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This paper presents the differences in size and structure of mycobionta communities occumng in soil
and on/in roots of a 3(-year-old birch and 1ts stumps 2 years after cutting of the trees. Special attention was
paid to the occurrence of Zygorhynchus moelleri and Trichoderma viride. The first species due to the metabo-
lites produced may presumably stimulate the infection by Armillaria. The second species is a well-known

antagonist of Armillaria. £ moelleri accounted only for 2.6, 1.3 and 9.1 % of the total number of 1solates in
rhizoplane as well as in the fine and thick roots of stumps, respectively. Trichoderma viride and T. virens were
present in roots of live birch and its stumps only occasionally. The relatively big population of Mycelium
radicis atrovirens — particularly in the fine roots of stumps is attributed to their high vitality and relatively
lower level of root decomposition. It seems that the rate of stump root decomposition does not favour their
colonization by Z. moelleri and its supposed contribution in enhancing the infection by Armillaria might not
be so distinct as on stumps of 49-year-old birches.

Key words: Armillaria spp., birch, mycobionta, roots, stumps.

Kwasna (1996 a) suggests that the high frequency of Zygorhynchus moelleri
associated with the absence of Trichoderma viride on/in 2-year-old stumps of
49-year-old birch (Betula verrucosa) may favour the infection of stumps by Armillaria.
Z. moelleri 1s known to produce indole-3-ethanol and indole-3-acetic acid stimula-
ting the growth and development of Armillaria rhizomorphs. T. viride is a well-
-known antagonist of Armillaria.

In order to determine whether similar relationships are found between birch
and fungi on/in roots of 2-year-old stumps of younger trees, the structure of
mycobionta 1n so1l and on/in stump roots of 30-year old birches was investigated.

MATERIAL AND METHODS

In September 1991 roots were collected from 30-year-old birches in Huta Pusta
Forest District (western Poland, 177 10" E, 52" 50" N ), division 37 d. The birch
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comprised 10 % of the Scots pine stand. Trees were cut down and after 2 years roots
were collected from their stumps. Root samples were taken from each of the 5 trees
and 5 stumps. The soil samples were taken from beneath the roots of each tree and
stump. Isolation of the soil, rhizoplane, rhizosphere and root fungi was carried out
according to M a i k a (1974). For more details see part 1 (K wa$na, 1996 a).

RESULTS

Table |1 presents a list of all fungi isolated from the soil, rhizoplane, rhizosphere,
fine and thick roots of the 30-year-old birch and 2 year-old birch stumps. Altogether
116 fungal species were found. Table 2 presents the frequency of occurrence of the
most common taxa in soil/root habitat of tree and stump roots. The total number of
fungi isolated from the soil surrounding the roots of live trees and stump roots was
888 and 282, respectively. These fungi communities were represented by 20 and 39
species, respectively. The frequency of Mucorales decreased from 45.0 % of the
total number of i1solates in soi1l beneath the roots of the live trees to 25.7 % 1n soil
around the stump roots. The density of Penicillia and Trichoderma was stable. In
both soils the most common species were: M. vinacea, P. daleae, P. adametzii, and
F. janczewskii. Except for F. daleae the frequency of the remaining fungi decreased
in the soil beneath stump roots. G. murorum var. felina, G. reessii, M. angusia,
F. decumbens, P. simplicissimum, S. pithyophila, S. schenckii and T. asperum were
detected exclusively in the soil beneath the stump roots. In soil surrounding the roots
of living trees and stumps Penicillia population was represented by 6 and 11 species,
respectively.

The rhizoplane and rhizosphere of live birch roots were inhabited by 584 and
194 i1solates represented by 27 and 25 species. In the rhizoplane of the stump roots
the density of fungi was much higher. The total number of isolates amounted to 2421.
This large community was represented by 36 species. In the rhizosphere of the fine
roots of stumps there were only 40 isolates represented by 14 species. On stump roots
Mucorales density increased to 48.0 and 20.0 % of the total number of isolates in
rhizoplane and rhizosphere, respectively. The above taxon was represented mostly by
M. vinacea. Z. moelleri was absent on the roots of the live trees. In the rhizoplane of
the stump roots it comprised 2.6 % of the total number of isolates. Compared to the
live roots, the frequency of Penicillia decreased on stump roots to 46.4 and 32.5 % of
the total number of isolates in rhizoplane and rhizosphere, respectively. The taxon
was represented by a similar number of species in rhizoplane and rhizosphere. Com-
pared to the roots of living trees, the number of isolates from fine roots of stumps
increased over 65 % and was 392. The number of species representing the commu-
nity increased from 22 to 34. The frequency of Mucorales decreased from 56.1 to
260.5 % and that of Penicillia increased from 4.6 to 27.4 % of the total number of
1solates. Among Mucorales the most common species was M. vinacea which oc-
curred in smaller density in the fine roots of stumps than in the fine roots of the living
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trees. Z. moelleri in the fine roots of stumps accounted only for 1.3 % of all the iso-
lates. Among Penicillia the most common species was P. daleae whose frequency
increased markedly, compared to roots of the live trees. The thick roots of the live
trees and stumps were inhabited by a similar number of isolates but the number of
species representing the communities was 28 on stumps and only 10 on the living
trees. Mycelium radicis atrovirens which was the dominating species in thick roots
of the live trees occurred with a frequency of 34.6 % in thick roots of stumps. The
density of Mucorales and Penicillia increased in stump thick roots. Cylindrocarpon
destructans was detected mostly in fine roots of live trees and occurred more fre-
quently in the thick roots of stumps. Qidiodendron species were found mostly on the
surface of roots from the live trees. Only single isolates of Trichoderma spp. oc-
curred in the so1l and on/in the roots. They were more frequently found in roots.
Fungi occurring in specific habitats are listed in Table 3.

DISCUSSION

This paper presents the changes in the size and structure of fungal communities
in so1l and on/in roots of birch stumps in the 30-year-old Scots pine stand, two years
after trees were cut down. The rate of afforestation of stand was 1.0 and was higher
than in the 49-year-old stand where the birch soil/root mycobionta was studied be-
fore (K wasna, 1996 a). In a younger stand, due to the higher rate of afforestation,

the accumulation of organic matter in the litter, moisture of the soil and accumulation
of CO, in the ground covered by a thicker layer of litter were higher. Dense canopy

reduces the amount of solar radiation reaching the ground which prevents the in-
crease of its temperature. The aeratin of the more dense stand 1s also lower. These
environmental factors might influence the species composition of the fungal com-
munities on/in stump roots. The physical, chemical and biological factors may have
modified not only the frequency of fungi but also their physiological properties,
including degradative ability (Bidiith, Sdderstrom, 1980).

Many soil microfungi have a wide ecological amplitude and were found in both
stands (K wa $ n a, 1996 a) but others showed very strict ecological specificity. The
decrease in density of fungi in soil beneath the birch stumps was observed in the
30- and 49-year-old stands (K w a £ n a, 1996 a). The fungi communities were three-
fold smaller, compared to those beneath the living trees. In the 30-year-old stand the
decrease 1n the density was not correlated with the decrease in the number of species.
The soil beneath the stumps comprised twice as many fungal species as the soi1l be-
neath the live trees. The soil/root microfungal community except the microclimate,
microfungal and microfaunal associates is created mostly by the chemical properties
of the substrate. The decrease in the size of soil fungi community and the increase in
its diversity might be mostly due to absence of the roots exudates and the small

accumulation of organic matter at relatively low and different rate of decomposition.



cooc +Zceo

il
Rl

+ O

E-I-EF:'E:J'-:*HE:EEEGEE'DG

'l
Bl
1l

= - —

ol

=N

= 4+ + +

-
—_

L)

)
{

0
0
(]
]

Bt
(
{0
{

0l
{)
6T

(
0
BY

JAYPEA 12 SIUUIOON ("IueT]) Jauasunal g |

ds oponydoxy |

NUIY st S wmasoandsy

‘MU0 (SnmH ) wmudpip -

UN[OYIS (WSSUTY) SUDIMLsap uodipdospul)
Qg apuisar naajoydiowy Jo s wnuodsopn) )
Zudq winuciadsosaoygds 7

1 X U wnaingsay wnuodsopo))

saySny (yury) wuouund y)

WURY () X2 ) WmLIpTL A wnLodsos L)
"S13] P syOY

‘[Iinp, (OUIRS[RE) PUDISTHG DILIAANDAG

6T QY punouoIpIsog

8T 97 punodlwoipisog

nayunjd 12 L) ("pnog ) winuLigum voayLoamny
YN 19 WO, J3qnd Y

1ayasty (Amg ap) suadas -y

AMY0]g STantu Y

BIY2N] sisuanmodouey snppdiadsy

DO 0IS Y

SI[IH "9 "W (epa0D)) wmauiadsoamyd wmuiypy
sureg) A\ (109IN) sapio1pisnf 'y

SWRD) "M (AISWey 12 "wis Y W) ndp wmuowany
wadey vomd 'y

wadey neodsaspungia vy

I2IUIRE D2JM 200 DIMSGY

51001
10

auy

‘[dozng [los

Bl

‘dsoznp

[dozig

[los

S2aI 2AT]

saadg

sdwms sit pue yanq plo-1eak-g ays Jo 1weiiqey 1001-|10s ul 13ung jo (4) Kauanbay ay |

1 219% L




Lo oo + +

s
b

o s [ -

vl

0

(
g

()
0l

4]

()

()
0

b
()

o

o0 o o o

—
o

=a o +

=+ O+

= 0O + O

F8
gEE
L'l
0
0
0

—

= = =

-

B9C
0
()

ot

(

201

= =

0l

68
68

{

= &

]
L6l

{
(

't

(

{

L
0l

= = O

-
_—

=

_

98t

+ O

+

= O

WIOWY |, ML of
ddinorg ApLIAGLID o
ol | mnuadosiiys o
XN wmasuSopunin o
P{S[¥Z NZ1aumpn wnimomad
SEnY (Y2ad) wnuassinual Q)
Pqoy unasus g
UOLIBE WNIDINUIYDS W PUIapaipIo)
U3 SULIAGLID SIOTP0E Wwmijaod py
UOSIAUY 12 AJU0O0D) 1AYanu “jy
paodsipoan Tea Sunog -Jury snZnuovn]
'ds soonpy
UL DIOWOT Py
URMNS-UOXI(] P22DuA “Jy
uury psounds gy
"Uury (12[[OW) PUDTUUDWD "y
U pUDY Ry
WIYS L], URA DRSS |
SUED) A LU
(sureny) syso0uI0w IRA JJOM Bodsauan “jy
Fuuoy 13 SUBLAPNY) DUIJ2G0sT |y
uury ey Tea ppydosSKy py
“uur ppydosELy
uury synany gy
Uury siponad
UL MIsnAuD
‘1834 mundye oy adaropy
Aemo([RD) (ATY) IDunyIa Dpjatouua jy
Aemo[en (*ary) pasud ojoonungy
‘ds wmastuu o
ANTVSURIEE] 1155220 SHISDORUAT)
saydny ‘g
([BY2UR W) DUI ) TRA WL OUTTL XTSTUOTE)
"20BS (RPIOT)) MINIIDUIAD WNLIDST o




0 () + (01 () () ¥ ral 0 SWIED) A\ SIPUIA WRTPTIIOUA O]
0 0 0 0 0 0 0 0 + 1puay (wnoy) saprorzivad oioydounsiy g
't 0 z'1 BT () 0 () 0 0 SUIID 12 UD0009H 1y auaas xuyioaods
() () + 11 (] () (] [} (} SWIE) “AA T._uﬂ._n_.___umu- WM ST EEE.G.:.—&HHH
0 0 0 tl () () 0 () 0 Uyol ‘A (epso)) opydodynd maoydoaajog
0 0 0 0 (0 + 0 0 0 Jiquanyy supaudi sndozryy
) W] 0 0 0 6's 0 0 0 ‘ds winiyisf
(h] () + | " [ (] (1 i} [} OfIEY FH25 EUHEE.AME-HE.L_
] { 0 () | ( () + 0 ] Nuo(] (1] 1) paund1s piganyf
0 g 0 () | () () 0 0 0 Swen) Ay ("qQueyD 12 |1V pindaal o
0 (0 0 + () () 0 0 0 WA A srununalo nioydoony
+ 0 () () () () 9l 0 0 INSIRZ NUDUISYDM of
0 0 0 gl 0 0 0 (061 0 ‘ddog ajiqoupa
0 () 0 + () () () 0 0 LLIOW | W Af ey s of
Ol s C'8 9'E () () { 0 () IYSIEZ 11¥I3S o
gl 0 + ol () () 0 0 0 woy | wmsopmulds o
0 0 + 0 0 + 0 0 0 uipsap, wngpjos o
0 0 0 | () () 0 0 0 WOy |, ("wapnQ)) wmuissionduns o
0 0 + 0 (0 () 0 0 ] WS Ty YISO of
0 () 0 | () 0 £LT 0 () IS wnadoundind o
1] () 0 () () () + 0 0 afdmong ("ddog) suadsandind o4
0 0 { ] () () { 01 0 umg Ypood o
0 CT 0 0 () (0 0 0 0 Juipsapy, wnsoun| o
£E &C t't o () () 0 | 0L ISR HysMIzouD] o
0 0 () ol () 0 0 0 0 WOU |, SUMUNIAP of
9t G'Ll 0CL PRL (] Bt 9 L'S LLl INSAEZ 202100 of
0 () () 0 () () 0 £0l 0 WO | WnSOISneD of
0 5T 0 0 0 0 0 0 0 upsap, wriafiquilios of
1 0 () 0 0 0 0 + 0 WO |, AUNUIOD o
S0 S100I SO0
Pg dsozyys | “idozy L Py auy XecT | e L saadg
sdumg $321] AT

| "QEL “uo2



@ | mofaq Asuanban) Y saads = +

8T Pt tl 0f 6t 1] s 6T [ 0z pataaap sanads jo 1aquingy
(0 chbt (¥ il cBC 1EC ) LEC ¥ol 3 wmm BR8 muﬁm_E.._.u_u .Hum—_l._:__._ _..IEGF
6'Sh £ 6 R ®06 86 £'R6 1'S6H 806 6'L6 (Vi
bl 0 0 (0 0 0 0 0 (0 () t Iyg Sunejuods-uou
£T 0 0 0 0 0 (0 0 0 (0 ¢ 3yg Sunejruods-uou
0 0T 0 () 0 0 0 0 0 (0 €1 24g Sunejruods-uou
0 0 0 - 0 0 0 0 () () e 1g Junejuods-uou
0 0 0 0 (0 () (0 (0l 0 () gz dg Sunejruods-uou
0 0 0 0 0 0 0 i 0 0 T dg Sunejruods-uou
0 0 0 0 0 0 (0 (0l 0 0 17 dg Junejriods-uou
0 0 0 () 0 0 () I't i 0 61 dg Sunejuods-uou
0 0 0 0 0 0 (0 (0 bl 0 7 1F Sunejruods-uou
0 0 0 0 0 () () () . 0 1Z 19 Sunejruods-uou
I'6 £1 0 9'C () + () () () 0 “[INA, Mafpaow snyoulyaody
2 0 s 0 0 0 () () () 0 IYORZING DJGILOGID UOLII|TZ
0 0 0 0 0 0 - I'E 0 0 SWmEy ‘A (WS A CH H) ppooyaumy A
0 0 0 0 (0 0 0 - ol 0 SWeD) ‘M (Ymag) unasud 4
0 0 0 0 - 0 0 0 (0 0 B[R 13 SWIRD) A WaRSOfIGImG wimijingeag
- 0 0 0 (0 0 0 0 0 0 1232y avapopa umuodsaumy
0 0 0 0 0 0 't 0 0 0 ‘TR ("qey 12 "wusyany ) 1afiag uoiodsoyouy
() - ] () (] () + §] [} () 3 X2 S APLA Cf
+ 0 0 0 0 0 0 0 0 0 X1y UOA (150, 12 “PPID) ") Stadna °f
- 81 0 + + 0 0 0 () 0 nassig wmsod s J
0 9T 0 0 0 0 0 0 0 (0 nassig suaasagnd [
0 0 0 0 0 0 0 0 1 (0 ey nduruoyopnasd .
+ + () 0 0 0 + (0 1] () ey (5194 12 yur) ueruodssjod
01 £ () + 0 0 0 () 0 () nassig sipdrduoy f
0 ¢ 0 0 'l 0 £'6 + 0 I'1 surwapn() HFuuoy f
0 0 (0 0 0 0 0 0 0 - TRy ApLIAdLND |
0 0 0 - 0 0 0 0 0 0 ‘ds mussapoyon
+ 81 0's 0 B 0 0 0 0 (0 saydny 's (epro)) wnondo |
0 0 () 0 0l 0 0 0 0 () ZIRH wans adso wnipo oL |




118

H. Kwasna

Table 2

Frequency (%) of the most common taxa in soil, rhizoplane, rhizosphere, fine and thick roots
of 3(-year-old birch roots

sonl | rhizoplane | rhizosphere fine roots thick roots

O O T T T A T T I T T
Mucorales 450 257 | 291 480 | 13.4 200 | S6.1 265 | 35 19.]
Mycelium radicis atrovirens | () 0 |1 0 0 2.6 0 76 184 | 905 340 |
Qidiodendron 0 0.7 9.2 0.l 268 0 0 (0.3 { 0 |
Penicillium 48.3 514 | 506 464 | 392 325 | 46 274 | 13 96
Trichoderma 18 18 | 12 02| 05 0 |06 79 0 33
- . | L
| - live trees
Il = stumps

Table 3

Fungal species occurnng onfin

live roots — Absidia glauca Hagem, Acremonium apii { M. A, Sm. & Ramsev) W. Gams, Acremonium

fusidioides (Nicot) W. Gams, Aspergillus repens (de Bary) Fischer, Aspergillus ruber Thom & Church,

Beauveria bassiana (Balsamo) Vuill., Cylindrocarpon didymum (Harting) Wollenw., Exophiala
Jjeanselmai (Langeron) McGinnis & Padhybe, Hormiscium sp., Humicola grisea Traaen, Memnoniella
echinara (Riv.) Galloway, Mortierella alpina Peyr., Mortierella zonata Linn., Penicilium aurantio-
griseum Dierckx, Penicillium citreovinide Biourge, Penicillium chrysogenum Thom, Penicillium
crustosum Thom, Penicillium paxilli Bainier, Penicilium purpurescens (Sopp.) Biourge, Penicillium
purpuragenum Stoll, Penicillium variabile Sopp, Phlebia gigantea (Fr.ex Fr.) Donk, Pythium sp., Rhizo-
pus migricans Ehrenberg, Trichoderma pseudokoningii Rafay, Trichosporon beigelic (Kuchenm. & Rab.)
Vuill., Verricillium griseum (Petch) W. Gams, Verticillium lamellicola (E. E. V. Sm.) W. Gams, 6 X non-
-sporulating;

live and stump rools - Absidia cylindrospora Hagem, Aspergillus niveus Blochwitz, 4 x Basidiomycotina,

Botryris cinerea Pers, Chrysosporium merdarium (L. ex G.) Carm., Chryvsosporium pannorum (Link)
Hughes, Cladosporium herbarum Link ex Fr., Cylindrocarpon destructans (Zinssm.) Scholten,
Epicoccum nigrum Link, Exophiala sp., Mortierella gracilis Linn., Mortierella humilis Linn., Mortierella
hygrophila var. minuie Linn,, Mortierella minutissima van Tieghem, Mortierella nana Linn,, Mortierella
spinosa Linn., Mortierella vinacea Dixon-Stewant, Mycelium radicis atrovirens Melin, Qidiodendron
griseum Robak, Oidiodendron tenwissimum (Peck) Hughes, Penicillium adamerzii Zaleski, Penicil-
liwm citrinum Thom, Penicillium commune Thom, Penicillium daleae Zaleski, Penicillium janczewskii
Zaleski, Penicillium solitwm Westling, Penicillivm waksmanii Zaleski, Pseudogymnoascus roseus Raillo,
Tolypocladium geodes W. Gams, Trichode rma keningii Oudemans, Trichederma polysporum (Link ex
Pers.) Rifai, Trichoderma viride Pers. ex Fr., Zygorhynchus moelleri Vuill.;

stump roots - Absidia coerulea Bainier, Aspergillus kanagawaensis Nehira, Cladosporium state of

Amorphoteca resinae Parbery, Fusarium avenaceurn (Corda) Sacc., Gliomastix murorum var. felina
(Marchal) Hughes, Mortierella hyvgrophila Linn., Mortierella isabellina Qudemans & Koning,
Maortierella microspora Wolf var. macrocystis (Gams) Linn., Mortierella ramanniana (Moller) Linn.,
Mucor laxorhizus Ling-Young var. evalispora, Mucor miehei Cooney & Emerson, Penicillium
corymbiferum Westling, Penicillium lanosum Westling, Penicillium raistrickit G.Sm.. Penicillium
spinwlosum Thom, Penicillium steckii Zaleski, Phialophora gregara (All. & Chainb.) W. Gams,
Sesquicillium candelabrum (Bonorden) W. Gams, Sporethrix schenckii Hectoen & Perkins, Tricho-
cladium opacum (Corda) S. Hughes, Trichoderma longipilis Bissett, Trichoderma pubescerns Bisselt,
Trichoderma strigosum Bissett, Trichoderma virens (Mil. Gidd & Fost.) von Arx, Trichoderma sp.,
Vuricosporium elodeae Kegel, Zalerion arboricola Buczacki, 5 x non-sporulating.
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Lower rate of decomposition usually results in appearance of many species associa-
ted with various stages of decay (H u d s o n, 1968). Z moelleri was absent in both
soil beneath the live trees and stumps. The fungus was occasionally detected in the
soil beneath the live 49-year-old birches and their stumps (K wa$na, 1996 a) and in
the soil beneath the maple (W i1d d e n, 1979). It however was absent in soil of oak-
-birch (Gochenaur, 1978), alder(Wicklow, Whittinhgam, 1974) and
conifer-hardwood forests (Christensen, 1969). Its occurrence might be con-
nected with the presence of grasses on the ground surface which is in accordance
withChristensen (1981), who claims that Z moelleri 1s mostly restricted to
grasslands.

The mycobionta on/in roots of stumps of the 30-year-old birches exhibits
a greater diversity of species and is more heterogeneous, compared to fungi commu-
nities on/in roots of live trees and stumps of the 49-year-old birches (K w a § n a,
1996 a). This phenomenon was also observed in the roots of Scots pine (K w a § n a,
1996 b, c¢). The increase in diversity, like in the soil, 1s mostly due to the increase in
the number of typical saprophytes utilizing the substrates at different stages of de-
composition (Table 3). The density and diversity of communities on/in stump roots
increased despite the presence of a relatively big population of Basidiemycotina which
may strongly influence the spectrum of accompanying fungi. The close relationship
between the inhibition of hymenomycetous growth and the appearance of “subordi-
nate fung1” was observed by 5 a1t o (1965). The wood-decaying fungi may release
antibiotics as well as certain nutrients from the organic substrate which may selec-
tively benefit the growth of a few species and eliminate most of other.

Many of the most common fungi on/in birch roots, i.e; Botrytis sp., Chryso-
sporium pannorum, Mortierella nana, M ramanniana, Penicillium daleae, P. spinu-
losum, Trichoderma hamatum group, T. polysporum, T. viride together with Basidio-
mycotina, Cylindrocarpon destructans, Mycelium radicis atrovirens and Qidiodendron
tenuissimum, may decompose cellulose and are considered to be good decomposers
of the organic substrate (Bdith, Sdderstrdm, 1980). Mortierella vinacea has
such an ability only in the presence of a high level of N sources (Domsch etal,
1980). Unlike most Mortierella, many Penicillia which often formed the dominating
group in communities can also degrade cellulose but the decomposition abilities of
most of them are not as strong as these exbibited by P. daleae and P. spinulosum. Due
to the decomposition ability of fungi the generic niches based on nutriion prefe-
rences may be created. They can be recognised by the occurrence of the certain group
of fungi on the organic substrate in the particular stage of its decomposition.

Zygorhynchus moelleri occurred less frequently on/in fine and thick roots of
stumps of 30-year-old trees than of 49-year-old birches (K w a § n a, 1996 a). The
fungus accounted for 2.6, 1.3 and 9.1 % of the total number of isolates in the rhizoplane,
fine and thick roots of stumps of 30-year-old trees, respectively. Considering the size
of the fungal community, in the rhizoplane the density of Z. moelleri was high.
Before the felling the fungus was present only in the thick roots but its frequency did
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not exceed 1 %. It seems that Z moelleri prefers the wood of deciduous stumps
rather than that of conifers (K w a € n a. 1996 a, b, c¢). Its optimal growth occurs at
25C(Domsch etal., 1980) and this may be the reason for the increase of its

population in stands with lower afforestation rate (K w a § n a, 1996 a) and higher
soil temperature which additionally favour the process of decomposition of organic
substrate.

Trichoderma viride and T. virens occurred rarely or occasionally on/in roots of
stumps of 30- and 49-year-old birches (K w a § n a, 1996 a). Other Trichoderma spp.
which occurred, belonged mostly to the former T. hamatum group which 1s totally
ineffective against Armillaria (M u g h o g h o, 1968). The results confirm the pre-
ference of T. viride and T. virens for coniferous wood (K w a § n a, 1996 b, c).
I. viride requires nitrogen which at low concentration is present in conifferous wood
(Cowling, Merrill, 1966). T. viride prefers drier habitats (Bissett,Par-
kinson, 1979) and higher temperature. Its frequency in pine roots increases after
the environmental temperature rises (Manka, Gierczak, 1961). lts density on/
in roots of birch in 49-year-old stand (K w a € n a, 1996 a) was bigger than in the
30-year-old one, though not as big as expected. It seems however, that the size of
T. viride population depends only to the certain extent on the physical properties of
the environment.

Population of Mycelium radicis atrovirens increases in fine roots of stumps of
the 30- but not of 49-year-old Scots pines, compared to the roots of the live trees
(K wasna, 1996 c¢). In birch the frequency of M. r. atrovirerrs increased also only
in fine roots of stumps of the 30 year-old trees (K w a $ n a, 1996 a). This may indica-
te higher vitality of these roots in younger stands. M. r. atrovirens 1s usually a sym-
biotic species requiring healthy roots of trees growing at suitable sites (M an k a,
1960). The bigger population of Mortierella vinacea on/in roots ol stumps of the 30-
-year-old birches, than of the 49-year-old trees, supports the hypothesis of the higher
vitality of stump roots in younger stand. The fungus dominates in microhabitats with
lower rates of decomposition (Wicklow etal, 1974) which might be due to the
higher moisture and lower temperature of soil. The higher moisture is manifested by
the presence of Varicosporium elodeae — typical for aguatic habitats (Domsch
et al., 1980) and the lower temperature by the presence of Penicillium simplicissimum,
Tolypocladium spp. and a bigger number of sterile fungi which are usually very abun-
dant in arctic, antarctic and alpine tundra soils (Flanagan, Scarborough,
1974, Bissett, Parkinson, 1979,1979a; Widden, Parkinson, 1979
Bissett, 1983).

The population of Cylindrocarpon destructans decreased in fine roots and 1n-
creased in thick roots of stumps. Similar growth of C. destructans was observed 1n
the 49-year-old stand (K w a § n a, 1996 a). On Scots pine stumps its population 1n-
creased in both types of roots but only in the 30-year-old stand.(K wa$na, 1996 c).
The fungus inhabits young root surfaces but is often 1solated also from dead or stump
roots (Kowalski, 1980: Holdenrieder. Sieber, 1992).
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According to Hu d s o n (1968), in succession of fungi on the organic substrate,
Botrytis cinerea, Cladosporium herbarum, Epicoccum nigrum belong to the “pri-
mary saprophytes” which follow “parasites”. Basidiomycotina belong to the “se-
condary saprophytes” and appear afterwords. The “soil inhabitants™ among which
Hudson included Mucorales occur at the fourth, final stage. The detection of B. cinerea,
C. herbarum, E. nigrum and quite big population of Basidiomycotina on/in stump
roots suggests the second and third stage of fungal succession. The lower increase of
Mucorales population on/in roots of stumps of the 30-year-old birches, than of the
49-year-old trees (K w a S n a, 1996 a), additionally suggests lower rate of decompo-
sition of stump roots of younger trees. The roots are presumably not degraded suffi-
ciently to make the colomization by Z moelleri possible. Its occurrence is supposed
to be the next step in the fungi succession. In spite of having the ability to decompose

hemicellulose, the fungus cannot decompose the cellulose — the main constituent of
wood, and thus must colonize the wood as the last species (Bddth, Soderstrom,
1980).

Conclusions. The present study indicates that the rate of decomposition of roots
of 2-year-old stumps of the 30-year-old birches does not favour their colonization by
Z. moelleri and 1ts presumable contribution in enhancing the infection by Armillaria
might not be so distinct as on stumps of the 49-year-old birch trees.

FEFERENCES

Biadth E, Stderstrim B. E., 1980. Degradation of macromolecules by microfungi isolated from
different podzolic soil honzons. Can. J, Bot. 58; 422-425,

Hissett )., 1983, Notes on Tolypocladium and related genera. Can. J. Bot. 61:1311-1329.

Bissett ), Parkinson D, 1979, Functional relationship between soil fungi and environment in alpine
tundra. Can. J. Bot. 57, 1642-1659.

Bissett .. Parkinson D., 1979 4. The distribution of fungi in some alpine sotls. Can. J. Bot. 57: 1609-
-1629.

Christensen M., 1969, Soil microfungi of dry to mesic conifer-hardwood forests in Northern Wisconsin.
Ecology 5(): 9-27,

Christensen M. 1981. Species diversity and dominance in fungal communities. [In:] The fungal com-
munity, eds., D. T. Wicklow and G. C. Carroll. M. Dekker), New York, Basel. 201-232.

Cowling E.B.,, Merrill W, 1966. Nitrogen in wood and its role in wood deterioration. Can. J. Bot. 44,
1539- 1554.

Domsch KLH, Gams W., Anderson T. H., 1980, Compendium of soil fungi. Acad. Press.

Flanagan P.W, Scarborough A. 1974, Physiclogical groups of decomposers fungi on tundra plant
remains, [In:] Soil organisms and decomposition in tundra. eds. A. J. Holding, O. W. Heal, 5. F. MacLean,
jr.. P. W, Flanagan ). Tundru Biome Steenng Committee, Stokholm, 159-181.

Gochenaur 5 E., 1978, Fungi of a Long Island oak-birch forest. 1. Mycologia 70): 975-994.

Holdenrieder O., Sieber T. N., 1992, Fungal associates of serially washed healthy non-mycorrhizal
roots of Picea abies. Mycol, Res, 96: 151-156.

Hudson H. 5., 1968. The ecology of fungi on plant remains above the soil. New Phytol. 67: 837-874.

Kowalsk 5. 1980, Cylindrocarpon destrucrans causative agent of mortality on fir Abies alba natural
regeneration in some mountain forests of Poland, Acta Agrana et Silv. Ser. Silv., 19: 57-74.

Kwasna H., 1996 a. Mycobionta of birch and birch stump roots and their possible effect on the infection by

Armillaria spp. . Acta Mycol. 31 (1): 101-1 10,



122 H. Kwagna

Kwasna H., 1996 b. Antagonistic effect of fungi from Scots pine fine roots on Hererobasidion annasum
(Fr.) Bref and Armillaria ostoyae (Romagn.) Hennk growth. Phytopat. Pol.

Kwasna H., 1996 c. Antagonistic effect of fungi from Scots pine stump roots on Heterobasidion annosum
(Fr.) Bref and Armillaria ostoyvae (Roinagn.) Hennk. Phytopat. Pol.

Manka K., 1960. O grzybie korzeniowym Mycelium radicis atrovirens Melin, (Der Wurzelpilz Mycelium
radicis arrovirens Melin). Monogr. Bot. 10: 147-158.

Manka K., 1974, Zbiorowiska grzybow juko kryterium oceny wplywu srodowiska na choroby roglin.
(Fungal communities as a criterion for estimating the effect of the environment on plant diseases).
Zesz. Probl. Post. Nauk Roln, 160; 9-23,

Manka K.. Gierczak M., 196]1. Studies on the mycoflora of the common pine (Pinus silvestris L.)
Prace Kom. Nauk Roln. Kom. Nauk Lesn,. PTPN, 9: 1-48.

Mughogho L. K. 1968. The fungus flora of fumigated soils. Trans, Br. Mycol. Soc. 51: 441-459.

Saito T., 1965. Coactions between litter-decomposing hymenomycetes and their associated microorga-
msms dunng decomposition of beech litter. 5ci. Rep. Tohoku Univ, 31: 255-273.

Wicklow M.C., Bollen W.B., Denison W.C., 1974. Companson of soil microfungi in 40-year-
-old stands of pure alder, pure conifer, and alder-conifer mixtures. Soil Biol. Biochem. 6: 73-78.

Wicklow D.T.,, Whittingham W.F.,, 1974, Soil microfungal changes among the profiles of disturbed
conifer-hardwood forests. Ecology 55: 3016.

Widden P., 1979. Fungal populations from forest soils in southern Quebec. Can. J. Bot. 57: 1324-1331.

Widden P, Parkinson D, 1979. Populations of fungi in a high arctic ecosystem. Can. J. BoL 57:

2408-2417.

Mikobionty korzeni brzozy oraz korzeni jej pniakéw 1 ich
przypuszczalny wptyw na porazenie przez Armillaria spp. 1.

Streszczenie

Praca przedstawia rézmce w wielkogc i strukiurze zbiorowisk grzybowych w glebie, na powierzchm
I w korzeniach pniakéw 30-letnich brzdz w dwa lata po ich fcigeiu. Zbiorowisko greybdéw w glebie pod
pniakami bylo trzykrotnie mniejsze od podobnego zbiorowiska pod zywymi drzewami. W 2 lata po dcigciu
drzew wzrost liczby grzybdw nastgpil w korzeniach cienkich oraz w ich ryzoplanie, spadek natomiast
w ryzosferze. Liczba grzybdw w korzeniach grubych pozostala bez zmian. W pordwnaniu z drzewami zywymi,
w ogromne) wigkszodcl przypadkdw, zbiorowiska z pmakdw zawieraly wiekszy liczbg gatunkdw 1 byly bardzie)
urozmaicone. Zygorhynchus moelleri stanowil 2,6; 1,3 19,1 % ogdlne) liczby izolatdw 2 ryzoplany, korzen
cienkich 1 korzem grubych pniakdéw, Tylko pojedyncze izolaty Trichoderma viride 1 T. virens stwierdzano
w zbiorowiskach z korzeni cienkich i grubych pniakdw. Werost populacy grzyba Mycelium radicis atrovirens
sugeruje stosunkowo duzyg witalnos¢ Korzeni cienkich u pniakéw 30-letnich brzdz, Struktura zbiorowisk
z gleby, a w szczepgdlnodci z korzeni, sugeruje nizszy stopien rozkladu korzeni pmakéw w drzewostanie
30-letnim niz w 49-letnim., Wydaje sig, 2¢ po uplywic 2 lat stopien rozkladu korzeni brzozowych w drzewostanie
3(-letnim nie sprzyja kolonizacji przez Z. moelleri, a jego domniemany udzial w stymulowaniu porazenia
przez Armillaria bedzie mniejszy niz w drzewostanie 49-letnim.
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