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From the Editor’s desk
Agroforestry is emerging as a transformative pathway toward sustainable mutrition security by

integrating trees, crops, and livestock into resilent land-use systems that simultaneously support
ecological stability and diversified food production. From nutrient-rich fruits, nuts, leaves, seeds, and
medicingl products to fuelwood and fodder, agroforestry landscapes create a “canopy-to-kitchen”
continuum that strengthens household nutrition, rural livelifoods, and chimate resilence. In an era
martked by soil degradation, biodiversity loss, chimate change, and hidden hunger, agroforestry offers

multifunctional benefits through enfanced carbon sequestration, improved soil fertility, water

conservation, and year-round food availability. Iraditional systems practiced acrass regions of India
and other tropical nations demonstrate how indigenous knowledge and tree-based farming can
combat malutrition while reducing dependence on monoculture agriculture. Nutritionally important species such as maorings,
bael tamarind jackfruit and drumstick contribute essential vitamins, minerals, antioxidants, and proteins to local diets,
particularly in vulnerable rural communities. By linking environmental sustainability with digtary diversity and economic security,
agroforestry represents not merely an agricultural practice but a holistic development strategy capable of nourishing both
peaple and the planet in the decades ahead
In line with the abave this issue of Van Sangyan contains an article on From canopy to kitchen: Agrofarestry far future nutrition.
There are also useful articles viz. &% & FoT Gatd FCTE |, THETIET JIH FETT F Tg37911 767 TI11791 1
a7, Urban agriculture and green spaces: A pathway to sustainable cities, Iree-Lrop interactions under agroforestry
systems: Mechanisms, impacts and management strategies, Preliminary investigation of the ethnobotany of Phoenix acaulis (1)
Roxb.: A multipurpose plant species, Fnvironmental Sustainabilty: Strengthening Indian agriculture for a resilent future,
FAGIE F1 TIT THOT FZHIR: FI97 Feei ([@AAYR) — TF JRAT TIF37F 87157 UF TIRIeqfas a7 #1
faega =177 35T, #g3T (Madhuca longifolia) 774 NTFP: TITTIAF SIF qIRIeafas® ua gaeT SenRa aqq
fagworand F % g afeld II=.
Looking forward to meet you allthrough fortheoming issues

Dr. Naseer Mohammad

Chief Editor
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Disclaimer — Van Sangyan

Statement of Responsibility
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involved in creating, producing or delivering Van Sangyan (VS) or the materials
contained therein, assumes any liability or responsibility for the accuracy,
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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.
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publishers or owners make no representations or warranties with respect to the
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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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From canopy to kitchen: Agroforestry for future nutrition
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Abstract

Agroforestry presents a viable way
forward to increase the nutritional security
and climate resilience of vegetable crops
by including perennial vegetable crops.
This study highlights three underutilized
tree  vegetables, Moringa oleifera
(drumstick), Murrayakoenigii (curry leaf),
and Artocarpus altilis (breadfruit), as
important components of diversified
vegetable production systems. Moringa is
a leafy and pod vegetable with high
vitamin, mineral content and protein levels
and curry leaf is a leafy spice with high
nutraceutical properties. Although
botanically a fruit, breadfruit is commonly
used as a starchy vegetable, which helps to
increase food security and energy.Their
inclusion in agroforestry systems provides
a year-round supply of vegetables,
improves soil health, and increases
biodiversity and carbon sequestration.
These species have high adaptability to
marginal conditions and can be used in
producing vegetables resistant to climatic
changes. Nevertheless, their adoption is
hampered by a lack of awareness, poor
market connections and a lack of research.
Publicity of these tree vegetables can be
used to reinforce sustainable and
diversified and climate-resilient vegetable-
based food systems.

Keywords: Agroforestry, Moringa, Curry
Leaf, Breadfruit, Climate Resilience,
Nutritional Security

Introduction

One of the most significant challenges of
contemporary agriculture is to ensure
nutritional security in the face of changing
climatic conditions and rising population
pressure. Traditional vegetable production

systems are usually susceptible to abiotic
stresses, soil erosion and shortages of
resources despite their intensive and high
production levels. Agroforestry, which is a
combination of trees and crops, has been
recognized in this regard as a sustainable
practice to  improve  productivity,
ecosystem stability, and resilience (Nair,
1993). Food systems based on trees have
been demonstrated to enhance dietary
diversity and decrease food insecurity,
especially in developing areas (Caspersen
and Rasmussen, 2024; Horn et al., 2022).

Under-utilized and highly promising
constituents of agroforestry are tree
vegetables. Perennial vegetable species
have multiple harvests compared to the
seasonal ones, and they need fewer inputs
and less tolerance to climatic stresses in
contrast to the seasonal ones. Of these,
Moringa oleifera (drumstick),
Murrayakoenigii ~ (curry  leaf), and
Artocarpus altilis (breadfruit) are under
consideration owing to their outstanding
nutritional and functional capabilities. The
moringa leaves contain more vitamins,
minerals, and proteins, which tend to
surpass the traditional vegetables (Leone et
al., 2015). The bioactive compounds in
curry leaf that have antioxidant and
medicinal effects include carbazole
alkaloids and flavonoids (Balakrishnan et
al., 2020; Suthar et al., 2022). Breadfruit, a
starchy vegetable, is a commonly used
botanical fruit and has been considered as
a potential food security staple crop in the
future since it contains high carbohydrate
and nutrient levels (Jones et al., 2011; Liu
et al, 2015).Regarding vegetable
production, inclusion of such tree
vegetables in  agricultural  systems
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promotes year-round dietary
diversification, as well as year-round
access to nutritious food. Their everlasting
growth cycle keeps them independent of
seasonal crops and farm income.
Moreover, these species also play a key
role in sustainable intensification through
bettering soil organic matter, nutrient
cycling, and beneficial biodiversity in
agroecosystems (Sanchez et al., 2006;
Kumar et al., 2021).

Thus, the article will focus on the use of
drumstick, curry leaf, and breadfruit as
important vegetable tree species in
agroforestry systems and how they
contribute to nutritional security, climate
and sustainable vegetable-based
agriculture.

When food grows on trees

Agroforestry provides an alternative form
of farming that is resilient to climate stress
in a climate-stressed world. Food systems
that are tree-based such as the drumstick
curry leaf, and breadfruit, have a
combination of nutrition, sustainability and
productivity in the long run. These species
have year-round harvests; increase the
health of the soil and dietary diversity
(Horn et al., 2022; Caspersen and
Rasmussen, 2024).

Drumstick: The nutritional engine of
agroforestry

Drumstick (Moringa oleifera) is a well-
known and famous due to its high nutrient
value and ability to withstand different
agro-climatic conditions. Its leaves contain
high amounts of vitamin C, calcium, iron,
and protein, which usually surpass
traditional vegetables (Leone et al., 2015).
Moreover, its rapid growth and the
possibility to harvest several times allow it
to be used in agroforestry systems like
alley cropping, and boundary plantations
(Sanchez et al., 2006). Moringa is another
species that improves climate resilience by
growing in arid conditions and enhancing
the soil fertility by adding biomass (Horn
etal., 2022).

Curry Leaf: Functional tree vegetable
cum spice in agroforestry

Curry leaf (Murrayakoenigii) is an
important perennial tree spice known for
its medicinal and nutraceutical properties.
It contains bioactive compounds such as
carbazole alkaloids, flavonoids, and
essential oils that exhibit antioxidant, anti-
diabetic, and antimicrobial activities
(Balakrishnan et al., 2020; Suthar et al.,
2022). In agroforestry systems, curry leaf
can be integrated into multistory cropping
systems and homestead gardens. Proper
pruning management enhances leaf yield
and sustainability (Suresh et al., 2019).
Beyond its culinary importance, curry leaf
contributes  significantly to nutritional
security, as its leaves are rich in vitamins
A, B-complex, C, calcium, iron, and
dietary fiber, making it a valuable
functional food component (Nair and
Pushpalatha, 2019). The species exhibits
high adaptability to tropical and
subtropical climates, with tolerance to
moderate drought and poor soil conditions,
which enhances its suitability under
climate-resilient agroforestry systems. Its
deep root system improves soil structure
and nutrient cycling, while leaf litter
contributes to organic matter buildup and
enhances soil microbial activity (Kumar et
al., 2021).

Curry leaf also plays a role in biodiversity
conservation and ecosystem services
within agroforestry systems. It supports
beneficial insects and pollinators, thereby
improving ecological balance and reducing
pest incidence in associated crops.
Additionally, its integration with crops
such as vegetables, pulses, and fruit trees
improves overall system productivity and
income diversification for smallholder
farmers (Singh et al., 2020). From a
management perspective, regular
coppicing and pruning not only maintain
plant vigor but also promote continuous
leaf flushing, ensuring year-round harvest
and economic returns.
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Table 1: Nutrient compositions of

leaves, leaf powder, seeds, and pods (per 100 g

weight)
Nutrient Fresh Dry Leaves | Leaf Seeds | Pods
Leaves Powder
Calories 92 329 205 - 26
Protein (Q) 6.7 29.4 27.1 36 2.5
Fat (g) 1.7 5.2 2.3 39 0.1
Carbohydrates (g) | 12.5 41.2 38.2 8.7 3.7
Fiber (g) 0.9 12.5 19.2 2.9 4.8
Vitamin B | Low High High Low Low
Complex
Vitamin C (mg) 220 15.8 17.3 4.5 120
Vitamin E (mg) High Moderate High Very |-
high
Calcium (mg) 440 2185 2003 45 30
Magnesium (mg) | 42 448 368 635 24
Phosphorus (mg) | 70 252 204 75 110
Potassium (mg) 259 1236 1324 - 259
Iron (mg) 0.85 25.6 28.2 - 5.3

Adapted from (Gopalakrishnan et al., 2016)

Table 2: Nutritional compositions and medicinal uses of different parts of Moringa

Part Medicinal Uses Nutritional Properties Notes

Leaves | Help manage asthma, | Rich in fiber, proteins, | Support immunity;
infections, high blood | minerals (Ca, Mg, K, Fe), | flavonoids and
pressure, cholesterol, and | vitamins (A, B-complex, | isothiocyanates
diabetes; show | C), amino acids, and plant | contribute to antioxidant
antimicrobial and | compounds like | and anticancer activity
antioxidant effects flavonoids and tannins

Seeds Useful for inflammation, | Contain  healthy  fats | Known for anti-
infections, joint pain, and | (oleic, linoleic acids), | inflammatory and
some chronic diseases proteins, vitamins, and | antimicrobial properties

bioactive compounds like
flavonoids and saponins

Root Acts as a stimulant; helps | Contains alkaloids and | Compounds support

Bark with ulcers and | minerals such as calcium | muscle relaxation and
inflammation and magnesium digestive health

Flowers | Help reduce cholesterol, | Provide calcium, | Nectar makes them
support joint health, and | potassium, amino acids, | useful for beekeeping
relieve urinary issues and nectar

Pods Aid digestion and help | High in fiber, proteins, | May support weight
with liver and joint issues | and essential fatty acids management due to

healthy fats

Adapted from (Gopalakrishnan et al., 2016)
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Table 3: Bioactive compounds of curry leaf and their functional properties

Compound Class Plant Part Key Role

Mahanimbine Carbazole alkaloid | Leaves Antioxidant, anti-inflammatory
Girinimbine Carbazole alkaloid | Leaves Anticancer potential
Murrayacine Carbazole alkaloid | Leaves Antimicrobial activity
Koenimbine Carbazole alkaloid | Leaves Anti-obesity, metabolic support
Isomahanimbine Carbazole alkaloid | Leaves Antioxidant effects

Quercetin Flavonoid Leaves Strong antioxidant

Kaempferol Flavonoid Leaves Anti-inflammatory

Rutin Flavonoid Leaves Supports blood vessel health

Adapted and modified from (Balakrishnan et al. 2020)

Table 4: Nutritional composition of breadfruit (per 100 g edible portion)

Nutrient Fresh | Cooked | Flour Nutrient Fresh | Cooked | Flour

Total carotenoids | 1885 | 630 3275 Calcium (mg) 29 20 314

(H9)

Alpha carotene | 130 | 71 269 Iron (mgQ) 109 |05 28.1

(H9)

Beta carotene | 1867 | 228 2751 Magnesium 34 25 103

(Hg) (mg)

Lutein (ug) 254 | 280 1011 Phosphorus 50 294 925
(mg)

Vitamin B1 (mg) | 0.18 | 0.13 0.42 Potassium (mg) | 759 361 1394

Vitamin B2 (mg) | 0.07 | 0.05 0.19 Sodium (mg) 12 24 320

Vitamin B3 (mg) | 1.28 | 1.11 3.34 Zinc (mQ) 0.18 |0.09 4.6

Vitamin C (mg) | 16.3 | 11.5 8.6

Adapted from: (Mehta et al., 2023)

Thus, curry leaf functions as a
multipurpose tree spice that bridges
horticulture  and  forestry,  offering
nutritional, ecological, and economic
benefits, making it a key component in
sustainable and climate-smart agroforestry
models.

Breadfruit: A climate-resilient staple
tree

Breadfruit (Artocarpus altilis) is a long-
lived perennial vegetable tree that can
produce over the course of several
decades. It is commonly eaten as a starchy
vegetable, especially when immature, and
is a staple food in most of the tropical
areas. The fruit contains high levels of
carbohydrates, dietary fibre, vitamins, and
essential amino acids, as well as food and
nutritional security (Jones et al., 2011; Liu
et al., 2015). Its cooking flexibility, which

e 1 i
¢ ;
4

is applied in curries, fries, and boiled
dishes, also enhances its use as a vegetable
crop and does not necessarily apply to it as
a fruit tree.

Cultivated in  agroforestry  systems,
breadfruit is a high-yielding tree that
produces vegetables, an important source
of nutrition and income to the household.
It is very suitable in the sustainable
production systems due to its adaptability
to marginal soils and its ability to
withstand climatic stresses. The results of
climate modelling suggest that it will be
productive even in the future climate
conditions (Yang et al., 2022; Mausio et
al., 2020). In addition, the large canopy of
this plant results in a good microclimate
that supports intercrops, and the constant
production of fruits provides a stable
biomass of vegetables. Breadfruit is thus a
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unique species of multipurpose vegetable
tree, with a place between forestry and
horticulture in climate-smart agroforestry
systems.

Integrated agroforestry perspective

The agroforestry of Moringa oleifera,
Murrayakoenigii and Artocarpus altilis
provides a supplementing and synergistic
solution to sustainability in  food
production. The species vary in terms of
growth habit, canopy structure, and harvest
dynamics, which allow them to utilize
resources effectively both vertically and
temporally. Moringa can supply nutrient-
dense pods and leaves quickly and
constantly, curry leaf can supply high-
value functional foliage with medicinal
properties, and breadfruit can guarantee
long-term and high-calorie vegetable
production. This type of functional
diversification increases the productivity
of the system, nutritional diversity, and
income stability of the system, especially
in smallholder farming systems.
Agroforestry for climate resilience
Vegetable systems based on trees are
important in climate-resilient agriculture
by enhancing the health of soils, water
conservation, and stabilizing farm
productivity amidst climatic variability.
The presence of perennial species
increases soil organic carbon, nutrient
cycling, and soil microbial activities,
decreases  soil erosion and land
degradation. Additionally, they contribute
to on-farm  biodiversity, providing
pollinators and natural enemies of pests
with  habitats. Notably, agroforestry
systems serve as important carbon sinks,
which help to reduce climate change and
maintain yield in stressful environments
like drought and heat (Horn et al., 2022;
Yang et al, 2022). Therefore,
incorporating  vegetable trees into
agroforest systems can be seen as a nature-
based solution to sustainable
intensification.

Challenges and way forward

Despite their multifaceted benefits, the
large-scale adoption of these vegetable tree
species remains constrained by limited
awareness, inadequate planting material,
weak value chains, and insufficient region-
specific research. Crops like curry leaf are
underutilized in formal agroforestry
models despite their high economic and
nutritional ~ value.  Addressing  these
challenges requires a multidimensional
strategy, including strengthening research
on crop combinations and management
practices,  improving  nursery  and
propagation systems, and developing
efficient market linkages and value
addition chains. Policy interventions that
promote agroforestry adoption, capacity
building, and farmer awareness are
essential to unlock the full potential of
these species.
Conclusion
Drumstick, curry leaf, and breadfruit
represent a unique group of tree-based
vegetable crops that integrate the
principles of forestry and horticulture.
Their inclusion in agroforestry systems
offers a powerful pathway to achieve
nutritional security, climate resilience, and
sustainable livelihoods. By combining
short-term productivity with long-term
ecological benefits, these species can
transform  conventional farming into
resilient, diversified production systems.
Promoting their integration through
research, policy support, and farmer
engagement will be critical for building
climate-smart and nutritionally secure
agricultural landscapes in the future.
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Urban agriculture and green spaces: A pathway to sustainable cities
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Introduction

In many Indian cities today, access to fresh
and affordable food is becoming
increasingly difficult, especially for low-
income households. At the same time,
unused rooftops, balconies, and small open
spaces remain underutilized. Urban
agriculture offers a simple yet effective
way to address both these challenges by
bringing food production closer to where
people live.

At the same time, urban populations are
becoming increasingly dependent on
external sources for food. Vegetables and
fruits are transported over long distances,
often losing freshness and nutritional
value. In this context, urban agriculture
and the development of green spaces are
emerging as important solutions for
creating more sustainable and livable
cities.
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The problem: Loss of green spaces and
food insecurity

One of the major challenges faced by
Indian cities today is the decline in green
cover. Urban expansion has reduced the
availability of parks, community gardens,
and tree cover. This not only affects the
environment but also reduces the quality
of life for residents.

In addition, urban households are highly
dependent on market-purchased food.
Fluctuating prices and concerns about food
quality make it difficult for many families
to maintain a healthy diet. The situation is
particularly challenging for low- and
middle-income households.

Another issue is the increasing generation
of organic waste in cities. Kitchen waste is
often discarded without proper treatment,
contributing to environmental pollution.
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Urban agriculture does not require large land areas. Even small spaces can be effectively

utilized with proper planning and techniques.

Urban agriculture as a solution

Urban agriculture involves growing food
within city spaces such as rooftops,
balconies, and small community areas. It
includes activities like kitchen gardening,

rooftop farming, vertical gardening, and
small-scale horticulture.

In recent years, many Indian cities such as
Delhi, Bengaluru, and Pune have seen a
rise in urban gardening initiatives.
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Households are using containers, grow
bags, and recycled materials to cultivate
vegetables like spinach, tomatoes, chillies,
and herbs.

Real examples from Indian cities
Community Kkitchen gardens in Delhi

In several low-income settlements of
Delhi, initiatives like “Basti Gardens”
have helped households start small kitchen
gardens using rooftops and limited open
spaces. Women from these communities
were trained to grow vegetables in
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Fig. 2: Women Engagement (Sourc
Rooftop gardening movement in
Bengaluru
Bengaluru has emerged as a leading
exap of urban agriculture in India.
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(Source: thehindu.com)

Thousands of households in Bengaluru are
now growing vegetables on rooftops using
organic methods. Many residents prepare

e: thebetterindia.com)

Fig 3: The rooftop gaden of AshwiniGajendrn, a resident of Vidyaranyapura, Bengaluru

containers using compost made from
kitchen waste.

Over time, many families were able to
grow part of their own vegetables such as
spinach, coriander, and tomatoes. This
helped reduce their dependence on markets
and lowered monthly food expenses and
many households reported saving around
10-15% of their monthly food expenses.
In addition, the initiative improved
awareness about waste recycling and
sustainable living practices.

Citizen groups such as the Garden City
Farmers Trust have actively promoted
terrace gardening among urban residents.

"\&V“

compost at home and avoid chemical
inputs.  Regular  workshops,  seed
exchanges, and community networks have
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helped spread the practice across the
city.This movement shows how urban
agriculture can scale up when supported
by active citizen participation and
knowledge sharing.

Urban agriculture in Himalayan towns
of Uttarakhand

Urban agriculture is equally relevant in the
hill towns of Uttarakhand such as Nainital,
Almora, and Pithoragarh, where space is
limited and terrain is uneven. In these
areas, households often have small
terraces, rooftops, or courtyard spaces that
can be used for growing vegetables. Due
to  transportation  constraints,  fresh
vegetables are often expensive and not
always easily available. Kitchen gardening
in such towns helps families' access fresh
and nutritious food while reducing
dependence on market supply. In addition,
promoting green spaces in hill towns is
important for maintaining ecological
balance, preventing soil erosion, and
supporting local biodiversity.  Urban
agriculture in these regions, therefore, not

only improves food security but also
contributes to environmental conservation
in fragile mountain ecosystems.
Role of green spaces in urban areas
Green spaces such as parks, urban forests,
roadside plantations, and community
gardens play a crucial role in maintaining
ecological balance in cities.
They help in:
e reducing urban heat by providing
shade and cooling
e improving air quality by absorbing
pollutants
e supporting biodiversity, including
birds, bees, and butterflies
e enhancing mental well-being of
residents
Urban agriculture can complement these
green spaces by adding productive
elements to them.
Practical approaches to  urban
agriculture
Urban agriculture can be implemented
using simple and low-cost methods:

Recycled Composting Community
Materials Kitchen waste can Gardens
Unused rooftops can Even small balconies Old buckets, bottles, be converted into Common spaces

be converted into can be used for
productive spaces growing plants in
using containers or pots.

grow bags.

and containers can
be reused for

compost. can be used for

collective cultivation.

Fig. 4: Practical Approaches to Urban AgricultureBenefits of urban agriculture

Challenges in urban agriculture

Water Availability

Restricts scale of

Benefits and practices
unknown

Access to clean water is
production barrier

=

Limited Support

Impedes development
of initiatives

jfﬂk
ARES
2L

Pests threaten urban

crops
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Economic Benefits
Reduces household expenditure and may
generate small income.
Environmental Benefits
Promotes greenery and reduces waste.
Nutritional benefits
Provide fresh and healthy food.
Social benefits
Encourage community participation and
awareness.
Way forward
To promote urban agriculture:
e Awareness programmes
e Composting promotion
e Policy support

o Community initiatives

e Integration in urban planning
Conclusion
Urban agriculture may not replace
conventional farming, but it can play an
important role in making cities more self-
reliant, sustainable, and environmentally
resilient.Urban agriculture and green
spaces offer a practical solution to improve
food security and  environmental
sustainability in cities. By using small
spaces effectively, urban residents can
contribute to healthier and more resilient
cities.
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Abstract

Agroforestry is a dynamic land-use system
that deliberately integrates trees with crops
and/or animals to achieve ecological and
economic benefits. A critical aspect of
agroforestry is the interaction between its
components particularly tree-crop
interactions  (TCI) and tree-animal
interactions (TAIl). These interactions can
be positive (complementary or
supplementary) or negative (competitive),
occurring both above and below ground
through shared resources such as light,
water,  nutrients, and  allelopathic
compounds. This article reviews the
nature, types, and management of tree-
crop interactions under agroforestry
systems. It presents key case studies from
India demonstrating how species selection,
spatial arrangement, and management
practices influence crop productivity, soil
health, and system sustainability. The
findings highlight that with proper
management including tree pruning, root
barriers, and selection of shade-tolerant
crops the positive interactions can be
maximized while negative ones are
minimized, making agroforestry a
productive and sustainable land-use
option.

Introduction

Global food security and environmental
sustainability are increasingly threatened
by climate change, land degradation, and
declining agricultural productivity (Food
and Agriculture Organization, 2017;
Intergovernmental Panel on Climate
Change, 2022). In this context,
agroforestry has emerged as a

scientifically validated, farmer-friendly
land-use system that combines the benefits
of forestry and agriculture (Nair, 1993;
Jose, 2009). Agroforestry is defined as “a
collective name for land use systems and
technologies where woody perennials
(trees, shrubs, palms, bamboos, etc.) are
deliberately used on the same land
management units as agricultural crops or
animals, in some form of spatial
arrangement or temporal sequence”
(Lundgren & Raintree, 1982). According
to World Agroforestry Centre, agroforestry
systems are not simply those where trees
and crops or animals give useful products
to the farmer, but are systems where trees
and crops (or animals) truly interact
(ICRAF, 2013; Nair, 1993). These
interactions are fundamental to
understanding why agroforestry systems
often outperform monocultures, and also
why they sometimes fail (Jose et al., 2004;
Ong & Leakey, 1999). The interactions
occur through the shared media of soil and
microclimate, making their study both
complex and essential for system
optimization (Cannell et al., 1996; Rao et
al., 1998). This article provides a
comprehensive overview of tree-crop
interactions (TCI), their types,
mechanisms, quantification, management
strategies, and supporting case studies
from Indian and global agroforestry
research.

What is Tree-Crop Interaction (TCI)
According to Nair (1993), 'interaction’ is
the effect of one component of a system on
the performance of another component
and/or the overall system. In agroforestry,
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trees and food crops interact in many
ways, leading to positive and negative
impacts on the growth of both trees and
crops. These interactions occur both above
ground (for light, space, and aerial
microclimate) and below ground (for
water, nutrients, and soil biology).

Positive example

Nitrogen-fixing trees such as Leucaena
leucocephala improve soil fertility for
associated crops.

Negative example

Dense tree canopies compete with crops
for light, water, and nutrients, reducing
crop yields.

Fig 1: Agroforestry System at RLBCAU, Jhansi

Types and nature of interactions
Tree-crop  interactions are  broadly
classified into three types based on their
net effect on system productivity:
Analysis of interactions between two
populations A and B (modified from

Emmanuel Torquebiau, 1994). (0: No
significant interaction; +: Advantage for
the population in question (growth,
survival, reproduction, etc.); —:
Disadvantage for the population in
question).
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Table 1: Types of interactions at the Tree-Crop Interface (TCI)

Type of Interaction Effect Effect Nature of Agroforestry
on Tree | on Crop Interaction Example
(A) (B)
Mutualism + + Both  components | Legume—Rhizobium
benefit association;
mycorrhizal symbiosis
Facilitation + 0 Tree benefits; crop | Windbreaks,
unaffected or | microclimate
slightly influenced | improvement by trees
Neutralism 0 0 No significant | Widely spaced trees
interaction with minimal
root/canopy overlap
Competition - - Both  components | Competition for light,
negatively affected | water, and nutrients in
dense systems
Amensalism - 0 One component | Allelopathic effects
(Allelopathy) inhibited; other | (e.g., black walnut)
unaffected
Commensalism + 0 One benefits; other | Trees providing
unaffected physical support or
habitat
Parasitism/Predation | + — One benefits at the | Pest/disease
expense of the other | interactions affecting
crops

Based on overall system performance,
interactions are also classified as: (a)
Complementary when the agroforestry
system provides greater vyield than
corresponding sole crops; (b)
Supplementary yield of one component
exceeds its sole crop equivalent without
reducing the other; and (c) Competitive
yields of both components decrease due to
negative interaction.

Positive (production-enhancing)
interactions at TCI

Shading and microclimate amelioration
Tree shade reduces ambient temperature,
transpiration rate, and water stress on
associated crops and livestock. In
Malaysia, rubber tree shade reduced air
temperature by 1-5°C, creating a more
favourable environment for sheep and
poultry production. Trees also increase soil

moisture, recycle nutrients, reduces wind
speed, and moderate soil temperature
collectively improving the microclimate
for crops growing beneath them.

Biomass contribution and soil fertility
improvement

Pruned materials and leaf litter from trees
add organic matter, nitrogen, and other
nutrients to the soil. Multipurpose trees
(MPTs) used in agroforestry systems are
particularly rich in nutrients. Table 2
presents the nutrient content of selected
MPTs commonly used in agroforestry.

Table 2: Nutrient content (%) of selected
MPT biomass in agroforestry systems

MPT Species Nitrogen | Calcium
(%) (%)
Leucaena 4.33 1.49
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leucocephala

Gliricidia 4.21 1.40
sepium

Erythrina spp. 3.33 1.52
Inga edulis 3.10 0.70
Cassia siamea 2.52 —
Water conservation and weed

suppression

Trees help conserve water by reducing
transpiration losses and tapping deep soil
water reserves inaccessible to annual
crops. Tree shade also suppresses light-
demanding weeds. For example, in alley
cropping  systems, Cassia  siamea
significantly reduces weed infestation,
reducing the need for chemical herbicides.
Nutrient cycling and soil conservation
Nutrient cycling refers to the transfer of
nutrients from one component to another
within the soil-plant system. Trees play a
critical role in this through deep root
uptake and subsequent leaf litter
decomposition. In arid regions of India,
soils under Prosopis species showed
significantly higher organic carbon and
available nitrogen compared to open areas.
Simultaneously, tree-crop associations
such as alley cropping and windbreaks
help control both wind and water erosion.
Efficient utilization of aerial space and
light

Agroforestry systems, especially
homegardens and multistorey systems,
make optimal use of both horizontal and
vertical space. Different canopy layers
intercept light at various heights, reducing
waste of solar radiation and maximizing
overall system productivity.

Negative (production-decreasing)
interactions at TCI

Light Competition

Light is one of the most critical resources
for crop production, and competition for it
between trees and understorey crops is a
major concern. Photosynthetic rates in
understorey crops decrease markedly with

reduced light intensity. Verinumbe and
Okali (1985) demonstrated that
competition for light was more critical
than root competition for intercropped
maize between teak trees (Tectona
grandis) in Nigeria.
Management strategies include:
e Pruning, topping, or pollarding
overstory trees
e Thinning and lopping operations
e Choosing shade-tolerant intercrops
such as turmeric and ginger
o Using wider tree spacing
Nutrient and water competition
Both trees and crops draw nutrients from
limited soil pools. Malik and Sharma
(1990) observed that crops within 10 m of
the tree line are more severely affected by
water competition. Singh et al. (1989)
found that in alley-cropping trials of
Leucaena with cowpea, castor, and
sorghum under semiarid conditions in
India, competition for water was more
important than shading effects.
Management strategies:
e Mulching to conserve soil moisture
e Root pruning and installation of
root barriers

e Avoiding fast-growing, water-
demanding  species such as
Eucalyptus

e Using windbreaks to reduce

evapotranspiration

Allelopathy

Allelopathy, a term coined by Hans
Molisch (1937), refers to the detrimental
effect of one plant on another through the
release of chemical compounds. It was
first detected by Davis (1928) in black
walnut trees, whose leaves contain juglone
a compound that inhibits germination and
seedling growth of crops. Allelopathic

effects are documented in several
economically  important  agroforestry
species.
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Table 3: Tree species showing
allelopathic effects and their target
crops

Tree Species Affected Crops

Gliricidia sepium Maize, rice
seedlings
Eucalyptus Cowpea, sorghum,
tereticornis sunflower, potato
Leucaena Maize, rice,
leucocephala cowpea, sorghum,
sunflower

Quantifying tree-crop interactions
ICRAF researchers have developed a
framework to quantify overall tree-crop
interaction (I), considering positive effects
through soil fertility enrichment (F) and
negative effects through competition (C):
I=F-C

If F > C, the interaction is positive (net
benefit to the system). If F < C, the
interaction is negative. For simultaneous
systems like alley cropping: | =F+C + M
+ P+ L+ A, where M = microclimate, P =
pest and disease, L = soil conservation,
and A = allelopathy. The vyield equation
for the agroforestry system is expressed as:
Ysystem = Ytree + Ycrop + F— C

The Land Equivalent Ratio (LER) is
another widely used measure. LER is
defined as the ratio of the area needed
under sole cropping to produce the same
yields as obtained under intercropping.
When LER > 1, the agroforestry system is
more productive than growing the
components separately, confirming the
value of positive tree-crop interactions.
Conclusion

Agroforestry is a unique ecological system
that favours both crop productivity and
biodiversity conservation, making it a best
example of eco-agriculture. Tree-crop

interactions are at the heart of agroforestry
performance. While positive interactions
such as improved soil fertility through
nitrogen fixation and biomass addition,
nutrient

cycling, microclimate

amelioration, weed suppression, and
efficient use of light and space can
significantly enhance system productivity,
negative interactions such as competition
for light, water, and nutrients, and
allelopathic effects can reduce crop yields.
The Kkey to successful agroforestry
management  lies in maximizing
complementary interactions while
minimizing competitive ones through
proper  species  selection, spatial
arrangement, tree density management,
and timely silvicultural operations.
Evidence from Indian case studies from
the Bundelkhand region to the Tarai belt of
Uttarakhand consistently demonstrates that
well-managed  agroforestry  systems
improve soil health, enhance carbon
sequestration, and sustain agricultural
productivity. In the present scenario of
climate change, agroforestry practices are
emerging as a viable and proven option for
combating negative climate impacts while
simultaneously  ensuring food and
livelihood security for farming
communities. Policymakers, researchers,
and farmers must collaborate to scale up
scientifically ~ validated  agroforestry
models suited to local ecological and
socioeconomic conditions.
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Abstract

In the present study, a preliminary
investigation into the ethnobotanical
importance of Phoenix acaulis was
conducted in the tribal villages of Anuppur
district, Madhya Pradesh, India. Phoenix
acaulis, locally known as ‘chindi', is a
multipurpose tree species that plays a
significant role in the daily lives of local
tribal peoples. It is used for handicraft
items like brooms, ropes, and mats. The
chindi fruit and root are also edible and are
a good source of food supplements.
Traditional knowledge about the Phoenix
acaulis is less well known in
ethnobotanical studies. There is a need for
exploration of the importance of this
multipurpose tree species, which is hidden
in the tribal society as traditional
knowledge.

Keywords: Ethnobotany, dwarf date palm,
socio-economy, livelihood

Introduction

Ethnobotany includes the study of plant
species and their practical uses by
traditional  methods  (Ahirvar  and
Chaudhary, 2020). It can be defined as the
study of plants with the interactions of
local peoples and their traditional
knowledge of use (Alcoron, 1995; Peroni
et al., 2007). Ethnobotanical studies have
received much attention from ecologists
and botanists. Wild plant diversity and
their ethnobotanical values are a primary
concern for the tribes. Wild plant diversity
plays an important role in the daily lives of
communities living near forests. People
meet their daily needs from the forest,

including food, medicines, fodder, and
fuel. Apart from that, the forest also
contributes to the daily income of local
people by selling wild fruits, vegetables,
and fuelwood in local markets. Ropes and
other cordages, baskets, mats, other woven
products, brooms, brushes, agricultural
equipment, and other plants can be made
into valuable goods. The expert capacity
for locating and collecting these useful
plants, as well as techniques for their
subsequent processing and utilization, is
already present among the people who live
in these dense rural areas' forests or
villages; the challenge is to inform them of
the benefits that can only be theirs (Prana
and Ahirwar, 2015).Traditional knowledge
about how to exploit plant resources is
declining for several reasons, including a
shift in attitudes towards a more Western
lifestyle and a lack of interest among
younger generations in carrying on the
tradition (Kala, 2009). Non-timber forest
products play an important role in the
economy of tribal peoples in Anuppur
district, Madhya Pradesh. Several wild
plants species e.g., Annona squamosa,
Buchanania lanzan, Diospyros
melanoxylon, Semecarpus anacardiumand
Schleichera oleosa are directly consumed
as a fruit (Ahirvar et al., 2017).

Among various palm species, India is
represented by 20 genera and 96 species,
among which 24 species belonging to 9
genera are endemic to India (Kulkarni and
Mulani, 2004). Jain et al. (2018) have
reported and explored the diverse
applications of Phoenix sylvestris in India
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and abroad. Marwat et al. (2012) have
studied the ethnobotanical value of
Phoenix dactyliferain Dera Ismail Khan
District of Pakistan. Phoenix acaulis,
commonly known as the dwarf date palm,
is locally called "Chindi”.It is a flowering
plant species native to India, Bhutan, and
Nepal (Riffle and Craft, 2003).In
grassland, Phoenix acaulis was frequently
found extending to scrubland, degraded
and open forest (Barrow, 1998; Kulkarni
and Mulani, 2004). P. acaulis Roxb.,
commonly known as the Dwarf Date Palm
or Stemless Date Palm, is a distinctive
species within the Phoenix genus of the
Arecaceae family, native to northern India
(Ayer et al., 2024; Barrow, 1998). Chindi
plays an important role in the socio-
economy of many communities in
Anuppur.The ethnobotany of Phoenix
acaulis is not reported adequately in
scientific studies worldwide. It is a less
explored plant species with respect to its
ethnic and socio-economic value. The
present study aims to explore the
ethnobotanical and socio-economic value
of Phoenix acaulis (chindi) in the villages
of Jaithari tehsil, Anuppur district, Madhya
Pradesh, India.

Materials and Methods

Study area

In the present study, three villages,
namely, Bhaina Dongri, Khodri, and
Sulkhari of the Jaithari block of Anuppur
district, were selected for the collection of
information related to the ethnobotanical
importance of Phoenix acaulis in their
daily life. Villages situated near the forest
have many communities, such as the
Scheduled tribes (ST) and the Scheduled
castes (SC). These people depended on the
forest products to fulfill their daily needs.
Among STs, the major castes belong to
Gond, bhaina, badia, agaria, etc. Among
SC, the major castes are Chamar, Kumhar,
etc. Most people were involved in small-
scale farming and in the collection of
forest products on a part-time basis.

Results and giscussion

Taxonomy of Phoenix acaulis
Table: 1. Taxonomy of P. acaulis

Rank Classification

Kingdom Plantae

Phylum Tracheophytes

Class Liliopsida

Subclass Arecidae

Order Arecales

Family Arecacae

Genus Phoenix

Species Phoenix acaulis (L.) Roxb.

Role of Phoenix acaulis (chindi) in the
native socio-economy

Leaf part

The leaf of the Phoenix acaulis plays an
important role in tribes making the roofs of
their temporary houses. It is waterproof

““\ . - Z

b7/ ! # \wl'v\f‘j\

and a sustainable material. The leaf of the
chindi is also used to make brooms and
mats (Fig. 1 and Fig. 2). Chindi brooms
are made by hand, without any additional
energy or materials. The brooms are made
during the winter season, just after the
monsoon. The new leaves are used for
making brooms. Most of the people used
to sell the brooms to local area and earn
good prices for that. During consultations
with local people, it was found that
approximately 10,000 to 15,000 INR can
be earned in a year by selling chindi
brooms. Around 20 families are involved
into making brooms from chindi leaf.
Apart from that, leaves are also used for
making mats and ropes, which are very
famous in the local area.

Flowering and fruiting
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P. acaulis flowers in the cold season from
November to January (Barrow, 1998). The
fruit of the Phoenix acaulis is edible in
India, Bangladeshn Nepal and other
countries (Mahato, 2014; Dangol et al.,
2017). The fruiting occurs from April to
June. It is an alternative food source for
the locals during the summer season.

Fig. 1 (A) Chindi patch, (B) Mat from
chindi, (C) fruit Fig. 2. Chindi broom

Root

Chindi root is also edible, and it is
available during the monsoon season. It’s
also had medicinal properties and has been
utilized for digestion-related issues, fever,
unconsciousness, and heart disease
(Harney, 2013; lJitin et al., 2013). P.
acaulis is rich source of starch (Kulkarni
and Mulani, 2004).

Conclusion

Almost every part of this dwarf date palm
is used by the local peoples. Modern
brooms and mats are made from plastic
materials, which are harmful to the
environment. Brooms and mats made from
chindi are sustainable and eco-friendly,
and they are not harmful to the
environment compared to modern brooms
and mats.In the current environmental
perspective, we must focus on more
sustainable materials. Apart from that, the
plant's fruits and roots are also edible and
serve as a good source of alternative food
supplements. Over the last few years, the
availability of chindi plants has decreased
due to low rainfall andpoor regeneration

capacity. Environmental changes affect the

socio-economic status of the tribes,

especially those who totally depend on

Mother Nature and the forest for their

daily needs. There is a need for more brief

research on this multipurpose plant species
in Madhya Pradesh and India, so the
importance of the species can be explored.
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Abstract

The Indian Council of Agricultural Research
(ICAR), since its establishment, has played a
pivotal role in transforming Indian agriculture
from subsistence-based systems to a science-
driven,  food-secure  nation. In  the
contemporary context of climate change,
natural resource degradation, and
environmental stress, ICAR’s mandate has
expanded beyond productivity enhancement to
ensuring environmental sustainability. This
article reviews ICAR’s contributions to
sustainable agriculture through climate-smart
interventions, natural resource management,
biodiversity conservation, green technologies,
and farmer-centric extension systems. It
highlights how ICAR’s research, innovation,
and policy support are central to achieving
resilient agro-ecosystems, low-carbon
agriculture, and alignment with Sustainable
Development  Goals (SDGs), thereby
reinforcing its role as a cornerstone of
environmentally  sustainable  agricultural
development in India.

Keywords: ICAR, Environmental
Sustainability, Climate-Smart  Agriculture,
Natural Resource Management, Sustainable
Development

Introduction

The Indian Council of Agricultural Research
(ICAR), established in 1929, has been the
backbone of agricultural research, education,
and extension in India. While the early
decades focused on enhancing crop
productivity and food security-particularly
during the Green Revolution-emerging
environmental challenges have necessitated a
paradigm shift. Climate change, soil
degradation, water scarcity, biodiversity loss,
and pollution from excessive agrochemical use
now threaten the sustainability of Indian
agriculture.

On the occasion of ICAR Foundation Day, it is
pertinent to reflect on ICAR’s evolving role in

promoting  environmentally  sustainable
agriculture, balancing productivity with
ecological ~ conservation and long-term
resilience.

ICAR’s Transition from Productivity to
Sustainability

ICAR'’s research trajectory reflects a gradual
but decisive transition from yield-centric

approaches to sustainability-oriented
frameworks. While ensuring food and
nutritional  security remains a priority,

contemporary ICAR strategies emphasize:
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e Resource-use efficiency
o Climate resilience
e Ecosystem-based
management
Low environmental footprint technologies
This evolution aligns agricultural growth with
environmental stewardship.
Climate Change and
Agriculture
Climate change poses significant risks to
Indian agriculture through erratic rainfall,
temperature extremes, and increased frequency
of extreme weather events. ICAR has been at
the forefront of Climate-Smart Agriculture
(CSA) by developing:
e Climate-resilient crop varieties
e Weather-based agro-advisories
¢ Region-specific adaptation strategies
e Mitigation technologies to reduce
greenhouse gas emissions
Institutes such as ICAR-CRIDA have
contributed substantially to vulnerability
assessment and climate adaptation planning,
strengthening farmers’ resilience to climatic
shocks.
Sustainable Soil and Water Management
Degradation of soil and water resources
threatens agricultural sustainability. ICAR-led
research has promoted:
e Integrated  Nutrient
(INM)
o Conservation agriculture practices

agricultural

Climate-Smart

Management

e Precision irrigation and water-use
efficiency

o Watershed-based natural resource
Mmanagement

These interventions have improved soil health,
reduced nutrient losses, and enhanced water
productivity, ensuring long-term  agro-
ecosystem stability.

Sustainable Cropping and Farming Systems
ICAR has promoted diversified and integrated
farming systems as a pathway to sustainability.
Crop diversification, intercropping, integrated
farming systems (IFS), and agroforestry
models have enhanced income stability while
reducing environmental risks. Additionally,
ICAR’s work on natural, organic, and low-
input farming systems supports
environmentally friendly production practices
without compromising farmer livelihoods.
Biodiversity and Ecosystem Conservation

Agro-biodiversity conservation is fundamental
to sustainable food systems. ICAR plays a
critical role in:
e Conservation of
germplasm
e Maintenance of national gene banks
e Promotion of underutilized crops
o Pollinator conservation and ecosystem
services
These efforts safeguard genetic diversity,
enhance ecosystem resilience, and support
climate adaptation strategies.

indigenous

Green Technologies and Eco-Friendly
Innovations

ICAR has pioneered numerous green
technologies to  reduce  agriculture’s

environmental footprint, including:
o Precision agriculture tools
o Energy-efficient farm machinery
e Waste-to-wealth technologies
o Biotechnology-driven solutions for
stress tolerance
Low-carbon agriculture and environmentally
benign innovations are central to ICAR’s
sustainability agenda.
Reducing  Chemical
Promoting Bio-Inputs
Excessive use of chemical fertilizers and
pesticides has led to soil and water pollution.
ICAR promotes:
Integrated Pest Management (IPM)
Biofertilizers and biopesticides
Microbial inputs for soil health
Sustainable  nutrient  management
practices
These approaches enhance environmental
safety while maintaining productivity.
Role of Extension and KVKs in
Environmental Sustainability
The translation of research into practice is
critical for sustainability. ICAR’s extension
network, particularly Krishi Vigyan Kendras
(KVKS), plays a vital role in:
e Disseminating
technologies
e Capacity building of farmers
e Promoting climate-smart and eco-
friendly practices
e Impact assessment  of
technologies
Farmer-centric extension models ensure that
sustainability innovations reach the grassroots
level.

Footprint  and

sustainable

ICAR

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

30



Van Sangyan (ISSN 2395 - 468X) Vol. 13, No. 5, Issue: May 2026

Policy Support and Institutional Impact
ICAR’s research provides evidence-based
inputs  for  national  agricultural  and
environmental policies. Its contributions
support sustainable intensification, resource
conservation, and environmental compliance,
influencing policy frameworks aligned with
national priorities and global commitments.
ICAR and the Sustainable Development
Goals (SDGs)
ICAR’s sustainability-driven interventions
directly contribute to several SDGs, including:
e SDG 2 (Zero Hunger)
e SDG 12 (Responsible Consumption
and Production)
e SDG 13 (Climate Action)
e SDG 15 (Life on Land)
Through global partnerships and national
leadership, ICAR  strengthens India’s
contribution  to  sustainable  agricultural
development.
Future Pathways for Environmental
Sustainability
Looking ahead, ICAR’s role will be
increasingly critical in:
e Scaling climate-resilient technologies
e Integrating traditional knowledge with
modern science
e Advancing digital and precision
agriculture
o Strengthening global collaborations
for sustainability
A systems-based, interdisciplinary approach
will be essential for addressing emerging
environmental challenges.
Conclusion
As India commemorates the Foundation Day
of ICAR, it is evident that the institution has
evolved into a global leader in
environmentally sustainable agriculture. By
integrating  productivity, resilience, and
ecological conservation, ICAR continues to
shape a future-ready agricultural system. Its
sustained commitment to research, innovation,
and extension ensures that Indian agriculture
remains productive, resilient, and
environmentally responsible-firmly
positioning ICAR as a cornerstone of
sustainable agricultural development in India.

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



Van Sangyan (ISSN 2395 - 468X)

Vol. 13, No. 5,

Issue: May 2026

BROEATE T T S e oy At (e — w sifgdiT
YT g8 Ua qriredfas o= 1 faegqa asi=es g

Alok Singh Bargah, Amit Dixit and Damini Sharma
College of Forestry and Research Station, Mahatma Gandhi University of Horticulture and Forestry, Durg - 491
111, Chhattisgarh, India
E-mail: alokbargah786@gmail.com

TEATAAT T =

FIILT deAS, FAEAE 5T & e
St # R s afgdiw & g
AEaqUl Seiig aTfeafas 9 gl =H
giEwE T Taw AfuT smesA (First
Declared Wetland of Chhattisgarh) g+ &7
Ufdgria® a ST 8, ST T8 T &l
I gergel ol q=r H T =49 9%
TGAT g AT IO |, Tg dede Uh
ATeeT GHAT &' (Ecotone) FT TTatATerea
FLAT 8, Tl TIATT 3T AT TUITTerdl T
s us UHT Ig-IT arelt agt & i
FAT g, gl Sfaw  fEfEgar &
T ReTas ScaTaRdr qHTT ST el
T AT H g I[AT AT Bl gl

Tg AGHH TTHds &7 & HEEAT F9T,
STUg &1 (Catchment areas) & STH
Adsl A9aTg (Surface runoff) ST EIT=hiT
STt BT | T gl gl THAT AR
FATRATT TH TS "WTH(dH S8 H TaEY

TaTd FIdr g, e Fweor wgt S &
IqAsAT TATAT AT TF-TITAT F+T 2T 2l
Tel TA-Hqad gl eI 3w fFaeh
TATET TFerl, oA AT aaedraal i
gersiial & fou s qefea srag v
gt Fear gl

TN Al T gl ATHIad gige ol
foeama &t aEwdarEd # 9= &
et o =7 § off <=1 STaT 8, FAF a8 7
FAA AT AA-TAF HT AT FLAT G,
qfcdh USRI H FEARL TA H LF FLA
dT g5 T@C (Groundwater table) T
ISt e # AaRgrd qreer et
gl FAATT JATHF TgeT |, HIIL dedie
T AEAAT T hadl A (AfTedr & &7 &

forg saew= 2, afesw a8 STorarg afiadq &
I ¥ urifRafas fowar (Ecological
Stability) IATT @ FT T TThH ATETH
T 21

Source:https://newsriveting.com/kopra-reservoir-in-chhattisgarh-to-receive-status-of-ramsar-

site/
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o, #"ARites = @ arfvs
CRIEERITE D

gitevg & faame fer § fua s
HET ST sl o Fgeaqul oiT daaasfie
A Tolerat & ¥ UE g, 5| ST *
T fRefa® o= & 'gSHA AT ST qhav
gl wrmters gt & 7 uw uHr fafore
safeafa 9w fuq g Sgf it e«
TTHds & § ST G=99 & [0 Tah faemer
I #w7 A wdr g, ae s
AFYA & 09 Jg &7 UF [[Ged 99-
IreT ¥ qREfda ar Sar g S T kAo
I S fafaear i 9grT 3ar € afew
gxg S fase  (Hydrology) =t ot
Tford FEAT g1 AATIF TeaTacl § =5 UHh
T (Ecotone) 3 &9 # givarioa forar
STAT 8, gt STe(13 3f¥ AT JOrTferd i T
e T THT Ig-Sort Attt 98t & FHai
FAT g W@l USTaAr A wEEdr i}
ST TRt |TT=T STt AT St i AT |
F% TAT ATAF ZIAT F1 FIIRT F2A T T8
THRAHRTAIT TaE Y TH Th qraraA(orhet
HueHToe ATl §, STgl wieid i J=ar
T AETE il (ATaeaT & w0 gl ged
AT e Sha e 97 9g-Aeded | Bd
S| TH deoi< H HgaT T HQTS(T SHl a1q o
FRITAT ST ThaT g o T8 Samaqe & gl
e o arfior FT gt F A= uE
qeeaT Fa9 (Buffer Zone) &t dvg &
FLAT &, ST 7 ol TG [ H@AT g q1oh
FITH I ATOATT &1 AT F3ET 2 v ge9-
sTraTq (Micro-climate) T HHTOT F2aT 2l
THH TTAHE qTeAfa® Al | A wT
IfEHTOT, TTUF TcAl FT T, ST HTaA
1 ol afaer 8, S =@ ataw
AT Iadd & I H UE JUNEE
ITeh e ST TA7d 2
SEEIERCIEASERERICE: R IRD

&1 faega fagwor
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FIOLT Feds HT qrivfRafadr # aaqe &
T T8t & STaTg @ S TH 6 Tgd
Hedl BT ALTTT HLAT AAITH &, T
Tg &7 IT-ICURICHL T TAATY 6 TATT &
AT g STt dToH, a9l o offd et &t
TTY AT ST o Wi 3T T 71
U I=AT gl ATAYA @l ater & I, ST
AT ST 8 fdear 9% gt 8, T8
Jede e 1200 & 1400 At #t sfmq
FUT YT F2aT g, ™ T Fae g0 I
AT FEAT g qToh AU &=t (Catchment
area) ¥ FEHT AT ATAT THET 3T @l
T THH qA § UH IUF q95 I2d &l
AT e g 77 wSHeas i g
Jeei T 39T F U ggeayt 2, Fitw
Tel qAGe AT | AT Faeqiadl &
o strer w=Te AT g1 e g H T
araaTT 45 =Rt afeaas % w@w &1 ga
AT g, a7 A Y &Y 98 Sl g,
o Fede F A N ged o g i
AEFied (Mudflats) &1 H&Tor graT &; &
HEFAed 3 Jaret aferat & o &= %
THTT B g ST i o § L@ a1l ISt 3T
T &0 G 8| TT Nl GaT T €9 H -
M (Clay-loam) =¥ et gt &1 feror
g, SEH S &1 T AT AaId Aar
gIaT &, ST S° &S| &l 97 9 Stifad
@ H HEE Fdl gl ST o & g2 4,
FIULT qTAE TF YIS (AT A7 F
w9 H FTF AT §, Tgl adal o -4
TEATRUT & 9 & STHIT & A= &
utghwd (Aquifers) § THT STaT g, e«
AEITE & T H T 10 7 15 TEl F; -
ST T BT Tgar gl

quF dd@ 99, F9l  TAlg A<
grifeurfas Scarear

FIAL qecde & Hidy ST & TaTg AT
T dcal T FH9 UF Achd Sled
ST ShRaT B, o 2ifhe sramraes
(Trophic Dynamics) & ATEIW | HAT AT
TEAT Bl X o FT Igd Tl &

= ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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FIEelcided T HFHheed (TSI TAIY
Feataat) grT AT Smar g, SrosEre
LT & ATEAT F FHad STSAFETSE Al
Sfas 9% (Biomass) § TRafdd #d gl
FIULT JeAe I 9T YTSHLT TefFefaer
(NPP) aga 39 &, forar o1+ g 6 =gt wfa
THIS &1 § IS T ICATET agd d 17
q ZIAT gl g o1 (e ITATHE STATRTA
S A hed, GIe HIel, ATal 3T RIS
gl § AT grdl gl gt &1 @1
ST (Food Web) Za«T 9« g foF oIfe wh
Sfrar Y dear § FHt et g, 7 @ S
ST FHT AN QT HT AT dS aqad

FET ST gl ATS2IoA 3T HIEHH &l

REUREEIER R ek VIR LRI
CECAITE | I E o O 1 Lo 1

COURTESY=WESTLAND ERIEND:

Feqa fafaear (Flora)

TEI T FAEATAAT T IeTeh qTLEA T
& ST 9T aihd (ohaT ST ThaT gl dTT
Frr uter (Floating Macrophytes) &
Azolla &fi¥ Lemna STeT i |dg 9% UH g<f
=re o= €, ST g & s & AEiEa
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(Decomposers) Hd Stfash qarat &1 drgse
T THTIAT &7 aT99 9 § = ad 8, Taf
T 9 Tee I UL Fd 31 Tg A =
FIILT ATAS ] T ATHATL TS aqTdT
g, STl A< FT IcATaA qAdH gial g 3T
g Jaq Ty T & Sftad &7 g a9
STAT gl gTeAiteh, IfE AR gEqHT o
AT & AET Sgdl g, ar T8 9@
TEThehe ' HT AT S TqHaT g, ST =9
A o (T a8 FET AATHF G &l
S fafaegar v amrsy ik a=rsta
HTHAT HT AET-HIAG

FIYT dadie T Areatad Agfyg ol
it fAfaear & f@fRa & v ==
SATENE % FaH Hgeaqul ST gleeaieq
| & U FATdT 2

T A F qATIHE A R T@d gl 39 g0
ater (Submerged Plants) S
Ceratophyllum 3fi¥ Potamogeton S&T ¥
ARSI o q=T AT 2| el o2 39 g2
Faeqfaat S Saccharum sfi¥ Typha &
Fad A & o0 95T w9 B, qied oF

¥ ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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ST H el U YGUA ST AT GTqE A
IICETS FTEIHTS UL
(Phytoremediation) T T ¥t F¥AT 2
grofy fafereraT (Fauna)

FTILT JEAT T IV ST AT (9T B
Tigal § "W at F Fgu v &t
YA AA-99 T2 & ofiT formrfa #
Ql'l'fﬁ?'r gl Tt & oo ag Fede T

AFAT FH F o0 TA-THTIHF qTIeS!
(Hydro-chemical parameters) T fergeror
qq AfFard g g qeAEel *
AqEATY, TH dedde & oA & pH AT
AT 7.2 § 8.1 % &= Tgal g, oIl 1+
SAferRTer STerra Strae o forw swael erdar
T&TH Far gl ‘esfees stdtsi (DO) Fr
AT AG! il TA-TUITAT i A= dT HT TaH
TIET qAF ¢, T &1 § I8 6-8 mg/L TF
T STAT &, ST "Gl & q1F [@Ahe &
T sraems® gl TAIh, AR HEA
Ao fRwie (BOD) 3fiT  ‘&ffaer
Ao fR|ie’ (COD) F sl § g1 &
aﬁﬁq@é@?ﬂ‘%%ﬁﬁ‘mmm@w%
& FediT # Sfes F=7 &7 FO et
FT YAT TE BT gl TA Al TeATFEwA
Fefaefadl (EC) I8 qemial g foF a1 o oot
U AT T Figdl 98 el &, Sl 9T §
gt it AFofi=ar w1 TATET FT TFhdl 2l

=Hh ATATH, ATEeed ST Tothed T T&d]

WY dETa et e (Algal
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Bloom) &I ¥/ T §FdT gl =T TETIH
2o Tagelt 1 Teqdq= g/ I AqTaT a1 ©
fF FOT Feds At GTHAE TA-eET
AHAT AT =FCH ST 9T 9gH Tl g 3T
T TH ATELT HEE I AFLTHAT 2|

e wTaat fAsar

YT A S 9T THTS &1 ST FaT0 J&T9
FIAT 8, T TEAATHT AT T & T8 TF
XA SIEEHA I q¥g HH HLAT §, ST
fomT et fasTet = wefim & gt Sow
ST T [F FIAT & AT aTE STET ArTaret ¥
ST T AT T&TT FedT g1 ATHT-
AqH ®T ¥, Tg AT TIHT THEEAT *
fom SaaEr g, g9l AgelY SOl
ARt & forT =gt &t agelt ey a7
T €, e sraome & feReTer geeht At
ST FH=Ts Fg=ar ¥ 91 | &1 | 19 wE et
AT H HAH Fd Bl THH AATAT, HIOLT
Jede  FEd  Higecad  (Carbon
Sequestration) T e fererrer {8 g; 7gt v
gt sl aeafaat ararEser § 9t /e
H FrAT STEAFATSE qrE@H? 3T JTHIT §
AT Tt &, TS I aer vt & T94719 &l
ST T2 9T wH foRar ST Fear g1 wHed
ST BIERITHT o ST o o7 T8 U &9
g, N T '@ 9T AN & AT
FFIY 9T BT L@ gl TEEer e &)
FSATIA oTver o forT 7g e gl STt
TTALT HIEAT o6 A&l AT ITH Fild &
AT gaxy, afawaer six ariRFeafas
LRI

TAAl HgAqUl WTHld® HO g &
AR, FIILT dedde A T dfeqeasa
Ahel F SF @I gl FaH FET @Al
'FfawAT  (Encroachment) T g; <8<t
e & 19 9% Jede Fir T F qrer
ST 72T @ 3fiT awhie & gf=i &1 fAArr har
ST ¥ 7, e Toeht St "rEe v e
et @ T g W AT H o AT

= ©Published by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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TEIEE Ia¢h 3T FleATed A Al
i a9 2 8, e 52 gew oftg sfiw
oAt T TSTaat e g T e 97
gl TATRed YU UFk FHT Hl qLg A
Jedie il gHAAT F FH T @I §; BAl
TAT TATIREF T Fael A F TATE T el
& afes aferdt sie wger gra fwer oo
ST 9¥ 3! JF FT HIT a49d7 gl THF
st fAeft swRmaes y=Ttaat (Invasive
species) SI¥ 'FfeX AT (TALHT) T
1 it FEeafaal &1 T "He Wrogl
ST UEad & FROT AEEA A
AATEaar oY araHe § gig 7 =9 dede
F ST FoieY HI FET-AET FT QAT &,
e JamT aferEt F SREE F 9HT #6i)
ATt o IS 99 § AEqAT a7 gl @l
2l

TR Tha e FroT Jede F7 wiasy six
geeror it Ffaarar

ST faega asTes TP ¥ a8 w0y
gaT g & FamER (Extee) foa s
T TEH UHT AAHIA TTHAH glge g, S
gt aTiferfas Sqa T 7T a1 g5 2|
TAEAE i TAH AT AR & & |
THET Agd UMdgl® gid & arg-are
AT Fl FTA-GLAT 3T Sa-fafaegar %
[REEREERES

e & e fag

TR Rafa® ggedr: FIULT dede 997 6
fhedl & &7 § o YT T HISHI-
FATSHS * e #§ srfgeia syfaeer o
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72T gl THHT 'THIE TF&T TH 7L AT
% 999 TYF Sia® gleedied § ¥ UH
FATAT 2

e it Aqra«T

T 2T (BOD 3T COD # Ffx) 3w
AWAT gEa8T  (ATAHAT T ATREH
TEUUT) TE TIY Thd % ¥ B [ o7 aF AT
FEA &A¥dT (Carrying Capacity) It =I¥H
HHT 97 g1 T T9T @ T hehe T
RIS TSIl (SAgHT) 7% == a8
qAT AT, AT A HYE G S T avE
€A gl {ehal gl

qaq g H TG TH AULT B LT
W & U udEd "Gaq TEee
(Integrated Sustainable Management) Y
T ATTITFAT B TEHH AT FTRRT St
e qaheiieh, T&d AT qeer (Buffer
Zone 1 fAH\IM) sfiw =T wHEMET
(FgaTe & e it aRfET &1 gET
A=A g

sifaw fa=me

FIILT JeAS T FLEAT el TITFLIT FATH
T TATH ol &, dioh Tg SATEIE 0l 3
FTAT FAT & T TA-qeAT oY U waeF
SttaeT = gRAfea 3T &7 d6eT g1 39
T S{IEd T@AT AT A e AT 3T
EEICERR T R AL O ot |
gUgY & Hgod § %A 24 g, af Tg 7
Fae AR AT ATTRATST aAT T,
Ffes @y TREdT & faeg afas a=1e
T U ToTh THETe T I9r G
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| (Madhuca longifolia) ©& NTFP: Traratas, swfes, arifeafas ua
Sere TR Fay fagyeo
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TEATAAT

AT S8 Sa-fEfaydr & 99g 30 § aq
THTEAT T AT TgAATHT U Tgeaiid
g, ST Fhae qrifefas dqad a=1e @
TH T 7g g, qow Tg FrETeE
AT, diepias Fema @ grf
FATAEAT F T TES T Aqgarad gl
F9w =7 7 ¥ew g F aArfeardy ud
FAATEHT & —SE S(TegE, AREE, 7L
T2 Ud A(AT—H 99 FHTIH Sfiad-
ffafg &1 g™ YeW wwd 8, J=f q
AT qETET A 9T, e, Sue ud
T o faferer =a 9T g 81 = Sardet |
T-TY a9 Icare (NTFPs) T ferer agea
g, FITh T TETe FeAT T FIe faa1 9T
g 8 o gaq fawm & fHEiar & ey

g &1 wgaT (Madhuca longifolia) 38 §as
# UF goiq HEed, dgsuEnt Ud
qamTE-aTdE g8 & Hegasier ge1
TSI g, o S 99ET “Feuge” &
&7 ¥ ¥ d gl THH FBA, SIS, T,
gt vd gre—adt @ sugnr At
SzeAt & foru R siar g, Sew 75 39
TTHIOT Sa & T 98 & S[ET ol &
FagT Afaw aRfeafaat §, Jgf Toarg
gREds, HETYAT FT L0 U JTHIOT T
THE FAMAIl a9 Tl 8, Tl rhrd
NTFP JoITeft Ueh eIt 997em= & &9 §
SHYAT 8, ST SAS{TasT AT, T aT
I U Sidd Forfreror & AT I
T TT G780 H T4 g

Source: Sharat Chandra Prasad
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WG T THTITAH HoTA

Hgam (Madhuca longifolia) # faferer
AT FT AT ToeT 36 UF 37 A
AT ST HETYH % ®9 § T Fwal g,
ST 9T, ST UF SR SUAR &

T oTd T IU g1 WgeT & Toai § 60-
70 Jfqard T YTHfd® eTheT 9T STdT 2,
Sed yq@ =7 ¥ &N, pES Ud
WIS AT &, ST ZH U 3IF o A6
St ®d aTd gl T8 SAfdie<h, Tl |
5-10 gfaerd Wié, sfed 9m=m | F97
(0.5-1%), ATgTX 9T (dietary fiber) =T
HCLTH, FICRH, AFIA SH g&H 0
T I SATT &, ST H 90T & 3P F
Hgdqul  aatd @l "ger  qea
T ee  FRF, WAl ded qT
e C &t suftafa =& siwefiw
ST & o ot Sugew aard g, A
T F IRT IfAOes® A7dr w1 Fg« Hl
HES & &S H 40-50 widerd a% d
aTtHfeR ue foTtos $& ufae W@ gra
g, ST =H @I Ao, Fiedted Scaral ud
JEAEISA IcaTed & {70 ITI<H a497d 2|
THH SATdTe<h, 9T Ta <A 59 59
bR AR Tger & Sirwefi=r I[oi #1938
Fd 8, FSaH I8 @=T T, 9T Ta qF

qRIE SYATT H SYANT g grar 2l
TH YT HESAT &1 TETIHF Foed 38 Th
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TEAATHT, TUT-THF T A=A 32 T
Tegar NTFP SHTe a41dT &
HGSAT T GIT

TEA FAl AT HUZI UF GRANE HH
AT, AT U qGHT-Haal THaT &,
ST &I d: /I F 319l % I 1 ST 2,
ST AT & OO0 T ITHias 9a9 (natural
shedding) 2raT g1 9% @gsm & g Tt
% a7 g g, Tafou arfior a9
TTA:HTe | FHI—E9T &7 ¥ qhieT 9
T[A—2AHT TR Fd 5, forad Bl &l
IOTET, ATSRIT T& ST /AT |Hierd gl
S| TAZOT TIHAT 3T & 7 AT TR &
T &, arfs [v gu gl & O, oqm a
o= rgrfaat 7 el Fg o= § ge7 & A1
gf=rat, feaTer 97 FOET =T /U8 w it
qfeF Ty UF FAA IAET SFT@T Bl
FSTIEF FIEHOT F @7 ST qr G0 9
UL SAd AT &, FA11h SATeH THT
TH STHIE 9T 92 T@d ¥ |l H fhvas
(fermentation) YT¥w BT Fhar g, &
ST OETT UF S qod H OFRH ST
STAT 81 T ITehaT § AigaATst ud agi &t
THE T BT 8, S TH T AR
Tfafafsr & &7 § fFwEa w2 gl 39
THRTE HGSAT T GUUT T AT, FH TH
I TEO( T qHA FT UEF IHE
SATEW ¢, o smeAe aaeiai & a1
SIS 3f¥ STa ATl I=TaT ST TRl
2l

¥ opublished by ICFRE-Tropical Forest Research Institute, Jabalpur, MP, India
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HEAT T THERLI

qEg el TH AT AT qEERw
(processing) ST I[OTETT, HETXUT &Il
T4 a1 goF & [Rgiia &3 amar s
qAT HgAdqol =IO g, NEH aATEE
TR T TR STANT AELTH graT gl
AU F TEAT] TAl H q99 Tgod dh
rar STar g, Sree 399 3ufeaa g,
g1 U T Fqiiegd qaref 220 ST He
A T At afRafaat § g o
TiPF AT & #1eAw ¥ 3-5 foAT a%
AT ST g, 5 a6 6 q9 &t |7
T 8-10 Jiderd I  ¥@ WU, ST

.

[

L/
.

-
(4

qeterd e & o Sugh ATl ST 2l
seafas THr & Rafa & w%he (fungal
growth) fE=Ea g1 @t g, oee Seame
T AT UF ITATAT TATET gl 2l
HEAT AT 6 THEHLOT H Irgg G@THT AT
fgerht gerar Smar g v R arufs
T AT ST TFaaa? qefidr & A1ea9
¥ g9 fAerdu B Smar 21 sngEE
qEAIRI 6 STANT § I #hl [oraar ud
fAeReor Terar & Fhg i ST THA G TH
ST ASATIh THERLUT THATRI T STIN

HEAT SATEl & I [UEl U qeE

TTaeTeT & T F97aT 2

39
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FETOT U fauure

AT STl AT HSWO Ug fouue 39t
AT IUATRIAT & wTer AT el AT
HEAQUl Jeh gl Ituq WS & AATT H
HEAT Al | AL, T THAT T FhS
T T FATIAT g€ ST 2, orEw It
TUTET U I 9o § Rieee o gl
A, @ g0 Tl F T, I UH
AT TATA U< FATed T ST AR,
STgt qTIHTT Te rsar Ha=d Il S &,
THS S a7 AT TALETEE FdALl T ST
HEor % T U< 9T Srar g1 At
ISATHF ASTXOT TEATRT HT I HAT
ST, q7 AgsM Al H 6-12 Al aF
qtera w@r o1 9har gl Fuvm fr gfe '
HEAT T ATAR ITT: AT ZrE-ATST
e fa=ifert & wreaw & grar g rew
SeqTET T 3t g At e T ==
THEAT o THTLTT g Tgalil Giutadl, a9
o A FEl U FgEaw g g
(MSP) St Hfa=t &1 TATET &7 | AR
FIAT AAAF Bl THH AfATTh, AT,
TS U S-ATRIST F WIeAH H Hgel
ICATET T TS T FARTST areid o
TToq TR ST |eRar 8, o Scaraent it
AT H e 1T g5 §99
wiasy i gaTaaTd

g g7 6 AEATNG HH1EAT0 e d
TIH UF T Al g, [T &7 § 39
0T H S 9fd® TqC 9T SATdh, TTHdH
@mﬁwﬁﬁmﬁi—ﬂaﬁ@%l
HESAT AMITRT ScaTal A1 STANT @,
AT,  FiEH[EH, Eredieqhd  TF
AT AR § ThaT ST Fohat 8, S
=a et qeed § fAiaw gig 21
S| FE3T O T ST ATATS STl IcATa §
U AT [aed o &7 § 39T @I 8, ST
Sl AT U QAT 6L Il et
q HEAaQUl g1 38 STfdfh, 9gel Iof &
et wegeads 9 ud e g
IqTE AL JToTl § wfaeaat w3
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FT AHAT TEA &1 TAATT Taqd & 929 §
HEAT *ht q@T agaefiadr v w6 q9rea; §
IOTET &g9AT TH UEF “climate-resilient
species” FATAT gl I SATHAT, qATAT,
T Gaed UF a5 oo ToHttaar &t
T & & ] 367 ST, a7 7gem NTFP
ST eferaedT ®1 9% FATA IF o
ST ST | S0 1T Fgall qiasq | qreior
T, Tad sStiterenT Ue giea aeqaeT
(Green Economy) =T TUsh IHE AL 99
T 2|

Aewe

T fagwer ¥ a7 w9= g g & Agen
(Madhuca longifolia) T# agaamt, aaqd
U Ig GATAATSN aTAT a9 AT 8, S0
A-FTY a9 Icq1g (NTFP) F =9 & ITHtor
UE efearel THETar & A, "qrrern
Ud giERidw Siad H oedd Hgea ot
{Fﬁaﬂﬁwéla—gga{?mm@
TS &1 &M g, qfodh Tg qIO0 T,
IR STH S0 Ud G0 dqad
Tl 91T L@ | AT G813 g| aadTT a0
FAMAAT o FEH H HGSAT AT STOTeAt
UF FHTAAT UF "qaq Gwe At wEqq
FAT g1 STA: THR HLEA, JATIAE T2,
T Gae Ua TATAT (AU &l JrIiehar
T T umer feww udg et
TITTRLOT T Tk FIH HTLAH a9TIT ST
T 2|
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9 F o FFq ST

o area’, sy S, sftex g q@mag ud 7 ot
'S faa oA, e F0 ggrie=es, g YaqrT F ue st Erataeme, 38T 313001
g e A, Ff Eeate=mer, Sraqe 342304
E-mail: kiran10914yadav@gmail.com

o< ( Aegle marmelos) AT IUWETET
F TFH TMEE ST TgaEn wa gl 39
goga ¥ A d wgr S AT § I8 UE
ST e, quiaTdt ger 8 S fatee
T i g e Seerg aRfeafaat |
T=ET ATE | 3T § AT vy A 7 of¥
Stiterd T 9ehd T &, 3T -7 =Y "fcaaw &
F qIETE | off stoaTad @At g1 9w
e, T, AT ST T FHT sirwefi aqont &
A 2T 21 I FA T &7 TR T
9o grar gl =9 Aert®+ C, fAert®+ B,
Ffcera, TfATH 3T FraT I=5L 90 |
MU AT 2 T8 B T4 T ol T&T
FLAT g AT TNT ITALreeh A9ar i J@rdl
2l

ey aor

I A AAE | TFh dgsqanT fufer =
& | SET S1aT 8, FSEet 32T o= o
it FHEATSAT S Fed, FEd, TE IR
TTETRE #f gT Fd q9T AgHg = §
FaT SITaT 81 A ST ISy, U 7
TAHEH HAFTTA BSH 6 &7 § TIRT 60
S e =1 £ A L | £
TSI H 949 <d 8, ATT 51 T8
HerEiters /g, HemT T fileeeid
=T & FgTaE § TAT THE LW Ici4ed
T HIEqSH HITARTAT Al TS [T Tod &
TATHT T 3T AATATHF HIAT Hl dgd?
AT | TR Fd g

R EIE R

I F HT THL 6 ToF Haidd Icq1a JA10
ST §1 S o S[H, TheT, ST, STefl, el
AT IISSY W@ 3l a9 rgTd ScaTe
T SrIeAa® T &l T9h a7 H Ggrah
gl foham ot 7 =t T affafes o wT
R

9 [ AT T

I SF AT 9 ITd oA B H I T
ARSI T IEANE T 927 gl 9 ST
TS @ ol 91T, T 37 g & 7| % q1F
=TT = R SITaT 81 31 o)ad TR
T o =9 § G T A GHT T qIerd
T STaT g, S srEeTswar s art
FETehe q2ET SATaT gl Tg AHAT H 97T
FT offaerar Y& Far g oY 9T= aFf &l
Tqferd AT gl Ig UT Feel, W T
UfHTET Sl queaTet § TEa Iqr § e
9T T FolT W& F:T g

o T

I THIT T TET (7T grav g, o ot wer
% & 1 FAAT S AT 6 1T THhHL AT
TRIT STTAT g1 9 T T ATFETAF Fgcd
f srferskh g i =0 aadl § T FY
ATSITE | =T ST THhalT Bl

a1 R

o ToeT frvae gferar & qame foear s
2, I a1 e % I AT qIAT ST ATHA
fee & AT @I ATGT 8l Tg 997 918 T8
et § aae S1a1 8, 5w got @gr J=e
ST STl T[0T B 81 AT H o (oeawT
T AT A, a9 [a=a F3 3%
T T §LF FLA & [olT ITAWAT |7 STl
2l

9 S S ST

ST T T&T S 1T STeAT a1 o 70 STh
BIAT 81 TEH YThids Gfeked St AT ATaF
grat &, e S® ST S & e
Hear 81 9 S a9 & o 996 gu e
e T I&T T Srar g sfiT =H AT
TAT A9 F T % AT THAT JA1qT gl T
& 978 Tg TET T S 7 7 o a1 2
g o<, TS AT WG o T GTAT AT Fehe T
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gl I AT AT T THRAT 7 F Al
AT &, AT THH 2 T AL el T
FT IR FFAT STAT 81 T HT AT T
Ufded & A7 TR areaelt s e
STEAT ST T SITAT 2

9 FIt

I F, 9T A H A7 UF TETRY 3T
qIes o "Jatdd 3care §, ST 9gi 7
Tttt H fA9T &9 F AT g1 TH I
T& &0 AT AT I % T1 THH Fileh qTATC
TRaT StTar 81 =& [sgor v == i Aerr
q7 I[E % 97 e Rl st 9% g
STTAT &, T3 @ {oh Tg TIET gIahe o1 &9
T | THH AT TH BIS-BIC THET H HIEHT

TETAT ATaT g

ITE § ST A qHT TF LT 7@ S
qHAT gl o e HT T&T HHeT ST 67
=TT IT [ § T AT 7T SI1aT 2
TR & IT TATIHAT, AN AT AT

S ST

AT THT
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S T ot e €, SeE w=E aear gl
Tg AT AT hl TFeT TEdT g

9 AT

99 AT3A UF AgHF S qoF HAtgd
ITATE g | I e o6 [ Al Fohoae aienam &
ST ITHT ST AT & 97T Fg &A1 s
IGRIESESIEE G I ElEe 1 1 L e
FTed & AR ATt g1 @ & I ST
T & =T e T G 9w A
TATIHT T2 T@T 7T 8, s a6 Tfas
T edige § URafad gr SIrdl g 3%
T2 &1 =TT graT )

I TS

I A FT [T AHTAR GIE-BIE Thel §
FTET SATAT & AT T g7 § @R A A
T3S AT fRAT ST 8, T 9 siw
T F T AT a7ad A7 S a9
ST AhdT &, AIEE H SERT TTRT FHisel, &
AT T S qHETeS 3= H O
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