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PLANT PROPAGATION METHODS

The major methods of asexual propagation are cuttings, layering, division, budding
and grafting. Cuttings involve rooting a severed piece of the parent plant; layering involves
rooting a part of the parent and then severing it; and budding and grafting is joining two plant
parts from different varieties

CUTTING

A plant cutting is a piece of a plant that is used in horticulture for vegetative asexual
propagation. A piece of the stem or root of the source plant is placed in a suitable medium
such as moist soil. If the conditions are suitable, the plant piece will begin to grow as a new
plant independent of the parent, a process known as striking. A stem cutting produces
new roots, and a root cutting produces new stems. Some plants can be grown from leaf
pieces, called leaf cuttings, which produce both stems and roots. The scions used in grafting
are also called cuttings.

Propagating plants from cuttings is an ancient form of cloning. There are several
advantages of cuttings, mainly that the produced offspring are practically clones of their
parent plants. If a plant has favourable traits, it can continue to pass down its advantageous
genetic information to its offspring. This is especially economically advantageous as it allows
commercial growers to clone a certain plant to ensure consistency throughout their crops.

LAYERING

Layering has evolved as a common means of vegetative propagation of numerous
species in natural environments. Layering is also utilized by horticulturists to propagate
desirable plants. Natural layering typically occurs when a branch touches the ground,
whereupon it produces adventitious roots. At a later stage the connection with the parent
plant is severed and a new plant is produced as a result. The horticultural layering process
typically involves wounding the target region to expose the inner stem and optionally
applying rooting compounds. In ground layering orsimple layering, the stem is bent down
and the target region is buried in the soil. This is done in plant nurseries in imitation of
natural layering by many plants such as brambles which bow over and touch the tip on the
ground, at which point it grows roots and, when separated, can continue as a separate plant.
In either case, the rooting process may take from several weeks to a year. Layering is more
complicated than taking cuttings, but has the advantage that the propagated portion continues
to receive water and nutrients from the parent plant while it is forming roots. This is
important for plants that form roots slowly, or for propagating large pieces. Layering is used
quite frequently in the propagation of bonsaij; it is also used as a technique for both creating
new roots and improving existing roots.

BUDDING

Budding is a type of asexual reproduction in which a new organism develops from an
outgrowth or bud due to cell division at one particular site. The small bulb-like projection
coming out from the yeast cell is called a bud. Since the reproduction is asexual, the newly
created organism is a clone and excepting mutations is genetically identical to the parent
organism. Organisms such as hydra use regenerative cells for reproduction in the process of
budding.In hydra, a bud develops as an outgrowth due to repeated cell division at one specific
site. These buds develop into tiny individuals and, when fully mature, detach from the parent
body and become new independent individuals. Internal budding or endodyogeny is a process
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of asexual reproduction, favored by parasites such as Toxoplasma gondii. It involves an
unusual process in which two daughter cells are produced inside a mother cell, which is then
consumed by the offspring prior to their separation.

GRAFTING

Grafting or graftage is a horticultural technique whereby tissues of plants are joined
S0 as to continue their growth together. The upper part of the combined plant is called the
scion while the lower part is called the rootstock. The success of this joining requires that the
vascular tissues grow together and such joining is called inosculation. The technique is most
commonly  used inasexual propagation of  commercially  grown  plants  for
the horticultural and agricultural trades.

In most cases, one plant is selected for itsrootsand this is called
the stock or rootstock. The other plant is selected for its stems, leaves, flowers, or fruits and
is called the scion or cion. The scion contains the desired genes to be duplicated in future
production by the stock/scion plant.

In stem grafting, a common grafting method, ashootof a selected, desired
plant cultivar is grafted onto the stock of another type. In another common form called bud
grafting, a dormant side bud is grafted onto the stem of another stock plant, and when it
has inosculated successfully, it is encouraged to grow by pruning off the stem of the stock
plant just above the newly grafted bud. For successful grafting to take place, the vascular
cambium tissues of the stock and scion plants must be placed in contact with each other. Both
tissues must be kept alive until the graft has "taken", usually a period of a few weeks.
Successful grafting only requires that a vascular connection take place between the grafted
tissues. Research conducted in Arabidopsis thaliana hypocotyls have shown that the
connection of phloem takes place after 3 days of initial grafting, whereas the connection
of xylem can take up to 7 days./? Joints formed by grafting are not as strong as naturally
formed joints, so a physical weak point often still occurs at the graft because only the newly
formed tissues inosculate with each other. The existing structural tissue (or wood) of the
stock plant does not fuse.

STOCK- SCION RELATIONSHIP IN IMPORTANT HORTICULTURAL CROPS

This varying aspect of rootstocks will influence the performance of a scion cultivar or
vice versa is known as stock-scion relationship. On the other hand if the same scion is grafted
on a very' vigorous rootstock the scion grows very vigorously. Tree, bush and perennial vine
fruits;perennial bush and tree nuts, vegetables (roots, tubers, shoots, stems, leaves, fruits and
flowers of edible and mainly annual plants)

Horticulture Crops Produced in India
Orange: ...

Mango: ...
Grape: ...
Banana: ...
Guava
Pineapple
Cashew
Mushroom
ORANGE
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The orange is the fruit of various citrus species in the family Rutaceae see list of
plants known as orange); it primarily refers to Citrus sinensis, which is also called sweet
orange, to distinguish it from the related Citrus aurantium, referred to as bitter orange. The
sweet orange reproduces asexually apomixis through nucellar embryonic varieties of sweet
orange arise through mutations. The orange originated in a region encompassing Southern
China,Northeast India, and Myanmar, and the earliest mention of the sweet orange was in
Chinese literature in 314 BC. As of 1987, orange trees were found to be the
most cultivated fruit tree in the world. Orange trees are widely grown in tropical and
subtropical climates for their sweet fruit. The fruit of the orange tree can be eaten fresh, or
processed for its juice or fragrant peel. As of 2012, sweet oranges accounted for
approximately 70% of citrus production. In 2017, 73 million tonnes of oranges were grown
worldwide, with Brazil producing 24% of the world total, followed by China and India

MANGO

A mango is as tone fruit produced from numerous species of tropical trees belonging
to the flowering plant genus Mangifera, cultivated mostly for their edible fruit. Most of these
species are found in nature as wild mangoes. The genus belongs to
the cashew family Anacardiaceae. Mangoes are native to South Asia, from where the
"common mango or "Indian mango, Mangifera indica, has been distributed worldwide to
become one of the most widely cultivated fruits in the tropics. Other Mangifera species (e.g.
horse mango, Mangifera foetida) are grown on a more localized basis. Worldwide, there are
several hundred cultivars of mango. Depending on the cultivar, mango fruit varies in size,
shape, sweetness, skin color, and flesh color which may be pale yellow, gold, or orange.
Mango is the national fruit of India and Pakistan, and the national tree of Bangladesh. It is the
unofficial national fruit of the Philippines.

GRAPE:

This article is about the fruits of the genus Vitis. For the European grapevine, see Vitis
vinifera. For other uses, see Grape (disambiguation). A grape is a fruit, botanically a berry, of
the deciduous woody vines of the flowering plant genus Vitis. Grapes can be eaten fresh
as table grapes or they can be used for making wine, am, grape juice, jelly, grape seed
extract, raisins, vinegar, and grape seed oil. Grapes are a non-climacteric type of fruit,
generally occurring in clusters.

BANANA:

A banana is an elongated, edible fruit botanically a berry produced by several kinds of
large herbaceous flowering plants in the genus Musa. In some countries, bananas used for
cooking may be called "plantains”, distinguishing them from dessert bananas. The fruit is
variable in size, color, and firmness, but is usually elongated and curved, with soft flesh rich
in starch covered with a rind, which may be green, yellow, red, purple, or brown when ripe.
The fruits grow in clusters hanging from the top of the plant. Almost all modern edible
seedless (parthenocarp) bananas come from two wild species Musa acuminata and Musa
balbisiana. The scientific names of most cultivated bananas are Musa acuminata, Musa
balbisiana, and Musa paradisiaca for the hybrid Musa acuminate M. balbisiana, depending
on their genomic constitution. The old scientific name for this hybrid, Musa sapientum, is no
longer used. Musa species are native to tropical Indomalaya and Australia, and are likely to
have been first domesticated in Papua New Guinea. They are grown in 135 countries,
primarily for their fruit, and to a lesser extent to make fiber, banana wine, and banana
beer and as ornamental plants. The world's largest producers of bananas in 2017 were India
and China, which together accounted for approximately 38% of total production.
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Worldwide, there is no sharp distinction between "bananas" and "plantains".
Especially in the Americas and Europe, "banana” usually refers to soft, sweet, dessert
bananas, particularly those of the Cavendish group, which are the main exports from banana-
growing countries. By contrast, Musa cultivars with firmer, starchier fruit are called
"plantains". In other regions, such as Southeast Asia, many more kinds of banana are grown
and eaten, so the binary distinction is not useful and is not made in local languages.

The term banana is also used as the common name for the plants that produce the
fruit. This can extend to other members of the genus Musa, such as the scarlet banana (Musa
coccinea), the pink banana (Musa velutina), and the Fe'i bananas. It can also refer to
members of the genus Ensete, such as the snow banana (Ensete glaucum) and the
economically important false banana (Ensete ventricosum). Both genera are in the banana
family, Musaceae.

GUAVA

Guava is a common tropical fruit cultivated in many tropical and subtropical regions.
Psidium guajava common guava, lemon guava is a small tree in the myrtle family
(Myrtaceae), native to Mexico, Central America, the Caribbean and northern South America.
Although related species may also be called guavas, they belong to other species or genera,
such as the pineapple guava, Acca sellowiana. In 2016, India was the largest producer of
guavas, with 41% of the world total.

PINEAPPLE:

The pineapple Ananas comosus is a tropical plant with an edible fruit and the most
economically significant plant in the family Bromeliaceae.[! The pineapple is indigenous
to South America, where it has been cultivated for many centuries. The introduction of the
pineapple to Europe in the 17th century made it a significant cultural icon of luxury. Since
the 1820s, pineapple has been commercially grown in greenhouses and many tropical
plantations. Further, it is the third most important tropical fruit in world production. In the
20th century, Hawaii was a dominant producer of pineapples, especially for the US; however,
by 2016, Costa Rica, Brazil, and the Philippines accounted for nearly one-third of the world's
production of pineapples. Pineapples grow as a small shrub; the individual flowers of the
unpollinated plant fuse to form a multiple fruit. The plant is normally propagated from
the offset produced at the top of the fruit,/”) or from a side shoot, and typically mature
within a year

CASHEW:

The cashew tree Anacardium occidentale is a tropical evergreen tree that produces the
cashew seed and the cashew apple. The tree can grow as high as 14 m (46 ft), but the dwarf
cashew, growing up to 6 m (20 ft), has proven more profitable, with earlier maturity and
greater yields. The cashew seed is often considered a nut in the culinary sense; this cashew
nut is eaten on its own, used in recipes, or processed into cashew cheese or cashew butter.
Like the tree, the nut is often simply called a cashew. The species is native to Central
America, the Caribbean, and northern South America, including northeastern Brazil.
Portuguese colonists in Brazil began exporting cashew nuts as early as the 1550s. In 2017,
Vietnam, India, and the Ivory Coast were the major producers.

The shell of the cashew seed yields derivatives that can be used in many applications
including lubricants, waterproofing, paints, and, starting in World War 11, arms production.
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The cashew apple is a light reddish to yellow fruit, whose pulp can be processed into a sweet,
astringent fruit drink or distilled into liquor.

MUSHROOM

A mushroom or toadstool is the fleshy, spore-bearing fruiting body of a fungus,
typically produced above ground, on soil, or on its food source.

The standard for the name mushroom™ is the cultivated white button mushroom,
Agaricus bisporus; hence the word mushroom” is most often applied to those fungi
(Basidiomycota, Agaricomycetes) that have a stem (stipe), a cap (pileus), and gills (lamellae,
sing. lamella) on the underside of the cap. Mushroom also describes a variety of other gilled
fungi, with or without stems, therefore the term is used to describe the fleshy fruiting bodies
of some Ascomycota. These gills produce microscopic spores that help the fungus spread
across the ground or its occupant surface. Forms deviating from the
standard morphology usually have more specific names, such as bolete, puffball, stinkhorn,
and morel, and gilled mushrooms themselves are often called agarics in reference to their
similarity to Agaricus or their order Agaricales. By extension, the term mushroom" can also
refer to either the entire fungus when in culture, the thallus called a mycelium of species
forming the fruiting bodies called mushrooms, or the species itself.


https://en.wikipedia.org/wiki/Astringent_(taste)
https://en.wikipedia.org/wiki/Spore
https://en.wikipedia.org/wiki/Sporocarp_(fungi)
https://en.wikipedia.org/wiki/Fungus
https://en.wikipedia.org/wiki/Food
https://en.wikipedia.org/wiki/Agaricus_bisporus
https://en.wikipedia.org/wiki/Basidiomycota
https://en.wikipedia.org/wiki/Agaricomycetes
https://en.wikipedia.org/wiki/Stipe_(mycology)
https://en.wikipedia.org/wiki/Pileus_(mycology)
https://en.wikipedia.org/wiki/Lamella_(mycology)
https://en.wikipedia.org/wiki/Ascomycota
https://en.wikipedia.org/wiki/Morphology_(biology)
https://en.wikipedia.org/wiki/Bolete
https://en.wikipedia.org/wiki/Puffball
https://en.wikipedia.org/wiki/Stinkhorn
https://en.wikipedia.org/wiki/Morel
https://en.wikipedia.org/wiki/Agaric
https://en.wikipedia.org/wiki/Agaricus
https://en.wikipedia.org/wiki/Agaricales
https://en.wikipedia.org/wiki/Thallus_(tissue)
https://en.wikipedia.org/wiki/Mycelium

UNIT I11



FLORICULTURE:

Floriculture or flower farming, is a discipline of horticulture concerned with the
cultivation of flowering and ornamental plants for gardens and for floristry, comprising
the floral industry. The development, via plant breeding, of new varieties is a major
occupation of floriculturists.

Floriculture crops include bedding plants, houseplants, flowering garden and pot
plants, cut cultivated greens, and cut flowers. As distinguished from nursery crops,
floriculture crops are generally herbaceous. Bedding and garden plants consist of young
flowering plants (annuals and perennials) and vegetable plants. They are grown in cell
packs (in flats or trays), in pots, or in hanging baskets, usually inside a controlled
environment, and sold largely for gardens and landscaping. Pelargonium and Petunia are the
best-selling bedding plants. The many cultivars of Chrysanthemum are the major perennial
garden plant in the United States. Flowering plants are largely sold in pots for indoor use. The
major flowering plants are poinsettias, orchids, florist chrysanthemums, and finished
florist azaleas. Foliage plants are also sold in pots and hanging baskets for indoor and patio
use, including larger specimens for office, hotel, and restaurant interiors. Cut flowers are
usually sold in bunches or as bouquets with cut foliage. The production of cut flowers is
specifically known as the cut flower industry. Farming flowers and foliage employs special
aspects of floriculture, such as spacing, training and pruning plants for optimal flower
harvest; and post-harvest treatment such as chemical treatments, storage, preservation and
packaging. In Australia and the United States some species are harvested from the wild for
the cut flower market.

CULTIVATION OF COMMERCIAL FLOWER

Floriculture can also be defined as “a discipline of horticulture concerned with the
cultivation of flowering and ornamental plants for gardens and floristry, comprising the floral
industry. Floriculture includes bedding plants, flowering plants, foliage plants or houseplants,
cut greens and cut flowers

ROSE

A rose is a woody perennial flowering plant of the genus Rosa, in the family
Rosaceae, or the flower it bears. There are over three hundred species and tens of thousands
of cultivars. They form a group of plants that can be erect shrubs, climbing, or trailing, with
stems that are often armed with sharp prickles. Flowers vary in size and shape and are usually
large and showy, in colours ranging from white through yellows and reds. Most species are
native to Asia, with smaller numbers native to Europe, North America, and northwestern
Africa. Species, cultivars and hybrids are all widely grown for their beauty and often are
fragrant. Roses have acquired cultural significance in many societies.! Rose plants range in
size from compact, miniature roses, to climbers that can reach seven meters in height.
Different species hybridize easily, and this has been used in the development of the wide
range of garden roses

JASMINE

Jasmine taxonomic name Jasminum is a genus of shrubs and vines in the olive family
(Oleaceae). It contains around 200 species native to tropical and warm temperate regions of
Eurasia and Oceania. Jasmines are widely cultivated for the characteristic fragrance of their
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flowers. A number of unrelated plants contain the word jasmine” in their common names
see other plants called jasmine™

CHRYSANTHEMUM

Chrysanthemums sometimes called mums or chrysanths, are flowering plants of the
genus Chrysanthemum in the family Asteraceae. They are native to East Asia and
northeastern Europe. Most species originate from East Asia and the center of diversity is in
China. Countless horticultural varieties and cultivars exist.

NURSERY MAINTENANCE

Skilled and permanent labor engagement ensures quality seedling production and
their maintenance in nursery. Water and nutrients are the two important inputs having direct
relationship with quality of seedlings. Water quality and its proper availability to plants
ensure better growth of seedlings.

GREEN HOUSE

A greenhouse also called a glasshouse, or, if with sufficient heating, a hothouse is a
structure with walls and roof made chiefly of transparent material, such as glass, in which
plants requiring regulated climatic conditions are grown. These structures range in size from
small sheds to industrial-sized buildings. A miniature greenhouse is known as a cold frame.
The interior of a greenhouse exposed to sunlight becomes significantly warmer than the
external temperature, protecting its contents in cold weather.

Many commercial glass greenhouses or hothouses are high tech production facilities
for vegetables, flowers or fruits. The glass greenhouses are filled with equipment including
screening installations, heating, cooling, lighting, and may be controlled by a computer to
optimize conditions for plant growth. Different techniques are then used to evaluate
optimality degrees and comfort ratio of greenhouses, such as air temperature, relative
humidity and vapour-pressure deficit, in order to reduce production risk prior to cultivation of
a specific crop.

WATER GARDEN

Water gardens, also known as aquatic gardens, are a type of water feature. They can
be defined as any interior or exterior landscape or architectural element whose primary
purpose is to house, display, or propagate a particular species or variety of aquatic plant. The
primary focus is on plants, but they will sometimes also house ornamental fish, in which case
the feature will be a fish pond. Water gardening is gardening that is concerned with growing
plants adapted to pools and ponds. Although water gardens can be almost any size or depth,
they are typically small and relatively shallow, generally less than twenty inches (50 cm) in
depth. This is because most aquatic plants are depth sensitive and require a specific water
depth in order to thrive. The particular species inhabiting each water garden will ultimately
determine the actual surface area and depth required.

ROCKERY

A rock garden, also known as a rockery or an alpine garden, is a small field or plot of
ground designed to feature and emphasize a variety of rocks, stones, and boulders. The
standard layout for a rock garden consists of a pile of aesthetically arranged rocks in different
sizes, with small gaps between in which plants are rooted. Typically, plants found in rock
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gardens are small and do not grow larger than 1 meter in height, though small trees and
shrubs up to 6 meters may be used to create a shaded area for a woodland rock garden. If
used, they are often grown in troughs or low to the ground to avoid obscuring the eponymous
rocks. The plants found in rock gardens are usually species that flourish in well-drained,
poorly irrigated soil. Some rock gardens are designed and built to look like natural of
bedrock. Stones are aligned to suggest a bedding plane, and plants are often used to conceal
the joints between said stones. This type of rockery was popular in Victorian times and
usually created by professional landscape architects. The same approach is sometimes used in
commercial or modern-campus landscaping but can also be applied in smaller private
gardens.

The Japanese rock garden, often referred to as a Zen garden, is a special kind of rock
garden with water features, moss, pruned trees and bushes, and very few plants. Rock gardens
have become increasingly popular as landscape features in tropical countries such as
Thailand. The combination of wet weather and heavy shade trees, along with the use of heavy
plastic liners to stop unwanted plant growth, has made this type of arrangement ideal for both
residential and commercial gardens due to its easier maintenance and drainage.

BONSAI

Bonsai is a Japanese art form which utilizes cultivation technigues to produce, in
containers, small trees that mimic the shape and scale of full size trees. Similar practices exist
in other cultures, including the Chinese tradition of penzai or penjing from which the art
originated, and the miniature living landscapes of Vietnamese. The Japanese tradition dates
back over a thousand years.

The Japanese loanword bonsai has become an umbrella term in English, attached to
many forms of potted or other plants, and also on occasion to other living and non-living
things. According to Stephen Orr in The New York Times, "the term should be reserved for
plants that are grown in shallow containers following the precise tenets of bonsai pruning and
training, resulting in an artful miniature replica of a full-grown tree in nature. In the most
restrictive sense, "bonsai" refers to miniaturized, container-grown trees adhering to Japanese
tradition and principles. Purposes of bonsai are primarily contemplation for the viewer, and
the pleasant exercise of effort and ingenuity for the grower.” By contrast with other plant
cultivation practices, bonsai is not intended for production of food or for medicine. Instead,
bonsai practice focuses on long-term cultivation and shaping of one or more small trees
growing in a container.

A bonsai is created beginning with a specimen of source material. This may be a
cutting, seedling, or small tree of a species suitable for bonsai development. Bonsai can be
created from nearly any perennial woody-stemmed tree or shrub species that produces true
branches and can be cultivated to remain small through pot confinement with crown and root
pruning. Some species are popular as bonsai material because they have characteristics, such
as small leaves or needles, that make them appropriate for the compact visual scope of
bonsai.

The source specimen is shaped to be relatively small and to meet the aesthetic
standards of bonsai. When the candidate bonsai nears its planned final size it is planted in a
display pot, usually one designed for bonsai display in one of a few accepted shapes and
proportions. From that point forward, its growth is restricted by the pot environment.
Throughout the year, the bonsai is shaped to limit growth, redistribute foliar vigor to areas
requiring further development, and meet the artist's detailed design. The practice of bonsai is
sometimes confused with dwarfing, but dwarfing generally refers to research, discovery, or


https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Bedrock
https://en.wikipedia.org/wiki/Bedding_plane
https://en.wikipedia.org/wiki/Landscape_architect
https://en.wikipedia.org/wiki/Landscape_architecture
https://en.wikipedia.org/wiki/Japanese_rock_garden
https://en.wikipedia.org/wiki/Thailand
https://en.wikipedia.org/wiki/Plastic_mulch
https://en.wikipedia.org/wiki/Japanese_art
https://en.wikipedia.org/wiki/Bonsai_cultivation_and_care
https://en.wikipedia.org/wiki/Penjing
https://en.wikipedia.org/wiki/Loanword
https://en.wikipedia.org/wiki/Umbrella_term
https://en.wikipedia.org/wiki/Bonsai#cite_note-bonsai_masterclass_peter_chan-4
https://en.wikipedia.org/wiki/Bonsai_cultivation_and_care#Sources_of_bonsai_material
https://en.wikipedia.org/wiki/Cutting_(plant)
https://en.wikipedia.org/wiki/Seedling
https://en.wikipedia.org/wiki/Perennial
https://en.wikipedia.org/wiki/Pruning
https://en.wikipedia.org/wiki/List_of_species_used_in_bonsai
https://en.wikipedia.org/wiki/Bonsai#Containers
https://en.wikipedia.org/wiki/Bonsai#Containers
https://en.wikipedia.org/wiki/Bonsai#Containers
https://en.wikipedia.org/wiki/Flowerpot#How_pots_affect_plants
https://en.wikipedia.org/wiki/Foliar
https://en.wikipedia.org/wiki/Dwarfing

creation of plants that are permanent, genetic miniatures of existing species. Plant dwarfing
often uses selective breeding or genetic engineering to create dwarf cultivars. Bonsai does not
require genetically dwarfed trees, but rather depends on growing small trees from regular
stock and seeds. Bonsai uses cultivation techniques like pruning, root reduction, potting,
defoliation, and grafting to produce small trees that mimic the shape and style of mature, full-
size trees.

HYDROPONICS

Hydroponics is a type of horticulture and a subset of hydroculture, which is a method
of growing plants, usually crops, without soil, by using mineral nutrient solutions in an
aqueous solvent. Terrestrial plants may be grown with only their roots exposed to the
nutritious liquid, or, in addition, the roots may be physically supported by an inert medium
such as perlite, gravel, or other substrates. Despite inert media, roots can cause changes of the
rhizosphere pH and root exudates can affect the rhizosphere biology.

The nutrients used in hydroponic systems can come from many different sources,
including (but not limited to) fish excrement, duck manure, purchased chemical fertilizers, or
artificial nutrient solutions. Plants commonly grown hydroponically, on inert media, include
tomatoes, peppers, cucumbers, strawberries, lettuces, marijuana, and model plants like
Arabidopsis thaliana. Hydroponics offers many advantages, one of them being a decrease in
water usage for agriculture. To grow 1 kilogram (2.2 Ib) of tomatoes using intensive farming
methods requires 400 liters (88 imp gal; 110 U.S. gal) of water using hydroponics, 70 liters
(15 imp gal; 18 U.S. gal); and only 20 liters (4.4 imp gal; 5.3 U.S. gal) using aeroponics.
Since it takes much less water to grow produce, it could be possible in the future for
providers in harsh environments with little accessible water to grow their own food
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Hybridization Technique
Types of Hybridization:
Hybridization may be of following types:
(i) Intra-varietal hybridization:
The crosses are made between the plants of the same variety.
(ii) Inter-varietal or Intraspecific hybridization:
The crosses are made between the plants belonging to two different varieties.
(iv) Interspecific hybridization or intragenric hybridization:
The crosses are made between two different species of the same genus.
(v) Introgressive hybridization:
Transfer of some genes from one species into the genome of the other species is known as introgressive hybridization.
The crosses between different species of the same genus or different genera of the same family are also known as
distant hybridization or wide crossing. Such crosses are called distant crosses.
Procedure of Hybridization:
It involves the following steps:
(i) Selection of parents.
(ii) Selfing of parents or artificial self-pollination.
(ii1) Emasculation.
(iv) Bagging
(v) Tagging
(vi) Crossing
(vii) Harvesting and storing the F, seeds
(viii) Raising the F, generation.
(i) Selection of parents:
The selection of parents depends upon the aims and objectives of breeding. Parental plants must be selected from the
local areas and are supposed to be the best suited to the existing conditions.
(ii) Selfing of parents or artificial self-pollination:
It is essential for inducing homozygosity for eliminating the undesirable characters and obtaining inbreeds.
(iii) Emasculation:
It is the third step in hybridization. Inbreeds are grown under normal conditions and are emasculated. Emasculation is
the removal of stamens from female parent before they burst and shed their pollens.
It can be defined as the removal of stamens or anthers or the killing of the pollen grains of a flower without affecting in
any way the female reproductive organs. Emasculation is not required in unisexual plants but it is essential in bisexual

or self-pollinated plants.

Hot Water Treatment:

Removal of stamens with the help of forceps is very difficult in minute flowers. In such small hermaphrodite flowers
(e.g., Bajra, Jowar) emasculation is done by dipping the flowers in hot water for a certain duration (1-10 minutes) of
time.

The time varies from species to species. This method Is based on the fact that gynoecia can withstand the hot
temperature at which the anthers are killed. In this method an equipment is used which is placed on a simple heavy

stand.



It consists of a cylindrical metallic container of 60 cm length, with one hole of 5 cm to 16 cm diameter on one end to
pass over a bajra or jowar head. After inserting the panicle inside the container a cork is fitted in the hole to close it.
A 35 cm long rubber tube or belt is stretched over the side of the container, and when in use this tube is tied around
the peduncle of the head. To measure the temperature, in the upper side of the container a thermometer is placed. In

the field water is carried in a thermos jug
q

Fig. 7. Hot water equipment for emasculation.

The panicle is inserted in the container prior to blooming for a particular duration of time. It has been observed that
pollen grains of rice are killed by immersing the inflorescence for 5 to 10 minutes in the hot water maintained at 40-
44°C in a thermos flask.

Cold Water Treatment:

Like hot water cold water also kills pollen grains without damaging the gynoecium. In rice 0-6°C temperature is
maintained to kill the pollen grains. This method is less effective than hot water treatment.

Alcohol Treatment Method:

This method is not commonly used for emasculation because duration of treatment is an important factor since a very
short duration is required failing which even the gynoecium may be damaged. Flowers or inflorescences are immersed
in alcohol of a suitable concentration for a brief period. In alfa-alfa, a treatment of even 10 seconds with 57 % alcohol is
sufficient to kill the pollen grains.

Male Sterility or Self-incompatibility Method:

Emasculation option can be eliminated by the use of male-sterile plants, In some self-pollinated plants for example,
Sorghum, Onion, Barley etc. anthers are sterile and do not produce any viable pollens! Similarly self-incompatibility

may also be used to avoid emasculation.

(iv) Bagging:
It is the fourth step and completed with emasculation. The emasculated flower or inflorescen ce is immediately bagged
to avoid pollination by any foreign pollen. The bags may be made of paper, butter paper, glassine or fine cloth. Butter

paper or vegetable parchment bags are most commonly used.
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The bags are tied to the base of the inflorescence or to the stalk of the flower with the help of thread, wire or pins. The
bagging is done with the emasculation in bisexual plants and before the stigma receptivity and dehiscence of the
anthers in unisexual plants. Both male and female flowers are bagged separately to prevent contamination in male

flowers and cross-pollination in female flowers (Fig. 8).

Fig. 8. Different methods of Bagging.

(v) Tagging:

The emasculated flowers are tagged just after bagging. Generally circular tags of about 3 cm or rectangular tags of
about 3 x 2 cm are used. The tags are attached to the base of flower or inflorescence with the help of thread.

The information on tag must be as brief as possible but complete bearing the following information:
(i) Number referring to the field record

(ii) Date of emasculation

(iii) Date of crossing

(iv) Name of the female parent is written first followed by a cross sign (x) and then the male parent, e.g., C x D denotes
that C is the female parent and D is the male parent.

(vi) Crossing:

It is the sixth step. It can be defined as the artificial cross-pollination between the genetically unlike plants. In this
method mature, fertile and viable pollens from the male parent are placed on the receptive stigma of emasculated
flowers to bring about fertilization.

Pollen grains are collected in petridishs (e.g., Wheat, cotton etc.) or in paper bags {e.g., maize) and applied to the
receptive stigmas with the help of a camel hair brush, piece of paper, tooth pick or forceps. In some crops (e.g., Jowar,
Bajra) the inflorescences of both the parents are enclosed in the same bag.

(vii) Harvesting and Storing the F, Seeds:

Crossed heads or pods of desirable plants are harvested and after complete drying they are threshed. Seeds are stored
properly with original tags.

(viii) Raising the F, generation:

In the coming season, the stored seeds are sown separately to raise the F, generation. The plants of F; generation are
progenies of cross seeds and therefore are hybrids.

Hybridization Methods of Plant Breeding in Self-Pollinated Groups:

There are several methods of improvement of self-fertilized crops by hybridization. These are:

1. Pedigree method or breeding
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2. Bulk method or breeding

3. Single seed descent method

4. Back cross method.

5. Multiple cross method

1. Pedigree Method:

Record of the ancestry of an individual selected plant for various generations is known as pedigree. A selection
method, which is used in segregating population of self-pollinated species and keeps proper record of plants and
progeny selected in each generation is known as pedigree breeding. This method is widely used for the development of
varieties in self-pollinated crops.

In this method individual plants are selected till the progenies become homozygous. Selection for plants in the desired
combination of characters is started in the F, generation and continued in succeeding generations until genetic purity
is reached.

The method is as follows

IYear:

Plants are chosen for hybridization and F, seeds are produced.

II Year (F, generation):

F, plants are space planted to produce maximum number of F, seeds (see Fig. 9).

III Year (F. generation):

2000-10000 F, plants are space planted. About 200-500 desirable superior plants are selected.

IV Year (F; generation):

Selected superior plants in III year are space planted to study the individual plant. 3 to 5 best plants in these rows are
selected and harvested (F,)

V Year and VI Year (F,, F; generation):

Process is continued as in F; generation. Normally 20-50 families may be retained at the end of F; generation.

VII Year (F¢ generation):

Due to successive self-pollination most of the lines become homozygous and uniform. The plants uniform in desired
characters are harvested and the seed, bulked together to constitute the variety.

VIII Year (F, generation):

Preliminary yield trials are conducted.

IX to XI year (Fs — F,, generation):

Trials of superior lines are confirmed. During the testing period observations are made on height, tendency to lodge,
maturity, disease resistance and quality.

XII to XIII Year (F,0, Fi: generation):

Seeds are multiplied and distributed to the farmers.

Mass pedigree method:

It is a modified form of pedigree method in which segregating material is handled by bulk (mass) method when
conditions are unfavorable for selection and by pedigree method when conditions are favourable for selection.

2. Bulk Method or Breeding:

A selection procedure which is used in segregating population of self-.pollinated species in which material is grown in
bulk plot from F, to F; with or without selection, next generation is grown from bulk seed and individual plant

selection is practiced in Fe or later generations is called bulk method or breeding.



This method is also known as the mass or population method. Nilsson-Eule of Sweden was first to use the bulk method
and it is in use ever since. This method differs from the pedigree method in that no selection is practiced in F -

F; generations (Fig. 10).

The method is as follows:

IYear:

Plants are chosen for hybridization and F, seeds are produced.

II Year (F, generation):

50-100 F; plants are grown and their F, seeds are harvested in bulk,

IIT Year (F. generation):

F, plants are grown and their F, seeds are harvested in bulk.

IV Year (F; generation):

F; plants are grown and their F, seeds are harvested in bulk.

V Year (F, generation):

Fa plants are grown and their F; seeds are harvested in bulk.

VI Year (F; generation):

F; plants are grown and their Fg seeds are harvested in bulk. (The process may be repeated until the desired period of
homozygosity is achieved. In general bulk period is allowed up to F5 generation)

VII Year (F¢ generation):

Seeds are space planted and single plant selection is done (F, generation).

VIII Year (F, generation):

The progeny of each single plant is grown separately and superior progeny are selected and isolated (Fs).

IX Year (Fs generation):

Preliminary yield test are conducted (F,).

X-XII Year (F,-F,. generations):

Multi-locations field trials are carried out, best performing strain is multiplied for seed distribution.

3. Single Seed Descent Method:

This method was suggested by Coulden (1939) for advancing segregating generation of self-pollinated crops. A
breeding procedure used with segregating populations of self-pollinated species in which plants are advanced by single
seeds from one generation to the next is referred to as single seed descent method.

The procedure is as follows (Fig. 11):

4. Back Cross Method:

This method was first proposed by Harlan and Pope (1922). Now-a-days this method is employed in improvement of
both self and cross-pollinated crops where varieties are deficient in one or two aspects. This method is used
particularly for transferring a single simply inherited character like disease, frost or drought resistance and earliness
from an undesirable variety to a good commercial variety.

The desirable variety is called as recurrent or recipient parent and it is crossed to an undesirable variety, called as
donor or non-recurring parent (called donor because the desirable genes are transferred).

F, plants instead of permitting to self-pollination as in pedigree or bulk method care crossed with the recurring parent
and therefore, it is called as back cross method (A back cross may be defined as a crossing of F; hybrid with any of its

parents).



5. Multiple Cross Method:

A cross-involving more than one inbred line is referred to as multiple cross. It is also known composite cross and is
used to combine monogenetic characters from different sources into a single genotype. In this method, several pure
lines are crossed together. The selected pure lines are first combined into crosses as A x B, C x D, E x F,G x H and so
on.

The F, plants are mated together as (A x B) x (C x D) and (E x F) x (G x H). Finally, the F, plants of double crosses are
crossed with each other to produce hybrids [(A x B) x (C x D)] x[(E x F) x (G x H)]. Further breeding in these hybrids

is carried out according to either pedigree or bulk method.

A. Fusion of Protoplasts:

As the isolated protoplasts are devoid of cell walls, there in vitro fusion becomes relatively easy. There are no barriers
of incompatibility (at interspecific, inter-generic or even at inter-kingdom levels) for the protoplast fusion. Protoplast
fusion that involves mixing of protoplasts of two different genomes can be achieved by spontaneous, mechanical, or
induced fusion methods.

Spontaneous fusion:

Cell fusion is a natural process as is observed in case of egg fertilization. During the course of enzymatic degradation of
cell walls, some of the adjoining protoplasts may fuse to form homokaryocytes (homokaryons). These fused cells may
sometimes contain high number of nuclei (2-40).

This is mainly because of expansion and subsequent coalescence of plasmodermal connections between cells. The
frequency of homokaryon formation was found to be high in protoplasts isolated from dividing cultured cells.
Spontaneously fused protoplasts, however, cannot regenerate into whole plants, except undergoing a few cell
divisions.

Mechanical fusion:

The protoplasts can be pushed together mechanically to fuse. Protoplasts of Lilium and Trillium in enzyme solutions
can be fused by gentle trapping in a depression slide. Mechanical fusion may damage protoplasts by causing injuries.
Induced fusion:

Freshly isolated protoplasts can be fused by induction. There are several fusion-inducing agents which are collectively
referred to as fusogens e.g. NaNog, high pH/Caz2+, polyethylene glycol, polyvinyl alcohol, lysozyme, concavalin A,
dextran, dextran sulfate, fatty acids and esters, electro fusion. Some of the fusogens and their use in induced fusion are

described. A diagrammatic representation of protoplast fusion is depicted
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Selection of Hybrid Cells:

About 20-25% of the protoplasts are actually involved in the fusion. After the fusion process, the protoplast population
consists of a heterogenous mixture of un-fused chloroplasts, homokaryons and heterokaryons. It is therefore
necessary to select the hybrid cells (heterokaryons). The commonly used methods employed for the selection of hybrid

cells are biochemical, visual and cytometric methods

Identification of Hybrid (Cells) Plants:
The development of hybrid cells followed by the generation of hybrid plants requires a clear proof of genetic
contribution from both the parental protoplasts. The hybridity must be established only from euploid and not from
aneuploid hybrids. Some of the commonly used approaches for the identification of hybrid plants are briefly described
Heterosis:
When two homozygous inbreeds (a true breeding line obtained by continuous inbreeding) of genetically unlike
constituents are crossed together, the resulting hybrids obtained from the crossed seeds are usually robust, vigorous,
productive and taller than the either parents.
This increased productivity or superiority over the parents is known as heterosis or hybrid vigour. Heterosis can be
defined as the superiority of F, hybrid over both the parents in terms of yield or some other character.

Hybrid vigour is used as synonym of heterosis. It is generally agreed that hybrid vigour describes only superiority of
the hybrid over the parents while heterosis describes the other situation as well i.e., crossing over may result in weak
hybrids e.g., many hybrids in tomato are earlier (vegetative phase is replaced by reproductive phase).
Types of Heterosis:

Heterosis is of two types:
True heterosis (euheterosis) and pseudo-heterosis.

1. True heterosis:

It is inherited.

It can be further divided into two types:

(a) Mutational true heterosis:

It is the sheltering or shadowing of the deleterious, un-favourable, often lethal, recessive mutant genes by their
adaptively superior dominant alleles.

(b) Balanced true heterosis:

It arises out of balanced gene combinations with better adaptive value and agricultural usefulness.

2. Pseudo-heterosis:

Crossing of the two parental forms brings in an accidental, excessive and un-adaptable expression of temporary vigour
and vegetative overgrowth. It is also called luxuriance.

Causes of Heterosis:
The phenomenon of heterosis can be explained on the basis of the causes: Genetic causes and Physiological causes.
A. Genetic Causes:
There are two possible causes of heterosis viz.;

(i) Dominance

(ii) Over-dominance

(i) Dominance hypothesis:



This theory was proposed by Davenport (1910), Bruce (1910) and Keable and Pellew (1910).This theory is based on the
assumption that hybrid vigour results from bringing together female dominant genes. According to this theory, genes
that are favourable for vigour and growth are dominant, and genes that are harmful to the individual are recessive.
The dominant genes contributed by one parent may complement the dominant genes contributed by the other parent,
so that F, will have the more favourable combination of dominant genes, than either parent e.g., Dominant genes
ABCDE are favourable for good yield. Inbred A has the genotype AA BB cc dd (AB dominant) and inbred B has the
genotye aa bb CC DD (CD dominant).

The genotype of the F, hybrid is as follows:

Inbred A X Inbred B
AA BB cc dd aabb CC DD
F, hybrid
Aa Bb Cc Dd

The F; hybrid contains dominant genes at all the loci represented here (ABCD) and exhibits more vigour than either of

the parent inbred lines.

Mutation Breeding

Muller and Stadler (1927- 1928) coined the term mutation breeding. It represents a new method of conventional breeding
procedures as they have the advantage of improving the defect without losing agronomic and quality character in agriculture and
crop improvement. Mutation means the sudden heritable changes in the genotype or phenotype of an organism. Gene mutations
are of considerable importance in plant breeding as they provide essential inputs for evolution as well as for re-combination and
selection. It is the only method for improving seedless crops.

Radiation such as UV short wave, X-ray, Alpha (a), Beta (B), Gamma waves and many chemicals such as cesium, EMS (ethyl
methane sulfonate), nitromethyl, urea induces mutation to develop new variety of crops. Example: Triple gene dwarf wheat with

increase in yield and height. Atomita 2 - rice with saline tolerance and pest resistance.

Polyploid Breeding

Majority of flowering plants are diploid (2n). The plants which possess more than two sets of chromosome are called polyploids.
Polyploidy is a major force in the evolution of both wild and cultivated plants. Polyploidy often exhibit increased hybrid vigour
increase the tolerance to both biotic and abiotic stresses, buffering of deleterious mutations. In addition, polyploidy often results in
reduced fertility due to meiotic error allowing the production of seedless varieties.

When chromosome number is doubled by itself in the same plant, is called autopolyploidy. Example: A triploid condition in
sugarbeets, apples and pear has resulted in the increase in vigour and fruit size, large root size, large leaves, flower, more seeds
and sugar content in them. It also resulted in seedless tomato, apple, watermelon and orange. Polyploidy can be induced by the use
of colchicine to double the chromosome number. Allopolyploids are produced by multiplication of chromosome sets that are
initially derived from two different species. Example: Triticale (Triticum durum x secale cereale) Raphanobrassica (Brassica
oleraceae x Raphanus sativus).
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(v) 2a1(h (H YLD H6VLILT6TTILDTE &6V

@@ QHHOBHEH v LILEDISGSmeT MM 2 uNfleThgeaNe U6 &HE IHMI6IS
2 6CHTEHS &ELLIL 6160 UMSSLILGEME). Gy Qengdlen CleucuGoum @6mIG6T 6LV
@0y GEUSH6T CQeucuGoum QeThSHEFSHG Q6nLUNeOMeT SleVIEnaIGHET STV
HEVULIL| SI6L6VG LUTHS SHLHGH6L 6TOIMID SMLP&HSLILIHATM6. Q&HHMBUI Fey|6nEIGHET
QBTG HVIENHEUGHET 6T60TN] S6MLHEHELILI(H S 6OTM6IT.

&evLiNenr Q&WIEL (LD M:

A& NETQUBLD LI SHED6T 2 6L SEILIS):

() QUDCOTEMTS CHIHESHUILSI.

(i) QUOCOMHIEN &WBHELD VLG QFUWINHENS Gl &ETHSHEF CEFI&HME.

(i) €NEVEGH6L.

(iv) GUSEHIMI

(v) @MEQETEL

(vi) BL§ &6V

(vii) 61211, lem G Hemen simieuenL. QFIIHeL OHMID C&LNSHeL

(vii)) F1 $6060 (LPEMMEMUI QUETITLILIG).

() QUOCPTMTS CHIHUSHBLLSI:

QuOHCoTenTs CaHIHESHLILG QTLCLHSHSS 60T CHTESMGET MM CHTSHSMSem 6L
QUTMISSHGI. QUDCOT STEUTHIGET 2 6ten] LUGHSaT0BHEH CHIHOSHSHILL GCaleun LD,
Cglld siemeu §MHGUTGIeTeT BHlemeLem&ErHE NGHaID QUT(HSSLOTETENILITS @)(h&HS
Geuetor(pLb.

(i) QUOHCOMHl6N &IBHEVLD LV QAFWIMHENS Gl &THGEF CETEHMS:

ABLUSHETS T(PSHBISSHMET USDMIUSNEGS LD, QETLIALG SSRGS CLMIAISDEGLD
CammCrmeCaTHL 1gmuwsd FHIanhHaudnNES Q& SHeUFIILD.

(iii) QN6L&HGH6L:

85 HOUNTHH60T CLPEIMTEUG LigITGLD. QelQuUBSSLD Frgmyen Henevsninseies &L
QaMf&SUILGRSHDG OHMID Simed ASHOLLGEH6TDeT. Custn QuHCHTHIL OGBS
D&EIHSMRIGEN6T Cl6llq &56F CFIISMGLD, UMM LOSTHSRIGMET SlhGHIUSMGSLD (LP6OTL
QMMM SOHMIQH FLOTEVGCLOQ6IT @ LD.

Queter QTLCLBSS 2 MILILSEMET 6ThG 6UMBUNEILD LITEHSSTIOE O&IHSRIGET HLEVH)
LOSTHSMRIGEDET ASMHMIEUS] ALVG (b UaN6T W&ENHS HMENRISHM6T CSTELEUS| 6T6uT
QIEMIILIMISSHEVMLD. seMemm LITedl6nT Hreurhisefled FLoaVEGGag6 CHemaluleLamev,
SLEUTEL Q(BLITEL 9IELELG &l W&HTHHEF CFlq&Helled QG SeI&uiLD.
FLO6NVGGEV66MISEGL LILIGTLERSSULGLD LLGaUm| (LDEmM&6N



&0 By H&&ms:

~GumyQ&Lerdler 2 el 6T L&IH RIGmeT SMHMICUFH HLOL L &&aM0 NSHE|D SHlq6urid.
IHHMGIL SM Qamyr-LCHTamL L L &&eflled (61.&M., LRI, GQrell)) eLIHmen 62(h
GSOUILL &TeHHMEG (1-10 HILOIL_MIG6T) FL e Bifled HEMETLILIGHE eLH6VLD
QewtUGHMS).

Cry @enhiget IMILUGWD. Qb LPeom, BCeamaLT W&IHSHST Q&MLeLILERLD QeuliL
QeuliLBlenevenuls FHMTRIGLD 616N 2 6BIEMLDENUI Iilq LILIEDL WITSHS Q&TEL &l QbHs
Wenmulled e &l LWeTURSSLILGHDSG, Q& €2 6Tailill S6uTomest HlemeLILITL .60
06USSLILI(EHME).

@5l 60 Q&.18 Herpeten @ 2 (hHemem 2 Ceomsd Q&MEEHMETS QST (H6TaTg], 62 (h
glener 5 Q&8 (PHev 16 Q&5 N LD QsMEHIL (1 (LPEM6TTUND €(H LRNT H6L6VG)
Cgrmauy Hmes@E G CQFLAMG. C&TETHMISGT Cuaieamend QFmAW 6T ims
eBUSNHG HMEEGET 6(H SMJ&H CQUTIHSHSUILL (H6Terng).

35 Q&8 Berpear gULY GLOMI SI6L6VG QLILL Q& TeTEHeV6DN60 LIGEHEUTL Iq 6D

BLLUuC (ReTeng), LWesTUmL 160 @(h&GWLCUTE QbhE GLOML Hemeoullsit LUTHHmS &b
SLLOULC (herTengl. QeuliLhlsmevsnil emaill, Qsmenseuesisnr GOeL L&SHSHSH6L €2 (h
QEFCLMBLL T sneussLILGEHADS. euweded B @k QHICLITaV GLSHHD QHTaEIH
QaevevLILBEM G

@@ GHUILL &MuHHMNEG UGS (6T QaTeHeeilsd Guaas Q&FmaULGHDS. @
Qg FCLomery Menmerv&ed 40-44 at C Qeulibbhleneoued LFTLRSSIUGLD FLmesr Hifled 5 (Lp&HeL
10 HIOLMmiseT Eh&f Biled CLPNGeUSH6 ceod SR W&IHS STeuflimiseT
Q&MeLeLLILI(HEUMGE SHTETUTEVITLD.

&MiHg B HH&ms:

gL meor Bemgl CumeLGeu Gelifhs HHLd HCMAWGHmME CFHLUILMH ST OETHS
SMENLRIGN6TE Q&HTOLHME. Hf1E 0-6 temperature C QeULILIREMEL OSIHG &MevTILImISEm 6
Qamebev LNTOF&SUILGADE. Qhs (WM GLmer B &HSSHLL L GenmeuTest
QEWILSMETT QSHITEHITLG).

QST FHEFMF (6! M:

Qs (Wemm QUITHIQITS FLOENVEGG6La6mISEGL L6LI(H $SLILIG sudHeLsmev , JCl6Tsoiled
§EFmEFUN6HT HMLD 62(h (LPSHWILDTET STTEHNLITGLD, gJCleesiled &S GMISAII SHTeVLD
CoemeauliLheusmed CamevaNwmmsl, Q& HCMAIILD Fal. CEFFHLOML UWISHFa(HLD. LDEVTESHEIT
SI6LEVG)| DEHEFF 6T 62(h GMIAI HTLHHMSG CUTHSHHLOMeT CQFMIEN6I Y60 HAUDTEL
CPLDEA QHSEGLD. 460 LIT-460-.LITEN6D, LO&HTHS FHTENIMRISHMETS C&HTELE 57%
SELHAMTEL 10 I &6T Fal HHFME GUTHILOTEITS).

SLEUUT LDV (B HHEENLD HEL6VG| &FHII-CILMBHSTH (LPMM:

SL6WT-LD6VL (B HTUPRIGEM6NL LILIGTLI(H S SIS 60 CLPEVLD FFLIVEGGe0 e66T )l LILIS M S
SIBHMEVILD, T(HHHSHTLL TS, &Ul &EIHHEF CEIHmMe CQFLLILLLL. §ev FHmeunhisefie,
Gamend, QeumISMILD, LMedl CUTETMEm6Y. &IHSRIGET VL (HEHHEMENLD ClSHTEIuTL 636,
Coglld Slemer FTHHUILTET EIHSRIGmeT 2 DHUSSH QFuwng! QCHCUTEL &il-
QUTBHSHTSH &6TTEMDMUILILD &ENT&HSHEVITLD.

(iv) GUSSIRI:

@& BIEISTUFH Lig UITGLD. 6ThGEeum@ Qalefbr (B WaJHHSHSTVID O&THSHE
GCersamaemilg SNTULSDHSNSG FLOVGGCOLLL L 6060 LDEHFS 2 L 60Tiq UimsL
QUOUUGEHMSI. MUSET STHGLD, QEUCTIICIETT SHTESGLD, HEUUI6uITy LV HMHS



SHIEWNITEL QFUWILILILL 6VMLD. CleUGEIQIIL SHTHHD LV SHMUSH SHTHHHCHTEL 6MLIGHET
QUGS LILISTLI(H & &LILIG SHl6dTm 60T

EMLIGET DEHEFS Sl aUTTSHHL L6VG L6t H6uoi(HL 60T HITEL, HLDL S16LELG 261 HG6r6oT
2 Sl 6T LNenenidaLILIL (herTermer. @ (HLTEOIE HTaUfhiSHaNeD FLO6rVGGe0696dT LDMHMILD
@MEnM LITeOl6T FTeUThGHafled o 6an &JhGHSNHT SeMhHD gL WOHMID eNe0&HeD
SpHWUDOMIGS (W61 CUSHR QFLILLGSDG. QL6 L &&efled wreHuGealenGulD Gueso
U &&6M6L GMISSG WaIHHE CEIHMEMIILID HHES Q60T MM LTI L S&6r
A6 H6vNGHSHeUNLITSL Llg &8 LILI(H & 60TM6sT

v) @M&EQ&T6L:

QUTDIGSUILL L L &&6 CUSSHM QFLIS N6 &MSSUILMGREGTMT. QUTHIEUTS &LOM) 3 C&.8
QILL S GMEQAFTHSHET 6LV &GO 3 x2 Q&8 QFeleus GMEQFTHS6T
LWIETUR S SLILGS6iTmest. GMEQSTMHSH6T LLaN6T Siq LILGHUND 31606V G| LDEhFIF HTedlest
2 G| 60T Qen6uuSHSLILIL (herTereor.

G&MNEFQFTEL UMM HEHEULSET (Pl HHEUD] S (HSHHLMS Q(HSHS Ceuesur(hLD, o4,60TTeL
NeTaUBLD &EHEULEBMATSH STHIE (WD(PDLWTETSTE Q[h&HS Gelstu(Hid:

(i) Yoo uHeneud GM&HGLD T6v01

(i) MMevsHeL CHE

(ii)) HL &G CHH

(iv) Quegsr QuMHCOMH6T QUILT (PGS GMIGHES ML IITENLD (x), LN6T6TT h6tar QUG
6.8, & x1q eT601LG & Quetsr QUMHECOMT eTeaTMID 19 Q601 QAUHCOTT 6TTMID GMSHMS).
(vi) BL§&6V:

@& pmreug L. Q& STeurhsenear Gumeusiid LD [FHWITS @enL uNevmest
QFWMms GMISG WEIHEEF CEJHmS 6T6Tm) eUMTUMIGSILGEDE. Qb (LpemMUIeL,
Sh6001 QUOHCOHMHL OGBS (WPHJESILEDL[HS, 6U6TLOMEST OMHMID FTSHSHUILDTE LDSIJHES MIS6IT
&(HSSMLmUS Q&TEI(HeUBHISHSNS FLOVGCOLLL L&eHeler aunGeaumLé SHemmissHed
69 6USSLIL(H & 6oTM6dT

O&IHS FHTefmIGT CULfliq60856M60 (61.8M., CHTGHINLD, LIhHSH GUITETMEMEN) HELEVE)
STHHL OUKHETNGD (61.8M., D&HTEFCEFTEND) CFSHHEHSUIULE @LL& (Plg SIFleNs, HTHES
glewi(h, UL CHije ieLeLG| ~CuTTRFLey ShHIeUDHMIET 2 HEU|L 65T JMHMISHE ST6TEHLD
SMMRISRISEHSSG LweTURSSLILGSeTmerr. Sev LUNT&eied (61.8., Ggmedl, ugym QumHGMITY
A meurflett EhEFFNHEHD @CT MUUNED DL SSLILIL (h6TTereot.

(vii) 6101 1 eNlemngHenen ML QFUIHEL WMHMID CFLOGSH6L:

aN(BOUSSHES STAUNRIGATNHT GMIGE HEMELGHET VLG HMILIGET ML
QELWINLES6TMET LOMMILD (LA (LPEMLOWITEST 2 0THEH! L6 66U B SLILIE S 6STmeT.
QNG ST FL GMEFQAFTHHMNS Qamen(hy FHwng CEOSSHLILH E6sTmeT.

(vii)) F1 $6060(LDEMMEMUI GUETITLILIG):

I(B&HGLD L[HOUSSH, 61.-L 1 MV (LPMMENI 2 IITHSHIUSMSHTEH CFLOISGSLILIL L
QNG SH6T H6&HSHENITE 6N GHSHSLILIHH6TM6I. 611 1 M6V (LPEMMUT6IT &TEUHIGET
GMI&G aNengsellett &hgSUNewT], 661G &6V LILTN6UTRISHET.

Gl &IhgE CEIEMES & (P&HeMeL GTeur QETUALL &SSO 60U (LHEDMEST:
&ELLINENSHHTEL &W-S(HeYMmM LUNTHemen GOUGSHS LI6L (LPDMSET 2 _6T6r6dl.

3|60 6ULLITEL6TT:

1. LUJLDUSDIT (DM 4606V @ 6uTLICILI(H & &LD

2. QTES (DM 3I6LEVG| QETTLICILI(IH &S LD



3. @memm elleng eubgmeuefl (LHemm

4. 06T GMISHS (LPeOD.

5. L6V @GMISGS (LPenm

1. UOUEDT (LP6MM:

LeLGauM HMEL(PMMEATTE CHIHOSBSSLILLL (b STaursHHein eubFmeuafeniit LHMIL
udle| eubgmealedl sterr AMPSELILGEMG. 2(h CHIe] (WD, QFH FW WETHHF C&FJHMS
QeSS D& SETOSTmSMWIL NFl&H0 LeTUGH M OHMID §elCleum (b
SemeL(WemMUIID CHIHEASHHSSUILL L STaUNRIGET WOHMID FheHuNeflesr &ifluimsor

LuSle &emen neuUSH(HESMGI. G WW&IHHEF CFJHMSE LUNTSHaN6L clemaSailer euea]é&ed
Ans (Wemm LFeueLNsL LILGTLGSSULGEHMS.

Ang Wemmuiley, FhGHulleny CamrGLOmemEsHerons MMID el HeNUUL L. STEUNHIGHET
GCainAs (G ssLLGETDeT. eNHLEIW 6T(LPSSHISHEM6T SHeVEMeUUTNCD GTEUNIRISEh S ST6u
Caiey 61l 2 emeo(pemmuiled QHTLRKSILL (R LJUGY SN L Wb o] SIhsS
SOV (PEMMEATeL QST FHMS).

IHIT60T ), 6501(h':

SOLNEHH MG STeUTHIGET CHiTey Qeuwiul (), 61-l 1 eNengsHen 2 MLGHE
QEIwIL(H &l6dTm 60T

AT TLD Y6501 (6T.-L1 1 &HEMGV(LPEMMD):

610 1 HTEUNRISGET HHSUL& 611 2 NengaHenen 2 MUGSH CFuiwl QLD BL LU &6t mest
(ULLD 9 U LUMTS&6LD).

11 601(H (6T 2 &EDI6V(LPEMM):

2000-10000 6T..L1 2 &MeUNHIS6T eNesortleuaNuied BHLLILBSH6TME. &LOM 200-500 eXN([HLOLISHS &5
2 WihHe Smeunmisen G JHhels(H &8 LILIH &H6oTmeoT.

IV g,680(h (F3 &6060(LPEMM):

CLGIIMMLD Y60uTlq.60 CHTHOHEEHSLILLL 2 Wifhe STEUNRISET SONLULLL HTEUTSHDGLI
LSS @L LD BLUUGSeTmer. QbhG euUflenggeiled 3 (PG 5 SMHE &TeUHIS6N
CoHHEsH&sUIUL G mieenl. QFwbLG & eoment (F4)

V oL601(h MMID VI L6616 (F4, F5 M6V (LPEmM):

611 3 Hemeu(Wemmeniitl CUTeLGeu Q&FWIEL (M QBT JHMGI. QUTGIQUTS F5

H6m6V (LPemMUT6 (LIl eN6L 20-50 & (HLDLIRIGET &8 &6M6UGHSLILIL 6VMLD.

VIl Q460015 (F6 H6Mm6L(LPEMM):

QamLj&Fsme &W W&IHEHE CHTHME SMIEOILTE GUHLOUTeLTsT CaHT(H &6
flenéCeéams MmmID Fymemsnel. NN SSTUTSSHTRIGNE FITen &ralfhige
SsimieusnL. QFtu@G&eTmen WOHMID aNeNG, €260TDOMS @6 600185 &LILI(H Hl6dT M6uT.

VI 46801(H (F7 &6V (LPEMMD):

LLJEUMRIS D& G0 GCEFMHMEUS6T bl &GLILIE & ome.

IX (WPHL XI S6601(h (F8 - F10 SH6m60(LPMM):

o Wihg eulseiler Cangemensen 2 MISIILGSHSLILL (HeTens. Cangemnens &HrevdSed
2_WIPHIGET, 2 enmeilL LD, (IPHFEFEH, CHITUI eTHILL OMID SO GMSHS AUSTEOTLILS6I
QEwItL(H &leoTm 60T

XL (PGH6L X1 Q601 (F10, F11 H6M6V (LPEmM):

aeng &6 QUHSSIUL G eNeusmuls@hé@ eNBGUITSH &&LIL(L &6t met.

QeuG et aubgmeueil (LHemMm:
@8 aubgmaueilenit TOHOWIMGS 6llqalTGLD, @HeL HUbSemengen CHijelsHE
EMHSHLNG QHSGLCUTE QTESLONE QeUGR6T) (WMDITD LNf&&LLHHGTDE WHMILD



Coij6UsE HemeusnngeT FMH&TS Q) ([H&HGLLCUTE euDETaleT (LPEMMLLITED

O SWITOTLILI(H & 63TM60T.

2. QDTS (DM 3I6LEVG| QEUTLICILIIHSHSLD:

61l QLTSS (PeMM I6LELGH QTLIALIHSSHID 6T6TM SMLPSSHLILRHME).

QbHE (PMM CEUGRET VLG LGS CFTENS (LPEHM ETTMID MG SLUILIGHMG).
ervail_etfler MeLEF6IT-ULLEL (LDS6IT(LPSHEOL QDTG (LPEDMeMUILI LILI6HTLI(H & S6oTy, Sig|
ST\ ([BHG LIWI6ITUTL 1960 2 6T6n&l. QbHS (emm eulbgmeueatl (HenmmuNedl(hhHa)
CaumiuGAMSI, @HeL 6111 2-61-L1 5 HeMEL(PMME6TIL 61hG CHTLD HemL (LPemMUT6L
@evemev (LLLD 10).

pemm 16dT6 I LOMM):

IBITe0T 24,6901 (h:

SOLNOHH MG STUTHIGET CHiTey Qauwiul (k) 61l 1 NengsHen 2 MLGE
QEwIL(H &leoTm 6oT.

@geuoILmDd oy6001(h (6111 1 H6MEV (LPMM):

50-100 6T.-L1 1 SHTEUTRIGET 6UMTSSLILL (B UMM 6111 2 NenG &6 CILDNGSLOMS
SimiaenL QFuwiLp &eotmen,

11 601(H (6111 2 606V (LPEMM):

6111 2 HTUNRIGET UeMISHSLIL(HH6TM6 MHMID HeUMMI6 6110 2 eNeNG&H6 QLDTSHHLOTS
SimiaienL QFWILILILIE &6oTmeuT.

IV gb680(h (F3 &6060(LPEMM):

611 3 HTUNRIGET UeMISHSLIL(RH6TM6T LMMID HeuUMMI6H 611 4 NN H&H6M QLDTSHFHLOTS
SimieuenL. QFuwICIL(H &6oTmeuT.

el ge(h (61U 4 HMeL(PEMM):

61.-11.6] STEUNRIGET eUaTf&HSLILIREleTment OMID HeUDMIET 611 5 aNeng&Hen CTSHSLONS
SimiaenL QFWILIILIE &6oTmeoT.

VI QL6001(H (F5 &H6Mm6L (LPEMM):

611 5 HTUNRIGET UeMI&HSLILRH6TM6T LMMID HeuUMMI6H 611 6 NeNGH6M QILDTSHHLOTS
simieusnL. QFuiu@ &eormerr. (CamTCLMEmFCHTHAL IquNesT aN(BHLEIL STEVLD SlemL U|D
aeny Qhg QFWeL (Wemm e (HD QEWILILILL 60MD. QLTINS 61l 5 HM6V(LDENM 6D
QTESLOMS SlIDSH&SUILGHDSI)

VIl Q46801 (H (F6 S6m60(LP6MM):

allemg&en efecleuaiued BHL LGSl WOMID emenm ey Caie| CFwwlLGEDS
(F7 &6060(LPEMM).

VIl 46801(H (F7 660 (LPEMMD):

@aIQT([H STUTSHHET FHHHIID HeoNSHHENITS eUTEHESLILGHETMET DOHMID 2 WINhH
ghsHuNeny CHIHEHEHSHSLUUL (B HeNenoliL(h$SLILEHDMIS6N (F8).

IX 600T(H (F8 &6060(LPEMM):

LJeUMRIS &G0 CFMHener bL S LULBEMS (F9).

X-X11 Qb60(H (FO-F12 865160 (LPEMMES6NT):

Lev QL MGET L Camgenessen GMGSTeTarLiLG&Hement, alleng eNBGUITESHM &M
ans QFweLHMe Hfly QUIHSSILGHMDEI.

3. @memm alleng eubgFTeuel (Lemm:

&l W&IHHE Caysmal LUNTHme NfUUmS (PTGarmHMIQISHEHTE QbHS (DM
SITEOTL 60T (1939) LfHGHIEOISHSHE. & W&IHHEF CoI&Hens Qaunuiul L o ufiflesmiseeor
&SETESTMSHEMWIL NFILILG 6T cLpevld LWETURSSLLGLD 6(h Q6mLIQUHSSLD



QWL (WM, QSHEL FHTUJMIGET MDD ANMGHETEL €(H M6V (WPEMDUNO(BHE 3I(bH&HS
SO (WDMMESG (P6TGeIMID. eMemm eilemg eub&meuan (Wewm eTear GO LILGH DS

4. N60T GMISS (PO

Qg (Wemmeml (LPGHedled aMMjeuesT WMMID GCUTL (1922) (LP6STCILOMLAIHEEDI]. €268Tm)
216V GH QTN SDFRIGETD QUMBHET GHMMEUTE Q(HHGLD &l HMID SMISHS
&IHS CETHMS LUNfHemer GCLGSHHSHD @UCLTSH (b (LPMMD
LweTu(RSSLILGEDG. QHS (Wenm GMILLTE GHITIL, 2 U6l 96LEVG UML & 6THITLIL
OHMID NBLOUSHETS UmSUNOI(HHEH 62(h HELEL QUTING QUMSBHE SHTHIGLOMUL GUITETM
QDM ILSFTIHE S6OTenLDMII LOTHMIUSMHSL LIETUGSSULGEDSI.

A@BLOLSSHSS euens aGHWD Wan@En Nevevg QUMIBT QUHCOT 6T6Tm)
SMPSSILGED G, CLoId Q& @@ aNBLUSSHHTH QIMEHESG GSMISHLLILGEHDS, Q5
BETQSTENLIITe] 6LevG BGNHD H&Te AUDHCOTT 6TeT HMNSSLILGEDS)
@NpLOLUSSHES LDJUGDISSHET LDTHMLILGREISTEL HeiTCSTENLUITET] 6T6oTM)
SIMLPSHLILGEM GI).

61 1 HTOUNRIGET &l WEJHGHEF CFIHEMEEHES AMILHILSDGSL LUSH60NS, QG ML &I 6ot
QUHCOTBL 60T HL &&LILI(HH6oTMe6nT, 6T6o1Ce, Q&I LN6T GMISES (LPEHM 6TETM)
SOD&GSILGHDG (25 N6l GMISS UFH60T QUOHCOMTHATED 6TaUHL I 6111 1
SOUNTSHMSHS SLLILG| 61681 QUEDIUIM|SHSLILIL GVMLD) .

5. U6V GMISG (LPemm:

@6TMISG GOHULL @emNArL Cam(p FLUBSLILULL GSMISGSOQIL(H UL GMISS eT6r
GOUALIUGEMS. @& &Ll GMIGS 6TamID AHMPSSUILGEDS WOHMID CalciGoum)
epeLhISaNEN([BHG CLTCEITARENG S 6(LNSHSISSMET G LOILAD| UMSWITES Q6n6u&sLl
LweTU(RSMG. QbHS (WeMUTD, LIev Hl CHT(HS6T 6260TDMSHS &L &&LILIH & 6oTm6uT.
CoHIHRSHH&SIULL. Gl CaHTH ST (LPHVleL Flemeausennd Ax B, Cx D, ExF, Gx HMHMILD
LI6V6UTS @)6m6u0T&HSLILIH 60T 63T.

F1 TQUNBIGET (A x B) x (C x D) LDMHMILD (E x F) x (G x H) 6T63T 6260TMMTS @6t 60018 LILI(H & 60TM60T.
QmHins, QrLenl. Hgvleneusanetn 611 1 TUJRIGET 62(HUBHSCST(HEI] S H)
&ELLILN6EIRIGEN T 2_(Ih6UTHGSH GTMET [(A x B) X (C x D)] X [(E xF) x (G x H)]. Q& &evLILT6vThiGerNen
Cugilb @emlQLHSSLD aub&TeueT 6LeVG QLTSS (pemMLLIG CmAsTaTaTLILGEEMS).

A 4GrmLGLmllenmervL_seffeoT @)en6u0T16):

SeNenUUGSHHUILLL LEITLCLMANeMTeroL_ g6 QFeL &euf&eT @eLeurg&me, Ll Gym
Qeneuiey el L eneled eTeflgmengy). LCHMLGLmAlenmerol. @emeuuney&amen CQUTHHSTS
Heotend (@ enL Qeueilufled, QemL-QUITGIOUTsNT H6L6VG| LMTHVMISGELSHE @enL ulevmss
DL L RIGEM6L Fal ) HML &6 61GHeD Qevenen. Qreioi(n QeusGeum) LorLIEsD)| & erieor
HCrmLCLmenmeroLl_semen &eoLiLeng 2 eTeT&&Hul LGrmLCLmfenmerol @eneuoiey
HeoT60NFENF WIT60T, QUIHST SI6L6VG| HIGTULLILIL L. @6m6uuie) (LPMMEBET CLHEVLD
SI6MLWILILIL_6VITLD.

6016011 &60 & WIMEST @) 69)600T6Y]:

QaeL @Qememute) 6T60TLIGI (LPL6OL &H([H5SFHHL allegisSled smealiLheus €
QUM SUWITEST QFWILUPMMILITGLD. CQF6L Geaugsaiest CQBTHE Sengaler GUT,

S EI6Ten Hlev LGCHMLGLMNenmevLl_geT CammGLomsmflGmen gL (B &emen
CammCrsTHCWTETST) 2 (HeUTES 2 (H56Fa(BLD. Qhe QM6aHe FL&T &6
ChImi&ened Si5& 616501600T56mBUNCVTET &(1h & &HEM6SH GlSITEHUNLG.(Ih&HSHEVMD (2-40).



A5 (WSAWILTES Q&L &6 QenLCul NemmeroCLTCLFLeL @eneuurLiLiseflest alifleum&sLd
LOHMID ABHEHSHHHS 6 HRIGNEULIL STJEILNEGLD. CammGLTSTHICUITET 2 (66T &S H 60
SI5JQeuetor LsgoLL L. QgeL &emenll LNFLLSIL QBHE &esilemnliL(h SLiiL L

LG GLmenmevL_&eMed iSH&LMS @ HLILG SGor MILILLLL &) sTeueuTmmuimiLd,
H60TeoNEFNF TS QenendsLUL L HCITLCLMIeTTervL &6, (b Hev Q6L LNfley&HEr&H&

o LULLMGS §6J, (PP STUNHSTS BB 2 [HauTHS (LpIguimg).

QuIsHly Qeamamay:

HComLCLmNenmervL_semen e6iiMlenemnés QUIhHEITSHSH6UINS Qen6u1shs (LPIg U|LD. 6T63Ten&LD
SMIFLHAMNG 010D WMHMID L flebedliig et LGHTLCL MNeMmevL_ &6 Lo6oTdCamjey
GrUEMELIQEL QIDGHIEUTE E&E 6UBHEI CLPeULD QEMEISSLILIL 6OMLD. Quihy Qemevurey
SMURISM6T JOURSGHIUSH60 cpeold LCHTLCLmllenmervlsemer C&HLULRSSGILD.
SGGTL_ LU L. @émeuure:

LUHSTS Fevilendlit(RSSLUL L LCHTL CLMIeTervLl_Senern STl 60 CLHEVLD @\6m6utldHs
(Wl WD, UL Q\en6mte)l-Geuti(RLD (LDSEUTHET 2 666, emeU Fal LM LCETRETTHET 61607
GO LUGE6TTMETT 61.8M. NaN03, 2 ullf pH/Ca2 +, LmedleT&eSetT HemenCaimev, Lmedlesmsure0
SLELSHAMITED, MEVCEFTENFLD, HT6TTSHTEUO6I 6], (L GErOL[T6dT, QL &ervL_[jrer FeLGLIL,
QSMLPLIL| SILOILRIGET MMILD 6TONVL &6, 6TVSL GO LI, 6063, Hlov ..L|GCFTR 66
WOHMID Gl LUl L. @enciaNled Sieumdlest Luwlestum® eNeurl s (b emenso.
HComLGLmAenmervl. Qeneuniallest eusnUL LNJHBSS Geud §% s &sLLGHSDE)

&6LLILN6T &eLMIG6TET CHIT6Y:

&LOMJ 20-25% LGmLGLmAlemmevL g6 2 ciorenoulled @enesoieNled rFHLL (B6iTernent. @)emeuviey
QEweL(LPmMMEGL LNMEG, UCHTLCLMIeMTerVL D&SH6TESTeNS .61, @60 6ISHSLILL TS
G&CeaGymienme vl g6, CammGrsmilGuwimesgen WHmID abl CLrCymeTilGwimesm&efesor
@ LIPS HeLemeUmLIS Cl&meuni(hereand). 6T6o1Geu &eLLILTen G&6L SHemern

@I CLTComamilGwimsigs) C&HIHE%HHEHS Ceustlquigh HeuSID. HeoLTN6m Q&6L &mens
ConesGLUSMNEG CUTGeUTHI LsTLUGSSULGL (DM 2 uNjCeudHumiied, & &
LOHMID OELCLTALHE (LPOMES6T @& LD

&6LLILN6T (QF6LH6IT) HTUNMHISETI6O ML WITETLD:

&SeOLIN6TT HTUNRIGENET HemeL(PEOHMEDUISG QSTLIHG HevLlNenr 2 uNjeun|s 66w
QeMEf&G CQUOCOMY LCHTLGLmNemmervL &afled(bh LOJLISTD)I Litkhi&erLIL&EIT 65

Qg efleumenr Fmeim CHemeUILBGEMGI. HeOLIN6OILOMETTS] Wl LIemmiiig e0l(hh& L (HGLD
AmieutiuL. CauuBLd, Qemmed SHgMIGaTTuiL. &HeoLiNemhisefed(BhE S1606V. &6V LiLTeur
STUNRIGENET SIEOLIITETD HT6uT CUTSIeUTS LILTU(RSSLULGLD §ov S| (DS
&(H&SLOME eeufl&sLILL (heTernss

QamL GCLrGryméery:

FaMISEneLl GLITELELELITLOEL JUE) FHIWNE @ran( CammGLomemnssery
ATLQAUHSSRIGET QST FFHWITeT Q6TLIOUHSSHLD epevDd QUMUILL L. 2 650160 LOUIIT 6T
QG SSLD) 660TMTHS SHL&HGLCUTE, GMISES 6Nl &Hafedl(hhgh CLMUILIL L
SeOLINeTRIGET QUTGIeUTS QUHCHTENT Nl eugyieument, affliome, 2 HUGS OHMILD
9_UIJLDIT60T60I6Y.

QuHComilet @hg SHSNSHSH 2 MHUSHSHMET L6V CLoesTend anfl CLTGHTHerv
9I606V G GeoLiNer aIflwid 6T60TMI SUMPSSHILGEMG. D&FD LG Caiml JCHEILD
H6otenld Y &lieummiest Silg LiLsnLuNed QUOHCOMT(H&HE CLeLTs 61 1 &6V LI6TS S
Cuettemin 61601 QamL QL Crrilev eusmpwmissLILhHamE.
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QUOHCOTH&ESG Gleons sevLiNeg e GLositenlnsnil WL GG eNeuflsHmG sTeTm)
QuIrgIaTs elI&AsTsTaILGEAME], SICH CHISHH afl CLTCrT&ev MM
Gphlemevenwiu|d eNeufl&Hme, SGTeUG|, HLhG CFeL6IG LIVOTEILONGST &6eVLILN 6ThG6n 6
JOLUGSHHHFa(HLD 61.8IM., HHSTEMNUNGD LI HELLILNEIRIGET (LPHEMGHUIENEU (HTEUJ HLL LD
QeIICUBSS SLL§GMeL mHOULGSHDE

QML QL CHr&ey eUmSHH6IT:

QamL CLrGymey @neioi(h 6UMSIWIMGLD:

2_genLowimest el GLrGrm&ev Waml AL Cyrilerv) wmmib Cured-aflCLmCym&e.
1. 2 egoremowimest anjlGLmGrmélerv:

@8 WIYFlemLIWTGLD.

Qeng Celld QUeoi(h eUmSSHaTTEHL LTIl &EHE0MLD:

(&) ugerouy o auenowinet anjl GLrGrmélery:

ShE aleneatal&@Ld, STH&MM, QLIHLOUTEILD LS ST6, NeiTeorenLeumss LNMLDHS
LOJLIEDIS Sen6n HeuM e §EHeUmLDLILSEEG CLO6VTET HH&HES HESELSETED ML S&60LD
SAV0G| HIPSL HBEDSI.

(&) FLLUGSSLIUL L 2 suenlowimet anjl CLrGyméerv:

85 mhHe HeHeuamLIL WS OHMID eNEUSFTUI LILIEHIL 65T Salq Ul SFYT6 LOFLITD)
CarsemeHeMeOlBhG 6T(LHEMS).

2. Gumedl-eufL” GLmGym&ery:

Quean® QUOHCO) QllgaIhiGmaTS SLLILG SHH&TOs afflwib WwmHmID Sreuy eler)sfuesr
SMHCIFUICVM6T, ISHSLILIG UITERT OMID CQUTHHSTSH CleuaNiuUm_enl_& C&meunn(hel[hAME).
8 QF1Ga 6D AMPSSLILBE M.

QamL_ QL Cor&erdiest SHITJ6unIRI &6

il CLrGym&leriett HlHLpe) STIeuuIhiSeleT Sl LliLenL_uled eNeT&SLUILIL 6OMLD: LDJLIGTD)
SMIEUIRIGET LDOMILD 2 L 60IUIED SHITJ6TuTRISHEN.

A. LDIJLIGED)| S ITIJ6U0TRI S6lT:

L CLICymHerv6@ Qe FTHSILILOTET STJEUThRIS6T 2 6660,

() %SG HLD

(i) S1H& Y H&HLD

() BH5858 &([HGHCHT6:

Ang Camumenl GLeussTGUTTL (1910), LeHerv (1910) WMHMILD SMelm wHMID QLeLGeL
(1910) QACWITT (WPeTQALMABG 60 .Qbg CHTLUTER U HH&HS LDILITDISSHen e
€60TMIEMETTLILIGH 6 cLPEVLD e Lierr efffluid eMNeneTHME) 6T65M HEWILDIT631E FH6oT

Sl LILenL_uNedL SinLdhgieneng. Qb C&HMLUMLIq6dT Lig, fflwid wmmIb eueTj&HN&ES
ENHSLOMEI LOJLITISHS6T YHEEHLD Q&5 & HetTmen, GLOgID HesBLHEHES HHE
allemeaTall&@Ld DL &EHET LDhS LOMEST6En 6.

@@ QUHCOTITEL LUMIGMSSILLL HH&HS WILGDISST MM QUDHCOTHEN Liki&erLiL|
AHESHID CFVIHHID OIUGDIESHMT LTHE QFUIUIEOTLD, @&H6TeL 611 1 L6018 PH&H&HLD
QFIHHID LOTLEDISSHaT6T HevenalmI Ol e, QUDCOTMIE ST IQeID 61.5T., HH&HS
LOJUEDIS&ET LI L6V W&EFHNWIHEG FTHHMGH. QTNCAT ¢ WIUTY elend eI
A a8 g (G YPH&H&D) OHMID QNI (N wrugy g NN A 1glq (Hig.
2,5&651D) QST (heTeng).

6111 1 &eoLINeonomeng Qmi@ GOUNLLUL (ReTen Simensg QL msaigid (gL&lq)



S HESD QFNISHID LILEDISSHM6NS Q&mssor(heTeng WmmMID QuHCHTT @eTNCrL
auflsenenr el 9i15s alflwsdamg CQeusfllliu@GsHISME. LNMLP6Y @ETUICALILESLD (LHELEVIT
MMILD VLML 6V (1927- 1928) LNMLDEY] QETLICILIHESHLD 6T60TM 6UMTHEMNGENI 2 (I 6UTE E6VTI).
GeuenmegoremLd MM LUy GLoUML1g60 Geuenmssor WMMID SIJLOM6T & 63T60)L06TILI
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6ULDSSLOME Q6TLQOL[HES HEmL (PemMSaiesT LHW (Wwemmenwld GMESEME|. LNmLpeY
6160TLG| €@ 2 UuNflenig St LU 6LV LNGaTTEOL LN &lel] UL LOMMHMMTHIS6N
6T60Tm)| QUMK 6T. LIUEY) @6TLCUIHSSD SHTeu] @6TTLCLIHSSSHSHI60 &6voT&LO M6
WEHEWSHGIOID eUMLHS S, JOeTeiled Slemeu LIl eUaTJENSHEG S1HHwimeu&ul

2 _eef(hSemenu|d oM €(hRISHM6mILL WMHMIL CHTUSGLD 6ULPMIGH M. eNeng
@eveong LUNTSHmen GCLWLUGGS ¢CF Ul @& Um 2agm GmISUI M6V, 6TEVGIT,
SLe0UM (a), ILLIT (B), SMTOM SIMEL&ET LOMMILD FEWILD, [F.6TLD.6TaV (6THS6L LB&HES 601
FeoGUTGerTL), emBL_ComQLdleL, wiflwm Cumetm Lev CeudllQUT(HL &6 LSl 6lems
LUNFEHemeT 2 (Heumsds LNMLIDeneus Greioi(h&eiment. 61(h&HSHISSTL(h: LDSF60 LOMMILD

2 ILNSHH6T ANHSHIILL 65T 6T LOJLIEED| G6iTen CaHTHIenLD. Syl CLMBLT 2 - 2 LIl
FHULSG6tT6mD WOHMID LLES 1LY QaHTeoL. flE..

umedLGeTmuIL @6sTLIGILI(E &&LD

L §QFIq Hefled QUK LDUTTTemLDWITETTEn e Ig Liemmi(® (2n). @R ClFL
GCITGLICENDSHMENS QEHTHIL. STaUNRIGT LITEOLITIIHSET 6160TMI 36NN SHLILIH & 6TTM6DT.
SM(H woHmId LUNFLOUC L §reuphigeiet Ufleommn euemj&FfuNed umedlGarmuily (b
WA F&HWMEGLD. UTeOlICemmuilg. QUEGLLITEID HSSHSHE SevLifest alflighams
QeueNiLGESIH MG, @& 2 uNflwed LOMID ALCWITGE N(PHSHISEDLSS
8IS S stTemmIL HSFEHDE, SMG alemeanalé@Gd NmLDe seilsit QenL wis.
Fa(hHeuns, LUTeOIIGeTulg QUEGLLTEYID elleng @eveons alm&dHeaflstr 2 MLGSlenIL
IWIHEG D @(H&HMING6] NenLPUTNET SMTEUIILLNG &(HEUMISHNEVE GHOMEEHME).

@Gy gemeounled GCIMGLOMGETLD 6T6vr FHeoTemest QL 1q.LILITSEG LDCUTS),

S CLTGUTEOINCenmullg. 6T6TM) SHEMPSEHLILGEDGI. 1B SSHSSHTL(h: FJHHemyaleTenger,
SpLN6&e WOHMID Cuf&sMiseiled e LHUGemuIL Hemev smyewioms eiflwin whHmi
L sene, Quiil Geuy sieney, AUl QemeuseT, L, Si5H& aNleng &6 mmID Sieummied
FJ6HM 2 6L &0 HSHSHGIeTeng. QFH aeng @QeLeond H&&Mer, QUITN6T, &L &6uoN
OHMID BJEps GUTETHeaUMmMU|LD allenenaNs s GCITCLTCETLD 616501606001
AILliglIurés Q&TL& 6T LwleTU(h$GleuUSH6o epevuld LMeOLGemmuillq SmeuorL LI 6VMLD.
SIS HL Qo CeusuGeum @QesmiseNed(hgH QUDULLL GCrmGrGeamD
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LAl gCaHed (LML Ig&D I x QFCHD Hmesilwimisen FruGsrmigmerdsnr (TSI ¢eoCrs
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