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Know Your Funguses

By E. LAURENCE PALMER

Llussrations by Elizabeth Burckmyer

This is the 1015t of NATURE MAGAZINE's special educational inserss.

HE statement in the title of this
Tarticlc is made without reserva-
tion and with emphasis. There is
probably nothing—between Sputnik-
explored outer space and the Nautilus-
probed depths of the sea—more im-
portant to man’s happiness and wel-
fare than the funguses. There is
relatively little in common between
their botany, that I learned as a stu-
dent a half-century ago, and what is
now known and taught about them.
This is no reflection on a course I
took at the graduate level under
George F. Atkinson, a leading stu-
dent and teacher in the field of mycol-
ogy. Itis just that the field has grown far beyond where
anyone imagined it might grow. It has grown thus be-
cause it has called into its fold geneticists, physiologists,
pathologists, chemists, physicists, industrialists, en-
gineers, financiers, educators, writers and almost every
clement of human society capable of effecting worthy
changes.

Personally I owe much to this development, and am
sure that I would have died within the past decade had
we known no more about funguses than we did a genera-
tion ago. I am equally confident that I would not have
lost a son nearly twenty years ago had we known what
we knew a decade after his death. To me at least,
funguses have had a real impact on life. I believe that
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what we learn of them in the next few decades may well
revolutionize our lives even more than has what we
learned in a similar period in the past. To me at least,
funguses are of paramount importance, and one of my
major regrets is that, while I well remember seeing what
Fleming, the discoverer of penicillin, saw, I wholly
lacked his ability to interpret and to profit by what
he saw.

In this article, we can only introduce you to a few
funguses that may be of interest. From six recognized
groups of funguses, we introduce representatives of three.
We do not consider the bacteria, the slime molds, or the
imperfect funguses. We discuss two representatives—
the water molds and the bread molds—from the algal
funguses and molds, the Class Phycomycetes. From the
sac funguses—Ascomycetes—which include the yeasts,
mildews and lichens, we present five out of 40,000 recog-
nized species. These are the beautiful scarlet cup found
on old twigs in spring in the forest floor, ergot found in
grass heads during the summer, black-knot which de-
forms plum and cherry twigs the year around, and two
common lichens representative of the reindeer mosses
that make arctic regions habitable. The remaining
species are members of the Class Basidiomycetes. These
challenge our interest, our economy, our intellects, and
sometimes our appetites because, in many instances,
their food needs clash with our food and other material
necessities.

The thirty-first unit of this series, published in 1945,
dealt with the mushrooms and toadstools. No fungus
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considered there is dealt with here.
The thirty-six species presented in
the two units can hardly be con-
sidered as fully representative of the
more than 70,000 kinds of funguses
recognized by scientists, plus the
greater number that no doubt remain
undiscovered today. Only six of the
cighteen species presented are ordi-
narily associated directly with dis-
case, and only one of these might be considered as direct-
ly responsible for diseases in animals. On the whole,
the species involved are just those that might challenge
the inquiries of an ordinarily inquisitive person.

There is no season in the year, and practically no place
on earth where, if one knows how, he cannot without
expense or cffort get at least one of these funguses for
direct study in a relatively short time. A piece of bread
may mold in a bread box. A fish may die in an aquarium.
A walk in a forest or along a street may disclose shelf
funguses on the trunks of trees, or a cup fungus on trash
on the forest floor. A walk through a field or waste
spot may show some ergot in a head of such a grass as
wild rye. Even a stroll through a cemetery may reveal
a few monuments on which some lichens are successfully
growing. Indeed, it might be difficult to find any place
whete some of these plants cannot be found. Even old
books or old shoes may support some of the mildews.

Since so many persons enjoy stocking small terrariums
with little plants and animals, we chose a few lichens
that have superior merit in such places. These, too,
represent that interesting situation where a fungus and
an alga live together with profit to each, a symbiotic
relationship. Then, too, we selected some species that
live in dead plant material and are considered as sapro-
phytes, and some in which the fungus feeds on a living
organism as a parasite and in so doing destroys the host.
Despite what you might casually think, each of these
relationships may be sometimes useful. The saprophyte
destroys dead material, making space for the growth of
new organisms. ‘‘The old must make way for the new,”
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as the television commercial tells us.
The parasite may function effectively
in killing old trees whose growth
and reproductive capacity do not rep-
resent the best returns that might be
expected from the space they occupy.
On the whole, of course, funguses
are dependent on other organisms
for their basic food, but this is also
true of all animals as well. Some of
the simpler funguses have the ability to do such impor-
tant things as to fix nitrogen and to fix sulphur, but they
do not produce carbohydrates as do the green plants.

The accompanying chart material will give a few de-
tails on the specific differences in the funguses presented,
but unless this encourages the reading of such books as
Microbe Hunters, Miracles from Microbes, Men Against
Death, Hidden Hunger, or some of the basic books on
plant pathology and funguses, or the most modern books
on general botany written by the pioneers in the field,
it will not be the success that is hoped.

The life history of a fungus plant cannot be presented
in the space here available, and I could not give it for all
kinds even if I wished. As a matter of fact, no one could
give it for all, since it is not known. There is a splendid
opportunity for any serious student to make a successful
professional and economic life studying these plants, and
few fields offer greater prospects of reward than are
here present.

Basically, the life of a fungus consists of the growth
and development of the plant body or mycelium and the
production by that mycelium of spores that will start
new mycelia to perpetuate the species. In such plants
as the yeasts, this may consist essentially of the budding
of the plant body, the separation of the buds from the
parent body and the development of the freed bud into
an individual like the parent. This is almost too simple,
but, in reality, the chemical changes produced by that
simple process are of overwhelming importance. We
cannot go into that here. Neither can we consider seri-
ously the mycelia of other funguses, which, in the case
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of the woodrots, may extend through the trunks of our
tallest trees. Ordinarily, so long as there is food and
suitable climatic conditions the mycelium may continue
to grow in many funguses almost indefinitely. When
conditions change, thus altering availability of food,
water and suitable temperature, then the fungus plant is
likely to do something other than develop its mycelium.
In fact, these changes may take place anyway, in the
presence of abundant food, ideal climatic conditions and
with no inhibiting circumstances.

The production of spores from the basic mycelium is
often an amazingly complicated process. The spores
may be merely resting stages. They may be involved in
the commoner types of asexual reproduction. They
may be of different strains, which behave as though they
were sexual without apparent differences other than
those of behavior. And they may be truly sexual with
elaborate structures developing to assure their reproduc-
tion. Conditions may require that more than one host,
or more than one kind of host, be involved in completing
the life cycle. Under these circumstances, it is not sut-
prising that before these associations were recognized
different species names may have been applied to various
stages in the life cycle of a given fungus. Our unit here
introduces you to a few of the funguses having some of
these characteristics. If you were the old-fashioned
botanist of a few decades back, you would have been
satisfied with recognizing the differences in the different
kinds of funguses. This usually implied some knowledge
of life history, and this study of the natural history of
the fungus usually led to the recognition of previously
unsuspected roles that were being played. Since many
of these roles affected the pocketbooks of men, and since
many of these roles were destructive to man’s interests,
it became worthwhile to solve the secrets associated
with the lives of the funguses. Liberal private and gov-
ernment subsidies have been made available to help in
the study of those among these plants that affect the
storage and sale values of perishable vegetables, and
other foodstuffs. Where the production of a staple food
in a nation does not approach the dietary needs of that
nation, and where funguses may figure in that deficiency,
dedicated scientists and social workers may contribute
inspired services to the control of those growths.

While I find frequent references in The Bible to the de-
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struction of materials valuable to man made by insects,
I find little reference to such damages caused by funguses.
We do read of manna, which was reputed to come down
from heaven, but it is quite prob-
able that this refers to some lichen
growths that the Israelites used
as food during their wanderings
in the desert. Manna was called
“corn of heaven’ and ‘‘angel’s
food,”” and since hoarding it was
not permitted it served as a basis
for a socialistic practice in the
handling of perishable food. It
is believed that each man was
permitted to gather each day
three quarts of this emergency
food.

The poets and the producers of
the world’s finest literature have
used funguses to develop an idea.
Usually, this has not been to the
credit of the fungus. The words
mold, mildew, fungus, rot, smut,
rust, blight and scab do not ordi-
narily have pleasant connotations
and yet each of these words refers
to onc or more funguses that,
broadly understood, perform some Black knot
useful function. The possible of Plum
existence of funguses is frequently
implied but not specifically ac-
knowledged. Pope, in his ‘‘Essay
on Man,” for example, says of
man that he is:

Stink-horn

“Fix’d like a plant on his pe-
culiar spot,

To draw nutrition, propagate
and rot.”

Rotting implies the presence of

a decay organism, which might

well be a fungus. Shakespeare, in

Hamlet, gave us the often-used ex-

pression about things being *‘rot-
(Continued on page 256)

Bird's-nest Fungus
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COMMON NAME
SCIENTIFIC NAME

WATER MoLD

Saprolegnia sp.

BREAD MoLp, SOoFT ROT

Rhizopus nigricans

ScARLET Cup

Peziza coccinea

ERGoT

Claviceps purpurea

Most commonly appears
as a white fuzz, or
opaque white tissue, on
dead or diseased animals
in almost any natural
waterway. Commonly
forms where tissue has

Common on old stale
bread. May cause a soft
rot on sweet potatoes
in storage, producing a
crowded mass of white
filamentous threads that
produce spores. May

Appears like flesh-color-
ed “‘ears” to 2 inches
across, with brilliant
scarlet interior. Found
growing on decaying
sticks under loose cover
in open or in woodland

Some fruits in heads of
rye, barley, wheat and
other grasses may de-
velop hard, black or
brown, curved cylindri-
cal structures that look
like large “fruits.” These

fect roots of peas. At
least 100 species in 16
genera. S. parasitica at-
tacks injured tissues,
while S. invaderis may
attack healthy tissue,
even internally Kkilling

apparently healthy hosts.

lowering, but not to be-
low 41°F. Thismold may
cause tragic losses in
stored vegetables and is

-considered one of the

worst for sweet potatoes.

limits of activity are
known, the necessary
control measures might
be worked out. Re-
moval and destruction of
fruit bodies may some-
times be useful if con-
trol is desired.

DESCRIPTION been bruised. Appears | produce ring-rot, which | in late winter or early | fruiting bodies have de-
under microscope as a | is in a way a develop- | spring. As season pro- | veloped from the grass
mass of filaments, with- | ment phase of the in- | gresses scarlet turns to | fruits that have been
out crosswalls and, un- | fected area, the repro- black and whole struc- | destroyed by the fungus,
like most fungous tissue, | ductive area and the re- | ture becomes withered | ergot. The ergot re-
giving the reactions of | sultant destroyed tissue | and relatively inconspic- | places the entire grain
true plant cellulose, in | including resistant areas. | uous. and a2 number may ap-
some respects being like pear in each head. Has
some algae, noticeable odor.

Class Phycomycetes. | Class Phycomycetes. | Class Ascomycetes. | Class Ascomycetes.

Order Saprolegniales. | Order Mucorales. Mu- | Order Pezizales. Family | Order Hypocreales.

Family Saprolegniaceae. | coraceae. Mostly sapro- | Pezizaceae. The class | Family Hypocreaceae.

Found widely distri- | phytic and associated | includes about 40,000 | This disease organism is

buted in spore form, | with rich starches and | species or about / the | world-wide in distribu-

RANGE mostly in water but | sugars. At least 150 | entire number of fun- | tion wherever the host
sometimes in soil that | species recognized, and | guses. In this group, | grasses may grow., Itis

AND is wet, or even on ter- | many strains with vary- | the threads have cross- | one of the oldest known
restrial animals under | ing properties exist. | walls unlike those of | plant diseases, with the

RELATIONSHIP certain conditions. Com- | Often defined as black | the Class Phycomycetes. | drug being used before
monly follows infection | mold because of black- | The group includes the | the nature of the disease
by bacteria and pro- | ness of spore producing | yeasts, many of the } was definitely under-
tozoans of animal tissue | areas. Closely related | mildews, the lichens and | stood, first in 1863.
that has been injured, | forms on many vege- | other important groups.
weakened or affected by | tables.
disease or malnutrition.

May increase in volume | Basic tissue or mycelium | If tapped, the scarlet | Wintersin diseased fruit
simply by rapid growth, | penetrates affected areas | “ears” may be seen to | or “sclerotia,”” which,
May produce asexual | of host and may then | give off clouds of fine | after amonth of freezing,
spores in_ club-shaped | produce surface mold, | spores, if the plantshave | may produce structures
sacs at end of filaments. | which, in turn, produces been left undisturbed in | at between 59 and 64° F.
These swim to other | erect stems capped with | a warm dry room. Un- | These can be blown or
§ tissue and may cause | black spore cases, which | like in the mildews, they | carried to grass flower.
REPRODUCTION infection. Or may have | burst, freeing sporesinto | are not enclosed in cases. | Flower is susceptible to
other asexual types. | air and carrying spores | In some members of the | attack for short time
Sexual reproduction in- | to new tissues. Should | group, the sac fruits are | only when flowers are
volves different sized | recognizeresistant corky | developed as a result of | open. Then comes a
spores, but true fertiliza- | tissue often developed | a sexual process. The | stage that oozes sticky
tion is questioned; | by living tissue of sweet | cups, inner surfaces of | spore units, which may
rather, unfertilized egg | potato, for example, | which bear the spores, be carried by insects or
develops after resting | when invasion is in | may be yellow, orange, | otherwise, spreading in-
stage. progress. blue or even black. | fection.
Common treatment in- | Growth is between 42 | The scarlet cup is es- | The stage originally de-
volves bathing in 39 | and 98°F., with opti- | sentially a useful species, | scribed above follows the
salt solution or flushing | mum at 91-97°. Spores | serving to speed the de- | sticky stage and may re-
with 1/15,000 solutionof | form at between 50 and | struction of dead wood | present the wintering
malachite green, or 2 | 86°F. and spore germin- | to make space for new | stage. Ergot-free seed
grams malachite green | ation at from 32-86°F. | growing plants. The makes the best control.
to 1 gallon of water | Optimum humidity is at | plants are saproph, In 209, salt solution, the
ECOLOGY giving treatment every | 71°F.at 75-849%. Inde- | not parasites and i ve on | lighter ergot infested
other day. Others re- | velopment, propectinase | dead organic tissue not | fruits rise while the
commend 1/200,000 so- | is produced, which | on living material. Dis- | healthy fruits sink. Er-
lution of malachite green | tends to break down the | eases caused by mem- | got may then be skim-
for an hour. Others re- | cell walls of the host | bers of the group As- | med off. Fortunately,
commend solutions of | plant by dissolving the | comyctes include peach { the conspicuously large,
copper sulphate or of | middle of the wall. leaf-curl, powdery mil- | curved, infected fruits
formalin. Best treatment dews, elm disease, apple | are easily identified.
is to practice sanitation. scab, chestnut blight.
Apparently cannot de- | Control is by encourag- | Control of scarlet cup is | Ergot may cause alkaloid
velop on normal healthy | ing development of cork | probably neither neces- | poisoning of humanswho
tissue unless some for- | tissue in stored sweet | sary nor desirable, since | eat flour made from in-
eign matter adheres. | potatoes by raising tem- | it performsa useful func- | fected grain. Infectious
May be epidemic in fish | perature for 2 weeks to | tion. The members of | stage often most abund-
hatcheries. Too com- | 82-90°F. to allow cork | the group are affected | ant along field borders
mon on crowded gold- | tissue to develop over | largely by humidity and | where infections came
ECONOMY fish. One kind may af- | injured areas and then | temperature, and, if the | from wild grasses. Cut-

ting borders before har-
vest may reduce amount
of dangerous grain in
harvest., Disease may
cause abortion and ser-
ious lesions in cattle
feeding on ergot. Has
medicinal uses.
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Brack KNoT oF PLuM

Dibotryon morbosum

PARMELIA. ROCK TRIPE

Parmelia sp.

SCARLET-CRESTED
CLADONIA.
BRITISH SOLDIERS
Cladonia cristatella

CORN SMUT

Ustilago maydis

CEDAR APPLE,
APPLE RusT
Gymosporangium
Juniperi virginianae

Appears like long swol-
len, roughened, black
distortions on the twigs
and branches of plums,
the distorted areas ex-
tending to 12 inches long
and sometimes sur-
rounding the twig or
branch. May also be
found on cherries. Color
changes from olive in
early stages through
brown to gray and to
coal black, texture
changing from soft to
brittle.

This is a lichen. Lichens
are combinations of fun-
guses and algae, the
algae having the ability
to manufacture food
with the fungus pro-
providing moisture and
stable position of the
algae. The relationship
is a true symbosis in
which each organism
profits by association
with the other without
being parasitic in effect.
Parmelia is found widely
on rocks and bark.

An irregularly frag-
mented broken base pro-
duces a number of erect,
branching, hollow, red-
tipped fruiting bodies.
Like Parmelia, this is a
lichen composed of an
association of algae and
funguses, of which the
fungus is the more ob-
vious, at least during
the fruiting season. Re-
lated species present a
great variety of forms
and of colors.

Appears as glistening,
ﬁreenish-white mem-

rane on any part of corn
plant. Gall may be to 6
inches in diameter and
ruptures to free mass of
%owdery black spores.

ars are most vulnerable
and galls on young plants
or above ears are most
destructive. Galls on
leaves are rarely larger
than a pea and may
disappear.

Appears on two hosts,
red cedar and apple. On
red cedar, appears at
apple blossom time as
masses of tendrils of
bright orange-yellow,
many times the size of
the brown galls, which
appear like small apples
on the stems of cedar
twigs as illustrated.
The apple stage ap-
pears as yellow rust
spots on the upper sur-
face of the apple leaves.

Class Ascomycetes.
Order Dothidiales.
Family Dothidiaceae.
Since all varieties of

lums and cherries may

ave the disease the dis-
tribution is almost
worldwide. The group
sometimes known as the
knot and wart funguses
include the organisms
causing the sooty spot or
black mold disease of
clovers, including at
least 4 species of clover
hosts.

Funguses are Ascomy-
cetes and algae belong to
family Protococcaceae.
Since the funguses are
the more conspicuous,
the lichens are usually
classified according to
the nature of the as-
sociated fungus. Classifi-
cation is most commonly
through fungus fruiting
bodies but includes types
that are flat sheets,
hanging threads, and
erect structures as in
Cladonia.

Fungus is an Ascomy-
cete and the alga one of
the Protococcaceae. In
the genus Cladonia are
reindeer lichen, C. rangi-
fera, a mass of gray
branches; the scarlet-
tipped C. cristatella; the
brown-tipped C. mitrul-
la, and the gray-gob-
letted C. pyzxidata, all
for the most part at
their best in late winter
or early spring.

Class Basidiomycetes.
Order Ustilaginales.
Family Ustilaginaceae.
QOccurs in Europe, Asia,
Africa, Australia and the
Americas. Was identi-
fied in Europe in 1754
and in United States in
1822. Is often abundant
in the Corn Belt of the
United States and may
reach greatest develop-
ment on corn grown on
heavily manured soils.

Class Basidiomycetes.
Order Uredinales.
Family Puccineaceae.
Disease and fungus re-
quires presence of both
apple and red cedar
hosts. Similar but not
identical host cycles in-
volve cedar and haw-
thorn and cedar and
quince, G. globosum and
G. clavipes respectively.
True function of rust
spot stage ties insects
into a sexual reproduc-
tion story.

Mature warty structures
include cavities lined
with structures that free
spores into the air.
Spores are blown to
other hosts and attack
wounded areas on the
host trees to start the
cycle over again. The
reproductive areas may
represent a degenerate
sexual stage. Gummy
spots may develop,
which may figure in
spread of spores.

Appears like sheets of
leatherlike substance at-
tached to soil or trees or
rock by blackish ““roots.”
If torn, interior will be
seen to be white. Some-
times appears powdery
when reproductive units
are freed, or may center
reproduction in shallow
dises or cups usually
with raised center. Slow
growing and a good sized
patch may represent
growth of many years or
even decades.

Reproduction is effected
by continued growth of
the basic fungus tissue or
by the freeing of spores
from the reproductive
areas. In some, the
spores may be carried by
insects, while in others
they may be wind borne.
The funguses establish
a medium on which and
with which the algae
may grow. Both may be
initially wind borne.

Spores from ruptured
blisters or galls spread
most commonly in dry
weather of late spring
and early summer, germ-
inate in presence of
moisture between 46 and
97°F. These spores
germinate and penetrate
host tissue. On this
develop sporidia of two
different types, which
unite and develop tissues
that eventually cause
the blisters.

Two years of life cycle
may spent on cedar,
beginning with spores
blown {rom apple to
cedar between July and
April. Small brown galls
appear during summer
and reach maturity fol-
lowing spring as galls to
2 inches in diameter.
Following warm rains,
jelly tendrils develop,
which eventually dry,
leaving galls that expel
spores that infect apple
leaves.

When knotty area sur-
rounds twig or branch, it
kills the cut-off area.
Partial development
may reduce quality and
quantity of fruit pro-
duced. Many times
black knot disease will
kill an infected tree with-
in a year of two. Pro-
bably infection is only
through injured tissues
of new host so such in-
jury should be avoided
as control measure.

Important role is played
in anchoring soil, in
creating soil through
breaking down of rock,
in delaying flow off of
water because of absorp-
tion by the lichen. Will
often grow profusely in
areas that will not sup-
port other plants and
thus assist in supporting
plant-eating animals in
difficult regions.

All lichens may probably
be useful in providing
ground cover for bare
soil and rock and some
have been represented as
examples of inorganic
material turning into or-
ganic material. For the
most part, they thrive
in more arctic conditions
than stimuate the best
ﬁrowth of the associated
owering plants.

Hail damage, mechani-
cal injury cause by top-
ping plants, wind injury
may break tissue and
permit entrance of smut
tissue and spores. Even
failure of pollination
may stimulate develop-
ment of small, high,
susceptible ear shoots.
Seed treatment is not so
effective as has been
believed and rotation
and sanitation are not
too effective in real corn
land.

Live spores going from
cedar to apple have been
collected at heights of
14 mile. These spores,
reaching an apple leaf
that is wet an tween
56 and 61°F., may infect
apple host tissue in 1 to
3 hours. Infection is not
usually effected at be-
low 47° or above 85°F.
Spores from apple to
cedar are freed in July
and August and carried
to cedar by wind.

Control is largely by
pruning out of infected
areas before January,
when spores are freed,
burning the diseased
parts to prevent the
freeing of spores and
using sprays of Bordeaux
mixture applied in
March, often for other
purposes. This spray
may not prevent in-
fection but it may re-
duce it.

Parmelio is suggested as
a starvation diet for lost
persons and possibly
may be used as absor-
bent of animal juices in
cooking to vary diet.
The related reindeer
moss of the Arctic pro-
vides a basis for food
for reindeer, lemmings
and other animals that
form the base of the food
chain for animals living
in such an area, and for
theeconomy of that area,
furbearers included.

Probably Cladonia rang-
ifera is the most im-
portant of all plants in
the areas where it grows
best, forming the basis of
the food chain for most
animals found where it
prospers. C. cristatella
is popular because of its
beauty in indoor gardens
like small terrariums.
It requires little atten-
tion and is usually found
with ease on the ground
or on old logs.

Most effective control is
use of resistant hybrids,
which unfortunately
may be resistant in one
area and not in another.
However, knowledge of
inheritance and use of
established breeding
methods offer the great-
est source of hope for
control. Sometimes corn
smut may destroy to 2/3
of a crop but usually up
to 69, is considered
rather high.

Long established prac-
tice called for elimina-
tion of red cedars from
regions where apple cul-
ture was important. Vir-
ginia, Arkansas, Kansas,
Nebraska, West Virgin-
ia, Pennsylvania, New
York -and Missouri had
laws encouraging cedar
destruction. Lime-sulfur
sprays and Bordeaux
mixture and ferbam have
been used effectively as
control measures.

253



COMMON NAME
SCIENTIFIC NAME

STEREUM. SILVER-LEAF
DISEASE
Stereum sp.

WHITE BUTT-RoOT

Fomes applanatus

DAEDALEA

Daedalea quercina

INKY-CaP MUSHROOM

Coprinus micaceus

DESCRIPTION

Stereum fruit bodies ap-
pear as woody or lea-
thery shelves extending
horizontally from the
trunks of trees, with the
upper surface marked
eccentrically and the
lower surface smooth
and even and not mark-
ed by crowded pores as
in so many similar strue-
tures. Upper surfaces
vary in color in different
species.

Evidenced usually by
presence of horizontal
shelves extending from
trunks of trees, living
or dead. In this species,
lower surface is more
nearly flat and level
while upper surface is
sloping and usually
marked by eccentric
growth rings. Shelves
may be 2 feet or more
across and in section
show layers indicating
new growth at intervals.

Coarse shelves found on
the trunks of standing or
of fallen trees. Upper
surface may be flat or
sloping, depending on
species and with usually
obscure growth rings
showing. Under-surface
marked by coarse pores
or almost gills, forming
a labyrinth, but the
size and shape varying
with the age of the
fruiting body.

Common in dense,
crowded clusters on old
stumps or where trees
formerly grew. The
fruiting bodies bear egg-
shaped caps borne in fre-
quently curved stems
and the gills are crowded
closely and at maturity
dissolve into inky drops,
which eventually con-
sume the whole cap.
The under surface of the
crowded gills may have
appearance of mica.

RANGE
AND
RELATIONSHIP

Class Basidiomycetes.
Order Hymeniales.
Family Thellephoraceae.
Probably most conspic-
uous differences lie in
color of upper surface of
the fruiting shelves. In
S. versicolor, illustrated,
the eccentric rings in-
dicate varying rapidity
of growth and may be
associated with annual
development. In 8S.
purpureum, color is more
uniform,

Class Basidiomyecetes.
Order Hymeniales.
Family Polyporaceae. A
member of a large group
of disease-causing fun-
guses that affect the
wood of many trees.
Has wide geographic dis-
tribution and wide range
of host species, but
mostly of broad-leaved
species of trees, Other
species may affect cone-
bearing trees.

Class Basidiomycetes.
Order Hymeniales.
Family Polyporaceae.
This is sometimes called
labyrinth fungus be-
cause of the nature of
the pores on the under
side of the fruiting
bodies. Insome species,
the fruiting bodies are
thick, coarse, stiff and
hard, while in others
they may be relatively
thin and sometimes soft
and flexible.

Class Basidiomycetes.
Order Hymeniales.
Family Agaricaceae.
The family includes the
ordinary commercial
mushroom and the
poisonous toadstools,
some of which were in-
cluded in the 35th special
insert of this series pub-
lish in 1945. The
shaggymane mushroom
described in that unit
belongs to the same
genus as the inky-cap.

REPRODUCTION

Fruiting shelves free
spores from lower sur-
face. These are carried
usually by wind to a new
host where, if they fall
on injured tissue, they
may germinate and start
development in the wood
of the host. This de-
velopment may be slow
or rapid but eventually
the host may be killed.
Shelves develop when
infection is well ad-
vanced, of course.

Under-surface of fruit
body is a crowded mass
of fine pores and tubes,
which produce fine
spores that are freed
into the air and carried
to new prospective hosts
by the wind. These
tubes are vertical and if
tree falls the fruiting
surface may form new
shelves at right angles to
the first. . Shelves may
feel rubbery at margins
or in regions of active
growth.

Reproduction is by
spores freed from the
irregular pores opening
on the under sides of
of the fruiting body.
These are carried by the
wind to a suitable host
and begin development
if they come in contact
with a wounded area
that is free of the nor-
mal protective tissue,
This species does not,
however, attack living
trees and is not a dis-
ease species.

Spores possibly may be
carried by insects, or
by water, but probably
not by wind directly
from the caps since they
are in a liquid. The
main plant tissue lives
on dead plant tissue in
stumps or in buried tree
roots and may lie dor-
mant much of the year,
and possibly for some
years, but once started
persists until food is
exhausted.

ECOLOGY

In 8. versicolor, the
shelves may be crowded
to form a mass of
shelves. In S. pur
pureum, the host plant,
commonly cherry, apple,
peach, plum, apricot or
current, may develop
silvery leaves that may
be taken as evidence
of presence of disease.
This gives the name
silver-leaf disease.

Probably only known
oure is destruction of
trees serving as sources
of infection, and, of
course, of destruction of
fruiting bodies that pro-
duce the infecting spores
over a number of years.
At least a dozen species
recognized as serious
pests of valuable woody
plants, many of them
being specific as to their
hosts.

Oak stumps often are
covered with the fruiting
bodies of this species,
with the plant body con-
suming the tissue of the
old stump. Since this
species is a saprophyte
living on oak, it may be
useful at times in helping
determine the probable
genus to which the
stump belonged when it
was a healthy tree.

The stems of this mush-
room are smooth and
sometimes brittle. The
caps are to 3 inches
long, turning from yel-
low to brown to gray and
finally to black. The
spores have been used in
inks as identifying struc-
tures. Their great abun-
ance makes them pop-
ular with collectors who
use the caps as food,
either raw or cooked.

ECONOMY

Control can probably
best be effected by de-
struction of plants har-
boring the disease and
certainly by destruction
of fruiting bodies. How-
ever, one must recoghize
the role of this sort of
parasite in destroying
weak and dead trees
and removing them from
competition with
healthy plants. Forest
trees, shade trees and
fruiting shrubs are all
affected by wood-rot.

Common names of dis-
eases or related species
include white-rot, heart-
rot, soft-rot, sapwood-rot
of trees such as birch,
maple, oak, beech and
poplar as well as a
number of orchard spec-
ies. Under-surface of
fruiting shelves, when
fresh, is popularly used
for drawing pictures or
for writing messages,
using a stick as a marker.

The role of the fungus
is, of course, that of
destroying dead wood to
make room for new in-
dividuals. Without this
service, forests might
well be so thoroughly
cluttered that new forest
growth could not have
space in which to grow.
As shown in illustration,
fruiting bodies are un-
usually thick close to the
host.

Inky-cap mushrooms are
delicious when ecooked
by a short parboiling
in salt water followed
by a quick fry in butter.
Spread on a soft, well-
buttered toast they
make a meal worth
talking about. There are
no close relatives that
are poisonous so once
identified they may be
eaten with considerable
confidence.
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SCHIZOPHYLLUM

Schizophyllum alneum

STINK-HORN FUNGUS

Dictyophora duplicata

BIrD’s-NEST FUNGUS

Crucibulum vulgare

EARTH STAR

Geaster sp.

COMMON SCLERODERMA
Scleroderma sp.

Thin, scalloped, dry,
corky, fan-like shelves
with wavy margins and
radiating lines on sur-
faces, appear to be
double, with downy sur-
face, to 114-inch across,
shrivelling when dry and
expanding when moist,
stemless, and often
crowded on supporting
branch or wood. Split
edges of gill curve a-
round the sides.

A beautiful fruiting body
but about as foul-smel-
ling as any plant could
be. The cylindrical
stem, which arises from
a cup at the base, may
be to 9 inches long and
to 2 inches in diameter
and bears at the top an
enlarged, coarsely pitted
cap from which hangs an
open lacework that sup-
ports a relatively free
ring.

Appears like a small
bird’snest about 1/3-inch
aCross. At first is
covered by a thin mem-
brane, which breaks to
disclose what seem to be
“eggs.” The “nest” is
shallow and round and
yellowish and a number
may be found growing
relatively close together.
It is conspicuous en-
ough to attract atten-
tion rather commonly.

Looks like a dark papery
sphere that is flattened
and with a hole on the
top and covered with
tubercle-like spots, the
whole supported by a ser-
ies of overlapping struc-
tures resembling remote-
ly the petals of some flow-
ers but giving the general
effect of a star on the
earth.

Look like hard-skinned,
scabby, spheriecal or egg-
shaped puffballs. Color
of exterior varies with
species and with age of
fruiting body, colors in-
volved being yellow-
brown, orange, dark
brown and to almost
black. There is a stout
stem reaching to branch-
ing “roots.”

Class Basidiomycetes.

Order Hymeniales.

Family Agaricaceae. A
stemless gill fungus.
Widely distributed
through the world and
may be found at almost
any time of the year on
twigs, wood and
branches of dead trees
particularly of maple,
hickory and other hard-
woods. The fruiting
shelves may be most at-
tractive when complete-
ly spread after a rain.

Class Basidiomycetes.
Order Phalales. Family
Phallaceae. The fruiting
body closely resembles
that of Mufinus, which
lacks the veil and swollen
tip of Dictyophora and
appears to have grown
from a small egg close
to the ground. The
name Dictyophora
means ‘‘net-bearer,” and
of course, refers to the
net borne at the tip of
the fruiting body.

Class Basidiomycetes.
Order Nidulariales.
Family Nidulariaceae.
The closely related
family Sphaerobolaceae
is represented by plants
whose fruiting bodies
rupture to disclose a
single “egg’” not a num-
ber, as in the Nidu-
lariaceae. The group
has a wide distrubution
over the world but is
relatively local in abun-
dance.

Class Basidiomycetes.
Order Lycoperdales.
Family Lycoperdaceae.
The best known relatives
of the earth-stars are the
puff-balls all being gen-
erally classified as mem-
bers of the Family Lyco-
perdaceae. Earth stars
are found widely dis-
tributed and may be
found in one form or
another at almost any
time of the year al-
though summer is the
best.

Class Basidiomycetes.
Order Lycoperdales.
Family Lycoperdaceae.
Scleroderma as name
implies has tough, rough
outer wall of spore case.
‘When compared with the
walls of Scleroderma
fruiting bodies look
warted while those of
Lycoperdon appear to be
more smooth wusually.

Illustration shows under
side of shelves with the
gill not running con-
tinuously from center
to margin of the shelf.
Spores are shed from
gills and ecarried by wind
to new host. Gills are
white and wooly, deeply
split and curved back-
ward along margins.
They are also tough and
durable in various kinds
of weather.

A saprophyte that lives
on decaying plant ma-
terial and is rather com-
monly found in open
fields, on sawdust piles
and similar sites. Odor
probably attracts insects
which may figure in
transfer of spores to new
site for growth of the
plant body. The species
appears in its fruiting
stage in late summer and
in autumn.

Main plant body is
colored, abundant, rigid,
and forms a net through
the host plant material.
Fruiting bodies develop
first as small spheres,
then elongate to deep or
shallow cups that are
covered. Eventually,
the cover disappears to
show egg-shaped units
attached by elastic cords
to cup bases. These
spore cases open to free
egg-shaped pairs of
spores.

Spores from the ball-like
“fruit” are borne by the
wind to a new site. They
develop in decaying
plant material and
eventually form the fruit
bodies which develop
into the “stars.” The
“petal-like” parts of the
stars may move up and
down like springs, rais-
ing and lowering the
spore box, with the
changes caused largely
by humidity variation.

Found growing for the’
most part on poor soil
such as in exhausted
pastures and wasted
meadows. Spore cases
rarely exceed 3 inches in
diameter and show a
firm greenish-yellow in-
terior when broken, at
least while young. Us-
ually the outer surface
is yellow brown or dark
brown.

Shelves that are col-
lected dry may be made
to respond relatively
quickly if sunk in water
for a short time. Their
appearance may change
radically with a good
soaking for a few hours.
Shelves are too woody
and tough to be edible
and under microscope
spores may appear to be
gray, brown or even
purple or white.

‘While this species seems
to represent the ultimate
in foul-smelling sub-
stances, one of the most
vile smelling of all plants
Ithyphallus impudicus
also belongs to the
family. The fruiting
bodies are rather famous
for the speed with which
they develop once
growth has started.
They are not, however,
long-lived and quickly
lose what little stability
they have.

The fungus is a sapro-
phyte living on decaying
plant material and is
often abundant on old
fences, wooden bridges,
sticks and unused wood
sometimes covering a
considerable area with
the “nests.” The same
site may yield the fungus
over a long period of
time. “Eggs” may lie
free in nest at maturity
when cords disintegrate.

Plants are found on
ground rather than on
wood but they may bein
woodlands or in open
meadows, in the shade
or in relatively bright
localities. There is pro-
bably some association
with raising and lower-
ing of spore case and
suitable weather for
spore distribution.

Fruiting bodies of Sclero-
derma appear from
August through Novem-
ber wusually but not
always following a wet
period.  They may per-
sist for some time. Two
of the more common
species are S. wulgare
and S. verrucosum with
the latter characterized
by the presence of the
course warts on the sur-
face of the fruiting body.

Serves the role of a
saprophyte useful in de-
stroying trash of dead
woody plants. The
species has been known
as S. commune. There
seems to be no sugges-
tion that it is poisonous,
but it would be hard on
the teeth of anyone who
might elect to eat it.

Plant is _probably of no
economlc 1mportance
either in itself or in its
relationship with other
living things, even
though there must be
an understandable tie-
up between the dead
plant food organisms,
the saprophyte and the
insects, which may be
involved in spore distri-
bution.

This fungus has but
little economiec impor-
tance, either negatively
or positively but of con-
siderable interest to bo-
tanists, who recognize
the rather unusual re-
productive story. Her-
balists include reference
to a “birds’nest plant”
used medicinally but
this does not refer to
our fungus but to In-
dian-pipe.

There is apparently no
economic 1mportance in
the plant but there is a
good interest in the
behavior of the fruiting
bodies. They may be
kept in terrariums and
be made to change posi-
tion by changing the
humidity. There does
not seem to have been
any medical use but
related puff balls are
reputed to help stop
bleeding wounds.

While it is doubtful
if the fruiting bodies of
this plant are poisonous
it is certain that they do
not make the delicious
dish found when using
the fruiting bodies of
many of the puffballs in
the genera Lycoperdon
and Calvatia.  Sclero-
derma just does not
look good to eat and
may have a discourag-
ingly unpleasant odor as
well.
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Common
Scleroderma

(Continued from page 251)
ten in Denmark.” To me
the words suggested above
as appropriate for funguses
carry with them such color-
ful and implied meanings
that T am surprised that
they do not appear more
frequently in standard litera-
ture.

In man’s understanding of
the role of funguses, able

“contributions have been made by the intelligent un-
trained observer. Good old practical farmers recognized
that there was a relationship between the presence of
wheat rust and barberry, between blister rust of white
pine and wild currant, between red cedar and apple scab.
It was long known that there was an association between
the scab on an apple leaf and jelly-like substance that
appeared on the twigs of red cedar. It was found that if
the red cedar was removed the scab either diminished or
vanished. It was not until as late as 1933, however, that
the sexual phase of the disease as it appeared on the leaf
was understood. When I was teaching botany in Iowa,
I remember telling my students that such a relationship
was suspected but not known conclusively.

It will pay you this summer to observe closely the
fungal pests of the plants of your neighborhood. If a
powdery mildew appears on your lilac leaves, does it
affect all of the leaves at once? Are those in the shade
or those in the sun most seriously affected? Watch an
individual leaf closely at intervals during the day and
note whether the mildew patch seems to spread more
rapidly during the night or during the day.

There will be plenty of dusts and sprays offered for sale
by your local dealers in such things. Do these seem to
be selective, or if one is effective at one time is it equally
useful at another? If you get interested in a relatively
unimportant fungus that grows on your plants try trans-
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ferring the infection from one plant to another. Can
such transfer be effected more satisfactorily if the surface
of the leaf is dry or if it is wet? Do you feel that you
can suggest under what weather conditions a given fungal
plant disease may become epidemic, using if possible your
own observations as a basis for your conclusions?

If you have the opportunity, write to your State agri-
cultural college for a list of the bulletins they have for
free distribution about plant diseases common in your
area. Procure a few of these and read at least one with
care to get some appreciation of the interest your State
has in understanding and in mastering the fungal organ-
isms that cause such diseases.

You might like to consider whether, locally, if a dis-
ease occurs on one crop in a field, is it also found in equal
abundance where the same crop is grown in your neigh-
borhood? 1If you observe differences, you might like to
try to find out why these differences exist.

Undoubtedly there will be local superstitions regard-
ing some of these diseases, and regarding the growth of
funguses in general. Try to get some idea of how seri-
ously these may be taken by your neighbors, and whether
they in any way affect local affairs.

Of course, to many of us, the role of funguses in con-
nection with the diseases of plants is of minor importance
when compared with their relationship to diseases of
animals—particularly those of man. We have sug-
gested that, in this insert, at least, we were not con-
cerned with the bacteria associated prominently with
diseases of humans. However, the molds that are
true funguses also may cause serious diseases, or may
play an important part in preventing the development of
disease-causing bacteria. Perhaps it may be just as im-
portant to prevent a disease as to know what organism
caused it. It is here that Fleming and his penicillin
come into the picture, and that picture was developed
rapidly under the stimulus of war and of surprisingly
encouraging scientific victories that robbed war of some
of its most destructive aspects.

One of the most challenging aspects of these stories of
fighting diseases by means of funguses is ‘the frequency
with which the rescarchers have used defeat to their
own advantage. If they seek to make an organism do a
certain thing, they may stumble on an organism that
prevents them from doing what they wanted to. Often
it is most valuable to use this opposing influence to effect
a certain purpose that may prove to be even more im-
portant than the one originally involved.

Fermentation is a phenomenon of major importance in
industry, in the household, and in many other areas.
Though knowing how to encourage and how to stop
it at will, we have learned how to make foods more
nutritious. and more appetizing. These are but a few of
the aspects of funguses that many of us fail to recognize,
but which affect us all. YV ¥ Y
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