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From the Editor’s desk

Bamboos based agroforestry can play an important role in enhancing productivity, sustainability
and resource conservation. Many of the useful bamboo species can occupy the same ecological
niche as trees and are well suited for agroforestry. Bamboos have many advantages over trees
such as, relatively short time span from planting to harvest versatility of use, ability to provide
building materials and edible products for many years or gven decades. Hence, there are large
scale effarts to promote bamboos under agroforestry systen.

Bambaos require four to five years to yield first harvest, if grown from offsets, which is much
earfier than any other woody species. If raised from seedlings, first harvest is obtained after seven
years. Ihis initial period can be sustainably utilzed for raising intercrops and enhancing
sustainability and income of the growers. Under agroforestry system, quantity and quality of
bamboos are expected to be higher as compared with monoculture and unmanaged plantations. The scope of bamboo in
agroforestry s very wide because of the uncertain weather conditions and increasing cost of labour. Rambaoos, if properly
managed, can be grown in agrisilviculture, silvipastaral agrisilvipastaral and agrisilviforticultural system.

In line with the above this issue of Van Sangyan contains an article on Bamboo based agroforestry system for maintaining
ecasystem and sustainabilty in India. There are also useful articles viz. Silvapasture: A sustainable farming system for a changing
world 7 @ T AT & or - Fa7 ATEIRT FIY anABT Myawaki method of recreating native forests, Role of
agroforestry in orgamic farming, Buchnama lanzan Spreng (Chiron)- A potential wild fruit tree of central India, Proclivity on
multjpurpose trees far promoting bund plantations in south-east Rajasthan, SAISHIT JBIFT RaToa): T& THR GEagrT
siaehia aren Management of flyash through farestry interventions and Llimate calamity and the wild: Book review

| hope that readers would find maximum infarmation in this issue relevant and valuable to the sustainable management of forests.
Van Sangyan welcames articles, views and queries on various such issues in the field of forest science.
Looking farward to meet you all through fartheoming issues
Dr. Naseer Mohammad

Chief Editor

’ © Published by Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X) Vol. 10, No. 4, Issue: April 2023

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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Bamboo based agroforestry system for maintaining ecosystem
and sustainability in India

Shambhavi Awasthi and Vinita Bisht

Banda University of Agriculture and Technology
Banda (UP)-210001
E-mail: jyotivinita89@gmail.com

Introduction

Bamboo, the most fascinating and diverse
group of plant known to mankind belong
to the family ‘grass” or sub family
Bambuseae of the family Poaceae
(Gramineae) (Singh et al., 2012). Bamboo
grows in at least 37 million ha worldwide
and covers about 1% of the global forest
area (Lobovikov et al., 2007).As per FAO
report 2007, there are about 1,200 species
of Bambooin 90 genera across the world.
India has About 125 indigenous and 11
exotic species of bamboo from 23 genera.
It is abundantly found deciduous and semi-
evergreen forest of northern and southern
India. Total bamboo bearing area of the
country has been estimated to be 15.0
million of the county geographical area
(ISFR, 2021).Versatility group of bamboo
plants linked closer with the culture of
tropical Asia. It is a present of nature that
has empowered people to draw a variety of
benefits. For livelihood sustainability
bamboo has been an important source of
income for millions of rural people in
India.Because of its wider essential uses, it
is described as “friend of people”, “green
gold”, “green gasoline”,

“Poor man timber” and “the cradle to
coffin timber” (Singh Ombir et al., 2008).
As bamboo harvesting is a continuous
process, old clumps are removed new once
regenerate and process will continue.
Bamboo based agroforestry system
produced bamboo stock, leaf biomass as
well as sustainable crop.

What is bamboo based agroforestry?

Before we go ahead towards Bamboo-
based agroforestry we must understand
about Agroforestry. Agroforestry is a land
use system that integrates trees, crops and
animals in a way that is scientifically,
sound, ecologically desirable, practically
feasible, and socially acceptable to the
farmers (Nair et al., 1979). The Bamboo-
based agroforestry is the integration of
Bamboo plant with other agriculture crop
along with livestock production to obtain
ecological and economics benefits. It can
develop in the form of homegardens, block
plantation, windbreaks on the boundary of
agriculture field, in poultry/dairy farm and
in plain and wetland near the ponds.
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Fig 1 (A-B): Bamboo plantation in Arboretum BUAT, Banda.

How bamboo based agroforestry save
the ecosystem?

Firstly, as we look towards, agriculture
crop specially cash crop fertilizer is
required to the crop from seeding to the
germination stages where as Bamboo
requires no chemical to proliferate. In
India crop like Cotton and some other
agriculture crop depletes the nutrient from
the soils, Bamboo sequest the nitrogen and
the cultivation of Bamboo does not surplus
the chemical to the environment.Secondly,
in traditional agroforestry system once the
agriculture crop mature it will clear cut
harvest and at that time the nutrients are
washed away by rainfall, the erosion will
occur on the top layer of the soil. The
bamboo-based agroforestry protects the
land from harsh wind. The Bamboo stumps
are blazed to provide fertilizer and their
roots persist in land after harvesting
clumps check the soil erosion and assist to
preserve nutrient for the next crop. Along
with them their leaf-litter and fine root
decomposition emphasize the soil organic
matter. Due to its fine and extensive root
system and fast-growing ability it will help
in rehabilitationof degraded and waste. In
Allahabad, India INBAR support a
bamboo project which lend a hand to rise

(B)

15 meters water table with in 10 years and
return a destroy brick mining area prone to
frequent dust storms, to productive Agri
land.

Thirdly, according to INBAR report 2018,
Due to world fastest growth rate, giant
woody bamboo is considered effective
Carbon dioxide absorber. However, 100 to
400 tonnes of carbon sequest per
hectare.Showing similar amount of carbon
stores to tree plantation. Whereas carbon
also stored in products made with Bamboo
as well as charcoal. Despite of the facts
that carbon emission reduction by product
is presently not contemplated an
mechanism approved under the Paris
Agreement For Climate Change, this
outlook is especially pertinent where
bamboo products are used and further in
future in corporate and embrace the
reduction protocols for Greenhouse Gas.
Sustainability through bamboo based
agroforestry

Bamboo the most assailable NTFPs of the
world -give continuous fodder for the
livestock, continuous timber for the
household or building purpose and
continuous income in term of macro/micro
scale bamboo industries and Handicraft
items (Adhikari, N.2008). As we compare
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the bamboo from timber, bamboo is twice
or at least twice as timber. Its tensile
strength is tenacious than steal (source:
unsustainable magazine). However,
Bamboo cultivation empowered the
women potential as it is light in weight and
their linear splitting make it flexible due to
these reasons it is easy to carry way bulk
mass across various massive distance.The
Self Help Group were specially promoted
by GOl wunder Bamboo Mission to
generate skill among women regarding
bamboo cultivation and wuses. Under
sustainable  development goal the
Handicraft likes Basket, small furniture,
flowerpot, wooden jewellery; bamboo-
based kitchen material is an alternative
source of income. During the leaning
period it reduces the risk associated with
collecting timber for fuelwood and
creating new dynamic of employment for
the women in India.

Today bamboo is an alternative of
different materials and trends toward more
eco-friendly  product i.e. Bamboo
toothbrush, cooling straws, food plates,
flooring mats. Despite bamboo associate
with jute and paper are used as bag and
covering the entire India market as a
excellent replacement of plastic polythene.
Major Challenges

e Poor ability of planting material is
one of the major problems while
cultivation of bamboos from seeds.

e Lack of conservation awareness
among the tribal and rural people.

e Deterioration of important genetic
sources of economic important
species due to over- exploitation.

e Lack of mechanization and skilled
people in harvesting  and
propagation.

e Insufficient
warehouse/storage/depot

infrastructure after bamboo
harvesting.
e Generally, bamboo-based

agroforestry system lacks effective
and efficient land tenure system.
e Lack of intensified research in

bamboo agroforestry system.
Conclusion
Bamboo is primarily a perennial grass with
woody clums from rhizomes and the
fastest growth plant on earth recorded as
approximately 121cm in 24 hrs. Bamboos
have the dense surface root, huge
connection network of rhizomes which
form a mat like structure and help to
prevent the seepage of soil water and
furnish a high quality of protection during
sheet and gully erosion for soil
conservation. It is recommended as a
suitable for the ecological restoration and
reclamation of degraded land and
introduced for the treatment of landslides
and soil liquification.In India where
livestock is the major livelihood option,
bamboo- based agroforestry system is a
quite unique opportunity to the farmer.
Globally, India is second largest producer
of bamboo than China and only 4%of the
bamboo products were captured in global
market. Due to which in India greater
benefit of Bamboo Agroforestry system. If
we invest more in Bamboo agroforestry
system definitely it hitches up potential of
India.Whereas more intensive research,
investment and up scaling is recommended
in India for Bamboo.
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Silvopasture: A sustainable farming system for a changing world

Subhaprada Behera®, Rohit Kumar?, and Prabhat Tiwari’

13 Rani Lakshmi Bai Central Agricultural University, Jhansi, Uttar Pradesh
2 Horticulture Department
Govt. of Rajasthan
E-mail: rohitjnth@gmail.com

Introduction

Silvopasture is an agroforestry system that
combines trees, pasture, and livestock in a
mutually beneficial way. In silvopasture,
trees are intentionally grown in pastures to
provide shade, forage, and wood products
for livestock, while also sequestering
carbon, reducing erosion, and enhancing
biodiversity. This system has gained
popularity in recent years as a sustainable
farming practice that offers economic,
environmental, and social benefits.

Need for Silvopastoral system in Indian
sub-continent

There is a growing need for silvopastoral
systems in the Indian subcontinent due to a
range of environmental, economic, and
social factors. Firstly, the subcontinent
faces significant challenges in terms of
land degradation, deforestation, and soil
erosion, which impact the productivity and
sustainability of agriculture and livestock
systems. Silvopastoral systems can help to
restore degraded lands and improve soil
fertility, as trees and shrubs help to prevent
erosion and improve water retention, while
also providing fodder and other benefits.
Secondly, the demand for livestock
products in the subcontinent is expected to
grow rapidly in the coming years, driven
by population growth, rising incomes, and
changing diets. This presents an
opportunity for livestock producers, but
also  raises concerns  about the

environmental and social impacts of

-

intensifying livestock production.
Silvopastoral systems can provide a more
sustainable and resilient approach to
livestock production, by reducing the
reliance on external inputs, improving the
nutritional value of forage, and enhancing
the resilience of livestock to climatic
shocks. Thirdly, the subcontinent is home
to a rich diversity of traditional
agroforestry and pastoral systems, which
provide important ecosystem services,
cultural values, and livelihood
opportunities for local communities.
However, these systems are under threat
from a range of drivers, including land-use
change, land fragmentation, and climate
change. Supporting and scaling up
silvopastoral systems can help to maintain
and enhance the sustainability and
resilience of these traditional systems.
Overall, silvopastoral systems have the
potential to provide multiple benefits in
the Indian  subcontinent, including
improving soil and water quality,
increasing livestock productivity and
resilience, and enhancing biodiversity and
cultural values. However, the adoption and
scaling up of these systems will require
supportive policies, investments, and
partnerships across multiple sectors and
actors.

Benefits of silvopasture system:
Climate Mitigation

Trees in silvopasture sequester carbon,
reducing greenhouse gas emissions and
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helping  mitigate  climate  change.
According to studies, silvopasture systems
can sequester 30-40 tons of carbon per
hectare over 20 years.

Increased productivity

Trees in silvopasture can provide
additional income streams for farmers by
producing wood, fruits, nuts, and
medicinal plants. Moreover, the shade
from trees reduces heat stress in livestock,
allowing them to graze for longer periods
and increase weight gain.

Erosion control

Tree roots stabilize soil and reduce
erosion, which improves water quality and
reduces sedimentation in waterways. This
also helps preserve the pasture's topsoil
and prevent soil degradation, reducing the
need for costly inputs like fertilizers.
Biodiversity conservation

The combination of trees and pasture
provides habitat for wildlife, which can
increase  biodiversity and  support
ecological resilience. Moreover,
silvopasture systems can act as corridors
for wildlife movement between forest
fragments,  contributing to  habitat
connectivity.

Implementation of silvopasture system
Implementing silvopasture requires careful
planning and management. Farmers must
choose the right tree species, spacing, and
management practices, depending on the
soil, climate, and livestock species. To
create the system, the first step is to plant
the trees, either by direct seeding or
transplanting. Then, livestock can be
introduced to the pasture, and the farmer
must manage grazing and pruning to
optimize productivity and ecosystem
health. Silvopasture systems can be
implemented on existing pastures or as

new projects. However, transitioning to a
silvopasture system requires a long-term
vision and planning, and the assistance of
technical experts and funding agencies.
Important silvipasture systems of world
Silvopasture systems are found in many
parts of the world, and there are several
important examples. Here are a few:
Montado in Portugal and Spain
Montado is a silvopastoral system found in
the Iberian Peninsula that combines cork
oak trees with livestock grazing. The cork
oak trees are managed to produce cork,
while also providing shade and forage for
animals. Montado has cultural and
economic significance, as well as
environmental benefits, such as carbon
sequestration and biodiversity
conservation.

Alley cropping in Latin America and
Africa

Alley cropping is a silvopastoral system
that combines rows of trees with annual or
perennial crops. The trees are managed to
produce wood and other products, while
also providing shade and shelter for
livestock. This system has been used in
several countries, including Mexico, Costa
Rica, and Nigeria.

Silvopastoral systems in the United
States

In the US, there are several examples of
silvopastoral systems, including managed
grazing systems in the western rangelands,
and agroforestry  practices in the
southeastern US. These systems combine
trees with livestock and/or crops, and
provide economic and environmental
benefits.

Dehesa in Spain

Dehesa is a silvopastoral system that
combines holm oak trees with livestock
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grazing. The trees are managed to produce
acorns, which are an important food source
for pigs, and the grazing animals help
maintain  the understory  vegetation.
Dehesa has cultural and environmental
value, as well as economic benefits, such
as the production of high-quality ham.
These are just a few examples of
silvopasture systems found around the
world. Each system is unique and adapted
to the local context, and they all share the
goal of integrating trees, pasture, and
livestock in a mutually beneficial way.
Silvipastoral system in India
Silvopastoral systems are also present in
India, and there are several examples of
such systems that are being used by
farmers and landowners. Some of the
important silvopastoral systems in India
are:

Nari Shamba

Nari Shamba is a traditional silvopastoral
system used in the Northeastern states of
India, particularly in Meghalaya. It
involves the cultivation of betel nut palms
in association with other crops such as
paddy, maize, and vegetables, and
livestock rearing. The betel nut palms
provide shade and betel nut products,
while the other crops provide food and
income. This system has been used for
centuries by the indigenous Khasi
community.

Silvipasture Systems in Rangelands
Silvipasture systems are also being used in
the rangelands of India, particularly in the
semi-arid and arid regions. In these
systems, trees are planted in pastures to
provide shade, fodder, and other products
for livestock. The trees also help in soil
conservation, water retention, and carbon
sequestration. This system is being

promoted by several NGOs and
government agencies in India.

These are just a few examples of
silvopastoral systems in India. These
systems are important for sustaining
agriculture and livestock production,
conserving biodiversity, and mitigating the
impacts of climate change.

Criteria for trees and grasses in
silvipastoral system

The selection of trees and grasses in
silvopastoral systems should be based on
several criteria, including:

Adaptability

Trees and grasses should be adapted to the
local climatic and soil conditions. They
should be able to tolerate drought,
flooding, and other environmental stresses,
and should have a good growth rate.
Nutritive value

Trees and grasses should have a high
nutritional value for livestock. They
should be palatable and digestible, and
should provide adequate protein, energy,
and minerals for the animals.
Compatibility

Trees and grasses should be compatible
with each other. The trees should not
shade out the grasses, and the grasses
should not compete with the trees for
water and nutrients.

Multipurpose use

Trees and grasses should have multiple
uses, such as timber, fuelwood, fodder,
and non-timber forest products. This will
enhance the economic value of the system
and increase its resilience.

Resistance to pests and diseases

Trees and grasses should be resistant to
pests and diseases, or have a low
susceptibility to them. This will reduce the
need for pesticides and other chemicals,
and minimize the risk of crop failure.
Environmental benefits
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Trees and grasses should have
environmental benefits, such as soil
conservation, water retention, carbon
sequestration, and biodiversity
conservation. These benefits will enhance
the ecological sustainability of the system.
Overall, the selection of trees and grasses
in a silvopastoral system should be based
on a balance between the needs of the
livestock, the economic and environmental
benefits of the system, and the adaptability
of the species to the local conditions.
Opportunity for silvipastoral systems in
India

Silvopastoral systems have significant
potential in India, and there are several
opportunities for their adoption and
expansion. Some of the key opportunities
include:

Livestock production

India has a large livestock population, and
silvopastoral systems can provide a
sustainable and efficient way to produce
fodder for them. These systems can also
help to improve the health and
productivity of livestock, reduce their
environmental impact, and increase their
economic value.

Climate change mitigation

Silvopastoral systems can help to mitigate
the impacts of climate change by
sequestering carbon in the soil and in the
biomass of trees and grasses. They can
also help to reduce greenhouse gas
emissions from livestock production by
improving the efficiency of nutrient use
and reducing the need for synthetic
fertilizers.

Soil and water conservation
Silvopastoral systems can help to conserve
soil and water resources by reducing

erosion and runoff, increasing infiltration,
and improving soil quality. They can also
help to recharge groundwater and reduce
the risk of droughts and floods.
Biodiversity conservation

Silvopastoral systems can provide habitat
for a wide range of flora and fauna,
including birds, insects, and other wildlife.
They can also help to conserve and restore
degraded landscapes, and promote
agroecological resilience.

Economic benefits

Silvopastoral systems can provide a range
of economic benefits, such as timber,
fuelwood, non-timber forest products and
ecotourism. They can also generate
employment opportunities and enhance the
livelihoods of farmers and rural
communities.

Overall, silvopastoral systems have great
potential to contribute to the sustainable
development of India, and there are many
opportunities for their adoption and
expansion. However, their success will
depend on effective policies, incentives,
and technical support, as well as on the
participation and  engagement  of
stakeholders across the public and private
sectors.

Suitable trees and grasses for
silvopastoral system in Indian Sub-
continent

The choice of suitable trees and grasses for
silvopastoral systems may vary depending
on the specific climate, soil type, and
livestock preferences. However, here are
some examples of trees and grasses that
are commonly used in silvopastoral

systems:
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S. No. | Tree Species Particular
1 Acacia Acacia nilotica is a fast-growing and drought-tolerant tree that
nilotica provides high-quality forage for livestock. It is also a good source
of fuel wood, timber, and non-timber forest products.
2 Leucaena Leucaena is a leguminous tree that fixes nitrogen in the soil and
leucocephala | provides high-protein forage for livestock. It is also used for fuel
wood, timber, and other purposes and highly palatable for cattle
and other livestock such as poultry and fishery.

3 Ficus Spp Ficus is a multipurpose tree that provides fodder, timber, and other
products. It is also used for shade and soil conservation.

4 Albizzia It is also a fast growing multipurpose tree species known for its

lebbeck good nutritive fodder value as well as good timber and pulpwood
characteristics.

Grasses

1 Napier grass Napier grass is a high-yielding and drought-tolerant grass that
provides high-quality forage for livestock. It is also used for soil
conservation and as a bio fuel feedstock.

2 Guinea grass | Guinea grass is a perennial grass that provides good-quality forage
for livestock. It is also used for soil conservation and as a biomass
feedstock.

3 Stylo Stylo is a leguminous grass that fixes nitrogen in the soil and
provides high-protein forage for livestock. It is also used for soil
improvement and erosion control.

Overall, the selection of suitable trees and
grasses for a silvopastoral system should
take into  account the  specific
environmental  conditions, livestock
preferences, and economic and ecological
objectives of the system.

Successful silvopastoral system in India:
A case study

Silvipastoral system in Kangayam

Kangayam, located in the southern Indian
state of Tamil Nadu, is a region where
silvopastoral systems are commonly
practiced. The region is known for its
indigenous cattle breed, the Kangayam
breed, which is well-suited to grazing in
forested landscapes.

In Kangayam, silvopastoral systems are
typically based on a combination of trees,
shrubs, and grasses that provide food and

shelter for the cattle. Some of the common
tree species used in these systems includes
Acacia and Leucaena, which provide high-
quality forage and also help to fix nitrogen
in the soil. Other tree species like Neem,
Karanj, and Imli are also wused in
silvopastoral systems for their shade,
fodder, and medicinal properties.

The grasses wused in Kangayam's
silvopastoral systems include species like
stylo, guinea grass and Napier grass,
which provide high-quality forage for the
cattle. In addition, leguminous shrubs such
as Sesbania, Gliricidia, and Calliandra are
also planted as they add to the forage
availability and soil fertility.

Silvopastoral systems in Kangayam have
several benefits, including improved
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livestock  health and  productivity,
enhanced soil fertility and water retention,
and increased biodiversity. They also
provide multiple sources of income for
farmers, including livestock sales, timber,
fuel wood, and non-timber forest products.
Furthermore, silvopastoral systems in
Kangayam help to maintain the cultural
and ecological heritage of the region by
promoting traditional land use practices.

However, despite the many benefits of
silvopastoral systems, there are also
challenges, such as limited technical
knowledge and access to quality seeds and
planting materials. Therefore, there is a
need for greater investment in research,
extension, and capacity building to support
the adoption and scaling up of

silvopastoral systems in Kangayam and
other regions of India.

Conclusion

Silvopasture systems offer a promising
way to meet the challenges of sustainable
agriculture, especially in the context of
climate change and biodiversity loss.
Farmers and consumers alike can benefit
from these systems, which provide
economic, environmental, and social
benefits. By investing in silvopasture
systems, we can support a more
sustainable and resilient food system,
while also contributing to global efforts to
mitigate climate change and conserve
biodiversity.
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Introduction
Forests are the vast ecosystem on the earth
being home to innumerable floral and
faunal species. Since ages, they have been
playing an important role in maintaining
the ecological balance on the earth.
However, as the time passed on, mindset
of humans got shifted to
commercialization and started to exploit
the forests. Since 1990, world has lost 420
Mha of forest at an annual decline rate of
10 Mha. At present world has around 4.06
billion ha of forest area which is
equivalent to 31% of total land area (FAO,
2020) and India has 24.62% of total forest
area (ISFR, 2021). Thus, there is an urgent
need for the restoration of the forests.
Akira Miyawaki, a Japanese Botanist
developed a method in which thick and
dense forests can be developed very
rapidly using native species and this
methodology is named as “Miyawaki
Method of Afforestation”. Miyawaki
method of planting became successful in
mitigating the effects of tsunamis,
typhoons, heat waves, etc. in Japan and
soon got spread to various nations across
the world. It created a sensation in the field
of afforestation of the cities by converting
the backyards into micro-forests.
Salient features of a miyawaki forest

e With the help of this method, a

forest can be established in

approximately 25 to 30 years
compared to that of natural process
which will take around 200 years.

e Large number of species can be
planted within a small area thus
ensuring a mimic of natural forest
and is 100% native.

e Rate of growth of trees in a
Miyawaki forest is 10X faster than
natural means thus creating 30X
denser plantation compared to
traditional ones.

e In the initial three years, weeding
and watering should be done after
which it becomes self-manageable.

e Saplings are planted so dense
usually 2-3 plants with in one sg.m
such that they compete with each
other for sunlight and grow taller.

e There is no need of adding any
extra fertilizers or manure as their
leaves, branches, twigs etc fall,
decompose and add organic matter

to the soil.
e Trees in a Miyawaki forest absorb
30X more carbon  dioxide

compared to monocultures.

e A Miyawaki forest plays a very
crucial role in ameliorating micro-
climate and sustaining biodiversity
of the location in which it is
established.
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Fig.1: A two year old Mii forest established inside Punjab Agr

campus, Ludhiana.

Steps

involved in establishing a

Miyawaki forest
1.

In the initial step, it is necessary to
determine soilquality along with
the natural vegetation of the area,
so as to determine which type of
vegetation it can sustain.

After determination of the soil
quality,plough the soil preferably
up to 1m to break the clods and add
manure, cocopeat so that the time
taken by the natural process of soil
evolution gets reduced

After soil preparation, get the site
ready by putting fence around the
plot, making a way so as to water
the plants, remove weeds etc.

The next step involves the planting
of the native tree species preferably
80cm high. This ensures their
adaptation more quickly compared
to other non-native species.

Vol. 10, No. 4,
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5. Plant the trees preferably in a

layered format where in shrubs are
planted in first row followed by
small trees and then followed by
big trees.

Stacking is necessary for the
saplings right after planting so as to
avoid dropping and bending,

For the initial 3 years, regular
weeding and watering should be
done so that trees get well
established after which there is no
need of any maintenance, they
become self-sustainable and grow
very rapidly

Thus within a short span of time a
dense forest is created which will
ensure  clean and  healthy
environment along with supporting
many life forms.

Criticisms faced by Miyawaki method of
afforestation
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Though Miyawaki method of planting
ensures many benefits it has been facing a
lot of criticism due to some of the reasons
such as — the cost of preparing the soil and
land is very high, also large of saplings are
needed which willincrease the investment
in developing a Miyawaki forest. This
method is not suitable in the hilly areas
with heavy rainfall and areas which face
heavy wind flow because it will cause the
uprooting of the saplings in the initial
years. Another criticism faced by the
Miyawaki forest is that the yield from the
forest is very low because the entire
pressure on the trees is towards growing in
height as they receive very low light due to
dense planting which makes them grow
rapid in height instead of girth. In India,
this method has gained rapid importance
only in the recent times, thus we still don’t
know what will be its long-term benefits.
Conclusion and suggestions
Miyawaki method of afforestation is one
of the good initiatives to create a natural
forest within a small area ensuring a
sustainable environment. This type of
forests should be planted more in the
metropolitan cities like Hyderabad, New
Delhi, Mumbai, Bangalore etc. where
there is heavy pollution. Government
should provide some incentives to
establish these kinds of forests. Very less
research has happened over this topic thus
focus of the researchers should be shifted
towards this so that the drawbacks could
be eliminated and thus ensuring a green
and clean environment.
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Introduction

Ever since the Green revolution happened
across the world, agriculture sawed its
peak in terms of production. It introduced
the wusage of fertilizers, herbicides,
pesticides, hybrid seeds etc. so as to meet
the demands of the increasing population.
This led to the practice of present-day
agriculture also known as conventional
agriculture. Though this practice was able
to fulfil the hunger crisis across the world,
it led to unsustainability and raised many
concerns like that of food security,
environmental pollution, climate change,
increase in the green-house gases, global
warming, soil erosion etc. In conventional
agriculture, focus is mostly on a
specialised crop / monoculture by
increasing the efficiency of inputs like
fertilizers etc without changing the
structure and functions of the whole
system so as to obtain increased yields. In
order to tackle this issue, there came a new
concept of agriculture into practice i.e.,
Organic  farming. Although organic
farmingcan able to solve some of the
constraints arose due to conventional
farming but it is unable to eradicate it
completely. Thus, agroforestry can be a
very good option so as to increase the
yields in a sustainable manner without
causing any hampering to the basic
structure of farming.

Organic farming

-

Organic farming came into limelight as an
alternative to the conventional agriculture.
According to Scofield (1986) organic
farming doesn’t simply means using of
living materials, but it focuses on the
concept of “wholeness'. Even though
organic farming constitutes for about only
1% of global agricultural land and less
than 5% of the sales, it represents one of
the fastest growing sectors in the field of
agriculture across the globe. According to
the modern definition given by Lampkin:
“the aim of organic farming is to create
integrated, humane, environmentally and
economically  sustainable  production
systems, which maximise reliance on
farm-derived renewable resources and the
management of ecological and biological
processes and interactions, so as to provide
acceptable levels of crop, livestock and
human nutrition, protection from pests and
disease and an appropriate return to the
human and other resources”. Organic
farming  prohibits the usage of
synthetically produced pesticides and
fertilizers, antibiotics in livestock feed etc.
It emphasises on practices like crop
rotation, cover cropping or mulching so as
to improve soil quality. Weeds are
removed by means of mechanic ways

rather than following chemical
methodology. Due to all these practices,
higher biodiversity sustains than in

conventional farming including insects,

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

19



Van Sangyan (ISSN 2395 - 468X)

Vol. 10, No. 4,

Issue: April 2023

pests, soil biota, and even large birds and
mammals. Due to higher water holding
capacity in the crops grown through
organic farming, their yield hasn’t shown
any decline during drought days compared
to that of crops grown by conventional
farming which showed reduction in yield.
Criticisms faced by organic farming

Despite of several advantages
obtained from organic farming it
showed many of the negative
consequences. One of the major
criticisms faced by organic farming
is its lower vyield compared to
conventional farming. On an
average, 20% to 25% reduction of
yield was observed in organic
farming (Kirchmannet al, 2009).

In order to produce same yield as
compared to conventional
agriculture it requires more land to
grow crops which in turn leads to
more destruction of forests. Even
though it is thought that organic
farming is carried out in a
sustainable manner it uses the same
basic methodology as conventional
farming.

The issue of nitrogen leaching is
not eradicated completely in
organic farming. Even some
studies showed that there was
increase in the levels of nitrogen in
the groundwater near the crops
grown by organic farming. During
the initial sowing of the
cropfarmers undertake the practice
of tillage in both the methodologies
whether it is in conventional
farming or it is organic farming.
Though tillage helps in better water
seepage into the ground as well the

Advantages of

root growth, it causes the problem
of soil erosion, lowering of
biological activity in the soil etc
(Amundson et al, 2015).

In order to tackle this issue the
concept of zero tillage was adopted
in organic farming. However it is
not majorly practiced by the below
margin farmers as it hasn’t shown
any impact in the increase in the
yield of the crop. When the
emission of green house gases per
unit area basis was studied it
showed less emission from the
organic farms however when the
yield gap in organic farming is
taken into account, emissions per
unit of output were higher in

organic farms compared to
conventional agriculture.
integrating organic

farming with agroforestry

Agroforestry is one such approach
where in trees are combined with
crops or livestock. It is an age-old
practice of cultivating trees on farm
lands. In some of the tropical
countries, crops of coffee and
cocoa are cultivated in organic
manner and are grown along with
trees as these crops require shade
to grow. Organic farming in many
of the developed nations is usually
getting monocultured and thus
agroforestry will play a very
important role in the crop
diversification and intensification
of agro-ecological relationships.

Integrating  agroforestry  with
organic agriculture will help to
reduce the yield gap, as there will
be a year-round supply of goods
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from trees as well as crops. Trees
growing on the farm lands will
become a source of fodder for the
livestock and add nutrients to the
soil. They play an important role in
binding the soil particles, thus
reducing the risk of soil erosion
and leaching of the nutrients.
Agroforestry also protect the crops
from the extreme climatic
conditions. They become the life
line for the farmers of the harsh
climatic regions. Windbreaks and
shelterwood agroforestry systems
act as a strong barrier towards
high-speed winds, hot air etc.
Livestock also gets protection from
the trees during the period of
scorching heat.

The leaves of the trees growing on
the farm lands can be used as
mulch for the organic crops which
will protect them from excessive
evapotranspiration and also add
nutrients to the soil. Agroforestry is
also thought to improve the product
quality of the organic crops. For
e.g., protein content in wheat (Lin
et al, 2001).

Planting of Nitrogen fixing trees on
the hedges while growing organic
crops in the alleys cater the
nitrogen requirement of these crops
thus, reducing the dependency on

Vol. 10, No. 4,
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the chemical fertilizers. Trees also
help in fixation of the soil organic
carbon, nitrogen, phosphorous and
many other nutrients along with
improving many of the soil
characteristics like soil porosity,
acidic nature of the soils etc.
Agroforestry can serve as natural
controller for some of the crop
pests, as trees harbour many birds,
insects etc which will feed on these
pests thus reducing their impact on
the crops yield. E.g.: Trees harbour
many of the birds like owls, eagles
etc which will feed on the rodents
destroying the crops.

Organic farming paves a way for
the new employment generation as
it requires additional labour to take
care of the crop growth. This will
lead the farmers to additional
investment  which  will  be
compensated by the agroforestry.
Practising agroforestry will also
provide aesthetic and recreational
benefits to the farmers and also
play an important role in
preserving the local culture.

Thus, integrating agroforestry with
organic farming will pave a way
for the development in the field of
organic agriculture and increasing
sustainability.
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Improves

soil structure

Source: https://www.fs.usda.gov/nac/topics/soil-health.php

Challengesof integrating
farming with agroforestry
Though there have been found many
advantages of integrating trees with
organic crops still it is not practised in a
wide manner. There have been many
constraints regarding this issue such as
high expenses for initial establishment,
requirement of land agricultural lands,
skilled and trained labour, lack of research
etc.

Conclusion

It is sure that growing trees along with
organic crops will ensure sustainability
along with improving the quality of the
yield. Thus, modern agroforestry systems
should be developed which will ensure
environmental  benefits along  with
improving the economic status of the
farmers.

organic
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Introduction

Minor forest products have been a source
of livelihood for millions of forest
dwellers in India and other developing
countries. The seeds of Buchanania lanzan
tree species are of great commercial value
to the tribal people of rural India. Francis
Hamilton first reported Buchanania lanzan
(Chironji) in 1798 as a member of the
Anacardiacae family. It has different
common names depending on the region:
Charoli (Gujarat), Piyal (Assam), Achar,
Chawar, Cuddapah almond (Bengali),
Charu (Oriya) and Char (Telugu). The
seeds of this tree species are commercially
very useful to the rural tribal people all
over India. Buhanania lanzan is a
medium-sized, drought-tolerant, needs
moderate light and does well in thickets,
but is very sensitive to frost. Chironji is an
economically important, endangered, non-
nationalized secondary forest product that
is widely distributed in the forests of the
central regions of India and is an excellent
candidate for agroforestry and social
forestry. Local communities harvest the
fruit during the hot summer months, when
other agricultural activities are disrupted
and nuts are sold at local markets for a
living. Apart from being an important
source of life for the tribal people,
indigenous traditional knowledge indicates

that all parts of the chironji plant are used
to treat various ailments. Kernels are
reported to contain approximately 52% oil,
which is considered an excellent substitute
for olive and almond oils (Kumar et al.,
2014). Nuts are also a key ingredient in the
delicious local desserts ‘chironjikibarfi' and
‘chironji ki kheer'.

Origin and distribution

Chironji is thought to originate from the
Indian sub-continent and is found in India,
Bangladesh Nepal, Myanmar, Thailand,
Sri Lanka, Australia and the Pacific islands
(Zeven and de Wet, 1982). In India it is
sparsely distributed from the foot hills of
outer Himalaya to an altitude of 1200m
and extending through states of Madhya
Pradesh, Bihar, Uttar Pradesh, Orissa,
Andhra Pradesh, Chhattisgarh, Jharkhand,
Gujarat, Rajasthan, Maharashtra and to
Tamil Nadu and Kerala in south (Sharma,
2012).

Description

Chironji is a medium-sized tree reaching
15 m in height. The trunk is straight and
cylindrical, with felted branches. This tree
is mostly evergreen, with short leafless
periods during the hot summer months
(Luna, 2005). It is easily identifiable by its
dark gray crocodile bark with red flames.
The leaves are alternate, simple, thick,
elliptic and obtuse or rounded at the base.
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In cone-shaped panicles, the greenish-
white flowers bloom from January to
March, and the fruits ripen from April to
June. The fruit changes its color from

green to red as it ripens and eventually
black. The fruits are small, drupes, ovoid
or globose, about 1.25 cm long.

Soil and climate
Chironiji is very hardy and drought tolerant
tree that grows well in rocky and dry
sloppy areas. It prefers tropical to
subtropical climate and maximum shade
temperature varies between 37.5°C to
50°C, while minimum for 0°% to 12.5°C in
natural habitat. The annual rainfall in its
region may vary from 750 to 2180mm.
Also it avoids damp site but occupy hardy
clayey soils. It does not prefer damp and
water logged sites.
Propagation
e This plant can be propagated
through seeds which are collected
in the month of April to June. It
lose seed viability with time and
having somewhat irregular good
seed years. Freshly collected seeds
are reported to give 85%
germination which progressively

decreases with the passage of time
(Luna, 2005).

Mechanical scarification e
damaging the hard endocarp before
sowing helps to  improves
germination percent. Generally
germination starts within a week
and completes in 30 days.

It is a slow growing species. Also it
possesses exogenous dormancy due
to hard seed coat. Ajith et al., 2018
reported that scarification with
GA3; 200mg for 12hrs helps to
breaks dormancy in stored seeds of
B. lanzan and improves the
germination upto 90% per cent.

It is important to consider the
sowing time and depth of sowing
because it affects the germination
behavior and growth of chironji.
Best germination was recorded
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when seeds are sown in March at
1cm depth compared to seeds sown
in  November and December.
However, some researcher
recommended for surface sowing
or at 0.50 cm sowing depth for
early and better seed germination
under nursery.

Singh and Singh (2014), concluded
that bud sprout (68.00%) and graft
success (66.66%), were noted
highest in July for the softwood
grafting of chironji. Irrespective of

scion and rootstock, maximum
accumulation of nitrogen and
carbohydrate contents was
recorded in March. Softwood

grafting in July may be adopted for
multiplication of elite chironji
genotypes.

Harvesting and yield

Harvesting starts from April and
June and generally finished within
15-20 days and fruits are generally
harvested green i.e. before
ripening.

Trees are lopped for rapid and
maximum collection and seed
collection should be done from
second to third week of May for
quality seed collection with respect
to fruit weight, kernel weight,
germination percent and chemical
content i.e. oil, protein and sugar
contents.

Prasad, (1989) reported about 300
to 1200 quintals of chironji seed
are collected from Madhya Pradesh
annually. On an average a tree
produces about 40-50 kg fresh
fruits, which come down to 8-10
kg on drying, yielding 1.0-1.5 kg

Vol. 10, No. 4, Issue: April 2023

of finished produce per tree
(Sharma 2012).
Conservation
B. lanzanis included in the Red Data Book
published by the International Union for
Conservation of Nature and Natural
Resources (IUCN) as it is a vulnerable
medicinal plant. The species is facing
severe genetic erosion as a result of
activities related to afforestation in tribal
inhabited areas. In most of the central
Indian states, it declares a non-nationalized
NTFP and it is free for harvesting. Local
inhabitants take advantage of and diminish
the trees. Things went worst as collectors
are not bothering about the cultivation.
Many workers reported that indiscriminate
harvesting; cutting branches to the rampant
collection of seeds and lopped trees attract
the infestation of insect pests which
adversely affect the growth and
productivity.
Conclusion
The above mentioned facts reveal that the
species have a good economic potential.
Although, regeneration is poor due to
unscientific exploitation of seeds but
vegetative propagation could be a viable
means of reproduction. Conservation of
Chironji has emerged as a big issue
amongst conversationalists and
environmentalists in India. The species
listed in the vulnerable group of the Red
data book of IUCN. As Chironji is a
highly nutritious seed having potential
industrial and domestic uses therefore,
conservation approaches for this valuable
species should be cultivation-oriented.
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Introduction

Enormous tract of existing agricultural
field bunds in north-western part of India
is a potential opportunity to develop bund
planting or agroforestry system. The
inconsistency in climatic changes coupled
with very high weather pattern changes
further aggravates the problem and makes
farming uneconomical. In such situations,
less water and nutrient demanding
technologies hold a good promise to
sustain the productivity and provide
alternative source of income to the
farmers. Natural vegetation of the dry land
and ravine land are very poor, Prosopis
juliflora major species composition of
tropical thorn forest in the entire ravine
watershed  (Singh et al.,, 2015).
Agroforestry, social forestry, community
forestry, village forestry and farm forestry
are all in terms used to describe tree
growing that is undertaken mainly outside
the gazetted/ notified forest areas. Trees
Outside Forests (TOFs) are the main
source of tree based fuel, food, fodder,
fibre, etc. The quality and quantity of
benefits expected from TOFs mainly
depends on choice of species, seedling
quality and their field management. The
diverse edaphic-climatic condition of India
offers the scope for planting a variety of
multipurpose tree species. For example,
market changes may persuade farmers,
who previously grew trees for fodder and

fuel, to cut their trees for sale as round
wood for construction material. Forests
have three main functions: 1) Economic
(timber production) 2) Environmental (soil
protection, landscape, biodiversity, and
water quality protection and enhancement)
3) Social (recreation, employment and
rural development) Each of these functions
must be taken into consideration in the
planning and management of a forest, in
keeping with the principles and aims of
sustainable forest management.
Agroforestry is a land use system in which
trees are grown in association with
agricultural crops, shrubs, pastures or
livestock. The integration of trees and
shrubs in the land use system can be either
a spatial arrangement or in a time
sequence. Sometimes the phrase woody
perennials are used instead of trees and
shrubs. Of course woody perennials
include all tree and shrubs with a lifespan
of more than a year, but they also cover
bamboos and palms. Small and marginal
land farmers have been growing trees for
different purposes in resource poor region.
Certainly, all trees provide shade and
protection from soil erosion. In this sense,
all trees can be said to have at least two
purposes. These may include soil
conservation, shade, fuel wood, timber,
fibre, fodder, food or medicine.

Demand of fodder and fuelwood
requirement in semi-arid regions
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The majority of the people belonging to
small farmers and animal rearing is there
major livelihood generation activity
especially goat, buffalo, camel. The
present source of fuelwood is insufficient
to meet the fuel needs. What is more
disturbing is due to lack of fuel, cowdung
is dried and used for fuel purpose and
otherwise it would have been a source of
manure to the agricultural fields. The
absence of fodder and shortage of fuel is
further deteriorates ravine belts. Dry land
silvi-pasture system by planting of
multipurpose fodder vyielding trees and
suitable grasses like Cenchrus cillaris,
C.setigerus, Chrysopogan fulvus,
Dicanthium annulatum and Hetropogan
contortus etc. The abandoned gqully
encroached lands is possible to adopt some
fast growing economic species like
bamboo and babul with effective moisture
conservation measures (Kala et al., 2021c).
Biofencing around the field also essential
to protect agricultural field from domestic
and wild animals like wild boar,
Porcupine, Nilgai etc.

A transect survey and personal observation
were conducted to know and understand
the ecological indication and distribution
of tree diversity in ravine region. The
repeated field surveys were conducted in
the randomly delineated sample plots of
each stratum (ie. 10 m x 10 m for trees, 5m
x5m for shrubs, 1m x1m for herbs) to
document the tree diversity. Observations
were made on the habit features and
habitats of each tree species in the field.
Indigenous MPTs species are universally
recognised as a natural gift and play
significant  role in  environmental
rehabilitation because of their exultant
survival and high adaptation to local

conditions. Despite this, very little
information’s available about suitable
MPTS and their silviculture techniques for
ravine land afforestation. The present
study attempted to explore the suitability
of MPTs in the semi-arid regions of
Rajasthan. The field survey was conducted
through PRA method on representative
random blocks and recorded the ranking of
multipurpose trees based on phyto-
sociological benefits (Table-1). Keeping
this in view a comprehensive ready
reckoner for MPTs has been prepared for
dryland agroforestry systems and resource
conservation in semi-arid regions.
Multipurpose fodder trees can be used
in two or more ways

Farmers can grow multipurpose trees in
various combinations with other crops, as
in agroforestry, in block plantations of
trees or in naturally regenerating tree
farms. Farmers facing changing conditions
in their environment or market can also
change the way they manage a tree.
Selection of region specific MPTs is a
primary step for establishment quality
plantation and their management.
Selection of MPTs using following
selection criteria

o Easily establishment: require
minimum labour for planting and
maintenance.

e« Fast growing nature: benefits
become available to the farm
family as soon as possible.

e Good re-sprouting/ coppicing
power: hedgerows continue to
grow regularly after pruning.

« Nitrogen fixing
legume: leguminous (nitrogen-
fixing) species can contribute to
crop nutrition.
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e Good quality and palatable

fodder: provide more green
manure and acceptable fodder.
e Long and deep root

system: nutrients and water are
drawn from lower soil layers.

o [Easy to propagate through seed
or clones: generally, growing
hedgerows from seed requires less
labour than vegetative propagation.

o Adaptable to close spacing: alley
cropping / hedgrows require dense
planting.

Preference ranking of MPTs by selected
village farmers

The major challenge in dryland or ravine
area planting is Prosopis juliflora
infestation which is not preferred by the
habitants due to various reasons. Human
and livestock by providing good quality

fuel and fodder in sufficient quantity
generate income apart from environmental
benefits were discussed and farmers
preference based on different attributes
were gauged during PRA exercise.
Therefore, primary priority of the farmers
and inhabitants our study area is to replace
Prosopis juliflora with valuable MPTs.
Attributes considered for listing the
farmers’ preference for agro forestry tree
species are fodder, fuel, shade or
protection, timber and its market value.
Overall, farmers preferred multipurpose
tree species were listed here (Ref: Table-1
and Photo: 1). Those are Pongamia
pinnata, Inga dulce, Acacia nilotica,
Dendrocalamus strictus and Prosopis
cineraria were the most favourite agro
forestry tree species.

Table- 1: Farmer’s preference on adopting Fodder Trees through PRAs in selected

villages
Farmers preference attributes*
Common Scientific Other Total Priority
Name Name Shade | Fuel | Fodder | Timber | marketable rank
products

Bauhinia

Kachnaar 7 8 6 6 33 Il
racemosa

t]ungle Inga dulce 7 7 7 8 37 I

jalebee
Dendrocalam

Bamboo | Dendrocalamus | g, 6 9 35 I
strictus

Neem Azadirachta 8 | 6 6 8 28 Y,
indica

Gular Ficus racemosa 6 5 4 4 25 VI
Ailanth

Ardu Hanthus 5 | 5 2 6 27 | v
excelsa

Senna | o ocsiasiamea | 5 | 5 2 2 21 | VIl

Siamea

Karanj Pongammia 7 8 8 6 31 v
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| |

| pinnata | |

Identified list of multi-purpose tree
species for semi-arid regions

Studies have indicated that the choice of
species under agroforestry landuse varies
significantly from place to place, as it is
based on the consideration of economical,
silvicultural, ecological and local needs.
Accordingly a shortlist prepared and
complete silviculture techniques briefed
for most suitable MPTs for ravine land
cultivation and rehabilitation. In this
system, the multipurpose tree species are
raised and managed on farm bunds for
their ability to produce not only wood but
also leaves and or fruits that are suitable
for fodder and food purpose (Kala et al.,
2021b). The following models of
agroforestry system with identified MPT
species as the most commonly grown and
preferred species for semi-arid ravine
agro- ecological regions of India (Photo.1
& Fig.1), those species are  Albizia
lebbeck, Azadirachta indica, Pongamia
pinnata, Acacia nilotica, Inga dulce,
Leucaena leucochephala, Bauhinia
racemosa, Bamboos, Hardwickia binnata,
Cassia siamea, Prosopis cineraria etc.,

An understanding of their silvicultural
characteristics is required, before they can
be promoted. Some of the species
attributes that are considered critical for
considerations under agroforestry are as
follows, Fast growing with high
photosynthetic  ability, =~ Multipurpose
utility, Coppicing ability, Adapted to local
environment, Biodiversity value, Easy to
regenerate, Economically valuable to local
people, Ecologically well suited. Based on
the observation of performance and utility,
local communities have knowledge and
preference for some of the local species.
However, the promotion of such species is
restricted due to difficulty in regenerating
and establishing them. Hence, there is a
need for silviculture techniques about
these species for adaptation and cultivation
by the local communities. The
recommended silvicultural practices can
be easily followed and adopted by
preferred farmers for promotion tree
farming through ravine land agroforestry,
farm forestry and Social forestry.
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Mardwikio binnata |

Boauhinia variegato

Azadirachta indica

————————
‘ N,

A a . y‘ &
Dendrocalamus strictus
| — S— w_‘

Cassia siamea

Photo.1 Identified Multipurpose Trees Species (MPTSs) - suitable to bund planting

Initiation Har Med per Ped programme
and international Year of plantation
activity in TSP & SCSP Model Villages
of Bundi District in Rajasthan

Tree species are common to most farming
systems providing an element of stability
to the system in areas of highly variable
rainfall in ravine region. For this system to
survive, efficient rain-water conservation
and utilization is the essential task.
Depending on agro climatic conditions the

number of trees per hectare and the
selection of fruit and forestry species may
vary. Apart from fruit tree and forestry
species with high growth rates or strong
wood were preferred, for example
Azadirachta indica, Pongamia pinnata,
Inga dulce, Ailanthus excelsa, Ficus
racemosa and Cassia siamea are some of
the favoured species (Kala et al, 2021a).
The area would be systematically treated
with field bunds across the slope. The
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trench cum bund created help to retain in
situ soil and moisture. This also would
promote good tree growth of various
species planted on the bunds. Recent
years, awareness creation, distribution of
planting material for promotion of Har
Med per Ped programme and International
Year of Plantation Activity in TSP &
SCSP model villages of Bundi district in
Rajasthan were also initiated and
explained benefits bund planting among
the farmers preferably women farmers on
world  soil day (Photo.2). Most
recommended and  preferable  row
espacement for bunding planting is 6m X
6m to 10m x 10m. Those MPTs comprise
of species such as Acacia, Karanj, Neem,
Bauhinia, Manila tamarind, Dalbergia,
Cassia, Albizia etc. Approximately 400 to

600 plants per hectare can be
accommodated on boundaries and bunds.
These plants are regularly pruned to avoid
shading and to obtain biomass for
mulching and fertilizing. The twigs pruned
also provide enough fuel wood to meet the
firewood requirement of the local
community. They provide manure and
their decoction botanical pesticides. It may
be noted that usually a farmer accepts a
plant only when it has multiple utilities.
These live fences in addition to providing
protection to the plantations also help to
increase bio-diversity in the area and
produce substantial quantities of biomass.
This biomass obtained by pruning the
fencing regularly which helps in increasing
soil moisture retention capacity and
increased fertility.

Trees in home gardens
/home backyards fruit,
Fibre and fodder

\yielding trees A

Silvipastural system and
Fodder /Protein Banks

Mixed intercropping and
Hedgerow
/Alleycropping with fast
growing trees

p

Trees in Block plantation
and Energy woodlots

<

Possibility and
multiple way
for Integrating
Multipurpose
Treesin AFs

Live fences and hedges
woody legume trees
and avenue trees on
borderlines and
boundaries

/I.egume woody Bamboo plants on
Contour strips in terraces and earthworks
farmland and
and Windbreaks and Trees on waterways,

\ shelterbelts gullies and flood plains

Improved fallows lands
with fast growing
legume trees in pastures
and rangelands

Fig.1. Sustainable way to rehabilitate ravine land farming systems with suitable MPTs
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Photo.2.

Awareness creation and Distribution of MPTs with Low —Cost Tree
Guard for Promotion of Har Med Per Med programme in TSP —SCSP
(Watershed) Villages of Bundi District in Rajasthan
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Important intangible and intangible benefits MPTS involved in agroforestry systems
The products and services derived from multipurpose trees and shrubs are manifold but they

can be summarized simply as follows:

+ Wood - fencing or building poles
saw timber, veneers, paper,

for various uses

+ Energy from firewood, charcoal,
liquid and gaseous fuels and feeds
stocks

+ NTFPslike resins, oils, paints,
varnishes, Pharmaceuticals

leaf oils, fruit and flower - drinks,
medicines, honey, dyves, food

extractives, dyes
the landless labours

Additional income generation
Reduce import mechanisms

-+

outputs
+ Labour saving in some situations

chipboard Bark -raw and processed

+ Leaf material - thatch, fibre, fodder,

+ Root material - fuel wood, chemical

+ Employment generation especially for

+

+

Climatic moderation (macro- and
micro-)

Soil stabilization and Soil
improvement

Water-flow moderation and
Improving downstream environments

Wildlife habitats, Aesthetic
Amenity and tourism
Pest and weed control

value,

Use or rehabilitation of degraded
land

Public awareness and education
Rehabilitation of abandoned and
degraded land, increasing production

human and animal

Risk reduction through multiple

+ Improved
nutrition and health.

Summary

These vast tracts of existing ravine lands in
north-western part of India have potential
environment threat to nearby productive
lands due to over exploitation and
mismanagement. The inclement weather
conditions also coupled with very high
summer temperature further aggravates the
problem and makes crop farming
uneconomical. In such situations, less
water and nutrient demanding agriculture
and forestry technologies hold a good
promise to sustain the productivity and
provide alternative source of income to the
farmers. Animal husbandry is the major

livelihood generating activities for small
and marginal farmers in ravine region of
India. But, absence of sufficient fodder
and shortage of fuelwood is also further
deteriorates ravine belts. So, utilizing these
kind ravine wastelands is an important
mandate for increasing fodder and fuel
availability  (Photo.3). The existing
information on the suitable trees species
for non-arable or wasteland rehabilitation
in the country is sketchy, fragmented and
lies scattered with various research
institutes across the country, whereas the
existing information have compiled, it is a
comprehensive ready reckoner for ravine
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land farmers and other beneficiaries too.

Accordingly a shortlist of species
identified and complete silviculture
techniques were briefed out for

undertaking ravine land cultivation and
rehabilitation. The following MPTs were
highly preferred by farmers in semi-arid
ravine agro- ecological regions Vviz.,
Albizia lebbeck, Azadirachta indica,
Pongamia pinnata, Inga dulce, Bauhinia
racemosa, Dendrocalamus  strictus,
Hardwickia binnata, Cassia siamea, Ficus

racemosa etc. These multipurpose tree
species could be easily included and raised
as boundary planting on farm bunds /
black planting/ agroforestry plantation.
Through tree farming and material
processing, are well suited to this region
due to twin concerns of livelihood
enhancement and environmental protection
- the key components for developing these
resource poor lands using Multi-Purpose
Trees.

belts

sustainable

Livelihood with
unsustainable
way in Ravine

Tree
farming
adopted

by farmers

Livelihood
generation with

ravine belts

way in

Photo.3. Integration of MPTs — An inevitable approach tree fodder production in

dryland Agroforestry systems

Therefore, the use and promotion of MPTs
in  bunding planting for watershed
management, soil and water conservation,
rehabilitation of degraded land could be
possible approach to catering the local
people needs in sustained way. Adaptation
of Multipurpose trees and tree based
material processing are well suited to this

region to meet twin concerns ie.,
livelihood enhancement and environmental
protection — which are key components for
sustainable land management.  Hence,
through an effective organized massive
cultivation of these MPTs in integrated
watershed management programme with
community participation could helpful to
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increase the green cover and establish rural

industries that provide optimum livelihood

development to the local community.

References

Singh AK, Kala, S., Dubey SK, Pande VC,
Rao BK, Sharma KK and KP
Mahapatra (2015). Technology for
rehabilitation of Yamuna ravines
cost-effective practices to conserve
natural resources through bamboo
plantation. Current Science, 108 (
8):1526-1533

Radhakrishanan, P, R.K. Kalia, J.C Tewari
and M.M.Roy: Plant Nursery

Management:  Principles  and
Practices, ICAR-CAZRI, Jodhpur,
40p (2014).

Antony Joseph Raj and S.B. Lal,
Agroforestry -  Theory and

Practices, Scientific  Publishers
(India), ISBN: 978-81-7233-866-4,
New Delhi (2014).

Manikandan K and S Prabhu, Indian
Forestry - A breakthrough
Approach to Forest Service, Jain
Brothers, ISBN: 978-81-8360-138-
2, New Delhi, 2010.

S.Kala, A.K. Parandiyal, H.R.Meena,
Ashok Kumar, BL Mina, I.Rashmi,
Kuldeep Kumar, Anita Kumawat,
V.Subbulakshmi, D.Dinesh and
A.K.Singh (2021c): Highly
Amenable Agroforestry Farming
Systems for Ravine Infested Non-

Arable Degraded Lands in India,
Edited by Jaikumar, In Book:
Research trends in Silviculture and

Agroforestry, Vol.l, AikNik
publications, New Delhi.
Nari.P.K.R,: An Introduction to

Agroforestry, Kluwer Academic
Publishers London with ICRAF-
Kenya, 1993.

Rai P and Ajit and A.K. Sikka : Tree
Leaves, their Production and
Nutritive Value for Ruminants: A
Review, Animal Nutrition and
Feed Technology, 7 : 135-159,
2007.

S.Kala, S.Reeja, Smitha G Nair and
T.Deepa (2021a): Multipurpose
trees: a way boost tree farming in
semi-arid  region of India,
Agroscience Today, 2 (3), 0104-
0108.

S.Kala, A.K. Parandiyal, H.R.Meena,
Ashok Kumar, BL Mina, .Rashmi,
Anita Kumawat (2021b):
Silvipasture  System-A  Climate
smart technology in rehabilitation
and productive utilization of ravine
in Rajasthan (India): In Book
edited by Yadav et al., Climate
Smart  Agriculture  (lIrrigational
Aspects), Agrotech  Publishing
Academy, Udaipur Pp: 61-72,
2021.

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



Van Sangyan (ISSN 2395 - 468X)

Vol. 10, No. 4,

Issue: April 2023

TS AT TEhTHT (TASIIE): T T I sirerefi=r ayem
e 2, wiofar T A i A

et fasme A, arfaehr werfaeer,
2qTeY- LTI f3r 9T, aRraTT geria=eT,
=1 Ferad g wea frataares /ol Jrew (Ram=er 724r)-173230
E-mail: FHaT=aT@SH.HH; sunitachamba@gmail.com

C\GED

g s & Sevaeq Wiid F Jrasg,
fafesr Tnn F zAw ¥ form ameh,
STATICHS IOl & ITTRT & 977 |
AT 9T § SWTSHAT g1 Tg ATA § T
At e 3o & 80 iaerd smarar asft off

TTIfF @ @ TS & forw qredter

9Tl 9T YT ATl & ITANT 9% =%
gl T RaTert o=, sirwefir ovet
TSITTaaT &7 U fafag wvew g S /W
SYANT o forT yTahfas IaT=l  &0d & &9
H T HdT g AT & IT=HT FTeT &
AT § ITANT /0 ST ATer siroefi ote
& T SATer® FT ANTGIT <dT gl I dret

T TSATIAAT, 30 SAeTEe ITAN, gaodA
SN | FE&dT TR T AGATA T Fels &
FIOT, AT ITHIAF AT & AMTATL FHH
= YT § ST FE A & F O W E

THHT UF  IFHE IFGL0 a1 g STiieh
T ATAATAF & F eAdd 92 T T

H AT GTT | TSI, 3T AT &
H AT, VSIS, AF ¥ IFe F Ui
& i AT FHEAThd &= § 39T 3,
S AT & |, TAASId Gl g arer
T § 37T 2

SAFIFIT TFIAT, F ATHAD: TqF9d &
T & STET S1a7 g1 99 1998 o+ I, TH
AT dTet T it § et AT T
T| ETATTh, ST O & FHTLT, TAAIad
& UTT T STCATAT argd [ohaT 73T g e
FROTTH AT TAATH SeIAATA (AT
T FATAIT AF A9 (AT L H TA)
TR o AR RATAA Tl F T
T " FEAITT qrel 6 GgAT F Qi AT
TAT B S FH7F97 6 T T TATqa1
¥ i Rumaer yeor F A o vl
8§ UTS ST §| 3AH " wAA FAa97
giaT (o 1) st et o & fewre
T GTHE o ATH & STET S7aT 8, 7 STANT
T2 T\ 9 FATEETEE w9 ° AT Sar
gl Tg WreT el (Rl d%e " S A
TRt aTetY) ST TR deat it Y arett

gt & oeee Saafa fammar gt &
TS &1 | TEehT IcqTd AT o I gt
21 TE UF FIIHTHT Faeet® g foreehT 74
T figer af F ST e 9gar g,
ST afrET YEr S ATST gl g Sate
et it 1 qoreRd AiEee Y g
SIaT &1 T [ATST AT ST T o Bl g S
ST TOTRH 9 YT BId gl HeaT
afat H Iuferfd, z@dtg & =IE |

% ©Published by Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X)

FATAT §, THAT FBT AT TR EITaT T
T A H AW Ag AT A=y dvE °
THIAT g1 T 9T AT & Haae & dgid
¥ 2T 3,200 ¥ 4,500 Hiew TF At TS
AT FAT ATAT TEN=AT AT g™l AW
TTHds &9 | I7dT gl Tg LT TFd AT
g AR W & Fd gU T W
gafota Fear 21 faferer sgedt  forg zaehy
SE T AT FeTe AWAIR T THE
e o= % qFaE i w9 Saeedr
T & fon e gt @, zafen
AT § qAS & o0 g angret & &9
H A FLAT gl TH G101 SATATT H 67
JTide aTd H FF Fd | Aqaeft =20e
AT TF THE IREEERAT § ®T H

AT AT 2
Yarger 3 faar

TASd ARG & AT TR ST &
AT 3T 3T AT &t (e Baraa=
qeFd qre, U9 gel, =ET, AR e
wfify, Treatr, et T, S oA
FOHT (LA ATE, 9913, WHT, F09
TIEL, deRl, sAferTar, fiT 9ST) 3}
STEE (ZT-HI-gH, TRHSE, FEAT,
TATL, FHTS, Tard) H Il g et

T H g GAT ATl ST ATRAT F
H g 94T gl

TH AATAT  Tg AN SRR, Tl 3T

SOE % IO Il § FOw w9 7 q9diy
g H ot 9T STar 81 TaAsiid s ag
TSITTA 7T a7 USITaal SEih 2799

Vol. 10, No. 4, Issue: April 2023

S fam N
FeAFdAIA], DTl AIdDITAH],  IqPIH]

fAadl, weea  Feidiaa,  FEEAr
JiaTgT,  SHEIGETT AT,  TIAITH

qfaaa S gEIATH, THST RIS,
BarE  [2dzrmm,  gEiagw  FJiaair,
FrEfafagT R 12T, Reg sifRvefaa, i
FI1e feg7raT % 91T a9qdt gl

AT age

TATSIG U UAT et v g Rorrhr
T FT IUART A@l F f&Fwd, Fed i

HTET, ZIAl F 2% AT FIT F 3 F AT %
forr R ST &1 9% 9T IR g
TferTell I FTF FAT ¢ | T T & T4T18
F1 et #ar § o @9, g9q 3w
qrEl | 2 FouTh TRt A JeET A H
ft 749 g THE FATAT, THHRT I

AT % TATS & forg BT ST gl
TAASIIT 1 ST HT 0 BHSE 6l THEAT
T GTEHT & ATl H o qgTae 2rav gl

TEH AT, ST ST 3 =T Fafead
TRT &7 3t F & forw off Toehl STt &1
IUIRT FRAT STAT 81 THeh AATaT Tg SATAT
F AT T wust &t Trs & oo oft
SYANT H ATATATAT g | s &1 | ART =4
AAT-STT T o qTh Ho(d adqTd a9
T TTHidH W1 6 &7 § T F4d & |
THE AATAT TAASIT o I GTe ol ST el
% 97 MeaETSarg ar g e i

SAYAT H gl e | AT Ggraeh 7T T
g | Tasa swdE 9 & S A

o C o N e
TR a0 | ALY 3Idl g (ordeh

% © Published by Tropical Forest Research Institute, Jabalpur, MP, India



Van Sangyan (ISSN 2395 - 468X)

Vol. 10, No. 4,

Issue: April 2023

FROTTH G ®T UI-ATEHI6T, T-
TFAHE, TE-S[HY, ST T ot
T U =T &A1 JHT AT

TAASIT, THEF SATFUT T, AT Fg
% KT F STah TqTaT o AT =T AT F

IEEEEIUECE RIS CREIR R
HeTararzed  Fafs fomea |, sresnfa,
EERIFEICS [BEARCIEIEE] T,

N N o o
HcMAlgs, UNladlstalddla, AT Stledl-

mﬁﬁmaﬁaﬁwwél

IGE I AT CIC I P o B ERIRED
TITAATZEd  Hl UETaed,
STATURTET TETHaY, T Tieee s [eheu
arfe wiafatart % for fSredee amaT
S| TAASII | 3T Ieh JF aaer § 910
ST ATl GEASIEl & a1 & ST qeAST I,

= Wy FT 3w Aerararzen & |rfad
F 37 s iR fRata Rafaat @
e HA T SATG T SHAT T HILIT JAT
ST 2

T,

= 1: (@) FATF1IT ZH 1T (TATSQ) T 94T (b) ST FHIAT T A2

fAend

T it UE Aeqa g@ar @i SF Fied
#T IhT SATTH &HAT AT I HH IT FHile
TOIATT AG! g1 % FTCOT SAOefir ayer 67
A st @@dt ST wr 2
TRIAgIes w1 & et =T &
fafys e F fBE F o & o
STANT &l STH ATAT HaH HEATU ga
AT T T UF "TqASA A HEESTAd
UIRIEIERIIEE  EOE C F 1 o o
TRUMTHEST 0 AT qoadTT ardl @i

TSIl T THeh TTH(dH | & gel
3T 3T g1 AT BF TH GHI ' F A
srefir et T SSrtaAt v Goft § @
AT g TThfds &9 § 97T ST a7l TRrHe
SE fomeE,  SreeOwRaT,  Bp-

ST AT AThATARIA, 3T THAT =T |
Uoh{de THE ITATLCHSE T9TEl & forw
SIEHET 81 g TaT il |/ &l 92T e
F foro ufaet sfiv e A F o,
TH I H TSI ST e §i

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

39



Van Sangyan (ISSN 2395 - 468X) Vol. 10, No. 4, Issue: April 2023

THY w7 7 T afa #1 e § @ 3= g ST Bl
TU THET HIEAT 3T TA FIAT 3T AT

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

40



Van Sangyan (ISSN 2395 - 468X)

Vol. 10, No. 4, Issue: April 2023

Management of flyash through forestry interventions

Nidhi Mehta and Avinash Jain

Forest Ecology and Climate Change Division,
Tropical Forest Research Institute
Jabalpur

Human race has come a long way
evolving, inventing, shaping and refining
into today’s modern way of living.
Electricity serves as the major fuel in
revolutionizing the needs of this modern
world. It has ubiquitously become basic
necessity running our homes, offices,
industries and even modes of transport.
Electrical power has demonstrated pivotal
role in origination of fields including
entertainment, medical surgeries,
information technologies, robotics
andmany others without which a mere
imagination of long happy and healthy life
is far fetched.

The need for electricity is endless and its
humongous production is done either
conventionally through Thermal, Hydro,
Nuclear power or with Wind, Solar
andother renewable sources. According to
Minist, In India, about 75% of the total
power generation IS achieved
through coal based thermal power plants
currently having installed capacity of over
2 lakhs Megawatt. Use of inferior lignite
coal in this production process generates
266 Metric Ton of fly ash as residue each
year (Yadav et al.,, 2022). Occurring as
fine amorphous particles of few to 100
microns, fly ash is a ferro-alumina silicate
mineral with major matrix elements like
silicon, aluminium, iron constituting
significant amounts of both major nutrients
(that is K, P, Ca, Mg, S) and micro
nutrients (like Cu, Zn, Mn, Fe, Mo, B)
(YYadav, 2023).

o)

g
/&
&

Around 92.41 percent of the generated fly
ashis utilized in manufacturing of cement,
building products, waste land
development, construction of roads/
highways/ flyovers/ dams, reclamation of
low-lying areas, back filling and stowing
of mines, etc (Ministry of Power, 2021).
But the unutilized fly ash is discharged to
accumulate in ash lagoons of power plants.
The light weighted amorphous ash
particles travel long distances, sometimes
up to few kilometres. This fugitive dust
emission from flyash lagoons causes
serious problems in and around thermal
power plants by inducing chronic
pulmonary diseases and other health issues
in local people. At times, horizontal
seepage of underground water from the
ash lagoons also creates water logging
condition in the adjacent agricultural
fields. Seepage of water from ash lagoons
induces contamination and pollution of
adjoining land and water bodies affecting
agriculture productivity. Wherein coal
being the mainstay of power generation
not only threatens the sustainable
development but also raises many
environmental and health issues. Hence
management of fly ashis the major concern
of coal-based electricity production in the
country.

Tropical Forest Research Institute,
Jabalpur has been working dedicatedly for
over a decade with various thermal power
plants of the country to provide solutionfor
different  problems associated with

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



Van Sangyan (ISSN 2395 - 468X)

Vol. 10, No. 4,

Issue: April 2023

management of flyash in their power
plants.

In one such associated study severe
problem of fugitive dust emission from
flyash lagoons was reported at Shri Singaji
Thermal Power Plant (SSTPP), Khandwa
(M.P.) causing turmoil in the lives of local
people and farmers.Team of scientists and
researchers  from  TFRI,  Jabalpur
conducted detailed vegetation survey in
the surrounding forest and non-forest areas
of ash lagoons to screen native dominant
species suitable for plantation. Thereafter,
plantation of the identified species of
grasses, shrubs and trees was conducted on
the ash lagoons by adopting proper
cultivation and plantation techniques. This
resulted in biological reclamation of fly
ash lagoons within a short span of a year
while controlling fugitive dust emission
and horizontal seepage of water in
agricultural fields from the lagoons.
Construction of fly ash dyke model was
also proposed as long-term solution in the
study. The proposed model will act as a
physical barrier for mitigating the impact
of high wind velocity, which will restrict
emission of fly ash particles to long
distances.

In another ash management study at
NTPC, Dadri which has the country’s first
of its kind dry ash disposal system. This
ash mound is spread over 375 acres and
envisages disposing ash for 40 years of
operation of the thermal plant. Plantation
of about 1.25 lakh seedlings of 40 forestry
and horticultural species stabilizes the ash
mound. TFRI recommended plantation of
tree species (preferably nitrogen fixing)
having higher growth and natural
regeneration capacity for the stabilization
of ash mound. However, it was also

recommended to monitor and restrict their
growth into converting weeds in long term
particularly Su-babul.

In yet another study, fly ash from NTPC
Korba (CG) was used to conduct pot
culture experiments in TFRI nursery,
Jabalpur. Twenty tree species were grown
in polybags consisting mixture of fly ash,
cow dung manure and soil (1:1:1)
collected from site. The plants were
watered, weeded and hoed at regular
intervals. On the basis of growth
performance like height, girth and biomass
of the plants, a number ofspecies were
screened for plantation on fly ash
dumps/dykes/mounds: like Safed siris,
Babul, Karanj, Eucalyptus and Prosopis.
Few grasses were also screened for initial
stabilisation of flyash dykes.

The plantation model proposed and raised
at NTPC Korba has become a success in
the region. The selected species are now
being replicated in restoration programmes
of other thermal power plants in
Chhattisgarh.

Besides this Tropical Forest Research
Institute, Jabalpur is also associated in

providing  technical guidance in
establishing  flyash  utilisation  Park
usingforestry interventionsfor ~ADANI

Power Ltd. at Gondia, Maharashtra and

resolving assigned NGT cases related to

the management of flyash. These

interventions ensureclean forestry-based

solutions to the coal-based thermal power

plants for management of flyash over

longer run.

References

Ministry of Power (2021). Report on fly
ash generation at coal / lignite
based thermal power stations and

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

42



Van Sangyan (ISSN 2395 - 468X)

Vol. 10, No. 4, Issue: April 2023

its Utilization in the country for the
year 2020 — 21.

Yadav, V. (2023) Fly Ash. Encyclopedia.
Available online: https://
encyclopedia.pub/entry/ 2408
(accessed on 07 March 2023).

Yadav, VK, Gacem A, Choudhary N, Rai
A, Kumar P, Yadav KK, Abbas M,

Khedher, NB, Awwad, NS, Barik
D, Islam, S. (2022). Status of Coal-
Based Thermal Power Plants, Coal
Fly Ash Production, Utilization in
India  and  Their  Emerging
Applications. Minerals 12 (12):
1503.

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

43



Van Sangyan (ISSN 2395 - 468X)

Vol. 10, No. 4, Issue: April 2023

Climate calamity and the wild: Book review

Kausar Ali
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This book has written by Professor Ranjan
Chakrabarti, former Vice-Chancellor of
Vidyasagar University and currently
Professor of History, Jadavpur University,
Kolkata, published by Primus Books, New
Delhi, June, 2022 which entitled Climate
Calamity and the Wild: An Environmental
History of the Bengal Delta, c. 1737-
1947.The book under review offers a
climatic and environmental history of the
deltic plains of Bengal. This book tackles
historical issues in ecological, biological,
and cultural terms, turning away from
conventional ideological and political
approaches. Current volume examines how
the delta’s political economy, production,
crop pattern, inland and overseas trade and
demographic pattern were transformed by
shifts in climate, forests, river system and
hydrology. The present book involves an
exploration, of the complex dynamics of
the interaction of human societies with the
rich history of natural disasters such as
super cyclone, thunderstorms and floods
resulting in the loss of life, property,
livelihood patterns, human settlements and
wild life as well as major shifts in the
history of colonial Bengal. The author
focused and aims to break the silence in
the history writing of colonial Bengal
relating to the climatic and environmental
significance of the Bengal delta.Professor
Ranjan Chakrabarti is one of the doyens of
the Environmental and ecologicalhistory
of South Asia.This volume is very helpful

not only for the history students,
professors, and researchersbut also for the
general readers.

Present book under review is divided into
two parts,part one focused on climate
calamity and part two deals with the
ordering the wild.Each parts contains three
different chaptersand the introduction and
conclusion.In theintroduction section of
the book mainly focused on historiography
of environmental history along with the
references. The opening chapter, ‘Climate,
Monsoon, and Water: The Bengal Delta’
deals how the unique climate of the delta
makes it one of the most water rich areas
of the world. Every year huge amounts of
river and rainwater pass through the delta
on their way to the Bay of Bengal. A
natural disaster like flooding large areas
and depositing fertile alluvium. The
monsoon of Bengal regulates the political
ecology and hydrology of the delta in more
ways then one. It controls and reminder
the flow and overflow of rivers the
intensity of floods, the character of
overflow irrigation and the wildlife,
vegetation and ecology of this particular
location. The second chapter ‘Rivers of
Bengal Delta’ focused on how the Bengal
delta occupies a unique position among the
larger deltas of the world for its varied
complex river and water resource
management systems. In some way the
history of Bengal is essentially a history of
rivers. The Bengal has a distinct
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environmental and ecological identity
because of its large water resource
management system and unique geo
cultural identity. The third chapter called
‘Cyclones in the Bengal Coast: A Case
Study of the Cyclone of 1737 discussed on
the earliest recorded calamities in the
coastal Bengal and reveals that tropical
cyclones in the sate are marked by the
violent rain and occasional tidal waves
leading to flooding of low swampy lands.
Incredible storms in coastal zones also
result in great loss of life, human
settlements, and wildlife. Finally a
negative impact on the agriculture and the
local economy become a barrier for the
communication of human settlements in
the particular location.

Part two begins with the chapter entitled
‘Ordering the forest or the Jungle’
discussed about the colonial strategy of
ordering the wild animals and argues that
natural world had always evoked a special
interest among the Europeans in colonial
India particularly in Bengal. Natural
history has always featured quite
prominently in the wrings of the
Europeans. In the nineteenth century the

natural world under the colonial
possessions become increasingly subject to
scientific scrutiny by the

environmentalists.ldeas of landscape far
from being peripheral to the exercise of
power constituted a central and
integrating elements in the wider
framework of the colonial knowledge and
was a critical themes in the larger
colonising procedure.In the fifth chapter
called ‘Rifle and Romance in the Jungle:
The Imperial Hunt orShilkar concentrate
in the history of hunting in the colonial
Bengal. This chapter is very significant for

those who are seriously interested in
history of forestry in India. This employs
hunting or certain aspects of Wildlife in
Bengal to comprehend the varied
complexities within the scientific debate
over the wildlife, conservation and forest
resource management of the environment
and the ecology. The sixth or the final
chapter of the book titled ‘Human-Tiger
Conflict in the Forest of Bengal: A Case
Study of the Sundarbans’ focuses on how
the human-tiger conflict become the major
issue in the Sundarbans during the colonial
period. This chapter of the book is also
helpful for the understanding of the Project
Tiger that was launched in the post-
colonial period in India. In the conclusion,
the author probe into the climate, calamity
and the wild of the Bengal delta has
brought out a plethora of interesting
interactions  between early colonial
investigators and the subject populations in
the other. Finally the book end with the
series of bibliography included primary
and secondary sources related to the
environmental history of India.

In the end, we should refer to some of the
minor limitations of this outstanding work
which are expected to be modified in the
next editions. First of all, there are few
maps used in this book are not clear. The
map of Eastern Bengal, Assam and Bhutan
by J.G Barthlomew and the highlighting
Bakerganj in the Dacca division are not
clear. Secondly the title of the book is
Climate Calamity and the Wild: An
Environmental History of the Bengal
Delta, c. 1737-1947, but if we observe
carefully, the book claims to be about the
environmental history of entire Bengal, but
it actually an environmental history centric
on South Bengal. This book is silent about
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the environmental history of North Bengal
during the given period. Overall the book
appears is an exercise in environmental
and climatic of the Bengal delta with the
issue relating to wether and the climate as
its central theme. The present book under
review showed how the Bengal Delta’s
unique climate and topography led to
frequent changes or shifts in the courses of
rivers leading to the creation of new
channels and the dissolution of already
established human settlements.

Ranjan Chakrabarti

Climate Calamity and the Wild: An
Environmental History of the Bengal
Delta,c. 1737-1947,New Delhi, Primus
Books, 2022,Hardcover, RS. 1295, ISBN:
9789355724618, Page. 269.
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