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THE SYSTEMATICS AND BIOLOGIOCAL
FROPERTIES OF TOXINOGENIC FUNGI

V.I. Bilai

Pungi represent a vast heterogeneous group of organisms,
differing in their morpholegy, methods of reproduction, ¢ycles
of development, ways of nutrition and habitats.

At present many mycologists and blologista support the con-
ception concerning the three classes of multiracemose organiams
+~ plants, animals and fungi, according to which the fungl are
given the status of a geparate kingdom in the organic world, on
8 par with the plants and the animals, These classes of multi-
cellular organisma differ, ln the main, by the type of thelr
notrition and metasbolism, namely:s

1., The plant kingdom is characterized by the presence of
chiorophyll and photosynthesis.

2. The animal kingdom is characterlzed by heterotrophic
metabolism according to the type of ingestion the sources of
nutrit;on;

3. The fungal kingdom is characterized by heterotrophic
metabolism effected by adsorption.

Fungl display features of both the animsl erd the plant
icingdoma, Their affinity with animals is based on the nature of
nitrogen and carbohydrate metabolism, the presence of chitin in
the cell membranes of the mejority of fungi, Their affinity with
the plants 1s based on the character of nutrition -— sbsorption
(not ingestiomn) of food, and splcal growth,

Before going over to an examination of the principles on
which the systematice of toxinocgenic fungi is based, let us dwell
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briefly on thelr morphological features.

Fungi ~ Orgenisms Devoid of Chlorophyll

In most fungi the vegetative body (thallus) consicts of a
network of hyphae, which make up the mycelium, and only in some
of them, it conslsts of a single cell. The hypha, the main mor-
phologlcal structure of the majority of fungi, represents a fi-
lamentous form surrounded by & membrane characterized by apical
growth and ramification. Continucusly deposited beneath the
growing terminus is the membrane of a new cell. A system of in-
tertwining hyphae makes up the mycelium, which is alao one of
the charscteristic morphological features of the majority of
fungi,

The fungal hyphae, of which the mycelium is forued, has a
vast surface through which nutritive substances are absorbed by
ogmosis from solutions, The hyphae of some fungi are divided by
trangverse septa, whereas the hypha of other mycelian fungi has
no transverse septa and in this case the ramified system con=
slats of a single cell.

The hyphae are covered with a rigid membrane, 80 to 90 per
w0t of which is usually made up of nitrogen~containing and
nitrogen~free polysaccharides - chitin, chitosan, carbohydrates,
glucaronic acid; low quéntities of proteins - lipids and poly-
phosphates are alsc present. In most fungl the main component
of the cell membrane are chitin and chitosans,end in comycetes
- cellulose.

The ocomposition of the cell membrane in individusl fungal
teaxons is diverse, depending on the conditions of cultivation,
the age of the organism, its taxonomic position. Microfibrils
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of chitin and cellulose ugually form the skeleton, with the
built - in numercus cother components of the cell membrane. Si-
tuated beneath the cell membrane is the c¢ytoplasmic membrane
which surrcunds the inmer part of the cell -~ the protoplast.

The cytoplasm of a fungal cell containg2 structural prote=
ins and not bound with organelles enzyme-cells, amino acids,
carbohydrates, lipids, and other elements, The maln organelles
of a fungal cell are the mitochondria — the energy centers (ba-
sically similar to the mitochondria of higher plants), lysosomn—
es; vacuoles, containing reserve substances - wvelutin, lipids,
glycogen, and also fats (mainly unsaturated fatty acids); there
is no starch.

The fungal cell contains from one to several nuclel having
a dual membrane, a nucleolus and chromosomes; the structure of
the fungal nucleus places fungl among eukaryotic organisms,

In yeasts and yeast-like fungi there are no true hyphee,
their vegetative body consists of mononuclear cells; reproduc—
tion is by division or budding or by both methods, In the more
simply organized fungi the vegetatlive body is a clump of proto-
plasm devoid of a membrane or a-cell with a membrane and hypha-
like processes. Upon maturation the entire cell turms into one
or several moblle productive organs - zoospores, This type of
vegetative bedy, in distinction from eukaryotic, is celled holo-
karyotic, and is characterized by a marked differentiation of
the vegetative and reproductive mycelium.

Variations of hyphal growth are known, such as the form=-
ation of chlamydospores, cells with a thickened memlhrans, strands,
rhizomorphs, sclerotis, appressorie, and others, which compli~
cate the morphologicael structure or help te withstand unfsvour-
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sble conditions.

During cultivebtion, either on hard or fluid nutrient medis,
the fungal myceliuwm grows in colonies, with radial growth of the
germinated spores and branching mycelium; When immersed in a
subgtrate the mycelium is called substrate, when growing abovs
the substrate - aerial. _

Fungl sre known to have mexusl, asexual and vegetative re-
production, The typlcal organ of reproduction is the spora; form~
¢d on the branches of the mycelium, within or outside speciel
structures -~ fruit bodies, The spbres of fungi, including toxiw
nogenic onesg, play an important role in their dissemination and
invasion of various subsirates. As a rule, they are formed in
the air. The number of spores produced by various species on the
fruit~bearing organ of one or.another type veries widely, from
just o few to tens and hundreds of thousands. The duration of
the spore-producing period also differs. In most fungl the spo~
Tes are immobile, while being mobile in the more primitive forms,
The morphology of the spores and the mode of their production,
the structure of the fungi frult-bearing organs is one of the
leading criteria in thelir systematiocs. In many fungl one observ-
es the formation of false tissue of which the fruit bodies,
sclerctia snd other structures consiet. This tlssue is formed
by & more or less demse interweaving of hyphae and it is called
a pseudoparenchyma or plectenchyma,

Bome fungi display transformationms of the mycelium: strands,
rhigomorphs, sclerctia.

¥ith vegetative reproduction even small particles of hyphae
with at least one intact cell, are easily regenerated spnd con-
tinue to grw, even under unfavourable conditions, This mode of
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reproduction is rather wldespread in many fungi under natural
conditions's Fragments of mycelium with small particles of il
attached may be carried by the wind, and, upeon 1anci1ng on &n
sppropriate subatrate under favourable conditions, may atart a
new organiem, Budding mycelia during growth disintegrate into
individual cells which, in turn, keep budding (e.g,, in Fndomy-
cetales). In a mycelium with typlcal hyphae one may alm occa-
sionally observe disintegration from the tip of the hyphas into
individual cells, more frequently ¢f egg or longitudinal-ellip-
tical shape, called oidis, Given favoursble conditions, every
cidium may start a new fungus‘.'

Spores of asexual reproductive may be of endogenous and
exogenous or:l.gin'-. An indefinite, mostly a large number of the
former are produced within the more or less swollen and roundiah
cells —~ sgporengla, The spores formed in the sporangia, having a
membrane but devold of organs of locomotion, sre called sporsn-
glospores. The sporangia are formed on gpecial dlfferentiated
branches of the mycelium - gporangiophores, from which they are
separated by a aeptlﬁ.

Asexual reproductive spores of exogenic origin ars cmlled
conidia, They are produced on more or less separate bramches of
hyphae - conidlophores, and sometimes on the serrated prominenc-
en of the hyphae. Young conidia usually appesr es a amall swell-
ing which is then separated by a septum from the conidiophore
and, continuing 1ts growth, sssumes the shape characteristic of
the conidia of the givem fungal species, sometimes being divid-
od by septa into several cells. Conidia are rather diverse in
shape, They may be unicellular or divided by ome or seversl trans-
verse, and sometimes also longitudinal septa; they are colomr—
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less or of different tinta.

The conidiaphores may be simple or ramified. The ramifi-
cations of the conidiophores and modes of conidium production
vary and are typlcal of one or another fungal species. Conidia
are usually formed at the apex of a conidiophore or its ramifi-
cations. They may be joined into bundles, into so-called core—
mia, gathered in a continuous layer on the plectenchymatous net-~
work of hyphae as a kind of sporodochium, or within the fruit
bodies, in pycnia or pseudopycnia.

All the above—desoribed modes of fungal reproduction are
agexual ones. The ways of sexual fungal reproduction are also
quite diverse. Fertilization results in the production of spor-
es, usually resting ones, In ocomycetes fertilizasion -+ .ur in
the appearzrce of oospores,,;n zygomycetes ~ of zygospores.

The spores developing as a result of sexual reproduction
in cup fungi are called ascospores. The ascospores appear endo-—
genously in the matermal celil, the ascus.

In distinction from ascus spores, basidiospores form on BO—
called basidia. Baspidiospores are an attribute of the class of
basidial fungi, They are mostly formed on the serrated process-
es of the basidia - sterigmata (one on each), four on each, more
peldom two, but in some specles of the basidiomycetes there are
one, three, eight and more on a single basidium.

In the hipgher basidiomycetes the basidia form a hymenial
layer on or within the fruit bodies which have varied structur-
@B,

The basidiospores are always unicellular, colourless or
differently tinted,

During cultivation, particularly on dense media, the fung-
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al colonles of some species differ morphologically, and this is
of dlegnostic significance. Their growth in a multispore cult-
ure (or upon the incculation of mycelian fragments @d conidia)
proceeds radially. The colonies are smooth, radial or rugose,
spreading widely over the substrate (i.e,, with intensive linear
growth),  or the growth is restricted, with copious or slight-
ly developed fluffy, powdery, felt-like, velvety or leathery
aeriel mycelium.

The colonies are further distingulshed by the arrangement
and colouring of the sporophore, aerial mycelium and nutritive
medium;; When cultivated on special media in colonies, saprophyte
or facultative parasitic fungi usually form typical organs of
reproduction, parasitic fungi - frequently colonies consisting
of a transformed, membrenous or leathery, strongly Tugose myce-
lium, often of limited growth.

Some kinds of Mucor fungl of the zygomycetes class have
pathogenic properties and cause mycoses of the lungs and other
organs in man and animals,

These fungi have a well-developed mycelium, usually non-—
septate. Not infrequently the mycelium sends forth stolons and
rhizolds by which the fungus attaches itself to the substrate,
fhe sexual and asexual reproduction known for the majority of
species 18 not of the same blological value. Asexual reproduce
tion is more coplous, which determines the dissemination of the
fungus and 1ts ilnvasion of food snd other products on which they
are widespread., After the fupion of the mycellum of two different
sex signs a pexual reproductive spore . a zygote is produaced,
which has & dense megbrane and is capeble of withstanding un—
favourable factors; after a certain period of rest it begins to

1-4
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grow by mesns of the so-called germinal sporangium, The spores
preduced in the germinal sporangium, when growing, give rise to
a myceliovm formed on which are sporangia - organs of asexual
reproduction, containing a great number of sporangiospores wi-
thin, When released from the sporangium upon the disaclution of
its membrane, sporanglospores are capable of instant growth on
a favourable substrate (usually on food or fodder) putting the
beginning to a new mycelium by vegetative development.

The class of cup fungl (Ascomycetes) belongs to one of the
numarous taxons. Nearly 30,000 species of this class, varied in
structure, habitat and mode of existence, include yeasts, truff—
leg and Mr;rc.hella fungi., A characteristic feature 1s sexual re-
production which results in the formation of ascl, usually con-
taining 8 spores. The ssci are.produced right from the zygote
or on ascogenic hyphae developlng from the zygote - singly, in
groups, or in various qure-baa.ring structures -~ cleistothecia;
apothecia, perithecia. )

The mycelium is haploid, usually well developed, septate,
Asexual reproduction usually plays an important role in the de-
velopment cycle} it is rather varied and frequently coacerns
individual species of the Deuteromycetes class,

SBuch cup fungi as the ergot (Claviceps purpuresa) and (c1,
paspalum) produce toxins and cause diseases in man and animals,
known under the nsmes of Claviceps toxicoses, or ergotism,

During the developmental c¢ycle of these fungi the growing
ascoppore forms a ramified mycelium from which a conldial stage
enmerges, called sphacells. The sphacelial conidia, getting into
the ovary in the ears of ceresls (most frequently rye and millet)
grow into a mycelium and, instead of the grain, produce a scle-
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rotium (ergot), from which a stroma 1s formed, inside which the
sexual process takes place, ascl appear in speclal fruit bodies
- perithecia, containing 8 filamentous ascospores each,. When
released the latter sre disseminated and get onte a subatrate
where they growi the c¢ycle ls resumed. The sclerotlum stage 1s
toxie, since they contain toxins - derivatlives of lysergic acid
and clavines. They parasitize on many varieties of cultivated
and wild-growing cereels (particularly pasture grasses). The
number of sclerctia in a single inflorescence variea from 20 to
7?0, depending on the weather and degree of toxicityﬁ

It is distributed 1n Furope (apart from the northern areas
of the Scandinavian Peninsula and the Far North of the Buropean
part of the USSR), in Asla and North America, some areas of
Australia and South %merica. At present it 1s especlially hazard-
ous when affecting fodder grasses.

The greatest number of toxinogenic fungl belong to the
Deuteromycetes clase (imperfect fungl), which are characterized
by the absence of the typical sexual process and raproducs main-—
1y by asexual reproductive spores - conidia, The conidiophore
apparatus of the majority of fungi in this class consists of
more or less specialized mycelian brénches - e¢onldiphores, on
which numercus conidla are formed by different spores, whlch
facilitates the considerable dissemination of these fungl on
various food and fodder substrates.

The fungl of this class usually have a well-developed sep~
tate aerial and underground myceliuli The total number of gpecl-
es in this class comes to 15,000, Many of them are pathogens of
digeases in plants, men and animsls, and are slsc af importance
in mature and practice. We follow with a description of some



- 10 =

speclies of toxmogenlc deuteromycetes,

Genus Penicilijium Idin

The mycelium is colourless or lightly tinted, scmetimes
darkening with age. The condiophores are colourless, usually
with transverse septa, upright or rising, deflecting from the
hyphae of the substrate or aerial myceliunf. Branching at the
apex or only at the top, forming a raceme, The racemes differ
according to the type of branching: symmetrical or asymmetricali
One-tier racemes (single-verticillate) consist of one sterigms-
tic verticil, situated at the apex of a conidiophore, which
sometimes slightly expands right under the vertieil, Two-tier
racemes (double-verticillate) consist of sterigmatic verticils
gltuated on the cylindrical branches — metulas, also arranged
in a verticil at the top of the conidiophore stalk,

Asymmetric racemules are those in which the metulas?! verti-
cils are arranged at the aplces of asymmetrically rising tranch—
o8 of the conidiophore {usually one central and laterd ), The
one-cell conldia are formed in basipetal chains, mostly more or
less spherical, more seldom ovate or elliptical, smooth, some~
times rough or verrucous, in mass more or less lightly tinted;
seldom white. Some species are known to have ascogenous ones in
the form of emall clelstothecia, 1n a somewhat greater number -
aclerotial,

The specles of this genus are widespread in nature, usual-

1y on foodstuffs, raw fodder and other substrates.

Penicillium Urticae Bainier
Oclonies with limited growth on Czapek's agar reaching 2-
2,5 em in diameter on the 12th-14th day at room temperature,
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radially furrowed; in most straina with a scalloped margin and
the central zone frequently greatly elevated, 0.5 to 1 mm thick
in the marginal zone, up to 2-3 mm in the center, with a clear~
ly granular surface; most strains have clearcut coremia, at
least in the marginel zone, with cepious and continuous produo-;
tion of spores; y‘eyiéh-green in colouri in some atraina the
spore production is less copious (in part downy), pale-bluish=
grey. The oolonies of strains with an ebundout spore-production
are dark greon with greenish-grey shades., Their reverse side is
at first dull—yellow and then from orange-brown to red~brownj
the agar is tinted around the marging of the colenles; no exu-—
date 1is excreted; but if it does form - then in large quantities:
light, immersed in the colony; in some strains there is a strong
sromatic smell, others are odourless, Conidiophores ars arranged
partially in coremia, partially singly, tortuous and smooth, The
racemulies are slightly spread apm', branching, with elements
bearing conidia rising from different nodules, with branchlets,
spread apart, with secondary branchlets from the metula, usually
in groups of two to four; the sterigmata are nhort; orowied in
verticilae, usually 8-10C in eachj the conidia are slliptical or
spberical, with a thin, amooth meabrane, in columellal more or
less aprezd apart, They produce the toxin patulin and invade many
foodstulffs and fodder,

Genug Aspergillug Mich
The mycelium is white, lightly tinted in some cases slight-

1y brown, vccasionally forming spherical or hemispherical scle~
rotia made up of thick-walled cells. The conidiophores are simple,
the apex with a conical or pyriform, hemispherical or spherical
swelling bearing sterigmata. The sterigmata are srranged redial-

42
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ly to the surface of the swelling (in 1te upper part) and rise
parallel to the axis of the conidiophore, simpls or in two tiers,
i1.0., forming on the apex of the basal sterigma two or several
aterigmata of the second tier. The conidia ars unicellular, in
simple, not brenching chains on the apex of each sterigma, mak=-
ing up the radial head, or adhering in the shape of a ecolumny
spherical, ovate or elliptical, smooth, rough or echinulate,
colourlesa or differently coloured. The cleistothecin are thin-
walled, usually lightly tinted, forming rounded or‘elliptical
asci with ascospores (known in & few species only)., The ascos-—
pores arTe more or less disc—shaped, usually with a more or less

distincet furrow, or also surrounded by crests or a membrane.

Agpergiilus Fumigatus Fres
Colonies on Ozapek's agar spread widely over the substrate;

their appearance varies from velvety to douply fascioculate or
loosely fluffy; at first white, as conidial heads form, they
turn greem, but with time the tint changes to lily~-green or

even beaver-grey; the reverse and substrate in some strains are
colourless, in others they are tinted yellow, green or even
bromn-red, Conidial heads in the colonies are compact, frequent-
1y depsely packed, In different strains their sizes vary from
400 to 500 microns, but usually they are much shorter, sometimes
very small. Conidiophores are short, smooth, up to 300 microns
long, usually more or less green, particularly in the upper
part; they grow directly from lmmersed hyphae or as short
branching aerial hyphae, They gradually elongate, changing into
aplcal flesgk-like swellings 20-30 microns in diameter (frequent-
1y of the same colour as the conidiophoras)ﬁ They are usually
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spore producing only in the upper half the sterigmata are
arranged in a single row, tinted, packed, with axes not striot=
1y perallel to the axie of the conidiophore, In their mams the
conldia are green, echinulate;. rounded to hemi@hericnl; usuale
1y 2,53 microns in diameter,

Grows well at temperatures up to 45-—5500, ia one of the
moat common microorgenisms growing in composts and other organie

materials and reproducing at high temperatures.

Aspergillus Flavus Link
Colonies on Czapek's agar are distinguished for apeedy

growth, reaching from 3 to 6-7 centimeters in dlsmeter om the
40th day. The mycelium is usually fine but densely entwincd,
which in some strains forms an immersed margin (1+1.5 cm); ra~
disl or cersbriferm colonies occur,

8pore production in most streins is cepiocus, rising right
from the mycelium; young oconidial heads freguently have yellow
shades changing with age into dark yellow-green, The reverse
of the colonies is colourless or pinkish-dull=yellowinly 1«
rcveree of gtrains with coplous aclerotia formation is dark red
to brown, Exudates are usually not conspicucus, but in isolates
producing sclerotia they are red-brown. There is no odour, but:
if any, it is uopleasant. Many strains occasionally produce
sclerotie, particelarly in fresh ilsolates, the predominent type
of colony is variable in shape, size snd colour; moetly circular
or semicircular, from white, red-brown to black, usually sbout
400-700 microns, more seldom up to one mm is dlameter, The co-
nidiophores (conidial heads) are typically redial, indistinctly
divided into colmms, up fo 500600 microns in dissster, mostly
00-400 sicrons, with smll hesds (from 50 to 300 nicromns)y co~

1.7
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nidiophores have a dense membrane, are colourlese, very roush-,
ueuslly shorter than 1 mm, but in some straine (particularly,
in cultures kept for long under laboratory conditiona) = from
2.0 to 2,5 mm long, immoliately under the swelling = withinm 10
microns; the swellings, elongated in young cultures, later semi-
eircular or circular, are 10~G5 microns in diameter, mostly 25=
45 microns; sterigmata are arranged in one or two rows on the -
normal swellings; one head seldom contains sterigmata of both
types. Single-tier sterigmata, as a rule, are formed on small
swellings; the conlidis-producing apices are Usually vesicular;
conidia of this type are clrcular or semicireular, distinctly
echinnlate, varying from 3.0 t0 6,0 microns in diameter; they
produce aflatoxin,

genus Btachybotrys Corda
Ramified conidiophores, brown or nearly colourless, with
cylindrical or clavate sterigmata at the apex, Pused at the base,
wlth vertidillate arrangement. The conidia are unicellular,
spherical or elongated, smooth or echinulate-verrucose, dark

coloured, The mycelium is dark—coloured,

SAPROPHYTES
Btachybotrys Alternang Bon

At first the mycelium 1s pale—olive, simetimes nearly cow
lourless, later olive~brown, The spore-producing hyphae for the
most part have sympodial branching, The conidiophores are pale—
olive, then olive-brown, darker at the top, 4#0-90 X 3,5-5 mic-
rons, at the apex with a bundle of sterigmata. The sterigmata
appear 5-8 (9), seven in a bundle, elo:_:gated—oborva‘co; 1012 x
4-5.,5 microns, fused at the base. The conidia are at first pale-
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olive, smooth, later darkening, finely-echinulate~verrucoass,
then verrucose, elongated-ovate—elliptical or nearly cylindrical,
6.9~14 (17) x 37,7, or umally 7.7~11.5 x 4,5=7.2 microns, Ma-
ture oconidia are black, opaque, vorulose, globose-elliptical or
globose, Each sterigma forme 3~7 (10} conidia gsthered in a( head
on a sterigmal bundls, Develops on oelll}lose-rich vegetable sub-
strates, in scoll, on straw, moiet paper. Qocurs in Western Euro-
pe and in the Buropean part of the USBR.

Genue Dendrodochium Bon
The aporodichia are cushlon-ghaped or verrucose, of diffe-
rent size and shape, white or lightly tinted, without setae, The '

conidiophores are with nearly verticillate arrangement, or have
trimerous branching, coclourless, densely packed, forming a con=-
tinuous layer. The conidia are terminal, ovete or elongated,
colourless or lightly tinted, unicellular.

Dendrodochium Toxjgum Pidoplet Bil
The mycelium is white, its hyphec -+ microns thick, The

sporodochia are more or less globose or irregular, superricial;
moatly O.2=1 mm in diameter, at first with a white, downy my-
¢elial mergin, with olive-black or black layer of oogidia; which
become glistening upon drying up, and sometimes fuge, The conidi-

ophores are densely packed on the plectenchymatous network of
hyphae with an irregular or dendrifom branching, up to 3 mic-
rons thick, with terminal branches, 12~40 x 1,5-2 microns, ususl-
1y in verticillate arrengement. The conidia are elongated—ellip-
tical, acuminete at both tips, 6.5-8 X 2.75~3.5 microms, pale=
greenish, nearly colourless, in mass — dark-green or dark-~olive—

green,
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Optimal growth temperature is around 25°C, but 8 rather
intensive growth occurs also wlithin the range of 7 to 3500'. In-
tensively destroys cellulose. (m a wort agar the first to deve=
lop is an sbundant white mycelitm on which a great number of
sporodochis goon make thelir appearance, Great quantities of the
latter are alsp formed on molst straw or chaff, but this requir~
es sufficient humidity and a temperature close to optimaly at
lower bompez;atures_and lower gtraw humidity it develeps in the
myosllan stage cnl.;f.

Genug Fusarium Link

Predominant are fusiform-falcate, fusiform, less frequent
< fusiform-lanceolate microconidia, tapering towards both tips,
with a more or lees distinct stalk or papilla at the base, more
seldom devold of a stalk, with a terminal cell (short, conical,
key~shaped, sometimes with a more or less rounded or e].ongated';
graduslly or abruptly narrowing, oc¢casionally filementous, usuel-~
ly with 3-5, more geldom with & greater or lesser number of sep~-
ta), They develop in an aerial mycelium on more or less differen-
tiated simple or ramified oonidiophores, sometimes on serrated
hyphal processes, not infrequently as a continuous layer on the
stroma in the sporodochia or in the plomnotes - accumulations
of mucus on the hyphal networks, or immedlately on the substrate;
in mess - they are of varied light colouring.

Emall oconidia (microconidia) are formed in the mycellum
singly, in false heads or chains, on more or less distinct,
sixple or remified oonidiocphores; oval, ovate, elongated, more
seldom nearly sphericsdl (the latter are freguently observed at
an older age), pyriform, clavata, fusiform, one—two-cell in may
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gpecles are usually more abundant than macroconidial

In addition to the typical microconidia, the cultures of
some species; along with macroconidia, give rise to amall conidia
of a transitionel type with three septat

Chlamydospores in the hyphae appear single, in chains or
nodules, intvercalary or terminal, sometimes also in mecroconidia;
golourleps or tinted different shades of yellow-brown.

On culture media the mycelium is white, white-pinkish, red,
1light-oream, straw-yellow, greyigh-lllao-purple or brownish. The
gtroma is mainly of an ochre, pinkish, bdleocd-red or light-cream
colour; straw-brown, carmine-pink, wina-purpls, brown; more gel-
dom blue~black or untinted., In some cases white, yellow, browm

or blue sclerotia are produced,

Fusarium Sporotrichiella Bil

Microconidia are formed in an aerial mycelium, more seldom
in the sporodochia and plonnotesi fusiform~falcate, with gradu~
ally tepering non-elongated terminal cell and a more or less
distinct stalk, sometimes in the shape of a papllla) they appear
in the sperodochia usually with gepte, 26-48 x 3;6-5 nloronsy
those produced in the aerial mycellum usually have three septa,
17-28 x 2.8-4,5 microns,

The microconidias are pyri.fom—lgmon—ehaped (3‘.@—12’.5 x 3.8
~5.6 microng) or clavate (9‘;545 x 3".8-6".5 microns), Produced
on gimple or ramified conidiophores; singly or in small chainsj
upon ageing the cultures assume & more or less spherical shape.
Oval-cylindrical microconidis, unicellular or with a single sep~
tum, 5.7~17 x 23,5 microns, The quentitative ratio of conidial
types in different forms is net the same, The asrial mycelium
is fast-growing, tell; upon spore productiom it becomes powders,
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white, white-pinkish or red in colour, The stroma on a Gextrose=
~potate or wort agar is blood-red; ochre~yellow~brownish of dif-
ferent shades, more seldom colourless, Chlamydospores are pro-
duced in the substrate mycelium and macroconidia = upon the cul-
ture ageing.

‘Develop on differemt plante, in the cariopsis of cereals,
fruite, vegetables, some insects and fungi in the soili

It is ubiquitous.

In the process of metabolism they produce substances which
hre toxie to animals and plant organisms. Some forms are pathos~
genlc to plants, The grains of cereals affected by this fungus
which happened to be used for food have caused the disease call~
ed alimentary toxie aleukia’

Fugarjum Graminearum Schwabe
Macrooconidia in sporodochia, plonnotes, in the aerial my-

celium, elliptically curved, with a gra-
dually and uniformly nsrrowing, conlcal, somewhat elongated api-
cal cell, with a distinct stalk at the base, usually with flve
gepta; in mase it 1s whitighepink, goldem—yellow, carmine-purple,
with three septa « 25-66 x 3-6 microns, with five septa - 35-75
x 2.6 microns, with six septa = 50~75 x 4~6 microns. The aerial
nyceliom i well developed, fluffy, floccose-downy, white, white-
pink, blood-red, The stroms is red—ochre—yellow, dark-greai;
ochre~olive, The sclerctia are pink to dark-red, not intreauent-
1y absent., The chlamydospores in the mycelium are not copious,
interocalary, froﬁuantly absent,

Occurs mostly as a parasite of cereals on the caryopses
{"arunken hroad'j, ears, stalks, roots, and also on some wild-
gro-iné cereals, sometimes on plants belonging to other families,
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and ir so0il. Encountered in all Parts of the world. Produces
toxins with an estrogenic effect,

" The ecological mspects of mycotoxicoses were studled by ma-
ny authors in our country and abroad, In this connection one
ahould primarily point to the competitive capaclity of a number
of toxinogenic fungl to grow and produce toxic metabolltes at
low or higher temperatures. Fusarium sporotrichiella, which has
demonstrated a higher toxin content when cultivated at tempera-
tures of 12-18°C as compared to 26-14°0 can serve as an exampleﬂ
On the other hand, in case of toxinogenic species of the genus
aspergillus, for instance, A, flavus preeminently affecting fod-
ders in the southern zones, it is advisable to study the toxin~
producing processes by cultivating them at higher temperatures
as well. The geographic distribution of toxinogenic fungal spe-—
cles is largely associated with the dlstribution of the vegetab-
le substrates affected, The substrate-related occurrence of to-
xinogenic species 1s not narrow, yet it can be pointed out that,
for example, Stachbotrys alternans Dendrodochium toxicum pree—
minently affects coarse fodders (straw, cereals, hay); Fusarium
sporotrichliella ~ grain cereals, particularly when stored under
unfavourable eonditione, Aspergillus flavus - cereal crops;
whereas in the regions where groundnuts are cultivated A, fumi-
getus affects all kinds of combined fodders, particularly at
inereased temperatures of cu1t1VBfinn; though these and other
species are caﬁable of growing on other substrates as well,

Being organisme devold of c¢hlorophyll, fungl may use for
carbon nutrition most diverse, at times rather complei, compounds,
not infrequently causing speclific transformations in their mole-
cules. According to late literature data, some fungal species
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use as sources of nutrition carbonic eompounds which make up
part of virtually all classes of organic substances: carbohyd-
rates, alcohols, sugars and organic aclds, proteins, amino acida;
peptiden, aromatic compounds, glucosides, hydrocarbons, etc
Bources of nitrogen nutrition may be proteins, peptides, amino
acids, nitrate, and in some cases nitrite or ammoniacal nitro-
gen {in the form of different ammonium salts), as well as ammo-
nia, There are reports that gome fungsl species are capable of
gsing elemental nitrogen, No less extensive is the ampliitude of
mycelial fungi adaptability to other environmental factors, most
important of which are humidity, temperature and availability of
DXyEeN s

Reeding some ready organic substance, the fungi find 1¢
in the living plents and animals, parasitizing on them or deve~
loping in diverse organic substances of animal or vegetable ori-
gin, including food products and foodstuffs.

The sources of the masgs dissemination of toxinogenic fungl,
oausing flare-ups of diseases among buman or farm—animal pepula-
tiong, are the substrates they affect, foodstuffs and raw fod~
der, A considerable part of microscopic fungi, at times includ-
ing toxinogenic omes, are found on the surface of vegetating
plants, dry remnants of weeds or wild-growing plants, where they
make up the complex of so~called "epiphytic" microflora. Typical
representatives o "epiphytic” microflora damage plants and
grain not during vegetation, but in the peried of harvesting ad
particularly during sterage at increased humidity,

Of eritical impartance for the contamination of grain and
soarse fodders is thelr moisture content. Understood as criti-

cal humidity is nuch a moisture content in a substrate, when
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free water appears, steeply enhancing the activity of oxidative
and hydrolytic enzymes snd cresbing conditions for grain inva-—
sion by microorganisms. Maximum critical humidity values for
the grain of wheat, rice and barley - 14,5-15%; for the grain
of maize and millet — 3—14 and 12-13% respectivelyj for low—oil
sunflower seeds - 10=11%, high-oil seeds 6~9% and flax geeds -
8-9%, Egquilibrium humidlty is created as a result of sorption
by the seeds of water vapour under conditions of increassed rela-
tive air humidity (B0-90% and higher)}.

As regards temperature, fungi are divided into the follow-
ing groups:

1. Mesophilic, growing with in the range of 3 to 37-38°C,
the optimal temperature beling 18-27°0, This group includes the
predominant number of fungl specles affecting grain and coarse
fodders, Bome of them, though slowly, may grow even at ~3 and
5%, fThe optimal temperature for other fungi is 16—1800 and,
vhen the cereals and the straw are harvested late, they are af-
fected I1n considersble degreei

2. Thermotolerant, capable of growing at temperatures of
40 to 50°C and even higher, but also well growing at temperatures
sultable for mescphilie fungi; the optimal temperature for
their growth 18 usually higher than that of the latter,being in
the ovgrwhelming majority of cases above 30°C.

3, Thermiphilic fungi, unable to grow at a temperature which
is optimal for‘mesophilic fungi, and growing at temperatures of
40-60 and up to 80°C; the optimal temperature for their growth
is about 40~45°C. The group is the least numerous.,

Grain and fodder humidity values are closely correlated with
temperature. Norms and regulations for lasting and short-term
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storage of grain sre drawn up, as a rule, with account of humi-
dity and temperature conditions,

In connection with these or other c¢limatic features the
problem arises of grain storage and its protection against mould-
ing. In zonee with c¢old and moist harvesting pericds the main
concern 1s the drying of the harvested grain, in zones with a
warn and dry harvesting period priority goea to the problem of
airihg and the prevention of self-warming of grain,

.The degree of the grainf®s maturity, of its intactness the
composlition of the motley grasses in hay, the presence of weeds
in straw also affects the vulnerability to fungi, including to-
®lcogenic ones. It has been established, for example, that small
and feeble grains withold more moisture and are more susceptible
to fungal attack than large and well-~filled graina, The graln
with damaged hell 1s less resistant to fungal penetration and
affection,.

The humidity range within which spore production takes pla-
ce 1s usually much narrower than that which 1s conducive to my-
celium growth,

The most optimal relative air humidity for the majority of
fungal gpeciea 1s within 90-100 end uvsuslly epproaches 100%.
However, a number of xerophillc species may grow az_:d rroduce spo-
res at & much Jlower air humidity - 80 and even 75%.

It may be assumed that the most dangerous storage periods
for grain snd coarse fodder with increased hur dity are the
geasona when ambient aiy teaperature rises above 0°C, i.e., in
summer and autumm. During harvesting of bread cereals, the tem~
peratures are so favourable for the development of fungi that
at an increased humidity they might succumb to comsidersble fum



-23 =
gal contamination within the matter of a few days, which not
only would considerable reduce the quality of these products;
but ecould impart toxic properties to them. I the lower tempera=-
tures of winter and spring, the processes of fungal invasion of
fodders with higher humidity are naturally slowed down as compar-—
ed to the summer months, but their intensity is still high. One
sliould also point out the competitive capacity of a number of
toxinogenie fungi to grow and produce toxic metabolites at low-~
er temperatures. This is true, first of all, of Pusarjum sporo-
trichiella, which has de.onstrated a higher toxin content when
cultivated at the tenperature of 12 to 1800. as compared to that
of 26-24°C. On the other hand, in the case of toxinogenic fungi
of the genus Aspergillus (for example, A. Flavus), which pree-
minently affects fedder grains in the more southern zoneg, it
is advisable to study the processes of toxin production during
their cultivation at hipgher temperatures as well. The geographic
distribution of toxinogenic fungal species is probably commected
te 8 with the dlstribution of the plants subject
to alfection, rather than with the climatic features of the geog-—
raphic zones concerned. The substrate-related properties of to-
¥inogenie fungal species are net narrow, yet one may, neverthe-
legs, indicate that, for example, Staehibotrys alternans, Dend-
rodochium toxicum predeominantly affect coarse fodders (atraw,
cereals, hay), Pusarium sporotrichiella - the grain of food ce-
real s, particuiarly vhen stored under unfavoursble conditions,
Aspergillus flavus - the grain and beam, cultures and in the
localitieg of its cultivation - groundnuts, Aspergilius fumiga-~
tus = various kinds of combined fodders, partieularly at increas-

ed teuperatures of cultivation, though these and other species
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are capable of growing on other substrates as well,

‘A characteristiec property of toxinogenic fungi is the forma—
tiom ' during the metaboliec process of a complex ¢lose in chemical
structure. to compounds possessing dlfferent degrees of toxicity
and producing a pathologlec effect.

‘One of the substantial mycologlical aspects of fungal toxi-~
coses is the need for mccurate characterization of the iszolates
of toxinogenic fungal species not only by the degree of their
toxicity (atoxle, mildly toxie, toxie, very toxic), dut alm by
,1.:ha toxle components, both in natursl isolates, and under defi-
nite conditions of cultlvation in diffgrent ecogeographical zo-
nes. At present these data are lacking, Beanwhiie, they could
be uged to explain a number of matters connected with processes
of toxic race formation within the limits of a specles, the epi-
demielogy of mycotoxicoses, the manifestations of their diverse
pathologic effecta, etc.

When studying toxinogenic processes in natural isolates
during the natural invasion of fodders or foodstuffs and during
their cultivation, the establishement of the composition of the
intraspecific population according to their pathogenic properti-
es may also provide valuable data not only concerning purely my—
oological, bnt also epldemiclogical lines.

Closely linked with the ecology of toxinogenic fungi are
probleas of %oxin transformations in the natural habitats and
under competitive experimental oconditions. As : ntioned above,
duringoths oultiwvation of many species of toxinogemnic fungi, with
the advanos of time, thare is either a considerable reduction
in the ocontent of intra- and extracellular toxins or they become
indeteotabls, In this case they undergo metabolic inactivation
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by the enzymatic systems of the producer fungus. Revealing these

enzymatic systems, and of the mechanism of transforming toxins

into atoxic metabélites 1is not only of considerabls theoretical

interest, but may prove of practical importance. Alsoc known are

some cultivating conditions for toxinogenic fungal speciss which

are not accompanied by the biosynthesis of mycotoxina. This,

however, will be the subject of speclal lectures,

1.
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