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In world literature we often meet works in the field of biochemistry
of soils and ecological microbiology, informing of the appearance of the
pathological phenomenon in the soils agriculturally exploited, decreasing
the fertility of soils kmown in the agricultural practice under the name
of soil-sickness [3-9, 11, 12].

The results of FAO data show that soil-sickmess causes heavy losses
in the vegetable production of the globe (Table 1). It has been agreed
that on more than 4400 million standard ha utilised agriculturally (arable
land, meadows and pastures), there is a yearly loss of yields in an amount
of about 25% (in relation to general biological losses) caused just by
soil-sickness this is so large a loss that it seriously threatens the per-
spective plans of supplying the worlds 3,6 million people with food
(according to FAO, 1970).

The above mentioned fact of soil-sickness which is a result of breaking
the biological balance in nature by man is potentielly the largest damger
threatening contemporary world agriculture [11, 12, 14].

At the present time of chemicalisation of agriculture (the wholesale
applying of pesticides and so on, of the facilities of plant protection as
well as controllers of plant growth and many other phytochemithera-
peutical preparations) and at the intensification of agriculture (among
other things, using large amounts of mnitrogen fertilizers, especially at
non-observing biological foundations of the succession of plants in ro-
tational structures; the increase of the level of mechanization in agri-
culture and so on) the necessity arises for recognizing the influence of
the above mentioned factors upon the biology of soils and the biological
productivity of agrocenose and other ecosystems, found in the immediate
range of the economic activity of man.
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Table 1
Losses in vezetable production in egriculture
causad by ths soil-sickress of arable lands*
/expressed proportionally in relation to general biological damage/

EUROPE 5
Belgium 20
Czechoslovakia 18
Denrerk 24
France 22
Holland 26
German Democratic Republic 24
German Federal Republic 3
1z rairly in the growing of ‘tobacco,the family
Polend =° Papilionaceceae ‘.&'egetaﬁle and in cv.’xltivation
ot neadows
Switzerland 20
Swecden i2
LFRICA
henya . 30 nzinly in the cwltivatica of cotton, coffsz,
Tunzania 25 wegetables and other subtropical and
Uzezda 24 trepical plants
Egwe : 335
NORTH AMERICA
The United States of America 28 i
Canada 21
SOUTH AMERTICA
Argentina 18
Brazil 30

* According FAO data for 1570

Numerous examples of the annihilation of enormous cultivations
accomplished by man in such agricultural countries as Africa, Europe,
South America (Brazil), North America (The United States of America
and Canada) and also Poland-indicate the mecessity of closer cognition
of these facts threatening the natural soil habitat.

The aim of this work was the recognition of the prevalence of Fungi
with toxin-creative capabilities in the soils ©f chosen sinusion and plant
communities coming into the groups (association) of agroecosystems and
also grassy and forest ecosystems as well as in the soil habitat found
in the reach of intensive economic activity of man (with special regard
to soil-sickmess, as, for instance, clover and alfa-alfa soil-sickness, soil-
sickness in berseem and Persian clover, tobacco-soil-sickness and others)
together determining the influence of the products of their metabolism
(mycotoxins) upon the chosen soil microorganisms and soil habitat.
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METHODOLOGY OF WORK

The research work connected with the subject of the present study
was carried out in the Department of Agricultural Microbiology at the
University of Agriculture in Cracow (Poland) now known as the Institute
of Soil Science, Agricultural Chemistry and Microbiology of the Uni-
versity of Agriculture in Cracow, in the years 1960-1972. Some taxonomic
designations of fungi, as well as analytic examination in the range of
toxic substances (mycotoxins) were performed at the Microbiological
Institute of the Federal Technical University in Ziirich and at the Insti-
tute of Applied Microbiology in the Agricultural University in Vienna.

The isolation of toxin-producing fungi were selected from different
soils of chosen plant communities, entering into the composition of nat-
ure and changed by the economic activity of man (agrocenoses), grassy
and forest ecosystems situated in a specified area of Southernm Poland.
This isolation was done by the Koch’s plate cultural method using mo-
dified medium of Czapek [2, 3, 10, 13].

The estimation of the toxicity of isolated fumngi in relation to the
cheosen soil microorganisms was examined with the use to modern mi-
crobiological and biological methods [1, 2, 5, 6, 8, 11, 13]. Taxonomic
studies of isolated fungi were carried out on the grounds of realized
diagnostic-taxocnomic examination and basic taxonomic keys. (The Pe-
nicillia by Raper, Thom and Fennel, 1949; The Genus Aspergillus by
Raper, 1965; The Fungi by Wolf and Wolf, 1969; Pilze aus Agrarbdden
by Domsch and Gams, 1970).

The estimation of the contents of mycotoxins in the cultures of isolated
fungi were determined with the following methods: spectrophotometric
(Nabney and Nesbit, 1965) and the chromatographic method [1, 5, 7, 8].

I received from dr A. Campbell of the Food and Drug Institute in
Washington (USA) standards of aflatoxins and some mycotoxins as ochra-
toxins A and B,F-2 (zearalenone), penicillic acid, mycophenolic acid,
citrinin and citreoviridin—for which, at this time—I want to express
my warmest words of acknowledgement.

Other mycotoxins were received from the following chemical firms:
Calbioch., Los Angeles, Calif.; Sigma Chemical Co., St. Louis, Mo.; K. &
K. Laboratories Plainview, N.Y..—USA.

A part of the mycotoxins was determined in foreign laboratories (Inst.
of Applied Microbiology at the Agricultural University in Vienna).

THE GENERAL RESULTS OF THE STUDIES

The results from studies carried out in the years 1960-1972, disclose
that mycological examinations (ecological and synecological studies) of
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chosen, differing soil habitats from which toxin-producing fungi from
the class Fungi imperfecti were separated out, posses a large capacity in
the range of mycotoxin synthesis, substances which are biologically
active (Tables 2, 3).

The metabolites of examined soil fungi are characterized by a direct
toxic influence upon soil microorganisms (active in mitrogen and carbo-
hydrate metabolism in soil) and some cultivated plants. Moreover it
appears from the obtained results of examinations and chemical de-
signations that the toxic products of metabolism, examined in vitro Fungi,
are represented by the following groups of chemical compounds:

—aliphatic metabolites: epoxides and epoxialcanes (epoxysuccinic acid

Table 2

Isolation of mycotoxin-producing fungi
from agricultural soils in Poland

Occurence in ecosystems:
Fungus Nycotoxin .
grassy forest agrz;e._o-

Aspergillus chevalieri, Thom and | Gliotoxin snd other
Church Epipolythiadioxopipera~

zines¥* + + +
Aspergillus flavus, Link Aflatoxin + -
Aspergillus ochreceus, Wilh. Ochratoxin - - -
Aspergillus terreus, Thom. Citrinin + + +
;:g:g?illus vereicolor, /Vuill./ Sterigratocystin _ _ .
Fusarium nivaele, /Fr./Ces. Nivalenol + - .
Fusarium graminearum, Schwabe F-2 /zearalenore/*¥* + - -
Fusarium scirpi, Lamb. and Fautr.| Scirpenol + + +
Fusarium sporotrichicides, Sherb.] Sporofusarin . - - +
Penicillium brunneun, Biourge Rugulosin + - +
Penicillium citreoviride,
Biourge : Citreoviridin | + : - +
Feniciilium citrinum, Tk. | Citrinin + i - +
Penicillium cyclepium, Westling. | Cyclopiazonic acid and

penicillic ecid * + -
Penicillium islandicum, Sopp. Luteoskyrin + + +
Penicillium pudberulum, Bein. Penicillic acid and

other carcincgenic

lactones¥*¥*# + - +
Penicillium rubrum, Stol. Rubratoxin + - +
Pepicillium rugulosum, T. Rugulosin - - -
Fenicillium tardum, Thom Rugulosin - + +
Penicillium veriabile, Sopp. Aflatoxin - - +
Alternaria longipes, T.a W. Alternariol + + +
Thielaviopsis besicola, Berk.et
Br, /Ferr./ Thielaviotin - - +

Lfter:
* A.Taylor - 1971
#% C.J. Mirocha et al. -~ 1971
*#% p,Ciegler et al. - 1971
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Table 3

The influence of extracts of Thielaviopsis basicola Berk. Br.
upon the chosen soil microorganisms

Chlorophormic extract
Soil bacteria
of 14 days of 20 days
old old
mycelium culture
Microbiological method Inhibitionzone - mm
1 Arthrobacter globiformis, Conn a.Dimmick 10 8
2 Arthrobacter terregens, Lochhead a,Burton 12 10
3 Arthrobacter sp.? strain "SB" 10 10
4 Azotobacter chroococcum, Beijerinck 12 10
5 Bacillus subtilis, Cohn 10 9
6 Bacillus cereus, Frankl. 15 11
? Rhizobium leguminosarum, Frank. 10 8
8 Rhizobium meliloti, Dangeard 10 10
9 Rbizobium trifolii, Dangeard. 12 10
10 Rhizobium lupini, Eckl. 10 8
# Cultures of Bacterie mentioned in the position 1, 2, 5, 6 come from the National Coll.
of Industr. Bacteria - Aberdeen; whereas cultures mentioned in position 4, 7, 8, 9, 10 -
come from Rothamsted Expt. Agricult. Station, Harpenden /Herts./.

= 1-trans-oxidoethylene-a-f-dicarboxylic acid: tetronic acids); compounds
of the furan rings as: sterigmatocystin and 2-hydroxymethyl-furan-5-
-carboxylic acid; penicillic acid; out of the group of compounds of a-
-pyrone ring: kojic acid, patulin, citrinin and citreoviridin;

—aromatic metabolites: aflatoxins, ochratoxins, mycophenolic acid;
cyclopolic acid; tropolones (as puberulic and puberulonic acid); dianthra-
quinones (for instance: skyrin and iridoskyrin, rubroskyrin, luteoskyrin,
rugulosin); antraquinones (for instance: emodic acid); hemiquinones (for
instance: fuscin and purpurogenone);

—metabolites containing nitrogen (for instance: f-nitropropionic acid);

—metabolites containing sulphur (for instance: gliotoxin);

—rmetabolites containing chlorine (for instance: nidulin, griseofulvin)
and also

—lactones (for instance: curvularin, zearalenone).

The above mentioned metabolites of fungi (mycotoxins) are charac-
terized by large biological activity. Some of them, as for instance alfa-
toxins, belong to the strongest carcinogens of the animal world. Alfa-
toxins and the other above mentioned mycotoxins operate also as tera-
togens (teratogenetically). All of the above mentioned metabolites of the
examined soil fungi are distinguished by strong phytotoxic activity. The
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majority of examined mycotoxins (especially from the group of aromatic
metabolites) belongs to the group of strong inhibitors of the synthesis
of RNA and DNA [5, 6]. According to Fishbein, Flamm and Falk
[6], some mycotoxins (alfatoxins, ochratoxins, patulin, skyrins, rubro-
skyrins, and luetoskyrins) produced by the soil fungi, are marked also
by specific mutagens (mutagenal) activity both in regard to microorga-
nisms and also to higher organisms. The attendance of the induced mu-
tation with the help of chemical mutagens at procaryotic and eucaryotic
micrcorganisms is much higher than when using physical mutagens [6].

To a group of these compounds belong, among other, alkanes, epo-
xialcanes, lactones and also alkylating agents (for instance: epoxides,
epichlorohydrin, aldehydes). Moreover to chemical mutagens are included
also Nitrosamines, Aziridines and related derivates and the majority of
pesticides (within it also some herbicides) and miscellaneous mutagens
and thus chemical compcunds or products of their biodegradation—put
commonly into practice in agriculture and forestry.

CONCLUSIONS

On the basis of obtained results from the studies carried out in the
years 1960-1972 of mycological examinations of soils of chosen fieid
ecosystems (agrocenose), of forest and grassy ecosystems and chemical
investigations at toxic substances biologically active and their influence
at the microflora of soil habitat—we may draw the following very gen-
eral conclusions:

1. Out of different soil habitats of chosen vegetable communities
entering into the composition of examined agro-ecosystems, forest and
grassy ecosystems and also the soils situated within the direct reach of
the intensive economic activity of man 21 species of fungi, mycotoxin-
creating being dominate were separated out from the soils of examined
vegetable sinusion. It was observed that in examined arable lands—es-
pecially the so called soil-sickness of known chemical activity (pestici-
des) and biolecgical activity (mycotoxins and other biotic factors) of the
casual factors (of definite vegetable sinusion) toxin producing fungi were
found to be dominant, creating in vivo as well as in vitro biologically
toxic substances (mycotoxins).

On the other hand, in the soil habitat of examined forest ecosystems
(Fagetum carpaticum and Tilio-Carpinetum) and grassy ecosystems (Ar-
rhenatheretum elatioris and Gladiolo-Agrostidetum)—the above mention-
ed mycotoxin-producing fungi, occur sporadically.

2. Mpycotoxins—as products of metabolism of examined soil fungi
out of the class Fungi imperfecti (Table 2) are characterized by large
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biological activity in relation to soil microorganisms (Table 3) and culti-
vated plants. Some of the determined mycotoxins, produced by the eli-
minated soil fungi are characterized also by distinct mutagens (mutagenal)
activity in relation to soil michroorganisms as well as higher organisms
[5, 6, 9, 1].

3. From the above mentioned data it results that mycotoxins—as
metabolites of examined toxin-producing fungi are characterized by large
biological activity (among others they are distinguished by mutagenal
and carcinogenal activity, bacteri- and fungicidal and also phytoxic ac-
tivity) they can influence, in definite ecological conditions, a destructive
effect upon the biological balance of a definite soil habitat—biocenose.

Consedering that the soil habitat is influenced by—besides the above
mentioned mycotoxins—pesticides (herbicides, fungicides, insecticides and
so on-chemical compounds for the protection of plants) fill the soil
from several to more than ten months or several to more than ten years.
The final effect may lead to essential troubles in the biological balance
of the soil community of agroecosystems. It refers to troubles in the
metabolic processes as well as the biocenotic soil microorganisms and
also physiopathological changes of succesion crops within definite
—crop rotations systems.
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B. CMBIK

TOKCUYECKUE BUOJOINYECKN AKTUBHBIE BEIHIECTBA
TPUBHOTO IIPOVICXOZKIEHUA M MX BIUAHUE HA IIOYBEHHVYIO CPEAY

VIHCTUTYT IOYBOBEZEHMA, arPOXMMUM ¥ MMUKPOOMOIOrMm
CelbCKOXO03AMCTBEHHOM akameMuu B Kpakose

Pe3woMme

Cpeny BbIOPAHHBIX KYJbTYPHBIX IIOYB ¥ IIOYB BXOAAILIMX B COCTaB TPaBAHBIX
u JecHbIx 9KocucreM Arrhenateretum elatioris—Gladiolo-Agrostidetum u coorser-
ctBeHHo Tilio-Carpinetum—Fagetum carpaticum ©Obl1 BbIfeleH 21 BUA TOKCUHO-
TeHHBIX rpubos, M. np. Aspergillus, Fusarium, Penicillium, Thielaviopsis, xkmacca
Fungi imperfecti.

DKoJOrMYecKMe MCCIeNOBaHMA II0Ka3any, YTO B KYyJBTYPHBIX IIOYBaX, a 0CO-
6eHHO B ,,yTOMJIEHHBIX”’ II0YBaX, INpeobyafaloT BhbIlIeyKa3aHHblE TOKCMHOTEHHbIE IPy-
Obl. B mouYBeHHBIX JXe cpefaxX MCCIeAYeMbIX JIECHBIX ¥ TPaBAHBLIX 9SKOCUCTEM YIIO-
MAHYTBIe TPUObI BCTPEYAIOTCA JIMILUb B OTAENBHBIX CIydadX.

BbifeseHHble TOKCMHOTeHHble TIpubbl 00pasyloT kak in vitro Tak M in vivo
(T.e. B IIOYBEHHOI cpeZAe) OuoyorMyeckKy akKTMBHBIE BellleCTBA — MMUKOTOKCUHEL,
B 4YaCTHOCTM: INIMOTOKCMHBI, addIaTOKCUHBI, OXPAaTOKCHHBI, UUTpPOHAThI, F-2 (zeara-
lenon), cTepUrMaTOIYICTMH, DPYTYJIO3WH, IMTPEOBMPHMAVH, IEeHMIWJIJIOBYIO KMUCIOTY,
pybpaTorcuH, criopody3apuH ¥ Ap. MMKOTOKCMHBI KaK MeTaboamuThl McClIeAyeMbIX
IOYBEHHBLIX TPUOOB OTAMYAIOTCA BBICOKOM OMOJIOTMYECKO) aKTMBHOCTBIO (M. Mp. MX
xXapakKTepu3yeT (OUTOTOKCMHHOE M MyTareHHoe, a Takmxe OakTepno- um QYHIUIMAHOE
M KO-KapIMHOTEHHOE BO3JENCTBME) MOTYT OKa3bIBaTb B OIPeAeNIeHHBIX 9KOJOIM-
YeCKMX YCJOBMAX IIOYBEHHOM cpennbl [AeCTPYKTMBHOE BIMAHME Ha O0MO0J0TrMYecKoe
paBHOBecye NOYBEHHLIX OMOLIEHO30B.

B. SMYK

SUBSTANCES BIOLOGIQUES TOXIQUES ACTIVES PROVENANT
DE CHAMPIGNONS ET LEUR INFLUENCE SUR LE MILIEU DE SOL

Institut de Pedologie, de Chimie agricole et de Microbiologie,
Université Agronomique de Cracovie
Résumé

On a isolé des sols cultivables et des sols qui composent des écosystémes
herbeux Arrhenatheretum elatioris et Gladiolo-Agrostidetum et forestiérs Tilio-
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-Carpinetum et Fagetum carpaticum 21 sortes de champignons toxiques de genres:
Aspergillus, Fusarium, Penicillium et Thielaviopsis de la classe Fungi imperfecti.

Au cours les examens écologiques on a observe que dans les sols cultivables
et surtout dans les sols fatigués des champignons toxiques mentionnés ci-dessus
dominent.

Cependant dans les milieux de sols des écosystémes examinés forestiérs et
herbeux les champignons mentionnés sont sporadiques. Les champignons toxiques
isolés produisent in vitro comme in vivo (c’est & dire au milieu du sol) des sub-
stances biologiquement actives mycotoxines a savoir: gliotoxines, aflatoxines, ochra-
toxines, citriniens, F-2 (zearalenone), sterigmaticistine, rugulosine, citreoviridine,
acide de pencilline, rubratoxine, sporofusarine etc. Les mycotoxines comme des
meétabolites des champignons de sols examinés en se distinguant (entre autres)
par une grande activité biologique sont caractérisés par l’action phytotoxique
P’action mutagéne, la réaction bacterio- et fungicide.

Dans des conditions écologiques determinées du milieu du sol peuvent exercer
une influence destructive sur I’équilibre biologique des biocenoses du sol.

B. SMYK

BIOLOGISCH AKTIVE TOXISCHE STOFFE VON PILZENHERKUNFT
UND DEREN EINFLUSS AUF DAS BODENMILIEU

Institut fiir Bodenkunde, Agrikulturchemie und Mikrobiologie
der Landwirtschaftlichen Universitidt in Krakéw

Zusammenfassung

Von den erwéhlten Agrarbéden und den Boéden, die in die Zusammensetzung
der Gras und Waldokosysteme Arrhenatheretum elatioris und Gladiolo-Agrostide-
tum; Tilio-Carpinetum und Fagetum carpaticum hineingehen, wurden 21 toxinbil-
dende Pilzarten u.a.: Aspergillus, Fusarium, Penicillium und Thielaviopsis, aus der
Klasse von Fungi imperfecti, abgesondert.

Die &kologischen Untersuchungen haben gezeigt, das in den untersuchten Agrar-
béden, und besonders den “ermiideten” Boden, die obenerwihnten toxinbildenden
Pilze vorherrschen. Dagegen in den Bodenmilieus der untersuchten Wald- und
Grastkosysteme treten die genannten Pilze vereinzelnd auf.

Von den aggesonderten toxinbildenden Pilzen wurden sowohl in wvitro als
auch in vivo (d.h. im Bodenmilieu) biologisch aktive Stoffe — Mykotoxine, und
zwar: Gliotoxine, Aflatoxine, Ochratoxine, Citrinin, F-2 (Zearalenon), Sterigma-
tocystin, Rugulosin, Citreoviridin, Penicillinsdure, Rubratoxin, Sporofusarin u.dgl.,
abgesondert. Die Mykotoxinen als Metabolite von untersuchten Bodenpilzen zeichnen
sich mit hoher biologischen Aktivitit aus, indem sie u.a. phytotoxische sowie und
stirke mutagene Wirkung auf manche Bodenmikroorganismen sowie auch auf
hohere Organismen, ferner eine bakterien- und pilztétende Wirkung aufweisen und
konnen in bestimmten ¢kologischen Bedingungen des Bodenmilieus einen destrukti-
ven Einfluss auf das biologische Gleichgewicht von Bodenbiozénosen ausiiben.
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B. SMYK

TOKSYCZNE SUBSTANCJE BIOLOGICZNIE AKTYWNE
POCHODZENIA GRZYBOWEGO I ICH WPLYW NA SRODOWISKO GLEBOWE

Instytut Gleboznawstwa, Chemii Rolnej i Mikrobiologii
Akademii Rolniczej w Krakowie

Streszczenie

Z wybranych gleb uprawnych i z gleb wchodzacych w skiad ekosysteméw
trawiastych Arrhenatheretum elatioris i Gladiolo-Agrostidetum oraz leSnych Tilio-
Carpinetum i Fagetum carpaticum wyodrebniono 21 gatunkéw grzybéw toksyno-
twérczych z rodzajéw: Aspergillus, Fusarium, Penicillium i Thielaviopsis — klasy
Fungi imperfecti.

W badaniach ekologicznych zaobserwowano, ze w glebach uprawnych, a zwia-
szcza w zmeczonych, dominujg wymienione grzyby toksynotwoércze. Natomiast
w S§rodowiskach glebowych badanych ekosysteméw leSnych i trawiastych wspom-
niane grzyby wystepujg sporadycznie.

Wyodrebnione grzyby toksynotworcze wytwarzaja in vitro, jak i in vivo (tzn.
w $rodowisku glebowym) substancje biologicznie aktywne — mikotoksyny, a mia-
nowicie: gliotoksyny, aflatoksyny, ochratoksyny, cytryniny, F-2 (zearalenon), ste-
rygmatocystyne, regulozyne, citreowirydyne, kwas penicylinowy, rubratoksyne, spo-
rofuzaryne i inne. Mikotoksyny, jako metabolity badanych grzybéw glebowych,
odznaczajac sie duzg aktywnoscig biologiczng (m. in. cechuje je dzialanie fitoto-
ksyczne i mutagenne, oddzialywanie bakterio- i grzybobdjcze oraz ko-karcino-
genne) moga wywieraé w okre§lonych warunkach ekologicznych $rodowiska gle-
bowego destruktywny wplyw na réwnowage biologiczng biocenoz glebowych.

Prof. dr hab. Boleslaw Smyk
Instytut Gleboznawstwa, Chemii
Rolnej ¢ Mikrobiologit A. R.
Krakow, ul. Mickiewicza 24/28



