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From the Editor’s desk

A large amount of artificial fertilizers are used toreplenish soil N and P. resulting in high cost and
increased envirommental pollution. This indiscriminate use of chemical fertilizers can be reduced by
applying eco-friendly biofertilizers such as plant growth-promoting rhizobacteria (PGPR)

Facteria that colonize plant roots and promote plant growth are referred to as plant growth-
promoting rhizobacteria. Acinetobacter, Aeromonas, Agrobacterium, Allorfizobium, Arthrobacter,
Azoarcus,  Azorhizobium, ~ Azospirillm, - Azotobacter,  Racilus,  Bradyrhizobium, — Burkholderia,
Laulobacter. Lhromobacterium, Delftia, Fnterobacter. Flavobacterivm, Frankia, bluconacetobacter,
Klebsiells, Mesorfizobivm, Micrococcus, Paenibacillus, Pantoea, Pseudomonas, Rhizobivm, Serratia,
Streptomyces, and Thiobacillus are the most reported bacteria genera that have been applied as

PLEPR-based biofertilizer

The mechanism by which PGPR exerts their beneficial effect on plants can be very diverse. Mastly, their effects can occur via
local antagonism to soil-borne pathagens or by induction of systemic resistance against pathogens throughout the entire plant
Both types of induced resistance render uninfected plant parts more resistant to pathogens in several plant species. Resistance-
inducing and antagomistic rhizobacteria might be useful in formulating new inoculants with combinations of different mechanisms
of action, leading to a more efficient use for bigcontrol strategies to imprave cropping Systems

In line with the above this issue of Van Sangyan containsanarticle onFlant growth promoting rhizobacteria - A safer alternative to
chemical fertilzers. here are also useful articles vizAgroforestry systems of West Rengal Silviculture strategies- An evalving
tool in farest stands, An insight into the major multipurpase trees of northwestern Himalaya, An averview of blue gold - Indigofera

tinctoria, @YOT BIVGIITPB] B3HATT TETANT G& and NZT U TEITFIN TIHTNT

[ hope that readers would find maximum infarmation in this issue refevant and valuable to the sustainable management of forests.
Van Sangyan welcames articles, views and gueries on various such issues in the field of forest science.

Looking farward to meet you all through fartheoming issues
Dr. Naseer Mohammad

Chief Editor
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Plant growth promoting rhizobacteria - A safer alternative to
chemical fertilizers

Vipula Vyas*, Varsha Giri, Tanmaya Kumar Bhoi and Sangeeta Singh

Arid Forest Research Institute
(Indian Council of Forestry Research & Education, Ministry of Environment, Forests and Climate Change, Govt. of India)

Jodhpur, Rajasthan (342 005), India
Email: vipulavyasll@gmail.com

Abstract

Plant  growth-promoting  rhizobacteria
(PGPR) are rhizosphere microorganisms that
can improve plant growth through a number
of  different  mechanisms, including
phosphate  solubilization,  siderophore
production, biological nitrogen fixation,
rhizosphere engineering, production of 1-
Aminocyclopropane-1-carboxylate
deaminase (ACC), interference with quorum
sensing (QS) signalling and inhibition of
biofilm formation. A fundamental problem
today is meeting the rising demand for crop
output while significantly reducing the
usage of synthetic chemical fertilisers and
pesticides. By promoting plant development,
the usage of PGPR has been shown to be an
environmentally responsible way to increase
agricultural yields. Since the wuse of
pesticides and fertilisers in agricultural
fields has reduced soil fertility and quality, it
is nearly impossible to expand agricultural
land with rich soil, so researchers and
scientists have focused their attention on
more productive and safe agricultural
techniques. Rhizobacteria that promote plant
growth (PGPR) have been acting as a co-
evolution of microbes and plants, displaying
antagonistic and cooperative relationships
with soil microbes.

Keywords: PGPR, Rhizobacteria,
Biofertilizer

Introduction

The word “sustainable food production” has
been an echoing phrase among policy
makers, relevant national agencies and
international organizations over the past
decades. This has become ultimately one of
the world most fundamental need to curb
food insecurity amidst rising human
population. Within the last century, man has
gradually been faced with the greatest
challenge of all time (food insecurity),
which has potential of possible looming
consequences on the entire human race.
Overcoming this confront also will not be an
easy task as there has been so much pressure
on the natural ecosystem. The use of
synthesized agro chemicals/fertilizer has
been a point of discuss in public domain in
the time past. Though their advantages tend
to be immediate, they still present a lasting
environmental and public health threat to
man through possible entrance of heavy
metals via the food chain, death of soil
biotic life, environmental deterioration and
degradation and alteration or damage of soil
structure.  Since  the inception  of
microbiological research, only about 1% of
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the estimated number of microorganisms has
so far been identified. To combat food
insecurity through agrobiology, there is need
to pay stern attention on the engineering of
beneficial microorganisms’ resident in the
soil that has been ascribed with potentials of
mitigating  associated  difficulties in
agricultural practices.

Rhizobacteria and microflora of soil
Bacteria fund over 95% of the soil microbial
activities and are also dominant in abundant.
This is as aresult of their fast proliferation
and ability to utilize a range of nitrogen and
carbon source as energy. Microbial structure
of the bulk soil flora and rhizobacteria
differs with the plant developmental stage,
specie type and soil property. Some of the
interactions that occur within therhizosphere
and the rhizospheric bulk soil can be said
tobe neutral, synergistic or antagonistic. The
participating genera involved in harmful
interaction tend to workagainst the plant
growth, exerting effects in the form of
phytopathogen while the beneficial once
enhances growth with ability to support
nutritional provision.

Plant growth promoting rhizobacteria
(PGPR)

PGPR was first proposed by Kloepperet al.
(1980). Recently, it has been used to include
wide range ofrhizobacteria (Alcaligenes,
Pseudomonas,  Azospirillum,  Bacillus,
Klebsiella, = Azotobacter,  Enterobacter,
Burkholderia, Arthrobacter and Serratia)
that improves plant growth through different
mechanisms. PGPR exhibit a special role by
hindering plant infestation with disease,
increase nutrient absorption, enhance root
and shoot formation, improve seed

germination and making the plant more to
lerant to most environmental stress.
Interestingly, these organisms have been
accrued with fascinating roles ranging from
enhanced nitrogen fixation through nodule
formation, solubilization of phosphates,
production of  phytohormones  such
gibberellins, siderophores, indole acetic acid
and serving as low molecular weight agents
that modulate plantgrowth and development
(Kenneth, 2017).

Role of plant growth promoting
rhizobacteria for plant growth
enhancement

PGPR plays an important role in enhancing
plant growth through a wide variety of
mechanisms. The mode of action of PGPR
that promotes plant growth includes (i)
abiotic stress tolerance in plants; (ii) nutrient
fixation for easy uptake by plant; (iii) plant
growth regulators; (iv) the production of
siderophores; (v) the production of volatile
organic compounds; and (vi) the production
of protection enzyme such as chitinase,
glucanase, and ACC-deaminase for the
prevention of plant diseases. However, the
mode of action of different PGPR varies
depending on the type of host plants (Deyet
al.2004).

Abiotic stress tolerance in plants

Abiotic stresses are considered to be the
main sources of agricultural yield reduction.
However, the intensity of abiotic stress
varies depending on the type of soils
(deficiency of hormonal and nutritional
imbalances) and plant factors (physiological
disorders such as being susceptible to
diseases, abscission, etc.).

Nutrient availability for plant uptake
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PGPR has the ability to increase the
availability of nutrient concentration in the
rhizosphere by fixing nutrients, thus
preventing them from leaching out. As an
example, nitrogen, which is needed for the
synthesis of amino acids and proteins, is the
most limiting nutrient for plants. The
mechanisms by which atmospheric nitrogen
is added into organic forms that can be
assimilated by plants are exclusive to
prokaryotes. A rare example of a free-living
nitrogen-fixing organism is Azospirillum,
often associated with cereals in temperate
zones and also reported to be able to
improve rice crop yields. Some PGPR have
the ability to solubilize phosphate, resulting
in an increased availability of phosphate
ions in the soil, which can be easily taken up
by the plants.

Plant growth regulators

These plant growth regulators, also termed
plant exogenous hormones, are synthetic
substances that are similar to natural plant
hormones. They are used to regulate the
growth of plants and are important measures
for boosting agricultural production. One of
the terms for the prominent modes of action
for growth promotion by PGPR is
phytostimulator, or plant growth regulator.
This is defined as microorganisms that have
the ability to produce or alter the
concentration of growth regulators such as
IAA, GA, cytokinins, and ethylene. The
mechanism that is being projected is the
production of  phytohormones (plant
hormones) such as auxins, cytokinins, and
GA. Phytohormones are organic substances
found in extremely low amounts that exert
influence on the biochemical, physiological,

and morphological processes in plants; their
synthesis is smoothly regulated.
Phytohormones that are not naturally
synthesized by the plants but are synthesized
exogenously by natural and synthetic means
are known as plant growth regulators.
Production of siderophores

Siderophores are low molecular weight iron
binding protein compounds involved in the
process of chelating ferric iron (Fe (iii))
from the environment. When Fe is limited,
microbial siderophores provide plants with
Fe, enhancing their growth. Plants sequester
iron by utilizing siderophores secreted by
the mentioned PGPR.

Production of volatile organic compound
Volatile organic compounds (VOCs)
produced by plant growth promoting
rhizobacteria (PGPR) are heavily involved
in improving plant growth and induce
systemic  resistance  (ISR)  towards
pathogens. Several bacterial species, from
diverse  genera including  Bacillus,
Pseudomonas, Serratia, Arthrobacter,
and Stenotrophomonas, produce VOCs
that influence plant growth. Acetoin and 2,3-
butanediol synthesized by Bacillus are the
best known of these compounds and are
responsible for significant improvements in
plant growth.

Production of enzymes

In terms of PGPR producing protection
enzymes, the mode of action could be
labeled that of biopesticides: PGPR promote
plant growth through the control of
phytopathogenic agents, primarily for the
production of metabolites contributing to the
antibiosis and antifungal properties used as
defense systems. The mechanism would
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involve the production of hydrolytic
enzymes, of which two examples are
chitinase and glucanase. Major fungal cell
wall components are made up of chitin and

Nitrogen fixation

Solubilization of
phosphorous ~

Nutrient
availability

Production of &
phytohormones

Direct plant growth promoting mechanisms

Plant growth

beta-glucan, thus chitinases and beta-
glucanases producing bacteria would inhibit
fungal growth.

Induced Systemic
v resistance

, Antibiotic
production

. Competition of
nutrients

* Parasitism and
predation

Indirect plant growth promoting mechanisms

Fig.1: Mechanisms of Action of PGPRs

Conclusion

Biofertilizer is becoming a crucial aspect
of organic farming and a major player for
the economy and for general agricultural
production on a global scale. Biofertilizers
can be defined as products that contain
living microorganisms; when applied to
seeds, plant surfaces, or soil, they colonize
the rhizosphere or interior of the plant,
and promote plant growth by increasing
the supply or availability of primary
nutrients to the host plant. PGPR can be
classified as biofertilizers when they act
as a plant nourishment and enrichment
source that would replenish or
reconstruct the nutrient cycle between

the soil, plant roots, and microorganisms
present. The catch here is whether the
“living” biofertilizers used could be self-
sustaining or would need to be re-applied
to soil on a continual basis, and also
whether  excessive  usage  would
destabilize the microorganism interaction
in the soil.
References
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Agroforestry systems of West Bengal

Sajitha Siril*and Sarath S?

Uttar Banga Krishi Viswavidyalaya
Pundibari, West Bengal
?Institute of Wood Science and Technology
Bengaluru, Karnataka
Email: sajithasirildas@gmail.com

The agroforestry concept is evolving by
highlighting its potential in the concurrent
period where scientists, policymakers, and
people strive to find solutions for food
security concerns without causing land
degradation, climate change, and
biodiversity loss. Agroforestry lies close to
forests in sustainability and ecosystem
services without affecting the economic
output much. Concomitantly, traditional
monoculture practises focus on production
despite the threats to the ecosystem. Even
though  agroforestry  increases  the
complexity of the farm unit by incorporating
multiple ~ components  (trees,  crops,
livestock), it also provides economic, social,
and ecological benefits.

Agroforestry, well recognised in the
agricultural research field for the past two
and a half decades, is promoted as a
sustainability-enhancing practise worldwide.
The scope of agroforestry practises is not

only limited to agricultural lands but also
extends to degraded lands. Trees, one of the
main components of agroforestry, nourish
the soil and adapt the areas cultivable.
Conserving natural resources is one of the
main objectives of agroforestry (Figurel).
Trees selected for an agroforestry system
should possess multiple benefits and
encourage the surrounding intercrops
(Figure 2). Hence, agroforestry uplifts the
socio-economic profile of farmers by
doubling their income. In addition, the
agroforestry systems sequester biomass and
soil carbon with carbon stock values
comparable to those of natural forests and
plantations. Therefore, agroforestry can be
recommended as an apt land use and land
management strategy at the local, regional
and national levels to reduce carbon dioxide
emissions combined with nutritious food
provision.
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Fig. 1: Ecological role of Agroforestry Systems
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Fig. 2: Essential qualities of trees required in agroforestry systems (Selvan and Kumar, 2017;
Saha et al., 2021)
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Agroforestry in West Bengal
Agroforestry systems and practices vary in
structure, composition, economic worth and
dependency between places and cultures.
West Bengal, a state in the eastern part of
India, is divided into Gangetic or alluvial
zones, terai, northern hills and red and
laterite regions, with peculiar agroforestry
systems in each zone.
In the Gangetic areas of West Bengal,
people widely accepted the potential of
agroforestry for its provisional services and
protective uses. Trees were plantedto
demarcateboundaries in agricultural fields of
these areas. The dominant agroforestry
systems of this zone are documented by
Dhara et al. (2016) as follows:

e Agri-silviculture (Trees+ Crops)

e Agri-horticulture  (Fruit  trees+

Crops)
e Agri-horti-silviculture (Trees+ Fruit
trees+ Crops)

Crops

Ginger

Forest trees
—
Anthocephalus cadamba
Dysoxylum binectiferum
Acacia auriculiformis

Eucalyptus tereticornis
Tectona grandis

Rice, Maize, Sesame, Mustard,
Lentil, Linseed, Pointed guard,
Cauliflower, Potato, Pea, Tomato,
Elephant foot yam, Bottle guard,
Colocasia, Okra, Brinjal,
Cucumber, Turmeric, Coriander,

Gmelina arborea \

e Horti-agriculture  (Fruit  trees+
Vegetables)
e Boundary plantation (Trees on
boundary+ Crops)
e Silvi-apiculture (Trees+ Honeybee)
e Horti-apiculture (Fruit trees+
Honeybee)
e Aqua-forestry (Fish+ Tree)
e Homestead gardens (Combination of
trees, fruit trees, vegetables etc.)
The list of species encountered during the
survey of agroforestry systems by Dhara et
al. (2016) is represented in Figure 3. Mango,
Guava, Ber and Litchi are the main fruit
trees preferred by people, but lack of
knowledge and technology hinders the
proper maintenance of agroforestry systems
in these regions. More research should be
encouraged regarding species selection and
management aspects.

Fruit trees

Mango
Ber

Guava
Litchi
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Red and laterite zones of West Bengal face
severe water scarcity. For efficient water
use, the Agri-Silvi-Horti  agroforestry
models proved beneficial. In such systems,
multifunctional trees (such as Gmelina
arborea and Eucalyptus species), fruit trees
(such as Mangifera indica), and arable crops
are all included (Ground nut and Maize). In
terms of economic returns, Sharma et al.
(2017)'s study showed that mango-based
agroforestry systems were preferable to
mono-cropping  systems, especially in
rainfed environments. However, there is an
indirect proportionality between the age of
trees and the yield of arable crops. Hence, in
fruit-based agroforestry systems, short-
rotation arable crops are more suitable.
Mango-based agroforestry systems with
Dysoxylum binectariferum and pigeon pea
showed enhanced production and soil
improvement without compromising mango
yields (Murmu et al., 2017). Agroforestry
systems based on Eucalyptus were also
documented in  West Bengal, with
Eucalyptus tereticornis serving as the main
species (Saha et al., 2021).

Multi-tier crop models with nitrogen-fixing
Acacia sp. (mostly Acacia auriculiformis-
which grows in degraded areas) and guava
(Psidium guajava) or sweet orange (Citrus
sinensis) are also preferred in the red and
laterite zones (Banerjee and Dhara, 2011).
The wider spacing also allows farmers to
grow intercrops, especially black gram,
ground nut, cowpea and bottle guard. The
Agri-Horti-Silvicultural ~ system  delivers
multiple benefits such as timber, fuelwood,
food, manure and fodder.

Bamboo-based agroforestry systems were
also found effective in the red and laterite
zones (western part) of West Bengal
which comprises bamboos, fast-growing
species with high mean annual increment
and cultural utility, and agricultural crops.
Bambusa balcooa and Bambusa tulda are
integrated with other agricultural crops:
lady’s finger, elephant foot yam, bottle
gourd, groundnut, pigeon pea, Ccowpea,
colocasia, turmeric and even paddy in
upland areas (Banerjee et al., 2009). In such
integrated systems, bamboo produces more
than just plantations. Along with creating
jobs, it guarantees livelihoods and food
security. Moreover, the role of bamboo in
purifying air through supplementing oxygen
and improving soil is well accepted by the
scientific  community.  Bamboos are
recommended over other tree species in
agroforestry because of their shorterharvest
time, high growth rate and high demand as
raw materials and building accessories.

Another characteristic agroforestry system
in  West Bengal is homegardens
(agrosilvopastoral — agroforestry  practice)
managed by indigenous and rural people and
is acknowledged forits high species
diversity,  stratification and  carbon
sequestration potential. In  homegardens,
trees, shrubs, herbs, palms, bamboo,
climbers and creepers are integrated into
limited space and provide maximum year-
round economic and ecological provisions.
The hilly and terai regions of West Bengal
have traditional homegardens, especially in
the Darjeeling and Kalimpong areas.
Homegarden agroforestry systems inthese
areas play a crucial role in preventing soil

" 4 © Published by Tropical Forest Research Institute, Jabalpur, MP, India 9



Van Sangyan (ISSN 2395 - 468X)

Vol. 10, No. 1,

Issue: January 2023

erosion and utilising the undulating terrain
for cultivating valuable species.

Along with homegardens, in the terai
regions of West Bengal, the silvi-
horticultural system shows dominance with
Bischofia javanica, Elaeocarpus floribundus,
Swietenia macrophylla and Cinnamomum
zeylanicum as principal species (Dey and
Panda, 2020). In northern West Bengal, the
mahogany (Swietenia mahagoni)- based
horti-silviculture system was successfully
practised with chillies (Capsicum annuum)
(Datta and Dey, 2009).

Tea gardens with scattered trees for shade
purposes are another typical example of an
agroforestry system in the northern part of
West Bengal. The abundant shade trees in
sub-Himalayan tea gardens are Albizia
chinensis, Albizia lebbeck, Albizia procera,
Senna siamea, Cassia fistula, Dalbergia
sericea, Dalbergia sissoo, Melia azedarach
and Trema orientalis (Chowdhury et al.,
2015).

Drier zones of West Bengal, where chances
of massive crop failure are high due to
erratic rainfall, have high practical utility for
agroforestry. However, the lack of formation
of suitable models particular to the location
hinders the agroforestry systems from
expanding. On the other hand, while
choosing agroforestry components of a
region, market demand, cultural utility,
adaptability and importance of the species
should be taken into consideration.
Therefore, to increase the yield and stability
of such agroforestry systems, thorough
research with location-specific analyses is
required.

Conclusion
Agroforestry practices have extensive utility
among people because of their sustainable
benefits. In West Bengal, agriculture and
forestry are combined by aligning trees and
crops in such a way that gives maximum
economic and ecological output. Several
agroforestry systems have become well
established in West Bengal, which include
Agri-Horti-silviculture, boundary
plantations, homegardens, bamboo-based
systems and tea gardens. But still, there are
regions where well-adapted technology and
models haven't reached. Identifying and
documenting agroforestry systems where
studies are rare should be incorporated into
future research. Even though agroforestry
has national acceptance, in West Bengal,
policy-level implementation activities are
still lacking. Hence, better awareness and
people's participation will further enhance
the scope and opportunities of agroforestry
in West Bengal.
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The growth of human civilization has been
significantly influenced by forests. They
have given us food, wood, shelter, and fuel.
The burden on forest resources has grown as
human populations have increased, which
has resulted in overexploitation and
degradation of forests all over the world.
However, as the amount of forest resources
decreased management strategies emerged
that made it possible to use the resources
more sustainably. The most efficient of
these techniques were developed and
improved through silvicultural strategies that
are often used.Silviculture is the art and
science of controlling the harvest,
establishment, growth, composition, and
quality of forest vegetation for the full range
of forest resource objectives. Successful
silviculture depends on clearly defined
management objectives. However,
silviculture is often confused with managing
stands and forests purely for timber.
Remember that silviculture is also used to

manage forests for wildlife, water,
recreation, aesthetics, or any combination of
these or other forest uses.

Silvicultural ~ planning  must  include
managing forests for adaptation to new
conditions by encouraging a forest's
resistance to change, resilience in the face of
change and response options that ease a
forest's transition to new circumstances. It
can require taking steps to maintain or
restore the compositional, structural, and
functional variety of stands. It accounts
variables such as ecosystem structure,
current and potential range of variation in
stand composition, history of disturbance or
suppression of disturbance, and stand
development dynamics over time that could
affect a forest stand's potential response to
manipulation. It considers the habitat
compatibility for alien invasive species,
which must be controlled, as well as
threatened or endangered species, which
must be safeguarded.
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Fig 1: Stand Development stages showing forest recovery phases

Species components

The management of many dense forests and
changes in disturbance regimes hasaltered
the species composition, reducing certain
species that were well adapted to the
previous range of variation and increasing
others those were poorly adapted. It could
take decades for the effects of climate
change to become apparent. The species and
populations that developed on the area for
the time being, make up those plant
communities that are most adapted to
transitional climate extremes. A plausible
goal for silvicultural intervention is to
restore species that have been eradicated as
a result of changes in land use, management
methods, or exclusion by invading species.
It is best to restore community composition
before significant climatic changes take
place, while there is still a good match
between the current site conditions and the
species’ potential for adaptation.A major
issue is the degree to which current seasonal

patterns of growth and development will
remain synchronized in the face of rapidly
changing and increasingly variable weather
and climate patterns. For example, if pollen
dispersal occurs out of synchrony with
flower receptivity, then decreased seed
production may limit natural regeneration
for seed-regenerating species.

Density management

It may be possible to effectively reduce
stressors connected to the climate by
managing density based on traits specifically
related to site  resource  demand.
Silviculturists have long understood the
benefits of thinning and other vegetation-
manipulation techniques for preserving a
balanced  relationship  between  the
availability and wuse of site resources.
Traditional thinning frequently aims to
increase stand productivity and concentrates
on redistributing site resources from a high
number of small, undesirable trees to a
smaller number of larger, more desirable
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trees. Silvicultural thinning is a powerful
tool that can be used to influence stand
development, stand stability, and the
characteristics of the harvestable products.

D C*'!p Cr*pi*tCc pD!*cCi'pD!'! CtID

UNTHINNED STAND ( HIGHER FIRE RISK)

LIGHT THINNING

To keep stand densities at levels that support
cumulative productivity and avoid times of
low stand vigour, thinning’s may be
repeated over time.

( LOWER FIRE RISK )

HEAVY THINNING

Fig 2: Density Management in Forests through Grades of Thinning

Pruning

Dead trees are frequently removed from
stands that are maintained for the production
of wood because they are primarily seen as
issues that should be avoided or reduced. As
a result, recommended spacing s
determined by how many trees can reach a
certain size before suffering severe
competition-related mortality. If
accessibility and economics allow, it is
typical to promptly harvest trees that have
been Kkilled by pests, diseases, or fire.
However, downed, dying, and vital elements
of many forest ecosystems, and a diversity
of creatures are linked to them. Prior to
stand closure, pruning might be started to
remove lower branches, which would allow
lighter to reach the forest floor and
encourage the growth of the woody and

herbaceous understory. Altering the number
of trees pruned and the amount of the crown
removed are examples of other changes.
Removal of certain trimmed trees during
thinning could boost financial returns and
possibly ~ cover expenses of other
silvicultural activities in regimes with
repeated thinning’s on reasonably lengthy
rotations.Biological, mechanical, labor, and
logistical components all play a part in
silvicultural activities.

Implementation measures

The goals of management years ago were
very different from those of today, and they
will be different a few years from
now.Forest managers must choose and
implement silvicultural measures based on
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Before

Prune

After

Fig 3: Intensity of Pruning

specific goals. Making decisions also
necessitates considering possibilities in
relation to their surroundings rather than
individually. Will how the stand is treated
have a significant impact on productivity
for any of these values? Additionally, it

must be acknowledged that there is a lot of
uncertainty regarding the treatment's
effects on values other than wood output,
both in terms of objectives and present
assessments.
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Agroforestry has prolonged tradition in the
Himalayan regions of India. The North-
Western Himalayan region comprised two
states and two union territories of the
Indian Republic i.e, Himanchal Pradesh,
Uttarakhand, Jammu & Kashmir and
Ladakh. This region is mainly comprised
of many indigenous multipurpose trees
based traditional land uses practices. So,
this kind of ecofriendly and economically
viable practices has a huge impact on the
livelihood of the poor people in the hills
by providing food, fodder and fuel. Now
the socio-economic and environmental
benefits of the tree-based agroforestry
practices and systems have got more
emphasis by different stakeholders. In this
context, it is essential to know the basics
of multipurpose trees in the traditional
agroforestry systems of Himalayas are
very much important for coping the
climatic vagaries in today’s uncertain
world.

Alnus nepalensis (Common name- Utis,
Family- Betulaceace)

Distribution

It occurs throughout the Himalaya at 500—
3000 m of elevation from Pakistan through

India, Nepal and Bhutan to Yunnan in ,
Southwest China. : '
Silviculture characters Source: (https://indiabiodiversity.org)
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It is a good light demander and grown at a
height of 200m in the hilly areas, fire
resistant species which grows in moist
soiland can tolerate shade and poorly
drained soil too.

Agroforestry system

It has been effectively used to prevalent
abandoned Taunya areas. Barely, chilli,
pumpkin and cardamomare considered as
the common intercrops in Alnus based
systems in Hills.

Uses

Wood is used for firewood, carpentry and
construction. Its leaves are used for fodder
as it contains 4% nitrogen content. The
fallen leaves can be used for making
manure and biofertilizers. Bark is used for
dyeing and tanning purposes.

Bauhinia purpurea (Common Name-
Guriyal, Family- Fabaceae)

Distribution

It is a plant of tropical and subtropical
climates usually found in moist types of
vegetation ranging from  evergreen
lowland rain forest to mountain forest. It
occurs at lower elevations frequently along
the valleys in its native habitat.

(Source: https://indiabiodiversity.org)
Agroforestry system

It is an important multipurpose tree species
in the traditional agroforestry system of
the Garhwal Himalayan region (Bhatt &
Verma, 2002). The species is suitable for
various systems such as Agri-silvicultural,
Silvi-horticultural, and Silvi-pastoral but
most common way of its cultivation is
along with the wheat (Sachan, 2006).

Uses

Wood is used for making agriculture
implements, scantlings and rafters in the
interior constructions. Flower buds are
used as vegetables. Foliage is used for
fodder and bark is used for tannin and
medicinal purposes.

Celtis australis

(Common name - Kharik Family -
Ulmaceae)

Distribution

It is an indigenous species of the Western
Himalayaand ranges wide towards
eastward to Nepal and is commonly
cultivated in N-W Himalayan region
(J&K, H.P and Uttarakhand) and parts of
the Northeast Hill region. It shows
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considerable promise as a multipurpose
tree species in both Kumaon and Garhwal
regions of Uttarakhand.

- 4 -l ‘:"'-.
(Source: https://commons.wikimedia.org)

Silviculture characters

It is a fast growing, moderate-sized,
deciduous, woody perennial plant which
can withstand in a moderate amount of
shade. It can attain 25 m height and 50 cm
in diameter, under favourableconditions.
Agroforestry system

This species is usually grown in traditional
agroforestry ~ systems  for  fodder.
Silvipasoral systems in hills, marginal and
sub-marginal lands are the major potential
area for its introduction as a forage
production tree. Silvi-horti systems and
home gardens are also a good practice for

Celtis australis. In a study conducted at
VPKAS Almora, Ginger
(Zingiber officinale) and  Turmeric
(Curcuma longa) were grown under ten-
year-old Celtis australis and it shows some
good result and emphasised the future
scope of intercropping.

Uses

The timber quality is excellent and used in
making tools, whip handles, cups, spoons,
churners, sports items, oars, wooden sticks
and agricultural implements. It can also be
carved, used to construct carriages, and as
a general building material. But it is
mainly grown for fodder in hills.
Diploknema butyracea (Common Name-
Cheura, Family- Sapotaceace)
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(Source: https://commons.wikimedia.org)
Distribution

It commonly occurs in the sub-Himalayan
tract between 300-1500m from sea level.
In Uttarakhand, this species is limited to
Pithoragarh district particularly areas
adjoining to Almora, Bageshwar and
Champawat.

Agroforestry system

Cheru is planted on the villagewaste lands
on degraded areas. It can also be prompted
under several agroforestrysystems. This is
grown along with Sal (Shorea robusta),
Amla (Embelica officinalis) and Guriyal
(Bauhiniapurpurea) etc.

Uses

Wood is used for firewood. The bark juice
is used to treat indigestion andas
anthelmintic, leaves are used to cure
mouth ulcers and muscles pain and fruits
are edible.

Ficus auriculata (Common Name- Timla
or T|m|I Famlly- Moraceae)

Distribution
It is a common tree found in mountain
regionand found growing right from
foothills to mid & high hills of Himalaya
between altitudes 900 to 2000 m above
msl on moist, organic matter rich sandy
loam soil (pH 5.5 to 6.5).
Agroforestry system
Home gardens and Agri Horticulture
systems
Silviculture characters
It is least resistant to fire.
Uses
Leaves are rated as a good fodder, its paste
also applied to cure heal the wounds and
used in diarrhoea and dysentery. The bark
juice is effective in cuts and wounds.
Latex of roots is used in diarrhea, cholera
mumps and vomiting.
Grevia optiva (Common Name- Bhimal
Family- Malvaceae)

o, ] BN

(Source:https: //|nd|ab£d|ver5|ty org)
Distribution
This species is mostly distributed in the
North western Himalayas (Uttarakhand,
Himanchal etc) and Nepal up toan
elevation of 2000m. It is commonly grown
under sub-tropical regions of Western
Himalaya on boundaries of farmer’s land.
Agroforestry system
It is a very common species in the various
landuse practices (Agrihorti-silviculture
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system, Agri-Horti silvicultural system and
Homegardens), Central Himalayan region
of Uttarakhand (Bijalwan et al, 2014).
Agri-Horti silvicultural model including
the Grevia optiva in mid elevations of the
western Himalayas has considered as
sound and more ecofriendly agroforestry
practice (Toky, 1989).

Silviculture characters

Strong light demander, it is frost hardy tree
and it coppices very well.

Uses

Wood is used for oar shafts, handles and
bows. Leaves are quite rich in protein and
nutrient content.

Melia azedarach (Common name- Daikon
Family-Meliaceae)

LA

(Source: https://indiabiodiversity.org)
Distribution

It is a deciduous tree which is native to
northeastern India. In the Himalayas it
grows at an elevation of 2000 m but in mid
hills it is prevalent up to a heightof 1400
m.

Agroforestry system

An Agri-silviculture system is quite
prevalent with this species. This species
grows well with crops like Wheat and
Pulses.

Silviculture characters

Tree is light demander and susceptible to
damage by the fire.

Uses

Leaves, seeds, fruits are quite useful for
skin problems. Wood used for making
agricultural implements, wooden toys,
turnery and wood has high calorific value
therefore it used as fuelwood. Leaves are
considered as good source of fodder and
green manure.

Morrus  serrata  (Common  Name-
Shatoosh/ Kimu Family-Moraceace)
Distribution

It is widely distributed in Uttarakhand
region of Chakrata, Urgam valley, Almora,
Pithoragarh region, Nanital and Bhimtal. It
is also seen in altitude ranges between
1,300 m to 1,900 m in the localities of
Sitapur, Joshi math and Chamoli.

(Source: https://indiabiodiversity.org)
Agroforestry system
Being a multipurpose tree species it is
widely grown for fodderand fuelwood
purposes. Agrisilvopastoral system s
usually followed.
Silviculture characters
It is a frost tolerant species and raised in
irrigated and rainfed conditions too.
Uses
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Leaves used as fodder for goats and sheep.
Fruits are edible, wood used for making
agricultural implements.

Pyrus pashia (Common Name- Mehal,
Family-Rosaceae)

. . O\
(Source: https://indiabiodiversity.org)
Distribution

It is a small to medium size deciduous tree
which grows mainly in moist soils of the
mid-hill region between 700 and 2,000 m
above the mean sea-level.

Agroforestry system

Homegardens and Agri- Horti systems
Silviculture characters

It can resist water scarcity and can survive
well in surrounding air or water pollution.
Uses

The leaves and branches utilized as
anti-diarrheal agents. The fruits are edible
as they are high in nutritive value also fruit
juice is astringent in nature and has
diuretic properties. Flowers are consumed
as herbal medicine for lowering blood
lipid levels.Leaves and Branches serves as
fodder sheep and goats.
Quercus leucotrichophora
Name- Banj Family- Fagaceae)
Distribution

This species is mostly distributed in
northern India. It is the most useful and
keystone tree speciesof Himalayan region,
mostly  found in associated with
Rhododendron arboreum, Lyonia

(Common

ovalifolia and Myrica esculenta in
different parts of Garhwal Himalayas.

(Source: https://indiabiodiversity.org)
Agroforestry system
This species forms an important part of
Agri-silviculture, silvipasture systems and
forests at different altitudinal gradient. In
Agri silviculture system it is grown with
crops like Zea mays, Brassica campestris,
Pisum sativum and Cajanus cajan and in
silvipasture system oak is grown along
with wheat. According to a recent study
(Kumar et al., 2020) the cultivation of
wheat along with Banj based on traditional
Agri-silviculture system in Dargi village in
Garhwal region resulted in maximum
production of grain and straw (8.16 q ha
and 18.76 q ha respectively).
Silviculture characters
Shade to lerant (in seedling stage).
Uses
It is used as fuelwood due to its high
calorific value and good burning properties
too. Leaves are used for cattle fodder. The
leaf litter is rich in nitrogen and used to
make as compost for fields. Wood is also
used for making the agriculture
implements.
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Indigofera L. is the third largest genus in
legumes comprising 750 species belonging
to the pea family Fabaceae. One of the
most significant species usually utilized to
make the dye indigo is Indigofera tinctoria
L. An economically and medicinally
valuable leguminous plant, Indigofera
tinctoria is also known as true indigo,
avuri/neel in  Tamil, neelyamari in
Malayalam, Indian indigo in English, and
neelini/neelika/nenjini in Sanskrit. A shrub
that grows one to 2 m tall, true indigo.
Depending on the climate where it is
cultivated, it could be annual, biennial, or
perennial. It produces pink or violet
flowers and pinnate, light green foliage.
One such notable plant, Indigofera
tinctoria L., was cultivated in India.
Therefore, present study was indicated that
Indigofera tinctoria is an economic
important multi utility species in India.
The present paper provides comprehensive
information on ethnobotanical uses of
Indigofera tinctoria Linn for further
research.

Distribution

They can be found all throughout the
tropical and subtropical parts of the earth.
It is unknown where Indigofera tinctoria
came from. It might be an Indian
invention. Its distribution has significantly

expanded due to indigo cultivation. The
majority of African nations, Asia (from
Arabia to South-East Asia) and Australia
all have wild or naturalised populations of
it. There is no doubt that it has been
introduced to tropical America. The plant
is native to tropical Africa, South and
Southeast Asia, India, and North America.
Many regions of India, particularly the
Central-East regions of Bihar and West
Bengal, cultivate the plant.

Botanical Description

Stem

The stem is cylindrical, full, erect shrub to
1.5 m tall, less woody at the base,
abundantly branched; the young parts and
the twigs are covered with bifid,
appressed, whitish hairs.

Leaves

The leaves are imparipinnate; the leaflets a
re opposite, oblong, elliptic or oblanceolat,
membranous, puberulent on the lower surf
ace, mucronulate at the apex, rounded or ra
rely obtuse, and entire along the margins.
The petiolules are 1-1.5 mm long, and the
stipules are awl shaped.

Flowers

Sessile inflorescence with bracts that are
small and persistent, axillary racemes with
many flowers and lengths of 5 to 10 cm.
Corolla pink, tomentose outside, standard
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to 5 mm long, broadly elliptic, wings and
keel as long as standard; calyx bell-shaped,
1-1.5 mm long, pubescent. Small, bisexual
flowers that are crimson or pinkish. 10
stamens, with the highest stamen being 4
to 5 mm long and the other 9 joined

together around the ovary. Superior
Single-carpel, pubescent ovary with a long
style on top.

Fruit

Fruit a linear pod 20-35 mm long and 2
mm wide and thick, straight or slightly
curved, rounded in cross-section, brown
when ripe, 7-12-seeded fruits slender
pods.

Seeds

Seeds are shortly square-shaped to oblong,
2 mm x 1.5 mm in cross-section, hard seed
coat.

Seed Rate

Propagation is by seed, of which 20-30
kg/ha is needed.

History and cultivation of indigofera
Natural indigo has been cultivated all over
the world for centuries and has been in use
for more than 4000 years. However, its
connection with India is particularly
strong—the term indigo comes from the
Latin Indicum that means “Indian.” Indigo
plantations in India date back to 1777
when Louis Bonnard, a Frenchman,
introduced it to Bengal in eastern India. He
started cultivation at Taldanga in Bankura
district and Goalpara in Hooghly district.
In the early 19" century, the British
developed many indigo plantations, as it
was a highly profitable crop — there was a
lot of demand for the blue dye in Europe,
which had a status similar to exotic
commodities like tea, coffee, silk, and
gold. Even today, natural indigo is highly
prized, especially in the fashion industry.

The traditional method of indigo dyeing is
still done in several parts of Gujarat and
Rajasthan in western India where block
printers use it to create a pattern called
‘Ajrakh’.”

The process of creating natural indigo is
very complex and requires immense skill.
The leaves are first fermented with a very
precise chemical process to obtain the blue
shade. Unlike other textile dyeing
processes, the fabric does not turn blue in
the dye pot. It is exposed to the air, which
slowly turns the drying piece of dyed
fabric from vyellow to green, and
eventually into deep dark blue.

Today, indigo is mostly cultivated in the
Indian states of Tamil Nadu, Andhra
Pradesh, Uttarakhand, West Bengal and
Rajasthan. Most of them are small farmers
or traditional growers who have been in
the business for generations. There has
been a revival of indigo cultivation in
India in the past few years due to an
increased interest in natural indigo. Indigo
is a 75-t0-90- day crop and is quite
expensive. The actual cost of production of
natural indigo is INR 4545 ($61.31) per
pound. Synthetic indigo is much cheaper
and costs around INR 600 ($8.09) with
taxes. Around 900 tons of synthetic indigo
is imported from China every month.
Farmers do not get a fair price for their
natural indigo due to the high price
differential. This leads to adulteration and
a loss of confidence in a centuries-old
production and extraction system. To
ensure that it is a regenerative crop in all
ways, the farmer needs to be the focus on
Indigo.
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Chemical compounds

The indigo plant contains chemical
compositions viz., indical, endoxyl, isatan
and labenzyme. The active ingredients of
Indigo are  alkaloids,  glycosides,
flavonoids, tannins and  phenolic
compounds, amino acids, carbohydrates,
minerals. Other compounds are ash, acid-
soluble ash, and water-soluble ash. As a
natural product, indigo is a secondary
metabolite. This plant contains colorless
glucoside in the form of enol that is
formed indoxyls such as indican, and it is
oxidized as blue indigo by aerobic
oxidation. Since the biosynthetic pathway
of indigo production and its quality has not
been fully identified, the purity and the
quality of this natural product are
uncontrollable, which is one of the main
reasons for replacing indigo with chemical
dyes.

Indigo dye extraction

Today in the world, the tendency to use
natural dyes has increased, which is
effective in implementing ecological
standards. The blue color of this plant is
one of the oldest dyes known to human. It
is called the "King of Colors" because the
indigo has an attractive blue color, very
high color stability and high strength to
combine with a wide range of other natural
colors. No other plant has such a high
status as Indigofera species in many past
civilizations. A substance called indigo is
extracted from indigo leaves.

The method of indigo dye extraction from
Indigofera tinctoria plant has been
consisting of steeping, beating, and dye
recovery stages. In the steeping process,
the release of indoxyl molecule and
glucose moiety occurs from its precursor
(indican), located in the plant vacuole.

This hydrolysis reaction is catalyzed by
glycosidase (B-glucosidase) enzyme of
plant or microbial origin. In the second
step or beating process, the released
indoxyl undergoes spontaneous
dimerization in atmospheric oxygen to
form indigo. As these indigo particles are
hydrophobic and insoluble in water, they
form aggregates and sediment readily,
which is considered as the third step or dye
settling stage.

Ethnobotanical uses

Indigofera tinctoria is traditionally used
in Indian and Chinese medicinal system
for the treatments of various ailments.
Indigo powder being used in Indian
traditional medicine for the treatment of
removing worms in teeth and gums, sores
on skin, urinary problems, mouth ulcers,
hair rejuvenation, skin diseases and dog
bite, etc.

The roots, stems and leaves are bitter,

thermogenic, laxative, trichogenous,
expectorant, anthelminthic, tonic,
naturopathy, splenomegaly, echolalia,

cardiopathy, chronic bronchitis, asthama,
ulcers, skin diseases, diuretic and are
useful for promoting growth of hair.

The juice expressed from the leaves is
useful in the treatment of hydrophobia. An
extract of the plant is good for epilepsy
and neuropathy. The plant possesses anti-
toxic property. The plant is stimulant,
alternativr, deobstruent and purgative.
Indigo is antiseptic and astringent.

The Juice of the leaves and indigo in
powder are used mixed with honey in
enlargement of liver and spleen, epilepsy
and other nervous affections. In
hydrophobia two ounces of fresh juice
with an equal quantity of milk is given in
the morning for 3 days as a prophylactic;
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Juice is also given in asthma, whooping
cough, palpitation of heart, in some lung
diseases and kidney complaints as in
dropsy.

Decoction of the root is given in calculus;
Juice of the young branches mixed with
honey is a used application for aphthae of
the mouth in children. An Infusion of root
is given as a root is given as an antidote in
cases of poisoning by arsenic.

Externally, leaves crushed are used as
stimulant, Poultice or plaster in various
skin affections to haemorrhoids etc., and to
cleanse a heal wounds and ulcers.

Powdered indigo is also used for
sprinkling on ulcers.

It is applied mixed with castor oil to the
navel of children to promote the action of
the bowels and mixed with warm to the
pubes and hypogastria as it stimulates
bladder and therefore useful in cases of
retention of urine.

Hence, Indigofera tinctoria provides a
significant role in the prevention and
treatment of a various disease and in the
protection of the system from damage. The
therapeutic potential of this species is
effective and versatility is such that further
detailed research appears crucial.
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sfterr T TESTANN a7 TSI
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STAATTIERT 3T T FETT TART
ST AT SATEHLTH HEATH
(AT ATTRT AAEET Ud forear afwg, 9=iawer a= ud seary 7hadd §a7dd A7 d9T)
TTAGR (F.H.)
$-T: yogeshpardhi1911@gmail.com

oftere 7 W& Hamd & wd, qrieed™

TAT 99T g | 9d | Ig [ I9-TRarad

&3 H 1500 HY0 T T SHATS T ITAT ST
g | e sTerte gaT (Alluvial soil) &7
RSl & g S AHAIL & qQFT & hard
T qTAT SATAT g 39 offers & UE &7 9gF
T FI-R1= § <@T T | ofTorH i ARt
Jgd TSgd AT SATAT gl 9 98 § ¥
ofters it A= & Fz FeA (9 a9 U g
STTerRTera: ofTerT T ITANRT Ieeh! Horad]
o TorT g7 TR STTaT 81 ST &0 STTAaRTr af
Tel & o oftere & Tt & oerar AT s
TS gl AR & ATATE, SfTerdT a7 ot
F ® ] H TEAHTA § ATAT SATAT g, 3 ofter
H ATH AL F LT T TATST AT SATAT 2

AT | ofters 7 qeaa: ofterw % 9| T &1
S 8, AR 8 ofie off 98 | o
aroTst ® ofter® % AT Hindi (shisham tree
in hindi) — eofterw, =W, ofeTefme
English — &1 =fleas Tige (South
Indian rosewood), s1&ge (Black wood),
TogE  (Rosewood), sfter  (Shisham)

oftorH T ATEITaE ATH Seatordr AT

(Dalbergia sissoo Roxb. Ex DC, Syn
Amerimnon sissoo (Roxb. ex DC.) Kuntze,

g, T I8 el (Fabaceae) T FT %l
ofter o o= 919 T go:- ofterw & S+ W
AT AT AT & | T TH AEHT 6 [heATC
T g & | Ig T AT H 91T 14T gl
ofters T AHST AT TART FAAT 3T B 19T
& fAmTor § foFar <ok a7 o ofters & g7
#T ARSI AT T A FHTAT ST T,
SrereRT St & =9 § TIRT grar g1 oftes
#t Meferfea sefaat &1 =T i &
T ST -

ofterer (Dalbergia sissoo Roxb. ex DC)

Ig o AAT 30 HIeX T HAT Bral
SITHHT FIAATET, L T 0l A FLarat
gl gl T |l TTUgT diel 7 & X gre
2 2l

Four feterT (Dalbergia latifolia Roxb.)

Tg 15-20 Hiex HAT IOt &1 grar &l
et armaTd =T grar gl S8 B 5-
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AR T 2T, T Fal ql St gl g
Fel Afea § #w, Afera Theft g e
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ofterer T UF FEAT 3T FEAT B ST AATH
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STTUAT, |1 3 AW & AT o1 quredr &
AFET & UF WrEFTRT ofter ST F U
ST § TS BT AT 2 |
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oftersT = @t & HraT

gt ATt F 98 gqd ®r Hel 9T e
o7 offere &7 U2 30 |1 H 1 Fe F AT
TH FT AW AET g STaT gl =99
FRIT AT T TRl W ST
SISt AT § 7 | FH AT 5 AT
U AT & | 39 d¥g @l ATt § |7 Ug
T FFEAT AT 9¥ 30 AT | 5 TG €90
1 et gt g e et f et
TETE | BT AT 7Y % forw See oft ferar
g FoheT oo @i it "HEf 7 wdl § SATar
q SFTar ot e, #=iE AR, oT,
THT FE FE Al & are offer e uw
ATHFT AT | T I (AT g1 FHA 6
AT T ofter o U T 30 | 978 a=T
T I ATSAT AHEAT ok srerar ofterw i
FeTS FeTs F TS, 8 o ¥ 12 3 Aq77 7 ey
awet | AT T AT g 1 fowmF U= F
afxT, BT, 9 a9g =i Al e g |
ofterey & fAshere ATAT gooh ¥ 4T F O T
TEATA AT wefet i e ¥ oo
o ST &0 oftery wee sy TAT
TREAT H T UF g, avarer, fasdhr F %,
faSTelt o aTS, TATET & Sod aig a1 |
TEIHTA M STl g | 99 &d § 37
T ofterd & UF Fled & forw a9 "gad |
sraed FeAT ATy, 35 faai & a=faam
ST HETSH AT T Feeh & | efterd
& AT o8 | AT SEAATA il SATAT 5 AT
TEehY TE afRrET g9 % forg sreer = 8
| T FT AT I¢ 9T 70 ofyord F qre v
FAT § AT 9 @1 I H qT&Lq qgl
gt 8, @9 & e wmar el 7
gre e &7 a9 T e Srar g |
sfter &t SRy ST IHE SEr el off
qEE T AT o 10 oA 3T forer
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AT 3T qHLT | T T Thd @ | Il
T AT a9TT @ & (o0 JTSd § a3g-
g & gad, HiuHd AU AT qI8eY
HNE 8, T8 # AR o9 i o &
I A9 % IQT AT d T I A
ASTLHRTS A o9 g | ST idl i Hgd &
IREERR L

T T ST | ofterd o O BAS- Fe
T®Y AT AigATsl w T § SAd #Aif
formTTa et g | UE H ofters & 91 7 e
Ferar 2 1 o 3 TS ST | S 2, e
ofteTs =T A T | 9T FT TAq S 2l
STAT 2 |

Uz T TAd § ofters o sirweft Ior & e
AT ofteT® F HTIE & U AT STAT T AT
FT TR 2 | 10-15 Tt ofver & o &1 ¥
o | 28 O | T U Y ST Sk gl g |
aral &t ST # efterw FT st Ior
AT

MGl AT S AEl & ST+ eftery
T TEAHTS ATH TgATaT & | ofTer & 97
| H 7 foeT o1 38 1-2 97 e § S
AT § A Hear g |

F@ H ofterd & qa= 7 7

B T8 & q@ # oftere 7 siweftr spor 7
AT THerar g 1 efferd T |1T 20 ITH, TR
320 Tt e 3o 160 feft &1 ===y
T 39 # TR0 S gg AT @ A0
ar fag & 3 a U | =% g 31 g
g |

Tt § offore o F9= | wrIeT
TAITHAT # =<k F oY § g fi FH 2r
ST g | ST ofter® % s T |
TAITHAT § A9 of TFd g | TATHAT &7
ek L % forg 10-15 foett oftora & o= &1
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T | TH ag ST ATH o & TAIHAT H
T ATT ZEAT B |

T T § Sf e &7 SaThraaHe

T TRTSTH TS T Feh-%eh T AT, LTTe
H AT ZET, Tora § I B 9 ot &
AT § BTIT 2T g | 20-40 Tt ofters
I T HTET 9970 | 39 fad § 3 a1 fuer)
THH UATH FT Fh-Thhd AT, doTT H
AR ZHET, TeTa H 3% AT TS THegraa
¥ AT AT 8 | TE AT 8 10-20 et
I FHTET T Had e | S ATH rav g |
TIATRAT  oftere & &a & a7

ofterr % TaT | AEMAT T F AT
Far Stmar 81 ofterw F 8-10 wxr T 25
gt # e T o) 28 qag @)
T HAT Y | THH AT AT 31 g
STt Bl

AT g T wFrae § ofterw #7 siiweftT
0T FAGHS

3-6 UTH Sffers o T FT o a9T0) =8 2
H 2 9 o9 F AIH® 9H 6l Fhide g
gt g1 ofters 3 20-40 A=t Fer ®r faq &

2 T I F HIHF &H % G0 g Il aa
HEFHT oAt g | 10-15 Tetr ofters & o<f &
T H Ag T ATH I AIHE g9 §
JATH AT gl offer T % 8-10 U=, 3 25 ITH
=l #r e Je-daEe a8 & 99
AT FL| T ol (&A1 & da- & ATHE g9
H A aTaT AR oG WHETE |JTHT gr
STAT E | AfeAT 7 39 F HiEH H TH TN
& ATA-ATT 4-5 FreAr 7= off T=IRT | @+
FTRT |
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