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From the Editor’s desk

Along the deeply eroded ravines of the Lhambal River, where exposed earth rises in stegp, almost
vertical walls above the river and its floodplain, life has adapted to a landscape that appears
inhospitable at first glance. Among the birds associated with this distinctive terrain is the Bank Myna
(Acridotheres ginginianus). a highly adaptable passerine whose nesting ecology is closely linked to
earthen banks, cliffs, culverts, bridges, and other vertical surfaces. Ihe species is particularly
remarkable for its ability to exploit cavities and crevices in soft sedimentary substrates, transforming

seemingly barren ravine walls into nesting colomes. In the Chambal landscape, these vertical banks

oo

TSNt are more than geological features: they constitute living habitat. providing shelter from predators,
suitable nesting sites, and proximity to the rivering resources on which the birds depend. The Rank
Myna'’s presence therefore offers an intimate example of the relationshjp between geomorphology and biodiversity—
demonstrating how erasion, often regarded solely as a destructive environmental process, can simultaneously create ecological
niches. Vet this relationship is fragile. Alterations ta river flow, intensive agriculture, extraction of sand and sail, disturbance of
nesting banks, infrastructure development. and increasing human activity along the river can progressively reduce the availability
and quality of suitable habitat Protecting the Lhambal s ravines consequently requires looking beyond the river chamnel itself and
recagnizing the ecological importance of its banks, ciiffs, gullies, and adjoining floodplains. The story of the Bank Myna is
ultimately a story of adaptation: a bird living on the edge of instability, turming the architecture of erosion into a place for
breeding, shelter, and survival.
In line with the above this issue of Van Sangyan contains an article on Life on the vertical banks: Bank Myna in the ravines of the
Lhambal River. There are also useful articles viz. Changing phenology of himalayan trees under climate change, Periwinkle: An important
medizinal plant, Precision Silviculture: Bringing smart technologies into forest management, Seeds of change: The story of beej bomb abhiyan,
Root safety net hypothesis: Role in agroforestry, [RHATTT F2T & 1T %1 TATIGTT. 5T ST THITATT, Lapparis decidua: A

drought-resistant multjpurpose tree of arid and semi-arid regions, TFIT FT STTHIT ITGIL: STHTTTE ( Lolden Shower Tree) and

FT-STETRT M7 ITIT UF 7T 157 T&1a9T T TITTT T¢ ZTH TH17 .

Looking forward to meet you allthrough forthcoming issues
Dr. Naseer Mohammad
Chief Editor
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Disclaimer — Van Sangyan

Statement of Responsibility

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,

exemplary, or other damages arising there from.

Van Sangyan (VS) reserves the right, at its sole discretion, to change the terms and
conditions from time to time and your access of Van Sangyan (VS) or its website
will be deemed to be your acceptance of an agreement to any changed terms and

conditions.
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Life on the vertical banks: Bank Myna in the ravines of the Chambal

Anchal Sharma'and V. Chethan Kumar?
! Department of Wildlife Management, CHF, Jhalawar
’DFO, Dholpur, Rajasthan

The Chambal River is often celebrated for
its charismatic wildlife, the Critically
Endangered Gharial gliding silently
through deep pools, the elusive Indian
Skimmer skimming the river's surface, and
the endangered Gangetic  Dolphin
surfacing briefly before disappearing
beneath the current. Yet, beyond these
flagship species lies another fascinating
resident whose remarkable adaptability
often goes unnoticed. Among the

7

At first glance, the vertical

lifeless, mere walls of sunbaked earth
sculpted by centuries of wind and flowing
water. A closer look, however, reveals
dozens of dark openings scattered across
the cliff face. These cavities are not
random scars left by erosion; many serve
as nesting sites for one of India's most
familiar yet surprisingly resourceful birds.
During the breeding season, these
seemingly barren cliffs transform into
thriving avian neighborhoods filled with
constant movement, territorial disputes,
courtship calls, and the endless comings
and goings of attentive parents.

The photographs accompanying this article
capture a rare glimpse into this lesser-

cliffs appear

weathered  sandstone  cliffs, vertical
sandbanks and eroded ravines of the
Chambal River, the Bank Myna
(Acridotheres ginginianus) has evolved a
remarkable breeding strategy. Unlike its
more familiar relative, the Common
Myna, the Bank Myna is strongly
associated with riverine landscapes where
it nests colonially in earthen banks and
cliffs

history along the Chambal River.

Stretching across the states of Rajasthan,
Madhya Pradesh and Uttar Pradesh the
Chambal River is famous for its rugged
bad land topography. Seasonal floods and
continuous erosion have carved deep
ravines, unlike densely forested habitats,
these landscapes appear harsh. Sparse
thorny shrubs, patches of grasses, and
scattered Acacia trees interrupt vast
expanses of exposed soil and sandstone.
Yet, this harsh environment supports an
extraordinary diversity of wildlife.

These vertical banks support breeding
colonies of several cavity-nesting birds
including Green Bee-eaters, kingfishers,

¥ ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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rollers and especially the Bank Myna,
which excavates or enlarges nesting
tunnels within the soft alluvial banks.
Their value lies not only in providing
nesting space but also in offering
protection from many terrestrial predators
that struggle to reach these elevated
cavities.

T —— e,

Unlike the Common Myna, which thrives
in urban environments, the Bank Myna is
closely associated with river valleys,
agricultural fields and open floodplains
across northern India. During the breeding
season it forms dense nesting colonies in
vertical earthen banks, making the
Chambal ravines an ideal nesting habitat.
The first photograph reveals dozens of
nesting cavities distributed across an
eroded cliff face. Although many of these
holes were probably initiated by natural
weathering or excavated by other cavity-
forming birds, mynas readily occupy
suitable openings that meet their nesting
requirements.

The vertical arrangement of these cavities
offers several ecological advantages.
Elevated nest entrances reduce
accessibility to snakes, jackals, feral dogs,

and other ground predators. The
surrounding open terrain provides an
unobstructed view of approaching threats,
allowing breeding pairs to detect danger
well before predators reach the nest.
Unlike exposed tree nests, cliff cavities
also create a relatively  stable
microclimate. During the intense summer
months, when daytime temperatures in the
Chambal region frequently exceed 45°C,
the interior of these earthen chambers
remains considerably cooler. This thermal
buffering helps protect eggs and nestlings
from extreme heat while maintaining more
favorable  humidity  conditions  for
embryonic development.

Bank Mynas excavate short nesting
tunnels in soft alluvial banks; although
they may also enlarge existing cavities
formed by erosion or previously used
burrows. These tunnels usually terminate
in a nesting chamber lined with grasses,
feathers, roots and other soft plant
material.

Each breeding pair vigorously defends the
immediate area around its nest entrance,
often engaging neighbouring mynas in
noisy aerial  confrontations.  These
interactions, though seemingly chaotic,
establish breeding territories and reduce
direct competition for nesting sites.

Adults forage over nearby agricultural
fields, riverbanks and grasslands where
they feed primarily on insects, termites,
beetles, grasshoppers, grains and seasonal
fruits. During chick rearing, insects
constitute the dominant food delivered to
nestlings. Their flights are direct and
purposeful. Upon reaching the cliff, they
land briefly near the cavity entrance before
disappearing inside to feed the waiting
chicks.

¥ ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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One of the photographs captures such
moment, where an adult Bank Myna
pauses at the entrance of its nesting
chamber, remaining alert before entering
the cavity. Such vigilance is typical during
the breeding season, when adults
constantly monitor their surroundings for
predators and competing birds Bank
Mynas are highly colonial breeders, with
dozens to several hundred nesting pairs
occupying the same cliff face. Individual
pairs defend only the immediate vicinity
of their nesting tunnel while benefiting
from collective vigilance against predators.
This proximity creates an

interesting balance between
competition and cooperation. While
neighbours defend their own nest
entrances, the presence of multiple
breeding pairs increases overall vigilance
against predators.

Alarm calls from a single bird frequently
trigger a rapid response from surrounding
adults, creating an effective early warning
system throughout the colony.

o ™ B o o N M . - Bl TS

Although currently classified as a species
this proximity creates an interesting
balance between competition and
cooperation. While neighbours defend
their own nest entrances, the presence of
multiple breeding pairs increases overall
vigilance against predators.
Alarm calls from a single bird frequently
trigger a rapid response from surrounding
adults, creating an effective early warning
system throughout the colony.

of Least Concern, Bank Myna populations
depend on the continued availability of
natural earthen banks suitable for nesting.
River channel modification, excessive
sand mining, stabilization of riverbanks
and destruction of nesting cliffs may
reduce breeding habitat locally. It is often
overlooked by naturalists searching for
rarer species. Yet common species play
fundamental  ecological roles. By
consuming vast numbers of insects during
the breeding season, mynas contribute to
natural pest regulation. Their fruit-eating
habits assist seed dispersal across
fragmented  landscapes, while their
adaptability allows them to exploit
changing environments more effectively
than many specialist birds.

Protecting the ravines, sandbanks and
sandstone cliffs of the Chambal River
safeguard far more than nesting sites for
the Bank Myna. These fragile landforms
support an entire community of cavity-
nesting birds, reptiles, small mammals, and
invertebrates whose lives are intricately
linked to the river's ever-changing
landscape.

¥ ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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The Bank Myna reminds us that even
widespread birds can become highly
specialized during the breeding season.
Along the Chambal River, its dependence
on vertical alluvial cliffs illustrates the
intimate  relationship  between avian

ecology and river geomorphology.
Conserving these dynamic landscapes
benefits not only Bank Mynas but also
bee-eaters, kingfishers, rollers, reptiles and
numerous other organisms that rely on the
river's ever-changing banks

¥ ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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Changing phenology of himalayan trees under climate change

Sahreen Altaf and Aafaq A. Parrey
Division of Silviculture and Agroforestry
Faculty of Forestry, (SKUAST-K), J&K-191201

Email: sehreenk61@gmail.com

Abstract

Phenology, the study of recurring
biological events in plants and their
relationship with seasonal and climatic
changes, is a clear indicator of climate
variability and ecological change (IPCC,
2007). In the Himalaya, evidence suggests
shifts in bud burst, leafing, flowering,
fruiting, and senescence, mainly linked to
rising temperatures. Recent studies from
the Western Himalayas and Kashmir show
earlier spring phenophases and changes in
the length of the growing season. This
article brings together current evidence on
climate-driven phenological changes in
Himalayan trees, focusing on Kashmir. It
examines the climatic factors involved and
highlights ecologically and economically
important  species.  Their  changing
phenology offers valuable insights into the
vulnerability and adaptive capacity of
Himalayan forests.

Keywords: Phenology, Western
Himalayas, climatic factors, vulnerability
and adaptive capactity

Introduction

Long before instruments and satellites,
Himalayan communities used the seasonal
changes in vegetation to sense about
environmental rhythms and guide their
farming and livestock activities. Important
ecological cues were given by leaf
emergence; flowering, fruiting and leaf
fall. Collectively known as phenology,
these biological events are sensitive
indicators of climate change, because plant
development is closely related to
temperature, precipitation and other
environmental factors. Rising temperatures
have been linked to earlier spring events,
such as budburst, leaf emergence and

flowering, and changes in the length of the
growing season (Piao et al., 2019).

The Himalayas are vulnerable to
ecological changes caused by climate
because of its steep gradients of elevation,
temperature and  vegetation. Rising
temperatures and changing patterns of
precipitation are increasingly affecting the
ecosystems of the Himalayas and their
biological processes (Hamid et al., 2020).
Some studies have reported significant
variation in tree phenology along elevation
and  climatic  gradients including
Rhododendron arboreum (Singh et al.,
2023). These changes can affect forest
productivity, regeneration, species
interactions and the availability of seasonal
resources. It is therefore important to
understand these changes for forestry,
conservation of biodiversity and mountain
livelihoods, especially in the Western
Himalayas and Kashmir.

What phenology reveals about a
warming mountain

Phenology is a sensitive integrator of
climatic conditions because these events
are sensitive to temperature, photoperiod
and in some species winter chilling. A
systematic review of 145 studies,
including 116 tree species from major
biomes, revealed that budburst, leaf
emergence, flowering and fruiting are
among the most climate-sensitive
biological indicators, with generally
consistent trends across regions (Gusain et
al., 2026). Contrary to the conventional
emphasis on monsoon rainfall, field
studies in the Western Himalayas indicate
that minimum temperature, not rainfall, is
the key climatic cue governing tree
phenology (Singh et al.,, 2023). This
underscores the role of temperature

¥ ©published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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warming in winter and early spring in
shaping Himalayan forest phenology.
Advancing spring and lengthening (or
Shortening) Growing Seasons

The main phenological response reported
throughout the Himalayas is an
advancement of spring phenophases, with
budburst, leaf flushing and flowering
generally taking place earlier. By
analysing two decades of satellite-derived
Moderate resolution imaging
spectroradiometer (MODIS) surface
reflectance data, significant acceleration in
spring start-of-season in the Sikkim
Himalaya, which exceeded shifts in
maturity, senescence and dormancy onset,
indicating an earlier growing-season start
without a corresponding delay in
termination was observed(Ingty et al.,
2023). However, an earlier phenological
onset does not necessarily imply a longer
growing season. Ground observations from
the Kumaun Himalaya showed that
warming advanced phenological events in
several dominant tree species, but did not
significantly increase the overall growing-
season duration (Negi et al., 2021).
Caution is needed with satellite-derived
greening trends, thus they may reflect
phenological shifts rather than actual
increases in forest productivity or biomass.
Elevational gradients and the retreat,
and advance, of the treeline

The phenological change in the Himalayas
is strongly related to elevational shifts in
the species distribution. A systematic
review of alpine treeline vegetation
documented upward treeline shifts from
<1 to >500 m across sites, with Abies
spectabilis and Betula utilis being the most
climates sensitive. However, regeneration
responses were species-dependent and
some species exhibited poor natural
regeneration despite persistence of adults,
raising concerns of long-term treeline
resilience with continued warming (Kumar
& Khanduri, 2024). Repeat surveys in
2014 and 2018 at the Kashmir Himalayas

showed increased species richness and
cover of shrubs at lower-elevation
summits, and thermophilization
(replacement of cold-adapted species by
warmth-loving taxa). These changes were
strongest on north-facing, lower elevation
slopes, indicating rapid community
responses to warming (Hamid et al.,
2020).

Popular and important tree species
under phenological watch

The phenological responses of many
Himalayan tree species to climate and
elevation have been studied. The following
species are important indicators of
changing growth, flowering, leafing and
fruiting patterns across the Himalaya.
Cedrus deodara  (Deodar/Himalayan
Cedar): Growth was negatively affected by
spring (March-May) temperature and
positively affected by precipitation. Future
projections showed reductions in growth at
low and mid-latitude sites but moderate
increases at high-latitude sites
(Bhattacharyya et al., 2023).

Pinus roxburghii (Chir Pine)

Chir pine may threaten deodar under
changing climatic conditions due to
increased drought and fire tolerance.
However, no direct upward expansion or
climate driven replacement of deodar was
demonstrated (Bhattacharyya et al., 2023).
Abies spectabilis (Himalayan Fir)

One of the most climate-sensitive treeline
species in the Himalaya, with strong
upward shifts under climate change.
Changes in growing seasons and
phenophases have also been reported in
Himalayan treeline vegetation (Kumar &
Khanduri, 2024).

Betula utilis (Himalayan birch): It is one
of the most climate sensitive treeline
species of the Himalayas, along with Abies
spectabilis, with significant upward shifts
due to climate change (Kumar &
Khanduri, 2024).

Rhododendron  arboreum  (Buransh)
Initiation of leaf and flowering showed a

¥ ©published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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positive  correlation  with  climatic
variables, whereas fruiting showed an
inverse correlation. The fruit maturity
period lasted for about four months (Singh
et al., 2023).

Myrica esculenta (Kaphal/Box Myrtle)
The phenological stages were strongly
influenced by the minimum temperature.
Leaf initiation and flowering were
positively correlated with climate, while

24 Crip

fruiting was negatively correlated; fruit
maturation took about two months (Singh
et al., 2023).

Aesculus indica (Indian Horse Chestnut)
Phenological events were earlier at 1,900
m and were gradually delayed with
elevation. Earlier events were linked to
earlier attainment of the optimum
temperature range of 9.0-19.5°C (Singh &
Mittal, 2018).

<o, A St \ o o SE T S
Cedrus deodara (Location: Faculty of Forestry, Pinus Roxburgii (Location: Shankaracharya
Benhama Ganderbal, J&K) Forest Division, J&K)

Conclusion

Climate-driven changes in Himalayan tree phenology are disrupting ecological synchrony,
regeneration and species interactions, with potential consequences for forests and mountain
livelihoods. Increased climate sensitivity is indicated by earlier phenological events and
upward range shifts, while regeneration lags at treelines are a conservation concern.
Therefore, integrated field monitoring with satellite and dendrochronological approaches is

essential for planning climate-resilient forestry and horticulture in Kashmir.
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Periwinkle: An important medicinal plant

Abdul Majid Ansari
Department of Horticulture, BirsaAgricultural University, Ranchi-834006
Jharkhand, India

The evergreen or periwinkle
(Catharanthus roseus (L.) G. Dawn) is one
of the members of the Apocynaceae
family. It belongs to important medicinal
plants, which have been mentioned in

medical literature as far back as the 2"
century BC. The plant has been widely
used by ancient peoples for abortion,
laxative, antidiabetic, diuretic,
haemorrhagic antimalarial, antidysenteric
and in the treatment of skin diseases. In
our area, it is used for ornamental
pUrposes. In Jharkhand, Bihar,
Chhattisgarh, Orissa, Bengal and Eastern
UP it is seen in almost every village and
city in front of the house or garden. We are
not much aware of its tremendous
medicinal properties. It is popular among
the local naturopaths in the villages of our
region. Some people commonly used this
plant frequently as herbal medicine. But,
its use should be under the guidance of
herbal medicine experts and practitioners.
It is well-known that herbal medicine has
very few side effects, but long-term and
incorrect use can cause health problems.
Therefore, its use should be under the
supervision of expert herbal
practitionersfroma safety point of view.

Modern investigations have shown that
periwinkle contains more than 100
alkaloids which are distributed in all parts

of this plant. Important alkaloids such as
Ajmalysin  (Roubasin), serpentine and
reserpine which are known to have
hypotensive and antispasmodic properties
are useful in cancer therapy. Vincristine
sulphate is known by the commercial
name of ONCOVIN, which is used for
acute leukaemia. And Vinblastine Sulphate
is also used to cure Lymphoma and
Chonocarcinoma. In addition to the above,
the alkaloids leurocidine, lurosovine and
rovidine also have anti-cancerous
properties but are not used clinically.
Origin and distribution

The plant is native to Madagascar and
from there it has spread to India,
Indonesia, China, the Philippines, South
Africa, Israel, the United States and other
parts of the world. In India, it is being
grown in Tamil Nadu, Karnataka, Andhra
Pradesh, Madhya Pradesh, Gujarat and
Assam in an area of about 3000 hectares.
Farmers prefer it because of its wide
adaptability and ability to grow on
marginal lands and drought-tolerant. The
presence of alkaloids throughout the plant
provides protection against crop losses due
to damage by cattleand theft.

The United States is the world's largest
user of its raw materials. A single firm that
has a patent for the manufacture of
vinblastine and vincristine sulphate is
consuming over 100 tons of plant leaves
annually. Most of it is imported from
Malagasy, India and Mozambique.
Hungary is also one of the major
consumers of its leaves, followed by West
Germany, Italy, and TheNetherlands etc.
These countries’ total annual demand (of
roots) is more than 100 tonnes.

Soil

The crop has wide adaptability and grows
well on a wide variety of soils, except
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those that are alkaline or waterlogged.
Deep sandy, loamy soils with medium
fertility are preferred for large-scale
cultivation. Because, this soil not only has
better root development, but it is also
easier to remove the roots at the time of
harvesting.

Climate

The distribution of the plant shows that it
has no climate specificity. It occurs well in
tropical and subtropical regions. However,
growth in tropical regions is better than in
sub-tropical regions, where its growth is
slower due to lower winter temperatures. It
can be successfully grown up to an altitude
of 1300 m above sea level. Well-
distributed rainfall of 100 cm or more is
required to grow this crop on a commercial
scale in rainfed conditions.

Manures and Fertilizers:

In areas where compost (FYM) is
available, it is applied at the rate of 10-15
t/ha to achieve good growth and yield of
periwinkle plants. If irrigation is available,
it is recommended to grow leguminous
crops like chickpeas. And when it reaches
the flowering stage, before the sowing or
transplanting of periwinkle, they bury a
leguminous crop in the soil. It will work as
an alternative to compost (FYM) as green
manure and is useful in areas where
compost (FYM) is too expensive or
difficult to procure. Seeds of green
manures crop should be treated with
bacterial inoculants before sowing, to
enhance the development of root nodules
that absorb atmospheric nitrogen and fix it
in the soil. If organic manure is not used, a
dosage of 25 kg N, 50 kg P,Os and 75 kg
K0 per hectare per year is recommended.
Irrigation

In places where there is rainfall throughout
the year, the plants do not require
irrigation. However, in areas where rainfall
is restricted to a few months in a particular
period, about 4-5 irrigations are required
for the plants.

Weed control:

This crop requires twice weeding
in the initial stages of its development. The
first weeding can be done 60 days after
sowing and the second again in 120 days.
Mulching with cut grass or rice straw will
also reduce weed growth.

The chemical weedicide “Singhar”
is highly effective against weeds as a pre-
germination spray at 4-5 kg/ha, similarly, a
mixture of 2-D and Grammaxone should
be applied at the rate of 25 kg/ha. This will
control weeds in the soil before sowing.
Insect Pests and Diseases:

The plant has wide adaptability and is
practically free from attack by pests and
diseases. Although oleander hawk mass
has been reported on this crop.
Occasionally, some plants have been
found to suffer from small leaf disease
caused by mycoplasma infection resulting
in stunted growth and resetting of plant
leaves. The disease can be controlled
effectively by uprooting and destroying the
affected plants.

Recently, 'dieback’ or twig blight or top
rot, another  disease  caused by
Pythiumbutleri, Phytophthoranicotiana, P.
deberianum, Alternariatenuissima and
Colletotrichumdemotham, has been found
to affect the crop during monsoon in some
parts of the country. The disease can be
controlled by spraying of Dithane Z-78 @
2-3 g/Lit at 10-15 days interval. Other
fungal diseases reported on this crop are
fusarium wilt caused by Fusariumsolani
and Sclerotiurn rolfsii blight caused by
Phthium ephanidermatum, as well as leaf-
sport caused by Myratheciumriridum. A.

Tenuisma, A. Oltemata, Rhizoctonia
solani,  Ophiobolus  catharanthicella,
Hoplo sporellamarhwadenis and

Glomerella cingulata.
Harvesting of crops
Roots: The crop is harvested 12 months
after sowing. Plants are cut about 7.5 cm
above ground level and the stems are dried
to leaves and seeds. Then the field is
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thoroughly irrigated and when the soil
reaches the proper condition for digging, it
is ploughed and the roots are collected.
Afterwards, the roots are washed
thoroughly and dried in shade.

Leaves, Stem and Seeds: If leaves are
required then two cuttings of leaves are
done, first after 6 months and second after
9 months of sowing — can be taken. When
the entire plant is cut, the third leaf cutting
is also obtained. After harvesting the plant,
it is dried in the shade. The second time
with light threshing removes the seed
which can be used for the next sowing.
Leaves and stems are also collected
separately.

It may be mentioned here; that the seeds
collected in this way will have poor
germination because they have been
collected from the pod at different

degradations of maturity. Therefore, it is
advisable to collect them from mature
pods two to three months before the
harvest to get good seeds. The upper part
of the plant should be cut by 7.5 cm. and
about 25 cm from the ground level. The
stem from the middle is taken as the
purpose of marketing.

The total alkaloid content in the leaf
ranges from 0.15 to 1.34%, of which the
average content of vinblastine is 0.002%,
while that of vincristine is 0.005%.

Yield

Under irrigated conditions about 4 t/ha of
leaves, 1.5 t/ha of stem and 1.5 t/ha of
roots can be obtained by air drying.
Whereas, under rainfed conditions about 2
t/ha of leaves and 0.75 t/ha each of stem
and root can be air-dried.

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



Van Sangyan (ISSN 2395 - 468X)

Vol. 13, No. 8, Issue: August 2026

Precision Silviculture: Bringing smart technologies into forest management

Aqgib Javid Bhat and Aafaqg A. Parrey
Division of Silviculture and Agroforestry
Faculty of Forestry, SKUAST-K. Benhama, Ganderbal, J&K-191201
Email: agibbhatgv@gmail.com

Abstract

Precision silviculture is emerging as an
important approach to improve the
efficiency, accuracy and sustainability of
forest management. It is a system that
combines remote sensing, UAV-based
LiDAR, Artificial Intelligence, Internet of
Things (loT) and digital technologies to
provide finer-scale information on forest
structure, productivity and health. With
these tools, managers can move beyond
the traditional approach of stand-level
assessment to making site and tree-specific
silvicultural decisions. This approach has a
large potential in India where the difficult
terrain and limited accessibility of the field
in the Himalayan region restricts the
conventional inventories. However,
successful adoption requires region-
specific  datasets, skilled personnel,
technological infrastructure, and continued
integration with field-based silvicultural
knowledge.

Keywords: Precision silviculture,
sustainability, remote sensing, Artificial
intelligence, Himalayan region
Introduction

For more than a century, silviculture in
India has been based on periodic field
enumeration, visual crown assessment and
management  plans prepared for
compartments as a whole, rather than for
individual stands or trees (ICFRE 2014).
This worked well in times of greater forest
extent and cheap labour but has difficulty
to respond to today’s needs: a rapidly
changing climate, increasing pressure from

pests and fires, reduced field staff and
increasing demands for carbon accounting
and biodiversity reporting (FAO 2025).
Precision silviculture fills this gap. It
borrows the logic of precision agriculture,
which senses variability at fine spatial
scale and matches management inputs to
that variability (Pierce & Nowak 1999)
and applies the same logic to forest stands
(Holopainen et al2014; Fardusiet al
2017).Precision silviculture uses satellite
imagery, unmanned aerial vehicles
(UAVs), ground sensors and artificial
intelligence (Al) to characterize every
patch and sometimes every tree, instead of
treating a compartment as uniform, so that
thinning, harvesting, protection and
regeneration decisions can be tailored
rather than generalized (Holopainen et al
2014; Goodbody et al 2017).

Remote  Sensing:  Extending  the
Forester's Eye

Remote sensing remains the core of forest
assessment over large areas. In India, the
Forest Survey of India (FSI) has been
using ISRO’s Resources at LISS-I11 sensor
at 23.5 m resolution for mapping forest
cover on a biennial basis since 1987 and
the eighteenth report in this series, the
India State of Forest Report 2023,
estimates the country’s forest cover at 7,
15, 343 sq km or 21.76 percent of the
geographical area with total forest and tree
cover at 25.17 percent (FSI ISFR, 2023).
Table 1 summarizes the main figures of
this assessment.

Table 1: India's remote-sensing-based forest assessment (FSI ISFR, 2023)

Parameter (ISFR 2023)

Value

Total forest cover

7,15,343 sq km (21.76% of geographical area)
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Tree cover outside recorded forests

1, 12,014 sq km (3.41%)

Total forest and tree cover

8, 27,357 sq km (25.17%)

Total growing stock

6,430 million cum

Total forest carbon stock

7,285.5 million tonnes (+81.5 million t since
2021)

Primary satellite sensor used

ISRO Resourcesat LISS-I1I, 23.5 m
resolution, 1:50,000 scale

Satellite platforms like Resourcesat,
Sentinel-2 and Landsat are good at
monitoring cover change across states and
districts but they cannot resolve the fine
structure that silviculture actually requires
i.e. stem density, crown diameter, canopy
layering or individual tree height. Here,
UAV-borne LIiDAR (light detection and
ranging) and photogrammetry have been
decisive. LIiDAR pulses penetrate gaps in
the canopy and return three-dimensional
point clouds from which stand volume,
basal area and biomass can be directly
modelled. A recent study of subtropical
mixed forest found that UAV-LIDAR
intensity and canopy-volume metrics with
a random forest model could predict stand
volume with validation R? of 0.61 (Guo et
al 2026). In line with our work of
combining UAV-LIDAR with RGB
imagery and deep learning,Soet al (2025)

also implemented a
approach to delineate

deep

diameter

China’s Grain for
reporting a

description
resolution
require.

of structure,
silviculture

learning
individual tree
crowns and estimate aboveground biomass
without the need for hand-drawn training
crowns, providing a scalable alternative to
labour-intensive ground inventory. The
integration of LiDAR-derived height and
metrics with Sentinel-1 and
Sentinel-2 optical and radar data has
further refined biomass estimates in sparse
and mixed plantations, with one study on
Green plantations
gradient-boosting  model
accuracy of R? = 0.96 against field-
measured biomass (Yuelianget al 2025).
These tools together enable a forest
manager to go from a coarse cover map to
a stand level and in places tree level
exactly the
prescriptions
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Figl. Precision Silviculture: From Digital Forest Monitoring to Site-Specific
Management

Artificial Intelligence: From data to
decisions

The volumes of imagery produced by
remote sensing are far beyond the
interpretation capacity of a forester
manually. This is where Al, especially
machine learning (ML) and deep learning
(DL) earns its place. A recent
comprehensive review of remote sensing-
Al integration notes that Al-driven
techniques have measurably improved the
accuracy of land-cover classification and
expanded the scope of vegetation and
biodiversity monitoring, while cautioning
that model transferability across regions
and the interpretability of Al outputs
remain open challenges (Kazanskiyet al
2025). In plantation and mixed-species
forests machine learning algorithms such
as random forest and support vector
regression are now routinely used to
convert LIDAR and multispectral point-
cloud metrics into estimates of volume,
biomass and even individual-tree diameter,
often matching or exceeding traditional
allometric equations built from destructive
sampling (Munteanuet al 2026).

Al is also proving valuable in protecting
forests. For example, some studies have
used convolutional neural networks to
segment and flag pest-damaged canopy in
multispectral and hyperspectral satellite
imagery, such as an attention-based UNet
architecture to detect pine wilt disease
from satellite data before widespread
visible symptoms are present (Ye et al
2022). More recent feature-enhanced deep
networks aim to separate early low-
intensity  infestation  signals  from
background canopy noise, which could
reduce the lag between infection and
detection in dense Himalayan conifer
stands where field access is difficult for a
large part of the year (Zhang et al 2025).

Another frontier is selective and precision
harvesting, where multimodal sensing
combined with Al decision support is
being trailed to inform tree-by-tree
removal choices rather than blanket
compartment felling, a shift from stand-
level to individual-tree silviculture (Janis
2026).

Digital twins, 10T and the connected
forest

The latest addition to precision silviculture
is the digital twin, a dynamic virtual model
of a real forest built by fusing satellite
data, LIDAR point clouds and ground
sensor  networks  with  Al-enabled
simulation. A review of climate-smart
forestry describes how such systems
integrate these data streams so that
managers can simulate  disturbance
scenarios, project growth under different
climate pathways and assess carbon
sequestration performance before
implementing a silvicultural treatment on
the ground (Huy & Ke 2026). Internet of
Things (1oT) sensor networks take this a
step further, providing continuous, near
real-time readings of soil moisture,
microclimate and tree vitality that satellite
revisit cycles cannot match. A recent
narrative review of loT applications in
forestry describes how networks of ground
and canopy sensors, linked to drones and
satellites, support continuous ecosystem
monitoring and earlier risk anticipation
(Arion et al 2025). Preliminary field
applications, such as forest restoration

initiatives  incorporating Al, loT and
blockchain  for verification, indicate
substantial decreases in planting and

monitoring costs per tree, as well as
enhanced traceability of restoration results
(Sasaki & Abe 2025). The combination of
digital twins and loT provides a practical
solution for India where the large standing
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forest area is managed by state forest
departments with limited field staff, to
track stand health in the intervening period
between biennial ISFR assessment cycles.
Precision silviculture in the indian and
himalayan context

The FSI-ISRO partnership has already laid
a strong remote-sensing foundation for
India’s forest assessment but the national-
level mapping resolution (23.5 m,
biennial) is too coarse for silviculture
needs at the compartment or working-
circle level. This gap is particularly
evident in the mixed-conifer and broadleaf
forests of the Kashmir Himalaya. The
challenging terrain, seasonal snow cover
and mixed spectral signatures from
neighbouring orchards and agroforestry
plots pose difficulties for  cover
classification. This is a limitation
acknowledged by the ISFR itself (FSI
ISFR, 2023). UAV-LIDAR surveys, still
rare in operational Indian forestry, could
solve stand density and canopy structure
precisely in these difficult terrains at a
fraction of the cost of full ground
enumeration.Very high-resolution satellite
data has already proven useful at sub-
national scale in India: a study using three-
metre Planet Labs imagery over central
Indian dry forests created a bare ground
index to identify degradation not visible to
coarser sensors, with greater than 83
percent classification accuracy against
field data (Khanwilkaret al 2023). The
same kind of fine-resolution, Al-assisted
monitoring can be applied to Himalayan
wild-fruit and poplar-growing tracts,
enabling investigators and forest managers
to track regeneration success, clonal
plantation performance and early pest
signals at a scale that reflects actual
silvicultural units rather than
administrative ones.

Constraints and the Path Forward

None of these technologies is a substitute
for field-based silviculture. Reviews in the
remote-sensing-Al literature tend to

highlight  similar  limitations:  model
accuracy and calibration in one forest type
or region rarely translate to another; deep-
learning models require large, well-
labelled training datasets that most forest
departments do not have yet and the cost
and connectivity needed for LIDAR
surveys, 10T sensor networks and cloud-
based Al processing remain barriers in
remote and hilly terrain (Yuelianget al
2025; Janis 2026). Standardization and
skilled personnel are also required for data
fusion across satellite, UAV and ground
sourcesboth of which are currently in
limited supply in most state forest research
wings. The transition of precision
silviculture from a research demonstration
to a routine practice in India requires
investment in three areas: (a) creation of
region-specific  training datasets for
Himalayan and other Indian forest types,
(b) training of forestry graduates in
geospatial and Al tools, in addition to
classical mensuration, and (c) piloting
UAV-LIDAR and IloT networks in a
limited number of representative working
circles before scaling nationally.
Conclusion

Precision silviculture is not a replacement
for the forester’s field judgment but an
extension of it, supplying that judgment
with finer-grained, more frequent and
more objective evidence to act on. Satellite
remote sensing remains fundamental to
large-area assessment, as India's own ISFR
series illustrates; UAV-LIDAR and
photogrammetry now take that assessment
down to stand and tree level; Al turns the
resulting flood of data into usable
classifications, volume estimates and early
pest warnings and digital twins with 10T
sensor networks promise to keep that
picture current between formal survey
cycles. These tools will become more
mature and cheaper. Himalayan forestry
has tough terrain, high ecological stakes
and a relatively less dense field workforce.
Himalayan forestry will benefit as much

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

15



Van Sangyan (ISSN 2395 - 468X)

Vol. 13, No. 8,

Issue: August 2026

from precision silviculture as any forest

system in the country.
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Seeds of change: The story of beej bomb abhiyan
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The Seed bomb campaign, also known as the
Seed Bomb Abhiyan in the local dialect, is a
community-based conservation initiative that
has begun in Uttarakhand. The campaign
focuses on forest conservation, improving
natural food resources, and addressing the
growing issue of human-wildlife conflict. The
initiative was developed by Shri Dwarika
Prasad Semwal, who observed during his
Cycle and walk initiative that interactions
between people and wildlife were not limited
to Uttarakhand but were also becoming a
concern in different parts of India.

In Uttarakhand, the availability of natural food
resources in forests has been affected by
several factors, including forest fires, changes
in agricultural land, increasing human
interference, and drying of natural water
sources. When natural vegetation and food
resources decline, wild animals may move
towards agricultural fields and human
settlements in search of food. This can result
in crop damage and increase interaction
between local communities and wildlife.

The Seed bomb campaign provides a simple
method for supporting vegetation in forest
areas. A seed bomb is prepared by mixing soil,
compost, and water, with seeds placed inside
the mixture. The prepared balls are dried in the
shade for three to four days and then dispersed
in suitable forest areas. This method can be
useful in places where conventional plantation
is difficult, especially in remote and uneven
terrain.  When suitable  moisture and
environmental conditions are available, the
seeds may germinate and contribute to natural
vegetation.

The campaign started with Government Inter
College Kamad, Uttarakhand. In 2017, around
500 seed bombs were dispersed in forest areas.
The results and response from the community
encouraged the initiative to expand further. In
2018, the then Governor of Uttarakhand
learned about the initiative during a visit to
Uttarkashi and appreciated the campaign. In

2019, Seed Bomb Campaign Week was
initiated to involve schools, panchayats and
voluntary organisations.

The campaign gradually expanded beyond
Uttarakhand to more than 18 states, and
variousschools,  government institutions,
voluntary organisations, teachers, students and
local communities became involved in the
activities. | also had the opportunity to
participate in the Seed Bomb Abhiyan as a
volunteer, and through my involvement, | have
gained a practical understanding of seed
conservation,  forest  restoration,  and
community participation in environmental
conservation. Being part of the campaign also
helped me understand how simple activities
can encourage students and local communities
to take an active role in protecting their
surrounding environment.

During the COVID 19 period, the campaign
continued to involve people in environmental
activities. Around 20,000 seed bombs were
prepared at a quarantine centre in Thandi
village, Uttarkashi, in 2020. More than 50,000
seed bombs were dispersed across forests in
Uttarakhand during the same year. This
showed how community participation could
continue even during a difficult period.The
Beej Bomb Abhiyan connects forest landscape
restoration (FLR), biodiversity conservation,
environmental education, and community
participation, along with awareness about
ecosystem services. It also encourages children
and communities to conserve seeds that might
otherwise be discarded and use them for future
conservation  activities.The campaign is
therefore not only about dispersing seeds, but
it represents a community-based approach in
which simple conservation practices bring
people together for environmental protection.
Seed bombing alone cannot solve forest
degradation or human-wildlifeinteraction and
its impacts, but it can support vegetation and
natural  food  resources when  used
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appropriately along with wider forest and habitat management efforts.

Figure 1: Students creating seed balls as part of the ‘Seed Bomb Abhiyan ’to promote reforestation
and environmental conservation
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Abstract

Agroforestry is a land use system where
woody perennials such as trees, shrubs, palms,
bamboos etc., are deliberately grown on the
same land units as agricultural crops and/or
animals, in some form of spatial arrangement
or temporal sequence. Tree components in
agroforestry  systems  provide  multiple
functions and ecosystem services, among
which one of the most important ecological
functions is described by the root safety net
hypothesis. This hypothesis states that deep-
rooted trees intercept nutrients leached below
the rooting zone of agricultural crops, thereby
enhancing crop productivity and nutrient use
efficiency, and reducing nutrient losses and
groundwater contamination. The efficiency of
root safety net depends on several factors,
including root length density, depth of safety
net soil layer, tree age, nitrogen demand of tree
species, and the amount and intensity of
rainfall. Overall, safety net functions of trees
in agroforestry systems reduce nutrient
wastage; enhance nutrient use efficiency and
productivity of agroforestry systems.
Keywords: Agroforestry, Deep-root, Nutrient,
Safety net hypothesis

Introduction

In agriculture, the fertilizers applied to crops
are often subjected to leaching which is
defined as downward movement of water-
soluble mobile nutrients such as nitrogen
(particularly nitrate), potassium, calcium, and
magnesiumbelow the crop root zone with

percolating water.This process results in
reduced soil fertility, nutrient shortage for
crops and ground water contamination.
Nutrient leaching can be minimized by
integrating tree species with agricultural crops.
In this context, the role of agroforestry in soil
nutrientconservation becomes evident. The
deep-rooted trees incorporated into
agroforestry systems form a nutrient safety net
below crop root zone and intercept the soil
nutrients that would otherwise be leached.
What is safety net hypothesis?

The safety net hypothesis states that deep
rooted trees intercept mobile nutrients that are
leached below the crop rooting zone
(Cadischet al., 1997). In agroforestry, annual
crops generally have shallow roots while tree
component develops deep roots that extend
below the crop root zone. This complementary
root pattern of agricultural crops and tree
species provide a foundation for nutrient safety
net. The safety-net hypothesis proposes that it
is possible to attain a decrease in nutrient
leaching without intensifying root competition
among trees and crops (Van Noordwijk and de
Willigen, 1991). The deep roots absorb the
nutrients lost below the crop root zone and
recycle them back to the topsoil throughleaf
litter and root decomposition. The safety net
hypothesis complements the nutrient-pump
hypothesis which is uptake of relatively
immobile nutrients from deep soil layer (Rowe
et al., 1998).

How the safety net works?
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Fig. 1: Nutrient pumping and cycling in an agroforestry system via ‘safety net’ formation (Source:

Fahad et al., 2022)

According to Cadischet al.(2004), the potential
modes of action of an effective safety-net
include:

1. Tree nutrient sourcing below the main

crop rooting zone, resulting in the
interception of nutrients that would
otherwise be leached.

2. Reduced water drainage (e.g. increased

water use efficiency).

3. Reduced concentration of nutrients in the
soil solution (e.g. high tree + crop N
uptake).

4. Increased by-pass flow of soil solution
with low nutrient concentration through
macropores, due to improved soil
structure.

Efficiency of root safety nets

Efficiency of root safety nets in improving

nitrogen recycling efficiency and reducing

environmental losses are examined using the
dynamic agroforestry model WaNuLCAS

(Van Noordwijk & Lusiana, 1999).

The safety-net efficiency is definedas:

N
0, — upt
SNE (/0) (Leach oyt +TNupt) %100
Where,

SNE is safety net efficiency, TN,y is the tree N
uptake from the safety-net zone (40-60 cm soil
layer) and Leachy, is the amount of N leached
out of the safety-net zone.

Safety net efficiency depends mainly on,

i) Root length density and depth of soil in
safety net layer: Increases interception
efficiency due to enhanced mineral residence
time.

ii) Trees’ nitrogen demand: Non nitrogen
fixing trees provide more effective safety net
for nitrogen than nitrogen fixing trees as the
latter can meet a portion of their demand
through nitrogen fixation. Rowe et al. (1998)
confirmed that non nitrogen fixing legume
Peltophorumdasyrrachistook up more nitrogen
(42 kg N/ha) from beneath the main crop
rooting zone than the N, fixing legume
Gliricidia sepium (21 kg N/ha).

iii) Amount and intensity of rainfall: Cadischet
al.(2004) reported that higher rainfall
generally reduces efficiency due to shortened
nutrient residence time in the safety-net zone.
Further, it depends on the age of trees and soil
texture. Mature trees with well-developed deep
root systems exhibit higher interception
efficiency than younger trees. Similarly,
clayey loam soil intercepts more nutrients than
sandy soil as reportedby Bergeronet al. (2011)
in poplar-based agroforestry system.
Importance/role in agroforestry

Safety-net offers several advantages in
agroforestry including, prevention of nutrient
leaching, improvement of soil fertility,
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enhancement of crop productivity and
prevention of groundwater contamination.
Prevention of nutrient leaching

Trees prevent leaching of soil nutrients below
crop root zone by absorbing and pumping back
leached nutrients to upper soil layer.
Suprayogoet al.  (1999) reported that
Peltophorum and maize based hegderow
cropping system reduced N leaching by 87 %
compared to maize monocropping. Cadischet
al. (1997) suggested that Peltophorum roots in
the 40-60 cm soil layer reduced leaching by 5-
10% during maize crop cycle in the rainy
season. Similarly, Allen et al. (2004) reported
the role of Carya illinoensis in reducing nitrate
leaching in Carya illinoensis-Gossypium
hirsutum alley cropping system.

Improvement of soil fertility

By intercepting and recycling leached
nutrients, trees contribute to the enrichment of
soil fertility. Decomposing leaf litter and roots
release nutrients back to the upper soil layer
which improves soil organic matter content
and nutrient availability for annual crops.
Enhancement of crop productivity

With the minimal wastage, increased
availability and efficient utilization of recycled
soil nutrients in upper soil layer by crop
components, agroforestry systems enhance
crop Yyield compared to monocropping.
Suprayogoet al. (1999) reported that
Peltophorumand Gliricidiabased agroforestry
systems produce maize grain yield equivalent
to those resulting from application of 45 or 90
kg ha™ inorganic N in maize monocropping
systems.

Prevention of ground water contamination
In regions with high fertilizer inputs and heavy
rainfall, the safety net of tree roots restricts the
downward movement of fertilizers mainly
nitrates into the water table, thereby reducing
groundwater contamination. This is supported
by Allen et al., 2004.

Conclusion

In agroforestry, root safety net hypothesis
plays a key role in soil nutrients
conservationby  forming a safety net
againstnutrient leaching below the crop root
zone without intensifying competition between
trees and crops. With proper understandingof
tree root length density, root distribution
pattern, nitrogen demand, soil texture and the

amount and intensity of rainfall, efficiency of

safety net can be enhanced.
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AT Yo § 9 i Ioriaat, 78 s GWTaTe

P AT, R et ud gffar g2
FAAET U FO AT T,
5, 9T, ve. uHTE S vd aree Eeafammers it dem- 173230 (R W)
221, St #t, T, wop T va wyp A werfaenes, =ted avad pa fRATee yeer F A,

ITHE — 176062 (7. 7.)

T

FTE FTACATAF (0T T g F AT FoA
Tt (Poaceae) ¥ 3TaTd SUF SFIHTZST
(Bambusoideae) FT Taeq g, foa# fersaww
H ST I I H SAtgw ISt
afeatord g1 T SHeht §¥aHT 3 qstaer
FeAT o THIT VAT gidl g, aread § 7g U
Fgadta (perennial), FTSIA (woody) =T
g, S fad=s® gl Za®  (secondary
meristem) fawfEd qgt Fdr, ™o wreor
THHRT qAT SETAT AIAF AT 9T &
R TgaT 2 ST Faa AT AT AAiE
gear (lignification) ¥ wfw= Il BraT 2l
THET 4T, 5| aeafas 9T § Fwen
(culm) Fgr STAT g, HLAATH® T o
grEer A7 Hafaa saae 97 fuaa a4t
(nodes) T fFwTlora graT 8, 3T Yw
qa-gfer  (internode) 9 fRud  weaadl
faresaae (intercalary meristem) gt S&eht
FETIT Jlg 3T & o0 IAerdt am =r
STAT g qRRTT &9 |, 76 T Sa--3emT
THHT Tha o (rhizome system) graT &, ST
T qcdl & GUgul, A1 Tl (shoots) &
Sgd, TAT gar-Fadw, oAt Grare #
FATT T ATaT 8| 9"t ¥ fAa=a &
TohETe S| IRl A, 9% &l g a7 agi
& [EEEl aq # =0 TR A | R
AUAT  FHTARW  FfEy I, FgAATHT
SYATNAT 3T JET-HLAM FHAT &F FHIL0
AT TH H ATIR &7 F "gRT qET
ForaT " o= (Green Gold) T 37 <
TS §, I Tg T Faa qIEAden
AT IATU 7@ | TgIAF g, qTodh heTl
¥ oo v oy s SrerierE S #\a
EIEE R

fiar g s gar-seror & sy

I w FAAT T qEE dF Flg-a ATl
Faeataat § AT STar g, sfiw TEer
e RaTes e (physiological basis)
WY T H GHAT ST TH gl qE
o=t et & gfi qeora: av % ofider
frasara® (apical meristem) & Hfad
TRl g, Safh a| H TAE a-gier 1%
A w9 ° ghT wedadt fawsaras
(intercalary meristem) S9Red AT gl
gRumREEEY wfdET AW uE "1y
A TATAT I AL &9 F grar g, 7 &=
Fae offd T¥, ™| FOT AFA Ear,
AT qAT gar-a|r & Rafa 7 Fg
TSATIAT AT w2l | 978 | 7o HEHex
T T JTeg &1 HLAl &, AT AT FTA |
g I S AfgF 98 STt g1 i &1
T A gl T aF (rhizome system) 9¥
YT &, ST U ToF U TLEIL AT g3l
T qAT-a7 gl A= § e arer
ATHIA TSI HZAATHE® ®T
TeeE g frnfeasr  (sympodial)
Tha TRl &, Sred 97 Y20g ATq-91e &
ok &1 T T 5 = 3T A B
T qrd faware (lateral spread) sTo&THRT
HHT Tgar g, ™| F107 g 4347 JaT-
FOTT T ATCF & F arg Ta= § 7o &9
EREEIEIRE -SRIl

TRTSl TATI U<, gl g€ AT | &
e g g &t guedT o g, 979 A a7
SIS TUITSAT Ua SHfad STl STl it
T T HAT g AT FaqTd g Toh =y e
STET ATAT AT I el TqaTg (surface
runoff) ST ¥a&T T9<a (soil erosion) it
T AT Gl Al Hwl godr H
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IeAGHIT T FH UTS 1T 81 THF a1
&1 T FT SR ATHI F3IT AHST a1
FeAT AT AT H T THS SARA ATTF
FTEA YU FIA T AWAT T@AT &, FAIH
Tl d1F gfg & ST AT a<t "/
TRTIT-HGTOT 6T FFAT T gl Afersh aien
JATT T@AT gl Tal F0 g 6 Searg
afade 3T gaT §eq, Il e § a9
Ud FY JATHE oIF qF AT FH TH
TATAT IUTT HTAT &9 g

T waer it @ T yeriaat
am=a w7 G a\Tae, S
AT Hg q |7 Hex & oo
TAgel H ohT I AT Hex ¥ Afaeh
fafse o\ ySrtaa & o senT-se
gfefRafasis  #rg® (ecological niche)
et FAT g =t 3w wew ugrteat, S
feema e, e, fHIT ofiT FiEET & T
T q9 ATNN H, ISghodd  gHcedrs
(Dendrocalamus hamiltonii) TSITT
JgarEd § 912 STt 8, 5| e w1 "
FTSAT ITE AT ATAST AH Fgl AT gl Tg
TSI TagaY & Ted HelHie ATt a9l
Y TH-E STorary § "aifees d=r afy
FIAT 8, THF a7 TqeAT AT a1, AATA
#T WRR A g, ™E FT Tg FE
AT IR T TAHLT qATS Il 6 (0
IUYH ATAT SATAT &1 T HIHA FHioed AT
T & FIL AT 3 S ST FoiAi |
Testt o &9 § TTRT 2l 2l

TES AT Sereegd Roaed
(Dendrocalamus  strictus) ISITfd, orE ¥
JE AT Fifere d9Fg AT FFT ST@T T,
AUATHFA IoF oT =gl | 9v o
THEAATIAT I SATAT gl TEHRT AT ATHN
318 IT Igaq adl [T aTaT giar g, 5
HTLOT THT e ST JIeA & T T
&HdT (tensile strength) 3= STttt
T & rfers gt 21 T2 Ior == fAmir
Y, F ST, ST TG FATAL I 6
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o areel =TT 81 M= R F o
&1 H T Ud ST GLeA0 HTAFAL o aiid
zft st 1 srerfierar € ST €, FitE
Tg FHH Ul T "o 86 § o shifea
T T HAT TEdT Bl

fomeT, Fooq, =aT T e & SuRT
qITeAT |, STgl ATIHT ATATHT FH AT
32T TEaT €, dgl foe ¥ AW ¥ uag
THTFATT  FIAFAT  (Thamnocalamus
spathiflorus) @om  sr&feafaT et
(Arundinaria falcata) St#ft werfaat ors
STTT g1 T AT | e, ATSIAT 3% el
T ATAT IaT 8, 3T THEAA o ATAT T
A O ®F F d9 gATT Hiex T
$ATE 9T "gS ®7 ¥ yAgdr g1 ofia
Tgeferar (cold hardiness) #T 32 & =g
sertaat 9w & & Ieeradg 8, F#itE
Tg goehl THRaTLT 3fY Tdd 7 arqwTT |
T -7 atr gt g1 fifeat ¥ ugrEt
AigaTy Rarrer &t qaeft ST A=A ATt
q T, FAdl, g9 3T 9 ITAN 6Hr
FEQE FAAT oS &, AT T off 2L T |
g I 19T Sad g 9T Aigar e
TETIAT THGI i ATHEAT T Tah *9T &
ECIE ]

THh  ATd<h aFET e (Bambusa
nutans) ST SFAT ¥ (Bambusa
bambos) STET gSTaAT T ST F AT
9T i armETr BT & Gt
JISTATSA o SAaid I & qIE 92 e
TE g T FfE =%, 9T agmeeferar
#T ATTIF SYATRET FT AR AR
Fegae oot ot ST €, ATTh T TaT ST
ST A o Rumw & @R Seay
gfefRafaat & FE-AT SSIia "aite®
ATAFI og g7 gl 5

AT ORI | @Y S0 a7 a1 il Sl
#T TIE TS AATF (Fwar 78 § & v
I THE TANT BT S F ATE, qreT
Ay 95 HITe I FHAT gdTl g, o
FIOT T T T(AAT SATS 6l SAFLTHAT Bl
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g 9T B A9 A7 urey T qrEan gde #i
AT A9 % o & 91 a9 918 I79
HTHE ATAGT IS Fels AR T ATaT &, AT
I AT g TATE FUT AT ITH T&F q07
T FAaT IATaT <qT @At gl g a9y
e @am AT FO e e 7
Oag TEIl g o ST W ey w
9T 7 ¥ I9d THEO dEAhl
(rhizome propagation techniques), xd®
Tag (tissue culture) FTRT TRTEE |Ter
I LA, TAT THERLOT ILq Jodadd
T e &, qe ggrel REEl # aga)
TUTETT H 9T Y FERAd AT &l
IqS gl Tohl

F9C T FH UGS @AM T, &l
TRURE AT AT ITAGAT FHA [0l l
AT IX ST AT T F Freor qgiewa
T T a1t €, 979 U e w9 ¥ g
AT FATAGTF AT THhT IHIT &1 THehT
T ST IOt HET &7 I7Eq =7 ¥ 9y
Edt g, el gt fewe St aary
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(organic matter) % =7 | fogr & 3a<ar
JETdr §, T "@7F & dg gL au feAr
st erer & sraesr ofF 3ar Tgar 8l
Tor quy aTfRafdT vt aqee
TH TETET Y yurre T & forw faew =7 &
ST FATAT &

siasg i e

a9 T e STl sht 0T SIS T HTAFT,
IS MUTT 9¥ Taidd UF A9
THhal B F T | FOFTAT AT AT
THH o0 TRAE U Soq |ier 9T &l
STASHAT, TIHIT FqC UL BIdl THERLIT
THRSAT T TITYAT, AT TR AT
TS 3T I & SIS a1l qge i
JGAT AT T qaH TSI AFAITHAT g IS
e s N, T T@ 9 ger fRer '
FEH FEIT 16, 7 [RAT= & I8 TRAE
arefy, a9, " AT aut § Ugret et
FT STHEHAT TET 3T |7 g Ja&T HLeq0r ud
AT AqFAT | AT UF [orraw e
T ThaT 2l
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Abstract

Capparis decidua (Forssk.) Edgew.,
commonly known as Kair, Ker, or Kair
tree, is an important drought-resistant
woody species of the arid and semi-arid
regions of the Indian subcontinent. It
belongs to the family Capparaceae and is
particularly abundant in the dry regions of
Rajasthan, Gujarat, Haryana, Punjab, and
adjoining areas. The species is well
adapted to extremely harsh environmental
conditions, including high temperature,
prolonged drought, water scarcity, saline
and alkaline soils, and low soil fertility.
The plant possesses distinctive xerophytic
adaptations, including a deep and
extensive root system, reduced leaves,
green photosynthetic branches, succulent
tissues, and prominent spines. These
characteristics enable it to survive under
conditions where many conventional crop
species cannot grow successfully. In
natural  ecosystems, C. decidua
contributes to soil stabilization, prevention
of wind  erosion, reduction  of
desertification, biodiversity conservation,
and maintenance of ecological stability.
The immature and mature fruits are
nutritionally and economically important.
Tender fruits are traditionally consumed as
vegetables and are widely used in pickles
and regional food preparations,
particularly the traditional Panchkuta
preparation of Rajasthan. The fruits
contain carbohydrates, proteins, minerals,
vitamins, pigments, and other bioactive
constituents. Various plant parts contain
phytochemicals such as flavonoids,
alkaloids, saponins, sterols, phenolic
compounds, and terpenoids. Traditional

medicinal applications and experimental
studies have indicated several biological

activities, including antioxidant,
antimicrobial, anti-inflammatory,
analgesic, hypolipidemic, and

antihypertensive  properties. However,
many pharmacological findings are based
on laboratory or experimental studies and
require further clinical validation. Because
of its nutritional, medicinal, ecological,
and socio-economic significance,
Capparis decidua represents a valuable
underutilized plant resource for climate-
resilient agriculture, dryland agroforestry,
wasteland reclamation, food security, and
rural livelihood development.

Keywords: Capparis decidua, Kair, Ker,
desert plant, drought tolerance, xerophyte,
medicinal plant, phytochemicals,
nutritional ~ value, agroforestry, arid
agriculture.

Introduction

Capparis decidua (Forssk.) Edgew.,
commonly known as Kair or Ker, is an
important  multipurpose, underutilized,
fruit-bearing shrub or small tree belonging
to the family Capparaceae. It is a
characteristic plant of the hot, dry and
semi-arid  regions of the Indian
subcontinent, the Middle East and Africa.
In India, it is particularly common in the
arid regions of Rajasthan, Gujarat,
Haryana and adjoining areas. Kair is a
hardy and highly useful fruit-bearing plant
possessing several specialized adaptations
to drought and heat. These include a deep
and extensive root system, reduced leaves,
green photosynthetic stems and strong
spines. Such adaptations enable the plant
to survive and grow successfully under
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severe water scarcity, high temperatures,
poor soil fertility, and saline or alkaline
soil conditions. Consequently, C. decidua
is particularly valuable for arid and semi-
arid agriculture and for the restoration of
degraded lands. The plant contains a
variety of biologically active
phytochemicals that contribute to its
nutritional and medicinal significance. The
fruits are traditionally consumed as food
and are widely used in the preparation of

vegetables, pickles and other traditional

Botanical and ecological importance

Capparis decidua is generally described as
a thorny, much-branched, perennial shrub
or small tree. It may remain evergreen or
retain green photosynthetic stems for much
of the year, even when leaf development is

greatly reduced. Its green Dbranches
perform an important photosynthetic
function, thereby reducing dependence on
leaves during periods of severe drought.
The species is particularly well adapted to
hot, dry, and semi-arid climates. It can
withstand considerable fluctuations in
temperature and is capable of maintaining
growth under severe moisture stress. Its
extensive root system enables it to exploit
soil moisture from deeper soil layers,
while its reduced leaf area minimizes
water loss through transpiration. Because
of these adaptations, C. decidua is
considered an important component of
desert vegetation and dryland
agroecosystems. It can be incorporated
into agroforestry systems, farm

products. Different parts of the plant have
also been used in traditional medicine, and
modern investigations have reported
several potentially valuable biological
activities. The present account highlights
the botanical characteristics, ecological
importance, nutritional composition, food
uses and medicinal potential of Capparis
decidua, with particular emphasis on its
importance as an underutilized resource of
arid and semi-arid regions.

boundaries, shelterbelts, windbreaks, and
degraded-land rehabilitation programmes.
Distribution and habitat

Capparis decidua occurs naturally
throughout many dry regions of the Indian
subcontinent and neighbouring regions. In
India, it is particularly abundant in the
Thar Desert and adjoining arid and semi-
arid areas of Rajasthan and Gujarat. It also
occurs in parts of Haryana, Punjab, and
other dry regions. The species is
commonly associated with sandy soils,
gravelly soils, saline soils, alkaline soils,
and low-fertility lands. Its ability to
establish under such difficult conditions
makes it an important species for
ecological restoration and sustainable land
management. Historically, C. decidua was
widespread in many parts of the Thar
Desert. However, population pressure,
expansion of cultivated land, increasing
livestock pressure, excessive grazing, and
mechanical land  preparation  have
contributed to the decline of natural
populations in some areas. Nevertheless,
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farmers continue to conserve individual
plants along field boundaries, wastelands,
grazing lands, and village commons
because of their ecological and economic
value.

Adaptation to drought and high
temperature

One of the most remarkable characteristics
of Capparis decidua is its exceptional
ability to survive under severe drought and
high-temperature conditions. The species
has evolved several morphological and
physiological mechanisms that allow it to
conserve and efficiently utilize water.
Important  drought-adaptive  features
include:

e A strong and extensive root system
capable of accessing deeper soil
moisture.

e Reduced or highly modified leaves,
which decrease transpiration.

e Green photosynthetic stems that
continue carbon assimilation even
when foliage is limited.

e Thick, succulent branches capable
of storing water.

e Spines that represent modified
plant structures and may reduce
herbivory.

e High tolerance to
alkaline soils.

« Efficient physiological responses to
prolonged water deficit.

These characteristics make C. decidua a
promising plant for climate-resilient
agriculture and dryland agroforestry. The
plant can grow in regions receiving
relatively low annual rainfall and can also
tolerate somewhat higher rainfall where
drainage and  other  environmental
conditions are suitable. Its ability to
withstand climatic variability makes it
particularly valuable under scenarios of
increasing drought frequency and climate
change.

Fruit characteristics and nutritional
value

saline and

The fruits of Capparis decidua are small,
berry-like structures that are produced on
the green branches. Immature fruits are
generally green and relatively acidic or
pungent in taste, whereas mature fruits
develop pinkish-red to reddish coloration
and become more palatable. The fruits
contain appreciable amounts of
carbohydrates, proteins, minerals,
vitamins, pigments, and other bioactive
compounds. The seeds also contain oil and
other nutritionally valuable constituents.
The nutritional composition of the fruit
may vary considerably depending on
genotype, maturity stage, environmental
conditions, soil type, season, and
analytical method. Therefore, reported
nutrient values should be considered
approximate rather than universal. The
fruit is particularly important in traditional
diets of rural communities in arid regions.
Young and tender fruits are commonly
collected and used as a vegetable, while
mature fruits may be consumed after
appropriate preparation. Dried fruits are
also traditionally used in the preparation of
pickles and other preserved food products.
In Rajasthan, the fruit is an important
component of the traditional Panchkuta
vegetable preparation, in which several
desert plant products are combined to

produce a nutritious and culturally
important food.

Traditional food uses

Capparis decidua has considerable

importance as a traditional food plant in
dryland communities. Tender fruits are
collected during the appropriate season
and cooked as vegetables. Because fresh
produce can be scarce in desert
environments, the plant provides an
additional seasonal food resource. The
fruits may also be:
e Pickled and preserved for long-
term consumption.
e Cooked with other vegetables and
spices.
e Dried for storage.
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e Incorporated into traditional
regional dishes.
e Used as an ingredient in Panchkuta
preparations.
Thus, the species contributes not only to
dietary diversity but also to food security
in arid and semi-arid regions.
Phytochemical constituents
Capparis decidua contains a diverse range
of  biologically active compounds.
Different plant parts, including fruits,
stems, bark, roots, leaves, and flowers,
contain various phytochemicals.
Reported groups of compounds include:
o Flavonoids

o Alkaloids
e Saponins
o Sterols

e Phenolic compounds
e Terpenoids
e Glucosinolates and related
compounds
o Other antioxidant and bioactive
constituents
The concentration and composition of
these compounds vary with the plant part,
developmental stage, geographical
location, season, extraction method, and
environmental  conditions. These
phytochemicals have attracted scientific

interest because of their potential
antioxidant, antimicrobial, anti-
inflammatory, hypolipidemic,
antihypertensive, and other

pharmacological activities.

Medicinal and pharmacological
importance

Capparis decidua has a long history of use
in traditional systems of medicine. VVarious
parts of the plant have traditionally been
employed for different health-related
purposes. Modern experimental studies
have also investigated its pharmacological
potential. However, it is important to
distinguish between traditional medicinal
use, laboratory evidence, animal studies,
and clinically established therapeutic
effects. Many reported pharmacological

activities  require  further  clinical
investigation  before they can be
considered established medical treatments.
Hypolipidemic and cholesterol-lowering
activity

Extracts prepared from the fruits and
young stems of C. decidua have been
investigated for their effects on lipid
metabolism. Experimental studies suggest
that certain extracts may influence plasma
triglycerides, total lipids, phospholipids,
and cholesterol metabolism. The proposed
mechanisms may involve alterations in
lipid utilization and cholesterol
metabolism. These findings indicate
potential for further research into the plant
as a source of natural bioactive compounds
for metabolic health.

Anti-Inflammatory and analgesic
activity

Phenolic and other extracts obtained from
the aerial parts of the plant have
demonstrated  anti-inflammatory  and
analgesic  activities in  experimental
models. Certain isolated compounds have
been investigated for their possible role in
reducing inflammatory responses. These
findings provide scientific support for
some aspects of the plant's traditional
medicinal use, although clinical evidence
in humans remains limited.

Antioxidant potential

The fruits and other plant parts contain
phenolic compounds, flavonoids, and other
phytochemicals that may contribute to
antioxidant activity. Antioxidants help
neutralize reactive oxygen species and
may protect cells from oxidative damage.
The antioxidant potential of C. decidua has
therefore become an important area of
phytochemical and nutritional research.
Antihypertensive and cardiovascular
activity

Experimental investigations have reported
that certain extracts of C. decidua may
influence blood pressure and
cardiovascular function. Some studies
suggest that plant extracts can produce
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vasorelaxation, possibly through effects on
vascular smooth muscle and mechanisms
involving calcium channels or other
regulatory pathways. Although these
findings are scientifically interesting, they
should not be interpreted as evidence that
C. decidua can replace prescribed
treatment for hypertension or
cardiovascular disease.
Antimicrobial activity
Extracts from the roots, bark, seeds, fruits,
and other plant parts have demonstrated
antimicrobial activity against several
microorganisms in laboratory studies.
Reported activity has included effects
against both Gram-positive and Gram-
negative bacteria, including organisms
such as:

« Staphylococcus aureus

« Bacillus subtilis

e Escherichia coli

e Kiebsiella pneumoniae
Some extracts have also demonstrated
antifungal activity. These observations
indicate that C. decidua may contain
compounds with potential for development
as natural antimicrobial agents, although
further purification, toxicity evaluation,
and clinical research are required.
Dental and oral health applications
Certain compounds present in the fruits
and flowers have been investigated for
their potential to inhibit bacterial growth
and dental plaque formation. Because oral
bacteria contribute to plaque formation and
dental caries, the antimicrobial properties
of plant extracts have generated interest in
their possible use in traditional oral-care
preparations and future plant-based dental
products.
Ecological importance
The ecological value of Capparis decidua
extends far beyond its nutritional and
medicinal uses. It is a valuable species for
desert ecosystem management and dryland
ecological restoration.
The plant contributes to:
Soil stabilization

Its root system helps bind soil particles.
Control of wind erosion
Its branching structure helps reduce the
movement of loose sand.
Desertification control
Establishment of hardy native vegetation
can help stabilize degraded landscapes.
Biodiversity conservation
The plant forms part of the natural
vegetation community of arid regions.
Microhabitat formation
Its canopy and branches provide shelter for
small organisms.
Agroecosystem resilience
Its presence on farm boundaries can
provide ecological benefits without
requiring large quantities of irrigation
water.
The species therefore has considerable
potential in desertification-control
programmes and climate-resilient land
management.
Socio-economic importance
Capparis decidua is closely associated
with the livelihood systems of rural
communities in arid regions. The plant
provides multiple products from a
relatively low-input resource.
Its economic uses include:
e Fresh and processed fruits
e Pickles and traditional
products
e Vegetable preparations
« Traditional medicinal preparations
e Fuelwood
e Fencing material
e Support for agroforestry systems
o Potential raw  material  for
nutraceutical and functional-food
industries
Because it grows naturally under harsh
environmental conditions, it can provide
income opportunities without requiring
intensive irrigation or high agricultural
inputs.
Potential for value addition
The nutritional and  phytochemical
properties of C. decidua provide

food
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opportunities for the development of
value-added products. Research and
entrepreneurship could focus on:

e Processed fruit products

o Pickles and preserved foods

o Dehydrated fruit products

o Functional foods

« Nutraceutical formulations

« Natural antioxidant products

o Plant-based antimicrobial products

e Phytochemical extracts

« Natural health-care formulations
Scientific  validation  of  bioactive
compounds,  standardized  processing
techniques, quality control, food safety,
and appropriate regulatory evaluation will
be essential for commercial development.
Conclusion
Capparis decidua is an exceptionally
hardy and multipurpose tree/shrub of the
arid and semi-arid regions of India. Its
remarkable tolerance to drought, high
temperature, salinity, low soil fertility, and
water stress makes it an important species
for dryland agriculture, agroforestry,
ecological restoration, and desertification
control. Its fruits have important
nutritional and culinary value, particularly

among rural communities of Rajasthan and
neighbouring dry regions. The plant also
possesses a diverse phytochemical profile
and has demonstrated several promising
biological activities, including antioxidant,
antimicrobial, anti-inflammatory,
hypolipidemic, and  antihypertensive
activities in experimental studies. Beyond
its food and medicinal potential, C.
decidua contributes to soil conservation,
wind-erosion control, biodiversity
maintenance, rural livelihoods, and climate
resilience. Greater scientific attention to its
propagation,  conservation,  nutritional
composition, phytochemistry,
pharmacology, processing, and value
addition could transform this traditionally
underutilized species into an important
resource for sustainable agriculture,
nutrition  security,  rural  economic
development, and climate-smart farming in
dryland regions. Thus, Capparis decidua
should not be regarded merely as a desert
shrub; it represents a valuable indigenous
biological resource with considerable
ecological, nutritional, medicinal, and
socio-economic potential.
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THIA AT AT I AqAdTe (Golden Shower Tree)

AT QAT Terger #T, FR0er aTeedy, Frerer Brardy va wrivar farde

ATTATAHT TF T LT TART
AT AT ST vd forar aivog -l a= e g€, Taedqe

Email: manoj.poosam@gov.in

FETAAT
FRrerfererrdt it # gE T sreaT, ST wiE-
S HT AR T H AW 3T AT gl
Tel, afed Te-ATer A AT Td B, qd
FHTL ATH-IT8 T TAT U2 Zram § S 26
HEw | AT sroet T gear & 91 o
35T gl TEHI o FhaTe 3T 9Tt | TF UE
FoeT {4 aiET e @ g '
FHA T BAT H A7 S7aT g1 THT 97T
g ST fohelt F U 9% |9 & ST 2 fIu
gil STa gaT Fodl g e T 9ol el e
W Ra g, ar =99 | AT arier
(Golden Shower) #T fgaTd graT gl =
YT AT ST UL FT AH g- FAHAAATH|
ZH | | SATRTAE AN STHAATH &l {96 Th
ASTEel U 99d 8, ST gHTT dE&( Y
FAAT I GIL FATAT gl AR ag1s T8 &
% g Uz forF st &7 g7 g% qel aar,
Ffe 7g AT IT o AT e & fo v
agd I=T 92T gl

FEEAdE AT Casia fistula, BT
FHAATH, SIS H: Ao qma< 21 (Golden
Shower Tree), @&FHa H: sr@aqg
(Aragvadha), I¥T3T |: FgTET, HAITAH H:
FIUHAT TEFd | THAATT AT
Fg SITAT g 'S FT AqAd gIal g Ay
AT T FT AAAT gIdl g AAT| AT a8
UE ST AHIREAT FT Y FE Q| ALAS &
I AT H TH UET AT IASAT (TS Fogl
T § FA(Th S0 g2 U GedT-uw, e,
T, € AT wA-tehet T et ST =+
SR LA o T ATAT gl heeA | qT TG 1T
FeT (State Tree) g1 FGT F ANT I T
T2 AR A | a1 o0 it A7 o

AHAATH 6 Gl BAL % Al Hd| F A &

Cassia fistula \=

g

(STHEATE T 727)

fist g FT IS

JYAATH & TaET I qITL T & (o0
OO &fIST T AT T Hgeaqor =0
g1 AT THeh SIS0 AT §Ug BIordl &
T T T T g | ML W & g 9T
AT STaT 81 wewr wRa ® &9 §Ug #
SULE THT AT AT F AT
TZAT gl TEET, TN UF Hie-A<h qai
TG qlg AFRMEd ROl &I THTA FHLAl
AU HATRd Hler@l & AT H TETHRT
AEgIIE® Grase e [t HEs,
Z&, TR AT AqRaF IS il FAT FT
AT AR A=l IO el il i
AT, G 3T gATE T 9T TG F ITah!
[OTET ST T H AT [Hedl gl
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FHAATT F SISl HT AT ATEL0T FHTHT
FSIT BIAT &, Toreeh 10T qT=iY T Sraremroor
efTHT BT ThaT g ST SFTOr § T gl 2
T AT T gl ISl ITATT FLAl
ITART AT g1 SISl F FIT AT ATEL0
T ATAATHIIET goahl BEaT IT GLaFe
scarification fRaT ST &Rt 21 THH aTR
STl T AT 911§ TOAT 12-24 5
TR0 & T | THT Torer FEA | gl
Hedr 81 STATE & I 1S F Eel
AN A THFAE Ad@l Tgadr ARl
STATRA &ISI1 HT ATIF 9T a6 a1 H
@ ¥ F9A1 AUl 3t=a scarification
T soaking & THTT T& 9fT& germination
ITH A Sl THTEAT 9 el 2l
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qaTs, T I¥a TR
T G ST &1 H HqAqrd F (i =l
Fars & forw it & sifaw =< & I

HAYA § g 1 AT I9IH AT ST
TqHAT gl AT To0 TR § 74

" S % dF qATS Nl ST FHhdl g, SAain
IS T 7T H IITH ATIHE TS e
BT R B e e I I L A
FcqTer THT § ¢ AT seed bed &I goeht
AT § TEAT AE9TF gl T A &
AT TF T ARa 98 991 F:97 g8,

qr AT FT® Aol T8 HIAT ATAIAS
TZAT gl AT & ATEAES GHT AT

aaE, e smawr e S9a @
iergTsti & AqaR Mg FeAT ATlgul
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TATE ATEAH T &

AHATTH o S1ST1 o A6 HFLOT o (7T T
FATE ATLAH ALTF g ed 93T 747
q19 =gt S et oft gn e
qT% ¥q, SIS fHgr a7 fagr ofiw 3@ &
=T T ITART o ST F@eRar g1 A g,
nursery bed AT polybag & AT #T ST
TRt g1 T T ATEAT FT A=l qXg ALHT
ZhT AT ATRT Y fhe 3u=Ta it

FT AT 1-2 HEHET TR 9T AT
AR 1S F FIT Fgd HIET Td Tl
TTACT ATRU| FATE F 1T goahl [H=TS Ll
I T STHT M 9T FhE AT ST daeft
AWEATU 92 A1 8, THT drainage =t

CLEREEEIEEEID)
FATe & TS AAAATE & ATl F SHH
HTHTIA: Fg, a1 § A< T A1 TH 2l
TqHAT g1 FFLOT #f T ST A o9,
scarification, TTIHT, THT ¥ FATS ATLAH
o AT FTdt 81 =9 sata # "reay &
AT godl AH T@AT ATRQU, oA
AT THET T8l AT AUl I T |
qag 3T AFTHAT g I AqTH &l goanl
=T & A7 Jdl g1 e Feae & ae
TTHT T ATAT FT AET AT AELIRAT F
Far FEtE Fr =Ru aga wfas
T 7 fungal attack =T TAYT 9 TFAT g
oo F9dT # Fataa e s st
ventilation SETT TEAT ATF9TF Bl
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CRERIGEEIEEED IR )
qYet Y THY @I, AL T Q997
FHAATH = 9Tl i Tqe Il o o7 T80
FFEAT H 30T I@ATA AALTF gl AT
% aTs qret w1 gty wehrer, e e
AT =T o ATt Suetsy
FTRUI FATe®: TH T Fhe THAT Bl
THAT &, TACT qIAT SAELTHAT & ATEATC
AT ATMRU GOqa & Faea &7 7
TETHRT TN UF el f Rt wier
FTRU| ST 9 a8 AwEa gy qstga
SE YU a9 o, 99 Irg HIAGTHIET
et T § TETaed AT ST gEar gl
T TF Togd qrel #w qe T 1Y
U FTATIA: AEGT & ST JATe—
ITeq | AT STaT g1 T9r & | e,
GIOAATE [0 3{IY q2aT aea g
AHAATH h THHT D B

T 3T FAHAATH oF BIAGT T ST &, qT
AT T TH UE I q@HT AT AT §
=% forT Fe ST @@ STuem smsu
ST & SHeh FI7-F4T HIS &

U< &Y g THEAT T TGHT AT

AR o AT GH-IT9 3T FIsIT-an1e
FTAT STEwdet F 87 @Y 29 A 9,
UL 3T Fes &1 HSr 94T 23T 2l
FHAATE T HAT (IS IT ASHA AT Aol
T $<) Ue o TorT el o ea & 7 951 6
ool ° G

AT HT HAT F AET TF I,
raf=rT $iw Yo IET g 81 TE [ET U
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Gk R B A I e i i R P K
ST 9T g1 Tg AT | el arer 907
& T3g Ue H "IE AT 3% UaT Al HT,
gfew agd g AH | 9o (Stool) T
HATIH FTh qT8Y HHT a7 gl AqAqTH
X FAT F ATST AT (FFTAT 5 | 10 UTH)
FTAT &1 e & 38 Oq 9 UF [
qTHT H IR 31 Hag 3H AL R gt AT
3T, BT 37 =TT =l a¥g I of | AT Ie
SATETHT & |TE BT STUAT

=T Fr SfmThat (Skin Problems) &7
3

ST F /=T | AT TH T a9g T T0T,
TS, GoAe! 3 HRA SR gHAT agd
AH 1T g1 FS 9T WedT garear off w9
Tl Sl, Ao STHAATE & I SEH Sg
AT S L Bl

TR AT GSAT § T

SHAATE 6 qTSl T I [ererdg A7 et 7
T IEHT YT (FSAT ST9T) 97 of | THH
T g4 19 6 T hl (7T o | TH AT F 319
T GIeAT ATAT ST 9 AU Fg ol (&A1
CEIRECHAE IR D E R R DL A i (e
AT

LHGIEEEIC

THE TN AT T 9g < I M & hid-Hgd
T B g 3T =T | o9 ATl g

SIS T I< I TIAT (Arthritis)

SY 984 F 9T Tl 3T SIET #T a6 UF
ATH qHET a9 ATAT gl ALdg & AT,
FHAATH AT (FAT) ST HI HH FLAT &, ST
T3 T T FOT

o iR 3R

FHAATH % TT ! GLAT o oA § gl AT
TH FT o e =9 T 990 A T8 AT g
T SATSE 92 Gt FIS T a7 o | TAT Tl
q T IS § T gt g 3T a3 § dgd
AT [T 2

TRT Ffadres &#aT (Immunity) $iR @
HIEH T8d &l dal, @rE ST I @
H AT A 2
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ATAATH & UE il BT AT THH AL BAl
TN AT § IATARL FIET a7 | 36 T
T T ATIHATT FH grdT g, TEHAT 7T 8
Sl @ T2 ATAT 2| T I 6 3HaT STAT
FH (TTH) T o aTET AewTerar 2
TITEOT T TgT e

s o FamE & forw g A8l afow
AT gt 3T wgfaeer & fou off U+
IR 2|

FH I | ghRATAt

TH U & 999 =l 979 I8 ¢ [ =7 agd
SATET ITHT AT S@ATA T T=d Aol Bl
Tg FET T a7 THT | off et & 397
STt Bl

T A it wefie

TEXT €U SAI¥ ¢ I qrEa" H Ig UL qgd
AT g1 TETOIT G¥hTE 30 =i o 19 |
(RATe=T ) 3iX Ted & AT It 2|
Tg AT &l |1 FHLal gl

gferat sire wegwTFaat 1 a8

ST AT § qTeht ISF 9 | qGl 2, a9
AHAAATE & Il | HegAtFaAr, atet
T FTE Tfert &1 IS (A9%) <d 21 369
T T FAT 4T T2l gl

et AT

ATTRT A Fha T g T T Tk et a1 &,
AT oS o aATAS off A9 T ¢
qAAATE H TS & AT [ Bl
TTRTLTATSN (Labs) § g0 9r&ron & 9ar
4T ¢ T smeare § véresieieed 2id &,
ST gHTY 91T T FTTHTA T SToal JaT
Tel B ad| THH TEI-dF 1T [T 31 &,
ST ST &7 FATT AT hleroet &l
AT 81 BT o g QMTell § 977 747 5 T
THH AT AT 3T 0T (Diabetes) & TSI
T A LT Aad FF T § A AT FC
TRdT 2l

SERINEGIEEIER)

AT BT THAATH Uk T AT &, AT
e ot =Tt 7 sffa Thaare gr adl
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gl TAMT TSR TEAATT Fed q97 T
FTAT T T T@AT agd A& &

AT

FHAATE 6 @ T dgd AT TEAHTA o
FY| SITET GTH F T&q AT Iee ! &l qha | g
A= (Conclusion)

FwaaE (Cassia fistula) FTE ATEAT T2
Tl €, g T 7 a7F 7 gH faar o v
FAAT-TRTAT TETATA g1 TS & THT §, A
g Bra-ge ATt & forg Ffawe |
AT SUSH garedt o AT g U g, aa gH
AT AE-ITH WIS TH d¥g & THidh
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GSATAT I TgATAT AN AT T T
o forelt T2 & o ofT Serare & die
FAl H 3@, qI o ST gaELar & arT
Hehl 7 o, Afod TP & 39 ATHA dlgh
* foro w9 2 79 gears |t w3 siY ar
Tk, qT TH 991G & A9H H d99 9% %
-1 A7 Foheft @reft S o2 Herany
T T GrET STEL AMG| Tg qTeT a7 2T
T FAA T H [F H, qfodh 3T
Freft Rzt 1 Tga F1 IUg ofF Tm
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A-MTRA T ST T qad g TSIt & ITaT I SHHT
ERIE]

srfora R AT, oo yeTer, et wSiTa e, aeeer 42 ug i g
L3rE T UH. A - IO CH LT A SAHATT HEATT ST, Heq TaeT, 482021
23S H1. U - 9[5F A TS T HEATT ST, TS, 342005

INK

ST T Td M AT a|qr & 9T
e quT IL-FHTS a9 IqTS &, TSR HRI,
FH, T THTE, @I AT 3= I=ITt
H FTTF ITANT BIAT gl T (oiehedT
Tl § THHT ITANT 9%, @iEl, aaf,
ufeer quT A gEAdr "t AT %
g H FRAT STaT 81 St arrerteass /i
% FTLI TTHd Mg Td i T IcaTad,
FIAZ T ATIR 92 2T g Sa-fafagar &
THE B4 & ATAS@ AT TTHida Lo Ta
e FT TH AAGH Al gl aqf=a ua
FHYTOT  Tgd JAT  IRAE (O
faferat Tie-Scares areal & gig, Tres
Td ITEHAT &l Tada & & TATET
FAT E1 T M ITATET I TATET FA
Tl WA, AT Ud STas wTeahl &0
IATAS  FeqqT qAT  Femeong O
TR T AR AETF gl =H &Q9m H
ZEeqq Ua Aay Iqaem™ & #regq |
& % IcATad H Jlg el o qIT-ATT Ma-
ITATEH ITET &l I ATt el &l gAaq
[ERIESIREET ]

Tf=T

I, Ig=, SATet, =TT, SRl wef qo
fafssr o= waral Afgq 9ea & wiA
SCATEl A 99 H A St & w94 A
Ffteha TR SITaT oM FaaTe | I -
FTY I IcATE o AaVd aA(Thd [ohaT STl
gl T ITATRT FT S & § Teafds
Wecd g TAT T ATEl YT UF St &7 9
FHSE AN o (70 SSITART T Ageaqor
arge ff 81 ATEl TS AR A-HTY
9 IATRT F HUW T fAquH & st

ASITART AT Fd gl 9T =7 § qreq
o fasmeefier 3ot ® M ug o, 7
FTY a9 IATEI AT TF Tgeaqul gedT g |
& TE LI T UG a1 § 4T a1 &
AITE A FE AT arEl WA
ART sl SSHTAT AT AL g1 ME UF
TR AT-FTY a9 TRl FT TS Fgedqor
TS FATOF €7  IUGET FRAT S aren
THE & qIT @I UF Arofd IARM F Tq"
g TRTAT | 9T B

T 9T & AT IR # 97T S 9967 8
FAAT YEIT: ATAH Hahl § (A= &l
aEar g, o8 et & < g s G
STAT 81 987 & a9 9% ITIH AT AT
Tig-Aferrett & o[Ea Ay S g,
e aformaeasT Mg =9 Afersre o
g Mawadr § 3 37 T AT Sar gl
AT TTHRIAH M FAaTEd gl
A IO THATRT T STANT Fileh FH
AT ® UHA U STa €1 ME v e
®T | YR St TeRATS TAT ST
T H ATl el a1 J9d T 3¢
AT & IUHEI=T graT gl arHd: Ma
TE I 9TEAl § 39 ®9 H "A49d g 5
ST ATATET F HIH H A I gE@HT
srefaTeaeft srg-SiEft \vaHTe § qiafdd
2 STT & qAT a9 AT emErst i e
=T wd § | T URu-Idieig gerd
Trefieenirss, JATHH o, TEd ua en
H OHE BId g, s w39t fafae
SR ua Tt SIuarn § ey
Wged gl TR 5000 T & ITEAE &7
ST U ST AT MiE ® arEEeE,
THT FATT @ JoT =T aqae 98
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FEA ST AT ITT ST &1 Seal 0T 6 w1
AT ST HS, a6, Hiad THTET TAT
ATTer IR § AT FF I 63T a7 2 |
sroeftr 32 | M eMgds ud AT S
e T ggfadt § o wEagt
s Fard § T T ST SAY,
gy, frer wa A9 gEaar s At
TIERT % ITATE § FohaT STt 2 |

T YT 4 % o ot ST arefy <o
Thet T T ST T TTaHT T T Tg AT
TAT BT &, Ok 20T S e dyeny
J TF Bl ATl gl Fad § Iqeed]
T FTHT ZG qF T & qAqT Ma *F
qaq 3cATad TF IorEr e F o
T TR T T AMT97TF g1 M
AT ICATEA Fl GIATHT FLeA o forw SO
T T &t 3wq fAfet F A gg
aqEY™ "earel, FEeafEemeat aur -
STTerRaTell T TH{rad YATH &l qenT
ATLTHAT Bl

=4 Hgd & ATASE, adl Wl Fels,
AT FET F FROT ME-3caTesw qIEdl
#T STH raTar § AEa FHT o W2l
9w 7 ¥ aa H ST 9rEdr &
I UF AT SUTAT 37edd ATIh
gl T W7 ,800 7 rfem sirwfer-fAwior
THTZAT &, ST TTAad 9T 2,000 =7 -
AT T ITART FT 5 (Wakdikar, 2004)
T, TR Ud o qTeT-3mend T-F1s
I 3caral (NTFPs) T TF Agca Tl 998 &
TAT TAHRT IUTRT T, ey ue At
T ScaTal § FRaT SITaT € ( Coppen,
1995). gIATlH, AFHTRUT TF FAAATHF
<TOT qAT TATEF I | Mg Ta o
ICATEH AT H THX Afq Tg=T ahdl g,
Rreg 3t gfg, @@, THeqaa ua
STATEhaT T gt g, ofa: =9 ad
Il % Tqd IcaTed Ud 930 & forw

o

CENEERC IR E DI E A G E
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AUATHT AALTF 8l FH TA-faegar el
sirorefir Trfert it faeraar § e w3 6if
TAH! SAAT g Sfuta-fasmT # 39+
g Tl 3T AT L@ Hdl gl M
T ICATET o TS FATAAT T THTET
T & [T ZEahl IO A TATET e
T i, TrETEF U Sfas wen a7
HET ATHYTT FAT MALTF gl ATRE
AT Ud gTRafas 3T & S qqad
AT X o oI Semeofiar arga ase il
JAT AT IYTAT FT A g gATAT
FIATIAT SMFITF &

e TET T LT I THHT THTS

qq e Sia-fAfagar 1 3P ¥ s
g I g, el 45,000 & Afesw qrEd
TSIt 9Te STt gl SAH @9 120
TSITfaat e v TR () TG R
Tt g ( Gupta, 1994)1 a9 2007 —08 *
FT TR | @A’ 2,46,900 4 Mg a7
16,606 = Mig-XoF FT IcqTaA gaml a9
2013-14 F FA ME TF TMg-<or &
FEq ATIUF HATT FHLT: T 4,73,095
a9 q91 1,277 = TEr (Yoqi et al., 2015)|
AferRTer ITRfd®  Ma  a=areal g
qaiE SO fatest & uwa fhu ST 2l
= Fafeat & a st et 9% =3 ST aT sofsl
FATHT T HT ST FAT AT gl TR
IATET g A AT Eereare,
STAATIATT TRl TAT St FTeh!
T AT AT gl T TSIadr | M w
e g IATIEAT GhERATet, StEts
I H FHah, ST AT FAh-EITAL0
SR 2 M I 1 e o s L A
Astragalus spp. ® rforr-fofxy, g=-
TRl AT A1 & T § FIAT | M
7 ¥ grar 8, S A« sFentua Y
FAAT & AT SHqehiT T 6 HIT d18e
eearg

Mg IATEA g7 Ua < f&fer & e
FTRT T AT 81 7 Me-ScaTes 341 |
T 20-100 TTH Wi =i, el 3
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Tie-IcqTas gl | oga areataar o
500-750 UTH Wi sofsl I Miw YT Bl
THAT gl TROE ST dEelsh I
THATET TAT F&AT o (10 &ATARTEH gIail 2l
Fcgfers ug faata U & a9 9% Tge
qE SO gIAT g A g, TETE,
Sframefaar ua e Icared gqTfad g
qHAT gl oa: ME il JcaATEhal Fgi qal
FAT A Afd F FHAaH @A F fow
aFTa®, A ud wH-afaers T
THRATRT T T ATTITF B
SEARCERIC

TCETT Y TieAT8T
HeIAT T FT ITATEA Fld ATl g7 A
AT Ao & 0T 9T Hierg o s
gl g F I AT ATTTF ATH F FHIE0T
IR L AR I E R L S A ok
qEfaa & & orw a9 =0 g M-
STATEH FAT * TLEA | & of Tohe! 2|
Tt srshfaeT

Tig ST T T w @ a9 UF
TE-JaTEH AT o T & (o0 T T8 d
T qEHAT | THH FHIY AAAT ATE/ATATAT
TARST TS o [oTT AT ol FHals ol FH HLd
H ggraaT A Thd T gl
BIEARER G N E ARG IFD

T TTET TSt § SO % 9emd a9 &t
ATed T Hl ATHIadh & F I: T
FIA T qHAT BT gl AT ST AT
Td "YU qErh " Al S0, ar I8
ST QST ST SreETosd & &l
IATH HA § qETI g a9l gl

TR TATT

sreaferan T

scgfer STORT | o7 9 oA iia ud St
qATE 3T B AT 5, Forereh aiomaea=y
T & gfg TF Mg AT H FAT qAqT
T afkfFufaat § g ft g 9% ar
TRt gl Fiaw sreafas v & g0 #ir
AT 0 AL U Sl 0l AT H il

HAT AT TATET BT Tl g
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TAT U i< A & Tia gagaehiear &
I

<FHT % T SO q1F AT R FAR,
SOETUEt Ud el & HFRA0 & qid At
Teraaefier a¥T T g1 THF ATATh, qTE-
ITT TS gL FI AT & F&T ohl HLAATHE
AT TATET gf Tt &, ree a8 as
ATl Ud TR § g arell Afd & i
Tfersh gaamefie g1 gedar g
shawrsrer & Y

FT TUT dh ITE-aTT Ue AHLTLNT T |
<fr fFU S & ger Ay Ssftae seTer §
IeEAy FHT S HERAT gl ITEdl I
FYATE ST ATAT FSIT T &TfdhTeh SrUar
faferat siaa: FeAT F FASC g TAT ITh1
T T FHTLT I Fha T

TSI AT I T/

SACATE ST qTaT ZIT ITTee HATEAT %
faavr ug ST ArEeT FT OTEIET FE
THRAT B THF TOTHETET T U i
IcaTed F T Ity HHTYAT §OFHT o
aEdl g, e g Fi IS Aq9ar ug
TTRTaeh AT TATET gf FahdT gl

T T & AT wamstt o 98 ©0g grar
g T <O ® S STer Ug aa@dA i gal
& TATEST UF SHraaeA T &7 Feifia s
H Agaqul JHET AT g1 o e &
qaq IATET AT Fed JAT AT il
g, T@TEeT U Saqetaar & yeread
I | F979 & o7 394, aA1+® U FiH-
AfaeTes 2O IUFRLOT TS qEATR T
A& UF ITIRT AEeT® gl =9 f@om &
SYIH SO TS, AL il HE&AT, AHT
T T YT <O F S St s #
et st Agaayl g

ME ITUTET YT S Ui T THTS

e Icares 9 fAfser IEaewi F1 I979
HEAd: g&7 #l MIE STaeT, Jaldah f
T, SEhRT FTEdT TAT ITATL o THT IT
9T F:3ar g1 TEEEE SEaE F TA
F7 H FAFT a9@E SOd X TEATHF
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arifw wiafsharsti w1 A@fFT Far 2,
S aRomaEasT ME-saer i whar
e T TRAT g1 TTHTIA: I2ITH 6 TATT
T a9 % Sddl § g ar qried ud
SEEEHE qRaddl & 0 TME HT
TARTOT T7 3ET ATE] AT FEAT 2
TIFRIT Tk TATAT T S2I9%F & =T F F14
FLAT B, T Gl F FAwl H T
ATHEH & TIAAA T qh g7 TE-Sa0 &
Hefad TeTeHs SiaRaret &1 Ja &7
THRAT gl T (AU, I1AA S SAtfae-
areTiRa ST FwrerET-fasreE, FrforT-
e aT Sam-aiathar w7 garfaa wed
g ST =T g Wi FAwir i abeEr §
TRIETE < TFd 81 ZTATTh, ST i qigar
FET F AT Mg ITATEA | FHAT THTTITIT
i ST EeTF Al gl AcATeH: qial
T F SHawl 9 Tdhd TATT ST Tohell ©
TAT ETFTTTh &9 T FeT hl IcaTahdT i
TATIAT T T B

& ITITE o oA Tohd § e Fed T MQ
#T HAAT g Agedql Al g, dfed TE-Saqur
T T, AU HI AT, ITA & AF
SATEA H S(a< AT &7 il [T:Ea0 77T
A1 el "dE & zAfaw gt
IETF FT FIT ATTHIY Mg IATET 6
TqIA-ATT FeT 6 T UG Haq Icdrad
SHAT Tl AT | TE@HT TRAT AT AT 0l
IR €T T AEhIFHd A HE T
THATH e IcaTed it TqaT Fg qAr
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TR ST & g ATt ger-eafa &l w9
FIA | Aga ol S{THRT (997 el 2

TMiE IeqTae g ST T tan! T T
JfA-wa< & gy B fator

v F qiu-Ta F g g a9 o g,
e a1 % aTforogs €9 § STAR 90T
T B ATeAT AT agd HH IT 7907 Tt &l
#sfe g R o Ao

TH dEAE H wefi &t ggraar ¥ g &
9= (sapwood) ¥ Fre &g a9T0 19 2,
S \TeIw | T IEr9+ (gum inducer)
THrg FAT STaT g1 9w T 94 uW
et afafer g it afy 8 og=re
ST

&7 I ~ATH T

TR 12 mm ST % i< &% g o 10T
FT T AATIF A qaTd Sl Agl
grar AT ¥ fm suera ofty w7 ST 2l
T g1 T THiaT ghyg va Sametaar
9T TTd&d THTF =99 TgaT gl

T GO § IqArRar

g T eAT Tl AT, hlE-SATIATT TAT
T | FIA ATeAT efq & =1 6 g |
T3 IUE §, FAIH THH a9 S e I
FTIH € H =19 TTGT HIL T AT AT |
SreaRTIore TS S

TH T ZIT a9 AT H&T a9 9T d12-
T =71a R f3AT w2 AL % et |
T3 T =aor Y18 63T ST 9adT g
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2. 7 W A fed fom
(@9 F 39 1 Hiet aRfy ard & w),
PR A TATHT 1 B FRW)

1. -t faet e o wEr A
&g fafor (e 6 mm =@, 1§49 TEE)

6. Tifaa 7ife N grw § Hur
(a3 HATTFE-IY BT & B9 F)

5. IUER & 7-10 Y &g
g 1 AT (e & 3ifg)

. .ﬁzs@ﬁm(@m’fa/l;\m

1 SR (3 5% F 2 ml,

7. figor IuERr
(ST ST T SN, 4 ml)

IEEFREIR ECEUEET IR RO CERUI

HH-IFATH

e Fwio & o seft-=roa B 7efia
T ITART FFAT ST T 81 0 a9 i
AFYTFRAT FH AT g TAT U1 gheram fr
FTIEAHAT U T IATEHAT | F AT g
1 ST FERAT 2

M ITIA A i

Tg qATE I a1 fafer 7 qomr +
T 3T | Seora= 1 giag FeA | TATET
T TR g uraiaw At & amerer:
T 10-100 ITH Tiw ST &1 I grar
g, STafh ST AHATH o6 HATLTH T AT
500 ITH T F&T T Mg IcATa ITH 6T
ST T g1 T Th1T, ST Tferadr ¥
Tg T TAH AT I qaqT | Mg
3ATET | Fs AT gl il &qar Tl gl
e

TTRTda ME UF o Tgea ol -8 a7
TR 8, RMeT st ITTRT a9 a4-
AT FHETAT il AT H FAgeaqor
AR gl Sehl d@dl Sfenie ud
FIOSTH TR F qrE9E, TRANE TE

U ugfaat | ST AT T

JATT TAT 99 9¥ AAfF U At
Aafd Ma-Icarad gl & ghag, @,
AT SHAT UE IcATEHhaT &l ITawe &9
T gqTEd FAT gl A e F9Te=t F
ATeRTToreh TN o forw Uy ST aare it
T T sraeTs g, S IUTe 9T *
ATT-TTT FeAT T STTATLATHAT e HLET il
o giafea w3

IATHAF ME 07 § q 9 [H0a s
Ud MRS & Bie Rl h ATSAH ¥ ME-
A HT AT FAT qRARE fAfet #i
AT § s AT va w9-ataars
feT % &7 § I 81 UARA qum
TI-3-THIEF T ( I1AA) S| Tiw
IEgHT &1 MEBEE ST ME-sa A+
IRT FEA H TNTET T THAT gl TR
gfafes, ded-=rea 89 o9 i
SYFHLUT T ITANT fx HHTT § Uahesadr,
FA-TAAT TAT FH IATEHAT H AT HT
THRAT gl TH THRIE i T § ad 9%
T 19 39 0 @391 vemdha &
THT TF ME-HAT TTH FIA . AT

TEdT 2l
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ngl%, e ITET < Gélqaﬁf Q_q' <faT
eIt TATaefterar gefa-fafers g
Tty affRefaat o AT g gt
gl TEforn Afas MeE-Scares ISTadl &
oo 3o it ST i, =g #1 =
UE Tgars, SO &1 q9F, ITATT il AT
TAT [T:3TATE o A1 FALA HT JATAF
feieor sraews g1 AT EY, <rHIer
ST STl & AT | g&T 0 glag, A1
¥ FT HAT, TRT TS HilT GHAT, ToTAT
SHAT, Mg & [oEEr qaT T ST I
T THTAT T oA T (AT ST AT U

aq: s, FEEa v FH-gfawes
<FT qaRtaRT F7 e i ST JeITha-
fafers ATetERTor YThfas T AT &
AR TAT ME-IATEH J&AT 6 eqresd ud
TLAT o A= AT AT FeA Ay fFew
H Agaql FEH gl UHT qEAlwl &l
FUATHL T HHTEAT 6 FATONT I,
ScATERAT § i, [UrEdT HF=or 47 a49-
st aqETaT i AT qEErheor
T AT ITH AT ST 96dT g
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