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INTRODUCTION

From the point of view of ecology, soil keratinophilic fungi comprise fungi that
decompose native Keratin (hair, feathers and other horny structures of animals).
They are represented by a group of the so-called geophilic dermatophytes, including
some species of Trichophyton and Microsporum together with perfect stages,
as well as the chrysosporium group with the genera Chrysosporium, Cienomy-
ces and Myceliophtora, the tcleomorph of which is usually unknown. As Ga-
retta and Piontelli (1975) claim, keratin matter in the soil is not only a source of
nutrients for keratinophilic fungi but also a specific habitat that facilitates their su-
rvival and protects them from other competitive microorganisms. The inflow of kera-
tin matter as well as physical and chemical properties of the soil play an important
role in the ecology of keratinophilic fungi (Chmel et al. 1972; Chmel and
Vlatilicova 1972, 1975; Batelli et al. 1978; Mercantini et al. 1980; Vollen-
kova 1984; Kornillowicz 1993). The majority of studies on the influence of ccolo-
gical factors on the occurrence of these fungi in the soil were conducted between
1960 and 1980. The studies in Poland were only fragmentary, and were carried out
from the point of view of the occurrence of pathogenic dermatophytes in the soil
(Dominik and Majchrowicz 1964, 1965; Prochacki and Bielufiska 1968;
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Nowak 1970). Studies on the ccology of keratinophilic fungi in arable soils in Po-
land are even more searce (Ostrowska 1971; Kornittowicz 1992, 1993).

‘The aim of this study was to determine the relationships between the occurrence
frequency and distribution of the microorganisms studied and some physical and
chemical properties of arable soils. Additionally, an attempt was made to establish

MATERIAL AND METHODS

‘The studies comprised arable soils in the area of Lubelszczyzna. Altoghether, 17
soils representing 6 types were examined: podzols (3), cambisols (2), chernozems (3),
phaesols (4), fluvisols (3) and rendzinas (2). Apart from one instance, samples were
collected from arable soils in individual agricultural farms, which use manure for the
purposes of fertilisation. Differences in the amount of @ < 0.02 mm fraction, humus,
macro-clement content (C, N, P, K, Mg), amount of CaCO,and pH were the primary
criteria for the sclection of the soils.

Table 2
Some chemical properties of the soils examined
N ~ Contentin % ‘Content mg in 100g of soil pH
Humus [Caco, | 70, | KO | Mg | mHO | mKCL
% TR 000 216 5
2 [0 W | 73 =
3 105 008|140 B
4 195 0.00 N4 -
5 171 000 - -
|6 | 3% 0.00 133 =
i 228 00| 78 =
§ | 20 070 | 168 e
9 395 467 645 | 42
0| 4% 1491 | 250 247
1] 0% | 190 [ 67
— 258 2600 662
13 013 84 | 1335
Bl 168 X .90
5 309 27 195
16 506 | 5 12l
7 U8 | 320 | 3298 | sel

Explanations:

Soil samples were collected once in early autumn. Approximately 5 kg of soil was
collected in between 20 and 30 places at the humus level Ap (2-20 cm) from each ara-
ble soil. The representative sample received was carefully mixed and sieved, mesh
diameter 2 mm. The screen analysis of granulometric composition and the determi-
nation of chemical properties of soils were conducted in keeping with methods used
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in pedologic studies and are given in Table 1 and 2. The correlation between some
physical and chemical properties of the soils are given in Table 3.

Table 3
Correlation coefficients of the properties of the soils examined
; #
= 6 <00
‘ Humss | toLN | caco, PO, [mmhm“_“ o
1 3
T |

he verge of the fevel of significance a = 0,05; * - significant correlation coefficient c = 0,05;
n coreelation coefficient o = 0,001

o signi-

Keratinophilic fungi were isolated in keeping with the methodology presented in
Kornittowicz (1993), using chicken feathers as bait. Feathers were prepared in the
manner described in Kornittowicz (1992).

One hundred Petri dish with substrate were prepared for each soil. The fungal
mycelium that appeared after ca. 4~ 6 weeks of incubation in a moist chamber, at the
temperature 20°C %2 °C, were transferred onto the glucose Sabouraud agar with ac-
tidion and chloramphenicol (Dvofak and Otéenasek 1969). Pure cultures of ke-
ratinophilic fungi were isolated and identified up to the level of the species on the
basis of macro- and micromorphological abservations on plates and in the microcul-
tres, using the following systematic studies: Domsch etal. (1980); van Oorschot
(1980); Currah (1985).

‘The number of soil plates in which the growth of geophilic dermatophytes and
fungi of the chrysosporium group, the number of genera, species and strains, as well
as the number of specics per one plate were considered in the analysis of the occur-
rence frequency of keratinophilic fungi. It was accepted that one soil plate could be
colonized by one strain from a given species only.

The i using istical method of correlation and
the analysis of multiple regression. The following linear models of multiple re-
gression were considered: frequency (fungi) = a + b humus + ¢ @ < 0.02 mm frac-
tion + d N tot. + ¢ CaCO; + T P,O, + g pH; where: frequency (fungi) - occurrence
frequency of ilic fungi (total or individual species) in the soil 2, b, c, d, e, f,
g, are constant cocfficients, determined using the multiple regression method with
the elimination of the least significant components.
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RESULTS
General frequency of keratinophilic fungi in arable soils

A mycological analysis of 17 samples of arable soils classified in 6 types has reve-
aled that keratinophilic fungi colonized chernozems and fluvisols most frequently.
‘The number of isolated species and strains of these fungi corroborates this finding
(Table 4).

‘The occurrence frequency of fungi in the group of geophilic dermatophytes, ho-
wever, was somewhat different from that of the chrysosporium group (Table 4). Geo-

in podzols most frequently, and were
recorded in phaesols and rendzinas least frequently. The distribution of the repre-
sentatives of the chrysosporium group differed, and these fungi colonized phaesols
and rendzinas most frequently while their weakest growth was recorded in podzols
(Table 4).

able 5
Correlation coefficients between the general frequency of keratinophilic fungi
and their groups and soil properties

Fungl Soil properties

Content
Tamus | 1ot N | a0, | PO, | 0 <002mm fracton

Keratinophie fngi - toul i
seophic dermatophyes |~ |~ |05 ; ;
{chyscsporim P I A T

Explanations: s for Table 3
It was shown that the general abundance of keratinophilic fungi depended on the
level of the @ < 0.02 mm fraction (Table 5). The greatest number of keratinophilic fun-
i was recorded in soils rich in this fraction, i.c. formed of locss, as well as heavy and
medium clays. A statistical analysis of the occurrence frequency of geophilic derma-
howed that the ¢ < 0,02 mm fraction content
significantly influenced only the distribution of the representatives of the chrysospo-
rium group. No significant correlation between the level of this fraction in the soil and
the occurrence frequency of geophilic dermAlophyles, however, was recorded. Fur-
thermore, th ungi
correlated with th nitrogen content and soil pH, properties mutvally correlated. The
(r=10916) high, most significant (cc = 0.001) in
relallon tothe soil pH. Thus, as the value of the soil pH increases, the number of the re-
ives of this group of fungi increases (Table 5). The occurrence
frequency of geopl in the soil
the amount of CaCO, in the soil. The negative correlation coelficient obtained (r =
-0592),at the levl ofsignificance a = 005, povs that he occurrence frequency of
the content of CaCO in the soil goes down (Table
5). The absence of growth of geophilic dermatophytes was  characteristic eature of
the soil with the greatest amount of this component (soil n° 16) (Table 4).




Keratinophilic fungi 107

Occurrence frequency of individual species of geophilic dermatophytes
and chrysosporium in arable soils

Trichophyton ajelloi (Vanbr.) Ajello in the group of geophilic dermatophytes (Ta-
bl 6) and Crenomyces serratus Eidam in the chrysosporium group (Table 7) are the
most common species in the total of 12 species of Keratinophilic i iolated from

Th iin the soil, calcula-
ted on the basis of the occurrence [requency on 1700 soil plates (100 Petri dish per
cach soil), was 60.2% and 66.4%, respectively (Tables 6 and 7).

‘The studies conducted revealed that 7. ajelloi oceurred in podzols, cambisols and
chernozems most numerously. The weakest growth of this dermatophyte was recor-
ded in phaesols and rendzinas (Table 6). Those soils, on the other hand, were charac-
terised by a high number of Ct. serratus, a fungus that appeared frequently also in
fluvisols and chernozems. The fungus was not recorded in podzols (Table 7).

Table 6
Oceurrence frequency of individual species of geophilic dermatophytes
in the soils examine

Number of strains

ol Tajllol | Tumsre | Tgeonsae | Mcookel |
" Fodaon | — T .
| 00 (1) S (S T
—3 76 B ) 0
3 wogss |8 |3 T
[Cimbisls T
4|y T o 0
5 I oEr 0 0 0
Chernozems
s sE)r | 4 o
7 ) 3 0 u
%0y 1 s
v .
3 [
3 [
%
%5 o
% 0
5 [
[ ] ] T
36 0 0 0 0 |

jean frequency (%) |
SAEA | 1a@e | 2060~ | 73086 ]

Explanations: * - i i -

[Aisommon | 02097
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Other species of geophilic dermatophytes and chrysosporium, isolated from the
soils examined, were characterised by a low occurrence frequency (between ~1%
and ~109%). Microsporum gypseum (Bodin) Guiart et Grigorakis (Table 6) and Chry-
sosporium keratinophilum (Frey) Carm. (Table 7) were isolated fairly frequently. Po-
pulations of . pseu (aso Microsporum cookei Ajel]n) were most numerous in

1°16). Asre-
gards the other 7spocie, Tnchophylan restt Dure ot Frey occurred mainly in po-
dzols, Trichophyton georgiae Varsavsky et Ajello, Chrysosporium tuberculatum
(Kuehn) Dominnik and Chrysosporium pannicola (Corda) van Oorschot et Stalpers
in phaesols, and Chrysosporium tropicum Carm. in cambisol (Tables 6 and 7)
Ch asperatum Carm. and Ch. Apinis ct Rees were isolated only spo
= ’

Table 7
Occurrence frequency of individual species of the chrysosporium group
in the soils examined

- Number of strains
s“_'{"” Ciserratus | Ch. wberculatum | Ch. keratinaphilurm | Ch. panicola | Ch, trapicum
0 0 0 R 0
[0 0 0 [0 i
0 0 u ¥ I
[ 0 7
£ 0 5 3 z
0 T T T S|
7 6 1 1 0 [
91 2 T o |
9 100 ] 0 [0 a
) 9% 0 0 0 0
T i — ]
B % i LS 0 o |
Fluvisols I I ]
3 7 [ i a []
] a 3 [ 5 0
is 9% [ 2 L 1
Rendzinas == -
& ] [0 i
7 % [ [ [0
Mean frequency (%) i
A oy | swy | say | s | i

Explanations: *- standard deviation
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In the group of the species examined, Cr. serratus, T. ajelloi, T terresire, T. georgiae
and Ch. tuberculatum showed a significant correlation with physical and chemical
properties of the soil (Table 8).

The most significant (ct = 0.001) and high correlation coefficient was obtained
between the frequency of occurrence of Cr. serratus and the soil pH (r = 0.925), as
well as the N content In lh: soil (r= 0. 761) The content of both @ < 0.02 mm frac-
tion and h and the growth of Ct. serratus in
the soil. The four soil properties were mutually significantly corrclated (Table 3).
The uhmmauon of less Mgmfcant factors the regression method showed that

. serratus was most correlated with the soil pH

(R* = 0867) - Table 9.
The oceurrence of the other species dominant, T: ajelloi, in the soil depended on
the content of CaCO, and sol pH (Table ). The correlation coefficiens blained

tive, thus the number of th this fungus in the soil
as CaCO, and il pH increased. The growth of r ajelloi, up 1o the form of a mono-
culture, oceurred in strongly acidic soils (pHy, < 4.5), devoid of CaCO,

the greatest extent. The fungus was not found in alkaline soils rich in CaCO, (rendzi-
nan° 16). The application of the analysis of multiple regression, with the climination
of the least significant components, explained the true variability of the occurrence
frequency of 7. ajelloi. The method used showed that the value of soil pH was the fac-
tor that 7. ajelloi trongly (Table 9).

Significant correlation cocfficients between occurrence frequencies
of the populations of the fungi examined

Population Correls coefficient
Tajelloi and Ct. serratus - T o -0.59* |
T eresie and Ci st i 60
M. cookerand Ch. panicola T e
(T orgiae and i bercularae 1 o

Explanations:usfor Table 3
The occurrence of 7. terrestre revealed a significant, although rather weak
(a= 005), corelation with the hurmus and nitroge ontent. The negative corcl-
show that 7. terrestre oils with a low nu-
trient content (Table 8). Moreover, cocficient R shows that the occurrence of this
fungus in the soil was inversely proportional to the humus content (Table 9).

In the case of . georgiae and Ch. tuberculatum, both the correlation analysis and
the multiple regression analysis showed a significant relationship between the occur-
rence of the fungi and the phosphorus content in the soil. The correlation coefficient
and the determination coefficient obtained were, however,low (Tabies 8 and 9).

correlation between th and soil properties
was found for the five other species of Keratinomyces, (Tables 8 and 9) which rarely
oceurred in the soils examined.

‘The presence of other species of keratinophilic fungi in the soil was a factor that
significantly influenced the occurrence of some populations of these fungi. The hi-
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ghest, most significant (et = 0.001) and positive correlation coefficient ( = 0.980)
was recorded between the populations of 7. georgiae and Ch. tuberculatum. A weaker
correlation, although significant (c = 0.05), was noticed between the occurrence of
. ajelloi and C'. serratus. The negative correlation coefficient shows that the oceur-
rence frequency of Ct. serratus decreased as the oceurrence frequency of 7. ajelloi in-
creased, and vice versa. A similar correlation between the growth of Ct. serratus and
T. terrestre in the soil was noticed. A significant, although quite low correlation coeffi-
cient was also obtained between the occurrence of M. cookei and Ch. pannicola in the.
soil. A positive value of this coefficient shows that the growth of one of th
is accompanied by a growth in number, albeit small, of the other. A positive but not
significant correlation coefficient was obtained for the pair of fungi: 7. ajelloi and
T terrestre.

DISCUSSION

The majority of studies (Chmel et al. 1972; Chmel and Vlagilikové 197
Fattah etal.1982; Kaul and Sumbali 1992; Kornitowicz 1993) claim that the
occurrence frequency of keratinophilic fungi in the soil s influenced primarily by the
content of organic matter. As has been shown in this study, however, there exists no
fungi and the
jon between the
total occurrence frequency of these fungi and the content of the @ < 0.02 mm frac-
tion in the soil was revealed. These findings indicate that the number of Keratinomy-
cetes increases as the amount of this granulometric fraction increases. Therefore,
keratinophilic fungi prefer soils rich in nutrients, well buffered, with the most favo-
urable air and water relations, as an increase in the @ < 0.02 mm fraction content,
consisting chiefly in clay minerals and organic koloids, is accompanied by an enhan-
ced capacity of the soil to store water and nutrients, as well as improved buffer pro-
perties. These features are typical of soils formed of medium clays and silt soils, such
as chernozems, phacsols and fluvisols (Table 1). The authors’ studies show that these
soils are characterised by a higher occurrence frequency of keratinophilic fungi than
podzols, low in the @ < 0.02 mm fraction. The conditions in the chernozems studied
were particularly favourable for the development of keratinophilic fungi. On the
whole, these soil by on of the sorptive complex, a pH
close 1o neutral, and good oxygenation. As has also been noticed before (Kor-
nittowicz 1993),a favourable composition of organic matter has come into being in
fally in the pas i isi
for instance, small mammals. As Garg et al. (1985) claim, the ,.animalisation® of
those soils is one of the most important factors influencing the development of kera-
tinophilic fungi in this environment due to the enriched content of keratin proteins.
Itis therefore not accidental that the greatest number of species and strains of Kerati-
nomycetes, as well as the greatest number of fungi per one plate were recorded in the
chernozem samples. Those soils were occupied particularly numerously by geophilic
including the genus Mi often occurring in hairs to be fo-
und in this environment, which was reported by Battelli et al. (1978), Vollen-
Kové (1984) as well as Garg ct al. (1985).
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The frequency of occurrence of chry in

was much lower than that of dermatophytes, which may be influenced by, generally
speaking, their lower keratinolytic activity resulting from, among other things, sim-
plier structures for destruction of native keratin (English 1965, 1969). It may lead
to 4 decrease in the substrate range of these fungi which, as a result, may recede from
habitats richer in less readily available forms of keratin, such as hair a-Keratin, and
come to occupy hznnmmmammg more easily available feather keratin. This sugge-
stion i hich reveal an f these fungi on fe-
athers in thesoil and bird plumage(Pugh andEvans 1970; Dixit and Kushwaha

1991; Pinowski et al.1
‘The stati ‘nmlyslso(lhc
and the chrysosporium group carried out in this study corroborates the carlier obse-
ation (Kornittowicz 1993) that these fungi colonize soil environments with
different properties. In the case of geophilic dermatophytes Chmel and
Vlagilikové 1975, the level of CaCO, was a factor, which significantly influenced
the frequency of occurrence. The number of these fungi increased as the content of
this constituént decreased, and decreased as the amount of CaCO, rose. The results
of studies conducted by (1977), as well as Kornittowicz (1992, 1993) also reveal a

weaker distribution of geophil ich i
chrysosporium. Given that an increase in CaCO, in the soil is accompanied by an in-
crease in soil pH, the effect observed should be laid down to the selective impact of
pH on the enzymatic activity of these fungi rather than to the influence of calcium
fons. The most favourable pH values for the keratinolytic activity of dermatophytes
are usually lower than those for chrysosporium representatives (Garg et al. 1985).
The author ci neutrophi-
lic, and fungi in the chrysosporium group as nitrophilic and alkalophilic. In the stu-
dics mnduclcd in this work, the absence of geophilic dermatophytes and an
of this cor-

relation.

‘The studics conducted in this work show that Trichophyton ajelloi and Ctenomyces
serratus belong to the species of keratinophilic fungi that are most common in the
soil. The occurrence frequency of both species was strongly, but inversely, correlated
with the soil pH. As the soil pH increased, the number of Ct. serratus went up, while
the number of 7: ajelloi went down. The inverse effect took place when the soil pH
decreased: the occurrence of i serratus went down, and thatof . ajello went up.

of T. ajelloi in acidi acidicsoils,
corroborated by the results of the statistical analysis, complies with earlier observa-
tions made by various authors who claim that the species belongs to acidic environ-
ments (Béhme and Ziegler 1969; Pugh and Evans 1970; Chmel and
Vlaéilikové 1977; Vollenkové 1984; Garg et al. 1985; Kornittowicz 1993).
“The domination of Ct. serratus in neutral and weakly basic soils, demonstrated in this
work, confirms earlier findings (Pugh and Evans 1970, Garg et al. 1985; Kor-
nittowicz 1993), which identify it as a neutrophilic species. In the authors’ earlier
works (Kornittowicz 1993), it was noticed that the preference of T. ajelloi and
Cu.serratus for soil environments whose pH differed could be attributed to the anta-
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‘gonism between these fungi. The negative correlation between the occurrence frequ-
ency of both populations abtained in this work supports this hypothesis.

“The sudies conducted also revealed a negtive correlation between the disiribu-
tion of Ct. serratus and T. terrestre It turned out that
mainly podzols, low in organic matter and nitrogen, and characterised by acidic pH,
not tolerated by C. serratus. A negative, dllhuugh fairly Wedk corrclallon with those
soil suggest that there exists betw
Of T, terestre and the soil type rather than it betwsenim occurrence and individual
soil properties. A three chain propertics »soil type »
may provide further data and will be carricd out in the future. At the moment, it may
only be suspected that 7. terrestre, considered by some authors (Garg ct al. 1985) to
be a xerophile, occurs mainly in light soils characterised by a negative water balance.
Otéenaek etal. (1969) and Chmel et al. (1972) also r:pun:d a frequent oceur-
rence of T. terrestre in soils low in humus content and moisture

The dunnlophyles Mnmspt)mm pseum, M. cookei and Inchoplwlou georgiae,
aswell as Ch. d Ch. in the chrysosporium group, ar
those luv\g( among the 7 isolted species of keratinophilic fungi in the soils studied
that also deserve special attention.

Even though Chmel ct al. (1972) report that M. gypseum occurs mainly in soils
with high humus content, no significant correlation between the frequency occurren-
ce of this fungus and the soil properties studied was found in this work. However, the
oceurrence of the M. gypseuun population, which was limited mainly to chernozers,
may suggest, similarly to 7. temestre, a relationship with the soil type. A si I.u' as-
sumption may be made in connection with i ookei
population. As Chimel and V1aéilikovi (1977) and Kornitlowicz (woz ww)
observed, these fungi were found chi The er-
nozems is most probably of great importance in this respect. Microsporum gyp:eum
and M. cookei usually do ol oceur in environments 4
Eenasek ctal. 1969).
the same soils, which was also confirmed in this work. Bohme and Ziegler (1968)
claim otherwise. In their opinion, M. gypseum and M. cookei are mutually exclusive
In the light of the data given by those authors, as well as on the basis of the authors™
rescarch, which reveals a positive, but fairly low, correlation between the occurrence
frequency of these specie, both theses seem accurate. They prove their imila habi-
tat which bring about alimita-
tion of the growth of one of the partners. Between those two species, M. cookei is the
weaker partner, which is indicated by a lower frequency of occurrence of this fungus
than that of the M. gypsewm population, as obscrved in the authors’ studies.

Little has been known so far about the distribution of the Trichophyton georgiac
populations in the soil. Garg et al. (1985) report that the species is connected with
soilcontaining  high level o humus and thuscharacterised bymgh fertility. The stu-

jes conducted in this work thatjtis a in the soil, correlated
posmvcly with the phosphorus level. A positive correlation between the oceurrence
frequency of C and the , as well as the
occurrence frequency of 7. georgiac in the soil also show that the occurrence of Chry-
sosporium tuberculatum in the soil may be conditioned by similar factors. Both spe-
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cies, however, did not oceur in the soil with the highest phosphorus content (soil n®

17) in the group of the 17 soils studied. It was found, however, that both species colo-

nized firstof all phaesols rich in CaCO,. Chmel and V1agilikovd (1975), aswellas

Kornittowicz (1993) also mad ions. It may thus that

the type of soil was more significant than its individual properties also in the case of

these two fungi.
h

and Ch. pannicola hich in
individual soil samples. As the studies conducted by "Chmel and Vlagilikov
(1977) show, they are C/ species most in the soil.

e of Ch. in a strongly alkaline soil (carbonate rendzi-
nas) observed in this study corroborates a close affinity of this fungus with alkaline
soils, recorded by Garg ct al. (1985). Alkaliphilous preferences of Ch. keratinophi-

Ium are connected with the production of alkaline keratinolytic proteinase (optimum
pH~9), which was demonstrated by Dozie et al. (1994). A growth stimulation of
Ch. pannicola occurred in one of the three fen soils examined (soil n° 14), and was re-
lated t0 the occurrence of many other Keratinomycetes specics. Probably the oo
sition of all ecological for the of

particularly favourable in this soil. Chernozem n" 6 was the other soil in which he
biocenosis of keratinophylic fungi was most numerous and most diverse in terms of
species. Typical features of both soils were a high content in & < 0.02 mm fraction
(40-50%) and the pH close to neutral (7.13-7.15). In the light of the studies conduc-
ted in this work, those two properties exert the greatest influence on the occurrence
and the distribution of keratinophilic fungi in the soil. The level of @ < 0.02 mm frac-
tion has a greater impact on the abundance of the Keratinomycetes, while the soil pH
has a greater impact on their species composition.
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Korelacje pumwdzy Lze;slmcnq wystgpowania grzybéw keratynofilnych,
niektSrymi wlasciwosciami gleby

Streszezenie

brunat

Celem pr posn 'k(\mncji igdzy ) i y
PP 7 e

ey, o iej Polski.
ebeptouations badanis kit 3o SaPhna Sokvencis gmpbee kesatyobigtl i e ke
otnie dodatnio skorelowana 2 poziomen czgtei splawialnyeh (r = 0581 przy a = 0,05), Cagstosé
wystepowania dermatofitow geofilnych byla ujemale skorelowana z poziomem CaCO, (r = -0.392 przy
£ = 05, et gy cheycporin daveiovios o £ aioki i iy (c = 0316
@ = 0001). W przypach stotne Korelacje
sleby wykizywaly Tnchuphymn elor T s, T oo Clonomyees samans 1 Clssospian
i, Nafaie o | Gty ks orrano ity epoien O st |
poziomem pH gleby (r = 0,925, o = 0,001). Odezyn gleby W najwigkszym stopniu warunkowal rownie2
rozmieszezenic p\)prulacp . ajelloi w yubw Obserwonan relcjs mials odwrotny charakier (r = 0661
7y 76 przy o = 0,001), i
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pod wrgledem odczynu, érodowisk glebowych oraz ujemny wspolczynnik korelacji miedzy cagstoseia
‘Wystgpowania populacji . sematus i 7. ajelloi, wskazywaly na antagonizm tych gatunkow w glebie.

B
jej okreslonymi wiaSciwosciami.
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