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Chapter 1

A Short History of Molds & Fungi

Molds or Fungi, names used interchangeably to describe a group of living
organisms, affect every aspect of human life. They have caused massive crop failure with
resulting national calamity. They have saved millions of lives by producing antibiotics
and their metabolic products have also been used to kill directly in biological warfare in
Afghanistan (Yellow Rain). They are used to produce all kinds of organic acids, enzymes
and food products.

Of several million species of organisms living on the earth, over 100,000 of these
are called fungi. Most are scavengers. They eat away (or rot) almost every non-metal
material on the planet, usually converting them into rich soil. Billions of years of plant
debris would be accumulated and stand miles deep everywhere on the planet were it not
for fungi breaking down the dead materials into simple molecules and using them for
food.

When they attack living things, they affect mans ability to live and feed himself.
The various rots and smuts live on various plants destroying crops and sometimes
causing mass starvation. They decay wood in our homes, fabric, cloth, twine, electrical
insulation, leather, all foods, and even the glass lenses of microscopes and binoculars
when the humidity in the air is high enough.

All Fungi share three common characteristics —

1. They have no chlorophyll. This means they cannot take sunlight like other
plants and produce their own food using carbon dioxide from the air and
mineral and water from the ground. They live off the remains of other plants
and animals (as saprophytes) or sometimes on living tissues (as parasites).

2. They reproduce by forming and spreading spores. These spores are produced
in staggering numbers and can travel thousands of miles in the air before
settling on the surface of a new home. The spores act like seeds and germinate
to produce a new colony when they land in suitable environment.

3. The growing, food scavenging part of the fungus that we most often see
consists of long filaments. These hollow, branched cells which form an entire
mass are called mycelium. When humans look at this mass we usually call it
mold or fuzz.

There are a few exceptions to fungi having all three of these characteristics.
Yeast’s are fungi but they do not form mycelium. They grow by a process called
budding. Certain molds that live in liquids do not form mycelium either and a few species
do not produce spores.



The three characteristics listed above describe almost all fungi. They also
determine where, how, when, and why they live in certain environments. We encounter
these molds and see them in these environments. The dusty little spots that spread over
bread, cheese, oranges, and books can be a single cell of a mold with literally miles of
mycelium covering the material and forming the visible mass. Some molds live on man
in the forms that we call ringworm and athletes foot. A few can live inside of the lungs
and other human tissues causing serious disease and death.

All material made by living things such as wood, leaves, rubber, textiles and dead
bodies of animal and humans are broken down by the fungi into basic nutrients and used
as food. The fungi leave behind the rich humus in the soil that is used over and over again
and it is this nutrient cycling that led to the expression “earth to earth, ashes to ashes, dust
to dust”.

Molds affect life in unusual ways at times. When water condenses in tanks
containing jet fuel, certain fungi grow in the water using the kerosene for energy. The
resulting mass or mats have been sucked into fuel lines and caused mysterious engine
failure and plane crashes.

When the ancient tombs of the Egyptian pharaohs were opened, an ancient curse
was sometimes found on the wall. In at least one case dating from the 1920’s, virtually
every person involved in the opening of the tomb died soon after. At that time, medical
science had not yet progressed to the point of being able to culture toxin producing molds
that lived inside of lungs and slowly killed their hosts. Years later, the artifacts which still
contained the dust and air from thousands of years before, were microscopically studied
and the tiny spores that were seen were cultured in artificial media. The growing species
were determined to be parasitic and accounted for virtually all the mortality. When the
tomb was opened, the humidity and temperature were just right and the spores were
breathed in and germinated. The curse of the mummy’s tomb lived on due to fungi.

Fungi reproduce themselves by forming billions of spores. Under the microscope,
they are usually tadpole shaped with walls forming at the edge where new spores start to
grow. The spores are so small (usually under 5 microns in diameter) that the small
currents of air can pick them up and carry them in invisible clouds for thousands of miles.
The stem rust of wheat has infected fields in Texas and produced spores that were carried
into Canada producing epidemics there. They were found in the arctic circle and in a
USDA test, the spores were counted exceeding one million per square foot near Fargo,
North Dakota after an outbreak in Kansas. There were no closer sources for the spores for
hundreds of miles.

Even in still air, some spores are so small and buoyant that a beam of light passed
in a closed tube of still air created air currents that sends up clouds of spores like smoke
from a oil fire. The largest spores that are up to 80 microns long and 20 microns wide
have been measured to fall at a rate of one foot in 30 seconds in still air. The following
table gives the calculated distance they can be carried in a 20 mile per hour wind from an
altitude of one mile (from high wind driven storms).



Rate of Fall Time required to fall 100 feet Miles carried

Alternaria 3 mm/sec 2 Y% hours 2,900
Helminthosporium 20 mm/sec 25 minutes 440
Puccinia graminis 12 mm/sec 42 minutes 740
Ustilago zeae 3 % mm/sec 2 2/5 hours 2,500

Spores have been recovered in air samples from planes flying over six miles high,
sometimes in very large numbers. In a bio warfare test from the 1960’s, spores with
tracer or marker materials attached were released on the first floor of a four story
building. In less than five minutes they were recovered in rooms and hallways on the
second, third and fourth floors and five minutes later the number count reached hundreds
per square foot on the third and fourth floors. This meant that spores were present at
levels of thousands per cubic foot of air on the upper floors in 10 minutes.

If you go the local grocer you may see an orange on the shelf with a green spot
forming. The spores are so thick that merely rubbing the spot sends a cloud of millions of
them into the air. Hundreds of thousands of them will cling to your hand and you will
carry them with you, transmitting them to everything you touch and almost everywhere
you walk.

Around 1900, a fungi called Endothia parasitica was introduced into the United
States from Europe. Within 40 years it nearly eliminated 100% of the commercially
valuable chestnut stands in the entire country. It is known by its common name of
Chestnut blight. Its mycelium invades the bark through small wounds made by the claws
of squirrels or woodpeckers. Within 2 weeks they produce tiny pimple like fruit bodies
just beneath the bark. Each of these clumps ruptures the bark and become exposed to the
air. Stalks grow outward and spores form at the tip of each stalk and are soon released.
Another spore forms beneath and so on until billions are released. More than 50 of these
fruit bodies can be found in every square inch of bark of infested trees. It is little wonder
that they could sweep an entire industry away in such a short time.

A spore called Tilletia tritici causes bunt, also known as the stinking smut of
wheat. In a field with only 1% of the stalks infected, the fungus produces about 5 billion
spores per acre. In the early 20™ century it was not uncommon to find infection rates of
10-30%. During harvest, the combines would liberate huge, dark, musty clouds of spores
that would ignite from static electricity on the combine causing explosions. The combines
had to be grounded to prevent static electricity from igniting the spore clouds.

One type of fungi form fruiting bodies that we eat. These are usually called
mushrooms or toadstools. They can grow on the surface where they are hunted and
picked for food. Some of these produce the most deadly toxins known and have no
antidote. The deadly ones will be covered in later chapters. One of the most interesting
fungi grow on the roots of forest trees. They are called truffles and belong to a group of
fungi called Ascomycetes. There are over 40 of these species in the US but none that are
the choice edible kinds. The good ones grow mainly in Europe and the largest and



preferred ones and found in Southern France and Northern Italy. They were known and
highly prized by the Romans more than 2,000 years ago.

Man first discovered them by watching wild pigs first smell them out and then
begin rooting into the ground. The puffball-like fruit bodies grow from 1-6 inches
beneath the soil and cannot be seen. In order to successfully find them, man soon used pet
pigs on leashes to hunt and begin rooting them out. The hunter then feeds the pig a treat
and ties it to a nearby tree while he digs up his treasure. This same routine has been used
in Europe for over 20 centuries and the truffle continues to be one of the most highly
priced vegetables on the market while forming a stable cash crop for farmers with the
right stands of trees that have the ideal roots and soils. These are usually Oak and Beech
trees that are planted and once they are established, pieces of the truffles are scattered
about and then covered. The first harvest comes in 6-10 years and annual crops are
recovered for about another two decades.

The interesting thing about the truffles is that the fruiting body is very tasty and
appealing in odor but the spores in the truffles are not digested in the stomach. They pass
through the intestines of the animals that eat them and in this way are spread throughout
nature.

Today, humans mass produce mushrooms as a popular food crop, but we are not
the only species that cultivates fungi for food. Ants are among the most highly developed
social insects. Among the ants, the females do all the work and the males generally have
only one function, to fertilize the queen (an arrangement that would be favored by this
author and probably most other male members of our species). Ants have various social
practices that involve slavery, spying, cannibalism, and growing fungi for food.

Most ants eat liquids only. They will take solids into their mouths and then store it
in a small pouch or pocket in the lower part of the mouth. In this pouch, soluble materials
are dissolved and this liquid fraction is swallowed. The screened out solids that do not
dissolve eventually fill the pouch. Inside the solid mass are a few fungi spores that can
grow on the mass. The ants spit out this mass as a certain location in their nests and the
molds then begin to grow over the masses. The mold masses are both nutritious and tasty
for the ants and provide a food supply from material that they could not digest (just like
cows that graze on grass or mushrooms that use horse manure and that we eat in the next
step of he food chain).

In a more advanced form of this practice, the leaf cutting ants of North America
go out and bring back parts of leaves, chew them up and then place the mass into special
compost piles. They enrich this compost with their own solid wastes thereby creating and
depositing their own fertilizers (and you thought mankind was the only species with
brains enough to figure out how to practice advanced agricultural methods). The ants also
know enough to set up their compost piles in soil with just the right moisture content to
grow the desired fungi correctly. Some of the ants have hanging gardens of fungus inside
special rooms that they suspend from the ceiling. In the tropics, where leaves and
moisture are abundant year round, some of these gardens become larger than many



peoples homes. The entire colony of more than a million ants feed solely on their
cultivated fungus.

When a new queen moves from her nest to form a colony of her own, she fills her
pouch with the fungus ball that the colony has cultivated for millions of years. Once she
has found a new spot, she spits the wad of fungus on the floor, grubs out a small
chamber, lays a couple of eggs and then crushes them to provide a starter food source for
the mold. She adds her excrement to the compost to fertilize it and once the fungi garden
is growing to her satisfaction, she concentrates on egg laying.

Some termites also cultivate fungi but unlike the ants, only the very young
starting out are fed this food and then after reaching a certain age, they eat other foods.
The rest of the fungus is fed only to the royalty and reproductive specialists and
apparently are very rich in vitamins and have growth promoting properties. (Like
humans, only the elite and powerful get the best foods and treatment).

Many fungi specialize in living only on one type of plant. The ones that effect
man most are those that attack food crops. A wide range of mildews attack specific
garden flowers, grapes and other plants. Powdery mildews grow only in the cells of living
plants, while another fungus called Cicinnobolus lives only in the spore cases of the
powdery mildews. These have been used to combat epidemics of the mildews.

Molds affect the crops in other ways. One of the most serious is parasitism of
seeds. If you buy 100 seeds of pine trees, radish or tomatoes and place them on moist
paper towels, you can count how many have germinated in a few days. This is normally
90% or higher. Planting the same number in a pot and keep them well moistened and the
germination (emergence) rate will drop to as low as 25-50%. The others were killed
and/or decayed by fungi before they broke the surface. In the 20" century, hundreds of
fungicides have been developed as coatings for seeds to protect them from fungal attack
during planting.

Before the 20™ century, many food crops could be planted in the same field for
year after year and in a few years the yields would begin to drop drastically. This would
occur even with heavy fertilizers. At the time it was attributed to soil exhaustion. Around
1900 in North Dakota, an agriculture scientist named Bolley conducted an experiment.
He grew flax in the same soil repeatedly in until the soil was saturated with the fungi
Fusarium lini. By that time only a few plants survived the growing season. He then took
these plants and used them as seedstock for the next planting. This resulted in a good
crop. He discovered that a few of the plants had genetic resistance to the wilt and this
resulted in the science of producing fungi resistant strains of crops. His primary method
of commercially doing this was to grow crops in fungi disease gardens that were
saturated with the disease pest and finding strains that were resistant. (This procedure can
be reversed to find effective strains of fungi for crop based warfare).

Before 1500 AD, the potato was known only in a few regions of South America.
It was cultivated by the Inca Indians in the Andes mountains for centuries before that



time. Today it sustains more people as a food crop than any other food on the plant,
exceeding both wheat and rice. The Spaniards carried the Potato, Corn, Tobacco and
other plants back to Europe where it was mainly a curiosity for two centuries. Finally it
occurred to someone that the tubers of the roots were good to eat. It grew superbly in the
cool, moist climate of Northern Europe and by 1800 had become a staple of the diet
there. It was also used as animal feed and as feedstock for alcohol production.

The British Isles and especially Ireland converted to potatoes as a primary food
source and both thrived and increased greatly in population as a result. Other parts of
Europe grew potatoes but had diversified agricultural practices. In 1840, a fungus called
Phytophthora infestans reached Europe, probably from South America where it has been
found growing on wild potatoes. It caused some local epidemics in England and began to
spread and grow in intensity. In July 1845, the weather was rainy and muggy and the
blight hit with devastating results. Entire fields that were lush and green one week were
brown and dead the next. In Ireland, nearly the entire crop was wiped out. The potato
famine had begun. Millions starved and a half million died from the starvation and
related disease. Nearly two million emigrated, most of these to America. It was a huge
national calamity that took decades to recover from.

In 1855 a German called DeBary went to work on the problem. He quickly
identified that it was a fungus but could not identify how it survived the winter. It did not
live in the soil and rotted the tubers which were not used the following year as seed stock.
They finally discovered that it would not always rot the tubers. The infection would be so
slight that it would be present in the next years seed stock. When they were planted, the
fungus would then infect the sprout and spread to neighboring plants. If the local weather
was wet, an epidemic would be underway.

Seed tubers for the next years planting are stored in warehouses or cellars where
potatoes are grown in large crops. In the spring they are sorted over and usually cut into
pieces for planting. Decayed potatoes are thrown out on a pile. Many of these were
infected with the fungi and in wet weather, these produced billions of spores to start the
next epidemic. The solution became obvious. Eliminate the dump piles and pass laws to
outlaw them. The potatoes have to be burned, buried, or otherwise destroyed. Modern use
of fungicides will inhibit outbreaks when used at the right time.

The obvious lesson in biological warfare is to produce cull piles in forms that are
not identifiable and that can be spread to cover entire regions without the target aware of
the attack (blame it on nature) and make it self reproducing . This will be covered in later
chapters.

Coffee has become a popular economic plant and spread worldwide by the
1800’s. By 1850 it was the primary economic plant in Ceylon. Between 1850 and 1870,
coffee rust appeared and soon began to wipe out entire plantations. At that time only a
handful of people on the entire planet knew what a fungus was and even fewer that it
could cause plant disease. Within 20 years the entire coffee industry was eliminated and



the plantation owners and stockholders were ruined. The industry moved to the western
hemisphere, without the rust and are principal economic crops today.

Cereal crops have always been the primary source of food for humans and
animals since ancient times. Rice in the Orient, Corn in Central and South America, and
Wheat and Barley in the Mediterranean. North America developed from a wheat culture.
Failure of wheat crops has been described in the bible. Stem Rust became so bad in
ancient times that the Romans established a god of rust and made sacrifices to him to
protect their fields from this plague. In the first three centuries AD, the Mediterranean
area received unusually high levels of rainfall which resulted in outbreaks of rust and led
to areas of starvation, epidemics of cholera, breakdown of established rules and customs,
and general outcry against government. Recurrent food shortages led to social unrest and
turmoil that accompanied the decline and fall of the Roman Empire.

In the United States from 1925-1935 over 35 million bushels of wheat were lost
annually to wheat rust. The financial loss was estimated at over $30 million in depression
era money. The human cost was measured in black despair, financial ruin, and a struggle
for survival.

Common species of rust show marked differences in their ability to infect crops.
These are divided into races and varieties that have their own characteristics of ability to
infect. Understanding how these different varieties came about fell to a Danish school
teacher who around 1800, showed that the rust from barberry leaves would transplant to
rye. He also discovered that many species of rust hybridize on the barberry leaves and
they act as a plant breeding station for the various rusts. [This provides a common sense
means for producing enormous numbers of hybridized rusts for use as agricultural type
bio weapons]. Barberry has been eradicated as a plant in many areas to prevent local
epidemics.

Many types of fungus can hybridize, mutate, adapt and attack wheat and other
crops. These include stem rust, leaf rust, scab, root rot, and mildew. Once the grain is
grown and harvested in good shape they face the next onslaught of fungi. In storage, as
many as 50-100 species of fungi might be found in a single seed. At moisture of 14-15%
or more, the fungi germinate and slowly grow inside the germs or embryos of the seed.
The embryo is weakened and then killed and this changes the color of the seed to black.
Elevator operators call this grain damaged or sick and the first appearance sets off alarms.
Under the microscope, masses of Aspergillus spores are found, even on uninfected grain.

The storage fungi also cause the grain to heat since the fungi, like all living things
generate heat when they respire. The action of fungi decomposing the seeds causes the
release of moisture which then supports more fungal growth and so on. This cycle, if not
arrested by drying and moving soon causes the grain to heat to 130 F and stay there for
weeks. The rotting creates a stinking black mass. If the thermophilic bacteria take over,
they turn the pile into compost raising it to 170 F and can cause spontaneous combustion
or grain elevator fires.



All flour contains mold and if damp will begin show mold growth. The heat of
baking kills all the fungus spores but can be contaminated after cooling from
contamination in the mill. Even good housekeeping cannot reduce the mold level
completely for reasons already described. Mold inhibitors such as calcium proprionate
are added to bread to keep it free of growing molds for a few days.

A number of fungi affect animals and can be passes on to humans. These include
Aspergillus fumigatus which infects the lungs of birds. It is one of those that has many
strains and only a few infect humans. Mice, squirrels and other rodents in the western US
also are affected by fungal lung disease which are sometimes passed on to man.

A variety of fungi also infect man directly. Some infect the skin, nails, and hair
and are called dermatomycoses. These can cause disfigurement, irritation, and disability
but seldom are fatal. Ringworm and athletes foot are the best known of this group. Others
can cause lumpy jaw by infecting underlying tissues after dental surgery and can also
infect the lungs. Madura foot was first observed in the region of India for which it is
named. It infects the foot and leg and causes slow and painful disability and is sometimes
fatal. It usually occurs in individual who walk barefoot and enters through tiny wounds.

In the San Joaquin valley in California, a fungus called Coccidioidomycosis
occurs and causes several different diseases depending on what part of the body it enters.
It can be found in various parts of the Southwestern US but is well established around
Phoenix, Tucson and San Joaquin Valley. It produces aches and pains, fever, chills and
cough. Similar in affect to the flu or pneumonia, most infections of the lung clear up.
Some however spread throughout the body and is highly fatal. It was found that most of
the people living in the area had been infected without knowing it and were resistant to it.
Scientists have discovered that the fungus also infects many of the species of pocket mice
and kangaroo rats of the region and heavily contaminate the soil around their burrow
entrances. In the dry season, the dust is carried by the wind and is inhaled with spores
attached by the local population. Those susceptible become infected. The infections
remain local because the fungus does not survive air travel for long distances.

Candida albicans is a fungus that causes a range of infections in the mouth and
lungs. These usually occur with other injuries and only certain strains appear to be
pathogenic. These can be severe and resemble tuberculosis.

Edible fungi have already been mentioned in the form of mushrooms. Fungi are
also used industrially for different food, chemical and commercial products. The same
techniques used for producing these fungi can also be applied to weapons production.
These applications will be covered later in the book but a few of the beneficial industrial
mycology practices deserve mention here.

Soybeans and Rice have been modified in the Orient by the use of molds to
manufacture sauce, saki and cheeselike foods for over 2,000 years. They evolved
economies in which most of their protein is plant based rather than animal and the use of
fungi have helped convert plants into palatable, storable and nutritious human foods.



Western science has learned to use fungi to produce antibiotics, citric gluconic
and other organic acids, ripen cheese, and make enzymes. The waste of fungus material is
often rich in growth promoting factors and vitamins which is used in animal feed.

When food becomes moldy, it is usually thrown away as garbage. In some cases,
hungry humans have eaten the garbage and found something new and tasty due to the
mold. One of these advances from antiquity is the discovery of cheese. Fungi that spoil
and rot other foods were found to ripen (rot) cheese and give them their characteristic
flavor and texture.

In the area of Roquefort France, several hundred years ago, sheep milk curd was
not deliberately inoculated with mold. Farmers milk would often contain debris and offal
that was not intended to be present and when it arrived at the dairy processor it was
strained out. The milk was not pasteurized at this time so any microorganisms present
would remain in the milk. What organisms survived and flourished would depend on the
storage conditions and this would determine the ultimate character and quality of the
newly made sheep-milk cheese. In the Roquefort region of France, it was soon learned to
store the cheese in the limestone caves in the area. Water would percolate through the
rocks and created cool, humid air which permitted a fungus called Penicillium roquefortii
(a cousin of Penicillium notatum used in making Penicillin) to become the dominant
organism in the cheese.

After several months of storage, this growing mold would give the cheese a soft
texture and tangy flavor. It grew in and partly digests the milk curd and fat. We call it
ripening the cheese because saying it rots the cheese would make consumers
uncomfortable. The molds would also produce masses of bluish-green spores distributed
in irregular veins and pockets throughout the curd which gives the cheese its mottled
appearance.

The first time this happened, the cheese makers were trying to produce the old
cheese that their forefathers had made. They just happened to store the cheese in the
location that let the mold grow preferentially. They did not even know that molds existed
and would have considered the study of this new mold to be a waste of time. They did
know of the unique storage and location requirements so the making of the cheese soon
became a trade secret and mysterious art. If you had the right conditions with the right
contamination, you could make good Roquefort cheeses. Some cheese would have the
wrong bacteria or mold and this would spoil the cheese and have to be thrown away.
They would be uncertain every time they made the cheese as to how many would turn out
good and how many would be lost. Because they did not know the science of mold
production they did not know how to consistently make Roquefort cheese. Sometimes
they made it and sometimes they didn’t. That is why they called it an art.

Modern science has turned the manufacture of cheese into a science. Around
1900, Charles Thom, working for the US Department of Agriculture, began a study of
cheese fungi. He isolated the molds responsible for good cheese, learned how to collect



the spores so they could be inoculated into the next batch of cheese, and discovered how
to prevent contamination of undesirable organisms so that the production of cheese could
be reliable and failure free. His research led to the success of the blue cheese industry in
the United States. Details like the strain of the fungus, the amount of salt used to inhibit
bacteria, the number and sizes of the holes punched into the cheese to give the mold air to
breathe, the temperature, humidity and time of storage all affected the outcome. Blue
cheese can now be bought with different physical properties such as hard and crumbly,
soft and smeary, with different sharpness or bitiness.

This type of science can be applied to mold based weapons as well. Molds that
help the final material self dry into a crumbly, powdery material allows weapons to be
made and handled safely as a semi-solid, and self dry to a powder that distributes into the
wind in the target area. It can be applied to vehicles and doorways like paint. It can be
dropped off along highways in gravel like spheres and then dry into the desired
consistency just like the cheeses produced by farmers.

Mushrooms are also molds. The only difference is that the fruiting body or
toadstool is large enough to be seen without a microscope and often good enough tasting
to be eaten as a food. We have been growing mushrooms in the western hemisphere for
about 500 years. Out of several thousand wild mushrooms, only a few hundred are big
and tasty enough to be used for food and only a couple are cultivated as a crop.

The one that is commonly grown in Europe and America is called Agaricus
campestris. It can be found growing on lawns and compost heaps and produces 4 spores
per basidium. A variety of it found only on the compost heaps or manure piles has only 2
spores per basidium and in Europe it is called Agaricus bisporiger and is the only 2-
spored variety that can be cultivated.

It was first grown in France in limestone caves in and near Paris. The temperature
in the caves is uniform, cool, humidity is just right, and there is a gentle and constant
circulation of air. Until 1900, the French had a virtual monopoly on the world mushroom
market. Once again the scientists at the USDA produced the scientific foundation for
mushroom cultivation and converted it from art to science.

The primary process uses fresh horse manure, and straw or wood shavings are
added. The mix is piled on the ground where it begins to heat because of the growing
molds and bacteria. It usually reaches 140 degrees F, where it remains for about 10 days.
The manure is then repiled and allowed to heat again which conditions the manure and
makes it favorable for the growth of Agaricus campestris. It also kills off insects,
competing bacteria and fungi, and nematodes that interfere with mushroom production.
Proper heating is essential to the process.

Once cured, the manure has been transformed into a rather pleasant smelling
compost of crumbly texture. It is piled into beds 6 to 2’deep, and up to several feet wide.
Manufacture is also done in shallow trays which are stacked on top of each other. The
compost is then inoculated with the mycelium or spawn of the mushroom. It is scattered



on the compost and in about 2 weeks, the fungus mycelium permeates the bed. The bed is
then covered in black soil. If the manure and composting were “right”, and the spawn and
casing soil “right”, mushrooms begin to appear at 5-6 weeks to three months at which
time the compost is exhausted. It is then removed and replaced and the process repeated.

Mushrooms, like other plants are affected by disease, insect pests, and other fungi
which can ruin crops. If the temperature or humidity fluctuate it can cause partial crop
failure. This is why few people are able to commercially grow mushrooms in their
basements or shed.

For centuries, mankind has used barley malt to convert starch into sugars that
yeast can then ferment into alcohol. Around 1800 BC, the Japanese began using a fungus
to do the same thing. Instead of using corn or wheat to make beer, the Japanese learned to
use rice to make rice wine. They would wash the rice, then pile up the moistened batch
and inoculate it with Aspergillus oryzae or Aspergillus flavus. In a few days, the fungus
has converted most of the starch into fermentable sugars. The rice is then put into vats,
yeast is added and the fermentation produces the wine we call “Saki”. This is the same
fungus we have already mentioned that causes the spoilage in stored corn and wheat
crops. When just the right water content is present in the seeds, the Aspergillus takes over
fermentation from all other organisms. The Japanese learned long before 1800 BC what
these correct conditions were and by then had perfected it into a household art without
knowing what fungi were. Almost 200 years before Louis Pasteur had invented
pasteurization, they heated the finished wine to kill the microorganisms to prevent later
spoilage.

Citric acid was isolated in pure form in 1784, long before any commercial use
could be found for it. Until 1922, Italy was the principal supplier of it, extracting it from
lemons and reacting it with lime to make calcium citrate salt. Most was shipped to the
United States. It is used in medicines, foods, soft drinks, silver plating, engraving, dyeing,
and printing of cloth. In 1893, scientists found it being produced in molds. Because of
high prices, methods were learned to commercially manufacture it from molds. By 1944,
over 90% of the worlds citric acid was being produced by mold fermentation.

Aspergillus niger is a common black fungus that is found on decaying vegetation
and is a common contaminant in laboratory cultures. A few select strains of it produce
large amounts of citric acid under the right conditions. In the processes of the mid 1900’s,
a liquid medium is prepared and placed in shallow pans. The spores are sown on the
surface like grain seed in the fields. The liquid is kept acid so that competing organisms
will not grow. In a few days, the mold forms a thick mat of mycelium on the surface of
the liquid and has excreted most of the citric acid that it can produce into the medium.
The liquid is then drained off and the powdered calcium is added to form calcium citrate.
This is then precipitated out as a solid and purified, packaged and sold. Acres of pans are
used to produce the citric acid on large scale. By the same method, biological
intermediates and weapons can also be mass produced by anyone, anywhere.



In 1922, a worker in a citric acid plant noticed that not all the acid was citric.
Some of it turned out to be a contaminant called gluconic acid. The calcium salt of
gluconic acid is calcium gluconate, an excellent form of calcium for pregnant women and
young children. It would cure dairy cows of milk fever. Before its accidental discovery in
the citric acid pans, it was produced in a very expensive chemical process from dextrose.
High producing strains were found to yield it commercially and a new industry was born.

Many fungi have been used since antiquity as drugs in ancient medicines. In
1852, a German book mentions ergot, the hallucinogen that grows on rye and other
grains, as a useful aid to accelerate childbirth and by 1800 it was in common use among
midwives throughout Europe. They simply picked the ergot grains from harvested kernels
of rye. Then they were ground into powder and materials added to give it a medicinal
odor and flavor. Alcohol was often added to provide a mild pain killer as part of the
“secret” formula. By the 1800’s the medical profession found ergot an acceptable part of
their practices.

Commercial ergot comes from the infected flower of rye and related grasses. The
fungus replaces the seed with a long black spur of fungus tissue. It is commonly found in
wild rye even today. The rye plant seems to support the production of ergot at levels
greater than that produced in other grasses. In fog bound northern Europe, rye became the
principal food crop during the middle ages. The climate would aid in producing epidemic
levels of ergot in the harvested grains. The wealthy and powerful would take the clean
grain and leave the infected rye for the hungry workers to live on. Taken continuously in
small doses, the ergot causes convulsions, gangrene and painful death. Ergoty bread was
consumed with fingers, toes and even arms and legs sloughing off as a result. In 944,
more than 40,000 died of ergotism in France. Repeat epidemics occurred in 1039 and
1085 making it one of the most dreaded and fearsome scourges of the dark ages. This
alone commends its consideration as a tool of biological warfare.

The most famous of all mold products is the story of a Dr. Fleming, who, in 1929
noticed a mold that had contaminated one of his bacteria culture dishes. It had floated in
from the air and began growing with the bacteria. He noticed that the bacteria around it
would not grow leaving a halo or “zone of inhibition” around the mold. Ten years later,
workers in Oxford, England isolated the substance that inhibited the bacteria. They grew
the mold in a liquid vat and caused it to excrete the antibiotic that we know today as
Penicillin. The nutrient liquid medium (beer) is pressure cooked to kill all the other
microorganisms. It is then inoculated with a special strain of Penicillium notatum (from
more than 50,000 tested strains).

During the first years of production, milk bottles were used. Every day, the
workers had to empty, wash, fill, sterilize, and inoculate thousands of bottles. The
original strain would only produce penicillin when growing on the surface of the liquid.
By 1944, strains were found that would grow in submerged vats which allowed for mass
production of the material. Sterilized (filtered) air would be pumped into the vats to
provide oxygen. A gallon of air per gallon of liquid per minute was used. The vats were
agitated to provide maximum surface area for mold fermentation and penicillin



production. One of the best strains of submerged penicillin production was actually found
on a rotten cantaloupe in a Peoria, Illinois grocery store by workers at the regional
laboratory for the antibiotics production who were stationed there.

It took several years of research to improve production levels to tons and to find
ways to purify and improve the shelf life of the antibiotic. It took scientists trained in
fields of mycology, chemistry, engineering, physiology and other disciplines working
together to solve all the problems that came up.

When you take a deep breath of soil, it has the familiar earthy odor. This odor is
not the soil, but the odor of the Actinomyces. Molds of this genera are common in soil,
manure and decaying vegetation. You can produce this odor at home by simply growing
a culture of actinomyces with the lid off. One of the species, Actinomyces scabies causes
common scab of potato tubers. This is the rough patch that looks like a skin disease you
see at the store and is caused by this fungus. Actinomyces bovis causes the lumpy jaw
described earlier.

A scientist, Dr. Waksman of the New Jersey Agricultural experimental Station,
collected and studied soil bacteria and fungi. He specialized in Actinomyces and the
related Streptomyces. In the mid 1900’s he found a Streptomyces griseus isolated from a
manure pile, that produces substances that could kill bacteria not affected by penicillin.
This became the antibiotic we know as streptomycin.

Some fungi, especially certain mushrooms, produce toxins that are as deadly as
any nerve agent, plant poison, or bacteria infection. Some produce poisons that do not
show up in effect for many months allowing large scale warfare to take place without
anyone (except those involved in attacking) even being aware that a war is even going on.

More than 5,000 mushroom (or gilled fungi) species have been catalogued and
described. Around 40-50 of these produce potent toxins and all were discovered due to
the eating of the poisonous mushroom caps. Almost all deaths from eating poisonous
mushrooms comes from Amanita phalloides and A. verna. As little as one third of a cap
or even bread soaked in the juice of the mushroom has caused fatalities. Symptoms do
not appear for 8-16 hours. By then the victim cannot be helped. Intense pain, vomiting,
and diarrhea with greenish liquid, blood and mucus may be voided. Cramps, convulsions,
jaundice, delirium, and coma are followed by death which comes only after 8-20 days of
horrible suffering. The poison degenerates internal organs and mortality ranges from 60-
100% depending on the dose ingested. Those who survive often lose control of their
limbs for weeks or months.

Three poisons in Amanita phalloides are phallin, phaloidin and amanitin. The last
one mentioned has a chemical formula of C43H45012N7S. Only 5 micrograms or
1/6,000,000 of an ounce is 100% fatal when injected into mice. This is considerably more
deadly than Sarin on a same weight basis.



Amanita muscaria is less toxic but produces an intoxication greater than that of
alcohol. It also produces hallucinations. It Siberia, natives would pay up to $20 for a
single cap and up to 10 would be needed for a real rousing “high”. The toxin would be
excreted in a very short time in the urine and this would be consumed by others at the
same party to continue the high. It has been reported that the experience could pass
through as many as five people before being diluted to an ineffective dose. [The reality of
life in Siberia (especially under communism) can force extreme methods of escape.]

Some mushrooms produce substances that are poisonous only when consumed
with alcohol. Coprinus atramentarius and C. micaceus are two of these edible species.
Other species contain water soluble poisons that can be boiled and the poisonous water
filtered out, making them edible. (The water is thrown out or dried for the poison).

The strongest hallucinogens from fungi include LSD (d-lysergic acid
diethylamide) from the ergot fungus (Claviceps purpurea) mentioned earlier, and
Psilocybin and Psilocin found in several species, most notably Psilocybe mexicana &
Stropharia cubensis found primarily in central and southern Mexico. They have been
consumed by the natives for thousands of years, often as a community or religious ritual.
Tests by physiologists and psychologists suggest that these hallucinogens do not provide
any universal truth but causes most subjects to get out of touch with everyday reality
(which for some provide an alcoholic like escape from the harsh reality of life).

In 1934, a veterinarian in Illinois reported more than 5,000 horses dying from an
unknown cause. They all consumed corn or cornstalks that were possibly invaded by
fungi. It was called “cornstalk disease” or “moldy corn disease”. It produced “staggers or
blind staggers” and autopsies showed internal effects similar to that of a virus that causes
encephalomyelitis. It was not until many repeats of these losses occurred and studies in
the 1950’s finally showed that the cause was feed invaded by fungi.

In 1957, it was reported that one species of Aspergillus flavus, isolated from
damaged corn, could be inoculated into moist autoclaved corn and then be 100% fatal to
pigs by ingestion after one months incubation. Only one of nine isolates from the corn
was toxic and they very nearly missed this one.

In 1960 in England, more than 100,000 turkey poults died of an unknown cause.
The disease, now called turkey-X (no relation to the X-files) was eventually traced back
to a lot of peanuts imported from Brazil by the feed manufacturer. As a last resort,
scientists began looking at molds as a possible cause. The peanuts were found to be
infected with A. flavus and they soon learned that it favored potent toxin production
when grown on (or in) peanuts.

In 1527, an Italian botanist Micheli, grew some common fungi, including
Penicillium on freshly cut pieces of melon rind. He proved almost 500 years ago that
these fungi were living and growing plants. It was a new idea and it took over 300 more
years for anyone to discover that these fungi can cause plant disease or rots.



A simple test exists for finding out the cause of disease. Go to the store and pick
out some clean oranges and then find one or two with a moldy spot on it. Rub a toothpick
or needle into the spores on the decaying spot of the moldy orange. Stick the point of the
needle into a sound orange. Attach a small tag to the needle with the date written on it.
Then put the inoculated orange into a small, clear, plastic bag with a sound orange and
then seal or close the end. Within a few days, a discolored spot appears on the skin of the
inoculated orange forming a circle around the point of inoculation. It enlarges every day
and in a week or less produces a heavy crop of spores on the decayed portion. Eventually
the entire fruit decays and the decay spreads to the other orange (only after the spores
appear). You can then take the fungal spores from the orange and grow them on a petri
dish. In this way you can see if there is only one fungi or if many strains are growing on
it. Once you have a pure culture from an agar plate, you can take its spores and inoculate
more oranges to see if they decay as well. If they do, you have now proven that a pure
culture of this Penicillium causes decay of oranges.

If you had done this experiment in the 1800’s, you would have become the
leading biological thinker of your time. It was not until 1880 that a German bacteriologist
called Kock formed his “rules of Proof”. The rule states that to prove that any specific
fungus or bacteria causes a specific disease, it is necessary to —

1) Find the fungus or bacteria in constant and regular association with the disease

2) Isolate the organism and grow it in pure culture (to make sure you do not have
a mix of organisms with one causing the disease and the others following it)

3) Inoculate sound specimens with pure cultures of the organism and cause the
typical symptoms of the disease in or on the inoculated specimen.

This “science” can be learned and reproduced by anyone anywhere. It is not an art
or hocus pocus. Anyone can learn to grow, produce, and handle bacteria and fungi. You
can learn how to manufacture toxins and use these organisms and toxins reliably as
weapons. This knowledge enables any person, who lives under any government,
anywhere, to arm themselves to fight back against tyranny. You do not need guns which
throw metal out of long hollow tubes. You do not need explosives or other chemicals
used in bombs. All you need to arm yourselves and fight back is a basic understanding of
scientific principles. This knowledge is the only thing that will allow people to arm (or
rearm) themselves under any form of government and enable them to fight back. That is
the purpose of these books. Knowledge is the key to power!



Chapter 2

Basic Biology of Molds & Fungi

Most fungi are Saporophytes which means rotten plant. It means that they live on
dead material which they consume as food. The results of digesting the dead material are
something that we call rotting or decaying. We rot or decay the food that we eat inside of
our stomachs. The acids and enzymes we produce in our intestinal tract break down the
foods we eat inside of the tubelike container of our organs. This broken down material is
absorbed through the wall and into our bloodstream for use by the body.

In fungi, the digestion takes place outside the fungal cell wall. Digestive enzymes
break down the plant material and then it is absorbed through and into the walls of the
fungi. Once inside, they are used by the fungi to build more mass.

Some fungi live on living plant or animal (or human) tissues and are called
parasitic. These cause disease in the affected plants or animals and these fungi usually
have life cycles specific for the host organism.

Fungal life cycles are extremely varied and can be complex. We will try to keep
the basics as simple as possible in this text. There are very detailed books that cover the
biology and identification of molds in far greater depth should the reader be interested.

The growing, food getting part of the fungus is a group of long, hollow, branching
cells which are called mycelium. The individual long tubes (cells) which make up the
mycelium grow at astonishing rates. Under the microscope you can actually see it grow.
The mycelium can cover a petri dish in 2-3 days and with all the branching and growth, a
colony under ideal conditions can produce up to % mile of length in only 24 hours. By 48
hours, with no limit of food, a colony can reach several hundred miles of cells.

Fungi can rapidly grow through a loaf of bread in a few days, and in butter from
cream that has become infected, it may contain several miles of mycelium per pound. The
mycelium of mushrooms and wood rotting fungi can extend for many yards under ground
through the soil and decayed wood. Different molds produce different mycelium which is
one of the ways that molds can be identified and distinguished from each other. It is
through these tiny pipelines that the digestion of nutrients in the environment takes place
and further growth occurs.

The individual cells of the mycelium can be as small as 1/100,000 of an inch
thick. Like the cells of all living things, they are miniature chemical factories. They
produce many enzymes that they excrete outside of the cell walls into their surroundings
and on occasion they also produce and excrete acids. These enzymes and acids break
down the materials around them into basic chemicals that can then pass through the cell
wall membrane and then be used as food. This food goes into little factories that convert
the absorbed chemicals into more cellular material which is how the mycelium
reproduces itself so rapidly.



An example of mold mycelium seen on grass and on a log.



_‘A colony of Aspergillus fumigatus

grown on culture media. Active mycelial (hyphael) growth is seen in the white region at
the edge. Pigmented spores are seen developing behind the sterile hyphae at the colony
margin.

Fungal growth is affected by temperature, water, oxygen, pH, food, minerals,
vitamins and growth promoting substances found around them.

Most fungi grow best at 70-90 F but will grow more slowly at 50 F. They stop
growing at 30-40 F but do not die. They become dormant and wait for better conditions
and most will survive freezing for several years. They resume growing as soon as the
temperature becomes warm again. Some molds can grow at below freezing which is why
meat is kept frozen at 20 F.

Heat will kill off fungi quickly. Growth stops at 1001-110 F and is destroyed at
130-150 F for a minute or two.

Some fungi grow in water while others can grow in seeds, flour, wood or leather
at moisture content of only 12-15%. They also often require humidity of 70% or more to
grow efficiently.

Nearly all fungi require oxygen to grow and live. Only a few can live on low
oxygen content and most are killed by high CO2 content in the air just like human beings,
although it usually takes longer.

Ultraviolet light from the sun can kill some molds, enhance the growth of others,
but in most it has little effect.

The parts of fungi life cycles will be explained in the following sections-

Hyphal growth

Colony growth

Chlamydospores & Sclerotia
Mycelial strands & Rhizomorphs
Spores

Classes of Fungi and their life cycles

oukrwhE

1. Hyphal Growth

The thin walled tubes of the mycelium are called hyphae. The fungi vary in
hyphae chemistry and structure which aids in identification. The hyphal walls have layers



in the walls which serve different purposes and these will not be covered here. The act of
growth is important in understanding molds and we will explain it.

When the hyphae grow, they add new mass only at the tip. Once branches or septa
are formed, they do not change in length or size in any way. Only the tip segment will
increase in length and then only at the tip. It does not increase in width or diameter, but
only in forward extension of the tube. The cell wall at the tip is usually thinner than the
wall behind it. During growth, the cell wall behind the growing front becomes more rigid
as food is converted to additional cell wall components.

The hyphae at the tip are very efficient at absorbing nutrients from the
surrounding environment. If the hyphae are punctured at the tip, its contents pour out
indicating pressure inside. This pressure helps to force the extension of the tip during
growth. It also forces new nutrients into the direction of the tip for use in forming new
cell mass.

At the apex, or the curve on the leading tip of all actively growing hyphae, a
dense cluster or complex of cytoplasmic vescicles can be seen. These move forward with
the hyphael growth. The center of the vescicles contain an area that has only small or is
completely free of vescicles. These disappear when growth is checked and reform just
before growth is resumed.
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Examples of vescicles in the tips of different classes of fungi seen under the
microscope.

The hyphae form branches where and when the wall is bulged out behind the tip
and a new hyphal apex is created. This new apex also contains vescicles. On a flat
surface, a leading hypha develops with a series of alternate branches. The lead hypha
extends at a more rapid rate than the branches into areas of uncolonized food (substrate)
while the branches will extend into areas that have already been colonized. Some primary
branches will form and fill in the gaps as the colony develops with a circular outline
growing outwards in all directions.

When hyphae are examined under the microscope, separations that appear like
walls or divisions can be seen in the long tubes. These are called septa. One of the major
differences between the families of fungi is whether they have septa, or cross walls. In
members of the Basidiomycotina, a form of septa occurs called a clamp connection.
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Examples of Septa and “clamp connections” of Basidiomycetes (C) and other
classes. Many fungi can be classified or identified during their life cycles by the
branching, septa, and other forms of hyphae they produce.



2. Colony Growth

In nature, colonies can be rarely seen as a single entity. They grow through wood,
soil and other substances that are opaque. We grow them in petri dishes to see what they
look like as they grow. In the petri dish, after you inoculate the center with spores, you
can see a circular outline and growth spreading acro