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FOREWORD

ver since French growers pioneered the cultivation of the common Agaricus more than two

hundred years ago, mushroom cultivation in the Western world has been a mysterious art. Pro-
fessional cultivators, fearful of competition, have guarded their techniques as trade secrets, sharing
them only with closest associates, never with amateurs. The difficulty of domesticating mushrooms
adds to the mystery: they are just harder to grow than flowering plants. Some species refuse to grow
at all under artificial conditions; many more refuse to fruit; and even the familiar Agaricus of super-
markets demands a level of care and attention to detail much beyond the scope of ordinary garden-
ing and agriculture.

In the past ten years, interest in mushrooms has literally mushroomed in America. For the first
time in history the English-speaking world is flooded with good field guides to the higher fungi, and
significant numbers of people are learning to collect and eat choice wild species. In the United
States and Canada mushroom conferences and forays attract more and more participants. Culti-
vated forms of species other than the common Agaricus have begun to appear in specialty shops
and even supermarkets.

The reasons for this dramatic change in a traditionally mycophobic part of the world may never
be known. | have been fascinated with mushrooms as symbols of the unconscious mind and think
their growing popularity here is a hopeful sign of progress in the revolution of consciousness that
began in the 1960s. A more specific reason may be the rediscovery of psychedelic mushrooms—
the Psilocybes and their allies—which have thoroughly invaded American society in recent years.

The possibility of collecting wild psychoactive mushrooms in many parts of North America has
motivated thousands of people to buy field guides and attend mushroom conferences. The possibil-
ity of growing Psilocybe cubensis at home, one of the easier species to cultivate, has made many
people eager to learn the art of mushroom production. As they pursue their hobby, fans of
Psilocybes often find their interest in mushrooms broadening to include other genera that boast
nonpsychoactive but delicious edible species. Other mycophiles, uninterested in altered states of
consciousness, have grown so fond of some edible species as to want better access to them than
foraying in the wild provides. The result has been a demand from a variety of amateurs for the trade
secrefs of professional cultivators.

The book you are about to read is a milestone in the new awareness of mushrooms. THE
MUSHROOM CULTIVATOR by Paul Stamets and Jeff Chilton is easily the best source of informa-
tion on growing mushrooms at home. Both authors are experts on the higher fungi, on their techni-
cal aspects as well as the practical methods of working with the most interesting species. Paul
Stamets is a recognized authority on the Psilocybes and their relatives; Jeff Chilton has been a pro-
fessional consultant to large-scale, commercial producers of the common Agaricus and the once-
exotic shiitake of Japan and China. Together they have organized a number of successful mush-
room conferences in the Pacific Northwest and have championed the cause of growing at home.
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Unlike experts of the past (and some of the present), they are willing and ready to share their know-
ledge and practical information with all lovers of mushrooms, whether they are amateurs or profes-
sionals, devotees of Psilocybe or of Pleurotus.

THE MUSHROOM CULTVATOR s indeed *“A Practical Guide to Growing Mushrooms at
Home,” as its subfitle indicafes. It covers every aspect of the subject in a readable style and in suffi-
cient detail fo enable both rank amateurs and serious mycologists to succeed at growing the mush-
rooms they like. By including a wealth of excellent illustrations, information on obtaining equipment
and supplies, and step-by-step directions for every procedure, from starting spore cultures to har-
vesfing fruiing bodies to dealing with contaminants and pests, the authors demystify the art of
mushroom culfivation and put mastery of it within everyone’s reach. It is a pleasure to infroduce this
fine book. If you have been searching for information on this topic, you will find it to be all that you
have been looking for and more.

Andrew Weil, M.D., F.L.S.
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PREFACE

The use of mushrooms as food crosses all cultural boundaries. Highly prized by the
A Greeks, mushroom consumption in European nations has deep traditional roots. The
Agari, a pre-Scythian people from Samartia (now Poland and the western Soviet Union), held
mushrooms in high esteem and used them medicinally. The early Greeks held a similar
fascination for fungi and apparently worked them into their religious rituals, even to the extent
that to discuss the use of these sacraments violated strong taboos. For thousands of years, the

Chinese and Japanese have prized a variety of mushroom species for their beneficial proper-.

ties. In the New World, the Aztec and Mazatec Indians of Mexico used mushrooms for both
their healing and divining properties. Clearly, mushrooms have played a significant role in the
course of human cultures worldwide.

Although the Japanese have cultivated the Shiitake mushroom for two thousand years,
the earliest record of European mushroom cultivation was in the 17th century when an
agronomist to Louis XIV, Olivier de Serres, retrieved wild specimens and implanted mush-
room mycelium in prepared substrates. In those times mushroom growing was a small scale
outdoor activity practiced by the rural populace. Materials in which mushrooms grew naturally
were collected and concentrated into prepared beds. These beds were cropped and then used
to start new beds. As demand increased and new methods improved yields, mushroom grow-
ing developed into a large scale commercial business complete with computer controlled in-
door environments and scientifically formulated substrates. Spawn with which to plant
prepared beds, initially gathered in nature, became standardized as sterile culture techniques
were perfected.

It is now known that many of the mushrooms presently under cultivation rank above all
vegetable and legumes (except soybeans) in protein content, and have significant levels of B
and C vitamins and are low in fat. Research has shown that certain cultivated mushrooms
reduce serum cholesterol, inhibit tumors, stimulate interferon production and possess antfiviral
properties. It is no surprise, therefore, that as food plants were developed into cultivars, mush-
rooms were among those selected.

Discovering the methods most successful for mushroom cultivation has been a long and
arduous task, evolving from the experience of lifetimes of research. As mushroom growing
expanded from the realm of home cultivators to that of a multimillion dollar industry, it is not
surprising that growers became more secretive about their methods. For prospective home
cultivators, finding appropriate information has become increasingly difficult. As a result, the
number of small growers decreased and home cultivation became a rare enterprise.

The Mushroom Cultivator is written expressly for the home cultivator and is without bias
against any group of interested growers. For the first time, information previously unavailable
fo the general public is presented in a clear and easy to understand fashion. The book reflects
not only the work of the authors but also the cumulative knowledge gained through countless
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trials by mushrooms growers and researchers. It is the sincere hope of the authors that this
work will re-open the door to the fascinating world of mushroom culture. The Mushroom
Cultivator is dedicated to this goal as we pursue the Art and Science of mushroom cultivation.
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Figure 0 Wall of Pleurotus ostreatus fruitbodies.
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Figure 1 Diagram illustrating overview of general techniques for the cultivation of
mushrooms.
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AN OVERVIEW OF TECHNIQUES
FOR MUSHROOM CULTIVATION

W echniques for cultivating mushrooms, whatever the species, follow the same basic pattern.

4 Whereas two species may differ in temperature requirements, pH preferences or the substrate
on which they grow, the steps leading to fruiting are essentially the same. They can be summarized
as follows:

1. Preparation and pouring of agar media into petri dishes.
2. Germination of spores and isolation of pure mushroom mycelium.
3. Expansion of mycelial mass on agar media.
4. Preparation of grain media.
5. Inoculation of grain media with pure mycelium grown on agar media.
6. Incubation of inoculated grain media (spawn).
7. A. Laying out grain spawn onto trays.
or
B. Inoculation of grain spawn into bulk substrates.
8. Casing—covering of substrate with a moist mixture of peat and other materials.

9. Initiation—lowering temperature, increasing humidity to 95%, increasing air circulation,
decreasing carbon dioxide and/or introducing light.

10. Cropping—maintaining temperature, lowering humidity to 85-92%, maintaining air cir-
culation, carbon dioxide and/or light levels.

With many species moderate crops can be produced on cased grain cultures. Or, the cultivator
can go one step further and inoculate compost, straw or wood. In either case, the fruiting of mush-
rooms requires a high humidity environment that can be readily controlled. Without proper mois-
ture, mushrooms don’t grow.

In the subsequent chapters standard methods for germinating spores are discussed, followed by
techniques for growing mycelium on agar, producing grain and/or bran “‘spawn’’, preparing com-
posted and non-composted substrates, spawn running, casing and pinhead formation. With this last
step the methods for fruiting various species diverge and techniques specific to each mushroom are
individually outlined. A trouble-shooting guide helps cultivators identify and solve problems that are
commonly encountered. This is followed by a thorough analysis of the contaminants and pests of
mushroom culture and a chapter explaining the nature of mushroom genetics. In all, the book is a
system of knowledge that integrates the various techniques developed by commercial growers
worldwide and makes the cultivation of mushrooms at home a practical endeavor.
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TR

MUSHROOMS AND MUSHROOM CULTURE

Mushrooms inspire awe in those encountering them. They seem different. Neither plant-like
nor animal-like, mushrooms have a texture, appearance and manner of growth all their own. Mush-
rooms represent a small branch in the evolution of the fungal kingdom Eumycota and are common-
ly known as the “fleshy fungi”. In fact, fungi are non-photosynthetic organisms that evolved from
algae. The primary role of fungi in the ecosystem is decomposition, one organism in a successiori
of microbes that break down dead organic matter. And although tens of thousands of fungi are
know, mushrooms constitute only a small fraction, amounting to a few thousand species.

Regardless of the species, several steps are universal to the cultivation of all mushrooms. Not
surprisingly, these initial steps directly reflect the life cycle of the mushroom. The role of the culti-
vator is to isolate a particular mushroom species from the highly competitive natural world and im-
plant it in an environment that gives the mushroom plant a distinct advantage over competing
organisms. The three major steps in the growing of mushrooms parallel three phases in their life cy-
cle. They are:

1. Spore collection, spore germination and isolation of mycelium; or tissue cloning.

2. Preparation of inoculum by the expansion of mycelial mass on enriched agar media and
then on grain. Implantation of grain spawn info composted and uncomposted substrates or
the use of grain as a fruiting substrate.

3. Fruitbody (mushroom) initiation and development.

Having a basic understanding of the mushroom life cycle greatly aids the learning of techniques
essential to cultivation.

Mushrooms are the fruit of the mushroom plant, the mycelium. A mycelium is a vast network
of interconnected cells that permeates the ground and lives perenially. This resident mycelium only
produces fruitbodies, what are commonly called mushrooms, under optimum conditions of tem-
perature, humidity and nutrition. For the most part, the parent mycelium has but one recourse for
insuring the survival of the species: to release enormous numbers of spores. This is accomplished
through the generation of mushrooms.

In the life cycle of the mushroom plant, the fruitbody occurs briefly. The mycelial network can
sit dormant for months, sometimes years and may only produce a single flush of mushrooms. Dur-
ing those few weeks of fruiting, the mycelium is in a frenzied stafe of growth, amassing nutrients and
forming dense ball-like masses called primorida that eventually enlarge into the towering mush-
room structure. The gills first develop from the tissue on the underside of the cap, appearing as
folds, then becoming blunt ridges and eventually extending into flat, vertically aligned plates. These
efficiently arranged symmetrical gills are populated with spore producing cells called basidia.

From a structural point of view, the mushroom is an efficient reproductive body. The cap acts
as a domed shield protecting the underlying gills from the damaging effects of rain, wind and sun.
Covering the gills in many species is a well developed layer of tissue called the partial veil which
extends from the cap margin to the stem. Spores start falling from the gills just before the partial veil
tears. After the partial veil has fallen, spores are projected from the gills in ever increasing numbers.
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The cap is supported by a pillar-like stem that elevates the gills above ground where the spores can
be carried off by the slightest wind currents. Clearly, every part of the mushroom fruitbody is de-
signed to give the spores the best opportunity fo mature and spread in an external environment that
is often harsh and drastically fluctuating.

As the mushroom matures, spore production slows and eventually stops. At this time mush-
rooms are in their last hours of life. Soon decay from bacteria and other fungi sets in, reducing the
once majestic mushroom into a soggy mass of fetid tissue that melts into the ground from which it
.sprung.

THE MUSHROOM LIFE CYCLE

Cultivating mushrooms is one of the best ways to observe the entirety of the Mushroom Life
Cycle. The life cycle first starts with a spore which produces a primary mycelium. When the myce-
lium originating from two spores mates, a secondary mycelium is produced. This mycelium con-
tinues to grow vegetatively. When vegetative mycelium has matured, its cells are capable of a
phenomenal rate of reproduction which culminates in the erection of mushroom fruitbody. This
represents the last functional change and it has become, in effect, tertiary mycelium. These types of
mycelia represent the three major phases in the progression of the mushroom life cycle.

Most mushrooms produce spores that are uninucleate and genetically haploid (1N}. This
means each spore contains one nucleus and has half the complement of chromosomes for the
species. Thus spores have a “sex’ in that each has to mate with mycelia from another spore type to
be fertile for producing offspring. When spores are first released they are fully inflated “moist™ cells
that can easily germinate. Soon they dehydrate, collapsing at their centers and in this phase they can
sit dormant through long periods of dry weather or severe drought. When weather conditions pro-

15
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Figure 3 Scanning electron micrograph Figure 4 Scanning electron micrograph
of Russula spores. of Entoloma spores.
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vide a sufficiently moist environment, the spores rehydrate and fully inflate. Only then is germination
possible. '

Spores within an individual species are fairly constant in their shape and structure. However,
many mushroom species differ remarkably in their spore types. Some are smooth and lemon
shaped (in the genus Copelandia, for instance); many are ellipsoid (as in the genus Psilocybe);
while others are highly ornamented and irregularly shaped (such as those in Lactarius or Enfoloma).
A feature common to the spores of many mushrooms, particularly the psilocybian species, is the
formation of an apical germ pore.

The germ pore, a circular depression at one end of the spore, is the site of germination from
which a haploid strand of mycelium called a hypha emanates. This hypha continues fo grow,
branches and becomes a mycelial network. When two sexually complementary hyphal networks
infercept one another and make contact, cell walls separatipg the two hyphal systems dissolve and
cytoplasmic and genetic materials are exchanged. Erafic@y nof, this is “mushroom sex”. Hence-

forth, all resulting mycelium is binucleate and di §g. This means each cell has two nuclei
and a full complement of chromosomes. With few @ipns, only mated (dikaryotic) mycelia is
fertile and capable of producing fruitbodies. Typically, dikaryotic mycelia is faster running and more

¥
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Figure 5 'Hih resolution scaning electron micrgraph showing germ pores of
Psilocybe pelliculosa spores.
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Figure 6 Scanning electron micrograph of a Psilocybe baeocystis spore germinating.

vigorous than unmated, monokaryotic mycelia. Once a mycelium has entered into the dikaryo-
phase, fruiting can occur shortly thereafter. In Psilocybe cubensis, the time between spore germina-
tion and fruitbody initials can be as brief as two weeks; in some Panaeolus species only a week
transpires before mushrooms appear. Most mushroom species, however, take several weeks or
months before mushrooms can be generated from the time of spore germination.

Cultivators interested in developing new strains by crossing single spore isclates take advantage
of the occurrence of clamp connections to tell whether or not mating has taken place. Clamp
connections are microscopic bridges that protrude from one adjoining cell to another and are only
found in dikaryotic mycelia. Clamps can be readily seen with a light microscope at 100-400X
magnification. Not all species form clamp connections. (Agaricus brunnescens does not; most all
Psilocybe and Panaeolus species do). In contrast, mycelia resulting from haploid spores lack
clamps. This feature is an invaluable tool for the researcher developing new strains. (For more infor-
matfion on breeding strategies, see Chapter XV.)

Two dikaryotic mycelial networks can also grow together, exchange genetic material and form
a new strain. Such an encounter, where two hyphal systems fuse, is known as anastomosis. When
two incompatible colonies of mycelia meet, a zone of inhibited growth frequently forms. On agar
media, this zone of incompatibility is visible to the unaided eye.
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Figure 7 Scanning electron micrograph of hyphae emanating from a bed of germinat-
ing Psilocybe cubensis spores.

When a mycelium produces mushrooms, several radical changes in its metabolism occurs. Up
to this point, the mycelium has been growing vegetatively. In the vegetative sfate, hyphal cells are
amassing nutrients. Curiously, there is a gradual increase in the number of nuclei per cell, some-
times fo as many as fen just prior to the formation of mushrooms. Immediately before fruitbodies
form, new cell walls divide the nuclei, reducing their number per cell to an average of two. The high
number of nuclei per cell in pre-generative mycelia seems to be a prerequisite for fruiting in many
mushroom species.

As the gills mature, basidia cells emerge in ever increasing numbers, first appearing as small
bubble-like cells and resembling cobblestones on a street. The basidia are the focal point in the re-
productive phase of the mushroom life cycle. The basidia, however, do not mature all at once. in
the genus Panaeolus for instance, the basidia cells mature regionally, giving the gill surface a
spotted look. The cells giving rise to the basidia are typically binucleate, each nucleus is haploid
(1N) and the cell is said to be dikaryotic. The composition of the young basidia cells are similar. At a
specific point in time, the two nuclei in the basidium migrate fowards one another and merge into a
single diploid (2N) nucleus. This event is known as karyogamy. Soon thereafter, the diploid nu-
cleus undergoes meiosis and typically produces four haploid daughter cells.
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Figure 8,9, & 10 Scanning electron micrographs of the mycelial network of Psilocybe
cubensis. Note hyphal crossings and clamp connections.
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On the surface of the basidia, arm-like projections called sterigmatae arise through which
these nuclei then migrate. In most species four spores form at the tips of these projections. The
spores continue to develop until they are forcefully liberated from the basidia and propelled into free
space. The mechanism for spore release has not yet been proven. But, the model most widely ac-
cepted within the mycological community is one where a *‘gas bubble™ forms at the junction of the
spore and the sterigmata. This gas bubble inflates, violently explodes and jettisons the spore into the
cavity between the gills where it is taken away by air currents. Most commonly, sets of opposing
spores are released in this manner. With spore release, the life cycle is completed.

Not all mushroom species have basidia that produce four haploid spores. Agaricus
brunnescens (= Agaricus bisporus), the common button mushroom, has basidia with two diploid
(2N) spores. This means each spore can evolve info a mycelium that is fully capable of producing
mushrooms. Agaricus brunnescens is one example of a diploid bipolar species. Some Copelandian
Panaeoli (the strongly bluing species in the genus Panaeolus) are two spored and have mating
properties similar to Agaricus brunnescens. Other mushrooom species have exclusively three
spored basidia; some have five spored basidia; and a few, like the common Chantarelle, have as
‘many as eight spores per basidium!

An awareness of the life cycle will greatly aid beginning cultivators in their initial attempts to
cultivate mushrooms. Once a basic understanding of mushroom culture and the life processes of
these organisms is achieved, cultivators can progress to more advanced subjects like genetics, strain
selection and breeding. This wholistic approach increases the depth of one’s understanding and
facilitates development of innovative approaches to mushroom cultivation.

Figure 11, 12 & 13 Scanning electron micrographs showing the development ot the
basidium and spores in Ramaria longispora, a coral fungus.
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baidium of Ps)'locybe

pelliculosa. Note spore/sterigmata junction.
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Figure 16 Scanning electron micrograph of two spored basidium of an as yet unpub-
lished species closely related to Copelandia cyanescens. Note “shadow’ nuclei visible
within each spore.
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Figure 17 Scanning electron micrograph of the gill surface of Cantharellus cibarius.
Note six and eight spored basidia.
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CHAPTER 11
STERILE TECHNIQUE
AND AGAR CULTURE

l- ” ; : ) ! il £y .-
Figure 18 A home cultivator’s pantry converted into a sterile laboratory.
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™he air we breathe is a living sea of microscopic organisms that ebbs and flows with the slightest

wind currents. Fungi, bacteria, viruses and plants use the atmosphere to carry their offspring to

new environments. These microscopic particles can make sterile technique difficult unless proper

precautions are taken. If one can eliminate or reduce the movement of these organisms in the air,
however, success in sterile technique is assured.

There are five primary sources of contamination in mushroom culture work:

The immediate external environment
The culture medium

The culturing equipment

The cultivator and his or her clothes
The mushroom spores or the mycelium

SN eI [N =

Mushrooms—and all living organisms—are in constant competition for available nutrients. In
creating a sterile environment, the cultivator seeks to give advantage to the mushroom over the
myriad legions of other competitors. Before culture work can begin, the first step is the construction
of an inoculation chamber or sterile laboratory.

DESIGN AND CONSTRUCTION OF
A STERILE LABORATORY

The majority of cultivators fail because they do not take the time to construct a laboratory for
sterile work. An affernoon’s work is usually all that is required to convert a walk-in closet, a pantry or
a small storage room into a workable inoculation chamber.

Begin by removing all rugs, curtains and other cloth-like material that can harbor dust and
spores. Thoroughly clean the floors, walls and ceiling with a mild disinfectant. Painting the room
with a high gloss white enamel will make future cleaning easier. Cover windows or any other
sources of potential air leaks with plastic sheeting. On either side of the room’s entrance, using plas-
tic sheeting or other materials, construct an antechamber which serves asan airlock. This acts as a
protective buffer between the laboratory and the outside environment. The chamber should be de-
signed so that the sterile room door is closed while the anteroom is entered. Equip the lab with these
items:

1. a chair and a sturdy table with a smooth surface
a propane torch, an alcohol lamp, a bunsen burner or a butane lighter.

a clearly marked spray bottle containing a 10% bleach solution.
sterile petri dishes and test tube “slants”.

stick-on labels, notebook, ballpoint pen and a permanent marking pen.

SNSRI

. an agar knife and inoculating loop.

All these items should remain in the laboratory. If any equipment is removed, make sure it is
absolutely clean before being returned to the room.
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A semisterile environment can be established in the laboratory through simple maintenance
depending on the frequency of use. The amount of cleaning necessary will be a function of the
spore load in the external environment. In winter the number of free spores drastically decreases
while in the spring and summer months one sees a remarkable increase. Consequently, more
cleaning is necessary during these peak contamination periods. More importantly, all contaminated
jars and petri dishes should be disposed of in a fashion that poses no risk to the sterile lab.

Once the sterile work room has been constructed, follow a strict and unwavering regimen of
hygiene. The room should be cleaned with a disinfectant, the floors mopped and lastly the room’s
air washed with a fine mist of 10% bleach solution. After spraying, the laboratory should not be re-
entered for a minimum of 15 minutes until the suspended particles have settled. A regimen of
cleaning MUST precede every set of inoculations. As a rule, contamination is easier to prevent than
to eliminate after it occurs.

Before going further, a few words of caution are required. Sterile work demands concentration,
attention to detail and a steady hand. Work for reasonable periods of time and not to the point of ex-
haustion. Never leave a lit alcohol lamp or butane torch unattended and be conscious of the fact that
in an airtight space oxygen can soon be depleted.

Some cultivators wage war on contamination to an unhealthy and unnecessary extreme. They
tend to “overkill”’ their laboratory with toxic fungicides and bacteriocides, exposing themselves to
dangerously mutagenic chemical agents. In one incident a worker entered a room that had just
been heavily sprayed with a phenol based germicide. Because of congestion he could not sense the
danger and minutes later experienced extreme shortness of breath, numbness of the extremities and
convulsions. These symptoms persisted for hours and he did not recover for several days. In yet an-
other instance, a person mounted a short wave ultraviolet light in a glove box and conducted frans-
fers over a period of months with no protection and unaware of the danger. This type of light can
cause skin cancer after prolonged exposure. Other alternatives, posing little or no health hazard,
can just as effectively eliminate contaminants, somefimes more so.

If despite one’s best efforts a high contamination rate persists, several additional measures can
be implemented. The first is inexpensive and simple, utilizing a colloidal suspension of light oil into
the laboratory’s atmosphere; the second involves the construction of a still aif 2ilamber called a

. . . . . . . 4 .
glove box; and the third is moderately expensive, employing high efficie c@ lﬁ'@n filters.

£

1. By asperating sterile oil, a cloud of highly viscous droplets is creat %@e droplets des-
cend they frap airborne contaminant particles. This technique uses friethylene glycol that is
vaporized through a heated wick. Finer and more volatile than mineral oil, triethylene glycol
leaves little or no noticable film layer. However a daily schedule of hygiene maintenance is
still recommended. (A German Firm sells a product called an ““aero-disinfector” that utilizes
the low boiling point of tri-ethylene glycol. For information write: Chemische Fabrik Bruno
Vogelmann & Co., Postfach 440, 718 Crailsheim, West Germany. The unit sells for less
than $50.00).

2. A glovebox is an airtight chamber that provides a semisterile still air environment in which
to conduct transfers. Typically, it is constructed of wood, with a sneeze window for viewing
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and is sometimes equipped with rubber gloves into which the cultivator inserts his hands.
Often, in place of gloves, the front face is covered with a removable cotton cloth that is peri-
odically sterilized. The main advantage of a glove box is that it provides an inexpensive, eas-
ily cleaned area where culture work can take place with little or no air movement.

3. Modern laboratories solve the problem of airborne contamination by installing High Effi-
ciency Particulate Air (HEPA) filters. These filters screeen out all particulates exceeding
0.1-0.3 microns in diameter, smaller than the spores of all fungi and practically all bacteria.
HEPA filters are built into what is commonly known as a laminar flow hood. Some sterile
laboratories have an entire wall or ceiling constructed of HEPA filters through which pres-
surized air is forced from the outside. In effect, a positive pressure, sterile environment is
created. Specific data regarding the building and design of laminar flow systems is dis-
cussed in greater detail in Appendix V.

Some cultivators have few problems with contaminants while working in what seems like the
most primitive conditions. Others encounter pronounced contamination levels and have to invest in
high technology controls. Each circumstance dicfates an appropriate couriter-measure. Whether
one is a home cultivator or a spawn maker in a commercial laboratory, the problems encountered
are similar, differing not in kind, but in degree.

Figure 19 Aero-disinfector for reducing Figure 20 Laminar flow hood.
contaminant spore load in laboratory.
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PREPARATION OF AGAR MEDIA

Once the sterile laboratory is completed, the next step is the preparation of nutrified agar me-
dia. Derived from seaweed, agar is a solidifying agent similar to but more effecfive than gelatin.
There are many recipes for producing enriched agar media suitable for mushroom culture. The
standard formulas have been Potatoe Dextrose Agar (PDA) and Malt Extract Agar (MEA) fo which
yeast is often added as a nutritional supplement. Many of the mycological journals list agar media
containing peptone or neopeptone, two easily accessed sources of protein for mushroom myce-
lium. Another type of agar media that the authors recommend is a broth made from boiling wheat
or rye kernels which is then supplemented with malt sugar.

If a high rate of contamination from bacteria is experienced, the addition of antibiotics to the
culture media will prevent their growth. Most antibiotics, like streptomycin, are not autoclavable and
must be added fo the agar media after sterilization while it is sfill molten. One antibiotic, gentamycin
sulfate, survives autoclaving and is effective against a broad range of bacteria. Antibiotics should be
used sparingly and only as a femporary control until the sources of bacteria can be eliminated. The
mycelia of some mushroom species are adversely affected by antibiotics.

Dozens of enriched agar media have been used successfully in the cultivation of fungi and
every cultivator develops distinct preferences based on experience. Regardless of the type of agar
medium employed, a major consideration is its pH, a logarithmic scale denoting the level of acidity
or alkalinity in a range from O (highly acidic) to 14 (highly basic) with 7 being neutral. Species of
Psilocybe thrive in media balanced between 6.0-7.0 whereas Agaricus brunnescens and allies
grow better in near neutral media. Most mycelia are fairly tolerant and grow well in the 5.5-7.5 pH

A
LG’

—

Figure 21
Standard
glove box.
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range. One needs to be concerned with exact pH levels only if spores fail to germinate or if mycelial
growth is unusually slow.

What follows are several formulas for the preparation of nutritionally balanced enriched agar
media, any one of which is highly suited for the growth of Agaricus, Pleurotus, Lentinus,
Stropharia, Lepista, Flammulina, Volvariella, Panaeolus and Psilocybe mycelia. Of these the
authors have two preferences: PDY (Potatoe Dextrose Yeast) and MPG (Malt Peptone Grain) agar
media. The addition of ground rye grain or grain exiract to whatever media is chosen clearly pro-
motes the growth of strandy mycelium, the kind that is generally preferred for its fast growth.

Choose one formula, mix the ingredients in dry form, place into a flask and add water until one
liter of medium is made.

PDY (Potato Dextrose Yeast) Agar MEA (Malt Extract Agar)
the filtered, extracted broth from boiling 20 grams tan malt
300 grams of sliced potatoes in 1 liter of 2 grams yeast
water for 1 hour 20 grams agar

10 dextrose ar
grams dexirose sug (Avoid dark brewer’s malts which have

become carmellized. The malt that
20 grams agar should be used is a light tan brewer’s
malt which is powdery, not sticky in
form).

2 grams yeast (optional)

MPG (Malt Peptone Grain) Agar
20 grams tan malt
5 grams ground rye grain
5 grams peptone or neopeptone
2 grams yeast (optional)
20 grams agar

For controlling bacteria, 0.10 grams of 60-80% pure gentamycin sulfate can be added to each
liter of media prior to sterilization. (See Resources in Appendix.)

Water quality—its pH and mineral content—varies from region to region. If living in an area of
questionable water purity, the use of distilled water is advisable. For all practical purposes, however,
tap water can be used without harm to the mushroom mycelium. A time may come when balancing
pH is important—especially at spore germination or in the culture of exotic species. The pH of
media can be altered by adding a drop at a time of 1 molar concentration of hydrochloric acid
(HCL) or sodium hydroxide (NaOH). The medium is thoroughly mixed and then measured using a
pH meter or pH papers. (One molar HCL has a pH of O; one molar NaOH has a pH of 12; and
distilled water has a pH of 7).

After thoroughly mixing these ingredients, sterilize the medium in a pressure cooker for 30 min-
utes at 15 psi. (Pressure cookers are a safe and effective means of sterilizing media provided they
are operated according to the manufacturer’s instructions). A small mouthed vessel is recom-
mended for holding the agar media. If not using a flask specifically manufactured for pouring media,
any narrow necked glass bottle will suffice. Be sure to plug its opening with cotton and cover with
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aluminum foil before inserting into the pressure cooker. The media container should be filled only
to 24 to ¥ of its capacity.

Place the media filled container into the pressure cooker along with an adequate amount of
water for generating steam. (Usually a %2 inch layer of water at the bottom will do). Seal the cooker
according to the manufacturer’s directions. Place the pressure cooker on a burner and heat until
ample steam is being generated. Allow the steam fo vent for 4-5 minutes before closing the stop-
cock. Slowly bring the pressure up to 15 psi and maintain for ¥z hour. Do not let the temperature of
the cooker exceed 250°F. or else the sugar in the media will caramelize. Media with cararnelized
sugar inhibits mycelial growth and promotes genetic mutations.

A sterilized pot holder or newly laundered cloth should be handy in the sterile lab to aid in re-
moving the media flask from the pressure cooker. While the media is being sterilized, immaculately
clean the laboratory.

The time necessary for sterilization varies at different altitudes. At a constant volume, pressure
and temperature directly correspond (a relationship known as Boyle’s Law). When a certain pres-
sure (= temperature) is recommended, it is based on a sea level standard. Those cultivating at high-
er elevations must cook at higher pressures to achieve the same sterilization effect. Here are two ab-
breviated charts showing the relationships between temperature and pressure and the changes in
the boiling point of water at various elevations. Increase the amount of pressure over the recom-
mended amount based on the difference of the boiling point af sea level and one’s own altitude. For
example, at 5000 feet the difference in the boiling point of water is approximately 10° F. This
means that the pressure must be increased to 20 psi, 5 psi above the recommended 15 psi sea
level standard, to correspond to a *“10 ° F. increase” in femperature. (Actually temperature remains
the same; it is pressure that differs).

Relationship of Pressure and The Relationship of Altitude to
Temperature at Constant Volume the Boiling Point of Water

Pressure (psi) ° Fahrenheit Altitude Boiling Point (° F.)
1 212 Sea Level 212
3 220 1,025 210
5 228 2,063 208
10 240 3,115 206
15 250 4,169 204
20 259 5,225 202
25 267 6,304 200
7,381 197

8,481 196

9,031 195

Note that the effect achieved from sterilizing at 60 minutes at 15 psi is the same as that from 30
minutes at 30 psi. Hence a doubling of pressure reduces sterilization time by one half. Most pres-
sure cookers can not be safely operated at this level unless carefully modified according to the
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Figure 22 & 23 Pouring agar media into sterile
petri dishes. At left, vertical stack technique.

manufacturer’s recommendations. And some extra time must be allowed for adequate penetration
of steam, especially in densely packed, large autoclaves.

Once sterilized, place the cooker in the laboratory or in a semisterile room and allow the pres-
sure to return to 1 psi before opening. One liter of agar media can generously fill thirty 100 x 15
mm. petri dishes. Techniques for pouring vary with the cultivator. If only one or two sleeves of petri
dishes are being prepared, the plates should be laid out side by side on the working surface. If more
than two sleeves are being poured or table space is limited, pouring the sterile petri dishes in a verti-
cal stack is usually more convenient.

Before pouring, vigorously shake the molten media to evenly distribute its ingredients. Experi-
enced cultivators fill the plates rhythmically and without interruption. Allow the agar media to cool
and solidify before using. Condensation often forms on the inside surface of the upper lid of a petri
dish when the agar media being poured is still at a high temperature. To reduce condensation, one
can wait a period of time before pouring. If the pressure cooker sits for 45 minutes after reaching 1
psi, a liter of liquid media can be poured with little discomfort to unprotected hands.

Two types of cultures can be obtained from a selected mushroom: one from its spores and the

other from living tissue of a mushroom. Either type can produce a viable strain of mycelia. Each
has advantages and disadvantages.
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STARTING A CULTURE FROM SPORES

A mushroom culture can be started in one of two ways. Most growers sfart a culfure from
spores. The advantage of using spores is that they are viable for weeks to months after the mush-
room has decomposed. The other way of obtaining a culture is to cut a piece of interior tissue from
a live specimen, in effect a clone. Tissue cultures must be taken within a day or two from the time
the mushroom has been picked, affer which a healthy clone becomes increasingly difficult to estab-
lish.

Taking a Spore Print

To collect spores, sever the cap from the stem of a fresh, well cleaned mushroom and place it
gills down on a piece of clean white paper or a clean glass surface such as a microscope slide. If a
specimen is partially dried, add a drop or two of water to the cap surface tfo aid in the release of
spores. To lessen evaporation and disturbance from air currents, place a cup or glass over the
mushroom cap. After a few hours, the spores will have fallen according fo the radiating symmetry of
the gills. If the spore print has been taken on paper, cut it out, fold it in half, seal in an airtight con-
tainer and label the print with the date, species and collection number. When using microscope
slides, the spores can be sandwiched between two pieces of glass and taped along the edges fo
prevent the entry of confaminant spores. A spore print carelessly taken or stored can easily become
contaminated, decreasing the chance of acquiring a pure culture.

Figure 24a Taking a spore print on typing paper.
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Figure 24b Taking a spore print on a sterile petri
dish and on glass microscope slides.

Figure 25 Sterilizing two scalpels speeds up
agar transfer technique.

Agaricus brunnescens, Psilocybe cubensis and many other mushroom species have a partial
veil—a thin layer of tissue extending from the cap margin to the stem. This veil can be an aid in the
procurement of nearly contaminant-free spores. The veil seals the gill from the outside, creating a
semi-sterile chamber from which spores can be removed with little danger of contamination. By
choosing a healthy, young specimen with the veil intact, and then by carefully removing the veil
tissue under aseptic conditions, a nearly pure spore print is obtained. This is the ideal way to start a
multispore culture.

Techniques for Spore Germination

Once a spore print is obtained, mushroom culture can begin. Sterilize an inoculating loop or
scalpel by holding it over the flame of an alcohol lamp or butane torch for five or ten seconds until it
is red hot. (If a butane torch is used, turn it down to the lowest possible sefting to minimize air dis-
turbance). Cool the tip by inserting it into the sterile media in a petri dish and scrape some spores off
the print. Transfer the spores by streaking the tip of the transfer tool across the agar surface. A simi-
lar method calls for scraping the spore print above an opened petri dish and allowing them fo free-
fall onto the medium. When starting a new culture from spores, it is best to inoculate at least three
media dishes to improve the chances of getting a successful germination. Mycelium started in this
manner is called a multispore culture.

When first produced, spores are moist, inflated cells with a relatively high rate of germination.
As time passes, they dry, collapse at their centers and can not easily germinate. The probability of
germinating dehydrated spores increases by soaking them in sterilized water. For 30 minutes at 15
psi, sterilize an eye dropper or similar device (syringe or pipette) and a water filled fest tube or
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25-250 ml. Erlenmeyer flask stopped with cotton and covered with aluminum foil. Carefully touch
some spores onto a scalpel and insert into sterile water. Tightly seal and let stand for 6-12 hours.
After this period draw up several milliliters of this spore solution with the eye dropper, syringe or
pipette and inoculate several plates with one or two drops. Keep in mind that if the original spore
print was taken under unsanitary conditions, this technique just as likely favors contaminant spores
as the spores of mushrooms.

Characteristics of the Mushroom Mycelium

With either method of inoculation, spore germination and any initial stages of contamination
should be evident in three to seven days. Germinating spores are thread-like strands of cells emanat-
ing from a central point of origin. These mycelial strands appear grayish and diffuse at first and soon
become whitish as more hyphae divide, grow and spread through the medium.

The mycelia of most species, particularly Agaricus, Coprinus, Lentinus, Panaeolus and
Psilocybe are grayish to whitish in color. Other mushroom species have variously pigmented my-
celia. Lepista nuda can have a remarkable purplish blue mycelium; Psilocybe tampanensis is often
multi-colored with brownish hues. Keep in mind, however, that color varies with the strain and the
media upon which the mycelium is grown. Another aspect of the mycelial appearance is its type of
growth, whether it is aerial or appressed, cottony or rhizomorphic. Aerial mycelium can be species
related or often it is a function of high humidity. Appressed mycelium can also be a species specific
character or it can be the result of dry conditions. The subject of mycelial fypes is discussed in
greater detail under the sub-chapter Sectoring. (See Color Photos 1-4).

Once the mushroom mycelium has been identified, sites of germinating spores should be
transferred to new media dishes. In this way the cultivator is selectively isolating mushroom mycelia
and will soon establish a pure culture free of contamination. If contamination appears at the same
time, cut out segments of the emerging mushroom mycelia away from the contaminant colonies.
Since many of the common contaminants are sporulating molds, be careful not to jolt the culture or
to do anything that might spread their spores. And be sure the scalpel is cool before cutting into the
agar media. A hot scalpel causes an explosive burst of vapor which in the microcosm of the petri
dish easily liberates spores of neighboring molds.

Ramifications of Multispore Culture

Multispore culture is the least difficult method of obtaining a viable if not absolutely pure strain.
In the germination of such a multitude of spores, one in fact creates many strains, some incompati-
ble with others and each potentially different in the manner and degree to which they fruit under arti-
ficial conditions. This mixture of strains can have a limiting effect on total yields, with the less pro-
ductive strains inhibiting the activity of more productive ones. In general, strains created from spores
have a high probability of resembling their parents. If those parents have been domesticated and
fruit well under laboratory conditions, their progeny can be expected to behave similarly. In contrast,
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Figu're 27 Psilocybe cubensis mycelium growing from agar wedge, transferred from a
multispore germination. Note two types of mycelial growth.
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cultures from wild specimens may fruit very poorly in an artificial environment. Just as with wild
plants, strains of wild mushrooms must be selectively developed.

Of the many newly created strains intrinsic to multispore germination, some may be only capa-
ble of vegetative growth. Such mycelia can assimilate nutrients but can not form a mushroom fruit-
body (the product of generative growth). A network of cells coming from a single spore is called a
monokaryon. As a rule, monokaryons are not capable of producing fertile spore-bearing mush-
rooms. When two compatible monokaryons encounter one another and mate, cytoplasmic and ge-
netic material is exchanged. The resultant mycelium is a dikaryon that can produce fertile off-
spring in the form of mushrooms. Branching or networking between different dikaryotic strains is
known as anastomosis. This process of recombination can occur at any stage of the cultivation
process: on agar; on grain; or on bulk substrates. The crossing of different mushroom strains is ana-
logous to the creation of hybrids in horticulture.

Another method for starting cultures is the creation of single spore isolates and is accomplished
by diluting spores in a volume of sterile water. This spore solution is further diluted into larger vol-
umes of sterile water which is in turn used to inoculate media dishes. In this way, cultivators can ob-

Romero; Misantla; Amazonian; and Palenque.
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serve individual monokaryons and in a controlled manner institute a mating schedule for the devel-
opment of high yielding strains. For cultivators interested solely in obtaining a viable culture, this
technique is unnecessary and multispore germinations generally suffice. But for those interested in
crossing monokaryotic strains and studying mating characteristics, this method is of great value.
Keep in mind that for every one hundred spores, only an average of one to five germinate. For a
more defailed explanation of strains and strain genetics, see Chapter XV.

The greatest danger of doing concentrated multispore germinations is the increased possibility
of contamination, especially from bacteria. Some bacteria parasitize the cell walls of the mycelium,
while others stimulate spore germination only to be carried upon and to slowly digest the resulting
mycelia. Hence, some strains are inherently unhealthy and tend to be associated with a high percen-
tage of contamination. These infected spores, increase the likelihood of disease spreading to neigh-
boring spores when germination is attempted in such high number E§

Many fungi, however, have developed a unique symbiotic rg| @%p with other microorgan-
isms. Some bacteria and yeasts actually stimulate spore germinatiggdingiushrooms that otherwise
are difficult to grow in sterile culture. The spores of Cantharellus cibarius, the common and highly
prized Chantrelle, do not germinate under artificial conditions, resisting the efforts of world’s most
experienced mycologists. Recently, Nils Fries (1979), a Swedish mycologist, discovered that when
activated charcoal and a red yeast, Rhodotorula glutinis (Fres.) Harrison, were added to the media,
spore germination soon followed. (Activated charcoal is recommended for any mushroom whose
spores do not easily germinate.)

Figure 29  Psilocybe cubensis spores infected with rod shaped bacteria.
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Many growers have reported that certain cultures flourish when a bacterium accidentally con-
taminates or is purposely introduced into a culture. Pseudomonas putida, Bacillus megaterium,
Azotobacter vinelandii and others have all been shown to have stimulatory effects on various mush-
room species—either in the germination of spores, the growth of mycelia or the formation of fruit-
bodies (Curto and Favelli, 1972; Hayes et al., 1969; Eger, 1972; Urayama, 1961). Techniques
utilizing these bacteria are discussed in Appendix lll. However, most of the contaminants one
encounters in mushroom cultivation, whether they are airborne or intrinsic to the culture, are not
helpful. Bacteria can be the most pernicious of all competitors. A diligent regimen of hygiene, the
use of high efficiency particulate air (HEPA) filters and good laboratory technique all but eliminate
these costly contaminants.

STARTING A CULTURE FROM LIVE TISSUE

Tissue culture is an assured method of preserving the exact genetic character of a living mush-
room. In tissue culture a living specimen is cloned whereas in multispore culture new strains are
created. Tissue cultures must be taken from mushrooms within twenty-four to forty-eight hours of
being picked. If the specimens are several days old, too dry or too mature, a pure culture will be dif-
ficult to isolate. Spores, on the other hand, can be saved over long periods of time.

Since the entire mushroom is composed of compressed mycelia, a viable culture can be ob-
tained from any part of the mushroom fruitbody. The cap, the upper region of the stem and/or the
area where the qill plate joins the underside of the cap are the best locations for excising clean tissue.
Some mushrooms have a thick cuticle overlaying the cap. This skin can be peeled back and a tissue
culture can be taken from the flesh underlying it. Wipe the surface of the mushroom with a cotton
swab soaked in alcohol and remove any dirt or damaged external tissue. Break the mushroom cap
or stem, exposing the interior hyphae. Immediately flame a scalpel until red-hot and cool in a media
filled petri dish. Now cut into the flesh removing a small fragment of tissue. Transfer the tissue frag-
ment to the center of the nutrient filled petri dish as quickly as possible, exposing the tissue and agar
to the open air for a minimal time. Repeat this technique into at least three, preferably five more
dishes. Label each dish with the species, date, type of culture (tissue) and kind of agar medium. If
successful, mycelial growth will be evident in three to seven days.

An overall contamination rate of a 10% is one most cultivators can tolerate. In primary cultures
however, especially those isolated from wild specimens, it is not unusual to have a 25% contamina-
tion rate. Diverse and colorful contaminants often appear near to the point of transfer. Their num-
bers depend on the cleanliness of the tissue or spores transferred and the hygienic state of the labor-
atory where the transfers were conducted. In tissue culture, the most commonly encountered con-
taminants are bacteria.

Contamination is a fact of life for every cultivator. Contaminants become a problem when their
populations spiral above tolerable levels, an indication of impending disaster in the laboratory. If a
five, ten or fifteen percent contamination rate is normal for a cultivator and suddenly the contamina-
tion level escalates without an alteration of regimen, then new measures of control should be intro-
duced immediately.
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Figure 30 Splitting
the mushroom stem
to expose interior
tissue.

Figure 31 Cutting
into mushroom flesh
with a cooled, flame
sterilized scalpel.

Figure 32 Excising
a piece of tissue for
transfer into a petri

dish.
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Once the tissue shows signs of growth, it should be transferred to yet another media dish. If no
signs of contamination are evident, early transfer is not critical. If sporulating colonies of mold devel-
op adjacent to the growing mycelium, the culture should be promptly isolated. Continue fransfer-
ring the mycelium away from the contaminants until a pure strain is established. Obviously, isolating
mycelia from a partially contaminated culture is more difficult than transferring from a pure one. The
mere attempt of isolating mycelia away from a nearby contaminant is fraught with the danger of
spreading its spores. Although undetectable to us, when the rim of a petri dish is liffed external air
rapidly enters and spores become airborne. Therefore, the sooner the cultivator is no longer depen-
dent upon a partially contaminated culture dish, the easier it will be to maintain pure cultures. Keep
in mind that a strain isolated from a contaminated media dish can harbor spores although to the
unaided eye the culture may appear pure. Only when this contaminant laden mycelium is inocu-
lated into sterile grain will these inherent bacteria and molds become evident.

To minimize contamination in the laboratory there are many measures one can undertake. The
physical ones such as the use of HEPA filters, asperated oil and glove boxes have already been dis-
cussed. One’s attitude towards contamination and cleanliness is perhaps more important than the
installation of any piece of equipment. The authors have seen laboratories with high contamination
rates and closets that have had very little. Here are two general guidelines that should help many
first-time cultivators.

1. Give the first attempt at sterile culture the best effort. Everything should be clean: the lab;

clothes; tools; and especially the cultivator.

2. Once a pure culture has been established, make every attempt to preserve its purity. Save
only the cultures that show no signs of mold and bacteria. Throw away all contaminated
dishes, even though they may only be partially infected.

If failure greets one’s first attempts at mushroom culture, do not despair. Only through practice

and experience will sterile culture techniques become fluent.

Agar culture is but one in a series of steps in the cultivation of mushrooms. By itself, agar media
is impractical for the production of mushrooms. The advantage of its use in mushroom culture is
that mycelial mass can be rapidly multiplied using the smallest fragments of tissue. Since contami-
nants can be readily observed on the flat two dimensional surface of a media filled petri dish, it is
fairly easy to recognize and maintain pure cultures.

SECTORING: STRAIN SELECTION
AND DEVELOPMENT

As mycelium grows out on a nufrient agar, it can display a remarkable diversity of forms. Some
mycelia are fairly uniform in appearance; others can be polymorphous at first and then suddenly de-
velop into a homogeneous looking mycelia. This is the nature of mushroom mycelia—to constantly
change and evolve.

When a mycelium grows from a single inoculation site and several divergent types appear, it is
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Figure 33 Bacteria growing from con- Figure 34 Rhizomorphic mycelium.
taminated mushroom mycelium. Note divergent ropey strands.
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Figure 35 Intermediate linear type myce- Figure 36 Rhizomorphic mycelia with to-
lium. Note longitudinally radial fine mentose (cottony) sector (of Agaricus
strands (Psilocybe cyanescens mycelium).  brunnescens).
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said to be sectoring. A sector is defined solely in contrast fo the surrounding, predominant
mycelia. There are two major classes of mycelial sectors: rhizomorphic (strandy) and tomentose
(cottony). Also, an infermediate type of mycelium occurs which grows linearly (longitudinally radial)
but does not have twisted strands of interwoven hyphae that characterize the rhizomorphic kind.
Rhizomorphic mycelium is more apt to produce primordia. Linear mycelium can also produce
abundant primordia but this usually occurs soon after it forms rhizomorphs. Keep in mind, however,
that characteristics of fruiting mycelium are offen species specific and may not conform precisely to
the categories outlined here.

In a dish that is largely covered with a cottony mycelia, a fan of strandy mycelia would be called
a rhizomorphic sector, and vice versa. Sectors are common in mushroom culture and although little
is known as to their cause or function, it is clear that genetics, nutrition and age of the mycelium play
important roles.

According to Stoller (1962) the growth of fluffy sectors is encouraged by broken and exploded
kernels which increase the availability of starch in the spawn media. Working with Agaricus
brunnescens, Stoller noted that although mycelial growth is faster at high pH levels (7.5) than at
slightly acid pH levels (6.5), sectoring is more frequent. He found that sectors on grain could be re-

= o L

Figure 37 Psilocybe cubensis mycelia with cottony and rhizomorphic sectors. Note
that primordia form abundantly on rhizomorphic mycelium but not on the cottony

type.
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Figure 39 Primordia of Psilocybe cubensis forming on malt agar media.
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duced by avoiding exploded grains (a consequence of excessive water) and buffering the pH to 6.5
using a combination of chalk (precipitated calcium carbonate) and gypsum (calcium sulfate).

Commercial Agaricus cultivators have long noted that the slower growing cottony mycelium is
inferior to the faster growing rhizomorphic mycelium. There is an apparent correlation between cot-
tony mycelia on agar and the later occurrence of “‘stroma’’, a dense mat-like growth of mycelia on
the casing which rarely produces mushrooms. Furthermore, primordia frequently form along gen-
eratively oriented rhizomorphs but rarely on somatically disposed cottony mycelia. It is of interest to
mention that, under a microscope, the hyphae of a rhizomorphic mycelial network are larger and
branch less frequently than those of the cottony network.

Rhizomorphic mycelia run faster, form more primordia and in the final analysis yield more
mushrooms than cottony mycelia. One example of this is illustrated in Fig. 37. A single wedge of
mycelium was transferred to a petri dish and two distinct mycelial types grew from it. The stringy
sector formed abundant primordia while the cottony sector did not, an event common in agar
culture.

When a mycelium grows old it is said to be senescing. Senescent mycelium, like any aged plant
or animal, is far less vigorous and fertile than its counterpart. In general, a change from rhizo-
morphic to cottony looking mycelium should be a warning that strain degeneration has begun.

If at first a culture is predominantly rhizomorphic, and then it begins to sector, there are several
measures that can be undertaken to promote rhizomorphism and prevent the strain’s degeneration.

1. Propagate only rhizomorphic sectors and avoid cottony ones.

2. Alter the media regularly using the formulas described herein. Growing a strain on the
same agar formula is not recommended because the nutritional composition of the medium
exerts an selective influence on the ability of the mushroom mycelium to produce digestive
enzymes. By varying the media, the strain’s enzyme system remains broadly based and the
mycelium is better suited for survival. Species vary greatly in their preferences. Unless
specific data is available, trial and error is the only recourse.

3. Only grow out the amount of mycelium needed for spawn production and return the sfrain
to storage when not in use. Do not expect mycelium that has been grown over several years
at optimum temperatures to resemble the primary culture from which it came. After so
many cell divisions and continual transfers, a sub-strain is likely to have been selected out,
one that may distantly resemble the original in both vitality, mycelial appearance and fruit-
ing potential.

4. |f efforts to preserve a vital strain fail, re-isolate new substrains from multispore germina-
tions.

5. Another alternative is to continuously experiment with the creation of hybrid strains that are
formed from the mating of dikaryotic mycelia of two genetically distinct parents.
(Experiments with Agaricus brunnescens have shown, however, that most hybrids yield
less than both or one of the contributing strains. A minority of the hybrids resulted in more
productive strains.)
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Home cultivators can selectively develop mushroom strains by rating mycelia according to sev-
eral characteristics. These characteristics are:

1.
2
S}

9.
10.
1.
2z

o S OR T

Rhizomorphism—fast growing vegetative mycelium.
Purity of the strain—lack of cottony sectors.
Cleanliness of the mycelia—lack of associated competitor organisms (bacteria, molds and
mites).

Response time to primodia formation conditions.
Number of primordia formed.

Proportion of primordia formed that grow to maturity.
Size, shape and/or color of fruitbodies.

Total yield.

Disease resistance.

CO, tolerance/sensitivity.

Temperature limits.

Ease of harvesting.

Using these characteristics, mushroom breeders can qualitatively judge strains and selecf ones
over a period of time according to how well they conform to a grower’s preferences.

Figure 40 Mature
stand of Psilocybe
cubensis on malt
agar media.
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STOCK CULTURES: METHODS FOR
PRESERVING MUSHROOM STRAINS

Once a pure strain has been created and isolated, saving it in the form of a “‘stock culture” is
wise. Stock cultures—or “slants” as they are commonly called—are media filled glass fest tubes
which are sterilized and then inoculated with mushroom mycelium. A suitable size for a culture tube
is 20 mm. x 100 mm. with a screw cap. Every experienced cultivator maintains a collection of stock
cultures, known as a “‘species bank”’. The species bank is an integral part of the cultivation process.
With it, a cultivator may preserve strains for years.

To prepare slants, first mix any of the agar media formulas discussed earlier in this chapter. Fill
test tubes one third of the way, plug with cotton and cover with aluminum foil or simply screw on the
cap if the tubes are of this type. Sterilize in a pressure cooker for 30 minutes at 15 psi. Allow the
cooker to return to atmospheric pressure and then take it into the sterile room before opening. Re-
move the slants, gently shake them to distribute the liquified media and lay them at a 15-30 degree
angle to cool and solidify.

When ready, inoculate the slants with a fragment of mushroom mycelium. Label each tube
with the date, type of agar, species and strain. Make at least three slants per strain to insure against
loss. Incubate for one week at 75 ° F. (24 ° C.). Once the mycelia has covered a major portion of
the agar’s surface and appears fo be free of contamination, store at 35-40 °F.(2-4°C.). At these
temperatures, the metabolic activity of most mycelia is lowered to a level where growth and nutrient
absorbtion virtually stops. Ideally one should check the vitality of stored cultures every six months by
removing fragments of mycelium and inoculating more petri dishes. Once the mycelium has
colonized two-thirds of the media dish, select for strandy growth (rhizomorphism) and reinoculate
more slants. Labe!l and store until needed. Often, growing out minicultures is a good way to check a
stored strain’s vitality and fruiting ability.

An excellent method to save cultures is by the buddy system: passing duplicates of each
species or of strains to a cultivator friend. Mushroom strains are more easily lost than one might ex-
pect. Once lost, they may never be recovered.

In most cases, the method described above safely preserves cultures. Avid cultivators, however,
can easily acquire fifty to a hundred strains and having to regularly revitalize them becomes tedious
and time consuming. When a library of cultures has expanded to this point, there are several addi-
tional measures that further extend the life span of stock cultures.

A simple method for preserving cultures over long periods of time calls for the application of a
thin layer of sterile mineral oil over the live mycelium once it has been esfablished in a test tube. The
mineral oil is non-toxic to the mycelium, greatly reduces the mycelium’s metabolism and inhibits
water evaporation from the agar base. The culture is then stored at 37-41 © F. until needed. In a re-
cent study (Perrin, 1979), all of the 30 wood inhabiting species stored under mineral oil for 27
years produced a viable culture. To reactivate the strains, slants were first inverted upside down so
the oil would drain off and then incubated at 77 ° F. Within three weeks each slant showed renewed
signs of growth and when subcultured onto agar plates they yielded uncontaminated cultures.
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Figure 41 Filling test tubes with liquid agar media prior to sterilization in a pressure
cooker.

Flgure 42 Inoculating a test tube slant with a piece of mycelium.
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Although a strain may be preserved over the long term using this method, will it be as produc-
five as when it was first stored? Other studies have concluded that strains saved for more than 5
years under mineral oil showed distinct signs of degeneration while these same strains were just as
productive at 2%z years as the day they were preserved. Nevertheless, if is not unreasonable fo
presume, based on fhese studies, that cultures can be stored up to two years without serious
impairment to their vitality.

Four other methods of preservation include: the immersion of slants infto liquid nitrogen (an ex-
pensive procedure); the inoculation of washed sterilized horse manure/straw compost that is then
kept at 36-38 ° F. (See Chapter V on compost preparation); the inoculation of sawdust/bran media
for wood decomposers (see section in Chapter lIl on alfernative spawn media); or saving spores
aceptically under refrigerated conditions—perhaps the simplest method for home cultivators.

Whatever method is used, remember that the mushroom’s nature is to frui, sporulate and
evolve. Cultivation techniques should evolve with the mushroom and the culfivator must selectively
isolate and maintain promising strains as they develop. So don’t be too surprised if five years down
the line a stored strain poorly resembles the original in its fruiting potential or form.

B il -

Figure 43 Culture slant of healthy mycelium
ready for cool storage.
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CHAPTER 1
GRAIN CULTURE

Figure 44 Half gallon spawn jars at 3 and 8 days after inoculation.



http://www.cvisiontech.com/pdf_compressor_31.html

42 /The Mushroom Cultivator

THE DEVELOPMENT OF GRAIN SPAWN

E’\ /F ushroom spawn is used to inoculate prepared substrates. This inoculum consists of a carrier
. Y [l material fully colonized by mushroom mycelium. The type of carrier varies according fo the
mushroom species cultivated, although rye grain is the choice of most spawn makers. The history
of the development of mushroom spawn for Agaricus brunnescens culture illustrates how spawn
production has progressed in the last hundred years.

During the 1800’s Agaricus growers obtained spawn by gathering concentrations of mycelium
from its natural habitat. To further encourage mycelial growth this “‘virgin spawn” was supple-
mented with materials similar to those occurring naturally, in this case horse manure. Spent com-
post from prior crops was also used as spawn. This kind of spawn, however, confained many con-
taminants and pests, and yielded few mushrooms. Before serious commercal cultivation could
begin, methods guaranteeing the quality and mass production of the mushroom mycelium had to
be developed.

With the advent of pure culture techniques, propagation of mushroom mycelium by spore
germination or by living tissue completely superseded virgin spawn. Now the grower was assured of
not only a clean inoculum but also a degree of certainty as to the strain itself. Strain selection and de-
velopment was possible for the first time in the history of mushroom culture because high yielding
strains could be preserved on a medium of precise composition. Sterilized, chopped, washed com-
post became the preferred medium for original pure culture spawn and was for years the standard of
the Agaricus industry.

[n 1932, Dr. James Sinden patented a new spawn making process using cereal grain as the
mycelial carrier. Since then rye has been the most common grain employed although millet, milo
and wheat have also been used. Sinden’s novel approach set a new standard for spawn making and
forms the basis for most modern spawn production. The distinct advantage of grain spawn is the in-
creased number of inoculation sites. Each individual kernel becomes one such point from which
mycelium can spread. Thus, a liter of rye grain spawn that contains approximately 25,000 kernels
represents a vast improvement over inocula transmitted by coarser materials.

Listed below are cereal grains that can be used to produce spawn. Immediately following this
list is a chart illustrating some of the physical properties important to the spawn maker.

RICE: Utilized by few cultivators. Even when it is balanced to recommended moisture levels,

the kernels tend to clump together owing fo the sticky nature of the outer coat.

MILLET: Although having a higher number of inoculation points than rye, it is more difficult to
formulate as spawn. Amycel, a commercial spawn-making company, has successfully devel-
oped a formula and process utilizing millet as their primary spawn medium.

SORGHUM: Has spherical kernels and works relatively well as a spawn medium but it can be
difficult to obtain. Milo, a type of sorghum, has been used for years by the Stoller Spawn
Company.
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WHEAT: Works equally well as rye for spawn making and fruitbody production.

WHEAT GRASS and RYE GRASS SEED: Both have many more kernels per gram than
grain. The disadvantage of seed is the tendency to lose its moisture and its inability fo sepa-
rate into individual kernels, making it difficult to shake. (Rye grass and wheat grass seed are
widely used to promote sclerotia formation in Psilocybe tampanensis, Psilocybe mexicana
and Psilocybe armandii. Perennial or annual can be used although annual is far cheaper.
See the species parameters for these species in Chapter XI.)

RYE: lts availability, low cost and ability to separate into individual kernels are all features
recommending its use as a spawn and fruiting medium.

THE CEREAL GRAINS AND THEIR PHYSICAL PROPERTIES
(tests run by the authors)

TYPE , KERNELS/GRAM  GRAMS/100 ML % MOISTURE
COMMERCIAL 30 75 15%
FEED RYE

COMMERCIAL 40 72 13%
MUSHROOM RYE

ORGANIC 55 76 11%
CO-OP RYE

ORGANIC WHEAT 34 90 10%
SHORT GRAIN 39 100 26%
BROWN RICE

LONG GRAIN 45 86 15%
BROWN RICE

SORGHUM (MILO) 33 93 15%
PERENNIAL WHEAT 450 43 16%
GRASS SEED

PERENNIAL RYE 415 39 12%
GRASS SEED

MILLET 166 83 13%

In a single gram of commercial rye, Secale cereale, there is an estimated cell count of
50,000-100,000 bacteria, more than 200,000 actinomyces, 12,000 fungi and a large number of
yeasts. To sterilize one gram of grain would require, in effect, the destruction of more than 300,000
contaminants! In a spawn jar containing in excess of a hundred grams of grain, and with the addition
of water, the cell population soars to astronomical figures.

Of all the groups of these organisms, bacteria are the most pernicious. Bacferia can divide
every twenty or so minutes at room temperature. At this rate, a single bacterium multiplies into
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more than a million cells in less than ten hours. In another ten hours, each one of these bacteria
beget another million cells. If only a small fraction of one percent of these contaminants survive the
sterilization process, they can render grain spawn useless within only a few days.

Most microorganisms are killed in the sterilization process. For liquids, the standard time and
pressure for steam sterilization is 25 minutes at 15 psi (250 © F). For solids such as rye, the sterili-
zation time must be increased to insure that the steam sufficiently penetrates the small air pockets
and structural cavities in the grain. Within these cavities bacteria and other thermo-resistant organ-
isms, partially protected from the effects of steam, have a better chance of enduring a shorter sterili-
zation period than a longer one. Hence, a full hour at 15 psi is the minimum time recommended to
sterilize jars of rye grain.

Some shipments of grain contain extraordinarily high levels of bacteria and fungi. Correspond-
ingly the contamination rate on these grains are higher, even after autoclaving and prior to
inoculation. Such grain should be discarded outright and replaced with grain of known quality.

Once the grain has been sterilized, it is presumed all competitors have been neutralized. The
next most probable source of contamination is the air immediately surrounding the jars. As hot jars
cool, they suck in air along with airborne contaminants. lf the external spore load is excessively
high, many of these contaminants will be introduced into the grain even before conducting a single
inoculation! In an average room, there are 10,000 particulates exceeding .3 microns (dust, spores,
etc.) per cubic foot while in a “sterile’ laboratory there are less than 100 per cubic foot. With these
facts in mind, two procedures will lessen the chance of contamination after the spawn jars have been
autoclaved.

1. f autoclaving grain media outside the laboratory in an unsterile environment (a kitchen, for
instance), be sure to clean the outside of the pressure cooker before bringing it into the
sterile inoculating room.

2. Inoculate the jars as soon as they have cooled to room temperature. Although many
cultivators leave uninoculated jars sitting in pressure cookers overnight, this is not recom-
mended.

The amount of water added to the grain is an important factor contributing to the reproduction
of contaminants. Excessive water in a spawn jar favors the growth of bacteria and other competitors.
In wet grain the mushroom mycelium grows denser and slower. Oversaturated grain kernels
explode during the sterilization process, and with their interiors exposed, the grain is even more
susceptible to contamination. In addition, wet grain permeated with mycelium is difficult to break up
into individual kernels. When such grain comes in contact with a non-sterite medium such as casing
soil or compost, it frequently becomes contaminated. Spawn made with a balanced moisture
confent has none of these problems. It easily breaks apart into individual mycelium covered kernels,
insuring a maximum number of inoculation points from which mycelial strands can emerge.

Determining the exact moisture content of grain is not difficult. Once done, the cultivator can
easily calculate a specific moisture content that is optimal for use as spawn. Commercial rye grain,
available through co-ops and feed companies, is 11% water by mass, plus or minus 2%. The pre-
cise amount of water locked up in grain can be determined by weighing a sample of 100 grams.



http://www.cvisiontech.com/pdf_compressor_31.html

Grain Culture/ 45

T T T e o o ST Ty

Then reweigh the same grain after it has been dried in an oven (250 ° F. for 3 hours) and subtract
this new weight from the original 100 grams. The resultant figure is the percentage of moisture nat-
urally bound within the grain.

PREPARATION OF GRAIN SPAWN

The optimum moisture content for grain in the production of spawn is between 49-54%. The
following formulas are based on cereal rye grain, Secale cereale, which usually has a moisture
content of 11%. Some variation should be expected depending on the brand, kernel size, geo-
graphical origin and the way the grain has been stored.

The standard spawn container for the home cultivator is the quart mason jar while the
commercial spawn maker prefers the gallon jar. Wide mouth mason jars have been exfensively
used by home cultivators because of several books popularizing fruitbody production in these jars.
Wide mouth jars have been preferred because mushrooms grown in them are easier fo harvest than
those in narrow mouth ones. Not only is this method of growing mushrooms outdated, but wide
mouth jars have several disadvantages for spawn production and hence are not recommended.
Narrow mouthed containers have less chance of contaminating from airborne spores because of
their smaller openings and are more suited to use with synthetic filter discs. The purpose of the
spawn container is to temporarily house the incubating mycelium before it is laid out in frays or used
to inoculate bulk substrates. Jars are not well suited as a fruiting container.

Most commercial spawn makers cap their spawn bottles with synthetic filter discs which allow
air penetration and gaseous exchange but not the free passage of contaminating spores. Home
cultivators, on the other hand, have used inverted mason lids which imperfectly seal and allow some

Figure 45 Two jars
of grain media,
before and after
autoclaving using the
above formulas.



http://www.cvisiontech.com/pdf_compressor_31.html

46 /The Mushroom Cultivator

air exchange. This method works fine under sterile conditions although the degree of filtration is not
guaranteed. The best combination uses filter discs in conjunction with one piece screw top lids
having a 3%-V2 inch diameter hole drilled into its center and fitting a narrow mouthed autoclavable
container. The authors personally find the regular mouthed ¥2 gallon mason jar to be ideal. (Note:
These V2 gallon jars are inoculated from quart masters, a technigue soon to be discussed). Using
only filter discs on wide mouth jars is not recommended due to the excessive evaporation from the
grain medium.

To produce grain spawn of 48-52% moisture use the formulas outlined below and autoclave in
a pressure cooker for 1 hour at 15-18 psi. Note that considerable variation exists between measur-
ing cups, differing as much as 10% in their volumes. Check the measuring cup with a graduated
cylinder. Once standardized, fashion a “grain scoop” and a “‘water scoop” from a plastic container
to the proportions specified below.

Spawn Formulas

QUART JARS » Y2 GALLON JARS
1 cup rye grain 3 cups rye grain
24-% cup water 1% cups water
ar
(approximately)
240 ml. grain 600 ml. rye grain
170-200 ml. water 400-460 ml.water

Figure 46
Commercial spawn
maker’s autoclave.
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Figure 47 Pressure cooker of home culti- Figure 48 The rubber tire is a helpful
vator. tool for the spawn laboratory. It is used
to loosen grain spawn.

The above formulas fill a quart or a half gallon jar to nearly %4 of its capacity after autoclaving. In all
these formulas, chalk (CaC0s) and gypsum (CaS0,) can be added at a rate of 1-3 parts by weight
per 100 parts of grain (dry weight). The ratio of chalk to gypsum is 1:4. The addition of these
elements fo spawn is optional for most species but necessary when growing Agaricus brunnescens.
When these calcium buffers are used, add 10% more water than that listed above.

Once the grain filled jars have been autoclaved, they should be placed in the sterile room and
allowed to cool. Prior to this point, the room and ifs air should be disinfected, either through the use
of traditional cleaning methods, HEPA filters or both.

Upon removing the warm jars from the pressure cooker or autoclave, shake them to loosen the
grain and to evenly distribute wet and dry kernels. Shaking also prevents the kernels at the bottom
of the jar from clumping.

An excellent tool to help in this procedure is a bald car fire or padded chair. Having been care-
fully cleaned and disinfected, the tire should be mounted in an upright and stable position. The fire
has a perfect surface against which to shake the jars, minimizing discomfort to the hands and reduc-
ing the risk of injury from breakage. The tire will be used at another stage in grain culture, so it
should be cleaned regularly. Paint shakers are employed by commercial spawn makers for this
same purpose but they are inappropriate for the home cultivator. CAUTION: ALWAYS INSPECT
THE JARS FOR CRACKS BEFORE SHAKING.

When the grain jars have returned to room temperature, agar to grain inoculations can com-
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mence. Once again, good hygiene is of the upmost importance. When transferring mycelium from
agar to grain, another dimension is added in which contaminants can replicate. In agar culture, the
mycelium grows over a flat, two dimensional surface. If contamination is present, it is easily seen. In
grain culture, however, the added dimension of depth comes into play and contaminants become
more elusive, often escaping detection from the most discerning eye. If not noficed, contamination
will be spread when this spawn is used to inoculate more sterilized grain.

Before conducting fransfers, take precautions to insure the sterile quality of the inoculation en-
vironment. After cleaning the room, do not jeopardize its cleanliness by wearing soiled clothes. Few
cultivators take into consideration that they are a major source of contamination. In fact, the human
body is in itself a habitat crawling with bacteria, microscopic mites, and resplendent with spores of
plants and fungi.

When satisfied that all these preparatory conditions are in force, the making of spawn can
begin.

Inoculation of Sterilized Grain from Agar Media

Select a vigorously growing culture whose mycelium covess &8 more than ¥ of the agar’s sur-
face. Cultures that have entirely overrun the petri dish shby §avoided because contaminants
often enter along the margin of the petri dish. If that outer seefown over with mycelium, these
invaders can go undetected. Since this peripheral mycelium®ardeecome laden with contaminant
spores, any grain inoculated with it would become spoiled.

Flame sterilize a scalpel and cut out a triangular wedge of mycelium covered agar using the
fechnique described for doing agar-to-agar transfers. With careful, deliberate movements quickly
transfer the wedge fo an awaiting jar, exposing the grain for a minimal amount of time. For each
transfer, flame sterilize the scalpel and inoculate wedges of mycelium into as many jars as desired. A
petri dish two thirds covered with mycelium should amply inoculate 6-8 quart jars of grain. (A maxi-
mum of 10-12 jars is possible). The more mycelia transferred, the faster the colonization and the
less chance of contamination. Since these jars become the “master cultures”, do everything possi-
ble to guarantee the highest standard of purity.

The authors recommend a “’double wedge’ transfer technique whereby a single triangular
wedge of mycelium is cut in half, both pieces are speared and then inserted into an awaiting jar of
sterilized grain. Jars inoculated with this method grow out far faster than the single wedge transfer
technique.

Loosening the lids prior to inoculation facilitates speedy transfers. As each agar-to-grain transfer
is completed, replace the lid and continue to the next inoculation. Once the set is finished, tightly se-
cure the lids and shake each jar thoroughly to evenly distribute the mycelial wedges. In the course of
shaking, each wedge travels throughout the grain media leaving mycelial fragments adhering to the -
grain kernels. If a wedge sticks to the glass, distribution is hampered and spawn running is inhibited.
This problem is usually an indication of agar media that has been too thinly poured or has been
allowed to dehydrate. Once shaken, incubate the spawn jars at the appopriate temperature. (A sec-
ond shaking may be necessary on Day 4 or Day 5). In general, the grain should be fully colonized
with mycelium in seven to ten days.
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Inoculation of Grain from Grain Masters

Once fully colonized, these grain masters are now used for the further production of grain
spawn in quart or ¥2 gallon containers. Masters must be transferred within a few days of their full col-
onization; otherwise the myceliated kernels do not break apart easily. A step by step description of
the grain-to-grain fransfer technique follows.

1. Carefully scrutinize each jar for any signs of contamination. Look for such abnormalities as:
heavy growth; regions of sparse, inhibited growth; slimy or wet looking kernels (an indica-
tion of bacteria); exploded kernels with pallid, irregular margins; and any unusual colora-
tions. If in doubt lift the lid and smell the spawn—a sour “rotten apple” or otherwise pun-
gent odor is usually an indication of contamination by bacteria. Jars having this scent should
be discarded. (Sometimes spawn partially contaminated with bacteria can be cased and
fruited). Do NOT use any jar with a suspect appearance for subsequent inoculations.

2. After choosing the best looking spawn masters, break up the grain in each jar by shaking
the jars against a tire or slamming them against the palm of the hand. The grain should
break easily into individual kernels.'Shake as many masters as needed knowing that each
jar can amply inoculate ten to twelve quart jars or seven to nine half gallon jars.

Once completed, SET THE SPAWN JARS ON A SEPARATE SHELF AND WAIT
TWELVE TO TWENTY-FOUR HOURS BEFORE USING. This waiting period is impor-
tant because some of the spawn may not recover, suffering usually from bacterial contami-
nation. Had these jars been used, the contamination rate would have been multiplied by a
factor of ten.

3. Inspect the jars again for signs of contamination. After twelve to twenty-four hours, the my-
celium shows signs of renewed growth.

4. If the masters had been shaken the night before, the inoculations can begin the following
morning or as soon as the receiving jars (G-2) have cooled. Again, wash the lab, be person-
ally clean and wear newly laundered clothes.

Place 10 sterilized grain-filled jars on the work-bench in the sterile room. Loosen each
of the lids so they can be removed with one hand. Gently shake the master jar until the
grain spawn separates into individual kernels. Hold the master in your preferred hand. Re-
move the master’s lid and then with the other hand open the first jar to be inoculated. With a
rolling of the wrist, pour one fenth of the master’s contents into the first jar, replace its lid
and continue to the second, third, fourth jars, until the set is completed. When this first set is
done, firmly secure the lids. Replace the lid on the now empty spawn master jar and put if
aside. Take each newly inoculated jar, and with a combination of rolling and shaking, dis-
tribute the mycelium covered kernels evenly throughout.

5. Incubate at the temperature appropriate for the species being cultivated. In a week the
mycelium should totally permeate the grain. Designated G-2, these jars can be used for fur-
ther inoculations, as spawn for the inoculation of bulk substrates, or as a fruiting medium.

Some species are less aggressive than others. Agaricus brunnescens, for instance, can take up
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Figure 49 Flaming
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to two and a half weeks to colonize grain while Psilocybe cubensis grows through in a week to ten
days. Here again, the use of the tire as a striking surface can be an aid to shaking. For slower grow-
ing species, a common shaking schedule is on the 5th and 9th days after inoculation. The cultures
should be incubated in a semi-sterile environment at the temperature most appropriate for the
species being cultivated. (See Chapter Xi).

After transferring mycelium from agar to grain, further transfers can be conducted from these
grain cultures to even more grain filled jars. A schedule of successive transfers from the first inocu-
lated grain jar, designated G-1, through two more “‘generations” of transfers (G-2, G-3 respective-
ly) will result in an exponential expansion of mycelial mass. If for instance, 10 jars were inoculated
from an agar grown culture (G-1), they could further inoculate 100 jars (G-2) which in turn could
go into 1000 jars (G-3). As one can see, it is of critical importance that the first set of spawn masters
be absolutely pure for it may ultimately inoculate as many as 1,000 jars! Inoculations beyond the
third generation of transfers are not recommended. Indeed, if a contamination rate above 10% s ex-
perienced at the second generation of fransfers, then consider G-2 a terminal stage. These cultures
can inoculate bulk substrates or be laid out in trays, cased and fruited.

Grain-to-grain transfers are one of the most efficient methods of spawn making. This method is
preferred by most commercial spawn laboratories specializing in Agaricus culture. They in turn sell
grain spawn that is a second or third transfer to Agaricus farmers who use this to impregnate their
compost. For the creation of large quantities of spawn, the grain-to-grain technique is far superior to
agar-to-grain for both its ease and speed. However, every cultivator must ultimately return fo agar
culture in order to maintain the purity of the strain.

i
;
X
:
1
&

sy T R

Figure 52a Spawn master Figure 52b Spawn master Figure 52c Inoculating
ready for transfer. after shaking. sterilized grain from spawn

master.
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Figure 54 Spawn jar
with Heavy Growth, an
undesirable
characteristic arising
from cottony sectors.
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ALTERNATIVE SPAWN MEDIA

Some mushroom species do not grow well on grain and are better suited to alternative spawn
media. Other mushrooms are grown on substrates incompatible with grain spawn. For example,
sawdust and bran are the preferred spawn materials for the cultivations of wood inhabitors such as
Lentinus edodes and Flammulina velutipes. Another spawn media has a perlite bran base. Perlite is
vitreous rock, heated to 1000 °F. and exploded like popcorn. The thin flakes of bran are readily

sterilized while the perlite gives the medium its structure. The recipes are:

Sawdust/Bran Spawn

4 parts sawdust (hardwood)

1 part bran (rice or wheat)

Soak the sawdust in water for a least
twenty four hours, allow to drain and then
thoroughly mix in the bran. If the mixture has
the proper moisture content, a firm squeeze
results in a few drops between the fingers. Fill
the material firmly to the neck of the spawn
container (wide mouth). Japanese spawn
makers bore a 2 inch diameter hole down
the center of the media into which they later
insert their inoculum. Sterilize for 60-90 min-
utes at 15 psi. Once cooled, inoculate from
agar media, liquid emulsion, or grain. A fully
grown bottle of sawdust bran spawn can also
be used for further inoculations.

Perlite Spawn

120 milliliters water

40 grams perlite

50 grams wheat bran

6 grams gypsum (calcium sulfate)

1.5 grams calcium carbonate

Screen the perlite to remove the fine
powder and particulates. Fill the container
(small mouth) with the dry ingredients and
mix well, Add the water and continue mixing
until the ingredients are thoroughly mois-
tened. Sterilize for one hour at 15 psi. Inocu-
late from agar media or liquid emulsion.

Figure 56 Mycelium running
through sawdust/bran spawn.
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LIQUID INOCULATION TECHNIQUES

A highly effective technique for inoculating grain utilizes the suspension of fragmented mush-
room mycelia in sterile water. This mycelium enriched solution, containing hundreds of minute
cellular chains, is then injected info a jar of sterilized grain. As this water seeps down through the
grain, mycelial fragments are evenly distributed, each one of which becomes a point of inoculation.
For several days little or no sign of growth may be apparent. On the fourth to fifth day after injection,
given optimum incubation temperatures, sites of actively growing mycelium become visible. In a
matter of hours, these zones enlarge and the grain soon becomes engulfed with mycelium. Using
the liquid inoculation technique eliminates the need for repeated shaking, and a single plate of
mycelium can inoculate up to 100 jars, more than ten times the number inoculated by the tradition-
al transfer method. There are-several ways to suspend mycelium in water, two of which are de-
scribed here.

The first method is quite simple. Using an autoclaved glass syringe, inject 30-50 ml. of steri-
lized water into a healthy culture. Then scrape the surface of the mycelial mat, drawing up as many
fragments of mycelium as possible. As litfle as 5 ml. of mycelial suspension adequately inoculates a
quart jar of grain.

The second method incoporates a blender with an autoclavable confainer-stirrer assembly.
(Several companies sell aluminum and sfainless steel units specifically manufactured for liquid cul-
ture techniques—refer to the sources listed in the Appendix). Fill with water until two thirds to three
quarters full, cover with aluminum foil (if a tight fitting metal top is not handy), sterilize and allow to
cool to room temperature.

Under aseptic conditions, insert an entire agar culture of vigorously grown mycelium info the
sterilized stirrer by cutting it into four quadranfs or into narrow strips. Because many contaminants
appear along the outer periphery of a culture dish, it is recommended that these regions not be
used. Place all four quadrants or mycelial strips into the liquid. Turn on the blender at high speed for
no longer than 5 seconds. (Longer stirring times result not in the fragmentation of cell chains but in
the fracturing of individual cells. Such suspensions are inviable). Draw up 5-10 ml. of the mycelium
concentrate and inoculate an awaiting grain jar.

A further improvement on this technique calls for a 10:1 dilution of the concentrated mycelial
solufion. Inject 50 ml. of mycelial suspension into four vessels containing 450 ml. of sterilized
water. Narrow mouth quart mason jars are well suited fo this technique. Gently shaking each jar will
help evenly distribute the mycelium. Next incoluate the grain jars with 10-15 milliliters of the diluted
solution. This method results in an exponential increase of liquid inoculum with the water acting as a
vehicle for carrying the mycelial fragments deep into the grain filled jar. This is only one technique
using water suspended fragments of mycelium. Undoubtedly, there will be further improvements as
mycophiles experiment and develop their own technigues.

When using metal lids a small 1-2 mm. hole can be drilled and then covered with tape. When
the sterilized containers are to be inoculated, remove the tape, insert the needle of syringe, inject the
suspension of mycelia and replace the tape. In this way, the aperture through which the inoculation
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Figure 57 Drawing up mycelium from culture dish with syringe.
Figure 58 Syringe inoculation of sterilized grain. ‘
Figure 59 Eberbach container manufactured for liquid culture. Note bolt covering
inoculation hole.

Figure 60 Drawing up liquid inoculum.
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takes place is of minimal size and is exposed for a only second or two. The chance of airborne con-
tamination is minimized.

The liquid inoculation technique works well provided the cultures selected are free from foreign
spores; otherwise the entire sef of jars inoculated from that dish will be lost. The disadvantage with
this method is that there is no opportunity to avoid suspect zones on the culture dish—the water sus-
pends contaminant spores and mycelia alike. If a culture dish is contaminated in one region, a few
jars may be lost via the traditional inoculation method while with the liquid inoculation technique
whole sets of up to one hundred spawn jars would be made useless.

Although muycelial suspensions created in this manner work for many species, the mycelia of
some mushrooms do not survive the stirring process.

INCUBATION OF SPAWN

With each step in the cultivation process, the mycelial mass and its host substrate increases. In
seven days to two weeks after inoculation, the spawn jars should be fully colonized with mushroom
mycelia. The danger here is that, if contamination goes undetected, that mold or bacterium will like-
wise be produced in large quantities. Hence, as time goes by the importance of clean masters be-
comes paramount. By balancing environmental parameters during incubafion, especially
temperature, the mycelium is favored.

Once the jars have been inoculafed, store them on shelves in a semisterile room whose tem-
perature can be easily controlled. Light and humidity are not important at this time as a sealed jar
should retain its moisture. Air circulation is important only if the incubating jars overheat. In packing
a room tightly with spawn jars, overheating is a danger. Many thermophilic fungi that are inactive at
room temperature flourish at temperatures too high for mushrooms. Herein lies one of the major
problems with rooms having a high density of incubating spawn jars. If possible, some provisions
should be made to prevent temperature stratification in the incubation environment.

The major factor influencing the rafe of mycelial growth is temperature. For every species there
is an optimum temperature at which the rate of mycelial growth is maximized. As a general rule, the
best temperature for vegetative (spawn) growth is several degrees higher than the one most stimula-
tory for fruiting. In Chapter XI, these optimum temperatures and other parameters are listed for
more than a dozen cultivated mushrooms. Yet another factor affecting both growth rate and suscep-
tibility to contamination is moisture content, a subject covered in the previous chapter on grain
culture.

Every day or so inspect the jars and check for the slightest sign of contamination. The most
common are the green molds Penicillium and Aspergillus. If contamination is detected, seal the lid
and remove the infected culture from the laboratory and growing facility. If a jar is suspected to be
contaminated, mark it for future inspection.

Not all discolorations of the grain are de facto contaminants. Mushroom mycelium exudes a
vellowish liquid metabolite that collects as droplets around the myceliated kernels of grain. As the
culture ages and the kernels are digested, more metabolic wastes are secreted. Although this secre-
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Figure 61 Half gallon jars of spawn incu-  Figure 62 Gallon jars incubating in semi-
bating in semisterile environment. sterile environment.
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tion is mostly composed of alcohols (ethanol and acetone), in time acids are produced that cause
the lowering of the substrate’s pH. These waste products are favorable to the propagation of bacteria
that thrive in aqueous environments. Small amounts of this fluid do not endanger the culture;
excessive waste fluids (where the culture takes on a yellowish hue) are definitely detrimental. If this
fluid collects in quantities, the mycelium sickens and eventually dies in its own wastes. Such exces-
sive “‘sweating” is indicative of one or a combination of the following conditions:

1. Incubation at too high a temperature for the species being cultivated. Note that the tempera-
ture within a spawn jar is several degrees higher than the surrounding air temperature.

2. Overiaging of the cultures; too lengthy an incubation period.
3. Lack of gas exchange, encouraging anaerobic contamination.

Contaminated jars should be sterilized on a weekly basis. Do not dig out moldy cultures unless
they have been autoclaved or if the identity of the contaminant in question is known to be benign.
Several contaminants in mushroom culture are pathogenic to humans, causing a variety of skin dis-
eases and respiratory ailments. (See Chapter XlIl on the contmaninants of mushroom culture).
Autoclave contaminated jars for 30 minutes at 15 psi and clean soon after. Many autoclaved jars,
once confaminated, re-contaminate within only a few days if their contents have been not discarded.
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Figure 63 Chart showing influence of temperature on the rate of mycelial growth in
Psilocybe cubensis and Psilocybe mexicana. (Adapted from Ames et al., 1958).

If an exceptionally high contaminafion rate persists, review the possible sources of contamina-
tion, particularly the quality of the master spawn cultures {such as the moisture content of the grain)
and the general hygiene of the immediate environment. Once the cultures have grown through with
mycelium and are of known purity, this spawn can be used to inoculate bulk substrates or can be
layed out in trays, cased and fruited.
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CHAPTER IV
THE MUSHROOM
GROW!NG RGOM

Figure 64 Small growing room utilizing shelves.
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STRUCTURE AND GROWING SYSTEMS

Mushroom cultivation was originally an outdoor activity dependent on seasonal condifions.
. Substrates were prepared and spawned when outside temperatures and humidity were
favorable. This is still the case with many small scale growers of Volvariella volvacea, Stropharia
rugoso-annulata and Lentinus edodes.

Agaricus cultivators grow solely indoors. Initially, Agaricus growers in France adapted the lime-
stone mines near Paris and in the Loire valley to meet the necessary cultural requirements of that
mushroom. These “‘caves’” were well suited because of their constant temperature and high humid-
ity, essential requirements for mushroom growing. When the first houses designed solely for mush-
rooms were built in the early 1900’s, temperature and humidity control were the main factors guid-
ing their construction.

For the home cultivator, a growing room should be scaled according to the scope of the proj-
ect. The following guidelines supply the information to properly design and equip a growing cham-
ber, basement growing room, outdoor shed or garage.

FRESH
AIR VENT
QUTER
PLASTIC LAYER
- INSULATION
WIRE MESH

INSULATION SUPPORT

PIPE
FRAMEWORK
INNER
INSULATED SLIDING PLASTIC LAYER
OR DOUBLE DOOR
\ N
INSULATED
\‘— SIDE WALLS
\\\ N

Figure 65 An insulated plastic greenhouse suitable for mushroom growing.
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Structure

The basic structure of a mushroom house is made of wood or concrete block with a cement
floor. Because water collects on the floor during the cropping cycle, provisions should be made for
drainage. A wood floor can be covered with a heavy guage plastic. Interior walls, ceilings and ex-
posed wood surfaces should be treated with a marine enamel or epoxy-plastic based paint. A white
color enhances lighting and exposes any contaminating molds.

The most important feature of a growing room is the ability to maintain a constant temperature.
In this respect, insulation is critical. The walls should be insulated with R=1T1 or R=19 and the ceil-
ing with R=30 insulating materials. Fiberglass or styrofoam work well but should be protected
from the high humidities of the growing room to prevent water from saturating them. For this pur-
pose, a 2-4 mil. plastic vapor barrier is placed between the insulation and the interior wall.

An airtight room is an essential feature of the mushroom growing environment, preventing in-
sects and spores from entering as well as giving the cultivator full control over the fresh air supply.
During the construction or modification of the room, all cracks, seams and joints should be carefully
sealed.

Many growers modify existing rooms in their own homes or basements. The main considera-
tion for this approach is to protect the house structure (normally wood) from water damage and to
make the growing chamber airtight. This is accomplished by plastic sheets stapled or taped to the
walls, ceiling and floor, with the seams and adjoining pieces well sealed. If the room is adjacent to an
exterior house wall where a wide temperature fluctuation occurs, condensation may form between
the plastic and the wall. Within these larger structures, a plastic tent or envelope room can be con-

Figure 66 Cultivation of mushrooms in an aquarium.
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structed. Such a structure can be framed with 2 PVC pipe. The pipe forms a box frame to which
the plastic is attached. This type of growing room should not need insulation because of the air buf-
fer between it and the larger room.

Porches, basements and garages can all be modified in the ways just mentioned. These areas
can also be used with little additional change if the climate of the region is compatible with the
mushroom species being grown. For example, Lentinus edodes, the shiitake mushroom, readily
fruits at 50-60 degrees F. in a garage or basement environment.

The newest innovation in mushroom growing structures is the insulated plastic greenhouse.
The framework is made of galvinized metal pipe bent into a semi-circular shape and mounted at
ground level or on a 3.5 foot side wall. The ends of the walls and the doors are framed with wood.
Heavy plastic (5-6 mil) is stretched over the metal framework to form the inner skin of the room. A
layer of wire mesh is laid over the plastic and functions to hold 3-6 inches of fiberglass insulation in
place. A second plastic sheet covers the insulation and protects it from the weather. The plastic
should be stretched tight and anchored well. These layers are held in place by structural cable span-
ning the top and secured at each side. (See Figure 65). This type of structure, plastic coverings and
plastic fasteners are all available at nursery supply companies. Remember, the design of a mush-
room growing room strives to minimize heat gain and loss.

For people with little or no available space, ““mini-culture”” in small environmental chambers
may be the most appropriate way to grow mushrooms. Styrofoam ice chests, aquariums and plastic
lined wood or cardboard boxes can all be used successfully. Because of the small volume of sub-
strates contained in one of these chambers, air exchange requirements are minimal. Usually,
enough air is exchanged in opening the chamber for a daily or twice daily misting. Clear, perforated
plastic covering the opening maintains the necessary humnidity and the heat can be supplied by the
outer room. Larger chambers can be equipped with heating coils or a light bulb on a rheostat. Both
should be mounted at the base of the chamber. Mini-culture is an excellent and proven way to grow
small quantities of mushrooms for those not having the time or resources to erect larger, more con-
trolled environments.

Shelves

The most common indoor cultivation method is the shelf system. In this system, shelves form a
platform upon which the mushroom growing substrate is placed. The shelf framework consists of
upright posts with cross bars at each level fo support the shelf boards. This fixed framework is con-
structed of wood or non-corrosive tubular metal. The shelves should be a preservative-treated soft-
wood. The bottorn boards are commonly six inches wide with orie inch spaces between them. Side
boards are 6-8 inches high depending on the depth of fill. A standardized design is shown in Figure
67. All shelf boards are placed unattached thereby allowing easy filling, emptying and cleaning.
Agaricus growers fill the shelf house from the bottom up. The shelf boards are stacked at the side of
the room and put into place after each level is completed.

The center pole design {shown in Figure 67) is a simple variation that is less restrictive and
ideally suited for growing in plastic bags. Another alternative is to use metal storage shelves. These
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Figure 67 Double support and centerpole design shelves. Both shelves are firmly at-
tached to the floor and the ceiling.

units come in a variety of widths and lengths and have the distinct advantage of being impervious fo
disease growth. Their use is particularly appropriate for cropping on sterilized substrates in small
containers.

Trays

The development of the tray system in Agaricus culture is largely due to the work of Dr. James
Sinden. In direct contrast to anchored static shelves, trays are individual cropping units that have the
distinct advantage of being mobile. This mobility has made mechanization of commercial cutlivation
possible. Automated tray lines are capable of filling, spawning and casing in less time, with fewer
people and with better quality management.

Whereas in the shelf system all stages of the cultural cycle occur in the same room, the tray sys-
temn utilizes a separate room for Phase Il composting. On a commercial tray farm only the Phase Il
room is equipped for steaming and high velocity air movement.

A Sinden system tray design is shown in Figure 68. This tray has short legs in the up-position.
During Phase Il and spawn running these frays are stacked 15 cm. apart and tightly placed within
the room to fully utilize compost heat. After casing, a wooden spacer is inserted between the trays
for crop management, increasing the space to 25-35 cm. Other tray designs have longer legs in the
down position and higher sideboards to accomodate more compost. These frays are similarly
spaced throughout the cycle. In the growing room, trays can be stacked 3-6 high in evenly spaced
rows. The main considerations for the home cultivator are that the trays can be easily handled and
that they fit the floor space of the room.

The real advantage of the tray system is the ability to fill, spawn and case single units in an unre-
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Figure 68 Sinden system
tray. The tray can be con-
structed of 1 x 6 or 2 x 6 inch
lumber for bottom and side
boards and 4 x 4 inch corner
posts. (1 x 8 or 2 x 8 inch side
boards are suggested for
deep fills).

stricted environment outside the actual growing room. The fray system also gives the cultivator
more control over hygiene and improves the efficiency of the operation. Moving trays from room to
room does present contamination possibilifies; therefore, the operations room must also be clean
and fly tight for spawning and casing. Because there is no fixed framework in the growing room, it is
easily cleaned and disinfected.

The tray method has many distinct advantages over the mason jar method for home cultivators
preferring to fruit mushrooms on sterilized grain. These advantages are: fewer necessary spawn
containers; fewer aborts due to uncontrolled primordia formation between the glass/grain interface;
ease of picking and watering; better ratio of surface area to grain depth; and comparatively higher
yields on the first and second flushes. An inexpensive fray is the 3-4 inch deep plant propagation flat
commonly sold for sfaring seedlings. An example of such a fray is pictured in Fig. 69.

THE ENVIRONMENTAL CONTROL SYSTEM

The mushroom growing room is designed to maintain a selected temperature range af high rel-
ative humidities. This is accomplished through adequate insulation and an environmental control
system with provisions for heating, cooling, humidification and air handling.

In the original shelf houses the environment was controlled by a combination of active and
passive means. Fresh air was introduced through adjustable vents running the length of the ceiling
above the center aisle. Heat was supplied by a hot water pipe along the side walls, a foot above
ground level. And humidity was controlled by similarly placed piping carrying live steam. The warm
air rising up the walls in combination with the cool fresh air falling down the center aisle created con-
vection currents for air circulation. Although no longer in general use by Agaricus growers, air
movement based on convection can be similarly designed for small growth chambers where me-
chanical means are inappropriate.

Present day Agaricus farms integrate heating, cooling and humidification equipment into the
air handling system and in this way are able to achieve balanced conditions throughout the growing
room. Figure 73 shows an example of this type of sysfem.

Fresh Air

Filtered fresh air enters the room at the mixing box where it is proportionally regulated with re-
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Figure 69 Psilocybe cubensis fruiting on
cased grain in a tray.

Figure 70 Psilocybe cubensis fruiting in
pint and a half jars.

Figure 71 Psilocybe cubensis fruiting in
pint jars.

Figure 72 Psilocybe cubensis fruiting in
a plastic lined box.
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Figure 73 Standard ventilation system used by Agaricus growers. (After Vedder)

circulated air by a single damper. To prevent leakage during spawn running and pre-pinning, the
damper fits tightly against the fresh air inlet. This allows full recirculation of room air to maintain
even conditions, thereby counteracting temperature and CO, stratification. When fresh air is re-
quired, the damper can be adjusted to any setting, including complete closure of the recirculation in-
let. As fresh air is introduced, room air is displaced and evacuated through an exhaust vent or cracks
around the door. Because fresh air is generally at a different temperature than the one required for
the growing room, it must be used judiciously in order to avoid disrupting the growing room envi-
ronment or overworking the heating, cooling and humidication systems. By properly mixing the
fresh outside air and the room air, a balance can be achieved and optimum conditions for mush-
room growth prevail.

Fresh air serves many important functfions in mushroom culture, primarily by supplying oxygen
to the growing mushrooms and carrying away CO,. Fresh air also facilitates moisture evaporation
from the cropping surface. To determine the exact amount of air needed in a given situation, a
knowledge of the CO, requirements for the species being grown is necessary. (See Chapter Xlon
growing parameters for various species). The fresh air can also be measured in terms of air changes
per hour, a common way mushroom growers size the fan in the growing room. ’

Fans

Axial flow and centrifugal fans are the two most commonly used in mushroom houses. Both
fans operate well against high static pressure, which is a measure of the resistance to forced air.
Static pressure is measured in inches of water gauge—the height in inches to which the pressure lifts
a column of water—and is caused by filters, heating and cooling coils or other obstructions to the
free flow of air. Fans are rated in ferms of their output, a measurement of cubic feet per minute
(CFM) at varying static pressures (S.P.). When choosing a fan, these two factors must be considered
for proper sizing. ’
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Agaricus growers use fans capable of 4-6 changes per hour, or 0.5 CFM per square foot of
cropping surface. For most small growing rooms, an axial flow fan, 6-10 inches in diameter and
delivering between 100-500 CFM at up to O.5 inches of static pressure, should meet general
growing requirements. The addition of a variable speed motor control allows precise air velocity ad-
justment during different phases of the cultural cycle. This is especially important if the static pres-
sure increases from spore build-up in the filter. A convenient method of testing air circulation is by
blowing a small amount of cigarette smoke onto the cropping surface: the smoke should dissipate
within twenty seconds.

The minimum fan output for a given room can be defermined through knowledge of the air
changes per hour required by the mushroom species. First calculate the volume of the room in
cubic feet (height x width x length) and substract from this the volume occupied by trays, shelves,
substrate and other fixtures. This figure is the free air space in the room. By dividing the CFM (cubic
feet per minute) of the fan into the cubic feet of free air space, the time in minutes it takes for one air
change is determined. This number is then divided into 60 minutes to calculate the air changes per
hour. Another method to determine the CFM of the fan needed is described below.

Let X = the desired net CFM of a high pressure fan pushing through a filter.
LetY = the total cubic feet of FREE air space in the growing room.
A maximum number of air exchanges/hour for Agaricus brunnescens is 4-6.

A maximum number of air exchanges/hour for Psilocybe cubensis is 2-3.

Therefore:
4 air exchanges/hour + Y = 60 minutes » X
_ 4.y X = necessary net CFM of fan
60 minutes
Y X
15

28
oﬁ
) in? ;
Example: If the growing environment measures Ba ft. x 15 ft., the total
volume would be 960 cu. ft. If the beds occupy 160 cu. ft¥He net volume of free
air space would be Y = 800 cu. ft. Therefore:
4 « 800 cu. ft. _
60 min.
3200 cubic feet _
60 min.

53.3 CFM =X
Another factor of importance for proper ventilation is the air-to-bed ratio, which is the cubic feet

of free air space divided by square feet of cropping surface. Agaricus growers have found a ratio of
5:1 to be optimum and this serves as a useful guideline when cropping other mushrooms on bulk

X

X
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substrates. The reason this ratio is so important is that increased amounts of substrate can generate
heat and carbon dioxide beyond the handling capacity of the ventilation system. A large free air
space acts to buffer these changes. Ostensibly, a ventilation system could be matched with a room
having a 3:1 air-to-bed ratio, but it would have to move such a volume of air that evaporation off the
sensitive cropping surface would be uncontrollable and excessive. Growing mushrooms on thin
layers of grain (1-3 inches), however, produces less CO, than growing on 8 inches of compostf and
consequently would emit a lower air-fo-bed ratio.

Air Ducting

Ducting for the air system is standard inflatable polyethylene tubing, sized to conform to the fan
diameter. If ducting is not available in the correct size, PVC pipe can be substituted. Figures 74,
75 and 76 show different air distribution arrangements and their flow patterns. The ducts run the
length of the room at ceiling level. One is centrally mounted and discharges towards both walls or
directly down the center aisle, whereas the other is wall mounted and is directed across the width of
the room.

The outlet holes in the duct are designed to discharge air at such a velocity that the airstream
reaches the walls and passes down to the floor without directly hitting the top containers. The holes
are spaced so that the boundaries of the adjacent jets meet just before reaching the wall or floor. This
effectively eliminates dead-air pockets. To size and space the outlet holes exactly, two guidelines are

used:
1. The fotal surface area of the holes is equal to the cross section of the duct. (The area of a cir-

cle is 2% times the radius squared, A= n(r)?).

2. The space between the holes is equal fo a quarter of the distance befween the duct and the

wall or floor.

The discharge of air at velocities sufficient to draw in surrounding room air is called entrain-
ment, a phenomenon that enhances the capacity of the air circulation system. A flow pattern of even
air is then reached that directly benefits the growing mushrooms. The entrainment of air is the goal
of air management in the growing room.

Filters

Fresh air filters are an important part of the ventilation system and contribute fo the health of the
crop. Their function is to screen out atmospheric dust particles like smoke, silica, soot and decayed
biological matter. Atmospheric dust also contains spores, bacteria and plant pollen, some of which
are detrimental to mushroom culfure. Furthermore, spores and microorganisms originating within
the cropping room can also be spread by air movement. To counteract this danger, some mush-
room farms filter recirculated air as well.

Agaricus growers commonly use high efficiency, extended surface, dry filters. These filters are
of pleated or deep fold design which gives them much more surface area than their frame opening.
They filter out 0.3 micron particles with 90-95% efficiency and 5.0 micron particles with an effi-

il
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Figure 77 Schematic of mixing box and controlled recirculation system in the growing
room.

ciency of 99% at an initial resistance of 0.10 to 0.50 inches of static pressure.

High efficiency particulate air (HEPA) filters are even more efficient than those just described
and are cost effective for the home cultivator. They screen out particulates down to 0.1-0.3 microns
with a rated 99.96% to 99.99% efficiency and have a resistance of .75-1.00 inches of stafic pres-
sure. HEPA filters are made of a variety of materials, depending on their intended application. Most
HEPA filters operate in environments of up to 80% humidity without disintegration. Special “water-
proof”” filters operable in 100% humidity environments can also be purchased at little or no extra
expense. These “‘waterproof” filters are especially appropriate for use with systems that push recir-
culated air through the filter. This type of system is illustrated in Figure 77. To protect the filters and
prolong their usefulness, a one inch prefilter of open celled foam or fiberglass (of the furnace type) is
installed to remove large particulates.

Exhaust Vents

Exhaust vents are designed to relieve overpressure within the growing room caused by the in-
troduction of fresh air. Without an exit for the air, a back pressure is created that increases resistance
and reduces the CFM of the fan. Small rooms operating with low fresh air requirements can forgo
special exhaust vents and allow the air to escape around the seals of the room entrance, in effect
creating a positive pressure environment. Positive pressure within a room can also be created by
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undersizing the exhaust vent, which should be no larger than half the size of the fresh air inlet. Free
swinging dampers operating on overpressure are widely employed in the mushroom growing in-
dustry. The outlet should be screened from the inside to prevent the entry of flies.

Heating

Heating systems for cropping rooms can be based on either dry heat or live steam. Dry heat
refers to a heating source that lowers the moisture content of the air as it raises the temperature.
These systems utilize either hot water or steam circulating through a closed system of pipes or
radiator coils. Heating systems can also be simple resistance coils or baseboard electric heaters.
Heat coils are placed in the air circulation system ahead of the fan as shown in Figure 73. Small por-
table space heaters can also be attached to the mixing box or placed on the wall under it. Otherwise,
baseboard heaters can be installed along the length of the side walls and matched with the air circu-
lation design shown in Figure 75.

Heat supplied by live steam has the advantage of keeping the humidity high while raising the
temperature of the room. If regulated correctly, steam can maintain the temperature and relative hu-
midity within the required ranges without drawing upon other sources. Nevertheless, a backup heat
source is advantageous in the event humidity levels become too high. For steam heat fo function
properly it should be controlled volumetrically by adjusting a hand valve (rather than simply on and
off). Vaporizers well suited for small growing rooms are available in varying capacities, and can be
fitted with a duct that connects with the air system downstream from the fan and filter.

To avoid high energy consumption and the expense associated with equipment purchase,
operation and maintenance, the growing room should be designed to take full advantage of the heat
generating capabilities of the substrate. This is done by matching the air-to-bed ratio to the type of
substrate. Growing on thin layers of grain can be done with a ratio of 4:1 (or less) whereas compost
demands 5:1. The influence of the outside climate and its capacity for cooling the growing room
should also be considered. All these factors must be evaluated before a growing environment with
efficient temperature contro! can be constructed.

Cooling

Commercial farms use cooling coils with cold water or glycol circulating through them. The
coils are placed before the fan as shown in Figure 73 and are supplied by a central chiller or under-
ground tank and well. Other systems use home or industrial refrigeration or air conditioning units
that operate with a compressor and liquid coolant filled coils. These units are positioned to draw in
recirculated as well as fresh air. All these systems share the common trait of drawing warm air over a
colder surface. In doing so, moisture condenses out of the air and in effect dehumidifies the room.

The oldest and most widely practiced method of cooling is through the use of fresh air. Cooling
with fresh air depends upon the weather and the temperature requirements of the species being cul-
tivated. However, its use is the most practical means available to the home cultivator. In climates
with high daily temperatures, fresh air can be shut off or reduced to a minimum during the day and
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then fully opened at night when temperatures are at their lowest.

Humidification

Most mushroom growers use steam as the principal means of humidification. The steam is in-
jected into the air system duct on the downstream side of the fan and filter. Household vaporizers
are well suited for small growing rooms. They are available in various capacities and can be fitted
with a duct running to the air system. The vaporizer can also be positioned under the mixing box for
steamn uptake with the recirculated air. Keep in mind that cold fresh air has much less capacity for
moisture absorbtion and therefore does not mix well with large volumes of steam.

Another method of humidification uses atomizing nozzles to project a fine mist into the air
stream. Large systems have a separate mixing chamber with nozzles mounted to spray the passing
air. In a small room, a single nozzle can be mounted in the center of the duct and aimed to flow with
the air as it exits the fan. (See Figure 77). An appropriately sized nozzle emits 0.5-1.0 gallons per
hour at 20-30 psi. To prevent the nozzle from plugging up, filters should be incorporated in the
water supply line.

In a third method, air passes through a coarse mesh absorbant material that is saturated with
water. This system is widely used for cooling at nurseries. It is similar in principle to a “‘swamp
cooler”. In this system (and the water atomizing system), the temperature of the supply water can be
regulated to provide a measure of heating and cooling. Both systems also produce some free water
so provisions must be made for drainage.

Thermostats and Humidistats

In general, thermostats and humidistats are designed to open and close valves in response to
pre-set temperature or humidity limits. The instrument sensors are placed in a moving air stream
representative of room conditions, usually in or near the recirculation inlet. Because these instru-
ments are programmed for either on or off, heat and humidity come in surges. Often this results in
uneven and fluctuating conditions within the room.

The ideal in environmental control is to supply just enough heat and humidity to make up for
losses from the room and to compensate for differences in the fresh air. Modulating thermostats do
this by supplying heat continously in proportion to the deviation from the desired temperature. Posi-
tive control of this sort can also be accomplished by hand valves, alone or in conjunction with
on/off instruments. Supply line volume is thereby requlated in order to attain an equilibrium. With a
thermostat, this means keeping the supply volume just below the cut-off point.

Lighting

Many cultivated mushrooms require light for pinhead initiation and proper development of the
fruitbody. In fact, such phototropic mushrooms actually twist and turn towards a light source, espe-
cially if it is dim and distant in an otherwise darkened room. Consequently, it is important to equip



http://www.cvisiontech.com/pdf_compressor_31.html

The Mushroom Growing Room/75

TR AN e R PR B T ]
£
; BLUE  _ GREEN  vpiiow
Z ORANG RED,
E VIOLET
£ -1
NEAR WV |
MID LV
Pl w0 v T ) <0 R ol il
280 ORANGE
RED
z YELLOW
£ ol
5
Z GREEN
énn- BLUE
g
VIOLET
NEAR LV
MID-UV
290 320 80 30 495 570 535 625 00
o €LLOW
]
5
5'“" ORANGE
g GREEN
3
3 BLUE.
2
i
g VIOLET
RED
Figures 78, 79 & 80 Charts |
showing the proportions of = B,
spectra in incandescent, fluores-  — s = T T =
cent and natural lighting. M



http://www.cvisiontech.com/pdf_compressor_31.html

e R W RS Y i R 08,

Figure 81 An inexpensive hygrometer for
measuring relative humidity.

the growing room with a lighting system that provides even illumination to all areas and levels.

lourescent light fixtures are the most practical and give the broadest coverage. These fixtures
should be evenly spaced and mounted vertically on the side walls of the room or horizontally on the
ceiling above the center isle. An alternative is to mount the lights on the underside of each fier of
shelf or tray, at least 18 inches above the cropping surface. To eliminate the heat and consequent
drying action caused by the fixture ballasts, these can be removed and placed outside the room.

The best type of light tube is one which most closely resembles natural outdoor light: i.e. one
that has at least 140 microwatts per 10 nanometer per lumen of blue spectra (440-495 nm). In
contrast, warm-white fluorescent light has only 40-50 microwatts/nm/lum. and cool-white has
100-110 microwatts/nm/lum. Commercial lights meeting the photo-requirements of species
mentioned in this book are the ‘‘Daylite 65’ kind manufactured by the Durotest Corporation and
having a ““color temperature” of 6500 ° K and the “Vita-Lite”” fluorescent at 5500 ° K. These color
temperatures provide the proper amount of blue light for promoting primordia formation in
Pleurotus ostreatus, Psilocybe cubg Zs and in other photosensitive species.

e

Environmental Monitdg A%é@quipment

Few organisms are as sensitive fo fluctuations in the environment as mushrooms. A matter of a
few degrees in temperature or humidity can dramatically influence the progression of fruiting and af-
fect overall yields. To adequately monitor the growing environment, quality equipment is essential
for accurate readings. This equipment should include maximum-minimum thermometers to gauge
temperature fluctuations and a hygrometer or a sling psychrometer for measuring humidity. Hygro-
mefers should be periodically calibrated with a sling psychrometer to insure accuracy. Thermome-
ters also should be checked as there are occasional irreqularities. Other more advanced, expensive
but not absolutely essential equipment helpful to mushroom growers include: CO, detectors;
moisture meters; anemometers; and light measuring devices.
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CHAPTER V
COMPOST PREPARATION
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Figure 82 Compost pile in a standard configuration.
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he purpose of composting is to prepare a nufritious medium of such characteristics that the

growth of mushroom mycelium is promoted to the practical exclusion of compefitor organ-
isms. Specifically this means:

1. To create a physically and chemically homogeneous substrate.

2 To creafe a selective substrate, one in which the mushroom mycelium thrives better than

competitor microorganisms.

3. To concentrate nutrients for use by the mushroom plant and to exhaust nutrients favored by

competitors.

4. To remove the heat generafing capabilities of the substrafe.

Mushroom mycelium grows on a wide variety of plant matter and animal manures. These
materials occur naturally in various combinations and in varying stages of decomposition. Physically
and chemically they are a heferogeneous mixture containing a wide variety of insects, microorgan-
isms and nematodes. Many of these organisms directly compete with the mushroom mycelium for
the available nutrients and inhibit its growth. By composting, nutrients favored by compefitors grad-
ually diminish while nutrients available to the mushroom mycelium are accumulated. With time, the
substrate becomes specific for the growth of mushrooms.

The composting process is divided into two stages, commonly called Phase | and Phase II.
Each sfage is designed to accomplish specific ends, these being:

Phase I: Termed outdoor composting, this stage involves the mixing and primary decomposi-

tion of the raw materials.

Phase II: Carried out indoors in specially designed rooms, the compost is pasfeurized and

conditioned within strict temperature zones.

PHASE | COMPOSTING

Basic Raw Materials
The basic raw material used for composting is cereal straw from wheat, rye, oat, barley and rye

grass. Of these, wheat straw is preferred due fo its more resilient nature. This characteristic helps
provide structure fo the compost. Other straw types, oat and barley in particular, tend to flatten out
and waterlog, leading to anaerobic conditions within a compost pile. Rye grass straw is more resis-
tant to decomposition, taking longer to compost. Given these factors and with proper management,
all straw types can be used successfully.

Straw provides a compost with carbohydrates, the basic food stuffs of mushroom nutrition.
Wheat straw is 36% cellulose, 25% pentosan and 16% lignin. Cellulose and pentosan are carbo-
hydrates which upon break down yield simple sugars. These sugars supply the energy for microbial
growth. Lignin, a highly resistant material also found in the heartwood of trees, is changed during
composting to a ‘‘Nitrogen-rich-lignin-humus-complex”, a source of protein. In essence, straw is a
material with the structural and chemical properties ideal for making a mushroom compost.

When cereal straw is gathered from horse stables, it is called “‘horse manure””. Although culti-
vators call it by this name, the material is actually 90% straw and 10% manure. This “horse ma-
nure” includes the droppings, urine and straw that has been bedding material. The quality of this
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material depends on the proportions of urine and droppings present, the essential elements nitro-
gen, phosphorous and potassium being contained therein. The reason horse manure is favored for
making compost is the fact that fully 30-40% of the droppings are comprised of living microorgan-
isms. These microorganisms accelerate the composting process, thereby giving horse manure a
decided advantage over other raw materials.

Horse manure used by commercial mushroom farms generally comes from race tracks. The
bedding straw is changed frequently, producing a material that is light in urine and droppings. On
the other hand, boarding stables change the bedding less, generating a heavier material. If sawdust
or shavings are used in place of straw for bedding, the material should be regarded as a supplement
and not as a basic starting ingredient.

When horse manure is used as the basic starting ingredient, the compost is considered a
“horse manure compost” whereas ‘‘synthetic compost™ refers to a compost using no horse ma-
nure. Straw, sometimes mixed with hay, is the base ingredient in synthetic composts. Because straw
is low in potassium and phosphorus, these elements must be provided by supplementation and for
this reason chicken manure is the standard additive for synthetic composts. No composts are made
exclusively of hay because of its high cost and small fiber. In fact, mushroom growers have tradition-
ally used waste products because they are both cheap and readily available.

By themselves horse manure or straw are insufficient for producing a nutritious compost. Nor
do they decompose rapidly. They must be fortified by specific materials called supplements. In
order to determine how much supplementation is necessary for a given amount of horse manure or
straw based synthetic, a special formula is used. This formula insures the correct proportion of initial
ingredients, which largely determines the course of the composting process. The formula is based
on the total nitrogen present in each ingredient as determined by the Kjeldhal method. By using this
formula and certain composting principles, the carbon:nitrogen ratio for optimum microbial decom-
positions is assured. In turn, maximum nutritional value will be achieved.

Supplements

Composting is a process of microbial decomposition. The microbes are already present in
large numbers in the compost ingredients and need only the addition of water to become active. To
stimulate microbial activity and enhance their growth, nutrient supplements are added to the bulk
starting materials. These supplements are designed to provide protein (nitrogen) and carbohydrates
to feed the ever increasing microbial populations. Microbes can use almost any nitrogen source as
long as sufficient carbohydrates are readily available to supply energy for the nitrogen utilization. Be-
cause of the tough nature of cellulose, the carbohydrates in straw are not initially usable and must
come from another source. A balanced supplement is therefore highly desirable. It should contain
not only nitrogen but also sufficient organic matter to supply these essential carbohydrates. For this
reason certain manures and animal feed meals are widely used for composting.

The following is a list of possible compost ingredients or supplements, grouped according to
nitrogen content. Their use by commercial growers is largely determined by availability and cost.
This list is not all inclusive and similar materials can be substituted. (See Appendix).
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Group I: High nitrogen, no organic matter

Ammonium sulfate—21% N

Ammonium nitrate—26% N

Urea—46% N

Maximum rate—25 Ibs/dry ton of starting materials

These are inorganic compounds that supply a rapid burst of ammonia. They are frequently
used for initial straw softening in synthetic composts. When used, care should be taken that they are
applied evenly. If ammonium sulfate is used, calcium carbonate must also be added at a rate of 3
parts CaCOj3 to 1, to neutralize sulfuric acid groups. These supplements are not recommended for
horse manure composts.

Group IlI: 10-14% N
Blood Meal—13.5% N
Fish Meal—10.5% N

These materials consist mainly of proteins but because of their high cost are rarely used.

Group Hll: 3-7% N

Malt sprouts—4% N
Brewers’ grains—3-5% N
Cottonseed meal—6.5% N
Peanut meal—6.5% N
Chicken manure—3-6% N

This group contains the materials most widely used by commercial growers and is character-
ized by a favorable carbon:nitrogen balance. Dried chicken manure from broilers mixed with saw-
dust is commonly used and easy to handle.

Group IV: Low nitrogen, high carbohydrate
Grape pomace—1.5% N
Sugar beet pulp—1.5% N
Potato pulp—1% N
Apple pomace—0.7% N
Molasses - 0.5% N
Cottonseed hulls—1% N

These materials are excellent temperature boosters and for this reason are a recommended
additive to all composts. They can be added to any compost formula at a rafe of 250 Ibs per dry to
of ingredients. Cottonseed hulls are an excellent structural additive.

Group V: Animal manures
Cow manure—0.5 % N
Pig manure—0.3-0.8% N

These manures are rarely used for composting, except in areas without horses or chickens.
They have been used with success and should be. considered supplements to a synthetic blend.
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Group VI: Hay
Alfalfa—2.0-2.5% N
Clover—2% N

Hay is useful for boosting initial temperatures in synthetic composts. Hay contains substantial
quantities of carbohydrates which help build the microbial population. Yet another advantage is the
relatively high nitrogen content in alfalfa and clover. Use at a rate of 20% of the basic starting mate-
rial {dry weight).

Group VII: Minerals
Gypsum—Calcium sulfate

Gypsum is an essential element for all composts. lts action, largely chemical in nature, facili-

tates proper composting. Its effects are:

1. To improve the physical structure of the compost by causing aggregation of colloidal parti-
cles. This produces a more granular, open structure which results in larger air spaces and
improved aeration.

2. To increase the water holding capacity, while decreasing the danger of over-wetting. Loose
water is bound to the straw by colloidal particles.

3. To counteract harmfully high concentrations of the elements K, Mg, P and Na should they
occur, thereby preventing a greasy condition in the compost.

4. To supply the calcium necessary for mushroom metabolism.

Gypsum should be added at a rate of 50-100 Ibs per dry ton of ingredients. When supplement-
ing with chicken manure, it is advisable to use the high rate.

Limestone flour—Calcium carbonate

Limestone is used when one or more supplements are very acidic and need to be buffered. A
good example of this is grape pomace, which has a pH of 4. Because it is added in large quantities,
grape pomace could affect the composting process which normally occurs under alkaline condi-
fions.

Group VIII: Starting materials
Horse manure—0.9-1.2% N
Straw, all types—0.5-0.7% N

Compost Formulas

The following formulas for high yield compost are commercially proven. If an ingredient is not
available locally, substitute one that is. The aim of the formula is to achieve a nitrogen content of
1.5-1.7% at the initial make-up of the compost pile.

In order for these formulas to be effective, the moisture content and nitrogen content must be
correct. Moisture level is determined by weighing 100 grams of the material, drying it in an oven at
200 ° F. for several hours, and then reweighing it. The difference is the percent moisture. Be sure
the sample is representative. The nitrogen content (protein divided by 6.25) is always listed with
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commercial materials because they are priced according to percentage of protein. On the other
hand, barnyard materials vary considerably with age. The more a material breaks down, the more
nitrogen it loses. Most compost supplements are purchased dry and added dry, helping even distri-
bution as well as enabling easy storage. It is also important that the raw materials used for compost-
ing be as fresh as possible. This insures maximum utilization of their properties. Baled straw stored
for a year and kept dry is fine. If the straw has gotten wef, moldy or otherwise started to decompose,
it should not be used.

Formula |
Ingredient Wet wt. % H0 Dry wt. o N ibs.
Horse manure 2,000 50 1,000 1.0 10
Cottonseed meal 30 10 117 6.5 8
Gypsum 50 — 50 — —

1,167 18
(18)+(1,167) = 1.54%N
This formula makes approximately 2800 pounds of compost at a 70% moisture content.

Formula ll

Ingredient Wet wt. % H,0 Dry wt. N lbs.N
Wheat straw 2,000 10 1,800 0.5 9
Chicken manure 2,000 20 1,600 3.00 48
Gypsum 125 — 125 —

3,525 57
(57)+(3,525) = 1.62%N
This formula make approximately 7,000 pounds of compost af a 71% moisture content.
Although 7,000 pounds of compost seems like a large quantity, at a fill level of 20 pounds per
sq. ft., this will fill only 350 sg. ft. of beds or trays. Keep in mind that during the composting process
there is a gradual reduction in the the total volume of raw materials. Fully 20-30% of the dry matter
is consumed during Phase | and another 10-15% during Phase Il. In total, approximately 40 %
of the dry matter is reduced by microbial and chemical processes. This loss of potential nu-
frients can not be avoided and demonstrates the importance of composting no longer than neces-

sarny.
Ammonia

The production of ammonia is essential to the composting process. Just as the carbohydrates
must be in a form that microbes can utilize, so must the nitrogen.

1. Ammonia supplies nitrogen for microbial use.
2. Ammonia is produced by microbes acting upon the protein contained in the supplements.
With the energy supplied by readily available carbohydrates, microbes use the ammonia to
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form body tissues. A microbial succession of generations is established, with each new generation
decomposing the remains of the previous one. Microbial action also fixes a certain amount of the
ammonia, forming the “nitrogen-rich-lignin-humus-complex’. Unused ammonia volatilizes into the
atmosphere. The smell of ammonia should be evident throughout Phase |, reaching a peak at fill-

ing.

Carbon:Nitrogen Ratio

The importance of a carbon:nifrogen balance cannot be underestimated. A well balanced com-
post holds an optimum nutritional level for microbial growth. An imbalance slows and impedes this
growth. It is the compost formula that enables the grower to achieve the correct C:N balance. Be-
cause organic matter is reduced during composting, the C:N ratio gradually decreases. Approxi-
mate values are: 30:1 at make-up; 20:1 at filling; and 17:1 at spawning.

1. Over-supplementation with nitrogen results in prolonged ammonia release.

2. Over-supplementation with carbohydrates results in residual carbon compounds.

Prolonged ammonia release from an over-supplemented compost necessitates longer com-
posting times. If composting continues too long, the physical structure and nutritional qualities are
negatively affected. If the ammonia persists, the compost becomes unsuitable for mycelial growth.

Readily available carbohydrates which are not consumed by the microbes during composting
can become food for competitors. It is therefore important that these compounds are no longer
present when composting is finished.

Water and Air

Water is the most important component in the composting process. To a large degree water
governs the level of microbial activity. In turn, this activity determines the amount of heat generated
within the compost pile because the microorganisms can only take up nutrients in solution. Not
only do the microorganisms need water to thrive, but they also need oxygen. Years of practice and
research have established a basic relationship between the amount of water added and the aeration
of the compost. An inverse relationship exists between the amount of water and the
amount of oxygen in a compost pile.

1. Too much water = too little air
Moisture content 75% or above.

2. Too little water = too much air
Moisture content 67% or below

Overwetting a compost causes the air spaces to fill with water. Oxygen is unable to penefrate,
causing an anaerobic condition. In contrast, insufficient water results in a compost that is too airy.
Beneficial high temperatures are never reached because the heat generated is quickly convected
away.
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Compost microorganisms can be divided into two classes according to their oxygen require-
ments. Those needing oxygen to live and grow are called Aerobes while those living in the ab-
sence of oxygen are called Anaerobes. Each class has well defined characteristics.

1. Aerobes decompose organic matter rapidly and completely with a corresponding produc-
tion of CO,, water and heat. This heat generation is called Thermogenesis.

2. Anaerobes partially decompose organic matter, producing not only CO, and water, but
also certain organic acids and several types of gases such as hydrogen sulfide and methane.
Anaerobes generate less heat than aerobes.

Examination of anaerobic areas of the compost reveals a yellowish, under-composted material
that smells like rotten eggs. These areas in a compost pile are noticeably cooler and generally water-
logged. Anaerobic compost is unsuitable for mushroom growth.

Since neither fresh horse manure nor straw based synthetics have the correct moisture content,
water must be added to these materials. The recommended levels for optimum composting are:

Horse manure: 69-71% Synthetic: 71-73%

Pre-wetting

As long as the composting ingredients remain dry, the microorganisms lie dormant and com-
posting does not take place. The first step in the composting process is the initial watering of the
starting materials. The purpose of this pre-composting or pre-wetting is to activate the microbes.
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Once activated, the microbes begin to attack the straw and decompose the waxy film which encases
the straw fibers. Until this film is degraded, water will not penetrate the straw and its nutrients will re-
main .unavailable. As the process progresses, the fibers become increasingly receptive to water,
which rather than being free or on the surface, penetrates and is absorbed into the straw.

There are many methods for pre-wetting. These include: dipping or dunking the material into a
tank of water; spraying it with a hose; or spreading it out in a flat pile 2-3 feet high and running a
sprinkler over it. Regardless of the method used, the result should be the same—a homogeneous
evenly wetted pile.

Horse manure needs less time for pre-wetting due to the nature of the bedding straw. This straw
has been trampled upon, opening the straw fiber and damaging the waxy film. The urine and drop-
pings have also begun to soften it. This is not the case with a synthetic compost in which the baled
straw is still fresh and tough. To stimulate microbial action in synthetics, some supplements are
added at pre-wetting. Suitable supplements include any from group 1, 4, 5 or chicken manure.

The length of time needed for pre-wetting varies according to the condition of the starting mate-
rials. Generally 3 days for horse manure and 5-12 days for a synthetic compost is sufficient. The
pre-wetting time for a synthetic compost can be shortened if the straw is mechanically chopped, but
care should be taken that the fibers do not become too short.

The wetted materials are then piled in a large rounded heap called a windrow. During this peri-
od the windrow can be turned and re-wetted as needed, usually 1-3 times.

Building the Pile

Building the compost pile is called stacking, ricking or “‘make-up”. At this time the pre-wetted
starting materials and the nitrogenous supplements are evenly mixed, watered and assembled into a
pile. The size, shape and specific physical properties of this pile are very important for optimum
composting. These are:

1. Pile dimensions should be 5-6 feet wide by 4-6 feet high. The shape should be rectangular
or square.

2. The side of the pile should be vertical and compressed from the outside by 3-6 inches. The
internal section should be less dense than the outer section.

3. The pile is such that any further increase in size would result in an anaerobic core.

Throughout the composting process, the size of the pile varies depending on the physical con-
dition of the straw, which provides the pile’s basic structure. The structure of the compost refers to
the physical interaction of raw materials, especially the straw fibers. As the straw degrades and the fi-
bers flatten out, the structure becomes more dense and the airflow is restricted. The pile becomes
more compact and its size is reduced accordingly. Initially the fresh straw allows for generous air
penetration which convects away heat and slows microbial action. To counteract this heat loss, the
pile should be of maximum size and optimum moisture content at make-up.

Figure 85 illustrates air penetration of a compost pile. Air enters the pile from the sides. As the
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. Figure 84 Ricking the compost pile.

Figure 85 Chimney effect in a compost
pile.
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oxygen is used by microorganisms, heat is set free and the air temperature rises. The warm air cur-
rent created rises to the top of the pile. This is called the chimney effect. The factors that affect the
rate of internal air flow are pile size and structure, moisture content and the differential between am-
bient air and internal pile temperatures.

Turning

A well built compost pile runs out of oxygen in 48 to 96 hours and then enters an anaerobic
state. To prevent this, the pile should be disassembled and then reassembled. The purposes of this
turning procedure are:

']
1. To aerate the pile, preventing anaerobie %ﬁoosﬁng.
2. To add water lost through evaporatiog.

VISI
1NOL

3. To mix in supplements as required. u
4. To fully mix the compost, preventing uneven decomposition.

As a consequence of microbial decomposition, the compost pite begins to shrink and becomes
more compact. Coupled with loose water gravitating downward and water generated by microbes in
the inner active areas, this compaction closes the air spaces and stifles aerobic action, particularly in
the core at the bottom center. Through the use of a long stemmed thermometer reaching to the
center of the pile, the time of oxygen depletion can be monitored by watching temperature. When
the temperature begins to drop, indicating a slowing of microbial action, it is time to furn the com-
post.

Figure 86 Turning the compost pile using wire mesh pile formers.
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In the early stages the temperature strafification in the pile is quite pronounced. Outer areas are
cool and dry from the air flowing inward and the accompanying evaporation. These outer areas are
watered during turing and moved to the center of the newly built pile and the center areas are relo-
cated to the outside. Being aware of the varied rate of decomposition in a stratified pile and compen-
sating during turning mainfains the important homogeneous character of the pile.

Supplements deleted at make-up should be added during the turning cycle. Gypsum is normal-
ly added at the second turn. Adding gypsum any earlier is believed fo depress ammonia production.
Until some decomposition has occurred, the beneficial action of gypsum will not be realized. As
with other supplements, gypsum is mixed in as evenly as possible.

Temperature

Environmental conditions in the compost are specifically designed to facilitate growth of benefi-
cial aerobic microorganisms. Given the proper balance of raw materials, air and water, a continuous
succession of microbial populations produces temperatures up to 180 °F. These microbes can be
divided info two groups according to their femperature requirements. Mesophiles are active under
90°F. and thermophiles are active from 90-160°F. The action of these microbial groups during
the composting process is summarized in the following paragraphs.

During pre-composting mesophilic bacteria and fungi, utilizing available carbohydrates, attack

Cool, dry outer shell.

ZONE1-——————é§§:://///
Temp. ambient—110° F.

{
ZONE 2 £
Temp. 115-140° F.
Firefang area.

ZONE 3
Temp. 150°180° F

Hot inner area.

ZONE 4
Temp. 120° F. or below
Anaerobic core.
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Figure 87 Standard temperature zonation in a compost pile.



http://www.cvisiontech.com/pdf_compressor_31.html

Compost Preparation/89

[ e e Si:

the nitrogenous compounds thereby releasing ammonia. This ammonia is then utilized by succes-
sive microbial populations and the temperature rises.

After make-up, the mesophiles remain in the cool outer zones while the thermophilic fungi, ac-
tinomycetes and bacteria dominate the inside of the pile. The actinomycetes are clearly visible as
whitish flecks forming a distinct ring around the hot center. Bacteria dominate this center area and
continue to decompose the nitrogenous supplements, liberating more ammonia. At this point the
carbohydrates in the straw are ready for microbial use.

At temperatures over 150 °F., microbial action slows and chemical processes begin. Befween
150-165 °F. microbial and chemical actions occur simultaneously. From 165-180 °F. decomposi-
tion is mainly due to the chemical reactions of humification and caramellization, the latter taking
place under conditions of high temperature, high pH (8.5) and in the presence of ammonia and
oxygen. Many of the dark compounds produced during composting are believed to result from
these chemical reactions. Decomposition proceeds rapidly at these high temperatures, and if they
can be maintained throughout the process, composting time will be greatly reduced.

Figure 87 shows the temperature zonation commonly found in a compost pile. Studies by Dr.
E.B. Lambert in the 1930’s showed that compost taken from zone 2 produced the highest yielding
crops. Based on this research, growers always subject their compost to zone 2 conditions prior to
spawning. This normally occurs during Phase Il in specially designed rooms. However, if a Phase Il
room can not be built, zone 2 conditions can be achieved by an alternate method known as Long
Composting, developed by C. Riber Rasmussen of Denmark.

Long Composting

Long composting is designed fo carry out the complete composting process outdoors (exclud-
ing pasteurization). The method is characterized by the avoidance of high temperature chemical de-
composition and a reliance on purely microbial action. Specifically this procedure is designed to
promote the growth of actinomycetes and rid the compost of all ammonia by the time of filling. The
temperature zonation desired in this method is illustrated in Figure 88. An outline of the Long Com-
posting procedure follows.

DAY LONG COMPOSTING PROCEDURE ,
-10 For synthetic composts: Break the straw bales and water them thoroughly. Mix in
group 1,4 or 5 supplements or chicken manure. Windrow. Start at day -5 if straw is
short or has been chopped.

-5 For synthetic composts: Turn and add more water. Break up any concentrations of
supplements. Windrow.

-2 For horse manure or synthetic composts: Thoroughly wet and mix all raw materials
and supplements (except gypsum}. Windrow.

0 Make up the pile. Dimensions should be 6 feet wide and 4 feet high. The vertical sides
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should be tightly compressed with the middle of the pile remaining loose. Use the pile
formers to make the stack and stomp the sides from the top to achieve ample compres-
sion. Water dry areas.

6 First turn: Water as needed. Move the center anaerobic zone to the outside of the new
pile and the outside zone to the center. Keep the pile height and length constant by re-
ducing the width as decomposition proceeds.

10-12 Second turn: Add the gypsum and water as needed. Distribute the zone of actinomy-
cetes evenly throughout.

13-15 Third turn: The actinomycete zone should be evident throughout. Strong actinomy-
cete growth may cause excessive drying, so be sure to check moisture content and water
as needed. The smell of ammonia should be slight. Build the new pile only 24 inches
high and 4-5 feet wide. Distribute the actinomycetes evenly throughout.

15-17 Fourth turn: The compost should now appear dark brown and well flecked with actino-
: mycetes. All traces of ammonia should be gone. Moisture content should be approxi-
mately 67-70% and the pH 7.0-7.5. If this is not the case, continue the process turning
at 2 day infervals until this condition is reached. The pile height may vary between
16-24 inches and is designed solely to promote optimum conditions for the growth of

the actinomycetes—temperatures of 120-135 °F.

Once finished, this compost is normally pasteurized at 135 °F. for four hours. If pasteurization
is impossible, discard the cool outer shell and utilize the areas showing strong actinomycete activity.
Although these areas will not be free from all pests and competitors, they should provide a reas-
onably productive substrate. The aspect and characteristics of a properly prepared Long Compost
should conform to the guidelines for compost after Phase II. (See Aspect of the Finished Compost
on page 105 and Color Plate 8).

Short Composting

Commercial Agaricus growers uniformly base their composting procedures on the methodolo-
gy developed by Dr. James Sinden, who called his technique “‘Short Composting” in reference to
the short period of time involved. Dr. Sinden’s process is centered around the fast acting chemical
reactions occurring in zone 3. Besides the shorter preparation time, this process also results in a
greater preservation of dry matter, thus retaining valuable nutrients. Figure 89 illustrates the zona-
tion during short composting.

Without commercial composting equipment, approximating the temperature conditions of
Short Composting is very difficult. However, it does provide a model for optimum composting and
can be approached by adhering to the basic principles discussed in this chapter. The Short Com-
posting procedure is outlined below.
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DAY SHORT COMPOSTING PROCEDURE: Formula 1

-1 For horse manure: Wet the starting materials thoroughly. Windrow.

0 Make up the pile. Add all supplements except gypsum. Mix and water thoroughly. Pile
should be 6 feet wide by 5-6 feet high. The sides should be vertical and compressed
tightly.

2,3 First turn: Add gypsum and water as needed. Keep the pile height constant and vary
the width only in relation to the amount of anaerobic material.

5 Second turn: Add water as needed.

7 Third turn: Add water as needed. Compost should be ready to fill.

The procedures for making a synthetic compost by the short composting method are outlined
below, with minor modifications for the home cultivator. Note the longer period of pre-composting
to condition the straw.

DAY SYNTHETIC COMPOSTING PROCEDURE: Formula 2

-10 Break straw bales and wet thoroughly. Windrow or spread out in a low flat pile, 2-3 feet
high. Water daily.

-7 Mix the chicken manure together with the straw, wetting both well. Avoid water run-off.
Windrow.

-3 Re-mix the windrow, adding water as necessary. Start here if chopped straw is used—wet
the straw and chicken manure. Mix well and windrow.

0 Make up the pile. Dimensions should be 6 feet wide by 5 feet high. Add as much

water as possible without run-off. Use pile formers to insure vertical sides and stomp
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Figure 88 Temperature zonation during Figure 89 Temperature zonation during
Long Composting. Short Composting.
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down the sides from the top to achieve adequate compression. The pile should be tight
and compact.

4 First turn: Add the gypsum. Water as needed. Keep the pile dimensions constant, vary-
ing the width as indicated by the amount of anaerobic material in the center. Maintain
pile compaction.

7 Second turn: Water as needed and redistribute outer and inner areas. Redistribution

should occur during each turn to keep the material in an even state of decomposition.
10 Third turn: Mix well and add water as needed. Reduce width to 5 feet. Fill if ready.
13 Fill if ready, or continue composting, turning at two day intervals.

Composting Tools

Since commercial growers work with many fons of compost, a bucket loader is essential. They
also use a specially designed machine for turning the piles. This compost turner can travel through
a 200 foot pile in a little over one hour, mixing in supplements and adding water. Small scale culfi-
vators can make compost without these machines. The following is a list of tools and facilities that
are basic to compost preparation.

1. A cement floor. Not absolutely necessary but highly desirable, a cement floor is easy to
work on, prevents migration of water to the earth and prevents soil and unwanted soil or-
ganisms from contaminating the pile. Water leaching from the pile, a good indicator of
compost moistures, is quite evident on a cement floor. If a cement floor is not available, a
sheet of heavy plastic can be used.

2. Bobcat or small tractor loader with 34-1 yard bucket with fork. If producing large
amounts of compost, one of these machines saves time and labor. Not only do they make
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Figure 91 Pile formers in use.
pre-wetting, supplementing and pile building easier, they can be used to turn the pile.

Pile formers. These are constructed from 2 x 4’s and plywood or planks to the dimen-
sions desired for the compost pile One for each side is necessary. Standard size would be
4-5 feet high by 8 feet long. An alternative to pile formers is a three sided bin.

~ Long handled pitchfork with 4 or 5 prongs. The basic tool in a compost yard, all com-

post piles were turned with pitchforks before the advent of compost turners and bucket
loaders.

Flat bladed shovel. Used for handling supplements.
Hose with spray nozzle, or sprinkler.

Thermometers. Although pile temperatures can be guaged by touch, a long stemmed
thermometer gives accurate readings.

Characteristics of the Compost at Filling

The composting materials undergo very distinct changes during Phase 1. A judgment as fo the

suitability of the compost for filling is based on color, texture and odor. Gradual darkening of the
straw and the pronounced scent of ammonia are the most obvious features. These and other char-
acteristics provide important guidelines for judging the right time for filling the compost. (Note:
these guideslines do not apply for a compost prepared by the Long Composting methods.)

The compost is ready for filling if:

1.

Compost is uniformly deep brown.

2. Straw is still long and fibrous, but can be sheared with some resistance.

3. When the compost is firmly squeezed, liquid appears between the fingers.
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Figure 92,93 Compost at
filling can be sheared with
moderate resisance.
Figure 94 Compost at fill-
ing should release some
moisture when firmly
squeezed.
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4. Compost has a strong smell of ammonia, pH of 8.0-8.5.
5. Compost is lightly flecked with whitish colonies of actinomycetes.
6. Kijeldahl nitrogen is 1.5% for horse manure and 1.7% for synthetic composts.

Supplementation at Filling

The key to a successful Phase II, whether in trays, shelves or a bulk room, lies in the heat gen-
erating capabilities of the completed Phase | compost. To this end the compost should be biologi-
cally “active,” a term that describes a compost with sufficient food reserves to sustain a high level of
microbial activity. Whereas the Sinden Short Compost is a model of a vitally active compost, the
Rasmussen Long Compost is considered biologically “‘dead” because these food reserves have
been deliberately exhausted during Phase I. In this same sense, a compost having completed the
Phase |l is also considered a dead compost.

A method that insures a high level of microbial activity during the Phase 1l is supplementation
with highly soluble carbohydrates during Phase | or with vegetable oils (fats) at filling. The purpose
of these supplements is to provide readily available nutrients which stimulate the growth of the mi-
crobial populations. The effect of carbohydrates or oil supplementation on the Phase Il is:

1. Accelerated thermogenesis—The nutrients provided by the supplements act as a *‘super-
charger” for the microbial populations. Consequently their increased activity generates
more heat. Specifically, supplementation with vegetable oil (cottonseed oil} increased popu-
lations of actinomycetes and thermophilic fungi (Schisler and Patton, 1970) while soluble
carbohydrates (molasses) enhanced bacterial populations (Hayes and Randle, 1968).

2. Better compost ventilation—Heightened thermogenesis within the compost requires lower
air temperatures within the Phase Il room. The greater the compost to air temperature dif-
ferential, the better the air movement through the compost. In this respect a dead compost
requires a high room temperature and is difficult to condition because of its low microbial
activity.

3. Rapid reduction of free ammonia—The increased ventilation and microbial activity give rise
to a rapid fixation of ammonia. As a result, the Phase Il period is reduced by as much as
three days. The advantage of this reduced time period is that dry matter and hence nutrients
for mushroom growth are conserved.

4. Reduced spawn running period—OQil supplemented composts show increased mycelial ac-
tivity and therefore higher temperatures during the spawn running period. As a result the
colonization period is shortened by three to five days.

5. Increased yields—Yield increases of 0.4-0.5 lbs/{t? are common for Agaricus growers us-
ing vegetable oil at filling. Similar increases are reported for molasses.

Compost supplementation with soluble carbohydrates is an effective way to prepare an actfive com-
post. These materials are listed earlier in the chapter as Group IV supplements. They are added to a
synthetic compost during pre-composting (50%) and at third turn (50%) and to a horse manure
compost at make-up and at third turn. Molasses is added at make-up at a rate of 10 ml per pound of
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compost wet weight and is diluted 1:2 with water for easy application. Vegetable oil is sprayed onto
the compost the day of fill at a rate of 10 ml per pound of compost wet weight. Even application is
important to avoid creating hot spots.

Compost supplementation with soluble carbohydrates or vegetable oils is highly recom-
mended, especially for those planning a Phase Il without steam or with only limited supplemental
heating. Hence, this type of supplementation is particularly appropriate for the home cultivator.

PHASE il COMPOSTING

While Phase | is a combination of biological and chemical processes, Phase Il is purely biologi-
cal. In fact, Phase 1l can be considered a process of microbial husbandry. By bringing the compost
indoors info specially designed rooms, the environmental factors of temperature, humidity and fresh
air can be controlled to such a degree that conditions for growth of select microbial groups can be
maximized. These thermophilic and thermotolerant groups and their temperature ranges are:

Bacteria: 100-170°F. Different species of bacteria are active throughout this range so an op-
timum can not be given. At temperatures above 130 °F. bacteria dominate and are responsible for
the ammonification that occurs at these temperatures. The most common bacteria found by resear-
chers are Pseudomonas species.

Actinomycetes: 115-140°F. with an optimum femperature range of 125-132°F. The most
common species are found in the genera Streptomyces and Thermomonospora. Work done by
Stanek (1971) has shown that actinomycetes and bacteria are mutually stimulatory, resulting in
greater efficiency when working together.

Fungi: 110-130°F. with an optimum temperature of 118-122°F. Common genera are
Humicola and Torula. Recent research indicates that these fungi are the most efficient de-ammoni-
fiers, which has led to a more general use of their temperature range for Phase 1l conditioning.

The basic function of these microorganisms is to utilize and thereby exhaust the readily availa-
ble carbohydrates and the free ammonia. Ammonia in particular must be completely removed be-

TIME *
REQUIRED ~ '07] *
TO REMOVE 94
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Figure 95 Temperature vs.
ammonia utilization by
ki microbial populations.
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cause of its inhibitory effect on the growth of mushroom mycelium. The result of this microbial ac-
tion is a build-up of cell substance or “biomass’”” which contains vitamins, fats and proteins. What
the mushroom mycelium uses for a large portion of its nutrition then, is the concentrated bodies
forming the microbial biomass. This biomass constitutes part of the brown layer coating the partially
decomposed straw fibers.

Many growers consider Phase [l to be the most important stage in the growing cycle and rightly
so. An improperly prepared substrate yields few if any mushrooms. It is critical, therefore, that the
environmental conditions required during Phase Il be carefully maintained. Phase Il can be sepa-
rated into two distinct parts, each serving a specific function. These are:

1. PASTEURIZATION: The air and compost temperature are held at 135-140 °F. for 2-6
hours. The purpose of pasteurization is to kill or neutralize all harmful organisms in the
compost, compost container and the room. These are mainly nematodes, eggs and larvae
of flies, mites, harmful fungi and their spores. The length of time needed generally depends
on the depth of fill. Deeper compost layers require more time than shallow ones. In gener-
al, two hours at 140 °F . is sufficient. Compost temperatures above 140 °F. must be avoid-
ed because they inactivate fungi and actinomycetes while at the same time stimulating the
ammonifying bacteria. If temperatures do go above 140°F., be sure there is a generous

supply of fresh air. 9

[
2. CONDITIONING: The compost temperature is held at 11&- %. Once the pasteuriza-
tion is completed, the compost temperature should be lowe } @%ally over 24 hours to
the temperature zone favored by actinomycetes and fungi. The'exakttemperature varies ac-

cording to the depth of fill. At depths up to 8 inches, 122 °F. as measured in the center of
the compost is most frequently used. At depths over 8 inches, temperature stratification
becomes more pronounced, making a higher core temperature of 128 °F .advantageous. A
common procedure is to bring the compost temperature down in steps, dropping the core
temperature 2 °per day, from 130° to 122 °F. This temperature is then held until all traces
of ammonia are gone.

Basic Air Requirements

Phase Il is purely a process of aerobic fermentation and as such a constant supply of fresh air is
essential. To insure this supply, a minimum fresh air setting is established on the air intake damper.
A standard minimum setting is 8-10% of the intake opening. The oxygen level can be checked in a
practical manner by lighting a match in the Phase Il room. If a flame can be maintained, the oxygen
level is sufficient. Lack of oxygen stimulates the growth of Chaetomium, the Olive Green Mold,
which will spail the compost. (See Chapter XIII).

Compost temperatures follow the air temperature of the room. Fresh air not only supplies oxy-
gen, but is also used to keep the compost within the correct temperature zone. To drop the com-
post temperature, more fresh air is infroduced and vice versa. Oversupply of fresh air is only a prob-
lem if it leads to rapid cooling of the compost. In this regard, changes in the fresh air setting should
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be slow and deliberate. Only when the compost threafens to overheat should maximum fresh air be
infroduced. This is particularly common directly after pasteurization.

Peak microbial activity normally occurs 24-48 hours after pasteurization. As Phase Il pro-
gresses and the food supply diminishes, this activity begins to slow. Compost temperatures should
begin fo drop on their own. As they drop, the fresh air supply should be decreased, thus slowly rais-
ing the air temperature as the compost reaches the required temperature zones. If the fresh air
minimum is reached and the compost temperatures are still dropping, a supplemental heat source
must be installed.

Phase Il Room Design

The Phase Il room can be a special room set aside solely for this purpose (the norm on tray
farms) or it can be in the same room where cropping occurs. Design features are critical for its suc-
cess and should be strictly adhered to. These features are:

1. Adequate insulation: Insulate fo a R value of 19 for walls and a minimum of 30 for the ceil-
ing. A vapor barrier is needed to protect the insulation. (A layer of polyethylene is cheap and
effective.)

2. The room must be functionally airtight. The door should form a tight seal. Any cracks or
openings allow the passage of flies.

3. The ventilation system uses a backward-curved centrifugal fan driven by pulleys and belts,
and whose speed can be varied. The fan should be capable of moving air at 1 cubic foot per
minute (CFM) per square foot of compost surface area. A perforated polythene duct runs the
length of the room and directs the air either straight down the center aisle or across the ceil-
ing to the side walls. High velocity airflow is necessary to maintain even temperatures
throughout as well as to keep the room under positive pressure.

4. A fresh air vent is located before the fan. This damper also regulates recirculated air. (See
Fig. 73).

5. Filters are placed before the fresh air inlet. These filters are important as protection against
flies, dust and spores. High efficiency spore filters are commonly used for the incoming fresh
air. A pre-filter placed upstream of the main filter will increase its life. Recirculated air should
never be filtered during Phase Il because of its high moisture content.

6. At the opposite end of the room from the fresh air vent are exhaust louvers operating on air
pressure. This exhaust air outlet must be screened from the inside.

7. If steam is used for boosting temperature, pipes can be run the length of the floor along the
side walls discharging outwards. Steam can also be discharged directly into the air duct after
the fan. High output electric space heaters can also be used.

Filling Procedures

Depending on the growing system chosen, the compost is loaded into frays, shelves or a bulk
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Figure 96 Small Phase Il room designed for trays or bulk fill.

room. Cerfain basic principles should be adhered fo when filling. These are:
1. Fill the room as quickly as possible to minimize heat loss from the compost.
2. Compress a long strawy compost and fill loosely a short dense compost.

3. If the compost appears dry, water lightly and evenly during filling. If water streams out when a
handful is squeezed, don’t fill. Add again as much gypsum, turn and wait a few days.

4. Fill all shelves and trays evenly and to the same depth. Avoid creating pockets of compact
compost. Keep all compost within the container. No compost should hang over the sides.

5. Once finished, the floor should be cleaned of all loose compost, then washed with water.

Depth of Fill

Up to a point there exists a direct relationship between the amount of compost filled per square
foot and yield. In a fixed shelf system, the amount of compost filled is usually the amount available
for cropping. This normally holds true for trays, although some systems empty the frays at spawning
and then refill 25% fewer trays than the number that was originally filled. This results in high dry
weight efficiencies without the complications of deep compost layers during Phase Il. As a general
rule, a fill depth of 8 inches will provide sufficient nutrients as well as contribute to the ease of Phase
Il At depths over 8 inches temperature stratification will lead to varying conditions within the com-
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post, complicating the Phase [| program. At depths under 5 inches there is insufficient mass for
proper heat generation and large quantities of steam may be needed.

An important consideration is the ratio of cubic feef of compost filled to cubic feet of air space in
the room. This ratio largely determines whether a supplementary heating source is necessary.
Clearly, greater volumes of compost require less additional heating. To maximize compost heat
generation, some tray systems sfack trays no more than 3-4 inches apart during Phase ll. These
trays are later distributed fo two cropping rooms with a spacer inserted between the trays to facilitate
picking.

DAY PHASE il PROCEDURE: TRAYS OR SHELVES

0 The house is filled and cleaned. Thermometers are placed in the center of at least four
containers, and one in the middle of the room for reading air temperature. Shut the
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Figure 97 Phase Il temperature profile for trays or shelves.
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door, turn on the fan and close the fresh air vent. Air and compost temperatures should
rise from microbial activity. If not, additional heat should be supplied. Once the compost
reaches 120 °F., the fresh air vent should be opened and regulated to maintain compost
temperatures in the 125-130°F. range. From this point on, the fresh air vent should
never be less than the minimum setting of 10%.

1-2 A temperature chart should be kept, noting air and compost as well as fresh air and
steam settings. Temperatures should be read every 4-6 hours. Compost temperatures
should be in the 125-130°F. range for the first 48 hours after fill. After this period, pas-
teurization should commence. The air temperature is boosted to 140 °F. and held long
enough to subject the compost to 140 °F. for 2 hours. If 140° can not be reached, a
compost and air temperature of 135° for four hours is sufficient. The temperatures
should be monitored closely to be sure pasteurization is complete. A long stemmed ther-
mometer can be pushed through a drilled opening in the door, or a remote reading ther-
mocouple can be used. After pasteurization, full fresh air is introduced to stop rising
compost temperatures. Once the compost temperature begins to drop, adjust the fresh
air setting to stop the compost in the temperature zone required, 128-130°F.

2-10 Starting at 128 °F., use fresh air to lower the compost temperature gradually, 2° per
day, until 122 ° is reached. Hold the compost at that temperature until it is free of ammo-
nia. Throughout this conditioning process, a compost to air differential of 10-30°F. is
normal. This differential is important for the passage of air through the compost. Little or
no differential is undesirable and indicates over-composting or under-supplementation.
During the conditioning period definite changes in the compost become apparent. The
compost becomes well flecked with whitish actinomycetes, and on the surface whitish
grey aerial mycelia of Humicola species appear. Both are indicators of proper microbial
conversion.

5-10 Once the compost is free of ammonia, full fresh air is introduced, dropping the compost
temperature rapidly to spawning temperatures in the 76-80 °F. range.

Phase lI in Bulk

For many people, equipping a standard Phase Il room for trays or shelves may be inappropri-
ate, especially if steam is used. The recent development of the bulk system now gives the home
grower the ability to perform the Phase Il without steam. This system utilizes compost heat more ef-
ficiently by loading the compost in mass, five feet deep, into a small well insulated room with a
slatted floor. Instead of air diffusing through the compost by convection, air is blown under the floor
and forced up through the compost. The wide compost to air temperature differential so essential fo
conventional Phase Il processes is eliminated; compost and air temperatures are now no more than
5 °F. apart. This narrow differential is in part related to a reduced compost-to-air volume ratio, which
in a bulk room is 1:1 or 1:%. This reduction of air space, coupled with the airtight, well insulated
room, results in full utilization of compost heat generation. A large measure of control over compost
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temperatures becomes possible and optimum temperatures within the mass can be tightly requ-

lated.

Builk Room Design Features

The size of the bulk room varies according to individual needs, but should be large enough that
there is sufficient compost mass to supply heat.

1.

2.

10.

11.
12.

At a fill depth of 4-5 feet, one ton of compost requires approximately 8-1 0 sq. ft. of floor
space.

Bulk rooms are well insulated. The walls and door are R-19; the ceiling is R-30 mini-
mum. A vapor barrier should protect all insulation.

The room has a double floor. The bottom floor is concrete, insulated to R-19 with styro-
foam or other water impervious maferial, and covered with tar or femperature resistant
plastic as a vapor barrier. The compost floor is 12-18 inches above the bottom floor, and
is made of 4 x &’s with spacers in between to leave 20% air space. This floor is removable
to permit periodic cleaning.

The interior walls and ceiling are made of exterior grade plywood, treated with a wood
preservative or marine epoxy. Allow ¥4 inch for expansion. Caulk or seal with fiberglass
tape.

The room must be airtight. Caulk all cracks and corners.

The access door runs the width of the room for easy loading and unloading. An airtight
seal is essential.

A wood plank wall is inserted before the access door to prevent the compost from press-
ing against it. The plank wall is held in place by runners on either wall.

The ventilation system is powered by a centrifugal, high pressure belt driven blower, with
a capacity of 90-120 CFM per fon of compost at a static pressure of up to 4 inches of wa-
fer gauge. The recirculation duct comes out on the top of the back wall and down to the
fan. The supply duct goes from the fan fo the air chamber under the compost floor. All
ductwork should be insulated.

The fresh air inlet and damper are located before the fan. This damper also regulates the
recirculated air. The fresh air should be filtered.

The exhaust outlet is located on the access door. This is a free swinging damper that oper-
ates on room pressure. This outlet is covered by a coarse filter.

Standard inside dimensions are 6-12 feet wide by 8-10 feet high.

For better femperature control the bulk room should be built inside a larger building, like a

garage, where temperaure differences are less extreme. The infroduction of cold fresh air
hampers the process by neutralizing the compost heat.

A simple variation of this bulk room is a well insulated bin. The bin is constructed using the
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principles just outlined. Rather than a mechanical air system, fresh air is admitted through adjustable
vents at floor level and exits through similar vents in the ceiling. Because air passage is by convec-
tion, the compost should be filled loosely and to a depth of no greater than four feet.
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Figure 98 Bulk pasteurization room. Ventilation system on end wall. (Design—Vedder)
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Figure 99 Bulk pasteurization room. Ventilation system on side wall. (Design—Claron)
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Bulk Room Filling Procedures
1. Fill as quickly as possible to minimize heat loss.

2. Compost should have good structure and optimum moisture content. Do not fill a dense,
overwet compost.

3. Fill evenly. Compost density is important. Avoid localized compaction as well as gaps.
Gaps or holes in the compost become air channels fo the detriment of the surrounding
material. Be sure the compost presses firmly and evenly against all sides of the room.

4. Before filling the last three feet, put the inside board wall in place. Now fill the remaining
area. The compost should press firmly against the board wall.

DAY BULK ROOM PHASE Il PROCEDURES

0 Filling. Compost is brought into the room. If remote reading temperature sensors are
used, place 2-4 sensors in different locations within the compost, and one in the air
above. If remote sensors are not used, place one thermometer in the return air duct and
one downstream from the fan in the supply duct. The compost temperature should be
within the readings of these two air thermometers. Turn the fan on, close the fresh air
damper and re-circulate until 120 °F. is reached. This should take 8-24 hours. Then
open the fresh air damper to the minimum sefting, 8-10%.

1-2 Pasteurization: Allow the temperature to rise to 132-135°F. Adjust the fresh air
damper to hold this temperature for at least six hours and a maximum of ten hours.
Once completed, introduce sufficient fresh air to bring the temperature down to 122 °F.
This should take approximately 12 hours. Be sure to anticipate temperature trends and
adjust the fresh air accordingly.

2-10 Conditioning: By adjusting the amount of fresh air, the compost is held in the
118-122°F. range until all ammonia is gone. Fresh air should gradually be reduced as
thermogenesis subsides. The temperature in the return air duct should always be higher
than in the supply duct.

4-10 Cool-down: Once the ammonia content of the air is below 10 parts per million {(ppm)
full fresh air is given to reduce the compost temperature to 80 °F. The cool-down should
proceed as rapidly as possible.

Testing for Ammonia

The basic ammonia detection test has always been the sense of smell. The odor of ammonia
must be completely gone from the compost before it can be spawned. Odors are always good indi-
cators of compost suitability. However, to be absolutely certain, other methods are also used.

1. Cresyl Orange and filter paper: Pre-cut strips of white filter paper are saturated with a few
drops of cresyl orange liquid which turns the white paper yellow. Expose the paper to the
inside of the Phase Il room or to the exhaust air of the bulk room. The paper can also be



http://www.cvisiontech.com/pdf_compressor_31.html

Compost Preparation/ 105

T 7 B TSI T G

By

placed into small holes dug into the compost. The presence of ammonia turns the paper
varying 'shades of red. Purple indicates the highest concentration, while pink indicates a
lower one. When the yellow paper remains unchanged in color, free ammonia is absent.

. Air samplers using gas detection tubes: These tubes are filled with chemicals that change

color as air samples are drawn into them. The tubes are calibrated in parts per million (ppm)
and give accurate readings down to 1 ppm. The air samplers are manufactured by Mine
Safety Co. and the Draeger Corp. Individual tubes cost from $2.00-$4.00 in lots of ten.
{See sources in Appendix).

Aspect of the Finished Compost

The following guidelines can be used to determine whether a compost is ready for spawning.
(See Color Photographs 5-8).
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100 Bulk room Phase 1l temperature profile. (Dutch procedure)
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The raw pungent odor is gone; the odor is now light and pleasant, even slightly sweet.

i

The ammonia odor is completely gone. The cresyl orange test shows no reaction. Detector
tubes read 10 ppm or less.

The pH is below 7.8, preferably 7.5.
Straws appear dull and uniformly chocolate brown, speckled with whitish actinomycetes.
The compost is soft and pliable and can be sheared easily.

OO

When squeezed the compost holds its form. No water appears and the hand remains
relatively clean.
Moisture content is 64-66% for horse manure and 67-68% for synthetics.

Nitrogen content is 2.0-2.3%; the C:N ratfio is 17:1

L8 N

ALTERNATIVE COMPOSTS AND
COMPOSTING PROCEDURES

Sugar Cane Bagasse Compost

Sugar cane bagasse is the cellulosic by-product of sugar cane after most of the sugars have
been removed. It is generally a short fibrous material with a high moisture holding capacity. Total ni-
frogen amounts to 0.18%. In 1960, Dr. Kneebone of Pennsylvania State University reported grow-
ing Psilocybe aztecorum on a bagasse based compost. He later reported in more detail on experi-
menfs using bagasse compost for growing Agaricus brunnescens. Bagasse used as stable bedding
produced yields comparable to the horse manure based control. Bagasse supplemented with a
commercial activator (“Acto 88”") yielded poorly.

Dr. Kneebone’s composts were prepared using the standard fechniques elucidated in this chap-
ter with a turn schedule on days O-2-5-7-9. The supplemented bagasse was composted 3 days
longer and all bagasse based composts had moisture contents ranging from 75-83%. Significantly,
the bagasse compost with the lowest moisture content had the highest yield. All bagasse composts
had larger mushrooms than the control.

This work by Kneebone demonstrates the value of bagasse as a mushroom growing substrate.
Using the compost formula format, composts can be devised to meet the needs of the two species
named and many others. A good supplement would be horse droppings on wood shavings. If the
bagasse compost becomes too short or wet, the gypsum can be increased from 5% to 8% of the
dry weight.

The 5-Day Express Composting Method

During the past 20 years compost research has been directed towards shortening the overall
preparation period. The goal is to reduce handling and further conserve the nutrient base (dry mat-
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ter). But so far, no one has been able to consistently produce a high yielding compost by rapid prep-
aration methods. However, a recent article by Kaj Bech (1978} of the Mushroom Research Lab in
Denmark reports the most promising method to date. According to Bech, total dry matter loss is
held to 20-25% with a composting time of 8-10 days (5 day Phase | and 3-5 day Phase II). His
method and materials follow:

DAY PROCEDURE

-2 Take one ton wheat straw based horse manure {moisture content 50%, nitrogen content

of 1.0-1.1) Homogenize well and make up the pile using standard dimensions.

0 1st turn: Add ammonia sulfate, (NH,4),SO,, 11.25 kg. Wet thoroughly with approxi-
mately 450 liters of water.

2 2nd turn: add calcium carbonate (CaCO3) 33.75 kg. Add approximately 180 liters of
water,

3 Mix well and fill trays, shelves or tunnel for standard Phase .
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Figure 101  Psilocybe cyanescens fruiting outdoors in a bed of fresh alder chips.
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he use of non-composted and semi-composted materials as mushroom growing substrates is

common among commercial growers of Pleurotus, Volvariella, Flammulina and Stropharia.
Because of the simplicity and ease by which they are produced, these substrates are ideal for the
home cultivator. The advantages of these substrates are the rapid preparation times and the easily
standardized mixtures formulated from readily available raw materials. These substrates can be
treated by sterilization, pasteurization or used untreated in their natural state.

NATURAL CULTURE

For most people mushroom cultivation implies an indoor process employing sterile culture
techniques and a controlled growing environment. Although this has been the natural progression
of events for commercial cultivators and is the only way to consistently grow year round crops, it
need not be the sole method available to the home cultivator. For hundreds of years home growers
have made up outdoor beds and have enjoyed harvesting seasonal crops of mushrooms. In fact,
most mushrooms now being grown commercially were originally grown using natural culture tech-
niques.

By observing wild mushrooms fruiting in their natural habitats, one can begin to understand
their growth requirements. To fully illustrate how this methodology works, the development of natu-
ral culture for Psilocybe cyanescens will be used as an example. Psilocybe cyanescens grows along
fence lines and hedge rows, in tall rank grass, in berry thickets, in well mulched rhododendron beds,
in piles of wood chips and shavings and in ecologically disturbed areas. In many instances, the
mushrooms are found growing in soil, but upon close examination of the underlying mycelial net-
work, it is apparent that they are feeding on wood or other similar cellulosic material. Due to the
thick strandy mycelium of Psilocybe cyanescens, it is relatively easy to locate and gather colonized

Figure 102 Virgin spawn: Psilocybe cyanescens mycelium on a wood chip.
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pieces of substrate. These pieces are considered virgin spawn and are used fo inoculate similar
materials. Freshly cut chips of alder, maple and fir all support healthy mycelial growth. Because
alder is high in sugar content, without resins and abundant in northwestern North America, it has
been selected as the primary substrate material.

Even though such a virgin spawn is not absolutely clean, Psilocybe cyanescens mycelium col-
onizes fresh substrate pieces so rapidly that there is little risk of contamination. In order to prepare
inoculum for the following year, the newly inoculated chips are kept indoors in gallon jars or other
profective containers. With sufficient moisture, minimal air exchange and normal indoor tempera-
tures, the mycelium soon spreads throughout the fresh chips. For the best results a 1:5 ratio of
virgin spawn o fresh chips is recommended. As one jar becomes fully permeated, it can be used to
produce more spawn.

In the spring freshly cut wood branches are chipped, then mixed with the fully colonized inocu-
lum and made info a ridge bed directly on the ground. Experience has shown that irregular chips
approximately 1-3 inches long give better results than finely ground material such as sawdust. Fresh
chips not only provide a greater nutrient and water reservoir, but also have substantial surface area
for primordia formation. Strong mycelial growth can be sustained on wood chips for a prolonged
period of time. (Mycelial growth on fresh sawdust is at first rapid and rhizomorphic but soon slows
and loses its vitality).

The ridge beds should be made 4-6 inches deep and 2 feet wide. To insure a humid microcli-
mate for mushroom development the bed should be made under rhododendrons or other leafy or-
namentals, along a fence or hedge row, or on grass which is allowed to grow up through the bed.

e - 7 g s i Sl — 5
Figure 103 Chipping freshly cut ald
branches.

er
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The bed must never be placed where it is exposed to direct sunlight but it should not be so well pro-
tected that rainfall can not reach it.

During the spring and summer the mycelium colonizes the fresh substrate which should be
covered with plastic or cardboard to prevent drying. A weekly watering helps to keep the moisture
content high. In the fall the bed is uncovered and given a heavy watering twice a week, but with care
not to flood it. When the mushrooms begin to fruit, watering should be gauged according to envi-
ronmental conditions and natural precipitation. As long as the temperature stays above freezing the
mushrooms will grow continuously. If a freeze is expected, the beds can be protected with a plastic
covering. Extended freezing weather ends outdoor cropping until the following year.

Throughout the winter the beds can be protected by a layer of straw, cardboard or new chips
topped with plastic. This is particularly important for harsh climates. Other possibilities include mak-
ing the bed inside a cold frame or plastic greenhouse. Certain regions of the country like the North-
west are better suited to natural culture than others. In this respect it is desirable to use a local strain
adapted to local conditions. In climates unsuited to outdoor cultivation, the wood chips can be filled
into frays and brought inside.

Once the primary bed has been established outdoors, it can be likened to a perennial plant,
which is the nature of mushroom mycelium. Indoor spawn preparation and incubation become un-
necessary. With each successive year chips can be drawn from the original bed and used as inocu-
lum. This means that the fotal bed area can be multiplied by five on an annual basis. (See Figure
164 of Psilocybe cyanescens fruiting indoors in tray of alder chips).

i s D3 - £

Figure 104 Oak dowels before and after colonization by
shiitake (Lentinus edodes) mycelium.
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Figure 105 Shiitake plug
inserted into oak log.

Figure 106 Stacked ar-
rangement of shiitake logs in
a greenhouse.

Figure 107 Shiitake cul-
ture outdoors under shade
cloth.
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SEMI-STERILE AND STERILE
WOOD BASED SUBSTRATES

Mushrooms that grow on wood or wood wastes are termed lignicolous due to their abililty to
utilize lignin, a microbial resistant substance that constitutes the heart wood of trees. The main com-
ponents of wood, however, are cellulose and hemicellulose, which are also nutrients available to lig-
nin degrading mushroom mycelium. The chart appearing below shows a typical analysis of different
wood and straw fypes. This table not only illustrates the similarities between wood and straw, but
also the important differences between coniferous and broad leaf trees. The high concentrations of
resins, turpentine and tanins make conifers less suitable for mushroom growing. Conifers are used
on occasion, but they are mixed one to one with hardwood sawdust. In general, the wood of broad
leaf or hardwood species have proven to be the best mushroom growing substrates. Specifically
these tree types are: oak; elm; chestnut; beech; maple; and alder.

Hemi-
Type Resin N P-2 0-5 K20 cell. Cell. Lignin
Spruce 2.30 0.08 0.02 0.10 11.30 57.84 28.29
(Picea excelsa)
Pine 3.45 0.06 0.02 0.09 11.02 54.25 26.25
(Pinus silvestris)
Beech 1.78 0.13 0.02 0.21 24.86 53.46 22.46
(Fagus silvatica)
Birch 1.80 — — — 27.07 4530 19.56
(Betula verrucosa)
Wheat Straw 0.00 0.60 0.30 1.10 — 36.15 16.15

(Triticum sativum)

Table of the analyses of various types of wood and straw. Figures are percent of dry weight.
(Adapted from H. Rempe (1953)).

The most notable commercial species grown on wood is Lentinus edodes, the shiitake mush-
room. Traditional methods use oak logs, 3-6 inches in diameter and three feet long, cut between fall
and spring when the sap content is the highest. Special care should be taken not to injure the bark
layer when cutting and handling the logs. The bark is of critical importance for fruiting and is one of
the key factors considered by commercial growers when selecting tree species: The logs should be
scraped clean of lichens and fungi and then drilled with four longitudinal rows of one inch deep
holes spaced eight inches apart. Next, these holes are plugged with spawn and covered with wax.
After 9 to 15 months of incubation the logs begin to fruit. (See the species parameter section in
Chapter XI.) The use of freshly cut logs provides a semi-sterile substrate with no special treatment
and is a very effective method for the home cultivator.

Commercial growers of lignicolous mushrooms are turning increasingly to sawdust based
substrates. Such substrates have been developed in Japan for growing Pleurotus, Flammulina and
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Auricularia. They are also being utilized with some modifications by commercial shiitake growers in
the United States. The development of these mushroom specific substrates follows certain wel} de-
fined guidelines.

The basic raw material is cellulose, a major constituent of sawdust, straw, cardboard or paper
wastes, wood chips, or other natural plant fibers. Any of these materials should be chopped or
shredded, but never so finely as to eliminate their inherent structural qualities. This cellulosic base
comprises approximately 80% of the total substrate mixture.

To these basic substrate materials are added various nutrient supplements and growth stimula-
tors in meal or flour form. By supplying proteins, carbohydrates, vitamins and minerals, the supple-
ments serve to enhance the yield capabilities of the substrate base. Protein sources include concen-
trates like soya meal or soya flour, wheat germ and brewer’s yeast. The most suitable carbohydrate
sources are starchy materials such as rice, potatoes, corn and wheat. Some supplements are well
balanced and provide both carbohydrates and proteins. Examples of these are bran, oatmeal and
grains of all types. The number of possible supplements is extensive and need not be limited to
those listed. The supplements comprise approximately 8-25% of the total dry weight. The addition
of gypsum at a rate of 5% of the dry weight can improve the structure and porosity. It should be
considered an optional ingredient.

Japanese growers of Flammulina velutipes, Auricularia auricula and allies, and Pleurotus
ostreatus have a standard substrate formula consisting of 4 parts sawdust and 1 part bran. The saw-
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Figure 108 Photograph of shiitake mushrooms growing on a sawdust block.
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dust can be aged up to one year, which is said fo improve its moisture holding capacity. Presoaking
the sawdust prior fo mixing in the bran is an effective way to achieve the required 60% moisture op-
timum. A firm squeeze of the mixture should produce only a few drops of water between the fingers.
If the mixture has foo much moisture, loose water collects in the bottom of the substrate container, a
condition predisposing the culture to contamination.

The substrate can be filled into a number of different containers. Mason jars, polypropylene jars
or high density, heat-resistant polyethylene bags are commonly employed. The confainers are
closed and sealed with a microporous filter. They are sterilized at 15 psi for 60-90 minutes. After
sterilization the contfainers are cooled to ambient temperature and inoculated. The inoculum can be
either grain spawn or sawdust-bran spawn.

During incubation substrate filled plastic bags can be molded to the desired cropping form.
Common shapes are round mini-logs or rectangular blocks. Some Pleurofus growers mold the

o e Figure 109 Flammulina velutipes, the
: ; Enoke Mushroom, fruiting in mason jar
containing sawdust mixture.

Figure 110 Autoclavable plastic bag and
microporous filter disc, known in the
Orient as the Space Bag.
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sawdust substrate into a cylindrical shape, 6-8 inches long and 4-5 inches in diameter. The fully col-
onized “‘logs’”’ are stacked together on their sides with the ends exposed as the cropping surfaces.
An alternative is to slit the bag lengthwise in four places, exposing the substrate to air while refaining
the plastic as a humidity hood. If growing in jars, Flammulina and Pleurotus fruit from the exposed
surface at the mouth of the jars.

GROWING ON PASTEURIZED STRAW

{h commercial mushroom production one of the most frequently used substrate materials is
cereal straw. Not only does straw form the basis for mushroom composts, but it is also used uncom-
posted as the sole ingredient for the growth of various mushroom species. Although all types of
straw are more or less suitable, most growers use wheat because of its coarse fiber and its availabili-
ty. The straw should be clean, free from molds and unspoiled by any preliminary decomposition.
Preparation simply involves chopping or shredding the dry straw into 1-3 inch pieces. This can be
done with a wood chipper, a garden compost shredder or a power mower. The shredding increases
moisture absorption by expanding the available surface area. Shredding also increases the density of
the substrate mass.

Figure 111 Equipment needed for pasteurization of straw: 55 gallon drum; gas burn-
er; shredder; hardware cloth basket and straw.
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Figure 112 Shredding the straw.
Figure 113 Filling the shredded straw into the

| ermatario ot et

wire basket.
Figure 114 Checking the water temperature.

Figure 115 Draining the pasteurized straw.
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The chopped straw is treated by pasteurization which can be carried out with live steam or hot
water. Presoaked to approximately 75% water, the straw is filled into a tunnel or steam room as de-
scribed in the composting chapter. It is steamed for 2-4 hours at 140-150°F ., then cooled to 80 °F.
and spawned. An alternative program calls for 12-24 hours at 122 °F. after the high temperature
pasteurization. This program is designed to promote beneficial microbial growth giving the straw a
higher degree of selectivity for mushroom mycelium.

The method best suited to the home cultivator is the hot water bath. Figure 111 illustrates a
simple system utilizing a 55 gallon drum and a propane burner. The drum is half filled with water
that is then heated to 160-170°F. Chopped dry straw is placed into the wire mesh basket and sub-
merged in the hot water. (A weight is needed to keep the straw underwater.) After 30-45 minutes
the straw is removed from the water and allowed to drain. It is very important to let all loose water
run off.

Once drained, the straw is spread out on a clean surface and allowed to cool to 80°F. (or less),
at which point it can be spawned. The straw is evenly mixed with spawn and filled into trays, shelves
or plastic bags. Some compression of the straw into the container is desirable because the cropping
efficiency will be increased.

The use of plastic bags is a simple and efficient way to handle straw substrates. A five gallon bag
(1-2 mils thick) is well suited to most situations. Two dozen nail sized holes equally spaced around
the bags provide aeration. Upon full colonization, the mycelia of species like Pleurotus ostreatus

Figure 116 Inoculating grain spawn onto the
cooled pasteurized straw.
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Figure 117 Pasteurized straw stuffed into plastic bags which are then perforated with
nail size holes.

and Psilocybe cubensis actually hold the straw together, at which time the bag can be completely
removed. Another alternative is to perforate or strip the bag from the top or side to allow easy crop-
ping.

Wheat straw prepared and pasteurized in this manner can be used to grow Pleurotus osfreatus,
Stropharia rugoso-annulata, Panaeolus cyanescens and Psilocybe cubensis. It is quite possible that
other species can utilize this substrate or a modification of it. Studies with Pleurotus ostreatus have
demonstrated yield increases with the addition of 20% grass meal prior fo substrate pasteurization.
Supplementation of the straw after a full spawn run is another method of boosting yields (See
Chapter VI1.) Bono (1978) obtained a yield increase of 85% with Pleurotus flabellatus by adding
cottonseed meal to the fully colonized straw. The optimum rate of addition was 132 grams per kilo-
gram of dry straw (approximately 22 grams crude protein per kilogram straw). Bono also found that
supplementation increased the protein content and intensified the flavor of the mushrooms.
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Flgure 118 Mycellum running through compost
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" he inoculation of compost or bulk substrates is called spawning. The colonization of these

substrates by the mushroom mycelium is known as spawn running. At spawning and during

spawn running there are several factors that must be considered if yields are to be maximized. These
factors are:

Moisture content of the substrate.

Temperature of the substrate.

Dry weight of the substrate per square foot of cropping surface.
Duration of spawn running.

55 (N

Moisture Content

Mushroom mycelium does not grow in a substrate that is either too dry or too wet. A dry sub-
strate produces a fine wispy mycelial growth and poor mushroom formation because the water es-
sential for the transport and assimilation of nutrients is lacking. On the other hand, an over-wet sub-
strate inhibits mycelial growth and produces overly stringy mycelia. Controlled experiments with
Agaricus brunnescens grown on horse manure composts have shown yield depressions when the
moisture content deviates more than 2% from the optimum. Deviations greater than 5% generally
result in a spawn run that does not support fruitbody production. A dry compost at spawning should
be lightly watered and mixed well to guard against the formation of wet spots. For an over-wet com-
post the common procedure is to add gypsum until the loose water is bound.

Substrate Temperature

Since mushroom mycelium grows within the substrate, the substrate temperature must be
monitored closely. Thermometers are placed both in the center of the substrate—the hottest region
—and in the room’s atmosphere. These two thermometers establish a temperature differential. If the
hottest point in the substrate is 80 ° F. and the air is 70 ° F. then the temperature of the total mass
must lie within this range.

The optimum temperature for mycelial growth varies depending on the mushroom species.
Agaricus brunnescens grows fastest at 77 °F. whereas Psilocybe cubensis prefers 86 °F. Tempera-
tures higher or lower simply slow mycelial growth. The growth curve shown in Figure 119 illus-
frafes the effect of temperature on the growth of Agaricus brunnescens mycelium. Note that growth
slows at a faster rate as the temperature rises above the optimum. Therefore the object during spawn
running is to keep the substrate within the temperature range that is optimal for the fastest growth of
mycelium.

Dry Weight of Substrate

Other factors aside, the dry weight of substrate per square foot of cropping surface largely deter-
mines fotal yield. Commercial Agaricus growers aim for at least five pounds of dry weight of com-
post per square foot and sometimes compress up to eight pounds per sq. ft. into their containers.
Cropping efficiencies are calculated by dividing fotal yield per square foot into the dry weight of one
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square foot of the substrate. Thus a yield of four pounds per sq. ft. of freshly picked mushrooms di-
vided by five pounds dry weight of substrate equals an 80% cropping efficiency. Efficiencies of
80-100% are considered to be close to the maximum yield potential of Agaricus brunnescens.

The actual amount of substrate that can be compacted into one square foot of growing area and
managed depends upon the cooling capabilities of the control system as well as the outside temper-
ature. Experiments using tracer elements in mushroom beds three feet deep have shown that nutri-
ents from the farthest point are transported to the growing mushrooms. Yields per sq. ft. increased
although at a lower substrate efficiency.

During spawn running the metfabolism of the growing mycelium generates tremendous quanti-
ties of heat. Substrate temperatures normally reach a peak on the 7th-9th days after spawning and
can easily reach 90 °F. At this temperature thermophilic microorganisms become active, thereby in-
creasing the possibilities of further heat generation. The substrate can easily soar above 100 °F. and
a compost can actually rise again to conditioning temperatures. Temperatures between 95-110 °F.
can kill the mycelium of many mushrooms. Even if the mycelium is not completely killed, these
temperatures do irreversible harm to mycelial vitality and fruiting potential. These elevated tempera-
tures also stimulate the activity of competitor molds and may render the substrate unsuitable for fur-
ther mushroom growth. Because of the enhanced heat generating capabilities of deeply filled beds,
Agaricus growers rarely fill more than 12 inches of compost into the beds.
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Figure 119 Growth curve of Agaricus brunnescens on compost.
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The decision on how deep to fill the spawned substrate is an important one. Here again, the
ratio of substrate to free air space in the growing room is significant. (See Chapter IV). An efficient
method of spawn running is to the fill trays 6-8 inches deep with compost and stack them closely to-
gether in the room. In this manner the heat generated within each tray remains controllable, while at
the same time the total compost heat will be sufficient to heat the room. Outside air temperature as
well as the capacity of the heating and cooling equipment should determine how many substrate
filled containers can be placed within a given space. Fresh air is generally used to provide cooling
except when it is warmer than the room temperature.

Duration of Spawn Run

Once colonization is complete, the substrate should be cased, or if casing is not used, it should
be switched to a fruiting mode. If spawn running is continued beyond this point, valuable nutrients
that could be utilized for production of fruitbodies will be consumed by further vegetative growth. If
for some reason the cropping cycle must be delayed, the substrate should be cooled until a more

opportune time.

Spawning Methods

Spawning methods, like spawn itself, have evolved over the years. As late as 1950 Agaricus
brunnescens growers customarily planted walnut sized pieces of manure spawn or kernels of grain
spawn in holes poked into the compost at regular intervals. Using this method spawn running was
slow, and areas far from the inoculum were more susceptible to invasion by competitors. The full
potential of grain spawn was not realized until the development of “‘mixed spawning”. The principle
of mixed spawning is the complete and thorough mixing of the grain kernels throughout the sub-
strate. In this manner all parts of the substrate are equally inoculated, resulting in the most rapid and
complete colonization possible.

The standard spawning rate used by Agaricus growers is seven liters/ton of compost or one
quart/8 sq. ft. If spawn is readily available and cheap, it is advantageous to use high spawning rates
which lead to more rapid colonization. It is also advantageous to break up the grain spawn into indi-
vidual kernels the day before spawning. If the spawn is fresh, the grain should break apart easily. If
the spawn can not be used when fresh, it should be refrigerated at 38 °F.

The basic principle of spawn running is the same regardless of the type of mushroom or sub-
strate. COLONIZATION MUST PROCEED AS RAPIDLY AS POSSIBLE TO PREVENT
OTHER ORGANISMS FROM BECOMING ESTABLISHED. Once the mushroom mycelium be-
comes dominant, natural antibiotics secreted into the substrate inhibit competitors. To prevent inva-
sion by competitors it is important that spawning take place under carefully controlled hygienic con-
ditions. Fungus gnats in particular must be excluded, and for this purpose a tight, well sealed work-
ing area is best. This area and all tools should be disinfected one day prior to spawning with a 10%
?Ieach solution. When using disinfectants be sure your skin is protected and avoid breathing any
umes.
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Figure 120 Psilocybe semilanceata mycelium running through pasteurized wheat
straw.

If the substrate has been filled into shelves, the spawn is broadcast over the surface and mixed in
with a pitchfork or by hand. With trays, a similar method can be used, or alternatively, the substrate
can be dumped out on a clean surface, mixed with spawn and then replaced in the trays. Substrates
from a bulk room are removed, mixed with spawn and then placed into the chosen container.

It is common procedure to level and compress the substrate to avoid dehydration caused by ex-
cessive air penetration. The degree of compression depends upon substrate structure. Long, airy
materials can be compacted more than short, dense ones. Commercial tray growers compact the
compost info the trays with a hydraulic press so that the compost surface resembles a table top. This
enables the application of an even casing layer.

Environmental Conditions

The required environmental conditions for spawn running are very specific and must be closely
monitored. Substrate temperatures are controlled by careful manipulation of the surrounding air
temperature. Heating and cooling equipment are helpful but not absolutely essential unless the out-
side climate is extreme. A well insulated room with provisions for fresh air entrance and exhaust air
exit should be adequate for most situations. The steady or periodic recirculation of room air by
means of a small fan helps to keep an even temperature throughout the room and guards against lo-
calized over-heating, especially in the uppermost containers. Humidity is extremely important at this
time and must be held at 90-100%. If the humidity falls below this level, water evaporates from the
substrate surface to the detriment of the growing mycelium. Humidification can be accomplished by
stearn humidifiers or by cold water misters. If steam is used, care must be taken that the increase in
air temperature does not drive the substrate temperature above the optimal range. One common
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method of counteracting drying is to cover the substrate with plastic. Be ready to remove the cover-
ing during the period of peak activity if temperatures rise too quickly.

During spawn run the mushroom mycelium generates large quantities of carbon dioxide. In
fact, it has been demonstrated that mushroom mycelium is capable of CO, fixation. Because of this
ability to absorb CO,, room concentrations of 10,000-15,000 ppm are considered beneficial and
desirable. A CO, level high enough to stop growth is uncommon under normal circumstances. Be-
ing heavier than air, CO, seftles at the bottom of the room, which is yet another reason for even air
circulation within the growing environment.

Super Spawning

Super spawning is also called “‘active mycelium spawning” vis @ vis the Hunke-Till process.
Essentially, a set amount of substrate is inoculated and colonized in the normal manner. The fully
run substrate is then used as inoculum to spawn increased amounts of a similar substrate. One
could theoretically pyramid a small quantity of inoculum into a considerable amount of fully colo-
nized substrate. This technique requires the primary substrate to be contaminant free; otherwise
contamination, not mycelium, will be propagated. The possibilities inherent in this method may be
of greater application when transferring naturally occurring mycelial colonies to non-sterile yet
mushroom specific substrates. An excellent example of this is the propagation of Psilocybe
cvanescens on wood chips. (See Chapter VI.)

Supplementation at Spawning

One of the newest advances in Agaricus culture is the development of delayed release nutrients
added to the compost at spawning. These supplements are specially formulated nutrients encapsu-
lated in a denatured protein coat. They are designed to become available to the growing mush-
rooms during the first three flushes. The application rate is 5-7% of the dry weight of the substrate.
Yield increases of ¥ to 1 Ib/sq. ft. are normal. Here again, complete and thorough mixing is essen-
tial to success. Caution: these materials enrich the substrate, making it more suitable to contami-
nants if factors predisposing to their growth are present. (For suppliers of delayed release nutrients,
refer to the resource section in the Appendix).

Supplementation at Casing (S.A.C.)

SACing is another method used to boost the nutritional content of the substrate. The materials
used are soy bean meal, cottonseed meal, and/or ground rye, wheat or kafir corn grains. The fully
colonized substrate is thoroughly mixed with any one of these materials at a rate of 10% of the dry
weight of the substrate. The substrate and the supplements must both be clean and free from con-
taminants; otherwise contamination will spread and threaten the entire culture. High substrate tem-
peratures should be anticipated on the second to third day after supplementation. With this type of
nutrient enhancement yield increases of ¥2-2 Ibs/sq. ft. are possible.
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CHAPTER VIiI
THE CASING LAYER

Figure 121 Panaeolus cyanescens fruiting in tray of pasteunzed straw. Note
mushrooms formed only on cased half.
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Qovering the substrate surface with a layer of moist material having specific structural character-
W istics is called casing. This practice was developed by Agaricus growers who found that
mushroom formation was stimulated by covering their compost with such a layer. A casing layer en-
courages fruiting and enhances yield potential in many, but not all, cultivated mushrooms.

CASING CASING CASING
SPECIES 7 ) OPTIONAL REQUIRED NOT REQUIRED
Ag. brunnescens B
Ag. bitorquis B
.C. comatus |
Fl. velutipes
Lentinus edodes E
Lepista nuda
Pl. ostreatus

Pl. ostreatus

(Florida variety)
Pan. cyanescens E
Pan. subbalteatus
Ps. cubensis
Ps. cyanescens B

E B

Ps. mexicana
Ps. tampanensis
S. rugoso-annulata
V. volvacea ;

In all species where the use of a casing has been indicated as optional, yields are clearly en-
hanced with the application of one. The chart above refers to the pracfical cultivation of mush-
rooms in quantity. It excludes fruitings on nutrified agar media or on other-substrates that produce
but a few mushrooms. Consequently, casing has become an integral part of the mushroom grow-
ing methodology.

Functions
The basic functions of the casing layer are:

1. To protect the colonized substrate from drying out.
Mushroom mycelium is extremely sensitive to dry air. Although a fully colonized sub-
strate is primarily protected from dehydration by its container (the tray, jar or plastic bag),
the cropping surface remains exposed. Should the exposed surface dry out, the myceli-
um dies and forms a hardened mat of cells. By covering the surface with a moist casing
layer, the mycelium is protected from the damaging effects of drying. Moisture loss from
the substrate is also reduced.
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2. To provide a humid microclimate for primordia formation and development.

The casing is a layer of material in which the mushroom mycelium can develop an exten-
sive, healthy network. The mycelium within the casing zone becomes a platform that
supports formation of primordia and their consequent growth into mushrooms. It is the
moist humid microclimate in the casing that sustains and nurtures mycelial growth and
primordia formation.

To provide a water reservoir for the maturing mushrooms.

The enlargement of a pinhead into a fully mature mushroom is strongly influenced by
available water, without which a mushroom remains small and stunted. With the casing
layer functioning as a water reservoir, mushrooms can reach full size. This is particularly
important for heavy flushes when mushrooms are competing for water reserves.

To support the growth of fructification enhancing microorganisms.

Many ecological factors influence the formation of mushroom primordia. One of these
factors is the action of select groups of microorganisms present%the casing. A casing
prepared with the correct materials and managed according te ggguidelines outlined in
this chapter supports the growth of beneficial microflora.

CVIS
TecHNO

Properties

The casing layer must maintain mycelial growth, stimulate fruiting and support continual
flushes of mushrooms. In preparing the casing, the materials must be carefully chosen according
to their chemical and physical properties. These properties are:

1.

Water Retention: The casing must have the capacity to both absorb and release sub-
stantial quantities of water. Not only does the casing sustain vegetative growth, but it also
must supply sufficient moisture for successive generations of fruitbodies.

Structure: The structure of the casing surface must be porous and open, and remain so
despite repeated waterings. Within this porous surface are small moist cavities that protect
developing primordia and allow metabolic gases to diffuse from the substrate into the air.
If this surface microclimate becomes closed, gases build up and inhibit primordia forma-
tion. A closed surface also reduces the structural cavities in which primordia form. For
these reasons, the retention of surface structure directly affects a casing’s capability to
form primordia and sustain fruitbody production.

Microflora: Recent studies have demonstrated the importance of bereficial bacteria in
the casing layer. High levels of bacteria such as Pseudomonas putida result in increased
primordia formation, earlier cropping and higher yields. During the casing colonization
period these beneficial bacteria are stimulated by metabolic gases that build up in the sub-
strate and diffuse through the casing. In fact, dense casing layers and deep casing layers
generally yield more mushrooms because they slow diffusion. It is desirable therefore to
build-up CO; and other gases prior to primordia formation. (For a further discussion on
the influence of bacteria on primordia formation, see Appendix I1.)

The selection of specific microbial groups by mycelial metabolites is an excellent ex-
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ample of symbiosis. These same bacteria give the casing a natural resistance to competi-
tors. In this respect, a sterilized casing lacks beneficial microorganisms and has little resis-
tance to contaminants.

Nutritive Value: The casing is not designed to provide nutrients to developing mush-
rooms and should have low nutritional value compared fo the substrate. A nutritive casing
supports a broader range of competitor molds. Wood fragments and other undecom-
posed plant matter are prime sites for mold growth and should be carefully screened out
of a well formulated casing.

pH: The pH of the casing must be within certain limits for strong mycelial growth. An
overly acidic or aklaline casing mixture depresses mycelial growth and supports competi-
tors. Agaricus brunnescens prefers a casing with pH values between 7.0-7.5. Even
though the casing has a pH of 7.5 when firs applied, it gradually falls to a pH of nearly
6.0 by the end of cropping due fo acids secrefed by the mushroom mycelium. Buffering
the casing with limestone flour is an effective means to counter this gradual acidification.
The optimum pH range varies according to the species. (See the growing parameters for
each species in Chapter XI.)

Hygienic Quality: The casing must be free of pests, pathogens and extraneous debris.
Of particular importance, the casing must not harbor nematodes or insect larvae.

Materials

To better understand how a casing layer functions requires a basic understanding of soil com-
ponents and their specific structural and textural characteristics. When combined properly, the
soil components create a casing layer that is both wafer retentive and porous.

1.

2.

3i

Sand: Characterized by large individual particles with large air spaces in befween, sandy
soils are well aerated. Their structure is considered ‘‘open’’. Sandy soils are heavy, hold
little water and release it quickly.

Clay: Having minute individual particles bound together in aggregations, clay soils have
few air pockets and are structurally “‘closed””. Water is more easily bound by clay soils.
Loam: Loam is a loose soil composed of varying proportions of sand and clay, and is
characterized by a high humus content.

Agaricus growers found that the best type of soil for mushroom growing was a clay/loam.
The humus and sand in a clay/loam soil open up the clay which is typically dense and closed.
The casing’s structure is improved while the property of particle aggregation is retained. The
humus/ clay combination holds moisture well and forms a crumbly, well aerated casing.

There are two basic problems with using soils for casing—the increased contamination risk
from fungi and nematodes, and the loss of structure after repeated waterings. Cultivators can re-
duce the risk of contamination by pasteurization, a process whereby the moistened casing soii is
thoroughly and evenly steamed for two hours at 160° F. An alternative method is to bake the
moist soil in an oven for two hours at 160° F.
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Figure 122 Sphagnum peat and lime-
stone flour needed for casing.

The development of casings based on peat moss has practically eliminated the use of soil in
mushroom culture. Peat is highly decomposed plant matter and has a pH in the 3.5-4.5 range.
Since this acidic condition precludes many contaminants from colonizing it as a substrate, peat is
considered to be a fairly “‘clean’” starting material. Peat based casings rarely require pasteuriza-
tion. But because peat is too acidic for most mushrooms, the addition of some form of calcium
buffering agent like limestone is essential. “Liming” also causes the aggregation of the peat parti-
cles, giving peat a structure similar to a clay/loam soil. A coarse fibrous peat is preferred because
it holds its structure better than a fine peat. In essence, the properties of sphagnum peat conform
to all the guidelines of a good casing layer.

Buffering agents are used to counter the acidic effects of peat and other casing materials. Cal-
cium carbonate (CaCO03) is most commonly used and comes in different forms, some more desir-
able than others.

1. Chalk: Used extensively in Europe, chalk is soft in texture and holds water well. Chunks
of chalk, ranging from one inch thick to dust, improve casing structure and continuously
leach into the casing, giving long lasting buffering action.

2. Limestone Flour: Limestone flour is calcitic limestone mined from rock quarries and

ground to a fine powder. It is the buffering agent most widely used by Agaricus growers
in the United States. Limestone flour is 97% CaCO0; with less than 2% magnesium.
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3. Limestone Grit: Produced in a fashion similar to limestone flour, limestone grit is rated
according fo particle size after being screened through varying meshes. Limestone grit is
an excellent structural additive but has low buffering abilities. A number 9 grit is recom-
mended.

4. Dolomitic Limestone: This limestone is rarely used by Agaricus growers due fo its high
magnesium content. Some researchers have reported depressed mycelial growth in cas-
ings high in magnesium.

5. Marl: Dredged from dry lake bottoms, marl is a soft lime similar fo chalk but has the con-
sistency of clay. It is a composite of clay and calcium carbonate with good water holding
capacity.

6. Oyster Shell: Comprised of calcium carbonate, ground up oyster shell is similar to lime-
stone grit in its buffering action and its structural contribution to the casing layer. But
oyster shell should not be used as the sole buffering agent because of its low solubility in
water.

Table Comparing Casing Soil Components
Absorption Potential

Material _ milliliters water/gram % Water at Saturation
Vermiculite 5.0 84%
Peat 2.5 79%
Potting Soil 0.7 76%
Loam 0.3 25%
Chalk 0.6 37%
Limestone Grit 0.2 15%
Sand 0.2 18%

Values vary according to source and quality of material used. Tests run by the authors.)

Casing Formulas and Preparation

The following casing formulas are widely used in Agaricus culfure. With pH adjustments they
can be used with most mushroom species that require a casing. Measurement of materials is by
volume.

FORMULA 1 FORMULA 2
Coarse peat: 4 parts Coarse peat: 2 parts
Limestone flour: 1 part Chalk or Marl: 1 part
Limestone grit: 2 part Water: Approximately 1-1% parts

Water: Approximately 2-2% parts

One half to one part coarse vermiculite can be added to improve the water refaining capacity
of these casing mixfures and can be an aid if fruiting on thinly laid substrates. When used, it must
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be presoaked to saturation before being mixed with the other listed ingredients.

An important reference point for cultivators is the moisture saturation level of the casing. To
determine this level, completely saturate a sample of the casing and allow it to drain. Cover and
wait for one half hour. Now weigh out 100 grams of it and dry in an oven at 200 °F. for two to
three hours or until dry. Reweigh the sample and the difference in weight is the percent moisture
at saturation. This percentage can be used to compare moisture levels at any point in the crop-
ping cycle. Optimum moisture content is normally 2-4% below saturation. Typically, peat based
casings are balanced to a 70-75% moisture content.

Application

To prepare a casing, assemble and mix the components while in a dry or semi-dry state.
Even distribution of the limestone buffer is important with a thoroughly homogeneous mixture be-
ing the goal. When these materials have been sufficiently mixed, add water slowly and evenly,
bringing the moisture content up to 90% of its saturation level. There is an easy method for pre-
paring a casing of proper moisture content. Remove 10-20% of the volume of the dry mix and
then saturate the remaining 80-90%. Then add the remaining dry material. This method brings
the moisture content to the near optimum. (Some growers prefer to let the casing sit for 24 hours
and fully absorb water. Prior to its application, the casing is then thoroughly mixed again for even
moisture distribution).

At this point apply the casing to the fully run substrate. Use a pre-measured container to con-
sistently add the same volume to each cropping unit.

1. Depth: The correct depth to apply the casing layer is directly related to the depth of the
substrate. Greater amounts of substrate increase yield potential which in turn puts more
stress on the casing layer. Prolific first and second flushes can remove a thin casing or
damage its surface structure, thereby limiting future mushroom production. A thin casing
layer also lacks the body and moisture holding capacity to support large flushes. AS A
GENERAL RULE, THE MORE MUSHROOMS EXPECTED PER SQUARE FOOT OF
SURFACE AREA, THE DEEPER THE CASING LAYER.

Agaricus growers use a minimum of one inch and a maximum of two inches of cas-
ing on their beds. Substrate depths of six to eight inches are cased 1% to 1%z inches
deep. Substrates deeper than 8 inches are cased 1%2 to 2 inches deep. Nevertheless, ex-
periments in Holland using casing depths of 1 inch and 2 inches demonstrated that the
deep casing layer supported higher levels of microorganisms and produced more mush-
rooms. (See Visscher, 1975). To gain the full benefits of a casing layer, an absolute mini-
mum depth on bulk substrates is 1 inch. For fruiting on sterilized grain, the casing need
not be as deep as for fruitings on bulk substrates. Shallow layers of grain are commonly
cased % to 1 inch deep.

2. Evenness: The casing layer should be applied as evenly as possible on a level substrate
surface. An uneven casing depth is undesirable for two reasons: shallower regions can
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Figures 123, 124 &
125 Casing a tray of
grain spawn. First the
fully colonized grain is
carefully broken up and
evenly distributed into
the tray. As an option, a
layer of partially
moistened vermiculite
can be placed along the
bottom of the tray to
absorb excess water. If
the grain appears to
have uncolonized
kernels, cover the
container with plastic
and let the spawn
recover for 24 hours
before casing.
Otherwise, casing can
proceed immediately
after the spawn has
been laid out.
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easily be overwatered, thereby stifling mycelial growth; and secondly, the mycelium
breaks through the surface at different times, resulting in irregular pinhead formation.
When applying the casing to large areas, “depth rings” can be an effective means to in-
sure evenness. These rings are fabricated out of flat metal or six inch PVC pipe, cut to
any depth. They are placed on the substrate and covered with the casing, which is then
leveled using the rings as a guide. Once the casing is level and even, the rings are re-
moved. ’

Although the casing layer must be even, the surface of the casing should remain
rough and porous, with small “mountains and valleys”. The surface structure is a key to
optimum pinhead formation and will be discussed in more detail in the next chapter.

Casing Colonization

Environmental conditions after casing should be the same as during spawn running. Substrate
femperatures are maintained within the optimum range for mycelial growth; relative humidity is
90-100%: and fresh air is kept to a minimum. (Fresh air should only be introduced to offset over-
heating). The build-up of CO; in the room is beneficial to mycelial growth and is controlled by an
airtight room and tightly sealed fresh air damper. If the entrance of fresh air cannot be controlled, a

Figure 126 Depth rings used for even casing application on bulk substrates.
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Figure 127 Mycelial growth (Agaricus brunnescens) into casing with optimum
moisture.

sheet of plastic should be placed over the casing. This plastic sheet also prevents moisture loss from
the casing.

Soon after casing, substrate temperatures surge upward due to the hampered diffusion of
metabolic gases which would normally conduct heat away. This surge is an indication of mycelial
vitality and is a positive sign if the room temperature can be controlled. This temperature rise can
be anticipated by lowering either the temperature of the substrate prior to casing or lowering the
air temperature of the room after casing.

Within three days of application, the mycelium should be growing into the casing layer. Once
mycelial growth is firmly established, the casing is gradually watered up to its optimum moisture
holding capacity. This is accomplished by a series of light waterings with a misting nozzle over a
two to four day period (depending upon the depth of the casing). Deeper casings require more
waterings. Optimum moisture capacity should be achieved at least two days before the mycelium
reaches the surface. IT IS EXTREMELY IMPORTANT THAT THE WATERINGS DO NOT
DAMAGE THE SURFACE STRUCTURE OF THE CASING. Heavy direct watering can “pan”
the casing surface, closing all the pore spaces and effectively sealing it. The growing mycelium is
then trapped within the casing layer and may not break through it at all. The ultimate example of
panning is a soil turned to mud.

To repair a casing surface damaged by watering, the top ¥ inch can be reopened by a tech-
nique called ““‘scratching’. The tool used is simply a 1 x 2 x 24 inch board with parallel rows of
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Figure 128 Mycelial growth (Psi
into casing with optimum moisture.

locybe cubensis)

nails (6 penny) slightly offset relative to one another. With this “scratching stick”, the casing is
lightly ruffled prior to the mycelium breaking through to the surface. After the surface has been
scratched, the casing should be given its final waterings prior to pinning.

A modified application of this technique is “‘deep scratching”. When the mycelium is midway
through the casing, the entire layer is thoroughly ruffled down to the bulk substrate. The agitated
and broken mycelium rapidly reestablishes itself and within three to four days it completely colo-
nizes the casing. The result is an early, even and prolific pinhead formation. Before using this
technique, the grower must be cerfain that the substrate and casing are free of competitor molds
and nematodes.

Casing Moisture and Mycelial Appearance

Moisture within the casing layer has a direct effect on the diameter and degree of branching
in growing mycelium. These characteristics are indicators of moisture content and can be used as
a guide to proper watering.

1, Optimum Casing Moisture: Mushroom mycelium thrives in a moist humid casing,
sending out minute branching networks. These networks expand and grow, absorbing
water, CO, and oxygen from the near saturated casing. This mycelial growth is character-
ized by many thick, white rhizomorphic strands that branch into mycelia of smaller dia-
meters and correspondingly smaller, finer capillaries. The overall aspect is lush and
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dense. When a section of casing is examined, it is held firmly together by the mycelial
network but will separate with little effort. The casing itself remains soft and pliable.

Overly dry casing: In a dry casing, the mycelium is characterized by a lack of rhizo-
morphs and an abundance of fine capillary type mycelia. This fine growth can fotally per-
meate the casing layer, which then becomes hard, compact and unreceptive to water. It is
common for puddles to form on a dry casing that has just been watered. Also, a dry cas-
ing rarely permits primordia formation because of its arid microclimate and is susceptible
to “overlay”. Mushrooms, if they occur, frequently form along the edges of the tray.

Overlay is a dense mycelial growth that covers the casing surface and shows little or
no inclination to form pinheads. Overlay directly results from a dry casing, high levels of
C0, and/or low humidity. (See Chapter IX on pinhead initiation).

Overly Wet Casing: In a saturated casing, the mycelium grows coarse and stringy, with
very little branching and few capillaries. Mycelial growth is slow and sparse which leaves
the casing largely uncolonized. Often the safurated casing leaches onto the substrate sur-
face which then becomes waterlogged, inhibiting further growth and promoting contami-
nation. Subsequent drying may eventually reactivate the mycelium, but a reduction in
yield is to be expected.
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CHAPTER IX
STRATEGIES FOR
MUSHROOM FREGIRMATION
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Figure 129 Scanning electron micrograph of Psilocybe cubensis primordia.
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™he change from the vegetative state of mycelial growth to the generative one of primordia for-

mation is called pinning, pin sefting, pinhead initiation or fructification. Primordia or pinheads

are knots of mycelium that precede development into small mushrooms. All species require a set of

environmental conditions for pinning that are quite different from the conditions for mycelial growth.

By understanding the factors that regulate this change in the mushroom life cycle, the cultivator can
control the pinning process.

In nature primordia formation is primarily influenced by seasonal changes in environmental
conditions. In temperate climates most mushrooms fruit during the cool, wet fall whereas in tropical
and subtropical climates mushrooms fruit during the rainy season. The fruiting period ends when
the season changes and environmental conditions become too hot, foo cold or foo dry. The myce-
liun then lies dormant or grows slowly, reactivated only by the warming of spring and summer.
These seasons are fimes for the mycelium to expand its nefwork, absorb nutrients and rebuild its
energy reserves. Once the cool wet conditions of fall return, these reserves are used to support an-
other crop of mushrooms.

Basic Pinning Strategy

Mushrooms fruit indoors in response to much the same conditions that trigger fruiting in the
wild. Several environmental factors, working in combination, provide an ideal environment in which
mushrooms flourish. Most, if not all cultivated mushrooms fruit at lower temperatures than the opti-
mum for the growth of mycelium. Usually, a drop in temperature is accompanied by rain or an in-
crease in humidity. Water is essential for the absorption of nutrients by the mycelium. And vaporous
water creates the humid microclimate that is so critical for the developing primordia. Primordia have
a low tolerance to CO, and need ample fresh air. And while the mycelium has no requirement for
light, many species need light fo initiate pinheads and fo mature into healthy mushrooms. Mush-
rooms form only when there is a coincidence of all these factors. Cultivators create an artificial envi-
ronment that prolongs these optimum conditions so that mushrooms are given the best possible en-
vironment in which to grow.

Primordia formation strategies are well defined for species now under cultivation. These proce-
dures are similar in their approach and differ only in certain environmental requirements. Given that
the substrate has sufficient nutrients, the interaction of water, humidity, temperature, fresh air, CO,
and light all play determining roles in the fructification process. (In some cases, specific microorgan-
isms must be present before fruiting can occur). The modification of any one of these factors be-
yond the fruiting requirements can inhibit or stop the process. Hence, the cultivator must have pre-
cise confrol over conditions within the growing room if this critical phase is to be carried out suc-
cessfully.
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PRIMORDIA FORMATION PROCEDURES

Agaricus brunnescens culture illustrates the interplay of environmental factors in pinhead initia-
tion. It serves as a useful model for setting primordia in many species, especially those using a cas-
ing layer. In each of the following stages, the main considerations are highlighted and then dis-
cussed in detail. Although Agaricus does not require light, and since most cultivated mushrooms
do, this requirement has been listed as the last parameter.

Stage I: Preparation

Following its application, the casing is conditioned to allow even mycelial growth into it. Once
mycelial growth is well established, the casing layer microclimate and the growing room are careful-
ly managed to meet the following requirements.

1. The casing layer is at optimum moisture capacity.

2. The casing layer surface is rough and porous.
3. The relative humidity of the growing room’s air is 95%.
4. The substrate is incubated in total darkness.

During the casing colonization period, the casing layer is being conditioned for pinhead initia-
tion. Gradually, the moisture content is brought up to the optimum and a microclimate with high
relative humidity is carefully maintained. Water in the casing moves by capillary action to the surface
where it is drawn into the air by evaporation. This constant movement slowly depletes the casing of
the moisture needed to protect pinhead development. Therefore, in conjunction with an optimum
casing moisture level, the relative humidity of the room must be held at 95%. Lower humidities
must be accompanied by light but regular waterings. The higher the humidity (rH), the less water
will be lost to evaporation.

Given optimum moisture conditions in and directly above the casing layer, the next step is to
prepare the casing surface. Whether by initial application or by ruffling at a later time, the casing sur-
face should be rough and open—uwith minute mountains and valleys. A rough open casing has
more surface area where pinheads can form, provides a humid environment conducive to that for-
mation and allows the diffusion of metabolic gases.

Stage lI: Environmental Transition—The Prelude to Setting Primordia

Pinhead initiation techniques should begin when the mycelium reaches the valleys of the cas-
ing surface. Once the mycelium is clearly established in the valleys, the cultivator can begin the first
steps leading to the setting of pinheads. Within this one to two day period, the

Substrate and air temperatures are lowered to the fruiting range.
The humidity is maintained at the 95% level.
The carbon dioxide content of the room is reduced by the introduction of fresh air.

gD NS

The room is lighted on a 12 hour on/off cycle.
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Mycelium breaking through the casing surface early should be lightly sprinkled with moist cas-
ing. Uneven growth through the casing layer is usually an indication of a casing with irreqular
depths. By “patching” shallow areas, an even mycelial spread is assured. Note that the more even
the distribution of the mycelium in the valleys of the casing’s surface, the more even the
pin-set and the greater the first and second flushes.

The exact time for initiation varies with the strain and according to the experience of the individ-
ual grower. Some strains continue to grow vegefatively for a period after the initial temperature
shock whereas others stop immediately. For this reason, some cultivators initiate when 20% of the
valleys show mycelial growth while others wait until 90% are run through with mycelium. Normally
within 12-48 hours from the time the mycelium is first visible in the valleys, the initiation sequence
is started.

The first step in the pinhead initiation process is to lower the substrate and air temperature from
the mycelial growth optimum to the fruiting range. This temperature “shock’ is accomplished by
ventilation with a large volume of cool fresh air, thereby lowering the room’s temperature to a point
5-20° below the optimum for spawn running. (For Agaricus brunnescens, this would mean drop-
ping air temperature from 70 °F. to 64 °F.). Whatever the air temperature may be, the bed tempera-
ture is normally several degrees warmer. The length of time needed to affect this change is deter-
mined by the total volume of substrate and the temperature of the air being introduced. Within 48
hours, the substrate temperature should fall to fruiting temperatures, effectively slowing vegetative
growth. This change signals to the mycelium that it is time to fruit.
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Figure 131 Cased grain culture of Agaricus brunnescens showing overlay and stroma.

Fresh air also removes high concentrations of carbon dioxide and other metabolic gases from
the room. Since Agaricus brunnescens does not pin properly at CO, concentrations above 2000
ppm, lowering the carbon dioxide content of the room’s air to under 2000 ppm is critical. The in-
hibitory effect of carbon dioxide on mushroom formation gives Agaricus growers a high degree of
control over the pinning process. Not until carbon dioxide is removed will pinheads form. f carbon
dioxide levels remain high, the mycelium will totally cover the casing surface, a condition called
overlay.

The mycelial mat formed by overlay makes the casing impervious to water and produces few
pinheads. Overlay also occurs if the casing surface is too dry, the humidity (rH) is too low or the air
temperature remains too high. Overlay can be counteracted by patching, but the cause must be
diagnosed and carefully corrected if the culture is to be revived. Few flushes will be as great from a
casing with overlay as from a casing properly managed.

Stage llI: Primordia Formation (Knotting)

Once substrate temperatures have been lowered and CO, levels have been reduced, primordia
will begin to form. Maintain:

1. A constant fresh air supply to remove metabolic gases, and CO; at levels less than 1000

ppm.
2. A constant temperature in the growing room that is within the fruiting range.
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3. A relative humidity of 95%.
4. A 12 hour on/off light cycle.

The combination of temperature drop, high humidity and reduction of metabolic gases by a
constant supply of fresh air now provides an environment conducive to pinhead formation. These
parameters should be held constant until the pins are set. Any abrupt changes in temperature or hu-
midity will be harmful to primordial growth. Pinhead initials form in the humid valleys of the casing
layer and are visible as small knots of mycelium. This is the earliest stage of fruiting. Within five days
these knots enlarge into small mounds or buttons that soon differentiate into mushrooms.

Due fo slowed mycelial growth in the cooled substrate, carbon dioxide evolution is greatly re-
duced. Consequently, the fresh air supply can be moderated to the minimum level necessary to
maintain 1000 ppm of carbon dioxide. At this fime, oversupply of fresh air can lead to high evapo-
ration rates and excessive drying. The humidity should never be allowed to fall below 90%. If dry
air becomes a problem, a light misting of the casing surface, two to five times daily, should keep the
microclimate moist. In fact, some growers knock down the mycelium with a forceful watering on
the first day of initiation. Others mist daily as a standard practice. However, once pinning has begun,
any forceful watering will kill a number of developing pins, and damage others. Given sufficient cas-
ing moisture and a high humidity, these watering practices become unnecessary.

Stage IV: Pinhead Development

After the pinheads have grown to pea size (3-5 mm.), their further development is primarily de-
pendent on air temperature and relative humidity. To insure that they mature into healthy mush-
rooms, the

1, Air femperature is held constant within the fruiting range.
2. Relative humidity is lowered to 85-92%.

3. A constant fresh air supply with CO, below 2000 ppm.
4, A 12 hour on/off light cycle.

The humidity is lowered to 85-92%, thereby increasing the evaporation rafe, an essential re-
quirement for pinhead maturation. i humidity remains too high, pinhead development will be re-
tarded. The easiest way to reduce humidity is to raise the air temperature by 1-2 °F. or to increase air
movement within the room. Under no circumstances should pockets of stagnant air be allowed to
form. Evaporation is negligible in stagnant air pockets which are also excellent breeding grounds for
mushroom pathogens.

At this time, a slightly higher level of carbon dioxide is desirable (in the 1500-2000 ppm
range) and fresh air can be cut back accordingly. Given proper CO, levels, and sufficient evapora-
tion, the pins continue to develop. The exact rate of growth depends on the air temperature in the
room. Work done by Lambert (1938) has shown that a pinhead of Agaricus brunnescens with a di-
ameter of 2 millimeters fully develops into a mature mushroom in twenty-two days at 50°F., in ten
days at 60 °F. and in six days at 70 °F. Although mushrooms develop more quickly at 70 °F., over-
all vields diminish. Optimum temperature for cropping in Agaricus brunnescens is 62-64°F.

T i
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Figure 132, 133 &
134 Three day
pinhead development
sequence in Agaricus
brunnescens.
Change-over from
Stage Il to Stage IV
occurs within this
time frame.
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THE RELATIONSHIP BETWEEN
PRIMORDIA FORMATION AND YIELD

The importance of the primordia formation period can not be over-emphasized. For maximum
yields an optimum number of pinheads must be sef, matured and brought to harvest. Certain rela-
tionships exist between the pinning process and yields. These are:

1. During the primordia formation period, pinheads for the first and second flush
are being generated. The second flush primordia are present as thickened mycelial knots
which develop affer the first flush is harvested. Once the first flush is off the beds, the second
set of primordia begin to enlarge and within days attain button size. Because 60-75% of the
total yield is normally harvested from the first two flushes, the few days of pinhead initiation
are the most critical in the growing of mushrooms. Hence, all environmental factors must
be carefully monitored fo insure the best possible pin-sef.

! ."! ‘
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Figure 135 Three pinheads of Coprinus comatus forming on cased section of com-
post. Note mycelial knot in upper center.
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2. The greater the number of pins set for the first flush, the higher the yield, provided
sufficient nutrients are available to support their growth. However, with more pinheads
competing for the same nutrient base, the smaller are the mushrooms arising from it. Fewer
pinheads result in larger mushrooms, but lower total yields.

3. The substrate will only support the development of a certain number of primor-
dia per flush. Under normal circumstances with an even pin-set, pinheads may “abort”
because of insufficient nutrients or late formation.

4. Pins that form early delay the growth of neighboring primordia. Good examples of
this can be found in shallow areas or along the borders of the substrate container. Remov-
ing these relatively few ‘‘volunteers” before they develop is advantageous fo the remaining
primordia that constitute the first flush.

THE INFLUENCE OF LIGHT
ON PINHEAD INITIATION

Mushroom species requiring light for primordia formation are said to be photosensitive. Al-
though light is not necessary to induce fructification in all mushrooms (i.e. Agaricus brunnescens),
cerfain spectra have proven to be stimulatory to pinhead initiation and are critical for the normal de-
velopment of the fruitbody. Psilocybe cubensis and Pleurotus ostreatus are two such photosensitive
species.

A thorough investigation on the photosensitivity of Psilocybe cubensis can be found in a mas-
ter’s thesis by E.R. Badham (1979). His work reinforces the conclusions of other researchers work-
ing with the Basidiomycetes: more pinheads are initiated upon exposure to blue and ultra-violet light
with distinct peaks at 370, 440 and 460 nanometers. Badham showed that light stimulation at
these wavelengths for as liftle as half a millisecond per day caused primordia to form. In contrast,
red, infra-red and green light having wavelengths greater than 510 nanometers were ineffective.

With this knowledge, the cultivator of photosensitive species can develop initiation strategies
incorporating the influence of light. ldeally a fully colonized substrate should be incubated in tofal
darkness and exposed to light only after the mycelium first shows through the casing layer. If the
cultivator wants to check the culture without the chance of premature pinning, red light is recom-
mended. (The proper location and type of light is discussed in more detail in Chapter V).



http://www.cvisiontech.com/pdf_compressor_31.html

148/ The Mushroom Cultivator

AR > o



http://www.cvisiontech.com/pdf_compressor_31.html

Environmental Factors/ 149
=T o TR R

CHAPTER X
ENVIRONMENTAL FACTORS:
SUSTAINING THE
MUSHROOM CROP

.

#

Figure 136 Wild strain of Agaricus brunnescens fruiting in bag of cased compost.
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E:or the home cultivator the onset of cropping is a time of excitement and anticipation. It is also a
time for increased aftention to the finer details of environmental control. Temperature, humidi-
ty, light and airflow in the growing room all play vital roles which together determine the nature of
further mushroom development.

Temperature

During the vegetative growth period, the substrate was held in the optimum range by careful
manipulation of the air temperature. But once the change to generative growth is initiated, the sub-
strate temperature becomes less important and air temperature becomes the controlling factor.

The fime it takes button sized mushrooms to mature is influenced primarily by the air temper-
ature of the growing chamber. Each species has an optimum temperature for fruitbody develop-
ment that lies within a broader growing range. Knowing the temperature parameters as outlined in
Chapter X, the cultivator can speed or slow development depending on which end of the cropping
range is chosen. Lower temperatures can be used to postpone or lengthen the harvesting period
and allow for maximum quality control. High temperatures serve to shorten the cropping period by
promoting rapid, intense flushes. However, the dangers of high temperatures include the risk of
heat building up in the substrate and consequent CO, generation, as well as the ability of insects and
contaminants to grow and reproduce at faster rates. Commericial Agaricus growers commonly
lower the air temperature by 2 °F. 48 hours prior to the peak of the first and second flushes. Further
flushes are then run hotter to speed the crop to completion. It is important that the cultivator evalu-
ate the heat generafing capabilities of the crop and insure that the environmental control system is
capable of handling them.

Flushing Pattern 28
The mushroom crop grows in cycles cl Iéhes or “‘breaks”. Depending on the species be-
ing grown these flushes normally come in §en day infervals with each successive flush bear-

ing fewer mushrooms. The manner in which'fes¥#Hushes appear is determined during the pin initi-
ation period. Even pinning sets up a uniform pattern of flushing that continues throughout the crop-
ping cycle. Uneven flushing creates difficult situations for proper watering and environmental con-
trol. To encourage even flushing, early forming pinheads are picked off as buttons unless it appears
that these pins constitute the flush itself. Poor first flushes are indicative of faulty pinning procedures
and lead to lower total yields and a longer cropping period as the cultivator tries to maximize yields
from the following flushes. But keep in mind that many times it is the progressive build-up of com-
peting contaminant organisms that eventually bring mushroom growth to a halt. For this reason, the
goal is to maximize yields in the early flushes.

To further increase the flushing speed the actual harvest period in each flush should be kept

short and concise. Late developing mushrooms are removed with or on the day after peak produc-
fion. The sooner the flush is completely removed the quicker the next one will appear and the short-
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Figure 137 Agaricus brunnescens af-
fected by high CO, concentration. Note
long stems and underdeveloped caps.

Figure 138 The effect of dry air on

Psilocybe cubensis caps, a condition
known as ““scaling”.
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Figure 139 Rosecomb on Psilocybe Figure 140 Fruitbody abnormality occa-
cubensis, an abnormality caused by con- sionally seen in Psilocybe cubensis.

tact with chemicals, especially those that

are petroleum based.

er the overall cropping cycle. Stunted undeveloped mushrooms are also cleared from the cropping
surface between breaks with care not to disturb the casing. Small dead pinheads should be leff in
place and cause litfle harm. (As a rule, an aborted mushroom can be removed as long as the casing
is not touched in the process.) At no time should the casing be over-handled in an atfempt fo clean.
Such handling can spread disease spores and damage subsequent pin formation.

Air Movement

Air movement in the growing room is designed to create an even flow across all levels of crop-
ping surface. This even airflow counteracts temperature stratification and dead air pockets by equal-
izing the environment of the room. In this manner the crop can be managed as a whole, giving the
grower greater control over the cropping cycle.

During the pin initiation period fresh air is introduced into the room to remove metabolic gases
produced by the mushroom mycelium. Although gas production is reduced once this vegetative
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Figure 141 Bacterial blotch parasitizing Agaricus
brunnescens.

Figure 142 Characteristic phototropic response
of Psilocybe cubensis toward light.

growth has been slowed, the maturing mushrooms create more carbon dioxide, the removal of
which requires a continuous supply of fresh air. The number of these air changes varies depending
upon the air/bed ratio and the CO, requirement of the mushroom species being grown. Agaricus
bitorquis needs only half the amount of fresh air required by Agaricus brunnescens. A common
rate for Agaricus brunnescens is 4-6 changes per hour. For more CO, tolerant species such as
Psilocybe cubensis, 2-3 changes per hour is sufficient. (The most accurate method for determining
fresh air requirements employs the multiple gas detector. This instrument measures CO, content of
the air in parts per million (ppm), from 300 (natural level) up to 20,000 ppm. See Appendix for
sources.)

Because many mushrooms are sensitive to carbon dioxide, the physical development of the
mushroom can also be used as a guide. High CO, environments produce long stems and small un-
derdeveloped caps in Agaricus brunnescens and Pleurotus ostreatus. Pleurotus exhibits similar
symptoms in conditions of low light intensity.

In general, too much fresh air is preferable to insufficient air supply. However, fresh air dis-
places the existing room air which is then exhausted from the room. Unless this fresh air is precon-
ditioned to meet the requirements of the species, one will be constantly disrupting the growing envi-
ronment and thereby over-working the heating and humidification systems. For this reason the air
circulation system should be designed to recirculate the room air. This is accomplished by a mixing
box with an adjustable damper that proportions fresh and recirculated air. In this regard, CO, toler-
ant species give the grower a distinct advantage in maintaining the correct environment because
they need less fresh air for growth.

An important effect of air circulation and fresh air supply is the evaporation of moisture from the
cropping surface. Excessive humidity without adequate air movement and evaporation retards
mushroom development. Saturated stagnant air pockets are also breeding areas for contaminants
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like the Forest Green Mold (Trichoderma) and Bacterial Blotch (Pseudomonas). As stated in the
previous chapter on pinhead initiation, once the primordia are set, the relative humidity should be
lowered to 85-92% and held constant within this range throughout cropping. Besides the creation
of a cool surface by “‘evaporative cooling”, evaporation aids in the transport of nutrients (in solution)
from the substrate to the growing mushrooms. If the evaporation rate is too high and the humidity
falls below 85%, excessive drying occurs, causing small stunted mushrooms and cracked scaly
caps. A dry cropping surface further reduces yields and is difficult to recondition. In this respect, it is
critical for the grower to reach a balance between air circulation, fresh air and humidification. This is
but one aspect of the “Art” of mushroom culture.

Watering

Maturing mushrooms have water requirements that must be met if maximum yields are to be
achieved. Mushrooms grown on uncased substrates draw their moisture from the substrate, where-
as those grown with a casing draw equally from both. Uncased substrates are more susceptible to
dry air and therefore require a relative humidity of 90-95% as well as periodic misting of the crop-
ping surface. If the cropping surface dries and forms a dead mycelial mat, it can be reopened to fur-
ther flushing by raking or scratching. This technique is often used by Pleurotus growers to stimulate
later flushes.

The advantages of using a casing layer are many. Protected from atmospheric drying, the sub-
strate moisture is channeled solely to the mushroom crop. And, the water reservoir provided by the
casing not only supplies the mushroom flushes but also serves fo keep a high humidity in the crop-
ping surface microclimate. In order to sustain these benefits, the grower must learn to gauge casing
moisture and know when to water.

Other than light mistings, any substantial waterings before the button stage can result in dam-
aged pins. But once the mushrooms have reached button size, it is time to begin building the casing
moisture back up to the peak reached at pre-pinning. The aim is to reach capacity just prior to the
main harvest. This is accomplished by a series of daily, light to moderate waterings with a fine mist-
ing nozzle. Commercial Agaricus growers have traditionally used a rose-nozzle but many have now
switched to nozzles with finer sprays and variable volume outputs. This enables the grower to add
moisture without damaging the casing surface. In this regard, high water pressures and close nozzle
proximity to the casing should be avoided.

The goal is to keep the surface of the casing open and porous throughout the cropping cycle.
Putting on too much water at once is the most common cause of panning. By watering 2-4 times/
day rather than just once, the casing can slowly absorb the water without damage to the surface.

After the first flush is harvested the casing should be kept moist with light mistings until the next
flush reaches the button stage. The casing moisture is then built up again. Each new flush is treated
in this manner, although later flushes will have fewer mushrooms and therefore require less water.
At no time should the casing be allowed to dry out. Mushrooms pulled from a dried casing carry
large chunks of casing with them, creating gaps in the cropping surface and at times exposing the
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substrate to possible colonization by contaminants. If the substrate is exposed during picking, the
holes should be filled with moist casing. To recondition a dry casing, moisture should be added
slowly over a period of a few days

One of the common confaminants in mushroom growing is Bacterial Blotch (see Chapter
X11I). Blotch results from mushroom caps that remain wet for extended periods of time. Agaricus
growers attempt to dry recently watered mushroom caps as quickly as possible by lowering the hu-
midity of the room. This is accomplished by increasing air circulation and introducing more fresh air
or by raising the air temperature 1-2°° F. Agaricus growers also stop watering once the mushroom
cap has reached adolescence because wet mushroom caps become prime sites for disease. Small
scale growers may be able to water around maturing mushrooms without directly hitting the caps. If
Bacterial Blotch or other diseases appear on the mushrooms or the casing soil, these areas should
not be watered. Watering contaminated regions will spread the infection further. A common strategy
for serious disease outbreaks is to lower the relative humidity and run the casing drier than normal.
Agaricus cultivators also use slightly chlorinated water (150 ppm).

Harvesting

The way an individual picks mushrooms can dramatically affect future flushes. Damage to rest-
ing pinheads and disturbance of the casing soil must be minimized during picking. Often times pin-
heads are in close proximity to developing mushrooms and enlarge directly after the mature ones
are picked. Should any pinhead be harmed, the grower will have lost a potential fruitbody. More-
over, these damaged pinheads are easily parasitized by fly larvae and other contaminants. The best
pickers are meticulous, unhurried, and above all treat the mushrooms with care. Carelessness in
picking, when multiplied by hundreds of cultures, can be costly indeed.

The most important factor in harvesting mushrooms is timing. Agaricus brunnescens should
be picked before the veil breaks and the stem elongates. Psilocybe cubensis is morphologically dis-
tinct from Agaricus species, having a longer stem, a less fleshy cap and a more delicate veil. It is
both natural and desirable to have tall stands of Psilocybe mushrooms while this is not the case with
Agaricus. Cultivators of these two species, however, share many things in common. One particular
problem is the massive release of spores from the mature mushrooms. These spores often times
cover the casing layer and can inhibit further pinhead development. High spore loads can also
cause allergic reactions amongst workers. For these reasons, one should pick the mushrooms at the
stage when the veil begins to tear or soon thereafter.

The nature of the crop determines how the mushrooms should be picked. Flushes with mush-
rooms in varying stages of development are more difficult to harvest. This is especially true if the
primordia formation period was interrupted by fluctuations in the environment. One example is a
phenomenon common to Psilocybe cubensis culture in mason jars. Mushrooms sometimes form
between the casing and the glass. These “border breaks” are due to high humidity pockets and pre-
mature light stimulation. In tray culture where mycelium is not exposed to side light and proper
moisture is easily managed, border breaks are uncommon. Mushrooms then grow uniformly from
the surface of the casing layer where they can be easily picked.
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Harvesting techniques:

1. Equipped with a basket and short bladed paring knife, grasp the base of the stem, and with
a twisting motion, pull the mushroom from the casing layer being careful not to disturb
neighboring pinheads.

2. Trim the stem base, removing only flesh to which the casing or substrate is attached. Mush-
rooms having thin stems are best cleaned using a knife in a downward scraping motion. Al
trimmings should be placed in a sealed plastic bag and removed from the cropping area.

3. Mushrooms growing in clumps or clusters should be broken apart and harvested individual-
ly when possible. Special care must be taken with those clumps containing both mature
and immature mushrooms. Leave immature mushrooms attached to the casing layer or
substrate to insure continued growth.

Preserving Mushrooms

If not served within four days, mushrooms can be preserved by drying, freezing or canning. Air
drying of mushrooms is the method most widely used by home cultivators and field hunters. Since
most mushrooms are 90% water, they must be dried within a few hours or fly larvae and bacteria
will consume them. Provided mushrooms are placed in a flow of warm, dry air, this large fraction of
water soon evaporates into the air. Dried mushrooms are smaller, lighter and less fragrant than fresh
ones. Once dried, they are sealed in airtight moisture proof plastic contfainers and refrigerated.
Mushrooms will be preserved for years in this manner. When needed, simply rehydrate them in wa-
ter before cooking. They will regain much of their original size and flavor.

Commercially available food dehydrators are well suited for drying mushrooms. Their only dis-
advantage is that the trays are often too close together, necessitating the cutting of large mushrooms
into thin slices. Or, one can build a dehydrator solely designed for this function and customized to
an individual’s particular needs. A good dryer should be able to dry the mushrooms in 24-48 hours
by passing warm air no hotter than 110 °F. Open air drying at room temperature is also feasible us-
ing dehumidifiers in combination with air circulation fans. ““Flash” drying at high temperatures
should be avoided since the mushrooms lose much of their nutritive value and, as the case may be,
much of their psilocybin content.

Freezing is another method of preserving mushrooms. But unless the mushrooms are first
dried, frozen mushrooms are soggy and unappealing upon thawing. In freezing, the water constitut-
ing 90% of a mushroom’s mass becomes crystallized. Frozen mushrooms are held together more
by ice crystals rather than their own cellular structure. Since ice expands upon crystallization, cells
break under the stress. Because frozen mushrooms disintegrate into a formless mass when thawed,
they are mostly used in soups or stews.

The best of both drying and freezing is freeze drying. This is the ideal method for preserving
the flavor, nutrition, form and/or psilocybian content of mushrooms. Because of the expense, only
a few commercial mushrooms, such as shiitake (Lentinus edodes) are freeze dried.



http://www.cvisiontech.com/pdf_compressor_31.html

Environmental Factors/ 157

Freeze dryers operate on the principle of first flash freezing fresh mushrooms which are then
placed onto heated trays in a cooled, high vacuum chamber. The frozen water within the mush.
rooms begins to melt from the heat generated from the trays. But instead of becorning a liquid, the
water is immediately transformed into a vapor that is pumped out of the freeze drier. Freeze drying
preserves much of the original cell structure and hence mushrooms dried in this manner are often
life-like in appearance. Since commercial freeze driers are prohibitively expensive, few home
cultivators can afford them. Many people have discovered, however, that mushrooms placed in a
frost-free refrigerator are almost as well preserved.

Canning is another method for storing mushrooms. Mushrooms preserved by canning must be
carefully cleaned beforehand, precooked for 3 or 4 minutes in boiling water, then inserted into glass
jars with a small amount of vinegar and sterilized in a pressure cooker. (Sterilization for mushrooms
is usually 30-40 minutes at 10 psi. Consult a book on mushroom cookery for further information
on canning mushrooms). Canned mushrooms, especially those that have been pickled, are pre-
ferred by many epicureans to th sé@reserved by other means.

i ,'ﬂ‘%sh mushrooms are undoubtedly better tasting than preserved
mushrooms. If one chooses 1 Sigeeze or can, young mushrooms should be selected over old
ones. Label each container with th¥%pecies, the name of who grew or identified the mushrooms,
the date and the place of origin. (One general rule recommended by all mycologists is: when eating
wild mushrooms for the first time, always leave one or two small specimens aside in case illness en-
sues and a mycologist or a doctor needs to be consulted.)

No matter what the tech
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