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Thr: study conducted has revu]ed Ihal the general abundance of ccll\llnlyu: fungi in the
soil with specific
soil properties was found in m» casc (v[ the genera Humicola, Penicillium, Fusarium and
Chrysasporium of the 10 genera of these fungi isolated most often.
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INTRODUCTION

Cellulolytic fungi are one of the more important physiological associations re-
sponsile fo the decomposiin and mineralisation of organic residue in the soil
They comprise several genera ainl; and

such as Chaetomium, Hmmcala or
by a high cellulolytic activity; the capacity of others, for instance representatives of
Penicillium and Gliocladium, to decompose cellulose s generally lower. Fungi whose
cellulolytic activity is high synthesise a full set of cellulolytic enzymes, including en-

morphological structures that facilitate the destruction of native cellulose substrates
(English 1965; Duncan and Eslyn; 1966; Rogalski 1992). Most rescarchers
belivetatcellullytc g playthe geatest ol n decomposing cellulose in acidic
soils while bacteria in neutral or
Sech sl The data on the disbution of thes slcromyocs f the ol bave o far
been scarce (Domsch and Gams 1970; Griffin 1972 Kj6ller and Struwe
1982; Kornittowicz 1989)

‘The aim of this article was to expand the knowledge in this area. In particular, the
corelation between the abundance of cellulolytic fungi, which occupy arable soils,
and some properties of those soils was examined.
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MATERIAL AND METHODS

The material examined consisted of soil samples collected in arable soils follow-
ing plant harvesting. The manner of soil collection and preparation for the exam
ation was described in a recent publication (Kornittowicz-Kowalska and
Bohacz 2002). The study comprised all soils lsted in the publication quoted. Ta-
bles 1 and the soils. Their more
ln-dcplh desription was given calicr (Kornitlowicz-Kowalska and Bo-
hacz

ble 1
Selected physical and chemical properties of the soil examined
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‘The plate dilution method was used to isolate cellulolytic fungi. The Winogradzki

substrate with Whatmann paper 1 as the only source of carbon and energy was used
(pH’5.5),and fun-

gal growth oceurred were incubated at 26 °C for 14 days. The general abundance of
fungi is the mean value of three series, and was expressed in units forming colonics
(colony forming units £. v.) x kg d. m. of the soil.

“The genric and species composiion of fungi was determined isolating al deve-
loped colonics from threc plates fora dilutions. The
was identified on the basis of micro- and macromorphological properties conducted
in microculturcs and on plates in keeping with the systematic studics: Ellis (1971),
aswellasDomsch, Gams and Anderson (1980).
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Table 2
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‘The statistical method of correlation and the multiple regression analysis werc used
to calculate the results obtained. The following lincar multiple regression models were.
considere: frequency (fungi) = a + b humus + ¢ floatable fraction + d nitrogen + ¢
CaCO, + fP,0, + g pH, where: freqy agiven ge-
s or all celulolytic fungi in the sofl (dependent variables); humus, foatable fraction,
nitrogen, CaCO, P,0, and pH - content of those constituents in the soil (independent
variables); a — constant (free term in the regression expression); b, ¢, d, e, f, g — coeffici-
ents o ndependent variabes, detemined sing et squares it e limination of
the least significant for those fun-
gi for which a significant i b the frequency of occurrence and any
physical or chemical soil property examined was found.

RESULTS

The general abundance of cellulolytic fungi in the arable soils cxamined differed
and ranged between ca. 4 min c. £. . - kg’ d. m. in the cambisol formed of heavy clay
(s0il5) and ca. 200 min . . u. - kg’ d. m. in the limestone soil (rendzina) of the light
dusty cl 17). Significant in the gro-
up of the fung examined were also recorded within the same soil type. It was partic-
ularly noticeable in the case of cambisols and limestone soils where even a 7-fold
difference in the number of ded (Fig. 1). Astatistical

lati f the total of i i ifi correlati-
on between the development of these fungi and the phosplmms content in the soil
(Tab. 3 and 4). A positive correlation cocfficient (1), at a high level of significance,
anda (R?for both that the
number of ic fungi in the soil increases as the content of thi in-
creases. The general abundance of cellulolytic fungi did not reveal, however, a
significant correlation with any other physical or chemical soil property examined
(Tab.3).
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Fig. 1. General abundance of cellulolytic fungi (c. f. u. - kg" d.m. of soil) in the arable soils
examined.
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An examination of the taxonomic composition of the isolates of cellulolytic fungi
yielded 59 species in 20 ‘mainly fungi imp

nera Chaetomium and Thielavia cellulolytic A

fina). Altogether 830 isolates were identified; 30 of them were identified only up to
the genus (mainly Penicillium), and 6 did not develop fruit-bodies. Trichoderma (214
strains) and Penicillium (214 strains) were the genera isolated most frequently. Al-
though . fungi of the following genera liocladium
(88 strains), Chrysosporium (63 strains), Fusarium (37 strains), Pacciliomyces (31
strains), Humicola (32 strains), Aspergillus (26 strains), Chaetomium (23 strains) and
Acremonium (23 strains). Other genera of cellulolytic fungi were isolated rarely or
sporadicaly (1-17stains) (Tab. 3).

Caymiin b2

f f i !mwi in the soil was
notuniform. Fungiof the genus Tri h i i

d, although their freq occurrence varied. Cellulolytic
strains of the genus Gliocladium and Penicilliom also occurred i the majority of the
soils. Fungi of those genera were usually not recorded in podsols (Gliocladium), as
well as phacsols and fen soils (Penicillium). The other genera recorded occurred in 2
t07 of the arable soils examined. Fusariurm occurred chiefly in podsols; Chaetomium
and Paeciliomyces — chernozems and some phacsols; the genus Humicola was isol-
ated from chernozems and fen soils most often, while Chrysasporium occupied fen
soil number 13 to the greatest extent (Tab. 3).

The statistical calculation of the occurrence frequency of the most common ge-
nera of fungi (Tab. 4) showed that a significant correlation between their deve-
lopment and the soil propertics examined existed only in the case of four of them
(Humicola, Penicillium, Fusarium, Chrysosporium) ~ Tab. 4, 5.

Table 4
C ) between the general of cellulolytic fungi and the
frcqucncy Ofselecisd genera and propertics of the selsexamined
Sl properties
P Content
ms | Not | GO, | PO, | Hoamsble | pH
Total number 3 5 g 08 3 z
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Chysosporiam | 0327 - = , 5 £
riam E B 0555 E
Gliocladiarn 5 : s g =
Humicola 5 s [ 5 = Z
Facclomyces B S B 5 2
Pericillun : 053" z : z i
Trichoderna - = z 5

2 o i e Lot g




166 T. Komniltowicz-Kowalska et al.

Th of ins of Humicola n the
level of CaCOj in the soil, as indicated by very high correlation coefficients (Tab 4)
and high determination coefficients (Tab. S). They prove that the number of Huri
ola occurrences increases as the content of this fraction goes up. Thus, these fungi

jied phassols, fen soils and i i CaCO,
content and, consequently, by the basic pH of the soil (Tab. 1 and 3).

Tables
coeflicients (R?) for th fungi with significant
frequency of occurrence and soil properties

Sol properties
Conent
Fungi N
Hums | N | CaCO, | RO, | Flousble

ol mamber = = - T = .
Choysosporium | 067 | 067 | 08T 5 5 >
LT = . - - [ =
Tanicola 5 : o510 2 =
Fenicillum 3 2 : = 6 [E0g

Explanatons: - leve o model sgnificance o = 005;
level of model significance a = 0.0

el of model significance a = 0
Th icsteains of Penicillum in the ol
ditioned by the pH value
tween these propertics (Tab. 4) are indicative of a decrease in the number of these
fungi as the pH and the N content in the soil increases. By the same token, the data
obtained demonstrate that those fungi prefer acidic soils, which was reflected (Tab.
4) by a slgmfcanl number of these fung n podsols (pH 3.86 - 4.19), cambisols (I
the soil pH for the di-
Siiton it cellulolytic strains of szclllmm was corroborated by the multiple re-
gression analysis (Tab. 5). The method used eliminated nitrogen as a factor that
directly influences the development of these fungi. The reduction of the model to pH
only resulted from a stronger correlation between the abundance of Penicillium and
the soil pH than that between its abundance and the nitrogen content, while both
chemical propertics remained corrlated with cach other (Tab. 2).
of f Fusarium was

i b e 1 floatable fraction in the soil(Tab. 4), which proves that the occur-
rence requenecy of th representatves of this genus decreass asthecontea o he

0.02 A D(Fusatmm in

il than thatin " soils re-
flection of it (Tab. 4). The values of the dclcrmmauon coelicents obtaine ai-
though not very high, supported these findings (Tab.

‘The number of i of the genus CJ i byone
species, Ch. pannonum, itively, although with the level
of soil humus. Therefore, these fungi were accumulated in fen soils, characterised by
the highest (5.89%) level of this fraction of all soils cxamincd (Tab. 1, Tab. 3). The
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maltple regresson ansyss provided more data on th factors that influence the

£Cl Tt shows that the growth of
the genus in llu: soil s also determined by the nitrogen content and the CaCO con-
tent (Tab. 5). The values obtained prove that, at a set humus content, the number of
cellulolytic Chrysosporium goes down as the amount of nitrogen and CaCO, goes up.
‘The number of the other genera of fungi with cellulolytic capacity, listed in Tab. 4,
‘was not significantly correlated with any of the physical or chemical soil properties
examined (Tab. 4).

On the level of populations, the cellulolytic fungi isolated were most frequently
represented by: Trichoderma viride (137 strains), Gliocladim roseum (66), Chrysos-
porium pannorum (63), Penicillium canescens (30), P. decumbens (30), Humicola fu-
scoatra (26), Trichoderma harzianum (24), T. koningii (24), Paccilomyces lilacinus
(22), Penicillium purpurogenum (22). Other specics were few (between 1 and 20
isolates) - Tab. 6.

i that occupied I
by the greatest generic and species diversity (12 genera and 23 species), while cellul-
olytic fungi in cambisols — lhe smallest (7 and 11, respccuvcly) It should be noted
that strains of 7ri well and Penicillium,
ically in limestone soils and in some fen soils. Less common fungal specics that yxcld
dark such A ustus,
Doratomyces microsporus and Acremoniwn murorum, occurred in those soils more
often (Tab. 6). An accumulation of representatives of fungi with dark pigmentation,
. Humicola grisea, H. insolens, Stachybotrys atra, A. murorum, was also recorded in
some phaesols (Tab. 7). What those soils had in common was also a small number of
fungiofth gonus Trichoderma, Trichoderna viide in particlar (b ). Furtherm-
ore, alo viride
cms was jed by a more of such Tri species
as T. polysporum, T. piluliferum, T. harzianum, T. koningii and T. hamatur. On the
other hand, in phacsol number 9, characterised by a very strong growth of 7. viride
(97% of all ) the other species of was re-
corded sporadically. A imilar phenomenon was noticed also in the ather sofsexa-
mined i

Chaetomium spp. and Paenlmmycz: s5p. benefited [mm gt
other, which was particularly conspicuous in the chernozems examined (Tab. 6).

DISCUSSION

‘The studies conducted show that the soils with a high nutrient content and ava-
ilabily, il buered and osygenated. offer the mostfavourabl conditons for the

ly in heavy so-
ils, which should be accounted for by a high level of the floatable fraction, which im-
pedes oxygen diffusion and consequently hinders the growth of these
micsoorpintos WA grat difecéoces o he edeal sbuidance of gl occupy
ng the same or diverse soil types were od by agrot-
echnical ones, such as the system of cutivation, lypcs of plants cultivated,
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fertilisation, could also contribute to this effect. Those factors, however, were not
considered in this study.

Among all physical and chemical properties examined only the phosphorus con-
tent showed a significant correlation with the general abundance of cellulolytic fungi.
A high demand of cellulolytic fungi for this nurient is probably caused by the syn-
thesis of great amounts of phosph f glucose and oth
intermediate products generated in the process of cellulose hydroly;u by fungi
(Griffin 1972).

Only four genera of the 10 genera isolated most often, i.c. Humicola, Penicillium,
Fusarium and Chaetomium, were correlated with specific soil properties.

The distribution of the population of Humicola was positively correlated with the
CaCO), content in the sm] The greatest numbers of these qugl were recorded in

richin

tween the occurtence lrequency of Humicola representatives and {he amount of
CaCOy in the soil should be put down these fungi (quo-

ted aherDumsch Gams and Anderson 1980). As is known, soils with a much
lower CaCO, content belong to basic soils. The results of other studies (Kor-
nittowicz 1993) also reveal the stimulation of the development of Humicola re-
presentatives in a basic environment. Those studies showed that the frequency of
occurrence of Humicola rosc as ammonia, a factor that alkalises the environment,
was released into the soil.

The selective

pH could also be disc in the case of
presentatives of Penicillium. In contrast to the Humicola populations, Penicillium po-
pulations were accumulated in acidic soils, podsols in particular. On the other hand,
Penicillium representatives occupied basic soils, especially phaesols, only to a small
degree. In the light of the data (Domsch, Gams and Anderson 1980) on the
possible growth of Penicillium in a wider range of soil pH (pH 3.0 - 8.0), it may be su-
spected that the phenomenon observed was also influenced by other factors, such as
competition with other cellulolytic fungi. It was noticed that the soils in which cellul-
olytic strains of Penicillium occurred more frequently were characterised by a low
frequency of cellulolytic representatives of Trichoderma, and vice versa. Soils with
low frequency of Penicillium were characteriscd by a high frequency of Trichoderma.
As soils with a high number of Penicillium comprised chiefly podsols, it may be as-
sumed that this genus prefers mainly soils in which water retention is poor and which
are susceptible to overdrying. Fungi of the genus Penicillium are characterised by a
low cocficicnt of water activity (a,), which cquals 0.65 (Moss 1987). Fungi of the
genus Trichoderma, on the other hand, are a more effective coloniser of soils which
are well moisturised as their cocfficient is high 2,=0.98 (Domsch, Gams and
Andersan 1980). Thus, this genus prefers phacsols which belong to hydrogenic
soils.

Populations of Trickoderma and Fusarium also occurred in soil environments
whose properties differed. Ccllulolync strains of £, solani occurred only in soils in
which the freq Tvi .
strong opposition between populations of T, virde and F. solani n the soi (offe
1966; Kornittowicz 1991/1992, 1993). The antagonism between these two species
is brought about by mycoparasitism of . viride, resulting primarily from the secretion

Th Its of other a
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of mycolytic enzymes, i.¢. B-1.3-glucanase and chitinase (Chet and Baker 1981;
Elad etal. 1981, 1982). The opposition between the populations of T. viride and F.
solani was most probably also responsible for the negative correlation between the
occurrence of F. solani and the content of lhe floatable fraction in the soil, noticed in
thisstudy. It was reflected in thy of F. solani ives in light so-
ils (podsols), characterised by a small number of T viride populations at the same
time.

In contrast to fung of the genus Fusarium which occupy light soils with a low con-
tent of the floatable fraction, populations of cellulolytic representatives of Chrysos-
porium (Ch. pannorum) colonised soils with a high content of the floatable fraction
and humus. The occurrence of this specics was particularly strongly correlated with
the amount of CaCO, and N in the soil. The affinity of Ch. pannorum with soils rich in
CaCO,similarly to Humicola, is brought about by the species’ preference for neutral
and weakly basic environments (Williams and Pugh 1974 after Domsch,
Gams and Anderson 1980). The stimulating influence of nitrogen should, on the
other hand, be attributed to the cellulolytic activity of Ch. pannorum. AsPark (1976
a,b) reports, the amount of nitrogen in the soil is the main factor that determines the
decomposition of cellulose by the species.

 Inthelightof the reults obained i this sudy, i seems that the occureence and

i in the soil should by din greater depth to inc-
lude the soil type, as well as a more diverse edaphic o o bt
relationships.
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Korelacja pomigdzy obfitoseia grzybow celulolitycznych
a wybranymi wlasciwosciami gleby

Streszezenic

i badai d liczebnosci i i
celuloluy\znycn W glebach uprawnych rozniacych si¢ wlasciwosciami ~fizycznymi
chemiczny

17 ielicowe, brunatn
czarne ziemie, mady iny.
Zastosowana prhii korela

i regresji wykazala istotn zaleinoéc oginej lizebnosei
(r= rzya =001 R =
0,465 przy « = 0,01). Liczebnosé, jacej w badanyct
lebach rodzajow graybow celullitycznych m. in. Trichoderma, Giliocladium, Paeciliomyces i
Chaetomium, nie byl istotnie skorelowana z okreslonymi cechami gleby. Korelacja ta
zamaczyla si¢ tylko w_odniesieniu do liczebnosci celulolitycenych szczepow Humicola,

Penicillium, Fusarium i Chrysosporium. Najbardziej istotng i dodatnia wspétzaleznos¢

0,001; R* = 0,510 przy « = 0,01). Slabsz i ujemna korelacje stwierdzono migdzy liczebnoscia
Penicinium i poziomem pH gleby (¢ 01; R = 0,520 przy @ = 0,05). Wzrost w
glebic i czepow C/ i ]=dym= preez Ch.

nnorum,
= 0,001). Wystepowanie celulolitycznych :Lazp(w/ Fusarium byl natomias

2 poziomem czesci Korelacji byl jednak
niski (r = 0,258, @ = 0,05).
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