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UNIT-I

Biofertilizers Definition

“Biofertilizers are substances that contain microorganisms, which when added to the soil
increase its fertility and promotes plant growth.”

-
BIOFERTILIZERS

What is Biofertilizer?
Biofertilizers are the substance that contains microbes, which helps in promoting the growth of
plants and trees by increasing the supply of essential nutrients to the plants. It comprises living
organisms which include mycorrhizal fungi, blue-green algae, and bacteria. Mycorrhizal fungi
preferentially withdraw minerals from organic matter for the plant whereas cyanobacteria are
characterized by the property of nitrogen fixation.

Nitrogen fixation is defined as a process of converting the di-nitrogen molecules into nitrogen
compounds. For instance, some bacteria convert insoluble forms of soil phosphorus into soluble
forms. As a result, phosphorus will be available for plants.

Types of Biofertilizers

Following are the important types of biofertilizers:

Symbiotic Nitrogen-Fixing Bacteria

Rhizobium is one of the vital symbiotic nitrogen-fixing bacteria. Here bacteria seek shelter and
obtain food from plants. In return, they help by providing fixed nitrogen to the plants.

Loose Association of Nitrogen-Fixing Bacteria

Azospirillum is a nitrogen-fixing bacteria that live around the roots of higher plants but do not
develop an intimate relationship with plants. It is often termed as rhizosphere association as this
bacteria collect plant exudate and the same is used as a food by them. This process is termed as
associative mutualism.

Symbiotic Nitrogen-Fixing Cyanobacteria

Blue-Green algae or Cyanobacteria from the symbiotic association with several plants. Liverworts,
cycad roots, fern, and lichens are some of the Nitrogen-fixing cyanobacteria. Anabaena is found
at the leaf cavities of the fern. It is responsible for nitrogen fixation. The fern plants decay and
release the same for utilization of the rice plants. Azolla pinnate is a fern that resides in rice fields
but they do not regulate the growth of the plant.

Free-Living Nitrogen-Fixing Bacteria

They are free-living soil bacteria which perform nitrogen fixation. They are saprotrophic
anaerobes such as Clostridium beijerinckii, Azotobacter, etc.

Among all the types of biofertilizers, Rhizobium and Azospirillum are most widely used.

Importance of Biofertilizers

Biofertilizers are important for the following reasons:
« Biofertilizers improve soil texture and yield of plants.
e They do not allow pathogens to flourish.
e They are eco-friendly and cost-effective.


https://byjus.com/biology/rhizobium/
https://byjus.com/biology/bacteria/

Biofertilizers protect the environment from pollutants since they are natural fertilizers.
They destroy many harmful substances present in the soil that can cause plant diseases.
Biofertilizers are proved to be effective even under semi-arid conditions.

What are the advantages of biofertilizers over chemical fertilizers?

Biofertilizers are cost-effective.

They reduce the risk of plant diseases.

The health of the people consuming the vegetables grown by the addition of chemical
fertilizers is more at risk.

Biofertilizers do not cause any type of pollution.

Advantages of biofertilizers:

The biofertilizers has special contribution to agriculture due to the following advantages:
Biofertilizers act as supplements to chemical fertilisers.

Biofertilizers are cost-friendly and can aid to decrease consumption of such fertilisers.
Microbes in biofertilizers provide atmospheric nitrogen directly to plants.

They aid in solubilisation and mineralisation of other plant nutrients like phosphates.
Better synthesis and availability of hormones, vitamins, auxins and other growth-
promoting substances improves plant growth.

On an average crop yield elevates by 10-20 percent by their use.

They help in the multiplication and survival of beneficial micro-organisms in the root
region (rhizospheric bacteria).

They control and inhibit pathogenic soil bacteria.

They enhance soil texture by increasing amount of humus and maintain soil fertility.
Eco-friendly in nature and pollution free.

Types of biofertilizers:

Biofertilizers are broadly classified into two main groups:

1. Biological nitrogen fixing biofertilizers

2. Phosphate solubilising (mobilising) biofertilizers
Biological nitrogen fixing biofertilizers consist of micro-organisms which have the ability to fix
biological molecular nitrogen (N2) either symbiotically or asymbiotically in the plants.

Phosphate solubilising biofertilizers are capable of solubilising or mobilising the fixed insoluble
phosphates of the soil

However, Biofertilizers are divided into five main categories.
These five types are again divided in sub-types as follows:

I. Nitrogen fixers:
= Symbiotic: Rhizobium, Frankia, Anabaena azollae.
= Freeliving: Azotobacter, Clostridium, Blue green algae, Azolla, Acetobacter, Nostoc,
Anabaena.
= Associative symbiotic: Azospirillum.
ii. Phosphate supplier:
= Phosphate solubiliser:
Bacteria: Bacillus megaterium, Phosphaticum, Bacillus circulans, Pseudomonas
striata, Pseudomonas sp..
= Fungi: Penicillium sp, Aspergillus awamori.
iii. Phosphate absorber biofertilisers:



= Arbuscular mycorrhiza: Glomus sp., Gigaspora sp., Acaulospora sp., Scutellospora
sp. and Sclerocystis sp., Ectomycorrhiza: Laccaria sp., Pisolithus sp., Boletus sp.,
Amanita sp. Orchid mycorrhiza: Rhizoctonia solani.
= iv. Sulphur supplier:
= Thiobacillus novellus, Aspergillus.
= v. Micronutrients supplier:
= Silicate and Zinc solubilisers: Bacillus sp.

UNIT-II

Cultivation of algae for biofertilizer

The ability of certain forms of blue-green algae to carry out both photosynthesis and nitrogen
fixation confers on them an ecological and agricultural advantage as a renewable natural resource
of biological nitrogen. Nitrogen is one of the most important crop nutrients, and the great demand
for nitrogenous fertilizers is apparent from the more than 580 chemical fertilizer plants now in
operation or under construction throughout the world, representing an investment of over
US$10,000 million.

It is estimated that the total energy required for the production of global ammonium fertilizers is
equivalent to 2 million barrels of oil per day - a non-renewable resource. The energy crisis has
driven fertilizer prices unrealistically high, dramatically illustrating the dependence of the world's
food crops on petroleum-based fertilizers. Hardest hit by the chemical scarcity are the densely
populated and land-scarce nations of Asia, where more than half of the earth's people live. Most
depend on rice as their staple food. The millions of small-scale rural farmers in this region who
have reaped the benefits of the new rice technology often lack the capital for chemical fertilizers.
Any saving in the consumption of this fertilizer without affecting productivity, and the introduction
of a cyclic nutrient supply system through biological sources, will be ecologically and
economically advantageous.

(Blue Green Algae)
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Recent research has clearly shown that one of the most effective nitrogen-fixing biological
systems in the rice fields are certain blue-green algae that, expressed on a per ha basis, contribute
about 25 - 30 kg N/ha/season. A rural-oriented device to exploit these algae has been developed
at the Indian Agricultural Research Institute at New Delhi. The merit of this process lies in its
adaptability by the individual farmer without any appreciable capital investment or technical
complications. Many farmers are now using this method to produce their own algal inocula for
field application.

The basic principle is to grow algae using natural sunlight under conditions simulating the rice
field. A thin, one-inch layer of soil is spread in rectangular trays or shallow dugout areas lined with
polyethylene and flooded with two inches of water. After the soil settles down, the desired strains
of blue-green algae are inoculated into these with a little superphosphate.

Nitrogen fixation via. cyanobacteria
(blue-green algae )

e Single cell organisms
living on the surface of
water or plants in a
submerged environment

Blue-green algae (cyanobacteria
o y

The entire unit is kept exposed to the sun, and within a week, the entire water surface is covered
by a copious growth of the inoculated species of algae. The standing water and its algae crop are
allowed to dry in the sun, and the dried algal flakes are collected for field use. During bright
summer, a continuous production of about 100 kg algal material is possible every fifteen days from
an area of about 25 m2 The cost of production is about 12 cents/kg, and the farmer needs only
about 10 kg/ha to give him about 25 - 30 kg N/ha. The inherent capacity of these algae to stand
extreme dessication has made it possible to preserve the product in a sun-dried form without any
impairment of its viability India, a significant portion of algae production appears to have great
potential as a highprotein feed supplement for livestock, particularly for poultry, and also will
make an excellent biofertilizer for rice. This, coupled with the emphasis on waste recovery and
efficient land utilization, will encourage the integration of algae-feed-fertilizer production with
livestock raising in the nitrogen recycling systems. The major merit of algae as animal feed is that
low-quality algal protein can be converted by the animals into higher quality protein in the form
of meat or meat byproducts without the necessity for extensive pre-processing of the algal product.
The use of algae as biofertilizer provides a cyclic nutrient-supply system with inherent ecological
advantages.

Rhizobium

Rhizobium is a genus of Gram-negative soil bacteria that fix nitrogen. Rhizobium species form

an endosymbiotic nitrogen-fixing association with roots of legumes and Parasponia.

The bacteria colonize plant cells within root nodules, where they convert atmospheric nitrogen
into ammonia using the enzyme nitrogenase and then provide organic nitrogenous compounds
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such as glutamine or ureides to the plant. The plant, in turn, provides the bacteria with organic
compounds made by photosynthesis.2 This mutually beneficial relationship is true of all of
the rhizobia, of which the genus Rhizobium is a typical example.

\ hi ;
The taxon has largely subsumed genera Agrobacterium Conn 1942 and Allorhizobium following

in phelogenetic research from the late 1990s to the early 2000s when the two genera were shown
to be not very different from Rhizobium. A confusing result is that Agrobacterium tumefaciens,
now Rhizobium radiobacter, remains as the type species of Agrobacterium.= The division of
genera under Rhizobiaceae remains fluid.

Azospirillum

Azospirillum brasilense is a well studied, nitrogen-fixing (diazotroph), genetically tractable,
Gram-negative, alpha-proteobacterium bacterium, first described in Brazil (in a publication in
1978) by the group of Johanna Débereiner and then receiving the name "brasilense” X A,
brasilense is able to fix nitrogen in the presence of low oxygen levels, making it a microaerobic
diazotroph. An isolate from the genus Azospirillum was isolated from nitrogen poor soils in the
Netherlands in 1925, however the species A. brasilense was first described in 1978 in
Brazil,!Y since this genus is widely found in the rhizospheres of grasses around the world where it
confers plant growth promotion 25! Whether growth promotion occurs through direct nitrogen
flux from the bacteria to the plant or through hormone regulation is debated.! The two most
commonly studied strains are Sp7 (ATCC 29145) and Sp245, both are Brazilian isolates isolated
from Tropical grasses from Seropedica, Brazil [

The genome of A. brasilense Sp245 has been sequenced and is 7Mbp in size and spread across 7
chromosomes. The high GC content (70%) makes it challenging to engineer.2! Sp245 can be
transformed with OriV origin of replication plasmids through conjugation and electroporation.
The strain IS natively resistant to
both spectinomycin and ampicillin antibiotics. Kanamycin resistance is used as a selectable
marker.l A, brasilense has a high evolutionary adaptation rate driven by codon mutation

and transposon hopping.

A strain originally classified as Roseomonas fauriae was reclassified as A. brasilense. It was first
isolated from a hand wound of a woman in Hawaii in 1971, and was named for Yvonne Faur "for
her contributions to public health bacteriology and, specifically, for her contribution to the
recognition of pink-pigmented bacteria."”
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nitrogen fixing potential of the cereal plant.
v Alzospirillum is recognized as a dominant soil microbe
v nitrogen in the range of 20- 40 kg/ha in the rhizosphere in
non-leguminous plants such as cereals, millets, Oilseeds,
cotton etc.
v Considerable quantity of nitrogen fertilizer up to 25-30 9%
can be saved by the use of Azospirillum inoculant.
v These species have been commercially exploited for the use
as nitrogen supplying Bio-Fertilizers.

UNIT-1V

Edible mushrooms are the fleshy and edible fruit bodies of several species of macrofungi
(fungi which bear fruiting structures that are large enough to be seen with the naked eye). They
can appear either below ground (hypogeous) or above ground (epigeous) where they may be picked
by hand. Edibility may be defined by criteria that include absence of poisonous effects on humans
and desirable taste and aroma.

Edible mushrooms are consumed for their nutritional and culinary value. Mushrooms, especially
dried shiitake, are sources of umami flavor from guanylate. Mushrooms consumed by those
practicing folk medicine are known as medicinal mushrooms. While psychedelic mushrooms are
occasionally consumed for recreational or entheogenic purposes, they can produce psychological
effects, and are therefore not commonly used as food. There is no evidence from high-
quality clinical research that "medicinal™ mushrooms have any effect on human diseases.

Edible mushrooms include many fungal species that are either harvested wild or cultivated. Easily
cultivated and common wild mushrooms are often available in markets, and those that are more
difficult to obtain (such as the prized truffle, matsutake and morel) may be collected on a smaller
scale by private gatherers. Some preparations may render certain poisonous mushrooms fit for
consumption.

Before assuming that any wild mushroom is edible, it should be identified. Accurate determination
and proper identification of a species is the only safe way to ensure edibility, and the only safeguard
against possible accident. Some mushrooms that are edible for most people can cause allergic
reactions in some individuals, and old or improperly stored specimens can cause food poisoning.
Great care should therefore be taken when eating any fungus for the first time, and only small
quantities should be consumed in case of individual allergies. Deadly poisonous mushrooms that
are frequently confused with edible mushrooms and responsible for many fatal poisonings include
several species of the genus Amanita, in particular, Amanita phalloides, the death cap. It is
therefore better to eat only a few, easily recognizable species, than to experiment indiscriminately.
Moreover, even normally edible species of mushrooms may be dangerous, as mushrooms growing
in polluted locations can accumulate pollutants such as heavy metals.
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Commercially cultivated

Common white mushrooms cooking, from raw (lower left) to cooked (upper right).

Mushroom cultivation has a long history, with over twenty species commercially cultivated. Mushrooms
are cultivated in at least 60 countries*® with China, the United States, Poland, Netherlands, and India being
the top five producers in 2013.11

A fraction of the many fungi consumed by humans are currently cultivated and sold commercially.
Commercial cultivation is important ecologically, as there have been concerns of depletion of larger fungi
such as chanterelles in Europe, possibly because the group has grown popular, yet remains a challenge to
cultivate.

Commercially cultivated Japanese edible mushroom species - clockwise from left, enokitake, buna-shimeji,
bunapi-shimeji, king oyster mushroom and shiitake

Agaricus bisporus dominates the edible mushroom market in North America and Europe, in several
forms. It is an edible basidiomycete mushroom native to grasslands in Europe and North America. As
it ages, this mushroom turns from small, white and smooth to large and light brown. In its youngest
form, it is known as the ‘common mushroom', 'button mushroom’, 'cultivated mushroom’, and
‘champignon mushroom'. Its fully mature form is known as 'portobello’. Its semi-mature form is known
variously as ‘cremini', 'baby-bella’, 'Swiss brown' mushroom, 'Roman brown' mushroom, 'ltalian brown'
mushroom, or ‘chestnut' mushroom.121L3114115]

Pleurotus species are commonly grown at industrial scale. 5]

Lentinula edodes, the Shiitake mushroom!*!

Auricularia auricula-judae, the Jew's ear, wood ear or jelly ear mushroom

Volvariella volvacea, the paddy straw mushroom or straw mushroom

Flammulina velutipes, the enoki mushroom, golden needle mushroom, seafood mushroom, lily
mushroom, winter mushroom, velvet foot, velvet shank or velvet stem

Tremella fuciformis, the snow fungus, snow ear, silver ear fungus and white jelly mushroom
Hypsizygus tessellatus, aka Hypsizygus marmoreus, the beech mushroom, also known in its white and
brown varieties as Bunapi-shimeji and Buna-shimeji, respectively

Stropharia rugosoannulata, the wine cap mushroom, burgundy mushroom, garden giant mushroom or
king stropharia

Cyclocybe aegerita, the pioppino, velvet pioppini, poplar or black poplar mushroom

Hericium erinaceus, the lion's mane, monkey head, bearded tooth, satyr's beard, bearded hedgehog, or
pom pom mushroom.
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Some species are difficult to cultivate; others (particularly mycorrhizal species) have not yet been
successfully cultivated. Some of these species are harvested from the wild, and can be found in markets.
When in season they can be purchased fresh, and many species are sold dried as well. The following species
are commonly harvested from the wild:

Boletus edulis or edible Boletus, native to Europe, known in Italian as fungo porcino (plural 'porcini’)
(pig mushroom), in German as Steinpilz (stone mushroom), in Russian as Russian: bemsrii
rpu0, tr. Bely grib (white mushroom), in Albanian as (wolf mushroom), in French as the cepe and in
the UK as the penny bun. It is also known as the king bolete, and is renowned for its delicious flavor.
It is sought after worldwide, and can be found in a variety of culinary dishes.

Calbovista subsculpta commonly known as the sculptured giant puffball is a common puffball of
the Rocky Mountains and Pacific Coast ranges of western North America. The puffball is more or less
round with a diameter of up to 15 c¢cm (6 in), white becoming brownish in age, and covered with shallow
pyramid-shaped plates or scales. It fruits singly or in groups along roads and in open woods at high
elevations, from summer to autumn. It is considered a choice edible species while its interior flesh
(the gleba) is still firm and white. As the puffball matures, its insides become dark brown and powdery
from mature spores.

Calvatia gigantea the giant puffball. Giant puffballs are considered a choice edible species and are
commonly found in meadows, fields, and deciduous forests usually in late summer and autumn. It is
found in temperate areas throughout the world. They can reach diameters up to 150 cm (60 in) and
weights of 20 kg (45 Ib). The inside of mature Giant puffballs is greenish brown, whereas the interior
of immature puffballs is white. The large white mushrooms are edible when young.

Cantharellus cibarius (the chanterelle), The yellow chanterelle is one of the best and most easily
recognizable mushrooms, and can be found in Asia, Europe, North America and Australia. There are
poisonous mushrooms which resemble it, though these can be confidently distinguished if one is
familiar with the chanterelle's identifying features.

Craterellus tubaeformis, the tube chanterelle, yellow foot chanterelle or yellow-leg

Clitocybe nuda, blewit (or blewitt)

Cortinarius caperatus, the Gypsy mushroom

Craterellus cornucopioides, Trompette de la mort (trumpet of death) or horn of plenty

Grifola frondosa, known in Japan as maitake (also "hen of the woods" or "sheep’s head"), a large,
hearty mushroom commonly found on or near stumps and bases of oak trees, and believed to
have Macrolepiota procera properties.

Gyromitra esculenta (the false morel) is prized by the Finns. This mushroom is deadly poisonous if
eaten raw, but highly regarded when parboiled (see below).

Hericium erinaceus, a tooth fungus; also called "lion's mane mushroom®

Hydnum repandum, sweet tooth fungus, hedgehog mushroom or hedgehog fungus, urchin of the woods
Lactarius deliciosus, saffron milk cap, consumed around the world and prized in Russia

Morchella species, (morel family) morels belong to the ascomycete grouping of fungi. They are usually
found in open scrub, woodland or open ground in late spring. When collecting this fungus, care must
be taken to distinguish it from the poisonous false morels, including Gyromitra esculenta. The morel
must be cooked before eating.

o Morchella conica var. deliciosa

o Morchella esculenta var. rotunda

Pleurotus species are sometimes commercially harvested despite ease of cultivation.

Tricholoma matsutake, the matsutake, a mushroom highly prized in Japanese cuisine.

Tuber, species, (the truffle), Truffles have long eluded the modern techniques of domestication known
as trufficulture. Although the field of trufficulture has greatly expanded since its inception in 1808,
several species still remain uncultivated. Domesticated truffles include

o Tuber aestivum, black summer truffle

o Tuber borchii

o Tuber brumale
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o Tuber indicum, Chinese black truffle
o Tuber macrosporum, smooth black truffle
o Tuber mesentericum, the Bagnoli truffle

Cultivation of Edible Mushrooms

Introduction

The large, macroscopic, spore-bearing, fruiting bodies of fungi are generally referred to as mushrooms.
Under the proper environmental conditions, their mycelia become tightly interwoven to give rise to the
structure we call the mushroom. However, the conditions under which mushrooms form are poorly known.
As a result, relatively few species of mushrooms can be cultivated. Species of mushrooms may be
designated as edible/medicinal or poisonous and the former will be the topic of this web page.

Today, there are more species of mushrooms cultivated throughout the world than were available in the
past. Prior to the 1970s, in Western cultures, only one species, The Button Mushroom, Agaricus
bisporus (J.E. Lange) Imbach, was commonly cultivated. This species is grown on a substrate composed of
composted horse manure and straw. Most edible mushrooms, available in Western cultures, during this
same period, were not cultivated. These species were either collected in wooded areas by individuals for
personal consumption or sold to markets for commercial consumption. Because most of the latter species
form mycorrhizae, they were usually only available once a year, for a short period of time, during the
normal fruiting period for the species.

In Eastern cultures, prior to the 1970s, different species were being cultivated. These species were typically
those that grew on woody substrate and were cultivated on logs. These included the Shiitakes, Lentinula
edodes (Berk.)Pegler, the Wood Ear, Auricularia polytricha (Mont.) Sacc. and the Enoke, Flammulina
velutipes (Curtis) Singer, to name a few.

Because the knowledge that fungi reproduced by spores would not be known until the 19th Century, the
method initially used in the early cultivation of mushrooms was far different than those carried out today.
Early cultivation of mushrooms, involved collecting the fruit bodies of these mushrooms from their natural
habitat and taking them to a vicinity of "fresh™ substrate, where their spores would germinate and colonize
the substrate, eventually giving rise to fruitbodies. As was the realization that diseases could be passed on
from individuals to individuals, it seems likely that the same line of reasoning was applied to growing
mushrooms. However, growing mushrooms is not like growing wheat or any other agricultural crop. Even
with all the research that has been carried out in mushroom cultivation, the exact conditions under which
mushrooms fruit, is still not known for most species. The exact conditions for fruiting even those
mushrooms that can be cultivated and are even profitable are still obscure.

We will discuss some of the better known species from both Western and Eastern cultures. In these species,
several methods of cultivation is used, composted waste material of various origin, cut logs, sterilized
sawdust in polypropylene bags (heat resistant plastic bags), and inoculation of mushroom mycelium to the
roots of living trees for mycorrhizal species.

In addition to their food value, some species also appear to have medicinal value as well.

Agaricus bisporus, Button Mushroom

Agaricus bisporus is a species with which just about everybody is familiar and is commonly referred to as
the Button Mushroom. It is also the most cultivated mushroom in the world, but in Western culture, it was
also the only species available until around the late 1970s.

The following summary of the history of A. bisporus cultivation in caves and houses is summarized from
Delmas (1978), Edwards (1978) and Dwyer (2010). The cultivation of this species began around 1650, in
Paris France, in areas in which mushrooms were frequently collected on used compost from melon crops.
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For approximately 160 years, A. bisporus was grown in open fields. At some point, it was realized that
mycelium, or what is referred to as the spawn of the mushroom, was what gave rise to the mushroom and
could be utilized much like the seed of plants to grown mushrooms. Another
significant discovery was light was not necessary for fruiting A. bisporus,
which led to its successful cultivation in natural caves, quarries or excavated
tunnels. The advantage of cultivating A. bisporus in caves was the cool, moist,
uniform environment. In 1910, France began growing A. bisporus in
mushroom houses, but caves are still the preferred growing structures for the
production of mushrooms in France.

Cultivation of A. bisporus eventually spread to England, and by 1865, had reached the United States. At
first, spawn for the mushroom was imported from England, but because of the time involved in shipping,
the mushroom spawn was in poor condition by the time it had reached the United States and produced a
poor quality of mushrooms. It would not be until 1903 before United States Department of Agriculture
scientists developed its own spawn, thereby freeing the United States of its dependence upon English
spawn, which had caused so many problems.

Louis F. Lambert, a French mycologist, started the American Spawn Company of St. Paul Minnesota, the
first producer of pure mushroom spawn in the United States. His product was sold across the country as
"Lambert’s Pure Culture Spawn." This spawn received a silver medal at the Universal Exposition in St.
Louis in 1904. A measure of Lambert’s success was that English spawn was soon being sold under the
name "English Pure Culture Spawn." By 1914, four to five million pounds of mushrooms were grown in
the United States. The production cost to the mushroom grower ranged from fifteen to twenty-five cents a
pound and retailed at forty to sixty cents per pound, and marketing aimed at the consumers became very
important. Mushrooms were packed in attractive containers to make a good looking product that sold better.
Growers of mushrooms, at first, were "back yard" operations and was not their main source of income.
From there it became a large industry in certain parts of the country, with Southeastern Pennsylvania being
the largest center for mushroom production in the country, a position that it has maintained to this day. In
1924, 85% of the mushrooms grown in this country were from Pennsylvania. In 1930, the U.S. Census
Bureau revealed that there were 516 growers in the U.S. and that 350 were in Chester County, Pennsylvania.
Pennsylvania State University also became a major factor in the growth of the U.S. mushroom industry
helping improve productivity dramatically in the 70’s and 80’s allowing growers to produce more and more
mushrooms per unit area.

Growing Agaricus bisporus

Although the conditions that are optimal for growing A. bisporus is known, the actual process is still poorly
understood because the substrate on which it grows is one which is undefined. The substrate on which A.
bisporus is cultivated include horse manure, wheat straw, corn cobs, several other plant wastes and some
animal wastes such as feather meal and chicken manure. The composting process is a mixed fermentation
involving a range of microorganisms, bacteria and other fungi, which will degrade some of the complex
compounds such as lignin and cellulose. Due to the biological activities of the microorganisms, the compost
will become very hot, and provide an environment that will be restricted to only a few microorganisms that
will be heat tolerant. When the compost cools, it will have a consistency similar to that of thick oatmeal
and will provide an environment well suited for mycelial growth of A. bisporus. Another way in which you
can look at the compost, at this stage, is that it is now A. bisporus’ turn to decompose and colonize the
substrate. Mycelial growth, at this point, is very rapid if maintained at the optimal temperature of 24 C.
However, this temperature will vary according to the variety, which is being grown. Following growth of
mycelium throughout the substrate, a casing layer, is placed over the substrate. The casing layer is normally
composed rich, clay soil, which is nutritionally poor, relative to the compost on which the mycelium has
been growing. The casing layer is critical in the fruiting body formation of A. bisporus and is necessary for
the initiation of fruiting. Why this is important is not known, but without this step fruiting will not occur.
The biological activity of bacteria, various soluble salts, together with the lowering of the temperature
between 14-18 C, will optimize fruiting body production of A. bisporus. Formation of fruitbodies begin as
mycelial strands, just below the surface of the casing layer, develop "nodules” which are composed of




tightly interwoven mycelium that will eventually develop into button mushrooms. Fruitbodies of the Button
Mushroom are harvested before their caps expand.

eventually develop into button mushrooms. Fruitbodies of the Button Mushroom are harvested before their
caps expand.

Left Image: Manure dmpost ready to be inoculated, Right
Image: Spawn grown throughout compost.

Left Image: Spawn covered compost cased, from
http://files.shroomery.org/files/08-43/460209358-cased-oct.20.jpg
Right Image: Agaricus bisporus fruiting, from http://www.tactic-
tech.com/img/im/white-button-mushroom-agaricus-
bisporus/agfigb.jpg

Casing layer
Spawn
Compost

Image showing layer of compost, spawn and casing layer.

"Varieties' of Agaricus bisporus

While there is only one mushroom that is sold as the white Button Mushroom, there are two, variants of A.
bisporus, Crimini and Portobello. The Crimini is a brown variety of the Button Mushroom. Both the Crimini
and Button Mushrooms are harvested before the cap of the mushrooms are open, and are actually both
"button mushrooms". That is they are immature and have not opened their caps to expose their gills (See
picture of Button Mushroom, above). The Portobello is a mature version of the Crimini where the
mushrooms has been harvested after the cap has expanded and the dark brown gills are visible. Thus, the
Portobello is a more mature and much larger mushroom than either of the "button mushrooms".



Oyster Mushrooms

Members of the genus Pleurotus are commonly called Oyster Mushrooms. All members are saprotrophic
and a number of different species have been cultivated. The most commonly cultivated species is Pleurotus
ostreatus and can frequently be collected in Europe and North America. This species has become common
in supermarkets since the 1970s and since that time a number of other species in the genus has become
available as well. Oyster mushrooms can be recognized by their short, eccentric stalks, i.e. not centrally
attached and fragile fruitbody.

Previous to their cultivation, Oyster Mushrooms were popular edible species among mushroom collectors
who delight in going out and collecting their own mushrooms for consumption. Its cultivation was first
described at the beginning of the 20th Century (Reviewed by Zadrazil, 1978), on cut logs. By placing logs,
with fruiting bodies, near the prepared cut logs that had been prepared for cultivation of P. ostreatus. The
spores from the fruiting bodies would eventually infect the nearby, uninoculated logs and fruiting would
eventually occur. However, this method was inefficient since the cut logs may become infected with another
species of mushroom or not be infected, at all. This method was first used in China approximately 800 years
ago in the cultivation of Shiitake mushrooms (Reviewed by Ito, 1978).

To ensure that each log would be inoculated with the correct mushroom, a means was developed to inoculate
the spawn into the logs. Wooden dowels were placed in a container in which the P. ostreatus mycelium
was growing to allow the mycelium to grow through the dowels. Holes were then drilled into the cut logs,
to be inoculated, and the infected wooden dowels hammered into the holes. The hole inoculated with the
infected dowel was then covered with parafilm to prevent drying. The logs are then kept moist and, within
6-9 months, the fruitbodies will begin to emerge.

The logs will continue to produce for as long as several years. However, due to intense cultivation of wood
decomposing mushrooms, suitable logs began to be more difficult to find. Block, et al. (1958), developed
an important innovation, in which sawdust was used as the substrate material for growing wood inhabiting
mushrooms and would become important, not only in cultivation of Pleurotus, but all cultivated mushrooms
that grow on wood. This process is not only more ecologically sound, since it utilizes waste material as the
substrate on which cultivation of the mushroom is to occur, but also it shortens the period of fruitbody
formation to approximately two months. Currently, the use of a sterilized sawdust medium in polypropylene
bag, as described for Auricularia, above, is the most popular method of cultivation for the different species
of Pleurotus. In addition to P. ostreatus, other species cultivated include P. djamor (Rumph. ex Fr.)



Boedijn. var. roseus Corner, P. columbinus Quél.,P. citrinopileatus Singer and P. eryngii (DC.) Quél., to
name a few.
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https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Rhizosphere&usg=ALkJrhiCzdsnD_-zsrqACCKzI0NH7jbHNA
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Azospirillum_brasilense&usg=ALkJrhidSMIPrQKJEI7xvCfon_uSb_TmhQ#cite_note-2
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Azospirillum_brasilense&usg=ALkJrhidSMIPrQKJEI7xvCfon_uSb_TmhQ#cite_note-pmid16345372-3
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Azospirillum_brasilense&usg=ALkJrhidSMIPrQKJEI7xvCfon_uSb_TmhQ#cite_note-4

H651169 LOL1L1 ()& &6V 61T ©l6u L1LILDETITL 6V Lmaefled (hbgI LGy #ledlesr
QFCrmeluy sTaied hhal seflenwliLihdsriul (Hsrerer. [1]

A. LIGr#elsvssrsrv Sp245 @)etr wrusw| suflewaFliLBhSsLiLL_(Hseng wHmib &g 7Mbp
ojerey wHmid 7 GCrrGurGsmibsefley Lreydng. 9Fs 5.4 o srerdasd (70%)
Qurpwrerhdb@ Fourewrds o seng). SP245 g spflall CuTmmid  CemTesdTL

Lrgl Lermenidll s emL_eT &)ewenTdghsV MMILD LO6TLOUILDTHH6D CLpsVLD LTMMLILIL 6VTLD .

@)baBL s06lLIG g Cevrmemodleir mHmitd oy oLilfledlsir miewTewp uili e15liLiLils 6T
@) renTiy MG CFThHSWTeTS . SaTenwdler erglitil) CHTHoSHGSHLIULL.  TTESHTTS

vwetu®SSLILBOS I [6] 67./Crdlelsvsirary Gosm_mrsTLimipey

LHMILD 14 7TeTerVCLTF6T HleTemsd QpSlweuPMTev @Quidsliu@b 2 wi ufledTT &%epelsv

T 56 Hd% Cl& TeRT(R6TOTS| .(PpHedleV GrrGFrGLomsoreny 091/ au 11 6T68T
suewaslILQSSOILL L s Sy o7. LIGrHelsvsiTary st omiauewSLILIBHGSLILIL L G| . )5
1971 gyib gyevrigsL ameuruils s CueTenfledr waHdh HTWSSO (BB LPSHIT(LPH6dl6V
sesflewwliu®ssOul L g, GCueib "Qurg Harsrr ursefluralnhg eui CFiis
LBISH6fLIL|5 61hd B TS LD, GPILuTS, B)erehFlauriy BIpLpsiTer LTS Lefumeney
hFSMAOLSD  geur  GFiig  uBisellliydssraseyd”  wGeurer  coLIe(Hd G
EuuwAL_ i’ L gy.

UNIT-IV

HTEOTTETEUATTLIL|(LpewM:

srerrereuariliLpenm(kalanvalarpu)

LM M) &b H 6% TeiTers M & (Lp6dT & TETT6uf 16V BleW M h %I 67T 61T (I 0TI & 66T () L1 G LT gy BT LD 61 % b
51615 TeTGoumid.srermesflsvemeut’ L olest B 98510 s @) HLiLgsrsv@)suwbFibLbsrearGnm
% 6w 6T & TLILIHS SIS M1 . CLimedld gy FlL 9| Fl6L [ONGINIRELN 7 5HHCFTENH
@B ii1d & BHeVsVS).FMb ST LIT T 6961 d> & LD, 6TV LDL| & 61l 3T euaIT T Fld & b, LiM & erfledT2_ M) Hlds 3
oG em 61 W TevT ST LA, () (HLD LY F 1% 61HL_63Tdon_Lg Wi TeVF Wi LD, LimervLigeny,Gluim L rfuwibGumr

3T M & T 13 61H LD TEITT63T16V2_6ITET 60T .
& IT6ITT 63T 62 6135 5 61T -

srerrereusriliLwpenm(kalanvalarpu)

HTerTeiTeusngE6r Glrgsaiogwri 20,000 susnsgsssre_sraresr. @) halwraisvwr Hib 2,006


https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Azospirillum_brasilense&usg=ALkJrhidSMIPrQKJEI7xvCfon_uSb_TmhQ#cite_note-TarrandKrieg1978-1
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Plasmid&usg=ALkJrhjdIt3dc65SYgZbATDFaS0T4BNd9g
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Conjugation_(genetics)&usg=ALkJrhjNhP8CEFsVJfMnGXR1Jn1j6wn3Yw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Electroporation&usg=ALkJrhhV1GQcI0BlVe9cq8VZaPJtlwV4zA
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Spectinomycin&usg=ALkJrhgHbLMaM7AgibejpPBuJM51mLA5xw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Ampicillin&usg=ALkJrhiB5jBUGjKsud11NK55v-mQLWxLog
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Spectinomycin&usg=ALkJrhgHbLMaM7AgibejpPBuJM51mLA5xw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Kanamycin_A&usg=ALkJrhhxpOfOZtNZL7peI558cWW8EonMJw
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Azospirillum_brasilense&usg=ALkJrhidSMIPrQKJEI7xvCfon_uSb_TmhQ#cite_note-6
https://translate.googleusercontent.com/translate_c?depth=1&hl=ta&prev=search&pto=aue&rurl=translate.google.com&sl=en&sp=nmt4&u=https://en.m.wikipedia.org/wiki/Transposon&usg=ALkJrhjk5i1xJb-ZTlAtxan41sRpcyUcPQ

W& & T 6T T 63T 61T () (HLILIG TFH 6 LD () SleVF L1155 T e medT, Ol mL(h) >3 T 6T T6dT (BT L ()5 & 61T T 63T

, 9 T F & & T TedTLOM M LDLIT VS T 6T S LIT 63T Mew 6w LiwiedT LITL1q V@) (HLILIGIGHDIILINL_& 55 S

SH1.@ NN Uil6VE6m L_ds & LD T T 6T 66U em & WilsV, heLeVemer 6TedTm)| BT 615MHa LilsstGL

26165 G 6650t (HILD.

srerreTeueriliLwenm(Kalan Valarpu Murai Tamil):

1.

& TETTESTeUOT I LIL)(Lpe» M uilsD (kalan valarpu) FHHLOTeTeN6ud:CH e 1-
2 B)6pFHemdLle06leuL 1g 6-
8 LoewsfG1bribg evuTewst 16V b 63T &9 (L S B 28T MW 61 > B 6w 30T (HILD .

. LNetTem6ud B memevsT(D\d &) eLpLy Ul 6TTaTLITS & T & Flev o aflulGevr (@NNES)!

& (Db evuTent eV 2 LoewlGh b9 (S BleweudssHeayLb.
SHEWTERT T(Lp (LPSUH S U| LD &L Lg ailL” (b,
&S HLOTETHeW T Ul 6VeN BB OTT6V(R) M5 F1LN LI S T6LHewTew! T OlFTL L THeralmHE

2 6V &% EeuewT(HILD.

. efflwwrer ket Gousnibssrerrearaisgursbs oL 10 swursbisarrTsUfss

O@aueinHib.

PP. (1 94853 2 9g) seuflv 5 9h\E@aumurn@) rear@uBdbens 2% — 3
oUW I (3) (hd & LT M S W T EF 11w GeuesdT(HILb.

& &5 LD T 6BT S.S. (STAINLESS STEEL)
&S HUN VLIS B S B M &6 T6ST & G 6T 6iTS) L Serenst(HILD.

205 56713) HL_(HswmullsVenaudgiailCeaussstHILD. LI (Hdend 6lausTen eI Ts LoT

MlwiLNest Slevt (1p1d 3B erem o H 65sT6w01 T 6)BH 61115 5 G 621 603T (HILD .

T (Heweuds3augIbTsT S mieusnLGlFiigiglieweruill L LiTedldd 6T euieVsTenL
Curl(HFFsvem s gl M LI 63T D) s8I 11 G6u T (HILD.

smerreTeueriiiL) (Mushroom valarpu in tamil) — rerwerepsnm:

100 8L g evsTemt ™

125 gullumriredssr

10 £ CsvremendCsmev

8 grribuaievigsir (BASF W/P 50%)
16 wenflGrribearmeneida ot (hLd.

Qe 4-7 (QuhHenspewm) suswrLleTLIHM 6 LD



srerreTeueriliLwenmuilev (Mushroom valarpu in tamil) seueflssBsussrig weweu..!
@) BB TarTeiTouaTTLIL|(LpewMUilsVBeV6VSH T 6wl 1,6 i Tewr & TeTTeTailshdi,
HFOMILIYDFHSTHTTOWHMIDLFTLofLlL.
sremmeT@ged (Mushroom cultivation in tamil):
wrplpsedlsv 11 X 6, 11 X 30 eresrslmoyarailsv (SIZE) &ipd@Comsmaayip,
SUTFVEL_J (& 6V6V 015N & T 6 LD (& Lq-60H 60 L0 B S 61 it (HILD .
fAulsrerrereuaritiygsaseusy (kalan valarpu cultivation in tamil):
o  Q@)bgasrerreteustiliLwenmuilsv(kalanvalarpu)
G F LS EHL6LTLpg 10X30 9)iq srarE D9 aTalled 9emod @& LELTS CHLIT
w1 15,000/- suswrClFsvey sy, @Lb.
e 95Cu 10 X 16 gyersirdlpyaraisgeniods@elurwpgiepurii 10,000/-
auen TolFeVeuTELD.
°  HTETTETGLYeNF, LT BP0V WLOLILIGITn (HHVFMLILITSH (D) (H G LD.
o GuriGeusvgemrentiLweTL(hsab8urgh PH  oereysremrGeussormin. PH 7
& & &HWMMeUTSH Q) (HbHTeV BT L. 95 Ceu PH
o arey 8 Wpspev 9 9&@)HHB TV FF B
o (Bleaching) ueyL_iuweru®ssCausssr(BH)b.
o Q) bHUMEBEHEBTETTeH H w6 (GILIL eLpsVLD)
B L4605 @D &6THL 1950615 Th S0l HougiRHADbHS e a1 sy @0
o FILUSDTHUDSSHINSDGHEG RIS G 1
HP Guri L riwmmiweviiflsigeor (SPRINGLER) wwesru@®sggeori.
SHessTeut LW 6dTLI(H\d G161 g &6l F i TesT Blemsvem w2 (h6umd & eusnEs.
o ler@emewriiy TARIFF-III A wpmio
B Gumrstrmdl’ L migeflsveummnisGeueist(HLb.
wlstTallerd @ mmibenaudEs TeL6lau L (HLb(F) wib S ribeu Thiss 1L 65T LI (B)F Sl6vT T6L
Gouemev@emmeurs () Hd@Lb.
o  AllssrerreflsrgmiausnL_swri 50 — 60 BTl ssreusnr@)md @ Lb.
o HYnHFAemnuillL e G516 LI 19 ulleID S mIeuew L (plgeugbD@&arori 60 pri s
6T6UED T, (G LD.

°  STOTTETYMIUHL (LPLy b LI 6L evsT6nvt 166155 EeuessT(HID.



LOEW P> T6V MBI 6116V M6 W L_(Lp6dT T L1 Gut (LpLg g e (HILD . LIT 6V S T 6T T 63T 61 61T T Ll

1y (mushroom cultivation in tamil) gaeusv:

@bsursvasTerrsiTeusriLiLjenpuilsy (kalan valarpu cultivation in tamil) Bleviplieursib:

LIT6V& TOTT63T 612D Lid Sl 6)F 1161 S M & Bl 6VdF60 @ LT () ds % G 6revvT (HLD.

9sevid 10 91g, b 2 91, Her 3 9yig-.
(Fwri 1 9199 SHBD & @& W6T(HHHLoesTenenT G L6V L GalsvLneaTu®dbs 1 9y _wird
0% 6T MM 6 & TeTarsVTLD)

wewrev (kalan valarpu murai in tamil):

GLiew LT HMIbeuwisVenT, ClarepFibalaflehrsouiey_i (Calcium carbonate)
LoMMILD G 61 6961 >3 T &I 65T GWST T LD L| () 61D 611 ) 63 63T 55,6 & LI LD F 6307 6301 T %5 6V [h gy Ger1
weudhsCeust(Hd (1 wewflChribeuswys — 2 (HewTewL LiLigLbeuHLDeusHILOL (HILD)
G emerd: & LD LIS 615 56 63T & & 160 G Lo M) 6l TeiTem G ev a5t ()LD

ALING & Tear Tem et LI LITEVLITVS M6 T 63T & 61T 0l LIL_6p 7 15 61 6V 6v 61T T 61 Sl6V 6% 6V 9y 55
Gou 1 QUL ewL 2 gn miserTsLNd8E %@ 6Ten s aueTidsGeuesr(HLD.
GG @&THTeTTETH6T2_MHLIGS BewL GlLMIeusTeVE BT GleuuilsvLi(housnssailids
,  UbsVReTnI9mwssCaisrH.  @)sswerd  (Silpaulin - Carbonate)
LwesTL(h S B & LIS & BLp 60|69 Lo d % B 61 63vT (HLD.

H6ssTeut O 6rflL1LI% M @& e LB &6V LIWeTLI(HSSH6VTLD. LTS TETTedTS6iTdomr 1
QUTTLD6UsH T 6% L TLO6VE) (Hd G LD.

SLOPSH S SV M L1 H] 6\ F Ui L1LI(H)LD LI T6VS T 61T T 63T & 61T 61 60 & & 61T 8 T 61T &F 11 69 3 il 6L

9FsallpueneTwTeug GMUUIL GH5db5g].

srerrereueriliLwenmuiled (kalan valarpu) G &&s e Fiiujbpenm:

gevsrewntm 1 6O, STHCFTLI (L_(Dibdreuors)

CoutiQuenTOlewris 1 6811 LT 60435 Ceuewst(hLD. GLomH I 1)) I H) 6D 6VT & LD6REIT M) T &5 > 56V [h | 61V

LNGresuiwGeouesT(hib.

(sp6uQeuT(H(LpEDMSTOTTETH 6T MU L (LpLg hSLI6TLLOL (HELoF &% D6 F1i1 %60 Seueusr (HLD).

srerresreueririL) (Mushroom Cultivation In Tamil) eflengdlenL_d @ @)L _Lb:



o 1 allewsGud — 250 Fymib — @ROLL9ewESHSCHemeuliLiBID.
e 1 allewsCLd -
epumis 30/- swworrrGeausT et mlalluisvBlemsv S slsVslewL_ds @& LD
(10 BTl 61 & et peTLgley O FiiFL_ CeusssT(H)D)

srerrereueriiiL) - Mushroom Cultivation
ALN&UTOSTOTITEST 6u6TTLIL
FAmigiaflClLm6leusiTaribeTedT LI HLIGLITEY.. FMI6 & TIHLCIF I CHF eLpds GGl 6L2_ Wi T h S| 1 61
HeV@) (HLILIOUTH6IT6TTTETLD.
BB TeTTeTeUETTLILISVELPSVLD (6 BI S 61h LDETH] T % T 6V S B 6V6p (5 F M [H & 615 L6V S LI T T 5 LD T M1 5 Fon
g WeUTWILILH 6T SHLD ) (HIHFS M.
FLILI5 3 T T6dT6U 61T L1 LIS 63T CLP 6V LD B LD G5 821 (G LD T6UT G 6W & L1 61 LI (Th & (61 B 5 T (hsu TLp&xilsLsu e (LpLb
GCumevTLD.
(3) esflFIL1L1) &5 3 61T T 6uT1 63T LD (15 &5 B3] 611 LIGVEBT 5 (61 LD ) & 63T 6L GIT [T LI L (LP 68 M &5 (61h LDL_BI > (51h b H T ...
" BT &) &> & 630T &5 & T 6VT 61 68 &5 &5 TG T63T 61T (3) (1 (&) - BT LIHLTEILFTLILIL D). ..
‘Ul L edTETeTTedT ‘Alfssmermedr, ‘LIT6VS TOTT6IT 61)| CLPSID| 621 63 6% 61T &> & T 63T .
Ul LT TarTenssToensVLILlrCshFmi%H 6TVl (h DS T6IT o 6 61T U eW 61 &5 & (LpLg-UJLD.
ESNINMEE S i
LIT6VS TeIT 63T 6] T 6W3T6W L_UL|LDEFIT & T T 60T LDT6T6V6VT () L1 6Tev | LDelememaildsHe0mLD.
Ceuullevads TeLBIFH6TVF LI1LIl5 5 TOTT6IT A M 6T FF V& WM U|LD.
GOl &MEVBISH6ITEVLIT6VS TOTT 6T 6 6 61T FF 6V 615 T h FLO T (&FHEMMUJLD. 9}, 6T T6V,
FAlsasTarrensralilL, LIT6VSE TOTT 6815 (39| D15 a6 VB L5 & LD.
LIT6V 3 TEITT6W6uT 69 (Th6u T T LD6U 6w I Gleud-Fl(Hb gl bal ) Lien esT GlF i wisvmid”
S L gnlsems
1)Casewauwimresr @)L1b 10*10 cpd o6vevg Glgev [HMweuafldsin Crfliguwrs o srGar
L moeV (3)(HdEEeueisT(HILD |
2)smert srailens
3)uredldssremL
4)ewouGsmrev [  Omevevibysit —  &sThsSH  |pmsTarterenu (1224 @)erd
)QF L GsemanwiTarGlFsveyer .40 1pgHev



ep .90 [l.uredFsirewns, 2.6muGasmsv 3.asTenmeiTallens 4.CousmevwT H6iTgn 6dl2 1 L ].
srerrerenLuilsVaslenL_d @ LaTarreryersy 2.5 Curwpssv 3 FCvrsuswr{ @)he Srermesr
WM (B BT JieusHLullsvglen &G }[18 bprer s JpiumL. OS5
2916060581 3 BT H6T GewL_Glouafluled 9BHS5BHSSHmieuenL |
STemTeiTaueTTLIL|6\$TLHeVEISTL_BI%SLppaiarib

Alsrerrer eueriLiLy

LD (S S LIGVEST S EIHLD, D _6RTE(LPsH» M ULD:

@) IGLITHI @) HSH % TETTEIT LD % %M 6T S5 el (HLDLI2_65tTenTd 6% mL_miISlalll L Tider.

& T T 60T LD | 6% F 61 I 61 61 &5 (5] 5 [T T 6UT Fr 6 611 69 LI &> () 515 (6L 5 TV S T 63T .

Guosy) b @) Flsvemer L L LiledTFopmiibemert’ L oledrig ,BTeVF WD, urevGuL,
Qurl L rFwibmmds TiiLTGUTETMSHTHIFFhH D&% EHLDEI6® M HS] (Hd 65T M 6T .

2L 6V &S CHeMEM I TG & 53,1 555 61T M 6T &I LDF 11611855 & 60 % 6V 1H B (15 L1 LI T 6V () 169 (HF ]
allalg2_ewTeuTsH e LDE) (HoHSIMGI. O L0 (hSgI6uTHeTFHLTTHCFUISIDTTSHET.
L&Y LD () & 63T (Lp &5 351 WI LD TEUT LD (1 &1 61 (& sMTLDF T I Bew g il i T Flew wi s LRI (H S Gl Gl

FAL1L95 3 e mesfledt L (heu (D Lo H M) LD () 77 B1 5 61T . () & M (& LI (6L LDET 63T 61D T (1 5 TV 61T 61 6T6V6V T LD ()
sV6m6V.6TLIGLIT | CouessT (HLO 6T T6V6UET T 35 6VMLD. )& 6% TLflemevsTLILINg FOIFiiIeug) ? L0l% 6y D6t
oiflg1HTeT. HLoeTL 19 CevCBuIGFIIWeVTLD.Cl& TEHFLD @)L LD@) (HHH TV HMB T H6R (1F(F) L6069 LD

S5O FweOTLD.

ST T U1 65T T B MBI 6T

[BLOBTL_Lg 63T&H TEVBEN6VE &2 HbhdHHI @) HhHTHBIH6T Qeusrenarddlid (Csm-1), sribusvdid
(61ib.1g.wy-2), o5.10.Cx.-1 (AOl) 65.19.C%.-2 (ursvasmrermesr), ear’ 14-1 whHmiibeer” 1q-2
(Qorl_(hH& & TarTesT)S)Sluis TaTTeTSLOPBTL 19 D& TDDe»6l

& T6ITIT6IT (& L4 6V6TLILILG B eWLOLILIG] ?6p6dTmLDLI T LOT & 1D () 6V6m6V. I 6T Cou i FT ST TemTeT GL_
@umgib. 16 9JsLsv5 18 FHITOL L Turliy@)®mbsTeoCUTHILOTETS).
(3) S0 @) Tt (B BlBaTTH LI585 6% Teirer Geu et (HLD. 63T M el g LT LI L|LD | 6» M UITH6YLD,
Lo G)M T 63T M1 & T T 63T U AT T 535 61 LD S B ew e LI LI(HILD . U T T LIL| 6w D

Hriguwrt g G MwGeusflFFib UL L6V (Hd D Geuesr(Hid

STETTeTRIGSGI2 (h6euTdh@eug6TLILIG ?



HTETTETOHEI2_ (H6U T 56T DM S M6l Ul BISH 6T L&HHTFEFTETLD, Gamrgemi,
Gamerib gy dlweneu psalwCLITHeTHaTTSLIWTUHS DI .Fifl.ailsgibsemarsTliLIg SwTT6lF
weug)?

Cuneniill L  srefluBisemer  HwrCaussrTh GCoauseweushsh &THOIL 2 5
GousnT(Hib. ) BenIL_65T 2% FreRTeRTTIOL|LD H6VhgI- HTedlwmest & 6hdhEasmev(Empty clucose
bottle)uri_yevseaflsy  BlriLGsussr®.HBHSSH p(H SwTenti 2 MlehFTHL  LIEHHF
QaTenTlh) WL 55 CausT(HibD.HBHSGI BleVisTar BIvTH (HLIGemeT Hldbd & 6D
9 D&EH2  wenflGrrid Couseweudsds Couadr(hid.CeuarTeRdT LIVHENVEBPELD  H6V6VG)
Goauerrewigiemm 2 NUSGSHCFIIS — STUHLWTOTSTII — STeTTeiTalldHhensd  STevflwid
wlroudo L & EHdBH e umL 13 60l60&6Vb G, FTSTrenToleuLiLipblensvuilsv 15
[BTL_3 61T %631 T % 6 611 >3 G 6w 6vsT (HILD.

Umeg 15-18 wmriser euwgewLw  srenmeralsens  smarmer  swimllliydg,
L 6dTLI (D & S 61 6307 (H) LD

FTOTTET LI(HE6ME6T6U TN WLOLILIG)?

&TemTer LBEHems Hewdbd MM  OUTHL ST & HOLFFSME, 2 0K EH WSS TF
GFmerd & (H31,69 6585 TeVPsVLIGILIT(HETHWT S H6V: (LpLpe»eusBHTewsv O GlF.L6 e LpeTer
Amigierserts  Geul L Ceusssro.  LIm@goens 5 wewllGhrd  sevwrewt ey
parmemeudgaill Ceuat(Hd. DGS9 HSmusEChsTewsr 1 wewflCHrid Cousemousgl,
SHeTenteny  eulgsHL L Geuewr(Hd DBHOTTEY  W6UdHCHTeWeVT(Hd ) LNl mev
6T 680 T 61 I TLO6V 3)(hH5CeueT(HD. S L1 L 65%mriiugio 3)(Hd G LoLig
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