Flowers
12. | Artocarpus Moraceae Jack fruit tree | Wood Yellow
heterophyllus
13. | Acacia catechu Fabaceae Cutch Tree Wood Reddish
brown
14. | Adenanthera pavonina Mimosaceae Red Bead Wood Reddish
Tree brown
15. | Caesalpinia sappan Caesalpiniaceae | Sappan wood | Wood & pods | Red
16. | Michelia champaca Magnoliaceae Champa Wood Yellow
17. | Pterocarpus santalinus | Fabaceae Red sanders | Wood Red
18. | Acacia farnesiana Fabaceae Cassic flower | Bark Black
19. | Acacia leucocephala Fabaceae Safed Kikar | Bark & leaves | Red
20. | Acacia nilotica Mimosaceae Gum arabic Bark and pods | Yellow, dark
tree grey
21. | Acacia sinuate Fabaceae Ritha Bark Brown
22. | Albizia odoratissima Fabaceae Kala siris Bark Brown
23. | Bauhinia purpurea Fabaceae Orchid tree Bark Purple
24. | Bauhinia variegate Fabaceae Kachnar Bark Yellow
25. | Casuarina equisetifolia | Casuarinaceae coast sheoak | Bark Light reddish
26. | Ceriopsis tagal Rhizophoraceae | Indian Bark Black, Brown
mangrove or purple with
Indigo
27. | Chloroylon swietenia Rutaceae Indian satin Bark Yellow
wood
28. | Lannea coromandelica | Anacardiaceae Jingan Bark Golden & Pale
Brown
29. | Madhuca indica Sapotaceae Ilupai tree Bark Reddish
yellow
30. | Mangifera indica Anacardiaceae Mango Bark Reddidh
yellow
31. | Berberis vulgari Berberidaceae Barberry Bark, wood, Yellow
roots & stem
32. | Cassia fistula Fabaceae Golden Bark and Red
shower sapwood
33. | Morinda tinctoria Rubiaceae Ach Bark Red
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34. | Myrica esculenta Myricaceae Kay phal Bark Yellow
35. | Emblica officinalis Euphorbiaceae Indian Bark & fruits | Reddish black
gooseberry
36. | Terminalia arjuna Combretaceae Arjuna tree Bark Light brown
37. | Terminalia tomentosa Combretaceae Asan Bark & fruit Brown
38. | Ventilago denticulata Rhamnaceae Pitti Bark & Roots | Red, Purple
and Chocolate
39. | Garcinia xanthochymus | Clusiaceae Dampel, Bark Yellow
Tamal
40. | Pterocarpus marsupium | Fabaceae Indian kino Bark Red
tree
41. | Rhizophora mucronata | Rhizophoraceae | Mangrove Bark Chocolate
42. | Saraca Indica Leguminosae Asoka Tree Bark Reddish/
purple
43. | Shorea robusta Dipterocarpaceae | Sal Bark Red & black
44. | Mimusops elengi Sapotaceae Bakul Bark and seed | Brown &
yellow
45. | Syzygium cumini Myrtaceae Jammun Bark Red
46. | Anacardium occidentale | Anacardiaceae Cashew Pericarp Light red
47. | Aegle marmelos Rutaceae Bael Rind of the Red
fruit
48. | Annona reticulata Annonaceae Custard apple | Fruit, Shoots Bluish black
49. | Areca catechu Arecaceae Areca nut Nuts Red
palm
50. | Aleurites moluccana Euphorbiaceae Indian walnut | Root Brown
51. | Artocarpus lakoocha Moraceae Dahua Roots Yellow
52. | Butea superba Fabaceae Lata Palash Root Red
53. | Berberis nepalensis Berberidaceae Nepal Root Yellow
barberry
54. | Geranium nepalense Geraniaceae Bhand, Roots Red
Bhanda
55. | Hedyotis puberula Rubiaceae Chay root Root Red
56. | Morinda citrifolia Linn. | Rubiaceae Indian Root, bark Red
Mulberry
57. | Rheum emodi Polygonaceae Indian Roots Reddish-
Rhubarb brown,
/Dolu greenish
yellow to dark
yellow
58. | Rubia cordifolia Rubiaceae Indian Root, Stem Reddish
madder brown, Light
pink/ brown
59. | Rubia tinctorum Rubiaceae Rose madder | Root, Wood Red, pink,
orange and
lilac
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60. | Althaea rosea Malvaceae Hollyhock Flowers Red
61. | Bougainvillea glabra Nyctaginaceae Bougainvillea | Flowers with Yellow, green,
ivory white Orange
bracts
62. | Butea monosperma Fabaceae Palash, Tesu | Flower Yellow
63. | Caesalpinia pulcherima | Fabaceae Peacock Flowers Red
flower
64. | Carthamus tinctorius Asteraceae Safflower Flowers Red & yellow
65. | Cassia auriculata Fabaceae Avaram Flowers Yellow
66. | Chukrasia tabularis Meliaceae Indian Flowers & Red and
mahogany leaves yellow
67. | Commelina Commelinaceae | Benghal day | Flower Blue
benghalensis flower
68. | Crocus sativus Iridaceae Saffron, Flowers Yellow
Kesar
69. | Delonix regia Fabaceae Flame of the | Flowers Yellow, Olive
forest green, brown
70. | Delphinium zalil Ranunculaceae Asbarg, Flowers Yellow
Asbar
71. | Mesua naga Clusiaceae Nagkesar Flowers & Orange,
Bark Brown
72. | Nyctanthes arbor-tristis | Oleaceae Parijatha Flower Yellow
73. | Peltophorum Fabaceae Copperpod Flower Yellow
pterocarpum
74. | Punica granatum Punicaceae Pomogranate/ | Flower and Yellow /grey
Anar Rind
75. | Woodfordia fruticosa Lythraceae Dhai Flowers Pink to Red
76. | Bixa orellana Bixaceae Achiote Pulp (aril) Orange/
surrounding yellow
the seeds
77. | Cassiatora Fabaceae Sickle pod Seeds Blue
78. | Wrightia tinctoria Apocynaceae Pala indigo Seeds & Blue dye
leaves
79. | Berberis aristata Berberidaceae Indian Plant Yellow
barberry
80. | Chrozophora tinctoria Euphorbiaceae Dyer's croton | Whole plant Light green
81. | Diospyros malabarica Ebenaceae Gab Fruit Brown
82. | Mallotus philippensis Euphorbiaceae Kamalatree | Fruits Red
83. | Melastoma Melastomataceae | Indian Fruit Purple
melabathricum rhododendron
84. | Terminalia bellirica Combretaceae Bahera Fruit Yellow &
Brown
85. | Terminalia chebula Combretaceae Kadukai Fruits Yellow, dark
grey
86. | Ziziphus jujuba Rhamnaceae Jujube Fruit Reddish pink
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Natural dye extraction techniques
Extraction of colour materials from natural
resources is a complicated process. They
need specific technique to extract dye from
their original sources. The different
techniques for extraction of natural
colourants are as follows:

Aqueous extraction

In this method, if the raw material is in dry
form, broken into small pieces or
powdered by grinding and soaked in water
to loosen the cell structure. If the raw
material is in wet form then it is chopped
into fine pieces or grinded to fine paste.
Then boiled and is filtered to remove the
non colouring matters from the dye liquor.
Both can be used easily to impart colour in
different things.

There are some disadvantages associated
with aqueous extraction method like time
consuming for extracting colour, high
temperature requirement, required large
volume of water, heat sensitive colouring
substances gets reduced at high
temperature low dye vyield, only water
soluble colouring components can be
extracted etc.

Acidic or alkaline extraction

Extraction of dye is done under acidic or
alkaline medium. For this dilute acidic or
alkaline can also be used which helps in
hydrolysis of glycosides resulting in better
extraction. Acidic method is used in
extraction of tesu natural dye from tesu
flower. Alkaline medium is used for those
colour extraction which contain phenolic
groups. Extraction of colour from lac
insect, annatto seeds, safflower petals are
extracted by this method.

Ultrasonic microwave extraction

In this extraction method, raw material is
treated in aqueous solution using

microwave or ultrasonic rays, so that the
high temperature, less time and faster rate
of extraction can be done. Colour from
butterfly pea and annatto seeds are
extracted by using this method.
Fermentation

In this extraction method, micro-organisms
present raw materials are used to carry out
the fermentation and thus help the
extracting method. Colour from turmeric,
indigo, Anogeissus latifolia  leaves
extracted by using this method. Time
consuming, bad smell due to microbial
action, immediate extraction of colour
after harvesting are some disadvantages of
this method

Enzymatic Extraction

Commercially available enzymes
including cellulase, amylase, and pectinase
have been used to loosen the binding
material present in natural materials like
bark, roots or any hard part of plant.
Solvent extraction

Organic solvents like acetone, petroleum,
ether, chloroform and ethanol are used in
the extraction of natural dyes. Solvent
extraction method is more efficient than
aqueous method. The yield of dye is good
quality, required low temperature and the
quantity of water requirement is also less.
Supercritical fluid extraction

In this extraction method, a fluid having
physical properties between gas and fluid
is used. It has low surface tension, low
viscosity and good diffusivity properties
which results

better interaction with the substrate.
Natural dyes Vs synthetic dyes

Natural dyes are the colourants extracted
from plants, minerals or animal residues.
The dyes derived from plants material
represent a more sustainable source of
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colourants. These dyes colour natural
fibres like cotton, wool and silk to a
greater or lesser extent. Apart from
textiles, natural especially vegetable dyes
are also used to colour wood, mats,
basketry, pith, ivory and leather. After
invention of synthetic fibres, there started
huge production of synthetic textiles. This
in turn resulted into a great demand for
dyestuff to meet the huge requirement of
dyes. No sufficient natural dyes were
available to meet the requirement of the
dyeing industry. Moreover natural dyes
were found to have limited success in
coloration of synthetic fibers. In the
nineteenth century, the use of natural dyes
in India started declining because synthetic
dyes were introduced by the British
government. The synthetic dyes which are
today’s conventional dyes are
manufactured from petrochemical based
intermediates. The drastic reaction
conditions like high temperature and
pressure, use of toxic solvents and
catalysts in the manufacture of these dyes
are sometimes objectionable. Natural dyes
on the contrary are considered to be eco-
friendly and much less hazardous. Today
there is great dominance of the synthetic
dyes due to all its advantages. However
there are certain disadvantages of these
established dyes. Because of a huge
production of these dyes and their demand
to meet present and future needs, there is
going to be significant consumption of
non-renewable resources such as oil and
by products. Also there are work hazard
problems and high environmental impacts
during production of these dyes. There is
danger of allergies to both the workers and
the consumers. Moreover the waste
disposal is a serious concern because of

coloured effluent out of the dyeing
industry.

In nut shell, dyeing with synthetic colours
is being considered as a representation of
an  enormous  ecological  problem.
Therefore, today it has become extremely
important to both dye manufactures and
textile processors to deal with health
hazard problems, disposal of effluent and
other environmental requirements usually
to statutory norms.

Identification of natural dyes

Today natural dyes are used in limited
quantities by craftsman in various parts of
the world. Although difficult to obtain
commercially, dyes are readily obtained
from plant sources viz., flowers, leaves,
barks, seeds, roots, etc. Craftsmen are
becoming gradually enthusiastic about this
out-dated and time consuming process for
one of the reasons that natural dyestuffs
procedure offbeat, one-of-a kind colour.
There are not two lots identical, each
having subtle differences due to impurities
peculiar to the particular plant material
used. Thus, the very characteristics of
natural dyes that made the early dyers
despair, appeal to today’s craftsman
searching for the unique. Since last decade
application of natural dyes on cotton, silk,
wool, jute is gaining popularity all over the
world possibly due to the context of
German ban on synthetic azo dyes which
are based on carcinogenic or allergic
arylamines. Natural dyes derived from
flora and fauna are believed to be safe but
sometimes the method of application using
metallic mordants makes them non
ecofriendly to humans and environment.
However, natural dyes by virtue of their
unique  colour/shade and  aesthetic
characteristics have a potential export
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market. Recently, the buyers from EEC
countries especially from Germany insist
on a certificate for eco-friendliness of the
commodities and therefore, testing of
natural dyed substrates as per Eco-standard
as well as their anthenticity has become
imperative.

Literature survey reveals that some work
has been reported an extraction and
identification of natural dyes from historic
and archeological textiles but a systematic
approach to extract and identify the range
of colours in natural dyes from dyed
textiles, is not readily available
(Bhattacharyya and Sahasrabudhe, 1997)

e Thin Layer Chromatography
(TLC) was used by many workers
to identify various natural dyes in
textiles. The dyes detected were
based on insect and vegetable
yellow, red and blue colour.

e High Performance Liquid
Chromatography (HPLC), which
is a very useful tool to identify
synthetic as well as natural dyes,
was also used.

e Infra-Red Spectral studies were
carried out to identify natural dyes
viz., alizarin, indigo,
dibromoindigo,  saffron,  weld,
Persian berries and safflower
yellow.

e Emission and Excitation Spectra:
It is a non-destructive method was
devised, for identifying faded dyes
on fabrics through examination of
their emission and excitation
spectra.

e UV/Visible Spectroscopic studies
to identify natural dyes were
carried out to identify madder,

cochineal, indigo, etc., using

different solvents for extraction.
Future prospects and conclusion
Nowadays, fortunately, there is increasing
awareness among people towards natural
products. Due to their non-toxic properties,
low pollution and less side effects, natural
dyes are used in day-to-day food products.
Although  the Indian  subcontinent
possesses large plant resources, only little
has been exploited so far. More detailed
studies and scientific investigations are
needed to assess the real potential and
availability of natural dye-yielding
resources and for propagation of species in
great demand on commercial scale.
Biotechnological and other modern
techniques are required to improve the
quality and quantity of dye production.

Due to lack of availability of
precise technical knowledge on the
extraction and dyeing technique, it has not
commercially succeeded like synthetic
dyes. Also, low colour value and longer
time make the cost of dyeing with natural
dyes considerably higher than with
synthetic dyes.
Numerous plant species are found to have
an important role in the day-to-day life of
the ethnic and local people. However, it is
a matter of concern that the indigenous
knowledge of extraction, processing and
practice of using of natural dyes has
diminished to a great extent among the
new generation of ethnic people due to
easy availability of cheap synthetic dyes. It
has been observed that the traditional
knowledge of dye-making is now confined
only among the surviving older people and
few practitioners in the tribal communities
of Arunachal Pradesh. Unfortunately, no
serious attempts have been made to
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document and preserve this immense
treasure of traditional knowledge of
natural dye-making associated with the
indigenous people. Lack of a focused
conservation strategy could also cause a
depletion of this valuable resource. It is
time that steps are taken towards
documenting these treasures of indigenous
knowledge systems. Otherwise, we are
bound to lose vital information on the
utilization of natural resources around us.
To conclude, there is an urgent need for
commercialization of natural dyes can be
successful with systematic and scientific
approach for identification of resources,
extraction, purification, chemical structure
elucidation and promotion of use of
natural dyes, thereby enhancing the
economy of the local people. As a whole,
systematic approaches with scientific
attitude and conservation of natural
resources need to overcome the limitation
of natural dyes.
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Dendroecology

Dendroecology is a field of study that
examines historical ecological processes
using dendrochronology. Tree ring
analysis, or dendrochronology, uses
historical events and environmental
changes to calculate dates. Dendroecology
may be utilized to address a variety of
ecological issues, including the history of
fires, insect outbreaks, forest dynamics,
climate change, and the identification of
pollutant sources. A potent technique for
analysing changes in historical and
contemporary forest habitats IS
dendroecology.Dendroecology  research
have been carried out in several tropical
and temperate locations utilising a variety
of tree species and techniques.
Application of dendroecological analysis
Dendroecology can shed light on historical
and present biological processes that form
forest ecosystems. There are certain
applications of dendroecological analysis
that can help us understand more about the
past and current ecological processes that
impact forest ecosystems.

Here are a few examples: A research that
reconstructed the history of contamination
source identification in soil, groundwater,
and tree tissues (Morrison et al., 2009)
using tree rings and stable isotopes.

A research project that used tree rings to
retrace the history of fire and climate in
the Sierra Nevada and southwest of the US
during the last 1000 years (Rozendaalet
al.,2011) another investigation that
examined individual trees' long-term
development patterns in a tropical
rainforest and how they related to
environmental variables using tree rings
(Amoroso et al.,2017).

Using tree rings, it is assessed that how
mangrove plants responded to changes in
salinity caused by seasonality in
precipitation and temperature. A research
that used tree rings to evaluate a forest
development model and predict a pine
plantation's wood yield. These are only a
few of the many uses of dendroecology in
the tropics and elsewhere.

Advancing dendroecological studies in
India

Dendroecology study holds great promise
in unraveling the climatic history of
regions across the globe. In India, while
dendroecological research is still in its
infancy, significant strides have been made
by various national institutes. The Indian
Institute of Tropical Meteorology (1ITM)
in Pune, Birbal Sahni Institute of
Paleobotany (BSIP) in Lucknow, and the
Indian Institute of Science in Bangalore
have spearheaded research initiatives,
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primarily focusing on coniferous trees in
the Himalayan region and teak and toon
trees in the tropical climate. With a
particular interest in rainfall variability,
dry season ground fires, and reconstructing
climate patterns, researchers are now
turning their attention to explore new tree
species that might yield valuable insights.
Target Species: Tectona grandis and
beyond:

Tectona grandis, commonly known as
teak, has emerged as a target species for
tree-ring research due to its reliable annual
ring formation. This tropical hardwood
species not only presents a feasible avenue
for studying climate signals but also offers
valuable insights into its growth response
to environmental conditions. Additionally,
researchers are exploring other tree
species, such as Lagerstroemia
microcarpa, Cedrela  toona, and
Terminalia bellirica, to expand the scope
of dendroecological studies in India. These
species, found in deciduous forests and
known to produce annual rings, hold the
potential to provide further understanding
of climate as well as ecological dynamics.
Efforts are underway to explore several
other tree species in India that might
produce annual rings, which have yet to be
discovered by the scientific community.
By studying these unknown species,
researchers aim to expand the knowledge
base of dendrochronology in the Indian
context and unlock new insights into
climate patterns and environmental
changes. This exploration opens up
avenues for multidisciplinary collaboration
and the possibility of refining existing
methodologies while developing novel
approaches to extract climate information
from tree rings. (Suresh, H.S., 2012)

Challenges in dendroecological analysis

Dendroecological analysis in the tropics is

more challenging than in temperate
regions due to certain obstacles.

e Among these difficulties are: Due

to weak or variable seasonality,

complicated  phenology, and
cambial activity, many tropical tree
species lack or have irregular
yearly growth rings (Quintilhan et
al., 2021)

e Due to the lack of shared
development signals,

synchronisation, and replication, it
is difficult to cross-date tree-ring
series from various trees or sites.
(Groenendijk et al., 2014)

e There aren't enough long-lived tree
species to give lengthy
chronologies for climatic
reconstructions  or  disturbance
histories (Quintilhan et al., 2021)

e The scarcity of reference material
to calibrate and validate tree-ring
data, such as climate records, forest
inventories, or historical
documents. The logistical and
methodological  restrictions  of
gathering, processing, and
analysing tree rings in distant and
varied tropical forests(Quintilhan et
al., 2021).

References

Amoroso, M. M., Daniels, L. D., Baker, P.
J., & Camarero, J. J. (Eds.). (2017).
Dendroecology: tree-ring analyses
applied to ecological studies (Vol.
231). Springer.

Groenendijk, P., Sass-Klaassen, U.,
Bongers, F., & Zuidema, P. A.
(2014). Potential of tree-ring
analysis in a wet tropical forest: a

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

16



Van Sangyan (ISSN 2395 - 468X)

Vol. 10, No. 9,

Issue: September 2023

case study on 22 commercial tree
species in Central Africa. Forest
Ecology and Management, 323,
65-78.

Morrison, R. D., & O'Sullivan, G. (Eds.).
(2010). Environmental Forensics:
Proceedings of the 2009 INEF
Annual Conference. Royal Society
of Chemistry.

Quintilhan, M. T., Santini Jr, L.,
Rodriguez, D. R. O., Guillemot, J.,
Cesilio, G. H. M., Chambi-Legoas,

R., & Tomazello-Filho, M. (2021).
Growth-ring boundaries of tropical
tree species: Aiding delimitation by
long histological sections and
wood density profiles.
Dendrochronologia, 69, 125878.

Rozendaal, D. M., & Zuidema, P. A.
(2011). Dendroecology in the
tropics: a review. Trees, 25(1), 3-
16.

Suresh, H.S., 2012. Do trees tell about the
past?. Resonance, 17, pp.33-43.

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

17



Van Sangyan (ISSN 2395 - 468X)

Vol. 10, No. 9,

Issue: September 2023

Feeding ecology of Sloth Bear (Melursus ursinus) and its role in
seed dispersal

R. Ravi Kumara*, P.C. Lohith and T. N. Manohara

Silviculture and Forest Management Division,
Institute of Wood Science & Technology

(Indian Council of Forestry Research & Education, Ministry of Environment, Forests and Climate Change, Govt. of India)
Bengaluru, 560003, India.

Email: ravisilkstars@gmail.com

The Indian bear, often known as the sloth
bear (Melursus ursinus Shaw, 1791;
Family: Ursidae), is a species that can only
be found on the Indian subcontinent. There
are reports of this species in 174 protected
areas in India, including 46 national parks
and 128 wildlife sanctuaries. Despite the
species’  wide  distribution,  many
populations are in decline due to
diminishing food sources, degraded and
fragmented  habitats, and escalating
human-animal conflict. The sloth bear is
listed as "vulnerable™ by the International
Union for Conservation of Nature and
Natural Resources (IUCN) and is included
in Schedule 1 of the Indian Wildlife
Protection Act, 1972, as well as in
Appendix | of the Convention on
International Trade in Endangered Species
of Wild Fauna and Flora (CITES) (Kumar
and Paul, 2021). The sloth bear population
size for all of India is estimated to be
between 6,000 and 11,000. In terms of
population richness and habitat
availability, the Western Ghats range and
Central India are the only strongholds of
distribution (Yoganand et al.,, 2006).
Although it is unknown how long sloth
bears live in the wild, they have been

reported to live up to 40 years in captivity
(Ward and Kynaston, 1995).

In addition to being referred to as the
"sloth bear," the term "labiated bear" also
describes the animal's protruding lower lip
and palate, which it uses to suck up
insects. It has long, shaggy fur, big sickle-
shaped claws, and a mane around its face.
It is lankier in comparison to brown bears
and Asian black bears (Laurie and
Seidensticker, 1977). It has several
characteristics with insectivorous animals.
In many cases, bears are opportunistic
omnivores. As a result, how an animal
behaves depends on the availability of
food and other essential nutrients in its
habitat (Jonkel and Cowan, 1971).Their
primary sources of food are insects,
particularly  termites  (Odontotermes,
Macrotermes, Microcerotermes,
Hypotermes, and Reticulitermes spp.) and
ants. However, termites and other insects
may make up more than 80% of the food
of bears throughout the rest of the seasonal
year, whereas fruits may make up between
70 and 90 percent of the diet during the
fruiting season of trees (Seidensticker et
al., 2011). Moreover, sloth bears and
people compete for certain fruit species in
common habitats (Bargali et al., 2004).
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Figure 1: Illustrations show the scats of a sloth bear, which contained seeds and insects

debris.

Dens are used by sloth bears for both
breeding and protection (Akhtar et al.,
2008). Dens can be found in lantana shrub
thickets, rocky regions on hills and level
surfaces, under the roots of trees, hillocks
with large rocks, and nullah beds
depending on the habitat (Yoganand et al.,
2005). Bears often prefer shrubland, Sal

woodland, and habitats near water, as well
as farms, plantations, and open habitats
(Yoganand et al., 2005). However, home
ranges might fluctuate seasonally. The
presence of termites and the durability of
termite mounds most likely contributed to
this seasonal transition (Joshi et al., 1997).

Table 1: List of plant species fed by the sloth bear

Common name Scientific name

Family References

Golden apple Aegle marmelos

Rutaceae

Bargali et al., 2004;
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Khanal and Thapa,
2014,

Lindley's aporosa

Aporosa lindleyana

Phyllanthaceae

Sreekumar and
Balakrishnan, 2002.

Jackfruit Artocarpus Moraceae Sreekumar and
heterophyllus Balakrishnan, 2002.
Wild jack Artocarpus hirusta Moraceae Sreekumar and
Balakrishnan, 2002.
White bark acacia Acacia leucophloea | Mimosaceae Philip et al., 2021.
Bel Aegle marmelos Rutaceae Philip et al., 2021.
Custard apple Annona squamosa Annonaceae Philip et al., 2021.
Axle Wood Anogeissus latifolia | Combretaceae Philip et al., 2021.
Ground nut Arachis hypogaea Fabaceae Bargali et al., 2004.
Spinous kino Bridelia retusa Phyllanthaceae Khanal and Thapa,
2014.
Almondette Buchanania lanzan Anacardiaceae Bargali et al., 2004.
Mootapalam Baccaurea Phyllanthaceae Sreekumar and
courtallensis Balakrishnan,2002.
Bamboo Bambusa vulgaris Poaceae Philip et al., 2021.
Bidi leaf Bauhinia racemosa | Caesalpiniaceae Philip et al., 2021.
Silk cotton Bombax ceiba Malvaceae Philip et al., 2021.
Salai guggul Boswellia serrate Burseraceae Philip et al., 2021.
Flame of the forest Butea monosperma Fabaceae Philip et al., 2021.
Golden shower Cassia fistula Fabaceae Bargali et al., 2004;
Khanal and Thapa,
2014; Sreekumar and
Balakrishnan, 2002.
Wild karanda Carissa spinarum Apocynaceae Philip et al., 2021.
Bengal currant Carissa carandas Apocynaceae Philip et al., 2021.
Amaltas Cassia fistula Caesalpiniaceae Philip et al., 2021.
Grey leaved | Cordia sinensis Boraginaceae Philip et al., 2021.
saucerberry
Bird lime Cordia myxa Boraginaceae Philip et al., 2021.
Long-leaf cordia Cordia sinensis Boraginaceae Philip et al., 2021.
Carray cheddle Canthium Rubiaceae Kumar and Paul,
parviflorum 2021.
Black currants Carissa congesta Apocynaceae Mewada and
Dharaiya, 2010.
Coromandel ebony Diospyros Ebenaceae Bargali et al., 2004.
melanoxylon
Sickle bush ashy | Dichrostachys Mimosaceae Philip et al., 2021.
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babool cinerea
Solid bamboo Dendrocalamus Poaceae Kumar and Paul,

strictus

2021.

Warty marble

Elaeocarpus
tuberculatus

Elaeocarpaceae

Sreekumar and
Balakrishnan, 2002.

Ajan Ehretia aspera Boraginaceae Philip et al., 2021.
Indian rock fig Ficus arnottiana Moraceae Philip et al., 2021.
white fig Ficus infectoria Moraceae Philip et al., 2021.
Golden rumph’s fig Ficus rumphii Moraceae Philip et al., 2021.
Scramberry Flacourtia Salicaceae Philip et al., 2021.
cataphracta
Governor's plum Flacourtia indica Salicaceae Philip et al., 2021.
Ramontchi Flacourtia sepiaria | Salicaceae Philip et al., 2021.
Cluster fig Ficus racemosa Moraceae Bargali et al., 2004.
Sacred fig Ficus religiosa Moraceae Bargali et al., 2004.
Drooping fig Ficus semicordata Moraceae Khanal and Thapa,
2014.
Banyan Ficus benghalensis Moraceae Khanal and Thapa,
2014; Bargali et al.,
2004; Philip et al.,
2021.
White fig Ficus virens Moraceae Bargali et al., 2004.
Gamhar Gmelina arborea Verbenaceae Philip et al., 2021.
Falsa Grewia asiatica Tiliaceae Philip et al., 2021.
Salvia leaved | Grewia damine Tiliaceae Philip et al., 2021.
crossberry
Donkey berry Grewia flavescens Tiliaceae Philip et al., 2021.
Dhaman Grewia tiliifolia Tiliaceae Philip et al., 2021.
Balsam Impatiens balsamina | Balsaminaceae Philip et al., 2021.
Jungle flame Ixora coccinea Rubiaceae Sreekumar and

Balakrishnan, 2002.

Madras pea pumpkin | Melothria Cucurbitaceae Philip et al., 2021.
maderaspatana

Hoom Miliusa tomentosa Annonaceae Mewada and
Dharaiya, 2010.

Lantana Lantana camara Verbenaceae Sreekumar and
Balakrishnan, 2002;
Philip et al., 2021.

Mango Mangifera indica Anacardiaceae Sreekumar and

Balakrishnan, 2002;
Philip et al., 2021.
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Butter Madhuca indica Sapotaceae Bargali et al., 2004.
Date palm Phoenix dactylifera | Arecaceae Philip et al., 2021.
Manilla tamarind Pithecellobium dulce | Mimosaceae Philip et al., 2021.
Indian kudzu Pueraria tuberosa Fabaceae Philip et al., 2021.
Peach Prunus persica Rosaceae Philip et al., 2021.
Dwarf date palm Phoenix humilis Arecaceae Sreekumar and

Balakrishnan, 2002.
Guava Psidium guajava Myrtaceae Bargali et al., 2004.
Jamun Syzygium cumini Myrtaceae Bargali et al., 2004,
Sreekumar and
Balakrishnan, 2002;
Philip et al., 2021.
Lac Schleichera oleosa Sapindaceae Bargali et al., 2004.
Malaysian ashok Saraca indica Caesalpiniaceae Philip et al., 2021.
Marking nut Semecarpus Anacardiaceae Philip et al., 2021.
anacardium
Wild jujube Ziziphus nummularia | Rhamnaceae Bargali et al., 2004.
Jackal jujube Ziziphus oenopolia Rhamnaceae Sreekumar and
Balakrishnan, 2002;
Bargali et al., 2004;
Philip et al., 2021.
Indian jujube Ziziphus mauritiana | Rhamnaceae Bargali et al., 2004.
Wild jujube Ziziphus rugosa Rhamnaceae Sreekumar and
Balakrishnan, 2002.
Corn Zeamays Poaceae Bargali et al., 2004.

Role in seed dispersal

Seed dispersal is a key success in plant
communities, and frugivory is very
important in vertebrate communities
(Corlett, 2017). The role of bears in seed
dispersal is inevitable (Fredriksson et al.,
2006; Steinmetz et al., 2013). They play an
important role in seed dispersal and
termite control, as both are considered
vital for the long-term sustenance of forest
ecosystems. The role of sloth bears as seed
dispersers is helpful in the population
dynamics of fleshy-fruit species in South
India. Therefore, bears have a great
influence on the species composition of

plants in their ecosystem (Harrer and Levi,
2018).

Seed passage through the digestive gut of
the sloth bear appeared to increase the
germination rate of some species without
showing any detrimental effect on the
germination  behaviors.  The  seed
germination time is significantly different
in both unpassed and passed seeds, and
maximum seed germination is reported in
Syzygium cumini followed by Buchanania
lanzan, Cassia fistula, and Mangifera
indica (Kumar and Paul, 2021). Moreover,
the greater use of deciduous forest by sloth
bears is probable because sloth bears
preferred food plants such as Cassia
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fistula, Cordia obliqua, and Zizyphus
mauritiana (Ramesh et al., 2009), which
were more available there than in the semi-
evergreen forest. Sloth bears may thus act
as important seed dispersers of the
invasive weed lantana, increasing the
probability of it spreading to other parts of
the reserve. Since its introduction, it has
spread across the country and invaded
most of the tropical and subtropical parts
of India. The role of sloth bears as
dispersers of lantana seeds may have
serious habitat management implications

(Rather et al., 2020).
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Introduction

According to the Society of American
Foresters’ Dictionary of Forestry (1998
edition), urban forestry is defined as ‘the
art, science, and technology of managing
trees and forest resources in and around
urban community ecosystems for the
physiological, sociological, economic, and
aesthetic benefits trees provide to the
society. The world is urbanizing very fast
as nearly two-thirds of the world’s
population is expected to live in urban
areas by 2025. The rate of urbanization is
remarkably high in the developing world.
India is also becoming increasingly
urbanized. Between 2001 and 2011, the
total population in India increased by
17.64%, and according to a survey made
by the UN, in 2030, 40.76% of the
country's population is expected to live in
urban areas. India has the second-largest
urban system in the world (Majumdar and
Selvan, 2018). Cities occupy less than 3%
of the global terrestrial surface but account
for 78% of carbon emissions, 60% of
residential water use, and 76% of wood
used for industrial purposes. According to
the latest air quality database, compared to
49% in high-income countries, 97% of
cities in “low- and middle- income
countries with  more than 100,000
inhabitants do not meet WHO air quality
guidelines” (WHO, 2018). To take care of
all these issues we need to promote urban

A3
£

forestry concept whereverpossible. Urban
forestry is the care and management of tree
populations in urban settings for the
purpose of improving the urban
environment. The concept of urban
forestry, which advocates the role of trees
as a critical part of the urban structure, was
developed to address the issue of impact
on forestry by urbanization. The urban
forestry comprises all green elements
under urban influence. Changes in
structure of society have accelerated the
urbanization. Urbanization is considered as
the main driver for eco system change
(Konijnendijk, 2003). As of 2010, 50.6 %
of the world’s population lives in cities
(UNDP, 2010). In the tropics and sub
tropics, the urban population is expected to
grow to 4 billion by 2025, and major cities
are expected to grow substantially in
surface area (Avijit, 2002). Developing
countries are urbanizing rapidly thus
emitting more greenhouse gases (GHG).
Urbanization generally has adverse effects
on eco system like destruction in habitat
and watershed, change in forest structure,
etc. The urban forest isan integrative,
combining various urban green structure
components into a wholeaiming to connect
various sectors, agendas, and programmes
while building longer-term policies and
plans for urban tree resources. It is
multidisciplinary and attempting to be
interdisciplinary in which experts from
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both the social and natural disciplines are
involved.Participatory, geared towards
creating  partnerships  amongst  all
stakeholders, and focused on various
benefits, highlighting the advantages and
services that urban forests can offer in
terms of the economy, the environment,
and society at large.The goal of urban
forestry is establishing a welcoming and
secure environment to address community
needs and demands by maintaining or
improving urban forest cover and focus on
enhancing residents' and guests' wellbeing,
reduce risks to people’'s lives and property,
increase management activity coordination
with other neighbourhoods, departments,
or offices, set attainable long-term aims
and goals.

In comparison to American, Australian,
and European cities, the bulk of Indian
cities except for Chandigarh and
Canhinagar have an extremely low per-
capita availability of wurban forests.
However, the city of New Delhi, which
serves as India's capital, has significant
urban forestation programmes. Green
space currently makes up 20% of Delhi's
land area. |Initiatives related to urban
forestry are now under the control of the
parks and garden society. In Delhi, two
biodiversity parks, nine city woods, and
nine more are now under construction or in
the planning stages. Dehli's roads can be
recognised by the kind of trees that have
been planted next to them, such as Vigyan
Path and Toona ciliate. In the state of
Guijarat, the planting of trees is encouraged
by linking it to religious rituals from a
variety of worldviews.Each planet,
constellation, and sign of the zodiac has a
favourite tree in the Hindu sacred scripture
known as the Puranas. It is thought that

planting these trees will increase luck and
human life. Six hectares of land in
Gandhinagar city have trees planted in
recognition of these religious convictions.
It is a special area created for nourishing
the trees with life and love so that the
forest would be healthy and prosperous
(Chaudhry and Tewari, 2011).

Importance of urban forestry

Urban forestry increases tree outside forest
areawhich enhance improvement of air
quality by reducing the pollutant from the
atmosphere as well as by carbon
sequestration (Singh et al., 2022).The
development of green infrastructure could
be a key component of cities adaptation to
future scenarios of global warming. It can
also significantly improve the
environmental quality in the vicinity of
urban areas.Cities with more impermeable
surfaces have higher runoff, and the
aquatic environment suffers because of
stormwater being dumped into nearby
rivers.The United States Department of
Agriculture estimates that trees planted
over open, impermeable surfaces like
parking lots might reduce stormwater
runoff by up to 20%, and that branches and
stems can catch and reduce 15% of the
total rainfall. A huge tree has the capacity
to store up to 332 gallons of water. In
addition, urban green spaces support a
wide range of flora, including squirrels,
monkeys, birds, and insects. Street trees
also create pathways for wildlife such as
small mammals, birds, butterflies, moths,
beetles, and other insects to move between
the wurban forest and adjacent rural
vegetation and some of these creatures are
so well-adapted to the urban environments
that they are more abundant in cities than
in  surrounding  natural  vegetation
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(Mullaney et al., 2015). Urban forestry has
been demonstrated to support
psychological recovery, stress reduction,
and to enhance focus and productivity
(Shin et al., 2010).

Paradoxically, unlike conventional forestry
and fruit trees, urban street trees usually do
not have a market value (Pandit et al.,
2012) and therefore, they are viewed more
as liabilities than assets. Therefore, urban
greenery needs to be given a monetary
worth to catch the attention of city
planners and managers. Trees are truly
natural capital assets for cities(Willis and
Petrokofsky, 2017) as they offer countless
advantages and ecosystem services that are
vital to the wellbeing of city
residents.Street trees of cities support
healthy urban communities and boost
property values (Mullaney et al., 2015)
such as home values (Luttik, 2000) and
businesses revenues, reduce cooling-
related energy costs, moderate ambient air
temperatures, reduce carbon emissions,
and improve water and air quality.A single
tree can cut annual heating costs by 1.3%
and cooling costs by 7%, for instance, and
a 10% increase in tree cover is reported to
lower total heating and cooling energy use
by 5-10% . The street stretches with trees
had afternoon temperatures lower by 5.6
°C and road surface temperature lower by
27.5°C than exposed road surfaces in
Bangaluru (Vailshery et al., 2013).
Constraints in urban forestry

The implementation of urban forestry
programmes on a larger scale can be very
expensive and inadequately placed trees or
trees of the wrong species might pose a
threat to city dwellers, either directly (via
falling limbs or the complete collapse of
the tree) or indirectly. In addition, tree

roots can result in the breaking of
roadways, pavements, and occasionally
water pipes and urban trees have the
potential to weaken the structural integrity
of buildings by embedding their roots into
the ground and by falling branches or
whole trees.Damage to trees may result
from intentional destruction, careless
disregard, harvesting of tree products, or
browsing cattle. Incorrect and neglected
staking leads to bark damage.Lack of
policies, insufficient funding, public
support, coordination and cooperation,
inadequate research on the ecological,
socioeconomic, and management aspects
of forestry practises in urban areas are all
factors that limiting the promotion of
urban forestry.

Management of urban forestry

e The evaluation of the resource,
including its background, present
condition, and potential problems,
is the first stage in creating an
urban forest management plan.
Depending on the management
goals (such as productivity,
protection, or recreation), which
might vary both within and
between cities (and even nations),
the type and extent of data will
change.

e Determining the scope, the needs,
and the priorities- Information
obtained from the forest inventory
and other sources, such as urban
plans and social impact surveys,
can be used to pinpoint prospective
problems, future  management
requirements, planting locations,
tree-related dangers, and the
potential for the creation of goods
and ecosystem services.
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e The extent, duration, and kind of
management plans for urban
forests might vary, depending on
whether they are local, city,
national, or regional. Their
development needs  sufficient
baseline data, expert advice, time,
money, and the cooperation of
numerous stakeholders.

e Carrying out the management
plan's recommended activities in a
timely, effective, and efficient way
is the responsibility of those in
charge of implementation. Work
should be done on creating detailed
work plans with defined roles and
actions.

e To ensure the sustainability of
urban  forests, a long-term
monitoring programme is
necessary. This allows for the
evaluation of the effects of
management interventions and the
achievement (or lack thereof) of
management objectives.
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Abstract

Seed biopriming, a technique widely used
in agriculture, is gaining recognition for its
potential applications in forestry. By
applying beneficial microorganisms to tree
seeds, seed biopriming offers promising
benefits in  terms  of  seedling
establishment, disease management, and
overall forest ecosystem resilience. As we
strive for sustainable forestry practices,
seed biopriming emerges as a valuable tool
to support reforestation initiatives, combat
disease pressures, and promote the
restoration of degraded areas, ensuring the
health and vitality of our forests for future
generations. This review explores the
application of seed biopriming in forestry,
highlighting its potential advantages and
environmental implications.

Keywords: Seed biopriming, forestry,
reforestation, restoration, resilience
Introduction

Seed biopriming is a technique that
involves treating seeds with beneficial
microorganisms before planting. These
microorganisms can help to improve seed
germination,  seedling growth, and
resistance to diseases. Seed biopriming is
an environmentally friendly alternative to
the use of chemical pesticides and
fungicides. While the primary focus of
seed biopriming is on enhancing seed
performance and plant health, it is

essential to evaluate its environmental
impact as well.

Following are the various beneficial
impacts of seed biopriming in forestry.
Improved seedling establishment

In  reforestation  efforts,  seedling
establishment is a critical factor for
successful  forest regeneration. Seed
biopriming can enhance the germination
rate, seedling vigor, and root development
of tree species. The application of
beneficial microorganisms such as
mycorrhizal fungi can improve nutrient
uptake, particularly phosphorus, aiding
seedling growth in nutrient-deficient soils.
Additionally, biopriming can enhance
seedling resistance to abiotic stresses, such
as drought and salinity, increasing survival
rates during early growth stages.

Disease suppression

Diseases caused by fungal pathogens pose
a significant challenge to reforestation and
forest health. Seed biopriming offers a
sustainable approach to disease
management by introducing antagonistic
microorganisms that can suppress the
growth of pathogens. This reduces the
incidence of seedling diseases and
decreases the reliance on chemical
fungicides. By promoting healthy seedling
establishment, biopriming contributes to
the overall resilience of forest ecosystems.
Promotion of mycorrhizal associations
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Mycorrhizal fungi play a crucial role in
nutrient cycling and tree growth in forest
ecosystems. Seed biopriming can facilitate
the  establishment of  mycorrhizal
associations by introducing compatible
fungal species to the seeds. This symbiotic
relationship enhances nutrient uptake,
improves soil structure, and contributes to
long-term  forest  productivity. By
promoting  mycorrhizal ~ associations,
biopriming supports sustainable forest
management practices and ecosystem
health.

Restoration of degraded soils

Forested areas affected by degradation,
such as mining sites or areas impacted by
deforestation, often face challenges in
terms of soil quality and nutrient
availability. Seed biopriming can aid in
soil restoration efforts by introducing
beneficial microorganisms that enhance
soil fertility and nutrient cycling. The
application of bio primed seeds can kick-
start the recovery process, facilitating
reforestation and the establishment of
healthy forest ecosystems.

Conservation of genetic diversity

Seed biopriming can contribute to the
conservation of genetic diversity in

reforestation  efforts. By improving
seedling vigor and survival rates,
biopriming ensures a broader

representation of the genetic pool of tree
species. This helps maintain the genetic
diversity necessary for healthy and
resilient forests, allowing ecosystems to

adapt to changing  environmental
conditions and potential threats.
Conclusion

Seed biopriming holds significant potential
in forestry, contributing to successful
reforestation efforts and sustainable forest

Vol. 10, No. 9, Issue: September 2023
management. By improving seedling
establishment,  suppressing  diseases,
promoting  mycorrhizal  associations,

restoring degraded soils, and conserving
genetic diversity, biopriming enhances the
resilience and long-term productivity of
forest  ecosystems.  Overall,  seed
biopriming is a promising technique for
improving the germination, survival, and
resistance of tree seedlings. It is an
environmentally friendly alternative to the
use of chemical pesticides and fungicides,
and it has the potential to increase forest
productivity and resilience to pests and
diseases.
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Introduction

Melia dubia is a native, fast-growing tree
species that has gained economic
importance in the markets due to its
suitability to replace expensive exotic
industrial trees. Melia dubia belongs to
family Meliaceae and grows up to 40 feet
within two years of planting. It has high
potential for approximately 40 tons yield
of biomass per acre per year of a 10-year
plantation. It can be used in manufacture
of variety of wood products such as pencil,
pulp, packaging, and plywood industries.
It has been widely cultivated by farmers in
southern states and has also gained the
popularity among the farmers of central
and northern part due to its characteristics
like fast growth, straightness of stem
without major branches, less shade effect
and insensitivity to pests and insect
attacks. In India, it mostly grows in
tropical moist deciduous forests and is

found in Kerala, Karnataka, Sikkim,
Himalayas, North Bengal, Upper Assam,
Khasi Hills, Hills of Orissa, Deccan and
Western Ghats. The species grows well in
wet areas with annual rainfall above 1000
mm, but can also be grown in 650-1000
mm. It is a light demander tree, but
performs well in moderate shade with an
optimal temperature of 30-35°C. It grows
on a wide variety of soils but prefers well-
drained red, red loam, alluvial and black
loam types with pH ranging from 5.5 to
7.5 with a soil depth of 1.5 m. Economic
profitability is Rs 24,000-137,500 per acre
per year in different parts of the country.
Under the scenario of shifting farmer's
momentum  towards secure income
generating commodities like agroforestry,
Melia dubia proves to be very beneficial
for them in terms of monetary and other
livelihood opportunities (Chavan et al.,
2021).
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Seedlings of Melia dubia

Propagation of Melia dubia is done by
seeds and clonal propagation. Forest
College and Research Institute (FC&RI),
Mettuapalayam and ICAR  Central
Agroforestry Research Institute (CAFRI),
Jhansi, Uttar Pradesh has standardized the
propagation technique through seeds and
clonal propagation. The introduction of the
Mini clonal technique has enhanced the
production of quality planting material, as
it offers advantages such as high
productivity, success, efficiency,
uniformity, low nutrients and in minimal
space. In general, 5,000 plants can be
produced per year from 1 m2 of area.
Planting can be done in plain pits (45 x 45
x 45 c¢m) in June-July as soon as monsoon
sets in (Chavan et al., 2021). Just before
the monsoon season, the pits should be
filled with standard potting mix (5 kg
FYM + 100-150 g neem cake + 50 g
DAP). Weekly watering and application of
fertilizer once every three months
increases plant growth. It is recommended
to apply the whole mixture (N:P: K —
19:19:19) 25-50 g per tree in the first two
years and 100 g tree-1 from the 3rd year

onwards. Watering with fungicides (e.g.
Bavistin @ 1 g ml %) and insecticides (e.g.
chlorpyriphos 40 EC @ 2 ml ~ %) protects
young plants from soil-borne fungal
diseases and pests such as termites and
rootworms. A straight and clear trunk and
the desired size is achieved by judicious
pruning practices. Side branch pruning is
recommended when the seedling reaches a
height of 2-3 m. In high density plantings
(>500-5000 trees ha'), mechanical
pruning is encouraged in the 2", 4™ 6™
and 8" year of planting by removing the
tree, to promote the growth and health of
side trees. It has also been observed that
high density plantations are preferred to
accommodate more seedlings for plywood
and timber. But 200 to 500 trees per
hectare give the desired size and quality of
wood.

Status and role of Melia dubia in the
timber industry:

The current supply of raw materials for
wood industries like pulpwood, plywood,
furniture, and biomass energy in the
country is far behind the demand. Shortage
of timber supply will lead to downfall in
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domestic and international markets in term
of industrial requirement. In addition, the
available forest resources are scarce &
thus, will lead to increasing economic
pressure on forest which will further lead
to exploitation of forest resources.The use
of fast growing, elite trees with short
rotation ageallows early harvest and so it
helps to improve vyield. However,
considering the acute shortage of suitable
raw material, the industries must focus on
establishment of plantation of such species
to achieve maximum yield within a short
rotation period. Melia dubia can be
considered the promising species looking
such factors. In addition to the commercial
industrial importance, this species helps in
environmental amelioration by checking
gas emission into the atmosphere as the
trees are naturally endowed to absorb
maximum CO,. (Warrier, 2014)

The wood of Melia dubia is used
commercially in the pulp and plywood
industries (Parthiban et al., 2009). The
wood is also used in the manufacture of
packaging cases, matchsticks, photo
frames, pencils, small furniture, interior
windows and panels, cigar boxes,
construction purposes, ceiling planks of
agricultural implements and in packing
boxes, etc. Melia dubia is a cash earning
tree for growers. Agricultural expert
working on Melia dubiaalso reported that
farmers can get a return of Rs 12 lakh per
acre after eight years. At the same time,
they can sow other fruits, vegetables,
medicinal plants, or fodder between these
trees, since the distance between them is at
least 10 feet. Its peeling properties also
help to obtain the best veneers for the
plywood industry (Kiran et al., 2022).

Marimuthu et al., (2015) reported that
wood is preferentially used in packaging
boxes, cigar boxes, ceiling boards,
construction purposes, agricultural
implements, pencils, match boxes, splints,
ship supports, musical instruments, tea
boxes and plywood. It is good firewood
with a calorific value of 5,043 - 5176
cal./kg. A study was conducted to evaluate
the growth and yield of Melia dubia using
an RBD design with 10 treatments.
Significant differences were observed in
growth attributes such as tree height (m),
girth at breast height (GBH) (cm) and
stand volume (m3 ha-1 tree-1 or ha-1) and
biomass (kg tree-1 or t ha -1), during
Sorghum Sudan Grass (SSG)
intercropping (July 2019) and final SSG
forage harvest (November 2019), between
forest pasture (T1 to T5) and salt
plantation (T6 to T10) systems, the
increase in growth and yield characteristics
in the SSG intercrop period differed
significantly. At the end of the SSG
harvest experiment, the M. dubia (4 x 2 m)
SSG system was higher in production per
tree, biomass, and volume and biomass
gain. Conversely, growth and yield
variables per hectare were recorded for a
single plantation of M. dubia (3 x 2 m).
They concluded that SSG intercropping in
M. dubia plantations could increase the
growth and yield of M. dubia (Prajapati et
al., 2020). Currently, its papermaking
potential is becoming the subject of
interest for researchers. The research
related to Melia dubia has attracted many
scientists for its applicability and future
thrust in various aspects.

Conclusion

The information available and various
research trials as well as projects on Melia
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dubia (Malabar Neem) have shown its
versatility & suitability as a sustainable
raw material for plywood, panel & paper
manufacturing. Increased pressure on
commercial timber like Teak & Shisham
can only be decreased by introducing such
fast-growing species for wood industries.
Southern part of India is motivating the
farmers to introduce Melia dubia as an
agroforestry model and utilise it to
produce MDF, Particle Boards and other
timber products. In last few years, various
plywood manufacturers in South India
have started using Melia dubia as core and
face veneer purpose in  plywood
manufacture, although the adoption is
taking time but this wood species is
beneficial for the farmers & wood
industrialist in every extent.
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Abstract

Forest engineering, an important aspect in
forestry, is the application of engineering
principles to the design, construction, and
maintenance of infrastructure in forests.
This includes forest roads, bridges, trails,
buildings, and other structures. Forest
engineers must consider a variety of
factors when designing and constructing
forest infrastructure, including the
environmental  impacts, the  cost-
effectiveness, and the safety of the
structures. It plays a vital role in the
development of infrastructure within
forested areas, encompassing the design
and construction of forest roads, bridges,
and trails. This field aims to strike a
balance between meeting human access
and resource utilization needs while
minimizing environmental impacts and
ensuring  cost-effective  solutions. By
considering the ecological footprint of
these projects, forest engineers aim to
harmonize human activities with the
preservation of forest ecosystems. This
abstract explores the significance of forest
engineering in infrastructure development,
highlighting the integration of
environmental considerations and cost-
effective approaches.
Keywords: Forest
environmental impact,
footprint, forest ecosystems
Introduction

engineering,
ecological

Forest engineering plays a crucial role in
the design and  construction  of
infrastructure within forested areas. This
discipline  focuses on  developing
sustainable solutions for forest roads,
bridges, and trails while considering the
environmental impact  and cost-
effectiveness of these projects. By
balancing the needs of human access and
resource utilization with the preservation
of forest ecosystems, forest engineering
strives to create harmonious coexistence
between human activities and nature.
Forest infrastructure is essential for a
variety of purposes, including:

Forest management

Forest roads and trails are essential for the
transportation of timber, equipment, and
personnel in forests. They are also used for
fire suppression, wildlife management, and
recreation.

Sustainable development

Forest infrastructure can help to promote
sustainable development by providing
access to forests for economic activities,
such as timber harvesting and ecotourism.
Environmental protection

Forest infrastructure can also help to
protect the environment by providing
access to forests for monitoring and
research.

Forest engineering is a complex and
challenging field, but it is also a rewarding
one. Following are the various measures
where forest engineering works in the field
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of sustainable forestry and environment
protection:

Forest Roads

Forest roads are essential for accessing
remote areas within forests for various
purposes such as timber extraction, forest
management, and recreational activities.
However, the construction and
maintenance of forest roads can have
significant environmental impacts. Forest
engineers must carefully plan road
networks to minimize their ecological
footprint. This includes considerations
such as minimizing soil erosion, protecting
water quality through proper drainage
systems, and  mitigating  wildlife
disturbances through wildlife crossings
and buffers.

Bridges

Bridges in forested areas serve as vital
infrastructure for crossing rivers, streams,
and other natural obstacles. Forest
engineers face the challenge of
constructing bridges that are structurally
sound while minimizing their impact on
aquatic ecosystems and preserving natural
water flows. Innovative designs, such as
clear-span bridges, can reduce the need for
piers and minimize disturbance to the
streambed and aquatic habitats.
Additionally, the wuse of sustainable
materials and construction techniques can

further  enhance the environmental
performance of forest bridges.

Trails

Trails provide opportunities for

recreational activities, such as hiking,
biking, and wildlife observation, while
allowing visitors to experience the beauty
of forested landscapes. Forest engineers
must consider the principles of sustainable
trail design to minimize erosion, protect
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sensitive habitats, and maintain the
aesthetic value of the surrounding

environment. Techniques such as proper
trail alignment, erosion control measures,
and the use of durable and low-impact trail
materials can help preserve the ecological
integrity of the forest while ensuring
visitor safety and enjoyment.
Environmental Impact Assessment

One of the most important considerations
in forest engineering is the environmental
impact  of infrastructure. Forest
engineering projects require thorough
environmental impact assessments to
identify potential risks and develop
mitigation measures. These assessments
involve evaluating the potential impacts on
soil, water quality, biodiversity, and
cultural heritage. Forest engineers work in
collaboration with ecologists, hydrologists,
and other experts to ensure that the
infrastructure development plans adhere to
environmental  regulations and  best
practices.

Cost-effective solutions

While considering environmental impact,
forest engineers must also find cost-
effective  solutions for infrastructure
development. This involves optimizing
designs, construction methods, and
materials to achieve the desired objectives
without unnecessary expenses.
Implementing sustainable practices, such

as using locally sourced materials,
incorporating recycled materials, and
employing efficient construction

techniques, can help reduce costs while
minimizing environmental impact.
Conclusion

Forest engineering and infrastructure
development are essential for accessing
forest  resources, managing forests
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sustainably, and providing recreational
opportunities. By  considering  the
environmental impact and cost-effective
solutions, forest engineers can ensure that
these projects coexist with the natural
environment. Through innovative designs,
comprehensive environmental
assessments, and sustainable practices,
responsible forest infrastructure
development can be achieved, benefiting
both society and the environment.
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TFId HLA AT TAT ARG H UF Fgd wl
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UF Aqfed TA7 9= Iuaq g1 9T,
SO, 9Tede, 94, seMeET, s,
foree, STHHT, Seat, ATSTe, =TT, Tl ot
et "feq ¥ o & ofex Suas ffua g
e F gt Tty aepas Gfa-famst
s fafet g wxfera €1 oieq ¥ 3uad
oy AfF TRt ST uferrs wEre H
Hfed g1 qfe ITaT gHad: T AT |
ST ITH ST ASIATSAT 6 ATeAH § T AE
H AT AT T a8 § A= geaqei T |
qh gl Tfas ITa9 A9 Al & FHI
T T | & AT o fafeaear i

UF TG GTh, qTHTR AT FiERidh
oo &1 @faa T@d U agsT @i
THA & AT TH GG A HE A g
AATT I, T ITa a9 7 9T U216
g & S TE 99T R 41HT

ATEAT o HTT T g1 81 TTEhT (1996)

+ A v fafere o= 7 9eT "9, s
AT T STEAT ST IHF AT {AF T 6
FEATT 21 T &F TATHT AT TEFd o I
2T g1 T e IUa AT | TSt F T9g
T UF U | AHT 100 THFAT TF & & §
Tl BT TR gl qTa= ITAAT o aeqrd il
AT AAT % ALHTEY oA & HA Tl
ST Aol F7T T FH | HF AT geaerd
& IO BT gl HISET HeATT &l Aot
Feh 3T Ivg ATIAT GofT SohY afa o IqaA|
ST oTfRafas waret F d=w g a
TEAT Ve ¥ T@-v@rd ohar ST Teha

EIRIEERCEEL IS ECIR I EC LI R I p L

F forT adeqor F U F FY H FH FT
T g FAIh o ATRAdd Tad @ AT oo
T ¥ g3 gl wa | Sa fEfaeEr
gfgfFaa 2002, SeiE (ST
gfgfFag) 1972, 3fir 9O A=

gfafaaw 1927 F gt & =z fafore
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S fafgar gieetiz ¥ @aw ¥ fm
FIAT AT T&TF T ST THAT g1 TTATT H

argEAEFRr, SRR, Fed
ATARAIT T a9 HATEAT FT FEITNT it
T = gfeT IYaHl % Jfeded IT =a<T ST
T2 g Tt SUEHl F godi & a1 # A
TN STNTEE FXd g4 =9 TTHIdd @ &l
a<faa fom s =R e oo
FAE | T FAT H7 FAOT T ITHT
FAATAT TALTF &

gfa=r SuaHt &1 faea st Rufa

T | gfes Sua= ey Togt #§ 97T S
gl & T ATIT % AqE Trg (aAree
T A9 | ST S1a7 8 9, B
TR | T A, ST TR ST A Tao |
gfe=ae, ey & aiew, Fies ¥ 29

Fg, OOd H AEHS], gdEaE "

ATAR[ET, HeT Y9 § SR0T/Iaahle, Arfser

H ST, AT § q@ere/dd, 9| S |

TRHIA/EA, qHadrg § STy o
TATR| 297 | qfe= Suaet &t gt qJe
Sl & & A Fgad A q1e7 g Fh
TS AT H AT ATTH ATAT Al ThaT
TAT 81 a9 2021 H qATELT GIAAT TOITAT
(TATETOT a9 T FTAAg Taad §919)
FRT THRIAT TF ROE & e araT
10359 Tfa=T ITAAT T FEATASHRLOT FohAT

T g, oA aTedtas HedT TEE Fal
At gl =9 RO F aqa 78y
(2820) * T FATEH (1476) H TaH
afer o ffgw § Faer 16 afas suas
A=M gl gIaith, UF o+ ATAME &
AET I97 | AT A §eqr 1,00,000 &

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



Van Sangyan (ISSN 2395 - 468X)

1,50,000 @ BT Tt g| TT= ITAAT T
AR TH UL o & | o7 100 gFAT T
AT & T 21 TahdT 2

gt ST T &

gfes IUEAl F g% TEYT FT UH A«T

g™ & ST ST 3l I7 e
et g T T 21 JfE ¥ swE

TqTETT gty gerad (@ d.eme) Fir aofy
H ATd g, IACT 39 FAHA (ITaAT &
ATfer I §) 3T FAT Rofa &7 ST
AqFTF gl Ag A" el it ofa &
e T AT & H TATEAT FLAd AT
TE i fEdaE J@t i a3 gae
FLAT gl TATMHA o AT 9T, Ifa= ITa=t
FT T ITH TG (TATIT [T AT /
TITH T Y& qHAAT), 26, a9 aamr
g 9E g BT sar g1 gt
et o RET T F gEaeT i e,
faet sir FfF=mr &1 [gir (e
Tf2ar), Seoum F forw 4 9 Bt &
ey ¥ A yaee afutaat g o
ST Bl

qfas SYaw & TR TS ATH AT
LER I REL:

o IUad H fHHT UT AT FleAT U
et oft w1 TEEE agET
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o 3UAA H fRuq TR-Taar ¥ Afew #
ST & 98 S[d, 99 AT ThE H

T s AT FTHIF o T AT ¢

o AT WY STaT 7§ fF =fX A of
=f<h 3999 H g ST Srar
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I Tg=ATaT @ a7 "aterd gt aadr
AT B AT g i 9T ¥ ad
2l
T T [FEW0T & MY 92 I Iqa|
F A w9 ¥ FEfofaga o= Ao+
T 3T AT 8
o U Ul 3UaH
o HfvaT AT TFEATT & Iy Rua
SICERCEEL]
o A T & srauTe Fua ufas
3T
TAEATT F ST TS IUAT HTAT

ghewam, maret (R.w.), atee =MW afa=
S9ad, o (B..), AmaT oo 3@t Fewr

(), FAAET =oFe (3.9.), 987 a9
& SIE qaar1 § 40 T i g 9w Fafa
AT ATRET AivaT ITa, =ehRe s 0
gfe SYaq  (AfEw S ), SATREd
(Fraen), =g fam Geftr, s
(FETA) TATH T AHITAT ST T8 6§
SFE AR 2

Sa fafagar dwaor § afes Iga«t &
C\LED

TS § qfa= ITFAT il AgeadT AT gl

At Affgar @ a= Sfat #
AT o WU I8 % &9 § qAT 9935
i simefir dfel ua g, "@9e e,
T, AT &0 | I 9rel o §eqo
oq TS SYEHl w OgHTY HETST § UH
st = gl

qfas IUad &= Hl gEH S@ary, el
TUF T, ST TAT ART 6 GTHE 3T
qiepfas BAad i G20 I8 #79T F
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AT g8 g aTi et Jard oe &
e, THET o qT=T 7 HTE0r AT Ao
ff YEE Fd gl TEH T AT
TATEAT & §20 & fou saag |99
(IUCN) % steaia faf¥er ot § g=iaa
qrgr AT TgATT IAEAOT & U g,
T, T T =T F JEamT 9T ua
F Strat i TSt St =9 ates A |
qTE ST 2

e

AT ¥ agd ATF §&dT | qfa 3949 §
ST o3 2 fafee et s arfes
HTEIATsll % HIE0T S fafaear dveqor §

AEaqur qfHwT g 81 eE & s
WY 9T TA IUAAl F gagw U
eS0T & o0 uw ugd  oed
qEeTS gl Tt feufa # g F form
T ITAAT % HIT T AT T aTod
AT AR & fFa| § 9q #F

ATFLTFHAT g, AT alHehleTh TLE0T AT
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T 9T TRAT ST "R 99 IuaHl & 39
TAC T FIAAT AT i o AqaeT=har g

S o gesiia geror sfafaay, 1972 &
Teq ATHETH® R =Jifud Her a7 S5ig
fafaear stferfa=m, 2002 & a7 35 &
Tgd o fAfeear =« & &9 o
afegi~a #A1, TAmel OTRedtas

AT o AT (FrEuw) #i 9 sFgmen
q qfa= ITaAl 7 TIGT FIA AT I
F TR HEIT1 7 A< |agmar ye=
&1 ST FHRAT g =k T ITAT g A
g T A Aty ¥ wferg B ww g,
i Searg afads werew & oo
wfafafer waet % &= § o 94t ST §
ATAT ST qHAT gl T STAAT & T,
HTATIS, HTEp(d®, ST, s 9
Stfa Tgca &1 a@d gF AT /A0 AT
STTHET AT Sa9TF g
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