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From the Editor’s desk

The intricate relationship between biodiversity loss and human well-being is increasingly being
understood in ecological and economic terms. Despite the knowledge of the multjple dimensions of
this relationship and its importance, species and ecosystems are stil disappearing at an alarming
rate. Anthropogenic pressures are the prime reason for this trend. yet attempts to reduce such
Jressures and conserve Species in protected areas have only achigved limited success. This fias led
to the realization that sustainable consumptive use approaches that can combine production and
conservation functions are also important in conserving bigdiversity i fuman-dominated
landscapes. Agroforestry, as part of a multifunctional working landscape, can play a major rofe in
conserving and even enfiancing biodiversity from farms to the landscape level in both tropical and
temperate regions of the world,

Indigenous tnowledge has influenced native species selection in agroforestry systems worldwide. However, scientific
advancements in plant sciences, agroforestry technologies and trade have accelerated species movements and establishment
beyond their native range. Nen-native plants are stil an important component of agroforestry in many parts of the world
Whether native or non-native, management imterventions can increase the economic, environmental and social values of
agroforestry

In line with the above this issue of Van Sangyan contains an article on Melia dubia suitable indigenous tree species for
agroforestry systems. Ihere are also usetul articles viz. Soil- The vital covering of earth, Llimate change mitigation through

carbon sequestration, FETTIT F&T- ftora (Ualbergia latifolia) and Forest invasive flora of Achanakmar-Amarkantak biosphere
reserve, TZXIET F¥ TAT AT AT TSI FT UF =37 S0 and 7oA77 F12

| hope that readers would find maximum information in this issue relevant and valuable to the sustainable
management of farests. Van Sangyan welcomes ariicles, views and gueries on various such issues in the field of farest
SCIBNEE.

Looking forward to meet you all through fortheoming issues

Dr. Pawan Rana
Scientist 'E' & Chief Editor

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



Van Sangyan (ISSN 2395 - 468X) Vol. 7, No. 7, Issue: July 2020

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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Melia dubia suitable indigenous tree species for agroforestry
systems

S. Saravanan and Nanita Berry

Silviculture, Forest Management and Agroforestry Division

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

RFRC (PO), Mandla Road, Jabalpur —482021. Madhya Pradesh

About the species

Melia dubia Cav. belongs to the family
Meliaceae. The vernacular names are
White Cedar (English); Bakain, derk
(Hindi); Malai vembu (Tamil);
Munnaitikaraka  (Telugu); Malaveppu
(Malayalam) and Hebbevu (Kannada). M.
dubia is spread throughout tropical
America, Mexico and  Argentina.
Caribbean islands, including Puerto Rico
and also present in South America. In
India, this species occurs in Sikkim
Himalayas, Bengal, Upper Assam, Khasi
hills, Hills of Orissa, N. Circars, Deccan
and Western Ghats at an altitude of 1500-
1800 m. Growing in the Himalayas up to
6000 ft. and even higher. The species is
most competitive in relatively dry areas
with less than 900 mm annual rainfall. It
occurs from low land up to 1000 -1400 m.
It prefers well-drained, deep, sandy loam
soil, with pH 55 - 6.5. For raising
plantations the area need to be cleared of
ground vegetation, and staked into rows 2
m X 2 m apart (Sharma et al., 2018). The
seedlings are planted out in 30 cm x 30 cm
x 30 cm pits. Seedlings of 6 months old
are to be good for planting. Planting is
done during the first monsoon season in
June-July and casualties replaced after
three months. For the first two years, two
times weeding per year is necessary to
boost the growth. M. dubia shows fast
growth in the sapling stage and continues
for 15-20 years, with mean annual
increment of 4 to 5 cm. But the growth

slows down before large dimensions are
attained (Palsaniya, et al., 2009).

The species is suitable for plantation
programme under various agroclimatic
conditions, thus, in the recent scenario the
species has greater attraction by farmers,
foresters and  plantation  growers.
Plantations of fast growing, short rotation
woody crops like M. dubia gained more
importance also in Carbon sequestration
while providing income from wood
products (Parthiban et al., 2009).

Seed collection and processing

Seed collection can be done by collecting
from the ground after natural fall or after
shaking fruit bearing branches. The
production of fruits is 10-15 kg per tree.
Collection fruits should be separated as
fully mature and not fully matured
fractions. The latter should be after-
ripened for some days under shaded and
humid conditions. Stones from mature
fruits may be extracted manually by
rubbing with sand and then cleaning with
running water. Larger quantities can be
extracted by using mechanical equipment
designed for de-pulping fleshy fruits, e.g.
coffee de-pulper, adapted food processors.
After extraction and cleaning in water,
stones should be dried for some days until
moisture -content is about 15-10% (drying
may be omitted or minimized if seeds are
to be sown quickly after processing).
While de-pulping of the fruits and
disposing waste of fruits, precautions must
be taken to avoid any oral intake by
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humans and animals. Ingestion can cause
acute poisoning and in extreme cases be
fatal. There are 57,000 seeds kg-1 (Aariff
Khan and Krishna, 2016).

The seeds are semi recalcitrant. They
should be kept in high moisture content
(10-15%). Fresh stones (moisture content
22%) are kept in plastic and then stored in
a tin can in a cold room with the
temperature of 18-200C, RH 70-80%.
Using this treatment, the germination
percentage of the seeds can be maintained
up to 20-30% after 10-12 weeks in storage.
To prevent fungal attack, seeds can be
mixed with fungicide powder, for instance
Dithane M-45 or Benlate. Seeds of M.
dubia are hard and may take up to 3
months to germinate without pre-
treatment. Pre-treatment should aim at
breaking the physical barrier to water
absorption and expansion of the embryo.
Pre-treatment can be done manually by
cracking or cutting part of the endocarp, or
by treatment with sulphuric acid (H2S04).
Acid treatment should be with high
concentration acid for 40 minutes.

Another study revealed that exposing the
fruits to microwave energy for 7.5 min
followed by seed pelletization with
selected microbial consortia recorded the
highest germination percentage of 68%
over control. It is also reported that the
higher germination percentage (44.67%)
and other quality parameters viz., seedling
length mean daily germination, seedling
length and vigour index were recorded in
cow dung treatment for 5 days. Similar
observation was reported in another study
that the highest germination percentage
(34.3 %) was observed in the soaking of
seeds in cow dung slurry for seven days.
Under complete aseptic conditions seeds
showed highest germination of 61%. High
rate of germination seen under controlled

conditions clearly indicate the role of light,
temperature and nutrients on germination
apart from hormones.

Seedling production

Germination is epigeal. Sowing after pre-
treatment in plastic pots with the mixture
sand and soil (1:1). Suitable practice is by
burying the seeds into the media
horizontally and then covered with fine
sand. Stones contain more than one seed.
The percentage of germination is low
(14%). Karnataka Forest Department
reported that, alternate soaking in cold and
hot water for 20 days improves the
germination percentage (70%).
Transplanting medium may consist of a
mixture of soil, sand and manure (7:2:1)
and added 1 spoon of TSP or NPK in
every 1m3 of media. Transplanted
seedlings are plantable in the field after 3-
4 month.

It is best to sow seeds during March —
April. Cleaned and dried seeds should be
sown in the open raised nursery beds, in
drilled lines, 5 cm apart. Seeds do not
germinate in sand. They have to be sown
in soil: farm yard manure medium in the
ratio 2:1. A 1:1 ratio can also be adopted.
About 6-7 kg of dried drupes containing
about 1500 numbers are required for one
standard nursery bed. The seeds sown need
to be watered regularly, twice a day. At
places where daytime temperature is not
very high, or where nursery beds are in
shade, the bed should be covered with a
tarpaulin sheet to retain temperature in the
medium. Germination occurs within 90
days. Vegetative propagation: Juvenile
stem cuttings and coppice shoots respond
well to 1000 — 2000 ppm IBA (liquid
formulation). Coppice from older trees
responds better to rooting. Pencil thick
cuttings need to be taken for propagation.
Thin shoots are easily susceptible to root
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rot. The shoots can be placed on sand
medium and watered twice a day. A
provision for drainage is a must as water
logging destroys the shoots. Season also
plays a major role in the rooting of
cuttings. Drier seasons are conducive for
rooting. About 75% rooting can be
obtained. The species is very sensitive to
transplantation and hence care must be
taken while prickling seedlings from bed
or transplanting rooted shoots to bags.
Vegetative propagation

Propagation by stem cutting, macro-
rooting or root suckers are possible but is
reportedly difficult. Vegetative
propagation of branch cuttings with 4000
ppm IBA treatment was found to be
promising (50 %). Another successful
method of vegetative propagation reported
was to take cuttings from six months-old
seedlings. A cutting was taken from each
seedling up to eight times at 5-8 day
intervals. The success rate of rooting was
89%.

A protocol has been developed for
micropropagation of Melia. Murashige and
Skoog (MS) medium supplemented with
6-benzyl amino purine (BAP) 0.5 mg/I
along with gibberelic acid (GA3) 2.5 mg I-
1 produced multiple shoots within 4-5
weeks. In vitro rooting was obtained on
the half strength MS agar gelled medium
supplemented with indole-3-butyric acid
(IBA) 0.3 mg I-1.

Plantation management

A spacing of 5 x 5 m is optimal while a
spacing of 8 x 8 m is ideal. Growth is
enhanced with the application of
fertilizers. Regular irrigation is required
for fast growth of the trees. Initial growth
is hastened with daily watering and
application of fertilsers once in three
months for the first three years. Under
rainfed conditions, the growth is slow

(almost 100 % less). The tree branches at
8-10 m from ground. Pruning every six
months controls branching. The bole is
straight, round, without any knots and
without any buttress.

Agroforestry practices

Melia is a good agroforestry species and
supports a variety of crops throughout its
cultivation period. Ground nut, chilli,
turmeric, blackgram, papaya, banana,
melon, sugarcane, as inter crops are being
successfully  cultivated. The species
performs exceedingly well when planted
on bunds, attaining the harvestable size
within four years.

Yield

The tree attains a volume of 15 cu. ft. at
the end of 15 years and earns revenue of
Rs. 350 per cubic foot from the 5th year
onwards. Growth rate ranges from 20-25
cm per year when intensively managed
and 6 to 8 cm per year in unmanaged
plantations. It is expected to produce 12 to
15 18 CFT (0.4 - 0.5 m3) of timber in 5
years time. Presently Melia fetches Rs.
7300 t-1 for billets of girth 50-120 cm
girth and above Rs.370 per CFT (0.02 m3)
for trees which have attained a girth > 120
cm.

Uses

It is a good secondary timber and the most
preferred species for plywood industry.
The wood is also used for packing cases,
ceiling  planks, building  purposes,
agricultural implements, pencils, match
boxes, splints, cattamarans, musical
instruments and tea boxes as the wood is
anti-termite by itself. Thus, the species has
a ready and assured market due to its
multipurpose utilities. The species is also
highly adaptable. The species is in high
demand by the plywood industries.
References
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Soil: The vital covering of earth

Dushyant Kumar

Forest Ecology & Climate Change

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

Shimla (H.P.)
Email: dushyant @icfre.org

Of all the resources, existing in the nature
and constituting the natural capital, soil is
very vital. It is earth’s skin — a natural
covering formed by the weathering process
of underlying rocks and organic remains of
the vegetation. Its importance to us can be
gauged from the fact that it is the medium
for the growth of all plants sustaining life
of animals and human beings on this
planet and whole life is finally dependent
upon the productivity of soil besides many
ecosystem services are also attributed to
the soil. It forms the basis of vegetation
providing food, fiber, fuel and medicinal
herbs to the society. Technically, soil is a
complex and dynamic ecosystem formed
of different components of the parent rock
(sand, silt and clay) and decayed organic
materials (humus). This humus contains
the nutrients that allows new plants to
grow. As the mature trees shed their leaves
these are broken down by the action of
bacteria and earthworms and the fertile
layer of the soil are formed in this way.
Plants, animals, fungi, bacteria and
humans affect soil formation.

Switching yard for nutrient cycling

Soil act as the main seat for storing,
transforming and cycling of carbon,
nitrogen, phosphorus, water and other
nutrients. Different micro-organisms
present in the soil liberate carbon and other
nutrients from the complex forms to plant
available forms through the process of
decomposition. Fundamentally,

decomposition is an organized process
which is accomplished by the different soil
biota including arthropods, earthworms
and fungi, etc. This complex process

Soil as growth medium for plants
(' Source: Google Internet)

provides energy to the organisms. The
unbreakable plant and animal residues gets
changed into long lasting complex humic
compounds. These organic compounds
maintain the soil structure and store the
major nutrients (www.soilquality.org)
Profile and different horizon

The section of the soil in a plumb line
extending from the surface to the
underlying parent rock material is known
as soil profile and it has a sequence of
different distinct layers called as horizons
which are parallel to the soil surface and
formed as a result of the soil forming
process. A fully developed soil has
distinct horizons or layers which have
variable attributes like thickness, color,
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texture and structure. Mainly soil profile
consists of - O, A, E, B and C horizons.

O Horizon

It largely consists of the organic matter
and formed from the litter derived from the
plants and animals. It is commonly
found in the forest lands.

A Horizon

This zone represents the mineral part of
the soil and present near to the surface.

E Horizon

It is comparatively lighter in color and
found below the A horizon. The leaching
of clay particle and minerals occur from
this zone.

B Horizon

This zone is present beneath the E horizon
and characterized by the accumulation of
the minerals.

C Horizon

It is the unconsolidated material present
below the B horizon. It represents the
parent material from which the soil is
formed.

Since, soil is the main base for growing
crops in farmlands and raising plantation
in woodlands. The thorough understanding
of the physical, chemical and biological
properties and their trend across the
different layers of soil is significant for
assessment of the fertility and productivity
of soil ecosystem.

Physical portrayal of soil

It includes the bulk density, porosity,
color, texture and structure of the soil. Of
these, soil texture and soil structure are
very important as the former indicate the
relative proportion of the clay, silt and
sand in the soil and the latter represents the
arrangement of the soil particles in
different patterns. There are 12 textural
classes of the soil ranging from sand to
clay.

Chemical characterization

100

50 40 30
Percent sand

Soil Texture Triangle
(Source: Google Internet)

Chemical properties of the soil comprises
of Soil Reaction (P"), Electric
Conductivity (EC), Per cent Organic
Carbon (SOC %), essential primary
elements NPK (Nitrogen, Phosphorus and
Potassium),  secondary elements (Ca™
and Mg™™) and trace elements (Fe, Cu, Zn
and Mn).

Biological profile

Soil as a living system harbors large

Soil -Plant Interaction
(Source: Google Internet)

biological life. The soil biota includes a
number of the bacteria, fungi, protozoa,
algae, worms and insects. The interaction
of these microbes and organisms with the
soil constitutes the biological profile of the
soil. The microorganisms affect numerous
soil properties. It is estimated that millions
and billions of microorganisms are present
in one gram of soil. Bacteria help in
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decomposition of soil organic matter,
nitrogen fixation. Protozoa are mobile
organisms that feed on other microbes and
SOM. Algae, like plants, photosynthesize
and are found.

Soil productiveness

The capacity of the soil to supply nutrients
to the plants in sufficient amounts for good
growth and high yield is soil
productiveness. The physical health and
presence of elements in optimum amount
limits the productivity and fertility status
of the soil. Some of the main properties
determining the availability of nutrients to
the plants are:

Color

Reddish to brownish color of the soil
indicates well drained soil. If the color is
gray to  dark, it indicates the presence of
organic matter.

Bulk density

It is very important parameter and given as
weight of the soil in a given volume. The
higher value of the bulk density means
more compactness and not good for the
plant growth.

Soil Organic Carbon (SOC)

It is the precursor of the soil organic
matter which is formed due to the
decomposition plants and animals. It is
useful in maintaining the aeration and soil
structure. It represents the chemically
labile portion of the soil and determines
various other properties of the soil and
enhances the availability of the nutrients to
the plants. Besides this, it increases the
cation exchange capacity (CEC) of the soil
and chelates the micronutrients viz., Zn,
Mn, Fe and Cu.

Electric Conductivity (EC)

It is the measure of the soluble salts in the
soil. A good soil has the EC level between
200 pS/ cm and 1200 pS/cm. Higher

concentration of salts also affects the plant
growth adversely.

Soil Reaction (P

It is the measure of hydrogen (H") in the
soil water solution and influences the
absorption of nutrients, growth and biotic
composition of the soil as fungi, bacteria
and microbes proliferates on specific P"
value of the soil. It varies from acidic (<7),
neutral (=7.0) to alkaline (>7) on a scale of
0-14.

The electric conductivity and soil PH act
as important indicators of the health,
availability and balance of nutrients in the
soil. Similarly there should be minimum
levels of the micro and macro nutrients in
the soil for sustaining the proper growth of
the plants.

Main groups of soils

Based on the soil taxonomy and chemical
characterization, the main groups of soil
are:

Red Soil

The diffusion of the iron attributes to the
red color of the soil. Soils of alfisol,
inceptisol and  ultisol  taxonomical
nomenclature are in this group.

Lateritic soil

These soils contain a combination
aluminum oxides and minute quantities of
manganese oxide.  Ultisol and Oxisol
belong to this group of soils.

Black soil

These are good fertile soils containing
carbonates of Calcium and Magnesium in
high quantity. The vertisol, inceptisol and
entisol are the black soils.

Alluvial soils

These form most important group of soils
for agriculture practices. These soils are
entesol, inceptisol and alfisol.

Desert soils
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These soils are present in dry and arid
regions and contain quartz content. Entisol
and aridisol are the desert soils.

Forest and Hill Soils

These soils are present in the different
forest types of hills and contain high
proportion of organic matter. These are
taxonomically alfisol.

The various processes in the soil, its
suitability for agricultural practices and
plantation purposes is largely determined
by physical, chemical and biological
profile of the soil. Texture, structure, and
porosity of the soil affect plant growth and
soil microbial activity by way of
regulating the passage of water and air.
Similarly, the soil chemical properties
influence the availability of nutrients. The
biological  properties  mediate  the
decomposition process and determine the
content of organic matter in the soil. The
different  properties of soil are
interdependent and connected.

Broadly, the forests and soil represent the
coupled ecosystems and the properties of
soil affects the selection of tree species for
plantations and the planted species can
also improve degraded areas. Therefore, it
IS very important to assess the physical,
chemical and biological characterization of
soil for land use practices and
management. Globally, the soil resources
are under immense pressure and facing
degradation due to various anthropogenic
pressures, development activities and
natural phenomenon. It is a serious
problem worldwide and needs immediate
attention as soil is such an important
natural resource for entire humankind. In
wake of the looming threats of global
warming and climate change, the
management of the soil resources assumes
more significance as it act as the largest
sink of the atmospheric CO,. Obviously,

the soil degradation will weakens the
carbon storage process and enhance the
global warming. The scientific
management of forests and soil ecosystems
will serve the cause of climate change
mitigation. In this scenario, suitable soil
management practices on scientific lines
for rejuvenation of degraded soils
resources should be devised and
implemented for the sustainability of the
life on the earth.
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Climate change mitigation through carbon sequestration

Sreedhar Bodiga', NasamMidhun kumar? and Jagadeesh Bathula®

'Department of Basic and Social sciences
Forest College and Research Institute,
Hyderabad, Mulugu @Mulugu, Siddipet -502279
Department of Basic and Social sciences
Forest College and Research Institute,
Hyderabad, Mulugu @Mulugu, Siddipet -502279.
Department of Natural Resource Management
Forest College and Research Institute,
Hyderabad, Mulugu @Mulugu, Siddipet -502279.

Climate change is an  important
environmental issue that has captured the
world's attention in the recent past. Without
anything related to it hitting the headlines,
hardly a day passes. Enormous efforts
(conferences and discussions, research
activities, action plans, etc.) have been and
continue to be made around the world at
various levels and scales to understand the
complexities and severity of human-induced
climate change, ways to adapt to change and
mitigate adverse effects. Thus, global
climate change, commonly referred to as
Global warming, is a serious environmental
issue affecting today's human lives and
planet Earth. Global warming is a much
debated term. As the term indicates, it refers
to the increase in Earth's near-surface air and
oceans temperature in recent decades. An
Intergovernmental Panel on Climate Change
(IPCC) was established in 1988 under the
auspices of the United Nations Environment
Program  (UNEP) and the World
Meteorological Organization (WMO) to
address the problem for the purpose of
assessing. The scientific, technical and
socio-economic information is relevant for

the understanding of the risk of human-
induced climate change.

Currently, CO emissions are increasing
globally and are projected to double over the
next century. This excess CO enters the
global carbon cycle where part remains in
the atmosphere, part is taken over by oceans
and the terrestrial biosphere.However,
significant uncertainty still surrounds the
quantitative description of the natural carbon
cycle. A major challenge of the issue of
greenhouse gas and climate change is to
understand what happens to the excess CO
generated from the burning of fossil fuels.In
particular, the rate and magnitude by which
excess carbon is assimilated into land and
ocean sinks will determine the balance that
remains in the atmosphere. While research
in this challenging area continues, new
efforts are being made to begin research that
could help mitigate increased CO emissions
through special efforts to sequester CO,.
There are basically three categories of
activities through which forest management
can help to reduce atmospheric carbon:
carbon sequestration (through reforestation,
reforestation and restoration of degraded
land, improved forestry techniques to
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increase growth rates, and implementation
of agroforestry practices on agricultural
land); carbon conservation (through biomass
conservation of biomass and soil carbon in
existing forests, improved harvesting
practices such as reduced impact logging,
improved efficiency of wood processing,
fire protection and more effective use of
burning in both forest and agricultural
systems); and Carbon substitution (increased
conversion of forest biomass into sustainable

: Sunlight
factory
— COozcycle =—— emissions

wood products for use in place of energy-
intensive materials, increased use of biofuels
such as the introduction of bioenergy
plantations and increased use of harvesting
waste as feedstock such as biofuel sawdust).
Of the three, carbon conservation is
considered to have the greatest potential for
rapid climate change mitigation, whereas
carbon sequestration takes place over a
much longer period of time.

Auto and

Photosynthesis

organisms

Dead organisms )
~ and waste products _—

Plant
respiration

Root
respiration

Fossils and fossil fuels

Fig. 1A: simple diagram of parts of the carbon cycle, emphasizing the terrestrial (land-based)

parts of the cycle.

Forest ecosystem plays a significant role in
the climate change system. Trees store
carbon throughout their life and release it
through decomposition. Since forests are
important carbon sinks and source, assessing
forest carbon budgets has received much
attention in recent years.Forest cover is an
important natural resource that should be
conserved on priority basis for sustainable
environmental management. By preserving
and enhancing forest C stocks there will be
regulating atmospheric C concentration, as a

major political target to mitigate the climate
change. The species richness, stand age are
also considered an even more important
factor driving C- cycling process in forest
ecosystem.Tree species richness has been
shown to positively affect above — ground
stand productivity, above ground tree C
storage, leaf litter production, litter
decomposition or Soil C storage. Globally,
forestry has taken center stage as one of the
options to mitigate climate change.
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Fig. 2: The schematic representation of carbon capture by the plants from Emitted pointed

resources.
The United Nations Conference of Parties
(COP) held in Kyoto in 1997 adopted the
Kyoto Protocol as the first step towards
addressing climate change. The protocol
shares the convention’s objective principles
and institutions, but significantly strengthens
the Convention by committing parties to
individual, legally binding targets to limit or
reduce their GHG emissions. Among the
three  Kyoto mechanisms of  Joint
Implementation (JI), Clean Development
Mechanism (CDM) and Emissions Trading
(ET), only CDM is relevant to developing
countries such as India. Developing
countries could view CDM as an
opportunity not only to attract investment
capital and Environmentally Sustainable
Technologies (ETSs) but also to implement
innovative technical, institutional and
financial interventions to promote energy
efficiency, renewable energy and forestry
activities that contribute to sustainable
development. Projects specially designed
and implemented in developing countries
under CDM, leading to Carbon (C) emission
reduction or sequestration will receive
payments from institutions and agencies in

countries for every tone of C emission
avoided or sequestered. C pools are
components of the ecosystem that can either
accumulate or release C and have classically
been split into five main categories: living
above-ground biomass (AGB), living
belowground biomass (BGB), dead organic
matter (DOM) in wood, DOM in litter and
soil  organic  matter (SOM). The
classification of C pools is not strict and it is
not the number of categories that is
important but their completeness; pools
must not be double-counted and significant
pools should not be excluded (UNDP 2009).
The terrestrial ecosystem is a major
biological scrubber of atmospheric Carbon
dioxide that can be significantly increased
by careful management. Absorbing Carbon
dioxide from atmosphere and moving into
the physiological system and biomass of the
plants, and finally into the soil is the only
practical way of removing large volumes of
the major green house gas (CO,) from the
atmosphere into the biological system.
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WHERE DOES CARBON GO?
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Fig. 3: The schematic representation of the Carbon storage.
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Abstract

Achanakmar- ~ Amarkantak  biosphere
reserve is the 14™ biosphere reserve of the
country. It is an interstate biosphere
comprises major part of Bilaspur district of
Chhattisgarh and with part Anuppur and
Dindori districts of Madhya Pradesh states.
The biosphere reserve is a paradise of
floral diversity. The present article deals
with forest invasive plant species of
Achanakmar- ~ Amarkantak  biosphere
reserve.

Key words: Achanakmar-Amarkantak
biosphere reserve, Forest Invasive Species
(FIS), flora.

Introduction

Biosphere Reserves (BR) are living
examples of co-existence of human beings
and nature. The Achanakmar-Amarkantak
Biosphere Reserve is notified by
Government of India on 30 March 2005 as
the 14"™ Biosphere Reserve of India.
International Coordinating council of
UNESCO's man and the Biosphere (MAB)
programme, at its 24th session held at
UNESCO headquarters in Paris from 9th
to 13th July, 2012 approved the inclusion
of Achanakmar-Amarkantak biosphere
reserve in its world's network of Biosphere
Reserves (WNBR) (UNESCO-MAB,
2012, http://www.unesco.org/mab).
Achanakmar- ~ Amarkantak  Biosphere
Reserve is spread from Maikal hill ranges
to the junction of Vindhyan and Satpura
hill ranges in a triangular shape in

Chhattisgarh and Madhya Pradesh states of
Indian Union. BR lies between the
parallels of latitude 21°15° to 22%58° North
and longitude 81°25° and 82° 5° East. It
falls in Malayan realm, Tropical Dry or
Deciduous Forest Biome and Deccan
Peninsula bio-geographic zone of the
country. Its total geographical area is
383551.0 ha. The core zone, which falls in
Bilaspur district of Chhattisgarh state, is
dense forest with terrains of hills and
valleys and spread over in an area of
55155 ha (Fig. 1). It is protected to
conserve its richness in flora and fauna due
to its erstwhile status of Wildlife
Sanctuary. The buffer and transition zones,
consisting of 205898 ha, falls in Bilaspur
district of Chhattisgarh state and 122494
ha in Dindori and Anuppur districts of
Madhya Pradesh state. The topography
varies from plain rice fields of Bilaspur
and Anuppur districts and wheat fields of
Dindori district to the hills of Maikal range
of Satpura.

The forest area is about 63.19% and the
vegetation of  the Achanakmar-
Amarkantak biosphere reserve is tropical
deciduous type (Anon, 2010). The
biosphere reserve is very rich with high
density of flora. The biosphere reseve is
blessed with a total of 1738 identified
floral species consisting of 7 species of
algae, 238 species of fungi, 184 species of
lichens, 44 species of bryophyte, 53
species of pteridophytes, 16 species of
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gymnosperms and 1196 species of
angiosperms that include 335 species of
monocot and 861 species of dicot
(Roychoudhury, 2013). They vyield spices,
food, ayurvedic medicines and timbers.
Around 184 species of plants have been
identified for their ethnobotanical and

ethnomedicinal uses. As a whole,
Achanakmar-Amarkantak biosphere
reserve is a paradise of biodiversity
(Roychoudhury et al., 2012). The present
article deals with forest invasive flora of
Achanakmar-Amarkantak biosphere
reserve.

Fig.1. Map showing core, buffer and transition zones of Achanakmar-Amarkantak

biosphere reserve.
Invasive species
According to Oxford dictionary, the word
invasive means tending to spread in a
harmful or unpleasant way. A species is
regarded as invasive if it has been
introduced by human action to a location,
area, or region where it did not previously
occur naturally (i.e., not native), becomes
capable of establishing a breeding
population in the new location without
further intervention by humans, and
becomes a pest in the new location,
threatening the local biodiversity.
Climate change, invasive alien species,
habitat conversion and fragmentation,
deforestation, human settlement,
globalised trade and pollution, are

suffocating the ecosystems and
marginalizing  the  native  species
throughout the world. Those alien species
that become established in a new
environment proliferate and spread in
ways that are destructive to human
interests and natural systems are
considered as Invasive Alien Species
(IAS) (Goyal, 2005). Invasive alien
species are characterized by one or more
of the following traits: rapid growth rate,
large  reproductive  output, efficient
dispersal capabilities and tolerance of a
broad range of environmental conditions.
Forest invasive species

Forest invasive species (FIS) can be
defined as those plants, animals and

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



Van Sangyan (ISSN 2395 - 468X)

Vol. 7, No. 7,

Issue: July 2020

microbes which are alien and non-native
and have been introduced intentionally or
inadvertently to the forest and becomes a
serious pest in the area and is an agent of
change that threatens forest ecosystems,
habitats and native biological diversity. An
invasive species typical of forest
ecosystem is referred as FIS.
FIS are found in all taxonomic groups and
virtually every ecosystem type, in any
region of the world has been affected to
some extent. Biological invasions by alien
species are now considered one of the
main factors in the loss of biodiversity
worldwide. Impacts from FIS on
biodiversity can be direct, indirect, and
cumulative.
FIS are of direct relevance to the forestry
sector. Many of the plant and insect
species intentionally introduced in various
countries in the past have become major
threats to the forest biodiversity. Given the
challenges that are arising in forest areas
due to FIS, re-orienting the research
priorities and strengthening of forestry
research organizations is required (Goyal,
2005).
Realizing this serious threat to forest
ecosystems, the Asia Pacific Forestry
Commission  (APFC) has formally
launched a 'Asia Pacific Forest Invasive
Species Network' (APFISN) at the 20th
session of the APFC held at Nadi, Fiji,
from April 17-21, 2004 with the following
objectives:

e Promote exchange and sharing of

information on forest invasive
species among the member
countries;

o Facilitate access to expertise and
resources such as research and
education and training
opportunities;

o Strengthen capacities of the
member countries to conduct
research and management of FIS;

e Increase coordination and
cooperation among the member
countries by developing regional
strategies for FIS;

o Raise awareness of FIS as a
significant issue throughout the
Asia and Pacific Region.

Forest invasive flora in Achanakmar-
Amarkantak biosphere reserve

Indian Council of Forestry Research and
Education (ICFRE), Dehradun, have
identified about 29 alien forest invasive
plant species in different parts of the
country, which are a serious threat to the
natural forest cover (Anon, 2005)
(https://apfisn.net/wp-content/uploads/
2018/07/India.pdf). Many FIS like
Lantana, Parthenium, etc. are present and
invading the forest areas (Roychoudhury
and Sharma, 2012, 2013; Roychoudhury et
al., 2019). Shukla et al. (2009) have
published a documentary list of 106
invasive alien plant species belonging to
77 genera, spread over 36 families,
representing 10.48% of the flora in
Achanakmar-Amarkantak biosphere
reserve (Table 1). Approximately 51.72%
of alien species collected were introduced
from Tropical America, followed by
5.30% from Africa. Analysis of data
indicates that the family Asteraceae was
most predominant (25 species), followed
by Caesalpiniaceae (7
species), Amaranthaceae (7 species),
Convolvulaceae (6 species), Poaceae (4
species) and Tiliaceae (4 species). This
study provides a base-line data which
could be used for further documentation
and identification of invasive plant species
in core, buffer and transition zones of
Achanakmar-Amarkantak biosphere
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reserve and to monitor and develop alien species.
strategies for management and control of

Table 1: Forest invasive alien plant species in Achanakmar-Amarkantak biosphere
reserve with their family, habit and nativity.

SI. No. Species, family, habit, nativity

1 Acacia farnesiana (L.) Willd., Mimosacceae, Tree, Tropical South America

2 Acanthospermum hispidum DC., Asteraceae, Herb, Brazil

3 Ageratum conyzoides L., Asteraceae, Herb, Tropical America

4 Ageratum houstonianum Mill., Asteraceae, Herb, Tropical America

5 Alternanthera paronychioides A. St. Hil, Amaranthaceae, Herb, Tropical America
6 Alternanthera pungens Kunth, Amaranthaceae, Herb, Tropical America

7 Alternanthera sessilis (L.) R. Br. ex DC, Amaranthaceae, Herb, Tropical America
8 Amaranthus spinosus L., Amaranthaceae, Herb, Tropical America

9 Anagallis arvensis L., Primulaceae, Herb, Europe

10 Antigonon leptopus Hook. & Arn., Polygonaceae, Climber, Tropical America

11 Argemone mexicana L., Papaveraceae, Herb, Tropical Central and South America
12 Bacopa procumbans (Mill.) Greenm., Scrophulariaceae, Herb, Tropical America
13 Bidens pilosa L., Asteraceae, Herb, Tropical America

14 Blainvillea acmella (L.) Philipson, Asteracea, Herb, Tropical America

15 Blumea eriantha DC., Asteraceae, Herb, Tropical America

16 Blumea lacera (Burm.f.) DC., Asteraceae, Herb, Tropical America

17 Blumea obliqua (L.) Druce, Asteraceae, Herb, Tropical America

18 Caldesia oligococca (F.v.Muell) Buchenau, Alismataceae, Herb, Australia

19 Cassia absus L., Caesalpiniaceae, Herb, Tropical America

20 Cassia alata L., Caesalpiniaceae, Shrub, West Indies

21 Cassia obtusifolia L., Caesalpiniaceae, Herb, Tropical America

22 Cassia occidentalis L., Caesalpiniaceae, Herb, Tropical South America

23 Cassia pumila Lam., Caesalpiniaceae, Herb, Tropical America

24 Cassia sophera L., Caesalpiniaceae, Shurb, South America

25 Cassia tora L., Caesalpiniaceae, Herb, Tropical South America

26 Celosia argentea L., Amaranthaceae, Herb, Tropical Africa

27 Ceretophyllum demersum L., Ceratophyllaceaea, Herb, Tropical America

28 Chenopodium album L., Chenopodiaceae, Herb, Pantropical

29 Cleome viscosa L., Cleomaceae, Herb, Tropical America

30 Conzya Canadensis (L.) Crong., Asteraceaea, Herb, South America

31 Corchorus aestuans L., Tiliaceae, Herb, Tropical America

32 Corchorus fascicularis Lam., Tiliaceae, Herb, Tropical America

33 Corchorus olitorius L., Tiliaceae, Herb, Pantropical

34 Crassocephalum crepidioides (Benth.) Moore, Asteraceae, Herb, Tropical America
35 Crotalaria retusa L., Papilionaceae, Herb, Tropical America

36 Croton bonplandianum Boil., Euphorbiaceae, Herb, Temperate South America
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37 Cryptostegia grandiflora R.Br., Asclepiadaceae, Herb, Madagascar

38 Cuscuta campestris Yunck., Cuscutaceae, Herb, North America

39 Cuscuta reflexa Roxb., Cuscutaceae, Herb, Mediterranean

40 Cyperus difformis L., Cyperaceae, Herb, Tropical America

41 Cyperus iria L., Cyperaceae, Herb, Tropical America

42 Dicoma tomentosa Cass., Asteraceae, Herb, Tropical Africa

43 Digera muricata (L.) Mart., Amaranthaceae, Herb, South West Asia

44 Dinebra retroflexa (Vahl) Panz., Poaceae, Herb, Tropical America

45 Echinochloa crusgalli (L.) Beauv., Poaceae, Herb, Tropical South America

46 Eichhornia crassipes (C. Martius) Solms-Loub., Pontederiaceae, Herb, Tropical
America

47 Eclipta prostrata (L.) L., Asteracaea, Herb, Tropical America

48 Elephantopus scaber L., Asteraceae, Herb, Pantropical

49 Emilia sonchifolia (L.) DC., Asteraceae, Herb, Tropical America

50 Euphorbia hirta L., Euphorbiaceae, Herb, Tropical America

51 Galinosoga parviflora Cav., Asteraceae, Herb, Tropical America

52 Gnaphalium pensylvanicum Willd., Asteraceae, Herb, Tropical America

53 Gnaphalium polycaulon Pers., Asteraceae, Herb, Tropical America

54 Gomphrena celocioides Mart., Amarantheaceae, Herb, Tropical America

55 Grangea maderaspatana (L.) Poir., Asteraceae, Herb, Tropical South America

56 Hyptis suaveolens (L.) Poit., Lamiaceae, Herb, Tropical America

57 Imperata cylindrica (L.) Raensch., Poaceae, Herb, Tropical America

58 Indigofera astragalina DC., Papilionaceae, Herb, Tropical America

59 Indigofera glandulosa Roxb. ex Willd., Papilionaceae, Herb, Tropical America

60 Indigofera linifolia (L.f.) Retz., Papilionaceae, Herb, Tropical South America

61 Indigofera linnaei Ali, Papilionaceae, Herb, Tropical Africa

62 Ipomoea carnea Jacq., Convolvulaceae, Shrub, Tropical America

63 Ipomoea eriocarpa R.Br., Convolvulaceae, Herb, Tropical Africa

64 Ipomoea hederifolia L., Convolvulaceae, Herb, Tropical America

65 Ipomoea obscura (L.) Ker.-Gawl., Convolvulaceae, Herb, Tropical Africa

66 Ipomoea pes-tigridis L., Convolvulaceae, Herb, Tropical East Africa

67 Ipomoea quamoclit L., Convolvulaceae, Herb, Tropical America

68 Lagascea mollis Cav., Asteraceae, Herb, Tropical Central America

69 Lantana camara L., Verbenaceae, Herb, Tropical America

70 Leonotis nepetiifolia (L.) R.Br., Lamiaceae, Herb, Tropical Africa

71 Ludwigia adscendens (L.) Hara, Onagraceae, Herb, Tropical America

72 Ludwigia octovalvis (Jacq.) Raven, Onagraceae, Herb, Tropical Africa

73 Ludwigia perennis L., Onagraceae, Herb, Tropical Africa

74 Malvastrum coromandelianum (L.) Garcke, Malvaceae, Herb, Tropical America

75 Martynia annua (Houstoun & Martyn) L., Pedaliaceae, Herb, Tropical America

76 Melilotus alba Desv., Papilionaceae, Herb, Europe

77 Mimosa pudica L., Mimosacceae, Herb, Brazil

78 Mirabilis jalapa L., Nyctaginaceae, Herb, Peru
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79 Monochoria vaginalis (Burm.f.) C. Presl., Pontederiaceae, Herb, Tropical America
80 Nicotiana plumbaginifolia Viv., Solanaceae, Herb, Tropical America
81 Ocimum americanum L., Lamiaceae, Herb, Tropical America
82 Oxalis corniculata L., Oxalidaceae, Herb, Europe
83 Parthenium hysterophorus L., Asteraceae, Herb, Tropical North America
84 Peristrophe paniculata (Forssk.) Brummitt, Acanthaceae, Herb, Tropical America
85 Portulaca oleracea L., Portulacaceae, Herb, Tropical South America
86 Portulaca quadrifida L., Portulacaceae, Herb, Tropical America
87 Prosopis juliflora (Sw.) DC., Mimosacceae, Shrub, Mexico
88 Ruellia tuberosa L., Acanthaceae, Herb, Tropical America
89 Saccharum spontaneum L., Poaceae, Herb, Tropical West Asia
90 Scoparia dulcis L., Scrophulariaceae, Herb, Tropical America
91 Sesbania bispinosa (Jacg.) Wight, Papilionaceae, Shrub, Tropical America
92 Sida acuta Burm.f., Malvaceae, Herb, Tropical America
93 Solanum nigrum L., Solanaceae, Herb, Tropical America
94 Solanum torvum Sw., Solanaceae, Shrub, West Indies
95 Sonchus asper Hill, Asteraceae, Herb, Mediterranean
96 Sonchus oleraceus L., Asteraceae, Herb, Mediterranean
97 Spermacoce hispida L., Rubiaceae, Herb, Tropical America
98 Stachytarpheta jamaicensis (L.) Vahl, Verbenaceae, Herb, Tropical America
99 Tribulus terrestris L., Zygophyllaceae, Herb, Tropical America
100 Tridax procumbens L., Asteraceae, Herb, Tropical Central America
101 Triumfetta rhomboidea Jacq., Tiliaceae, Herb, Tropical America
102 Turnera ulmifolia L., Turneraceae, Herb, Tropical America
103 Typha angustifolia L., Typhaceae, Herb, Tropical America
104 Urena lobata L., Malvaceae, Shrub, Tropical America
105 Xanthium indicum Koenig, Asteraceae, Shrub, Tropical America
106 Youngia japonica (L.) DC., Asteraceae, Herb, Tropical South America

Source: Shukla et al. (2009)

Impact of forest invasive flora in
forestry

Forestry can be seriously affected by both
intentional and unintentional invasions.
Some alien tree species that have been
planted for economic reasons have become
invasive, with severe economic and
ecological impacts. FIS can displace native
plants, eliminate food and forest cover for
wildlife and threaten rare plant and animal
species. These species can change the
functions of ecosystem and increase loss in
forestry and natural resource management
costs. FIS pose a danger to the biological

diversity and other human enterprise as
well as on human health. Many invasive
species have naturalized in India. Few of
them are being used for various purposes
such as medicinal uses, furniture and
composting.

It is clear from the above account, that
there is an urgent need for documentation,
identification and preparation of inventory
of FIS in core, buffer and transition zones
of Achanakamr-Amarkantak biosphere, to
generate zone wise status information,
extent of occurrence of FIS and asses their
impact on biodiversity of forest eco-
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system. Develop strategy and action plan
on FIS and compendium of FIS in
Achanakamr-Amarkantak biosphere that
will definitely help to identify all invasive
species of the biosphere and their feasible
eco-friendly management and future
control can ensure to save native forest as
well as environment.
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TZISLT FT AT T AT AT FT T AT &A1

HsgA ATRIS FATH UF TEATH AGHI

AT AT g, F=ATHY, 7AT19- 822102, ALEE
(farzar sy ferafa=amaa, Ti=)

T AT T TF AgAT0 FA FAA 2 |
T F AT T ITrHfEFLTT At
H THFT ATIATAF IeATaT T9F 1 AT

Tl F Faa o1 =7 9 «fteer,

TRATIA, THAT, Al AT GIF T
qufeaT § AT g1 w2iadt £ g Ruraa
TR, I TIA, WERTY, T &,

faoeft, g, 9T ofiT TTeredT |/ A
AT | TEY F IATCOHRfEF T AT 7 AT
it fufs & waa ST & gwar 2
T ARATATST FAATT H AT q7E
FeaT 2| a7 F SArer #r swafyr 12 =@ qav
FH AT HAH ATTHATT FA FoAT % T %
T wgeaqor 21 T st & fofw JaiT-
qaT B &t Fare &dT qaE v
AFITFAT ZrAT g1 F0F 5.7-6.5 F AT
Tz =rwe Agr gt F o argef 2

Fg AFARI geadAT H AWGE 5T H
THHN AT A9T gl ATTEE & TATq (ot &
Fg AFA Tg 0 gaa1 WA g1 ghgzia
A1 % ATl % g g7 a%Aaras
TEraar 7 gt T T T ST T gAT
TH &1 § ST Al TF 707 ARAA g3 2

TSI FT HA AT HA-AT ST AT |
AT BIAT 3| T Fhed oroid e, g3,

FATT TR, S TATE AT AHFHETL ATA

T ArEEHH a9 F T I g e
freat wo fasa, fusds, #ifeqa, g3,

TTAE, ST TeATE, TTHTEAT & fow srast
Bl

TAF IATET FT TETET o % [0 qiaga
AT A=T TIRT TFAT LTl 1 [AFHaa
FA FT ATLTFAT g FAIh B ATATAT &
g AT g TATAT  IHEG IeATEF T591 §
TEHEFTU FIAATAT FT ToT T8 F oo
FATAT ATAT I AT T |

gq Fr aardr F oo afdwt F Sewm e f
AT 1 AT &, e e g #r g
FATT F T qT 9T qare Fi AT T,

IEGEEEE L R Sl o i 1 =/ B A Y
G I LTI £ s 1 ) SR |
FAMATRT % 707 F vy gt #71 ga7T

ITATT W TOTAT FT F&1H, SI7F H7

ATITFAT T FH FIA AL SATAT T FHT
T 79 ¥ 9eg w741 2l
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TFATIF =T T 4195 (Runners) et

FTIT TATZ TR AT STAT 1 ATH7E G qrei
I2 ura U7 yAq™ F U, S9E Ad9d

(Tissue culture) =T ZTTF T T ITATT

FaT STAT 81 TRTIET TATRE W ATEF AT
HFE AT FT A3l T97 a7 a7 gl
9Tt FT AATE T TgA 5T a54 H T@T AT
TFAT g1 9RAT F fiF T HEE A
T g1 s {=re goret e
ATHITT BT T2l 2| TrFas [Harg  qrde

H, 30% TTHT 3% ST T 9T BIAT 2

ZITHTALT AT
g F TEA HIAH F I FATS AT
qATs, arwAredt A7 verfie® ofte a7

qh 7@ STAT gl Tevdwedased Ataaer HT

A9 TF AT TET AT E FT TF A
relt =T T AT T AT AT 2

PGR #T ST

GA3 F araae (50 frdfiue) &t & =17 faq
1= e #forw grzgTee (MH) @ 0.1-
0.3% ¥ fE=®1a ¥ a2 fogFE F7 ¥
ST | 31-41% it Fig T g1 ARFeT

@ 50 AR wAT F AFT § T F7AT

£l

ot T AT F ST

fz

qAET Td, Feaq oAlT dTal F Felaas
FEA TT ZHAT F2 2| I o070 § wetasy
AT AT & o AT o AT Fead o q7h
2 AT

QAT

e AHIEAT I/ ATAT T8 AT T qioe

gl SATETAT WIHAT H  FYESToH [
[BRIETCAERIEE I ICIRIRIRR

IEEAES

ufeafasw (TFF F T wTA@ F T A
FUT) TS(EET H TF OEAE AR g wA
qfRTiT ETET AT W AT F 9% A7
FAT-FAT T ATT g1 STH I TS FT
T ZIAT € AT o FH FH 21 2

3T

45-100 g/ha #FT rEd ST TF Tl

AT T 979 36T FTAT 2| 2NeAiteh, 175-300

g/ha F AT ITFX TF A=A AE A

JETEA T T {137 AT ThAT | TG0 &
FT AT HA T [OEAT AT ATATE F THL

F FqE 200 9T F I 400 ¥ TA

TRATATH % 2T Tt 2
TTIGET T GAT F o0 T T@aTd ST

gaaT ¥ srFeTFAr T g, oaw aEt

T | A9 fT AqFTFAT AT g1 &
TATT F79 A TFT AT F F212 F 912

TEIT qF, TeAF A7 § g7 HeqTor

T =Y Jear § aSgil A AAITFAT 2rav

2| T AATAT, TATH F AqTT AT 5T

g f2eat § St °dl, UFh A=g7 AT

BT 2T qFAT g1 TaF AT 1 TETaT &
F oo afags T s TR T
qragTer F7 FAFRET FT FT ATTFAT 2
T AETHT T T ATAT g TATAT  THEHRTIT
GIEEIE IR R EPE R T IUCEIRII T
qad T=47 2

TZiaLr &t g Fr Fgrar =9 F o o
IA AT it AFeTFAT g1 TZAT ATATE
FAT THAAT & T N TOrEAT AT Teral
FAT FT ICATET FIA | T ZI| 0087
AT FAL F IATEA & [0 gH 997 97
TOIEAAT AT T(AT FTHAT TZT FIA *

qrI-a1y Iearawt F St gforeor FAr
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e JfEw i dERT v awAE g9
FTH AT TEAT TFET AT TF FH
T OB AT T F ATATE T AT &F [0
HEATU IITT FI ANZT| ALFHT 6 IF
qoT ATAT FOA FT ATAATAE GAT T
qfagr F ™T 9gq FT aFdr g1 =
TETAAT THET FT TS AT AT T4 T
ATHTT FTAFAT F AT THHRT GAT F

SITEAT, T TATT F (70 UF J=a7 qTEH7

2T AFAT | BAT o S 3T TATIAT 3 9T,

dAY FAA F ®T § T(GIT hT GAT gaT
q=ZT fased 27 OFAT 2| 39 994 |, UFH

e TAT FT T2 UF 9T T8l gl TATY
™ § WAGI F dgd i T2 gl 39 A%
T F IATT F o0 0T @7 97 98
AT ITA FITT o o7 UF T3 98
FA AT ATTFAT 2, A AT 2N

T TH 92 qUTH 97 qErar =BEr S oar
Tg TSEMT A9 % 97T 919 dgas
g # 1T U =27 =T 2f 9T g
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qTSHEAT FrE
TrSrer FATT Fsr

ITHCFLTT T AT TEATH
(vt arfaedT aageT e forar afvws, wataeer, a9 9 Taary 1hEdT /AT, W q9eEaT)
EEEKES

srvﬁtr{ FT ST ATAT SfEq
T F7A o oo AT w7 a7 S+
SqA FT AT FIA 8, AT ATRRET S
TET TTT FT, WIATETET S ATRTTET Sfra
FT A1 | aTsiEt e quar faT 9%
AT FEN F 9097 7 1 F9 g Hrww
gfvor e g8y fig 7w ¥ | T
THAAT FE THFT F OBA T A AUE
TTSTET, TIAT TISAT, U U IISTAT,
=T UTSAET AR | TAH SR @
TIHRATAT,  TFTAH,  FTEAT,  FFAmE,
TFRTZTOTT TRl | TR & T § 970 1
Tl qTSiraT Fre ot sy Sfar aw fAarg
FIA &, AhT (HaTg F o0 o ITFT a9
T 947 27 S99 AT IT9 F3d 8 AT
T TF B TUF T b vEd g
TTSAETETE UF THT FT qgSAT AT 2,
ST U IS ST IHF FHAATT F 19 Uh
AT ST ATATT FrerFTers Stfas Bhar ¢

AT F7ar g1 awsfit Sfifam awart #v
AT FId g, TANF T ILAET Fdsh
AT T A7 F q1% I T3 F99 T8d
21 guEAT ST IIEatwAar A,
TISIAT HFT THAATT T THATT TgATT & |
7 AT T IHT dTH-T7 FaT F7q F AT
AT H TEA qTT TLAT TAATT F T |
T Fg FT ITANT F7d & | FTiH TAET
qeT TATTAAT F T T7EqT BhAT Fd 8,
AT T TISAAFT F GATAF F =T § F1
FL GFA 3, AT ATATLT FT FTLT I THAT
2l

F(tForwRar fafas wFe i afasardt
TISATAT | TISATATT T AA0FT F9d &, AT
ITH HASTAT % AT 3T ITH AAT-=h1
qATT qvEqT AT O et g g 0 T
FAT-FAT agT Sfeer 27 AT 2 | TH Ared
TISATEAT AT AT =T 1 T FIA 6 (0
T T & HAAT 92 e 72ar g, Jaft®
U UG TISaT UAT Jai F2a7 | a8l
UF FT: IISAAT AT F T F a7
TEAT §; WatF uw afgafsredft awam £
g 9 T2AT & | AT BT HeA-TTSATAT A€
FMAIT (Copepods) ST ARITT F LT
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F Gl AT § AT =9 F AT T2d 2 |

THFT UF IS0 TATTeE faa=gr aaa

(Emerald Cockroach Wasp) g ST &9
AT, I TUFHT Fa=s F1 977 T2
ATat (Larva) F fore o = s F =1 9
TTSTATFIOT FA & | T TAAT FIHIA FT
I I TF AWAT T TEA IAF AA
ArETater ¥, o IHET o AT a7 "
TFAT B (AT § T T @ SF A
FFT F AEeAT® H OATAT 7 @™
FIFUF § rEAIRAaaT (Hypokinesia -

TH JFEAT H aTF gaaer w9 g1 ATAT
2) # Rafa Sea=r g1 J1eT g | TEE q1R
TAAT FIT IT FFAA H GaFT T4
T § T AT SATAT g, TR AT FRA
F YT H AT IAT g 3T ATAT F gL AT
IJE T IT FEUT FT T9T FA 2 |
ETETITHRATRAT fit staeaT FF2= i afarF
T T ATSAT T@AT 2 |

L1 O 1 S o B S 1 )
fift =¥ (Guinea
Worm), =39 (Threadworm) 3fiT eqaH
(Tapeworm) 9T g, AT Ioore o4&
F ufuva f=iE (Papyrus Records) &
3000 AT 92 | 33T AT 2 | AT & 99
ufdz®  (Ebers papyrus) ® gFAH

(Roundworm),

(Hookworm) =T oA fHear g | =@l
AT W qIS(Er FTOqEIH AT

qeATT rFAreATSHIHT (Toxoplasmosis)
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FT T ST TIEISTAT LA SrFATeATSHT

MEt (Protozoan parasite Toxoplasma

gondii) F FTTT I ATAT AT & | T

TE F GHRAT FAT § AT I99 dfaw
ety faselt #v gwftaa w7 g faw
TH F QI FLAT & | T qIsiiar afeqeh
FATT ATA FHIT HI FHHA F7AT & S
AT

hydroxylase - EMTHTEA =T+ * o0

EESUE R (Tyrosine
Hifor dorew) TTF THEH (Enzyme) T
IATET FIAT & | T avsiar @&@F 7 g
qeAFAT AFATT F7 AT TFATT F I8
1 F oo fame w7 3 €, e F ST
wfeaeF #1 AT F20 § | g=iftE agey
qTSAT F oI S  AaTT g9 g | o gt
0 ff = IYSiET o GHiHT g1 a2 oY
Fg At T gATA fRAr g &
TIFGTCATSHT ST F HHA F qT8 AT F
AT H FTET TIATT 37 TFAT T | FI(F
TTS(TAT AIEASR w1 HFHET FAT 7, T8
AT FT ATIF ATILATE qAT <aT &, i
T T S99 AT Fg AR F TRAIT F
FG ATHA AT T T aFA 5 |

TfETer § AT ISTAE genstta I
2 i drarfiat = Fethe w e § of o=
FF FA E | TH E ST geRsfrar w7
I F7F 39 AT o7 B qrar
g | TAFHT T T TACAAT, AT HE F
T | agd g o et &1 AR FF AT
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AT g, IR B Fle TISIEAT GAFHI-
TR THITISAE qATerE  (SH.09.) T
STAT 2 | 39 9 317 e 1 AT F27
#1 TFAT T FaF F T g | Freqwsi=t
TAFHT g WLl T THFATT TgATT AT
TAFH F AFT H ONE AT BT F
FreArerwt 1 Aoft | Fg wortaat, w7 &
SIS, TEATAHT, B fIeTsied,
#1Z F 0T § T FIAT ¢ 3T Fe HT 98
FCOIAT E | SANfeE® WH  FeHTd
JFACAT A AIE |, FEATAAT S
AT Fer w1 dgaT e § #Aew
FAT E | T W TAT FA FATE,
FITAFRTT AT T STTT TEAT § AT T AT
TEIET 21 AT g | 3 T 5 oAt & fiqw,
fre 7Y At g | fifeqt aat F wreaw 7,
U AT el T AqrT § Aved §, {65
a7 FTeT FHT GHRAT FLAT L& FIA 2 |
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THFT ITANT ITASH B AN F ATATT
feswma w7 T 9T gFar g1 et &
afT  TUF FIT F 7T arqrT a9F T
ST T S ww it & afvore et
T8 | EHF S THIT 9T AT e+
q0% § o % forw gt § B0 % a7
A @tz ¥ ff s == s gar € |
AT T THF ITANT F FITOT GTHF, ATIT
¥ 90 AT q@ar  (rhinoceros

beetle), ATRTA T FOA H THAH
TEATTAT 3, Fel F I H o, F-3H
AT qETEAT T H AAT YA,
FHTYET 2T, I @I a1 g3, THT | I
T T S GEATAT G2, AtsAdqT H I
GTAATAT AT B sk TAT-AT H7 I F
vy fafays aat ¥ o fier wr [ w27
£l
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