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Research were conducted during the years 1988-1990 on the “Machéw” indusirial waste dump. It was.
determined, that a mixture of alfalfa with grasses, introduced as first culture on the raw subsirate of industrial
wastes, 1 soil f 3

INTRODUCTION

The studies on the reclamation soil-less lands in the industrial waste dumps of
sulphur surface mines showed that the plantations of alfalfa with grasses improve
the physical and chemical properties of the initial in industrial soil by initiating and
stimulating soil development processes (K o w a 1ik, 1989 a, b)

Tn the current literature only few studies h
of soil fungi of reclaimed soil-less lands (Ko walik, Kowalik, 1982; Kow a-
1ik, 1990, 1993; Madej, 1992). Nevertheless, the activity of soil microorganisms
such as bacteria and fungi reclaimed industrial waste lands determines the course
and dynamics of the soil development processes. Moreover, it also determines the
producivity of the reclime indusrial waste lands, durin the first. years of cultva-

i position and diversity of soil fungi
reflect the changes which occur in the initial soil (Richards, 1977; Kowalik,
1990). These processes may also help in improving the system of land managment
and have a positive effect on the development of fertile and highly productive soils.

The aim of the present study was 1o determine fungal communities isolated
from the initial soil planted with a mixture of alfalfa and grasses on the “Machow”
dumping ground and assess the changes occurring in the qualitative and quantitative
composition of soil fungi depending on the time of application of the mixture.
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DESCRIPTION OF THE STUDY AREA

Studies were carried out in the outer industrial waste dumps of “Machow"” sur-
face sulphur mine near Tarnobrzeg.

The soil of the ,Mach6w” industrial waste dump are characterized by high
soil compaction (65-85 % of silt and clay, mean specific gravity of 2.75 g/em’, high
bulk density of 1.75 g/cm?, low porosity of 36.0 % and plasticity index of 32.7 %.
‘Their mechanical composition is the same as of loam or clay loam. They are imper-
meable and poorly aerate, cold and expandable. Mechanical cultivation is very diffi-
cult there. They have the character of ,,minute” soils and are distinguished by neutral
or slightly alkaline pH, a considerable content of CaCOy, K and Mg, and a poor
content of P and N. The content of the 3 forms of sulphur i
S 0g.~ 146 %, S el. - 0.03 % and S-SO, — 0.20 %. The content of all the macro- and
microelements varies in the range regarded as normal or admissible for natural soils.

The investigated area was described on the basis of works by Fu k et al.
(1981), Kowalik (1989 b), Krzaklewski etal. (1989).

‘The studies were carried out on three experimental fields of the indusirial waste
dump, differing in age and period of agricultral use:

Field III ~ the ledge of an escarpment formed in 1986 and planted with a mixture of
alfalfa and grasses in spring 1987.

Field VI - a plateau formed in 1976 and cultivated since 1977; planted with a mix-
ture of alfalfa and grasses in spring 1986.

Ficld IX — the ledge of an escarpment formed in 1984 and palnted with a mixture of
alfalfa and grasses in spring 1985.

MATERIAL AND METHODS

Mycological studies of the initial soils of the “Mach6w” waste dump were con-
ducted in the years 1988-1990 using sand samples (M a fi k a, 1974). Fungi from the
investigated fields on the dumping ground planted with a mixture of alfalfa and grasses
were isolated at 5 dates:

A —at the beginning of the vegetation season — 15t or 2nd decade of April,

B~ after the first harvest of alfalfa and grasses — Ist decade of June,

€~ after the second harvest of alfalfa and grasses — the 3rd decade of June in 1988
and 2 nd decade of July in 1989 and 1990,

D - after the third harvest of alfalfa and grasses — 15t decade of September,

E - after the first ground frosts - 1st and 2nd decade of November.

Ateach isolation period the mixture of soil and sand (mass of 28 mg in weigh)
was placed on 30 Petri dishes and a cooled Martin-Johnson medium was added.
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Fungi were incubated at room temperature. Subsequently, colonies of fungi were

isolated and transferred 1o test-tubes containing obligue solid 2 % PDA medium.
For th ion of fungi species the keys and the

given by K o w a ik (1993) were employed.

RESULTS

In fungal communities isolated from soils of 3 plantations the occurrence of 40
species of fungi of 23 genera was ascertained (Table 1).

The most abundantly occuring species were: Aspergillus oryzae — 534 colo-
nies, A. versicolor - 297, Chaetomium olivaceum — 892, Ch. globosum — 228,
Doratomyces stemonitis - 148, Paccilomyces farinosus — 147, Penicillium granula-
tum - 174, Phoma cupyrena - 218, iopsis brumptii - 382, Tri viri-
de~ 113 and Verticillium albo-atrum ~ 81.

Fungal communities of the soil environment differed by the number of colo-
nies of various species.

The most numerous fungal community (2844 colonies and 88 species) occur-
red in the soil where the mixture of alfalfa with grasses was cultivated for 2-4 years
(field VI - in agricultural use for several years). The smallest number of colonies
and species of fungi (1253 and 64, respectively) was isolated from the soil which
had been cultivated for 3-5 years (field IX). An intermediate number of 1590 colo-
nics and 82 specics of fungi was isolated from soils of 1-3 years old plantations
(field T1I).

In the soils covered with a mixture of alfalfa and grasses for 1-3 years, the
greatest number of colonies and fungi species was noted in field III in the first year
of the study (1988). In the following years, a considerable decline in the number of
colonies of fungi was accompanied by a decrease in the number of species which
remained stable afterwards.

‘The following species of fungi previled in this type of soil environment: Asper-
gillus (numly A oryzac and A. versicolor) ~ 19.4 %, Penicillu
P. J ~13.5%, is (S. brumptii i S. chartarum)
-1.5%, Dommmyces (D. stemonitis) - 6.6 %, Phoma (P. eupyrena, P. medicaginis)
~65%.

In the group of sub-dominants the most frequently occurring species were:
Chaetomium (mainly Ch. olivaceum) - 4.9 %, Mortierella (M. isabellina, M. parvi-
spora and M. vinacea) - 4.8 %, Verticillium (V. albo-atrum and V. lecanii) - 4.5 %,
Gliocladium (G. catenulatum) - 44 %, Fusarium (F. culmorum, F. oxysporum and
F. tabacinum) - 3.1 %, Trichoderma (T. viride and T. piluliferum), Actemonium
murorum - 2.6 %, Cladosporium herbarum — 2.4 %, and Torula graminis — 1.8 %.
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Table 1

Fungi isolated from the soil under the plantations of alfalfa with grasses
in the fields II1, VI, IX

Species

Number of isolates in years

1988

1989 1990

1988 1989 1990

1988 1989

Field No.
vi

X

Absidisglucs Higom
Acremoniella atra (Corda) Sacc.
“Acremonium furcatum (F. ot M. Morcau)
ex W. Gams.
A kiliense Grinz.
A. murorum (Corda) W. Gams

(Saksena) Samson
Aterne stemai G) Keuder
A tenussima (Kunze ex Pers.) Wi
Arachniotus terrestris Raillo
‘Arthrinium phaeospermum (Corda)
M. B. Fllis
Aspergillus candidus Link ex Link
‘A clavatus Desm.

4 oz () Cotm

Chrysosporium asperatum Carm.
C plnschma kY ighes
Cladosporium cis ides
(Fres) de Vries
C. herbarum (Pers,) Link ex S. F. Gray
‘macrocarpum
C. sph: z
Coniothyrium minitans C:
Cylindrocapon destructans P
Scholten
‘Dendryphion nanum (C. G. Nees
ex'S. F. Gray) Hughes
Doratomyces microsporus (Sace.)
Morton et G. Smith
. nanus (Envenbs. ex Link)
on et G. Smith
D stemonitis (Pers.ex Stewt)
Morton et G. Smith
Fusarium avenaceum (Fr.) Sace.
F concolor Reinki

. oxysporum Schlech. emend.
Snyd. et Hans.
F. poae (Peck) Wollenw.

— e o -

e Bond-

20
2

Beowe o oa

98
16




F: semitectum Berk et Ra

F: solani (Mart) Sacc.

F. tabacinum (Beyma) W. Gams

Gliocladiom catenulatum Gilman
et Abbott

G. roscum Bair

G. virens Miller, Ciddens et Foster
oascus recssii Baran

Humicola fuscoatra Trasen

Mammaria echinobotryoides Cesati
Mtz sasopse (etchn)

Micodaghiom bolleyi (Sprague)
de Hoog and Hermanides-Nijhof

e
Monlia geophila Oudem.
M. implicata Glman et Abbott

M. stylospora Dixon-Stewart

M. vinacea Dixon-Stewart

Mucor hiemalis Wehmer £, hiemalis
racemosus Fres. . sperosporus

(Hagem) Schipper

Nectria inventa Pethyb.

Paccilomyces farinosus (Holme ex
Gray) A, 1LS. Brown and G. Sm

P litacinus (Thom) Samson

Papulaspora irregulari Hotson

Penicilliom clrysogenum Thom

Bain.

P, vermucosum Dierck;
T cycloptan (hesly Sivscn
P verucosum Dierckx
var. vermucosum Samson

Phom ceysmstbescala iliss

ZRe

-

oo

16
38

B

cont. Tab. |
0
E
5.
u 7
o3
2 .
% 26
3
w6
% .
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cont Tab, 1
‘Namber of isolates n years
Species 1988 1989 1990 | 1988 1989 1990 [ 1988 1989 1990
Tield No.
m i X
P cupyrena Sace. 2 14 1] 2 10 . |6 2 6
Bl elle Boerma and Boten, LA N I T Bt s
P medicaginis Malbr. et Rous % 17 2 7oL
P. putamium Speg. % @ mi e S
ymatoticbopss omivors
(Duggar) Heaneb. O | (NN .
Plectosphaerella cucumerina
(Lindt) W. s df ale 2 oels 3§ 3
Pseudeurotiom sonatum v Beyma o3 | o2 |5 D7
dogymuoscus s ailo 6 we w8 = w [A = 2
Pythium oligandrum MDD I B .
Rhizopus sloniter v o Link)
a s sl = 8 [le 43
Sctvtnn sleoioeym (i) e Bary R . 2
Seopuaopisrovias Sac)Bam. | 2 A8 L
2 3 3|7 o9 n|6 % IS
0 6 [ (T
. e 3 @ |=
Sordaria fimicola (Rob.) Ces. ex de Not. | . . 3 4 .
n ambigua Niess! i o6 7| . L3
Stachybotrys chartarum (Ebrenb
ex Link) Hoghes sl @ 5 &ls
Staphylotichum coccosporum
J. Meyer and Nicot 2 el « A3 [+ & s
Thanatenphorus cucumeris (Frank)
Donk 5 N [ T « 3
Torula raminis Desm 2 6 .| o4 |2 oo
T herbarus
. B s 5 s
2 % i B o 5o
[ I N
o P :
P A ) 310
Trichurus temophilus Swift et Fov i I 4
Ulocladiom consortiale (Thim)
Vertcillium albo-strum Reinke
etBerth. PR -T2 I VO
V. lecanii (Zimm) Viégas 13 14 i
V. nigrescens Pethyir. 2y 12 3 5
Volutella cilita (AIb. et Schw.) Fr. S I R
Species non determ.
Dematiaceae TILS 16
Mucedinaceae A TIL38 4 4
Species
Mucedimest N Vi1 2
: 681 35 64 | 870 951 1023 | 264 558 430
Pl S0 ® 3|5 a3 43| 0
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In the environment of soil covered with a mixture of alfalfa and grasses for one
sear, he ccurtence of the “pioneer” spcies was distncly manifested: Actemoniela
atra, Ac fusispora, Dy ially D. stemonitis), Gliocladi
(especially G. catenulatum and G. virens), Mortierella (M. isabellina, M. parvispora
and M. vinacea), Penicillium (P. expansum) and Scopulariopsis (S. brumptii and
S. chartarum).

In the soil cultivated with the mixture of alfalfa and grasses for 1-3 years, the
fungal was by ionally great number of species from
the genus Penicillium. In total, 14 species of the above genus were isolated. Most of
them, however, colonized the soil during only one vegetative season. In this group,
the most frequent species were: P. claviforme, P. expansum, P. frequentans. and
P. granulatum.

Fungi from the genus Fusarium were represented by 4 species : in this number,
F. culmorum and F. oxysporum regarded as pathogenic. They were isolated during
the first and third year of cultivation.

In addition, the following pathogenic species of fungi were also isolated: Phoma
medicaginis — in the first and second year of cultivation of alfalfa and grasses, Ver-
ticillium albo-atrum — in the second and third year of cultivation, Cylidrocarpon
destructans in the third year of cultivation of the mixture of alfalfa with grasses.
Altogether pathogens constitued 7.3 % of all the isolates.

In the soil cultivated for 2-4 years, group of dominants was composed of fungi
of the genera: Chactomium, mainly C. globosum and C. olivaceum, costituting
35.6 % of all the isolates, Aspergillus - 9.6 %, Scopulariopsis - 8.8 %, Phoma~ 5.8 %,
Fusarium - 5.4 %.

In the group sub-dominans the following species of fungi were recognized:
Penicillium, mainly P. cxpansum, P. P.j: P.
=45 %, Actemonium muroru—3.7 %, Cladosporium herbarum - 2.7 %, Sporormia

ambigua - 2.4 %, viride - 2.5 %, C) -22%,
Mortierella l&ﬂb(,"ll)d~ H 9 % D itis — 1.7 %, i farino-
sus— 1.4 % 1.4 % and ium zonatum — 1.1 %.

In this type of soil environment, an annual increase in the number of colonies
was accompanicd by a decline in the number of species. An increasing tendency was
particularly ahown by Aspergillus oryzae, Chactomium olivaceum, Phoma eupyrena
and Trichoderma viride.

‘The specics of the genus Penicillium which formed the most numerous popula-
tions were P. P. janthii and P. in the third year of
cultivation.

Nine species of fungi from the genus Fusarium (represented by a total of 11
species) were isolated in the second year of cultivation, in the third only 2, whereas
in the fourth year of cultivation an increase in the number of species 10 6 was ob-
served. Only F. poac, was noted throughout the whole period, F. avenacem,
F. culmorum, F. solani and F. tabacinum were isolated during 2 growing seasons.
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Of species pathogenic (o alfalfa and grasses F. avenaccum, F. culmorum,
F. oxysporum, F. equiseti and F. solani were accompanied by Cylindrocarpon de-
structans (noted in 3 growing seasons), Verticillium albo-atrum (2 seasons) and oc-
casionally, Phoma medicaginis and Thanatephorus cucumeris (1 season). The above
species isolated from the soil on which a mixture of alfalfa and grasses was culti-
vated for 2-4 years, consituted 5.5 % of the total fungal communities.

In the environment of soil with the 3-5 year cultivation alfalfa and grasses (ficld
IX) the prolonged affected the pment of the ity of soil
fungi. The species composition of this community was slightly more stable than
tahihtly described above, while the number of species declined in the succesive years.
In the community of fungi isolated from this environment, the following species
dominated: Aspergillus, mainly A. oryzae and A. versicolor constituting 26.4 % of
the isolates, Penicillium frequentans, P. granulatum and P. steckii ~ 19.33 %, Pac-
cilomyces farinosus - 6.9 %and Mortierella parvispora and M. isabellina - 5.2 %

In the group of sub-dominants the most frequenty occuring species were:

Scopulariopsis, mainly S. brumptii - 4.7 %, Trichoderma harzianum and T. viride -
4.0 %, Cl -3.6 %, CI ium globosum — 3.4 %,
Monilia geophila 3.3 %, Phoma chr P.e P.

2.6 %, Acremonium murorum - 2.3 %, Fusarium sp. - 2.3 %, Humicola fuscoatra
var. fuscoatra - 2.0 %, Sclerotinia sclerotiorum — 1.8 %, and Rhizopus stolonifer -
1.0 %.

After 4 years of cultivation of the mixture of alfalfa and grasses, a rapid in-
crease in the number of colonies of Aspergillus versicolor and Penicilium granulatum
was noted in field IX. These changes were accompanied by a decrease in the num-
ber of ions of Fusariur " nivale, F. and Phoma
medicaginis. In the fifth ycar of the study, no species of the genera Fusarium and
Verticillum were observed, while the number of populations of Aspergillus oryzae
considerably increased.

Pathogenic fungi constituted 4.6% of the community of fungi isolated from the
soil of the investigated field (IX).

DISCUSSION

‘The results of the present study on the communities of fungi developing in
three soil environments indicate that after an initial chance colonization of the dum-
ping grounds by pecies of fungi, the speci was stabilized and
a community of soil fungi specific for the cultivated plants developed.

‘The processes of stabilization in the communities of soil fungi effected by plants
of Papilionaccae and Gramineae familics were observed by many autors (T u's z-
kowskaiLegied 1973; Czaplinska, 1973 Truszkowska i Kalif-
ska,1979; Kutrzeba, 1983, 1984 Dorenda, 1986).
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In the 3-year study, 40 common species of fungi were isolated from the 3 plan-
tations (differing by age and the period of agricultural land use), this indicating that
the cultivated plants had a profound effect on the development od specific fungal
communities. Many autors isolated some of these species from soils with alfalfa
and orchard grass cultivation (Czaplifiska, 1973 Dorenda, 1982, 1986;
Kutrzeba, 1983, 1984).

A comparison of the communities of soil fungi isolated from the initial soils of
industrial waste dump and from arable soils (in mountainous and lowland condi-
tions) showed that such specics as Absidia glauca, Acremonium murorum, Alternaria

-Jllcmalld, spergillus versicolor, Cl globosum, CI ‘herbarum,
Cy Fusarium . F. culmorum, F. oxysporum,
F. solani, Gliocladi i farinosus, Penicillium chryso-

genum, P. granulatum, Phoma eupyrena, P. medicaginis, Trichoderma viride,
. harzianum, Verticillium albo-atrum and V. lateritium were fairly common in soils
planted with alfalfa and orchard grass,

Though some pathogenic species of fungi such as Phoma medicaginis and Ver-
ticillium albo-atrum (G or don etal 198%; Hwang etal, 1989; Newcombe,
Roob, 1989; Rodriguez etal, 1990) occurred in all the investigated fields
with alfalfa and grasses, they did not cause infections of cultivated plants. Neither
other specics of fungi, such as Fusarium avenaceun, Cylindrocarpon dmmcmm or
cucumeris which oceur in thise and a
considered 1o bo pathogenic to alfalfa and grasses (Czp1ifi sk a, 1973; Lam pr
recht etal, 1986; Hwang etal., 1989) caused any diseases in plants, growing
on the industrial waste dump . The constant good health condition of these plants
may be associated with the presence of nonpathogenic forms of fungi particularly of
the genus Fusarium (Schneider, 1984; Park etal, 1988), higher tolerance (o
fungal infections, or with the fact that the pathogens did not come in contact with the
roots of the plants (S van, Chet, 1989). According to Truszkowska and
Legie¢(1973) the growth of Verticillium albo-atrumis inhibited above 20°C, this
temperature having been noted during the studies from June to August. Moreover
due 1o its low survival rate V. albo-atrum is not able to developed in soil over a lon-
gerperiod (Gordon etal., 1989; Newcombe, Robb, 1989).

‘The absence of disease symptoms in the cultivated plants in the presence of
a pathogen may be associated with the fact that the roots of alfalfa plants secrete
substances which make them resistant (o infections. These substances may also in-
antagonistic organisms (Giber t etal, 1969; Lewis, Papa-
lating action is manifestcd h, the apid growth of saprophytic
uch s 57 cl

fungi in the soil,
D ces, G

Tric) which pre-
vailed over the pathogens. This finding is in agreement with the opinion of G i I-
bert et al. (1969) that volatile substances of distillates of alfalfa hay stimulate the
growth of saprophytic fungi species, above all of the genera Trichoderma, Aspergil-
Ius, and some specics of Penicillium.
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Tn the conditions of the industrial waste dumps a rapid growth of Rhizobium
was noted (K 0 w a 1 k, 1989 a) while an anatgonistic effect of bacteria (K w 0 k
ctal, 1987; Park etal, 1988 Bin eal, 191), including Rhizobium, on
pathogenic fungi was also reported (Fur gat-Wegrzycka, 1987).

Eacicowa(1989) and other autors (Lewis, Papavizas, 1983; Bea-
gle-Ristaino, Papavizas, 1985 Howell, 1987; Bin etal., 1991) sug-
gest an important role of antagonistic fungi of the genera Gliocladium and Tricho-
derma. In the investigated arca, these species, particularly T. viride, T. harzianum,
T. piluliferum, G. catenulatum and G. virens, night have an inhabiting or reducing
effect on the growth of Verticillium albo-atrum, Phoma medicaginis and Thanate-
phorus cucumeris. K wa § na (1987) suggests that Morticrella isabellina, M. vinacea,

i P. jensenii and viride (often isolated from
soils with alfalfa cultivation) have an antagonistic effect on Fusarium oxysporum
and Thanatephorus cucumieris. C z a p 1 1i s k a (1973) observes that some fungi of
the genus Fusarium, including F. oxysporum isolated from dumping ground soils,
inhibit the growth of Verticillium albo-atrum. The above autor has also reported an

i effect of on Phoma medi ordin

o this author the strongest resistance of the environment to V. albo-atrum and
P. medicaginis (= Ascochyta imperfecta) is noted in the first year of cultivation. The
comparison of the results of mycological analysis of soils differing in age the period
of agricultural use, showed that in the case of older plantations (cultivated for 4-5
years), the number of fungi species, including pathogens, decreased. These results,
however, were not confirmed by studies conducted by Czaplifi sk a (1973). This
autor determined the highest number of pathogens of the genera Fusarium, Phoma,
Verticillium in the soils of the oldest plantations.

‘The results obtained indicate that the establishment of such plantations on in-
dustrial waste grounds is justified and that the good phytosanitary condition of plan-
tations, high yiclds, and very positive effects on the soil show the feasibility of
(Kowalik, 1989 a, b) maintaining them on industrial wastes for a longer period
than on arable soils.

CONCLUSIONS

1. The mixture of alfalfa with grasses introducetd as a first culture on the raw
substrate of industrial wastes favoured the development of communities of soil fungi.
Since the cultivated plants were resistant o fungal infections and had a positive
effect on the soil, they should be cultivated for a longer period than on well deve-
Toped soils.

2. In the course of the soil development processes, communities of soil fungi
solated from the initial soil of the waste dump planted with a mixture of alfalfa and
grasses, become more similar (o the fungal communities colonizing well developed
soils.
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3. Communities of soil fungi in the initial soil of a dumping ground become
more stable with the age of the plantation.

4. Since the very beginning of the development, the increasing risk of plant
pathogens should be taken into cousiderations in the environement of initial soil.

Summary

Rescarches were conducted during the years 1988-1990 on the “Mach6w” in-
dustrial waste dump, It was determined, that a mixture of alfalfa with grasses, intro-
duced as first culture on the raw substrate of industrial wastes, was helpful for the
development of soil fungi communities. The constantly good health condition of
plants and their beneficial influence upon the substrate suggest the cultivation of the
mixture for a longer period thatn on well developed soils.

In the course of soil development processes communities of soil fungi, isolated
from the initial s0il of the waste dump planted with the mixture of alfalfa and grasses,
became more similar to fungal communities occupying well developed arable sois.

Along with the ageing of the plantation growing on the initial soil the commu-
nities of soil fungi became stabiliz

In the environment of initial soil, since the very beginning of its development,
the increasing risk of plant pathogens outbreak should be taken into consideration.
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