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PREFACE

In the fall of 1965, in the neighborhood of
Paczillus involutus sporophores I found my-
corrhizae of the same color as the mycelium
at the base of the sporophores. This aroused
my interest in the species and led me to begin
systematic studies the following fall. These
studies were carried out at the Department
of Silviculture, University of Helsinki, where
I was stationed as a research assistant of the
National Research Council for Agriculture
and Forestry.

Professor Paavo Ywri-Vakkuri, D.For.,
Head of the Department of Silviculture, kind-
ly made available the facilities of the Depart-
ment and took an active interest in the pro-
gress of the work. My supervisor, Dr PEITSA
Mikovra, Professor of Forest Biology at the
same Department, has followed the work
from the very beginning with much valuable
advice, particularly regarding the preparation
of the manuscript. Similarly, the expert know-
ledge of Dr VeEikko HinTikka, Docent of
Botany, University of Helsinki, has been
available during the whole work and he also
read the manuscript. Statistical questions,
in particular, were discussed with Mr PERTTI

Hari, Lic. Phil.,, and the general lines of
the work with Mr Tauno U. Kawrrro, Lic.
For.

The field work was done by the author
alone. Professor PENTTI J. VIR0, D.For.,Head
of the Soils Department of the Finnish Forest
Research Institute, kindly permitted me to
examine some of the forest fertilization plots
made by the Department. In the laboratory
I was assisted by Miss AiNno PIISPANEN, es-
pecially in pure culture experiments and in
preparing slides for microscopic study, and
on some occasions also by my wife MARJA-
LEENA, who is a nutritional chemist.

In typing help was received from Mrs IrRJA
TrausBERG. The originally Finnish manuscript
was translated in collaboration with Mr KARL-
JoHAN AHLSVED, B. For., and the translation
was linguistically revised by Mrs JEAN MAR-
GARET PERTTUNEN, B. Sc. (Hons.). The So-
ciety of Forestry in Finland kindly accepted
the study for publication in Acta Forestalia
Fennica.

I wish to express my sincere gratitude to
all the persons and institutions mentioned
above.

Helsinki, June 1970
Olavi Laiho
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1. INTRODUCTION

11. THE ECOLOGY OF PAXILLUS INVOLUTUS

Pazxillus involutus (BaTscH) Fr.! is a com-
mon mushroom both in Finland (KARSTEN
1879, RAUTAVAARA 1947, TuoMikoskI 1959)
and in Scandinavia (LANGE 1939, CorTIN
1956). This probably also holds for the rest
of the cool and temperate zones of Eurasia,
e.g. Great Britain (RamsBorToMm 1951), Cen-
tral Europe (MosgeR 1956, MicHAEL and HEN-
Ni1G 1958, Horak 1963, ListEwskA 1965), the
Soviet Union (KARSTEN 1879, SHEMAKHA-
NovA 1967) and Japan (Imazekr and HoNGo
1965). In North America, too, the range of
this species probably covers the same climatic
zones. It is known to be a common mush-
room both in Canada (Groves 1962) and in
the United States, as indicated by ATkiNsoN
(1901) and KrIEGER (1967) for the eastern,
by KAurrFMAN (1918) for the central, and by
TrAPPE (1969) for the western parts of the
country. It also grows in the parts of Green-
land where birch is encountered (LANGE
1957).

Although the genus Paxillus is well re-
presented in the southern hemisphere (Sin-
GER 1962, Horak and Mosger 1966), P. in-
volutus may not belong to the natural flora
of this region at all. Although the species is
found, for example, in New Zealand (GiL-
MoUR 1958) and Argentina, to the latter
country, at least, it has probably been in-
troduced by man (SINGER 1954, 1964 b).

In the tropical zone, Paxillus involulus has
not been encountered at all (SINGER 1964 b),
which, of course, may be due to the fact
that this area has not been studied exten-
sively. In the arid zone, on the other hand,
the species is found (e.g. KoMIrRNAYA and
Fursavev 1953, Runov 1967), although,
quite clearly, it is in the cool and temperate
zones of the northern hemisphere that its
occurrence is most frequent.

In the USSR, according to ZErova (1967),
Pazxillus involutus is encountered, for ex-

1 Fungal taxonomy according to Mosger (1967 b)

ample, in the chernozem area, the soil of
which is characterized by high contents of
lime and humus and an almost neutral reac-
tion. Generally speaking, it seems that the
species does not avoid rich soils. In Central
Europe, it is found in the richest forest sites
(Bucna and KrerserL 1957, ListEwska 1965);
likewise, its occurrence in gardens is well
known (e.g. Cortin 1956, MicHAEL and HEN-
Nig 1958, KLEIIN 1962). On the other hand,
it is also found on poor forest soils (GER-
sCHLER 1959, WiTtkamp 1959). Its occurrence
on peat soils of different kinds must not be
forgotten, either (LangeE 1939, 1948, KREI-
SEL 1954, KRIEGER 1967, PACHLEWSKI 1967 a).
Consequently, it may be concluded that P. in-
volutus is more or less indifferent in its rela-
tions to the soil.

In its relations to the vegetation it is pri-
marily a forest species. However different in
character the above-mentioned site types
were, in most cases trees were growing in the
vicinity. Thus, Paxillus involulus occurs in
forests of different kinds. Seandinavian scien-
tists take the view that it favors birch to
some extent at the expense of pine and spruce
(e.g. KARsTEN 1879, LANGE 1939, CorTIN
1956). The species has a special tendency to
grow on decaying wood, i.e. stumps and logs
(KARSTEN 1879, ATkiNsoN 1901, KAUFFMAN
1918, MicHAEL and HenNIG 1958, GROVES
1962, SINGER 1964 b, KRIEGER 1967), some-
times even high above the ground (CHASTUK-
HIN 1967). In general it grows in places where
decomposing matter occurs in abundance,
such as ant hills and heaps of logging waste
(e.g. KARsTEN 1879, KaurrmaN 1918, Tuo-
MIKOSKI 1959).

Outside the forest Paxillus involutus is fre-
quently found in sites such as grassy meadows,
pastureland, open heaths, gardens, etc. (Ar-
KINSON 1901, RAUTAVAARA 1947, RAMSBOT-
Tom 1951, SINGER 1954, CorTIN 1956, MIic-
HAEL and HeENnNigc 1958). Its occurrence in
sites of these kinds, as well as on those men-
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tioned above, points to a saprophytic mode
of nutrition. It has also been reported to fruit
when experimentally isolated from tree roots
(RoMmEeLL 1939). Since, in addition, Paxillus
panuoides and P. atrotomentosus are regarded
as wood-decaying fungi, it is no wonder that
P. involutus has been considered a saprophyte
(e.g. SINGER 1946, RAUTAVAARA 1947, Mic-
HAEL and HENNI1G 1958).

On the other hand, the frequent fruiting of
Pacxillus involutus in the forest has led to the
suspicion that it may be mycorrhizal. These
suspicions are further strengthened by the
fact that the species does not extend beyond
either the arctic or the alpine tree limit,
although in places it is encountered in abun-
dance along them (LANGE 1946, 1957). Ac-
cording to Zerova (1967), Paxillus involutus
does not fruit on the treeless steppes of the
Ukraine. There is also the possibility that
small tree seedlings growing on meadows and
pastureland where P. involutus fruits have
been overlooked. This suggestion, made by
ScawoOBEL (1956), is supported by the fact
that the species »is never observed as occur-
ring outside the general area of the ecto-
trophic forest unless introduced with foreign
plant material in parks and plantations» (Sin-
GER and MosgeR 1965).

This more or less close connection with
trees led PEYRONEL, as long ago as 1922, to
conclude that Pacxillus involutus was a my-
corrhizal fungus. Subsequent observations
have lent support to this conclusion. Accord-
ing to alist presented by TrRaPPE (1962), there
are at least twelve tree species which serve
as hosts for this fungus.

These observations have not been accepted
unreservedly, however. Thus, for instance,
as recently as 1956, Mosger stated that »der
mykorrhizenmissige Bindung von Paxillus
involutus liegt heute noch in dunkeln». MELIN
mentions Paxillus for the first time in his
study of 1955, and even here, only as a ge-

nus that possibly includes mycorrhizal fungi.

Paczxillus involutus has, indeed, been almost
ignored by scientists working on mycorrhizae.
It was only very recently isolated and studied
by means of synthesis experiments, which
confirmed that it is a mycorrhizal fungus.
Moser (1967 a) has synthesized it success-
fully with Pinus cembra as the higher partner.
He considers the species a facultative sym-
biont. According to SHEMAKHANOVA (1967,
p. 52), it also forms mycorrhizae in aseptic
synthesis with Pinus silvestris. On the basis
of the slow progress of the synthesis in com-
parison with Suillus luteus, she concludes that
in nature Paxillus involutus forms mycorrhizae
with pine only when no other ectomycorrhizal
fungi are present.

In full agreement with the above research
workers, others, too, have considered Paxillus
involutus an exceptional mycorrhizal fungus
in one way or another. According to ORLOS
(1967) and PacHLEWSKI (1967 a), it is some-
times associated with trees and sometimes
not, thus probably being a facultative sym-
biont. According to the trenching experiments
carried out by RomeLL (1939), too, P. in-
volutus can form sporophores when growing
saprophytically. From its poor and capricious
growth on litter, on the other hand, at least
some kind of mycorrhizal association has been
inferred (Mikora 1954 a, 1956). SINGER and
MoskgRr (1965, p. 130) consider it a transitional
form between ectotrophic and anectotrophic
species, regarding it as capable, under special
conditions, of functioning as an »ectotroph-
former», generally in connection with obligate
mycorrhizal fungi, while it is also capable of
living independently, i.e. in stands where
ectotrophs have never been found, or even
far from any tree. Horak (1963), too, con-
siders the species a facultative symbiont and
states that its »Leistung als aktiver My-
korrhizapilz ist fraglich, da es unter allen
Holzarten zu finden ist».

12. OBJECTIVES OF THE STUDY

The information on Paxillus involutus to
be found in the literature is both deficient
and contradictory, and based only on scat-
tered observations made in connection with
other investigations. This fact alone is a suf-
ficient reason for a study of this species. On

the other hand, it has been said that »there
are no mycorrhizal fungi: there is only
a mycorrhizal state» and that, in consequence,
there is little point in studying the various
species of mycorrhizal fungi (KELLEY 1950,
p. 46). This opinion has met with sharp cri-



ticism (e.g. MELIN 1953, 1962), however, and

the need to compare different species is pres-
ently emphasized in all mycorrhizal studies
(SINGER 1963, BIORKMAN 1968, M1ikoLA1970).

Paczillus involutus is more interesting than
many other mycorrhizal fungi, because it
is considered a facultative symbiont. Fac-
ultative symbionts are regarded as having
reached an intermediate stage in the evolu-
tion from saprophytic fungi to specialized
symbionts (MeErLin 1925, p. 116, GARRETT
1956, p. 97, MEYER 1966). They are charac-
terized by having features of both of these
groups. The ability to use complex carbon
compounds, a characteristic of saprophytes,
has become weaker, but sporophore forma-
tion by saprophytic mycelium is nevertheless
possible. Facultative symbionts form my-
corrhizae, but their dependence on the higher
partner is slight. Correspondingly, their »ac-
tivity» and »virulence» (MELIN 1925, p. 94)
are low, and they are easily supplanted by
obligate symbionts. Furthermore, they are
poorly specialized and their contribution to
the growth of the host is considered to be
small (e.g. MerLiN 1925, Dowminik 1966,
MEeYER 1966, MoseEr 1967 a).

In addition to Paxillus involutus, there are
many other species which are considered fac-
ultative symbionts. Examples are Xerocomus
subtomentosus (Mopess 1941), Laccaria ame-
thystina (MEYER 1963), L. laccata and L. tet-
raspora (SINGER and Moser 1965), Tricholoma
fumosum (NorkRANS 1950), Schleroderma au-
rantium (MopEess 1941), Thelephora terrestris
(Mikora 1970) and Cenococcum graniforme
(Dominik 1966). Information on their prop-
erties is limited and controversial, however.
Thus Mobgss (1941) did not find sporophores
of Xerocomus subfomentosus in places where
symbiosis was precluded. Moreover, Cenococ-
cum graniforme »has not been convincingly
documented as purely saprophytic in nature»
(TrapPPE 1964).

Likewise, it has never been indicated by

experiments that Paxillus involutus is a fac-
ultative symbiont (Moser 1967 a). For this
reason it was considered necessary in the
present connection to focus special attention
on those of its attributes which are expressly
characteristic of facultative symbionts. The
results of such a study were expected to
provide further information about the fungi
of this group, which are biologically interest-
ing and practically important. Thus, answers
were sought to the following questions:

Does Paxillus involutus form sporophores with-
out mycorrhizal association?

Is Paxillus involutus able to decompose complex
carbon compounds?

Is Pazxillus involutus a specialized or nonspecial-
ized mycorrhizal fungus?

How does the host respond to Pazillus involutus
as compared to other ectomycorrhizal fungi?

In addition to these particular questions,
attention was paid to many of the other
problems which are usually given consid-
eration in mycorrhizal studies. Several of
these problems were approached from more
than one angle, i.e., by different methods.
This made it possible to discuss some metho-
dologic questions, too.

The differentiation of various Paxillus spe-
cies is not quite clear. For instance, there is
disagreement as to whether P. filamentosus
should be considered a distinct species or a
variety of P. involutus (SINGER 1964 b, BRE-
siNskyY and StanNGL 1965). P. filamentosus is
found at least in Europe (Mosgr 1967 b) and
possibly also in America (SINGER 1964 b). In
Finland it is comparatively rare (TuoMIKOSKI
1950, ScHuLMANN 1960). Because it is readily
distinguishable from P. involutus (e.g. Tuvo-
mIkoskI 1950, BREsINSKY and StaNGL 1965,
Mosgr 1967 b), and differs from the latter in
its occurrence as well, being clearly confined
to sites where alder grows, the present study
was restricted to Paxillus involutus. In certain
comparisons, however, P. filamentosus will
also be mentioned.



2. METHODS OF STUDY

From the methodologic viewpoint Paxillus
involutus is in many respects a rewarding
species to study. Its sporophores are easy to
find and recognize. In addition, they are com-
mon and of at least relatively constant oc-
currence (RamsBorroM 1953, TuoMIKOSKI
1959). From earlier studies it is known that
pure cultures of this species can be isolated
(e.g. Mixkora 1955) and that it forms my-
corrhizae in aseptic synthesis (SHEMAKHA-
NovA 1967). The preliminary experiments of
the present study indicated that semiaseptic
synthesis, too, is attended with success, and
that the mycorrhizae are easier to recognize
than those of most other species. Thus, the
study could be focused on pure cultures and
mycorrhizae of Paxillus involutus, as well as
on sporophores.

Field observations on sporophores and my-
corrhizae have often been considered of mi-
nor importance. According to MeLIN (1936,
p. 1030), such observations should be made
even though, as such, they do not lead to
definitive conclusions, but rather to working
hypotheses, which must be tested by experi-
ments. In recent times, however, such obser-
vations have become more usual and greater
significance has been attached to them; this
is undoubtedly due to the advances in meth-
odology that have taken place (e.g. DoMINIK
1966). In the present study, too, considerable
attention has been given to observations on
sporophores and mycorrhizae. A special reason
for this is that ability to fruit without con-
nection to a host, an important criterion of
facultative symbiosis, can be established only
in the field.

For this purpose, certain treeless plots were
isolated from living tree roots and kept under
observation in order to find out whether
Pazillus involutus would fruit in them or not.
With the same goal in mind, the occurrence
of sporophores of this species was studied on
a variety of sites. An additional aim of these
observations was to map the distribution of
the species. Theoretically, it would have been
more correct to map its mycelia and my-
corrhizae, but in practice this would be impos-
sible or at least extremely laborious. Count-

ing the sporophores and determining their
weight, on the other hand, can readily be
done. These studies were performed both as
transect surveys and on permanent sample
plots.

Pure culture experiments were primarily
aimed at ascertaining the ability of Paxillus
involutus to utilize various carbon compounds
as sources of energy. From the results of such
experiments one can estimate whether it is
possible for the species to live independently
in the soil. In these experiments both simple
and complex carbon compounds as well as
humus substances were used.

Many other physiologic attributes of P. in-
volutus were also studied in pure culture ex-
periments, and the results were compared
with corresponding data for other species of
fungi. Such investigations have been made
in particular by MELIN and his school, and
the procedures developed by these workers
have been of great value in the present study.

A special feature of the root studies re-
ported here is that mycorrhizae formed by
Pazxillus involutus were identified in the field.
These identifications were made, for instance,
from roots sampled from the permanent sam-
ple plots already mentioned. Thus it was pos-
sible to gain an idea of the numerical relations
between the mycorrhizae and the sporophores
formed by P. involutus.

Mycorrhizal studies were also performed
using synthesis experiments. The aim here
was to obtain information on the hosts of
Pacxillus involutus, to acquire material on
which to base a description of the mycorrhizae
formed by this species, and to solve certain
problems connected with their formation.
Seedlings inoculated with P. involutus were
also grown under semiaseptic conditions and
planted out in the field. The development of
these seedlings was compared with that of
control seedlings, and at the same time the
survival of the Paxillus mycorrhizae was fol-
lowed. The results revealed the ability of this
particular species to compete with other my-
corrhizal fungi on various sites, as well as
providing information on -its .symbiotic ef-
ficiency.



3. OCCURRENCE OF PAXILLUS INVOLUTUS SPOROPHORES

31. STUDY AREAS AND CLIMATIC CONDITIONS

Field investigations were mainly performed
in two localities: namely, the communes of
Suomusjirvi and Juupajoki. However, sup-
plementary observations were made in many
other regions. Suomusjérvi, the author’s home
commune, was chosen as the main study area.
This was a suitable choice in several other
respects; the Finnish Meteorological Office
has a weather station at Suomusjidrvi, and
the short (80 km) distance to Helsinki made
rapid access to the laboratory possible when
needed. In the Juupajoki area, field studies
were chiefly performed in the vicinity of the
Forestry Training Station of the University
of Helsinki. The study areas are both typical
of the forest land of southern Finland, al-
though the Juupajoki area, being located in
arelatively high (140—190 m above sea level)
watershed area, has a rather infertile appear-
ance. The Suomusjéirvi area lies at an altitude
of 50—130 m above sea level.

The average duration of the growing season
(6°C—5°C) is 172 days at Suomusjirvi

(Korxxki 1966). The warmest month is July,
with a mean temperature of 17° C (Table 1).

Most of the field observations were made
in 1968 and 1969. In the former year, the
summer was uite normal. The fall, on the
other hand, was colder and shorter than aver-
age; in September there were relatively hard
night frosts and the permanent snow cover
appeared in October. The summer of 1969
was exceptionally sunny and warm, although
this is not evident from the mean tempera-
tures because of the relative coolness of the
nights.

Precipitation tends to increase toward late
summer (HerimAk1 1967). In addition, the
saturation deficit is high in the early summer,
the months of June and July being relatively
dry. Normally, there is no real dry spell, but
in 1969 the soil became exceptionally dry
because the period from July through August
was sunny and almost without rain. This had
a very adverse effect on the mushroom crop,
as will be seen later in this paper.

Table 1. Data on the weather conditions at Suomusjidrvi weather station (60° 24’ N, 23° 46’ E).

el Month Whole
v | v | VI | VII | VIII | IX | % | XI A
Mean temperature, °C
1968 3.8 7.1 16.0 14.7 15.6 9.8 1.9 —1.7 3.7
1969 B 8.6 1.7 16.4 15.9 9.3 4.9 —0.3 3.3
1931 —1960 2.4 9.3 14.0 b ! 15.4 103 5.0 0.7 4.5
Precipitation, mm
1968 49 62 iy 45 92 126 89 50 705
1969 62 21 19 46 57 118 46 145 634
1931 —1960 35 37 45 72 /v | 70 67 61 628

32. METHODS AND MATERIAL

321. Transect surveys

In order to obtain a statistically represent-
ative picture of the abundance of sporophores
in an area which can not be studied in its

entirety, either systematic or random sam-
pling must be employed. In forest mensura-
tion, which the present task resembles in many
ways, these two sampling methods give al-
most identical results (NyyssONEN, KILKKI
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and MikkovrA 1967). It is solely for practical
reasons that systematic sampling is usually
employed. In the present work the system-
atic sampling method decided upon was the
transect survey.

In investigations into the occurrence of
mushrooms the width of the survey strips
employed has sometimes been as little as two
meters (RAUTAVAARA 1947), but in the present
study, which was concerned with a single,
readily visible species, broader strips were
considered better. As on most sites the sporo-
phores of Pazxillus involutus could be seen
for a distance of five meters from the middle
of the strips, a strip width of ten meters was
adopted.

The largest area covered by such a transect
survey, 10 x 10 km?, was in the Suomusjérvi
area. The distance between the survey strips
was one kilometer. But even in an area of
this magnitude, the data collected were not
sufficient to include all uncommon site types,
and these had to be studied separately. Such
sites were searched for independently at Suo-
musjdarvi and in several other localities as
well. For this purpose, help was received from
the personnel of Korkeakoski Forest District
(State Board of Forestry), in the forests of
which such measures as prescribed burning,
draining, scarification and forest road con-
struction have been undertaken on a large
scale. In the District Office a map was studied
on which the localities where such work had
been carried out were indicated, and of these
the ones which would probably best supple-
ment the data were chosen for closer examina-
tion. Further, the Soils Department of the
Finnish Forest Research Institute furnished
a list of the fertilization trials being carried
out by the Department. On the basis of this
list, five large, replicated fertilization trials
were made use of for this study.

The studies were carried out in 1966—69,
but mostly during the last two years. Usu-
ally, each place was visited only once, but
some of them in all four years. Small areas
were studied in their entirety and larger ones
with transect surveys. For the forest-covered
areas the following data were recorded: forest
site type, age of stand, tree species and stand
density as well as cuttings and other silvi-
cultural measures carried out and the esti-
mated dates of their performance. These stud-
ies were made in the period August through

October, most of them, however, in Septem-
ber, when the number of the sporophores of
Pazillus involutus reaches a peak in the areas
in question (Fig. 4). At this time of year the
sporophores are easy to observe, too, because
the grasses and herbs have already withered,
while the leaves still remain on the trees. It
can be estimated that the numbers counted
each year represent 40—60 per cent of the
sporophores of P. involufus formed in the
areas studied.

322. Permanent sample plots

Permanent sample plots were used prima-
rily to find out the total annual number of
sporophores of Paxillus involutus under some
tree stands. For the sake of comparison, other
large-sized mushrooms in the same sample
plots were also noted.

Such a count can only be made if the
sporophores are picked. Picking was done in
full awareness that it may be harmful to the
mycelia of the fungi in question. To ascertain
the best time interval between pickings the
cycle of the sporophores of P. involutus was
studied. It was established that in the sum-
mer they begin to deteriorate on an average
two weeks after emerging from the soil. Then,
riddled with insect larvae, from which Bolido-
phila hybrida in particular has been reared
(E1sFeLDER 1954), they collapse in a few days,
often forming a yellow mass caused by the
mold Hypomyces chrysospermus (RAMSBOTTOM
1953). In the fall the length of this cycle was
three weeks and destruction, too, was slower.
Traces of the sporophores could still be seen
in the spring after the snow had melted.

Ten days was chosen as the time interval
between the picking dates. For Paxillus in-
volutus this was short enough, although every
now and then it was observed that some of
its sporophores, which on a certain date were
too young, had disappeared by the next pick-
ing. Presumably they had been eaten by
birds. The sporophores of many other fungi
are known to live only a few days or even
hours. Large-sized mushrooms, however, usu-
ally have a lifetime of ten days or more
(RAUTAVAARA 1947, LANGE 1948). Among
the exceptions are the sporophores of certain
Russula species, which were badly damaged
by the time of the next picking. In the pres-



ent work, however, such specimens were also
collected and, therefore, the long time interval
used did not lead to a great underestimation
of the mushroom yield.

The occurrence of sporophores was studied
in the permanent sample plots during the
growing seasons of 1968 and 1969. The former
was quite a normal mushroom year, although
in the fall, because of hard night frosts, the
usual rich crop did not appear. In 1969, the
growing season was dry and the mushroom
crop exceptionally small. Paxillus involutus,
however, fruited abundantly.

Small sample plots (1 are or even 1 m?)
are used in fungal studies (LANGE 1948, Mo-
SER 1949), but they must be used in numbers
in order to cover the variation. In the data
presented by LisiewskaA (1965), for instance,
only 30—53 per cent of the species encoun-
tered in 4-are squares were found in each of
the 1-are plots. Therefore, large samples, e.g.
0.5 ha, are recommended (MicHAEL and HEN-
NiG 1967).

The average size of the permanent sample
plots of the present study was 0.37 ha and
the total area covered 8.13 ha. The examina-
tion of an area of this size was only made
possible by disregarding small sporophores.
Furthermore, plots in grassy sites and places
which were difficult to study were smaller
than those located on poor upland sites.

Most of the plots were chosen in pairs,

11

one being in a closed tree stand and the
other in a cutover area in its immediate vi-
cinity. In six of these plots (2¢, 5—7o,
9—10 d; Table 2) Paxillus involutus was
known to fruit, whereas for other species, all
the 22 plots were chosen at random.

The plots were all located close to each
other and at a distance of about three kilo-
meters from the weather station. The dom-
inant tree species was Pinus silvestris L.,
Picea abies (L.) KARrsT. or Betula pubescens
Enra. but in almost all plots other tree
species were admixed. Attention is especially
called to the fact that no sample plot located
in a cutover area was completely treeless,
because seedlings were always found and in
some cases, scattered seedbearers, too. In ad-
dition, roots of the trees surrounding the
cutover areas were present in their outer parts.
The mineral soil was either outwash sand,
fine sand or sandy till. In the sample plots
with closed tree stands the ground vegetation
was dominated by mosses, especially by Pleu-
rozium schreberi (WiLLp.) MrTT., whereas in
the cutover areas grasses and herbs were
abundant. The humus layer consisted of mor,
being typical raw humus in many closed
stands, but having features of mull in the
cutover areas. Table 2 gives more detailed
information on these sample plots, whereas
Figs. 1 and 2 give an idea of their external
appearance.

33. FACTORS AFFECTING THE OCCURRENCE OF SPOROPHORES

331. Trees

The areas examined in the present study
included both treeless and forested sites, the
latter being represented by sparsely as well
as heavily stocked areas. The corresponding
occurrence of Paxillus involutus sporophores
is presented in Table 3.

On treeless peatland no sporophores of this
species were ever found. Their absence, how-
ever, can not be confidently attributed to the
absence of trees, but there is always the pos-
sibility that the same factors which prevent
tree growth also check sporophore formation.

Difficulties of these kinds do not arise when
the tree stand is cut from a certain area
because, under Finnish conditions, treeless
cutover areas become reforested quite soon.

A great number of such cutover areas were
examined, but no sporophores of Paxillus
involutus were found in them. There were also
four areas that had been cleared: the ground
surface had been broken because of draining
and stump removal. As shown on p. 18 these
measures increase the fruiting of P. involutus.
In all four instances, however, its sporo-
phores were absent from the middle of the
clearings, although they were abundant along
the forest edge.

On arable land sporophores of Paxillus
involutus were found on five occasions. One
was on a grassy sod, and the others in fields
plowed in the fall and tilled in the spring.
All the sporophores were within 1—10 m of
the forest edge. By digging it could be estab-
lished that in each case birch roots had grown
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Table 2. Information on the permanent sample plots. Suomusjirvi 1968.

Treatments Tree stand

Code ! l:‘;;:’ Years Scari- | Volume, Per cent of volume Dominant | pepth,

since lgication| md/ha age, cm pH?
cutting years
Pine |Spruce| Birch | Others

1c 26 5 - 102 A A 94 6 50 3.0 5.2
Tec, 13 5 - 124 A 66 34 A 50 2.9 4.8
10 3 B - 19 10 28 59 3 5 2.4 4.9
2¢ 57 5 - 194 21 13 16 0 50 2.9 4.4
3¢ 45 4 - 167 48 b1 1 A 90 89 4.2
3¢y 43 25 — 124 1 97 2 A 90 4.0 4.2
3o 14 8 - ' 42 4 52 2 12 8.4 4.7
4c 54 4 - 234 52 44 4 A 90 3.6 4.0
4 0y 35 T — 59 91 9 A A 110 4.1 4.3
4 0, 12 8 — 3 26 10 41 23 12 3.6 4.5
5¢ 150 10 — 203 59 40 ;) 0 110 3.1 4.3
50 31 5 + 33 58 25 27 A 10 2.8 4.6
6 c 18 6 — 140 100 A A A 70 4.3 4.0
6 o 20 6 + 17 94 0 5 1 10 3.6 4.2
7¢ 49 15 — 96 100 A A A 70 2.5 4.4
70 31 5 + 27 92 2 6 A 10 2.4 4.5
8¢ 104 15 — 128 100 0 0 0 80 3.4 4.2
8 o 84 2 4 s i 100 A A A 1 Ol 4.4
9¢ 5 20 — 23 100 A A A 120 100 + 4.0
9d 3 9 - 37 96 0 4 0 8 100 + 3.8
10 ¢ 13 20 — 12 100 0 0 0 120 100 + 3.7
10d 3 9 - 19 98 0 2 0 8 100 + 3.9

1¢ Closed stand
d Ditch bank, width 3 m
o Cutover area
2 Soil analyses by Satoturve Oy

under the trap ditch along the forest edge.
These roots regularly bore mycorrhizae formed
by P. involutus (they were identified by the
procedure described on p. 51).

According to many investigations (ThHEs-
LEFF 1919, LANGE 1944, Moser 1949, Hin-
TIKKA 1960 a), P. involutus is not one of the
species favoring burned sites. In the present
study its sporophores were not found at all
in areas where prescribed burning had de-
stroyed all possible hosts. In places where ma-
ture trees had survived or seedlings had reap-
peared after burning, the species was ob-
served to fruit. On campfire sites in the forest,
even when quite recently burned, it some-

times fruited in abundance. Thus, its com-
plete absence from burned-over treeless areas
can not be due to the changes in the soil
caused by burning, although these are great
(Ucara 1958, Viro 1969).

From the results obtained it can be con-
cluded that Paxillus involutus only fruits
when within the reach of tree roots. The need
for host plants, however, is not great. In a
Sphagnum fuscum swamp, for instance, which
had been used for winning of peat moss and
carried scattered and stunted pine and birch
seedlings of 10-—30 cm height and in which
almost no other vegetation occurred, small-
sized P. involutus sporophores were found in
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Humus layer Vegetation
Exchangeable Lichens | Sphagnum | Other | Herbs, |[Dwarf-
Loss on Total Site Spp. |mosses |grasses | shrubs
ignintlon, nitrggen, C/N K I P | Ca type?

% % mg/l Coverage, %

40 0.54 74 80 10 237 OMT 0 0 7 76 7
51 0.58 88 103 11 124 OMT 0 0 37 28 10
52 0.74 70 95 12 337 OMT 0 0 11 83 4
70 0.64 109 57 12 212 OoMT 0 0 85 14 9
81 0.67 121 73 10 156 MT 0 5 68 14 37
65 0.68 96 48 10 200 MT 1 0 88 13 14
68 0.73 93 79 11 362 MT 0 0 16 76 11
82 0.67 122 62 10 156 MT 8 0 67 15 26
89 0.71 125 63 11 275 MT 7 0 56 11 34
72 0.58 124 100 10 287 MT 0 0 14 61 20
70 0.52 135 78 10 225 MT 0 3 76 30 15
47 0.48 98 84 11 206 MT 0 1 26 7 7
89 0.61 146 50 9 118 MT 0 0 68 14 36
71 0.66 108 53 11 250 MT 0 0 32 51 19
87 0.58 150 58 10 135 yT 14 0 74 1 27
70 0.56 125 57 9 218 N 10 0 48 21 24
71 0.55 129 56 8 128 N.T. 4 0 86 k 24
72 0.67 107 52 v 181 Ry 2 0 58 28 14
98 0.73 134 30 6 108 IR oj 0 36 5 12 67
99 1.02 97 10 6 89 IR mu 0 11 11 37 21
99 0.51 194 31 7 56 IR o 3 57 0 12 39
98 1.21 81 24 6 74 IR mu 2 16 17 29 13

3 Upland forest sites according to CAJANDER (1949). CT = Calluna type, poor for pine; VT = Vacci-
nium type, fair for pine; MT = Myrtillus type, fair for spruce, fertile for pine; OMT = Oxalis-Myrtillus type,
fertile for spruce, exceptionally fertile for pine; Lehfo = a group of very rich forest sites, all exceptionally

fertile for spruce.

Forest sites on peatland according to HEIKURAINEN (1964). IR = dwarf-shrub pine swamp, rela-
tively infertile; oj = newly or inefficiently drained peatland; mu = drained peatland, the vegetation

of which has changed towards upland vegetation.

numbers of about 100 per hectare. In stands
formed by slightly larger seedlings the num-
bers of these sporophores were sometimes
extremely high, in fact much greater than in
closed stands. Thus, the conclusion can be
drawn that, when certain minimum require-
ments are fullfilled, the fruiting of this fungus
is influenced by factors other than the num-
ber of trees present. The tree species, too,
seems to be of minor importance. Paxillus
involutus was observed to fruit in pure stands
of all the main tree species occurring in Fin-
land, viz. Scots pine, Norway spruce, com-
mon birch, and white birch.

332. Site

The relations between the occurrence of
sporophores of Paxillus involutus and the
quality of the soil were studied on the basis
of data systematically collected in the Suo-
musjérvi area (Table 4). The tree stands were
divided into two categories: namely, closed
stands and other stands. The term closed
stands is used throughout this study to
denote both thinned stands and stands not
treated by cutting. The concept covers stands
in all stages of development from crown
closure to regeneration. Stands in which fer-
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Fig. 1. Sample plots 50 and 5 ¢, Myrtillus type.

In the cutover area 946, and in the closed stand

(in the background) two Paxillus involutus sporo-

phores per hectare in 1968. The frequency of cor-

responding mycorrhizae 12.0 and 0.9 %, respec-
tively, of the number of short roots.

tilization or scarification had been carried
out, however, were not included. The term
other stands here primarily includes
regeneration areas of different kinds.
Within the category of closed stands sporo-
phores of Paxillus involutus were encountered
in all except the poorest forest site types.
The results are consistent in that the better
the site, the greater was the number of
sporophores. Maximum figures were obtained

Table 3. The occurrence of Paxillus involutus sporo-
phores according to transect surveys.

Survey Number
Site strip, of sporo-
km phores
per hectare
Treeless peatland ........ 2.54 0
Treeless cutover areas . ... 3.06 0
Arable land " ............ 15.20 1
Burned-over cut areas 10.08 4
Sparsely stocked cutover
T AR A e i 25.76 38
Sparsely stocked scarified
entover greas il st wil j 10.64 72
Roadsides and ditch banks
with trees?. . ... .. oi 55.71 104
Closed " Stands”™ . ... ceoes 147.09 6

1 Width 5 m from ditch

Fig. 2. Sample plot 8 ¢, Vaccinium type. Two Paxil-

lus involutus sporophores per hectare in 1968. The

frequency of corresponding mycorrhizae 0.1 9% of
the number of short roots.

in the very richest forest site types of the
Finnish classification, referred to in Table 4
by their Finnish name, lehto. In the other
study areas, too, finding these sporophores
was easy in forests of these site types. On
many occasions the neighboring sites re-
presenting the forest class dry and dryish
land were also studied. On these, few if any
sporophores were found. Because of the meth-
od of sampling employed, the differences in
sporophore densities shown in Table 4 were
not tested with regard to their significance.
From the magnitude of the differences, how-
ever, and in view of the consistency of the
trends shown, it may be concluded (cf. Nyvys-
sONEN, KiLkkr and MikkoLa 1967) that the
number of Paxillus involutus sporophores in
closed stands clearly increases with the qual-
ity of the site.

In the category of other stands Paxillus
involutus sporophores were found in abun-
dance on all sites, i.e. on poor mineral soils,
too. For instance, in cutover areas in forest
of Calluna type they were repeatedly encoun-
tered, and along roads crossing such forests
they sometimes occurred in great abundance.
Most of them were found on ditch spoil banks,
while some grew between the ditch and the
road surface, in sand almost free from humus.
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Table 4. The occurrence of Pazxillus involutus sporophores on stocked sites in the Suomusjéirvi area
(10 x 10 km?) in September 1968 according to a transect survey.

Site
Stand type
= Rocky | peatland CT VT MT OMT Lehto All sites
ground
Length of strip, km
Closed stands 4.46 6.89 3.10 11.59 16.20 8.00 1.40 51.64
Other stands 0.63 1.43 0.84 4.69 9.00 2.97 0.70 20.26
All stands 5.09 8.32 3.94 16.28 25.20 10.97 2.10 71.90
Number of sporophores per hectare
Closed stands 14.8 4.5 0 4.0 4.7 6.8 15.7 5.7
Other stands 30.2 50.3 22.6 19.2 24.0 29.6 57.1 26.9
All stands 16.7 12.4 4.8 8.4 11.6 12,9 29.5 317

Their occurrence on arable land, burned soil
and peat also indicates the indifference of the
species to many edaphic factors. This is also
supported by its growing on rocky ground,
which is an extremely poor site for trees, at
times drying up severely. Sporophores of
P. involutus were found in abundance, how-
ever, although they were small-sized.

These observations show that the fungus
species in question prefers good sites. Oc-
casionally, however, it also fruits on poor
sites, and may even do so abundantly. Certain
silvicultural measures, particularly, appear to
stimulate sporophore formation.

333. Certain silvicultural measures
3331. Fertilization

The relatively frequent occurrence (23 per
hectare) of Paxillus involutus sporophores in
certain areas treated with fertilizers strongly
suggested that forest fertilization influences
their appearance. To verify this and to obtain
a more detailed picture of the situation, the
occurrence of these sporophores was studied
in five large fertilization experiments.

In two of these, at Liesi and Vatinsuo, the
numbers of Paxillus involutus sporophores per
experimental plot were submitted to three-
way analysis of variance, applying the variant
log (x + 1) instead of x (cf. SNEDECOR and
CocHrRAN 1967). Table 5 indicates the den-
sities actually observed. It also gives the
F-values obtained. They show that nitrogen
explained the occurrence of these sporophores

to a highly significant degree. Phosphorus had
no influence either way, and the same was
true of potassium.

Closer examination revealed that P. in-
volutus sporophores only grew in plots to
which nitrogen had been applied. In 1968,
they occurred in 17 out of the 324 plots
treated with nitrogen, while all of the 108
untreated plots were empty. If the probability
that these sporophores occur in a certain plot

17
is 32 the probability that all of the 108
17 \ 108

plots mentioned remain empty is (1 = 4—32)

~ 0.013. In 1969, P. involutus fruited in 74
plots treated with nitrogen, and only in these.
The corresponding probability is extremely
low (~ 2:10-9).

In the other experimental series, too, nitro-
gen application considerably increased the
appearance of these sporophores (Table 6).
The more nitrogen had been applied, the
more common they were. In the experiment
carried out at Pikku Patasalo, the frequency of

1
these sporophores was 7 in the unfertilized

25 $
control plots, 21 in the Ny, plots, 21 in the

10
N,¢o plots and ET1 in the N, plots, the

19
average thus being 70" ‘When the probabili-

ties are calculated from the binomial distribu-
tion as above, there is only a 3.6 9, risk in
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Table 5. The occurrence of Paxillus involutus sporophores in two dense mature spruce stands in September
1969. Fertilization with urea, Kotka phosphate® and KCI, at the same final rate but in one (1964, a), two
(1964 —1966, b) or three (1964 —1966 —1968, ¢) portions. Randomized circular plots, radius 6 m.

P
0 [ 61 a [ 61 b
Nutrients
added, K
kg/ha
0 166a | 166b | 0 166a | 166b | 0 166 a | 166 b
Number of sporophores per hectare
Liesi, Oxalis-Myrtillus type, 6 replicates. F for N 15,8%%%*2
P02
K 2.3
Significant interactions: none
0 0 0 0 0 0 0 0 0 0
243 a 0 0 29 383 0 0 0 88 15
243 b 781 309 88 766 339 177 722 236 236
N 243 ¢ 236 147 221 575 324 251 589 15 516
Vatinsuo, Myrtillus type, 6 replicates. F for N 4.6**
P 04
K 1.9
Significant interactions: none
0 0 0 0 0 0 0 0 (1] 0
243 a 0 29 0 15 29 0 15 0 0
243 b 280 0 251 339 15 265 59 0 44
243 ¢ 265 0 0 44 501 0 634 0 0

1 A mixture of finely ground rock phosphate and superphosphate, 10 per cent P, half of it water-soluble

2

Lo d » b | »
bk » 0.1 »

10
stating that the frequency 1 is higher than
the average, and a 4.9 9, risk in saying that
2
— is lower.
21

Another test applied was to calculate the
average number of P. involutus sporophores
per plot, omitting those in which the species
did not fruit. In Pikku Patasalo, given in

* Significant with a 5 per cent margin of error

increasing order of nitrogen applications, they
were: 2, 1, 5, 15, the average for all of them
being 9.6. Assuming that the number of these
sporophores per plot follows the Poisson dis-
tribution (cf. Fisuer 1954), the probability
of obtaining one plot with two sporophores or
less (unfertilized plots) is e %% + 9.6 e®% 4
9.6%

5T e %%~ 0.0038. The probability of obtain-

Table 6. The occurrence of Paxillus involulus sporophores in three
dense mature pine stands in September 1969. Randomized circular
plots, radius 6 m, except in Pikku Patasalo 20 m.

Kerimiki, Patasalo, Myrtillus type, 18 replicates, fertilization in 1967

Fertilizer

Calcium ammonium nitrate
NPK fertilizer!
Urea

N, kg/ha
0 70 140
Number of sporophores per hectare
54 133
10 49 10
0 15 29
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Kerimiki, Pikku Patasalo, Vaccinium type, 7 replicates, fertilization
in 1966

N, kg/ha

Fertilizer

0 80 | 160 | 240

Number of sporophores per hectare

Ammonium sulfate 2 5 33

NPK fertilizer ! 2 0 3 39

Urea 0 17 99

Ruotsinkyld, Calluna type, 55 replicates, fertilization in 1965
N, kg/ha

Fertilizer 0 60 | 120 | 180

Number of sporophores per hectare

NPK fertilizer !

0 0 0 0

118 9% N, 12 9% P,04, 6 % K,0

ing two plots with not more than one sporop-
hore in each (Ng, plots) is (e®¢ + 9.6 e-%-8)?
~ 51077,

These results show unequivocally that nitro-
gen application to tree stands leads to in-
creased fruiting of Paxillus involutus. It seems
that small non-fruiting occurrences (p. 54) are
stimulated to form a few sporophores, and
that in places where fruiting already takes
place sporophores will appear in great num-
bers. In extreme cases the increase may be ex-
plosive. For instance, in a dense mixed stand,
1/4 ha in area, (Vaccinium type, 96 kg/ha of
nitrogen in 1962 as NPK fertilizer and 104
kg/ha of nitrogen in May 1969 as calcium
ammonium nitrate) only 1—5 sporophores
of P. involutus grew annually in 1966—1968,
whereas one year later there were 990 in the
same experimental plot.

3332. Cutting, scarification, draining

The data presented in Table 4 for the ca-
tegory »other stands» primarily represent the
fruiting of Paxillus involutus in areas where
regeneration cuttings had been done. Com-
pared with the closed stands, the number of
sporophores was here consistently greater on
all sites, the ratio averaging 5:1. The differ-
ence becomes even clearer when we establish
in which components of the ground mosaic
they occurred in the closed stands. One third

2

grew on windfall scars, ant hills ete. (Fig. 3,
Table 7). Such parts formed a very small
proportion of the ground mosaic in question,
however, and thus the concentration of the
sporophores in them is very striking. It is
fully warranted to conclude that in its fruit-
ing P. involutus avoids undisturbed natural
forest and, especially, an unbroken ground
surface. Many other investigators, too, have
observed that the species frequently fruits in
the exceptional sites mentioned (e.g. KAR-
STEN 1879, KAUFFMAN 1918, MicHAEL and
HEenNIG 1958).

On the basis of all transect surveys carried
out in the present connection, the density of
P. involutus sporophores in cutover areas is
six-fold that in closed stands (Table 3). As
in the fertilized plots, these sporophores may
abound in cutover areas, too. There is also
a difference in the time when the fructifica-
tion takes place in these two groups of stands
(x* = 18.2**), In cutover areas fruiting was
frequent even in the beginning of August,
whereas in closed stands this stage was
reached almost a month later (Fig. 4). The
size of the sporophores showed no difference,
however; in both the cases in question the
fresh weight averaged 32 g, the largest speci-
mens weighing about 200 g.

In scarified cutover areas the number of
Pazxillus involutus sporophores was greater
than in corresponding areas with an unbroken
ground surface. The following numbers show
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Fig. 3. Paxillus involutus sporophore growing at the
base of a birch stump, /; of natural size.

their mode of distribution; they are based on
random observations made in five areas
treated with scarification.

In patches 252
On the turf removed 56
On unbroken ground 92

The area of the patches and of the turf
removed from them each covered about five
per cent of the total area in question, and
thus it can be seen that these sporophores
quite clearly tended to occur in the patches.
The mechanical disturbance of the ground sur-
face either stimulated sporophore formation
or promoted underground growth of the fun-
gus as well. The frequent occurrence of these
sporophores in fertilized forests with an unbro-
ken ground surface points to thelatter alterna-

Table 7. Details of the location of Paxillus involutus
sporophores in the closed stands of Table 4, site
types CT — lehto.

Location Total Per cent
number
Windfall scars. .. .e.in o 25 12.6
AT SRR S i it SO 10 5.1
Base' ol tree ... 0 icines 4 8.6
ARG, S AR 13 6.6
Rock and boulders ...... 9 4.5
Normal ground .......... 124 62.6
A N T e 198 100.0

tive. Further consideration will be given to
this point in connection with the studies car-
ried out on plots isolated from tree roots.

In draining, just as in scarification, the
ground surface is also broken, but more ef-
fectively. And correspondingly, very large
numbers of sporophores of P. involulus were
found along ditches. This was true for both
peaty and mineral soils. For long stretches
their average number frequently exceeded
one per meter of ditch. The difference in
comparison with closed stands is so great as
to be visible at a glance. Even years after
draining most of the sporophores along ditches
grow on the spoil banks only, or in their im-
mediate vicinity. Special attention is called
to the fact that they are concentrated on the
highest parts of the spoil banks (Fig. 5),
which are probably relatively well aerated.

On some occasions it was observed that
Paxillus involutus fruited abundantly on the
spoil banks a mere couple of months after
draining. Usually, however, in such a short
time few if any of its sporophores appear,
but propagation takes place in the first few
years after draining, as indicated by observa-
tions made in successive years in certain
places. This is also shown by the data as a
whole (Fig. 6). From these data it can be
concluded that the number of sporophores
along ditches reaches a peak 3—4 years after
draining. The peak is followed by a clear
decrease, although in favourable years the
sporophores in question may still be abun-
dant even ten years after draining. Along
older ditches they are not much more com-
mon than in closed stands. In cutover areas
and fertilized forests the course of develop-
ment is obviously similar to that along
ditches.
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Fig. 4. Relative numbers of Paxillus involutus sporo-
phores in 1968 on the permanent sample plots.



Fig. 5. Mass occurrence of Paxillus involutus sporo-

phores on a heap of soil removed from the roadside

ditch three years earlier. None in the surrounding
closed stand (7 ¢, Vaccinium type).

334. Occurrence of other macrofungi

The occurrence of other macrofungi was
studied on the 22 permanent sample plots.
On a few of these (those not selected at
random, see p. 11) Paxillus involutus was
very common but otherwise its density was
about the same as in our forests in general.
For other species, the selection of all the
plots was random. Thus, the results, presented
in Tables 8 and 9, must reveal some essential
features of the occurrence of other macro-
fungi, too.

In the category of closed stands, species of
Russula, Lactarius, Cortinarius, Boletus (in a
broad sense) and Amanita were dominant.
Their contribution to the total mushroom
yield was 76 per cent. Roziles caperata, too,
was abundant on many sample plots. Poly-
porus ovinus was extremely abundant in the
spruce plot 3 ¢,. The genera Cantharellus,
Hydnum, Hygrophorus and Tricholoma were
rather poorly represented in these plots, and
the species Clitopilus prunulus and Gom-
phidius glutinosus were quite rare. A feature
common to all the genera mentioned, and
most of their species, is that they are either
proven or suspected mycorrhiza formers
(TrarPE 1962).

In old cutover areas the mushroom flora
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Fig. 6. The occurrence of Paxillus involutus sporo-
phores along different ditch banks and roadsides (to
a width of 5 m from ditch) carrying trees.

was completely different. The species and
genera mentioned above occurred in small
numbers or not at all, and only near the
edge of the forest. More frequently repre-
sented were such species as Clifocybe gibba,
Hygrophoropsis aurantiaca and Stropharia
hornemannii. They are obvious saprophytes.
Among mycorrhizal fungi, in addition to
Pazillus involutus, the species Tylopilus fel-
leus, which in 1968 was exceptionally abun-
dant, Laccaria laccata and Lycoperdon gem-
matum were more frequent. Thelephora ter-
restris was not collected for weighing, but
the observations carried out indicated that
this species was frequent in these cutover
areas.

In recently cut areas, the mushroom yield
was low, and the species characteristic of old
cutover areas were absent. It seems to take
some years before they are able to invade
the areas in question or their mycelia attain
the necessary vigor to produce sporophores.
The decrease in the fruiting of forest species,
on the other hand, took place abruptly, in
the growing season immediately following
cutting, even if not all the trees were cut.
This is the normal consequence of heavy cut-
ting (MELIN 1925, p. 115, RomELL 1930). Even
the mushrooms found in the vicinity of aspen,
which is inclined to sucker, are absent in the
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Table 8. The occurrence of sporophores of various fungi in 1968 on the permanent
sample plots.

Pazillus | poletes | Amanita | Rozites | Cortina- | Bussula | 1 actarius| others | Total

Sample plot involutus Spp. caperata | rius spp. spp. spp.

Kg/ha, fresh weight

1e 0.8 2.5 3.7 0.6 6.1 10.2 16.3 7.4 47.6
lec, 3.0 12.6 6.3 9.9 27.5 19.3 28.4 5.2 112.2
1o 28.6 0 0 0 2.3 17.0 12.7 2.3 62.9
2¢c 5.9 3.2 1.3 0.5 2.7 12.8 22.6 21 511
3¢ 2.4 4.5 7 4.7 vk 11.4 4.1 3.0 38.8
3¢ 0.3 1.0 1.8 2.7 16.3 21.8 5.9 36.2 90.5
30 6.5 1.0 0.4 0.7 0 a7 1 21 15.6
4c 1.9 4.6 1.9 1.7 12.3 171 4.5 9.5 53.5
40, 0 1.2 0.1 0 0.6 3.5 0.5 0.2 6.1
4 0, 51 3.5 0 0 0 0 0.8 4.2 13.7
be A 1.4 0.8 0.3 0.7 4.2 0.7 0.5 8.7
50 39.3 2.7 A 0.3 0.1 1.8 0.8 8.0 53.0
6c 0 0 5.9 0.5 2.9 97.3 1.9 4.9 113.4
6 o 11.9 9.0 1.6 0 0.5 2.5 1.6 6.6 33.8
Te 0 1.9 0.4 5.7 2.5 22.4 0.5 1.6 35.0
70 24.5 4.8 0.5 0 0.3 1.0 0.3 6.7 38.0
8¢ A 2.8 1.0 6.4 2.9 14.5 0.5 1.7 29.8
80 1.8 2.0 0.5 0 A 3.7 1.0 1.2 10.3
9¢ 0 0 0 0 0.5 0.9 13.7 0.6 15.8
9d 4.4 5.0 3.1 0 1.2 6.9 50.9 3.7 75.2
10 ¢ 0 0 0 0 0.2 0 8.3 0 8.5
10d 5.4 0 0.9 0 1.6 4.6 84.1 0.3 96.9
Average 4.1 2.7 1.2 2.3 8.7 11.4 4.7 4.7 34.8
Average in 1969 11.2 1.0 0.3 A 0.7 0.4 3.0 4.4 21.0

growing season immediately following cutting
(THESLEFF 1919, p. 75).

Dwarf-shrub pine swamp, on which the
peatland sample plots were located, is a site
type where few mushrooms grow in Finland
(Tvomikoski 1960). The areas of this study
had been drained nine years earlier, employ-
ing 40 m ditch spacing. Such draining pro-
duces only slow changes in the water and
oxygen relations and the ground vegetation
in the middle parts of the strips (HEIKURAI-
NEN 1955, Sarasto 1957, LAupE 1969). Cor-
respondingly, the mushroom yield was neg-
ligible, although along the ditches, on the
other hand, it was considerable. A similar
difference could be observed for the species
composition. This agrees with the general

experience that the spoil banks and sides of
ditches usually give high mushroom yields
(e.g. RAuTAVAARA 1947).

The results emphasize the effect of cutting
on the fruiting of macrofungi. Although there
were seedlings, suckers and even large trees
in the cutover areas, the mushrooms that
were dominant in closed stands, most of them
obviously obligate symbionts, occurred in
small numbers only, or were altogether ab-
sent. Saprophytic species increased to some
extent after cutting. The greatest increase
was observed in the species Paxillus involutus,
Laccaria laccata and Thelephora lerrestris,
which have all been considered facultative
symbionts.
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Table 9. The occurrence of sporophores of various fungi in 1968 in different stand types of the permanent
sample plots.

Cutover areas Drained peatland

E Closed -

Genus, species Ef;ll)zsllc stands Young omd Strip lg;tncll:
Kg/ha, fresh weight

Pazillus involutus m =i 1.8 22.2 0 5.0
Tylopilus felleus m 0.6 0.5 2.6 0 0
Other Boletes m 2.1 1 1.5 0 2.2
Hygrophoropsis aurantiaca s 0.1 0.3 2.4 0 0
Polyporus ovinus (m) 2.1 0 0 0 0
Hygrophorus spp. (m) 0.6 0 A 0 0
Laccaria laccata m A 0 1.2 0 0.3
Clitocybe spp. (m) 0.3 A 0.7 0 0
Tricholoma spp. m 0.5 0 0 0 0
Amanita spp. m 1.5 0.4 0.5 0 1.8
Stropharia hornemannii s A 0 0.3 0 0
Roziles caperata (m) 3.2 0 0.2 0 0
Cortinarius spp. m 5.3 0.2 0.2 0.3 1.4
Russula spp. m 15.4 Bl 2.2 0.2 5.6
Lactarius spp. m 5.4 0.9 1.2 9.7 69.7
Cantharellus cibarius m 0.5 A 0.1 0 0
Hydnum repandum (m) 0.1 0 0 0 0
Lycoperdon gemmatum (m) A 0 0.2 0 0
Others 1.3 0.5 19 0.2 1.4
Total | | 389.9 | 91 | 36.8 10.4 87.4

1 m Proven symbiont
(m) Suspected symbiont
s Humus saprophyte

34. THE EFFECT OF ISOLATION FROM ROOTS ON THE
FORMATION OF SPOROPHORES

341. Method and material

In addition to transect surveys, another
method by which the relations between Paxil-
lus involutus and trees were studied was by
cutting tree roots extending to places where
its sporophores had occurred and observing
whether the fungus continued to fruit or not.
Similar isolated plots have been used for stud-
ying the influence of root competition and
shading on tree seedlings (see AALTONEN
1948) and on at least one occasion in a sporo-
phore study (RoMELL 1938).

Root studies are needed to determine the
depth to which it is necessary to extend the
barrier. In Finland, in contrast to more south-
ern countries, the average root depth is not
great, only 4—10 cm (KALELA 1949, HEIKU-
RAINEN 1955). Among the main tree species,
birch has the deepest root systems and spruce
the shallowest, pine being intermediate (LA1-

TAKARI 1927, 1934). The average root depth
is maximal in till soils and minimal in peat.
In peatlands, even when drained, roots that
penetrate deeper than 20 cm into the soil
are exceptional (HEIKURAINEN 1955, 1958).

In mineral soils deep roots are found in
all soil classes, frequently at depths exceeding
one meter (LArTAKARI 1927, 1934). As even
such deep roots may be infected with my-
corrhizal fungi (WeRrLicH and Lyr 1957, M1-
KoLA and LArno 1962), isolation with a trench
surrounding the plot to be studied is some-
what unreliable.

In most cases the isolation was done from
the sides only. A trench 20—40 cm wide was
dug around the plot with a spade and a
mattock. In this trench a polythene sheet,
0.09 mm thick,was arranged so that it reached
from the bottom to the ground level. The
trench was then filled in (see Figs. 7 and 8).
In connection with digging, the presence of
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Fig. 7. Isolated plot 1 in stand 7 o, Vaccinium type,
8 m2 Trenching April 28, 1968, to a depth of 0.5 m.
In 1968 three Paxillus involutus sporophores ap-
peared on the inner margin of the trench but none
in the center, in 1969 10 and 15, respectively.

roots was observed in order to determine the
depth necessary for isolation. Usually, it
seemed sufficient to dig 30—50 cm into the
mineral soil, but on some occasions trenches
had to be dug almost one meter deep.

Seventeen of the trenched plots were lo-
cated on peat free from snags or on mineral
soil undergoing paludification. In such places
it is possible to cut all the roots present. The
rest of the plots were on stoneless sand or
fine sand. Here, isolation was not always
complete, for examination carried out later
revealed a few intact roots at depths be-
tween 0.5 and 1 m. Generally speaking, how-
ever, the great majority of the tree roots
were cut. Thus, for instance, the ground veg-
etation became exceptionally rank in the
growing season following isolation. This is
what occurs when root competition is elim-
inated (see AALTONEN 1948).

How long such a plot remains isolated
depends on the growth rate of the roots.
During one growing season it may be more
than a meter (LArraAkaRrr 1934), the average
growth, however, being much less than this
and deep roots growing slower than super-
ficial ones (S1rEN 1950). In the present study
the roots that had been cut branched pro-
fusely and grew 20—100 cm during the two

study years. Usually, this growth took place
along the polythene sheets; on some occasions,
however, new tips reached the isolated plots
by growing under the edge of the sheet.

Some of the plots were isolated from below
as well. Most of these were in banks of soil
made by excavators. The usual procedure
was as follows: a dead stump with roots and
soil attached, and on which Pazxillus involutus
had fruited the previous year, was pried out
from its site, which was covered with a poly-
thene sheet 0.20 mm thick. The stump was
then returned to its original position and,
when required, soil shoveled around it.

Most of the other isolation plots, too, were
located exactly where the species had fruited
the previous year. But a few were set up
without exact knowledge of the location of
the sporophores. For the sake of comparison
a few plots were also isolated in which the
species had not fruited during at least the
two previous years.

The size of the plots isolated from the
sides only varied from 3 to 60 m?, and that of
those isolated from below as well from 1 to 4
m?2, Abreast with the plots isolated from trees,
others were established in which trees or tree
seedlings grew inside the trench (Table 10).
Most of the isolation experiments were car-
ried out in the same stands in which the oc-

Fig. 8. Paxillus involutus fruiting on the inner (left)

and outer (right) margins of the trench. Isolated

plot 13, Vaccinium type. Trenching May 6 to a
depth of 0.5 m, photo Oct. 10, 1968.
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Table 10. Information on the plots isolated from tree roots. Trenching and six isolations from below were
made April 28 — July 11, 1968, the rest June 25 — July 20, 1969.

Trenched plots Plots isolated
Locality Stand * Treeless Stocked iy s e
Number m? Number m? Number m?
Suomusjirvi l¢ - — — — 10 2.7
2¢c 6 97 4 40 — —
60 3 34 — — 1 0.3
ve 5 118 2 66 4 1.9
70 5 71 5 39 2 1.3
9d 5 43 4 30 2 0.6
10d 4 25 2 18 5 1.3
Juupajoki 6 87 4 51 | - -
Total 34 475 21 244 24 8.1

1 See Table 2

currence of Paxillus involutus sporophores
was being studied (Table 2).

The plots were mainly isolated in the early
summer of 1968, and the fruiting of fungi
was studied on them during the growing sea-
son of the same and the following year. Ob-
servations were made three times a month
except in Juupajoki, where the plots were
visited only twice during the growing season.
At each visit all mature and nearly mature
sporophores were collected from the plots; in
addition, digging was carried out in order to
check that isolation was effective. The exact
position of the sporophores was also recorded.
For this purpose the trenched plots, including
their immediate surroundings, were divided
into the following parts: center, inner margin
of trench, outer margin of trench and con-
trol belt. Both margins of the trench (to-
gether making the trench belt) were 0.5 m

wide and the control belt extended three
meters from the trench.

342. Sporophores of Paxillus involutus

Paxillus involutus fruited in the immedi-
ate vicinity of most of the isolated plots
(Table 11). Thus, the location of these plots
must be considered suitable. Furthermore,
the species also fruited inside isolated plots
that were treeless. The reason for this must
have been either failure to secure comp-
lete isolation, or that thé sporophores are
able to grow without any connection with
trees.

Closer examination of the data revealed
that 36 sporophores of P. involutus appeared
in the centers of treeless trenched plots in the
summer of isolation. None of these plots, how-

Table 11. The frequency of Paxillus involutus sporophores on plots
isolated from tree roots.

Location

Year of isolation | Following year

Control belt
Outer margin of trench
Inner margin of trench
Center

Number of plots

Control belt
Center
Number of plots

Trenched plots

15 26
18 24
17 25

6 23
34 34

Plots isolated from below as well

20
1

5
2
24 6
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ever, was located in a waterlogged area,where
root systems are shallow.

The following year (1969) the frequency of
these sporophores was as great in the centers
of the plots as around them. The number,
226, is significantly higher than that recorded
in the year of isolation, even if allowance is
made for the fact that in the stands in ques-
tion there was a 1.6-fold increase in the num-
ber of these sporophores that year as compared
with the preceding year. Assuming that these
annual numbers follow the Poisson distribu-
tion (cf. SNEpECOR and CocHRAN 1967), we

M ~7.4%** Such
V226 + 2.6 - 36
an increase supports the assumption that
these sporophores were connected with living
tree roots. If that was so, it would explain
why the sporophores appeared earlier on the
trench belt than in the center, that is, farther
away from the tree roots.

Paczxillus involutus also fruited in three
plots isolated from below as well. The total
number of these sporophores was 55, and
they were of normal size. In one of these
plots two pieces of polythene sheeting had
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Fig. 9. The effect of trenching (depth 30 cm) on the
growth of young Pazxillus involutus sporophores.
Each curve based on data of ten sporophores.

been used, and on this occasion mycorrhizae
formed by P. involutus were abundant in the
birch roots growing near the seam; in ad-
dition, thick rhizomorphs were seen to lead
in the direction of the sporophores. In the
other two plots there was a small hole in the
polythene sheet, around which mycelium and
rhizomorphs of P. involutus were observed.
‘When these sheets were replaced by undam-
aged ones, the sporophores died and no new
ones appeared, although the change could be
effected without much damage.

A great number of isolation trenches were
also opened up again. Examination estab-
lished that new roots had grown in abundance
outside the polythene sheets. On many oc-
casions only mycorrhizae formed by P. in-
volutus were found, accompanied with abun-
dant rhizomorphs (Fig. 25), which in many
cases led into the isolated plots under the
edges of the sheets. Thus, the trenches had
not prevented P. involutus from forming rhi-
zomorphal connections. This, in addition,
took place astonishingly soon after isolation.
For example, in a plot a sporophore was
found ten weeks after it had been isolated to
a depth of 80 cm.When the trench was opened,
it could be seen that the yellow-brown rhizo-
morphs had grown along the surface of the
sheet down to the very bottom of the trench.
On this occasion the ground water table was
rather far from the soil surface, it is true,
and the sand used for filling the trench was
more loosely packed than in natural soil. In
waterlogged plots, growth beneath the bar-
rier was less frequent.

Digging was also carried out in the center
of isolation plots. Here, no living tree roots
were found. Thus, the distance from Paxillus
involutus sporophores to living tree roots was
on many occasions at least 1—2 m. This prob-
ably need not be considered far for basidio-
mycetes forming rhizomorphs (cf. HARLEY
1968, p. 167). To check this, the connection
between young sporophores and their sur-
roundings was cut with a spade to a depth
of about 30 cm. This measure was followed
by arrest of the growth of the sporophores,
which was the more distinct, the closer to
them it was carried out (Fig. 9). At a distance
of nearly one meter, sporophore growth re-
mained almost undisturbed during the first
few days; later, however, it decreased rapidly
and evidently to the extent that energy sup-



plies were exhausted. The results of this ex-
periment demonstrate that in all probability
P. involutus sporophores are regularly con-
nected with mycorrhizae or mycelium located
relatively far away.

Paczxillus involutus fruited earlier on trenched
plots than in the surrounding cutover areas
(x* = 16.9**). Growth into the latter areas,
on the other hand, was earlier than into the
corresponding closed stands (Fig. 4). The rea-
son for this is probably to be sought in dif-
ferences in the moisture conditions. For it
was established with a few measurements
that the water content of the soil was highest
in the trenched plots and lowest in the closed
stands; according to investigations made by
others (see AALTONEN 1948, p. 372—375),
this is generally the situation.

Comparison carried out on the occurrence
of these sporophores in the control belts and
in the trench belts (outer + inner margins)
of the isolated plots revealed a certain rule.
‘When they were lacking from the control
belt, they were also sparse or absent in the
trench belt, and, on the other hand, when
they were abundant in the control belt, they
were even more so in the trench belt (Fig. 10).
Since, as stated on p. 23, the width of the
trench belt was taken as one meter, the re-
gression equation presented in Fig. 10 shows,
as it stands, the correlation on an areal basis,
too. It differs highly significantly (t = 8.9**¥*)
from the equation that would have been ob-
tained if the densities had been the same in
the control belt and in the trench belt.

The average density of Pazxillus involutus
sporophores in the trench belt was about
7-fold that in the control belt (Table 12). This
difference is still further emphasized by the
fact that only one third of the width of the
trench belt had been opened, and it was there
that most of the sporophores were growing.
As the result of isolation, the species thus
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Fig. 10. The correlation between the abundance of
Pazxillus involutus sporophores in the trench belts
and in the control belts in the year of isolation.

began fruiting in the trench at a surprising
rate. The question arises whether the trench,
because of mechanical irritation, close contact
to air or otherwise, gave the mycelia already
present in the trench belt and its neighbor-
hood an opportunity to start to fruit in the
trench, or whether it also stimulated the
mycelial growth of Paxillus involutus.

In the former case one would have ex-
pected many fewer sporophores in the con-
trol belts than outside them. This, however,
was not the case. The ten trenched plots on
sample plot 2 ¢ had been selected at random
and the average density of P. involutus sporo-
phores in the control belts and in the plot
2 ¢ was almost the same.

In the intact centers of the trenched plots

Table 12. The abundance of Paxillus involutus sporophores on plots isolated
from tree roots.

Location A::’a i

Year of trenching | Following year

Number of sporophores per hectare

Control belt 1379
Outer margin of trench 200
Inner margin of trench 201
Center 274

900 1300
6 800 7 900
7200 10 100
1 300 8 200
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not one of these sporophores would probably
have grown if the trench belts had been espe-
cially attractive to them. The fact is, how-
ever, that almost equal densities were re-
corded in the centers as in the trench belts,
this being about six-fold in comparison with
the control belts (Table 12). The small num-
ber of sporophores in the plot centers in the
year of trenching as compared to that of the
following year supports the hypothesis that
trenching strongly stimulated the mycelial
growth of P. involutus. Thus, the reason for
the profuse fruiting of this species in the
plots in question was the stimulation to its
mycelial growth brought about by trenching
rather than the mechanical irritation caused
to its mycelium, although the last-mentioned
possibility can not be completely disregarded,
either.

The digging carried out revealed much evi-
dence of the active underground growth of
P. involutus. Tree roots that had grown into
the trenches bore abundant mycorrhizae
formed by this species, sometimes even 50—
100 per cent of the number of short roots. My-
celium and rhizomorphs, too, were abundant.
Further, sporophores appeared on peat that
had been moved from a trench onto unbroken
ground about ten weeks earlier, and exami-
nation revealed that these pieces of peat were
almost full of yellow-brown mycelium with
strong connections down into the soil.

The results of these experiments are sur-
prising. Although, generally speaking, isola-
tion from living tree roots was successful, the
density of Paxillus involutus sporophores was
much greater in the isolated plots than in
their surroundings. It appeared that the
changes in the edaphic factors caused by the
isolation process greatly promoted the growth
of this species. On the other hand, isolation
did not persist, the fungus being able to cross
the barriers by growing under them. Thus,
there is the possibility that all the sporophores
in the isolated plots were in connection with
living tree roots. This was impossible to con-
firm, but some indications in support of it
were observed.

343. Sporophores of other macrofungi

In addition to Paxillus involutus, 217 sporo-
phores representing 18 other species of my-

corrhizal fungi were encountered in the im-
mediate vicinity of the trenched plots in the
year of isolation (Table 13). In the stocked
plots the corresponding numbers were 59 and
7 and in the treeless ones 6 and 3. Lactarius
rufus was the most frequent of these species.
It was found in many plots, even those where
only small pine seedlings were growing, but
never in treeless ones. Likewise, Laccaria lac-
cata was abundant in all except the treeless
plots. Representatives of the genera Boletus,
Cortinarius and Russula, too, were absent
from the last-mentioned plots.

One year later 84 sporophores, representing
eight species, were found on the treeless isola-
ted plots. Thus there was a clear increase in
comparison with the year of isolation. Lac-
tarius rufus occurred in five of these plots,
most of the sporophores growing just inside
of the trench. Keeping in mind the slow
growth rate of L. rufus (MopEess 1941) it can
well be understood that its response to isola-
tion was slower than that of P. involutus. It
should be noted that, according to MopEss
(op. cit., p. 87), L. rufus is a mycorrhiza-for-
mer of the second order, which means that
it may be of minor importance as a symbiont
in nature (cf. MELIN 1936, p. 1030).

In addition to Paxillus involutus, two fur-
ther species that have been considered facul-
tative were found growing on the isolated
plots that were treeless, namely Laccaria
laccata and Xerocomus subfomentosus. Near
the sporophores of the latter, mycorrhizae
were encountered to which the bright yellow
rhizomorphs characteristic of the species were
attached. Further, an experiment was made
with Thelephora terresiris. Its sporophores
were isolated from living tree roots with
trenches 80 cm in depth, the diameter of
the plots being 2 m. This resulted in the
death of the sporophores. According to Hac-
SKAYLO (1965), this also happens when the
seedlings to which they are attached are
shaded. In the light of these results, it seems
that, in the ectomycorrhizal fungi that are
considered facultative, sporophore formation
takes place in more or less the same way as
in obligate symbionts.

Only a few saprophytes were recorded.
Since many of them have small sporophores,
however, they tended to be overlooked. Such
species were found not only in the trenched
plots, but also in those that had been iso-
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Table 13. The number of sporophores on trenched plots in the year of isolation (I)
and the following year (II).

Treeless plots Stocked plots Outer margin Control belt
: ; togic of trench
AN o I II Sl I 11 I II
Number of sporophores

Paxillus involutus m 181 430 69 104 172 178 144 218
Xerocomus subfomentosus m 0 1 3 1 1 2 0 0
Tylopilus felleus m 0 0 0 0 0 0 2 0
Leccinum scabrum m 0 0 2 0 2 0 0 2
L. testaceo-scabrum m 0 0 1 0 0 0 0 2
Hygrophoropsis aurantiaca s 83 16 1 1 32 25 3 25
Hygrophorus sp. (m) 0 0 0 0 2 0 0 1
Laccaria laccata m 0 10 15 12 5 30 29 52
Clitocybe spp. (m) : | 11 0 0 1 0 1 10
Armillariella mellea w 0 6 0 0 0 0 0 0
Collybia butyracea S 0 1 0 0 0 2 1 1
C. dryophila S 2 0 0 0 0 0 0 0
Oudemansiella platyphylla w 0 0 1 0 0 0 0 0
Amanita muscaria m 0 0 0 0 0 0 0 1
A. porphyria (m) 0 0 0 0 0 0 1 0
A. vaginata (m) 0 0 0 0 0 0 2 0
Cystoderma amianthinum S 0 0 1 0 0 0 0 0
Stropharia hornemannii s 0 3 0 2 0 0 0 10
Hypholoma capnoides w 0 46 0 8 2 35 1 57
Kuehneromyces mutabilis w 0 0 0 0 0 0 50 0
Rozites caperata (m) 0 0 0 0 0 0 2 0
Cortinarius spp. m 0 12 2 0 5 2 2 2
Galerina spp. s 0 5 0 1 4 2 0 0
Russula spp. m 0 0 3 2 6 10 18 4
Lactarius rufus m 0 39 33 44 90 77 33 122
L. spp. m 4 0 0 3 6 0 9 1
Lycoperdon gemmatum (m) 1 11 0 0 0 0 0 0
Area, m? | 475 475 244 244 317 317 |2122 | 2122

1 m Proven symbiont
(m) Suspected symbiont
s Humus saprophyte
w Wood decomposer

lated from below as well. They were chiefly
representatives of the genera Armillariella,
Mpycena, Kuehneromyces and Galera.

The results obtained from the isolation ex-
periments help to explain the fruiting of
Pazillus involutus in Finnish forests. Cutting,
scarification and draining affect the soil in
the same way as the isolations made and,
consequently, they also stimulate the subter-
ranean growth of the species, which leads to
increased fruiting.

As compared to the trenching experiments
carried out by RomELL (1938), great simi-
larities are seen in the results. In both studies
sporophores appeared in great numbers in the

trenches. With few exceptions mycorrhizal
fungi did not fruit in the plots isolated from
tree roots. RomeLL conducted his study in a
closed stand on a poor site and, probably for
this reason, Pacxillus involutus was almost
totally lacking from his material. In the fourth
year after isolation, however, it formed a few
sporophores in his plots, also. RomELL (1939,
p. 353) concluded that they were formed by
saprophytic mycelia, but there remains the
possibility that in his plots, too, rhizomorphal
connections had formed by growth beneath
the barrier. In the light of the present results,
this even seems probable.
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35. DISCUSSION

In closed forest stands ectomycorrhizal
fungi fruit in abundance. In cutover areas,
even if stocked with seedlings, suckers and
mature trees, fewer sporophores are found
and many of them belong to species which
have been considered facultative. The ques-
tion arises whether some symbionts require
a more vigorous host than others.

RomeLL (1939, p. 354) stated that my-
corrhizal fungi must be in connection with
the roots of vigorous, mature trees in order
to fruit. For Paxillus involutus, however, this
is not the case. Sporophore formation is pos-
sible in this species even when the only hosts
with which it can possibly be connected are
small, stunted tree seedlings (p. 12). Simi-
larly, Lactarius rufus fruited in trenched plots
where only seedlings were growing. Bolefus
communis forms sporophores even in aseptic
synthesis (BRyan and Zax 1961). Sporophore
formation by mycorrhizal fungi is also com-
mon in forest nurseries and young planta-
tions (e.g. TRAPPE and STRAND 1969, MikoLA
1970). Thus, although differences between
species may exist, quite a number of ecto-
mycorrhizal fungi can also fruit in association
with relatively weak hosts. This emphasizes
the importance of climatic and edaphic fac-
tors in their fruiting.

In Pazxillus involutus the dependence of
sporophore formation on -climatic factors
seems to be of minor importance. Fruiting
is very common in cutover areas, but, on
the other hand, it is not hindered by the
shading of even dense tree stands. Thus,
apart from host factors, it is primarily edaphic
factors that regulate the occurrence of this
mushroom.

Before further discussion, let us first recall
that in closed stands in Finland the sporo-
phores of P. involutus are most frequent on
rich sites; on poor soil they are hardly found
at all. After cutting, however, provided a few
trees are left in the cutting area, the species
fruits even on soils of the latter category.
Sporophore formation is also stimulated when
the site is scarified, drained or fertilized with
nitrogen. An attempt was made to discover
whether the sites of abundant fruiting have
anything in common which is lacking from
sites where fruiting of the species is sparse.

Poor sites with a closed tree stand are

characterized by a very acid raw humus dom-
inated by fungi, in which decomposition of
organic matter is slow. Rich sites, on the
other hand, are covered by less acid mull in
which bacteria dominate; here decomposi-
tion of litter is active and nitrogen mobiliza-
tion rapid (e.g. HeEsseLman 1926, RoMELL
1932, AALTONEN 1948).

Cutting brings great quantities of logging
waste to the ground, roots die and those of
the original microorganisms which can not
adapt themselves to the changed conditions
are destroyed. Thus, recently cut areas offer
plenty of readily decomposable matter (Wit-
TicH 1952, MikoLA 1954 b) and, in addition,
better conditions for decomposition. As a
result, nitrogen mobilization increases, the
vegetation grows more luxuriant than before,
the pH value of the soil rises and even raw
humus takes on features of mull (e.g. Ro-
MELL 1934, 1935, AALTONEN 1948; cf. Table 2).

As the result of scarification and draining
the so-called true humus substances (Wit-
TIcH 1952) are exposed. Decomposition of
these substances is slow, but their high con-
tent of nitrogen (Viro 1962) makes rapid
mobilization possible. In draining, in addi-
tion, the uppermost soil layer is covered with
mineral soil, and this speeds up the decom-
position of the organic matter involved (Wit-
TICH 1939).

On plots isolated from tree roots the ground
vegetation becomes luxuriant, in the same
way as in areas to which nitrogen has been
applied (RomeLL 1938). Thus, nitrogen mo-
bilization plays an important role in root
isolation plots. Both measures are followed
by an increase in the number of bacteria and
other microorganisms which decompose or-
ganic matter, and this has an effect on the
quantity and quality of the humus.

Dry summers are good Paxillus years
(e.g. TuoMmikoskl 1959, Horak and MOSER
1966). Despite this fact, P. involutus does not
actually show any predilection for dry con-
ditions. This is illustrated on p. 25. Moreover,
in the dry summer of 1969 a few of its sporo-
phores grew in the end of July, evidently
supported by the spring moisture; the next
did not appear until one month later, that is
to say, two weeks after the rains had begun.
Even now they occurred only on relatively



moist habitats, particularly on the bottoms
of ditches. In the end of September these
sporophores were very abundant, although
the crop of other mushrooms remained small.
Probably during the dry spell large amounts
of mycorrhizae, mycelia and soil organisms
died. In this way material devoid of life but
rich in nitrogen was formed. Because of its
ability to grow out rapidly from mycorrhizae
(p- 30), Paxillus involutus is probably superior
to many other species in taking advantage of
such a situation when conditions improve.
The survival of the species is also promoted
by the sclerotia (p.31), which endure low
humidity.

Thus, the conclusion can be drawn that
Paczxillus involutus fruits abundantly in places
where decomposition of organic matter and
nitrogen mobilization are relatively rapid.
Such a situation may be caused by an in-
crease in the amount of dead matter or im-
proved conditions for decomposition. In such
conditions bacterial populations increase, and
in consequence of their activity the pH value
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of the soil usually rises (e.g. RoMELL 1934,
MikorLA 1954 b). Changes take place in the
mobilization of other nutrients, as well as
nitrogen, but no attention has been paid to
them here, because they are not minimum
factors in Finnish forest soils (Viro 1951) and
because their application to the soil did not
have any detectable influence on the fruiting
of P. involutus (p. 15).

The response of P. involutus to the changes
mentioned will be dealt with later. Only after
the description of the pure culture experi-
ments will it be possible to estimate their
importance. In the present connection, it is
enough to state that even favorable condi-
tions for humus decomposition are not suf-
ficient for the fruiting of the species unless
trees are present. On the isolated plots its
fruiting was abundant, it is true, but on each
occasion where it could be established with
certainty that mycorrhiza formation was
precluded, no sporophores were found, even
though conditions were favorable in other
respects.



4. PAXILLUS INVOLUTUS IN PURE CULTURE

41. ISOLATION AND DESCRIPTION OF ISOLATES

411. Isolation

Quite a number of research workers, using
the ordinary tissue culture method, have
isolated Paxillus involutus from sporo-
phores (e.g. How 1942, Mikora 1955,
Moser 1958 b, PacHLEwskr 1967 a, SHE-
MAKHANOVA 1967). This was easy to repeat
in the present connection. If the sporophores
are young and fresh, the species starts to
grow from almost every seeding piece. Growth
is visible as little as 1—2 days after plating
on Hagem agar:

KH,PO, 0.5¢
NH,Cl 0.5 »
MgSO, + 7 H,0 0.5»
FeClg (1 9%, solution) 0.5 ml
Glucose 50¢g
Malt extract 5.0 »
Agar 15.0 »
H,0 1000 ml

Isolation of P. filamentosus is attended
with some difficulty. In the present study it
was less often successful, growth initiation
required 1—2 weeks and the growth rate was
slow (see Table 16).

From basidiospores Paxillus in-
volutus has been isolated twice. On pure nu-
trient medium, however, their germination
has not been successful, whether this be malt
agar (Fries 1943) or the so-called »maximum
nutrient medium» (MELIN 1962). The former
investigator used the yeast Torulopsis san-
guinea as an activator, and the latter living
pine roots. In this study germination was not
attempted on agar, but basidiospores were
placed in contact with the roots of nonmy-
corrhizal pine seedlings growing in autoclaved
soil. From the fact that mycorrhizae were
not formed, it was concluded that germina-
tion did not take place, for it has been es-
tablished that monokaryotic mycelia, too,
are able to form mycorrhizae (Fries 1942).

There are also certain difficulties in isolating
symbionts from mycorrhizae. These

include the problem of surface sterilization
without destruction of the symbiont proper,
as well as identification of the mycelia ob-
tained. The latter is possible only in excep-
tional cases (MopEess 1941, p. 10, ZAk and
Bryan 1963). In the present work, the char-
acteristics of mycorrhizae formed by Paxillus
involutus were studied by means of synthesis
experiments (see p. 46). Mycorrhizae of sim-
ilar appearance were then searched for near
its sporophores. The identification of the
mycelia isolated from the mycorrhizae was
carried out by comparing them with strains
isolated from sporophores. In addition, syn-
thesis experiments were made.

Isolation of Paxillus involutus from my-
corrhizae of different tree species met with
success, and, indeed, was not even difficult.
‘When clean, young, fresh mycorrhizae were
plated without delay on Hagem agar, myce-
lium of P. involutus sometimes grew out
within as little as 12 hours, and at latest in
24 hours (Table 14). Its growth was so rapid
that other fungi were not able to hinder it
in the beginning. Sometimes the species was
able to get ahead so well that even pure
cultures could be isolated from the edge of
the colony. Other microorganisms were al-
ways present, however, and within 5—10
days after plating P. involutus was without
exception overgrown by them.

If the mycorrhizae were rinsed with water,
growth initiation of P. involutus was delayed
to some extent. This was probably because
they were left in a droplet of water which
arrested oxygen uptake. The delay meant a
decrease in the percentage of successful pla-
tings, because other microorganisms had
more time to interfere.

‘When the same method of surface steriliza-
tion was used as that employed in isolating
the symbiont from the ectendotrophic my-
corrhiza of pine (MikoLA 1965), Paxillus in-
volutus was killed. Actually it did not even
survive the separate ethanol and sublimate
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Table 14. Isolation of Paxillus involutus from natural pine and birch
mycorrhizae. Hagem agar, plating within 3 —7 hrs after sampling.

Paxillus colonies,

Number Time to per cent

Treatment of my- outgrowth,
corrhizae days Pure Con-
taminated

None 1000 1 0 66
Rinsing in water 1000 1-2 0 57
70 9% ethanol 5 sec. 200 5—-10 3 6
60 sec. 200 - 0 0
0.1 9% HgCl; 1 sec. 200 5—10 6 0
5 sec, 200 — 0 0
0.01 » 5 sec. 200 2-5 8 4
20 sec. 200 2-5 3 1
60 sec. 200 — 0 0
35 9 H,0, 4 sec. 200 5 2 4
20 sec. 200 - 0 0

treatments included in the procedure which,
in addition, must be regarded as relatively
mild (cf. PAcaLEWsKI 1967 a). Only when
the solutions were diluted to one tenth did
the symbiont start to grow, and now in most
cases as a pure culture. Growth initiation
required 2—5 days, that is, longer than with-
out sterilization. Even in this case, however,
the species must be considered a rapidly
emerging one. Other species of the same type
include the formers of the C mycorrhiza (ME-
LIN 1936, p. 1021) and of the ectendotrophic
mycorrhiza of pine (Mikora 1965). In some
species growth initiation may require months
(MELIN, op. cit., p. 1025); some investigators
have even rejected from their material all
myecelia that have started growth in less than
a week, considering them to be contaminants
(Zax and Bryan 1963).

How (1942) also isolated Paxillus involutus
from mycorrhizae. He used 0.1 9%, sublimate
for surface sterilization. In the present study
this treatment was found to be almost fatal,
and so were those recommended by Pacu-
LEWSKI (1967 a) for similar mycorrhizae with
a thin mantle. Thus, P. involufus must be
regarded as sensitive to sterilizing agents.

Mycorrhizae formed by P. involutus are
often connectedwith mycelial strands
and rhizomorphs. Isolation of the
species from these was not successful. How-
ever, it was not really tried either. It ought
to be mentioned that certain other ectotrophic
symbionts have been isolated from rhizo-
morphs, using both chemical sterilants (LE-
visoHN 1955) and ultraviolet light (SHEMAK-
HANOVA 1967, p. 24).

In the vicinity of Paxillus involutus my-
corrhizae sclerotia, too, were found,
often in much the same numbers as my-
corrhizae. More detailed examinations re-
vealed that some of them were attached to
mycelial strands connected with the my-
corrhizae. These sclerotia were brown in color,
round in shape and small in size (Fig. 24).
Their mean diameter was 340 x, but the size
ranged from 100 to 800 x. Their rind, unlike
that of the sclerotia of Cenococcum, was thin
and flexible, the inner parts being filled
with pseudoparenchyma (Fig. 12). It was pos-
sible to isolate P. involutus from these sclero-
tia. Like the mycorrhizae, they, too, were
only able to withstand weak surface steriliza-
tion. In addition, if they were submerged,
however little, in the agar, the mycelium did
not start to grow. This was also true of the
mycorrhizae.

412. Description of isolates

A total of 46 isolates of Paxillus involutus
were retained. Most of these were from sporo-
phores, some, however, being from mycor-
rhizae and sclerotia (Table 15).

The sporophores came from tree stands of
different kinds and from plots isolated from
tree roots. The identity of theisolates obtained
from them is indisputable. As stated earlier,
they were used for comparison in the identifi-
cation of other isolates. These comparisons
revealed neither macroscopic nor microscopic
differences. Only some uncertain anastomoses
were detected but the same was the case
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Table 15. Paxillus strains used in this study, isola-
ted in the fall of 1968 if not otherwise mentioned
in the list on the next page.

Species Source of isolate Number
of strains
P. involutus Sporophore 40
Sclerotium 2
Pine mycorrhiza 1
Spruce » |
Birch » 1
Aspen » 1
P. filamentosus Sporophore 6
Alder mycorrhiza 5

when sporophore strains were grown side by
side. Thus, the inclination of the species to
anastomose must be regarded as very small.
The identification was ascertained by means
of synthesis experiments. On the basis of
these studies, the isolates retained from my-
corrhizae and sclerotia, too, must be con-
sidered to belong to the species Paxillus
involutus.

For the sake of comparison some isolates
were also retained from sporophores of P. fila-
mentosus as well as from mycorrhizae of gray
alder (Alnus incana (L.) MoenNcH) in their
immediate surroundings. These were all simi-
lar between each other, and they also seemed,
on the basis of rough microscopic examina-
tion, to be similar to those of P. involutus. As
regards their symbiotic ability and growth

rate, on the other hand, they were diffe-
rent.

The thickness of the aerial hyphae of Paxil-
lus involutus isolates on Hagem agar ranged
from 2 to 10 u, being on an average 5 u. The
hyphae have septa and numerous clamp con-
nections (Fig. 11). The amount of aerial my-
celium was profuse. In most isolates it was
erect and formed thin strands, while the rest
of them formed a low velvety mat without
strands. The color of the mycelium was yel-
low-brown, although wvariation occurred in
this respect, too (Fig. 23). Similar descriptions
have been given by How (1942) and MikorLA
(1955).

The amount of submerged mycelium was
very small on agar, but in liquid culture it
was more abundant. The hyphae were twisted
and relatively thin (2—7 x), but clamp con-
nections were abundant in this case, too.

The isolates did not form chlamydospores
or any other myecelial spores, but only scle-
rotia. In the velvety type of mycelium, how-
ever, sclerotia were not formed. The forma-
tion of sclerotia commenced with an accumu-
lation of hyphae. This took place either on
the surface of the agar or above it. First,
profuse branching took place and the hyphae
grew thicker, and before long the inner parts
of this formation had changed into a pseudo-
parenchyma (Fig. 12). The rind remained thin
and flexible. The earliest fully developed

Fig. 11. Aerial hyphae of Paxillus involutus, strain
5, from Hagem agar. Magnification x 400.

Fig. 12. Section of one of the sclerotia shown in
Fig. 24. Magnification x 400.



sclerotia, which were similar to those en-
countered in nature, were found as little as
one month after seeding. In agar dishes in-
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cubated for three months at a temperature
of 15° C, sclerotia were formed in exception-
ally large numbers, up to 200 per cm?.

42, EXPERIMENTAL METHODS

The physiology of mycorrhizal fungi has
been studied to quite a large extent, in par-
ticular by MeLIN (e.g. 1925, 1946, 1955, 1963)
and his school (e.g. MopEss 1941, BJORKMAN
1942, Fries 1943, Norkrans 1950). In all
their studies a similar methodology has been
employed. The same methodology was also
used in the present investigation, although
with the modifications introduced by Mikora
(1948) in his study of Cenococcum.

The basal solution!, a medium also used
by MikoLA, was employed in most of the ex-
periments, as such or modified. The chemicals
were mainly products of Fluka, Merck or
British Drug Houses and the quality usually
Pro Analysi. The media were autoclaved (20
minutes at 120° C) after preparation. On most
occasions 100-ml erlenmeyer flasks were used
with 25 ml of nutrient solution, on which the
inoculum material, which had been grown on
Hagem agar, was placed floating. The cultures
were incubated in darkness at room tempera-
ture (24—26° C). The duration of the incuba-
tion was usually 26—28 days. Exceptions and
other details are stated in connection with
each experiment.

Nine strains of Paxillus involutus, presented
in the list below and in Fig. 23, were chosen
for the pure culture studies. An attempt was
made to take strains differing in age and my-
corrhiza formation. In some of the experi-
ments additional strains were included, to-
gether with representatives of other my-
corrhizal fungi, humus saprophytes and even
pathogens. The species of these three latter
groups had all been isolated a few years earlier
by Dr Mikovra for the collection of the Depart-
ment of Silviculture, University of Helsinki.

1 Glucose 20 g
NH, tartrate 5 »
KH,PO, 1.9
MgSO0, + 7 Hy,O 0.5 »
FeCl, (1 9%, solution) 0.5 ml
ZnS0, * 7 Hy0 0.5»
MnSO, * 4 H,0 0.5»
CaCl, (0.1 M solution) 5
Thiamine 50

H,0 ad 1000 ml

These fungi are cultured on Hagem agar
and transferred once a month. The growth of
the Paxillus strains was followed during the
period in which most of the pure culture ex-
periments were made. These observations
mostly revealed no great changes (Table 16).
Some strains, however, showed great changes
in growth rate and were uncertain in growth
initiation. This has also been observed earlier
(MikorA 1954 a, Moser 1958 a), and is par-
ticularly apt to occur in old colonies. There-
fore, young colonies are recommended as in-
oculum when mycorrhizal fungi are cultured
(MoseR 1962).

In the present work the age of the inoculum
was 10—20 days, and only the edge of the
colonies was used. It is nevertheless obvious
that differences in the quality of the inoculum

List of the main strains of Paxillus involutus studied
in pure culture. Isolation by the author from
Suomusjérvi in fall 1968 if not otherwise stated.

Strain 1. Isolated by Dr MikorLa from sporophore
growing on ditch bank, spruce swamp, Juupa-
joki, fall 1960. Originally active symbiont, but
in 1967 lost the ability to form mycorrhizae in
semiaseptic synthesis.

Strain 3. Isolated from sporophore growing in cut-
ting area, Vaccinium type, fall 1966. Originally
nonmycorrhizal.

Strain 4. Isolated from sporophore growing on ditch
bank, Myrtillus type, fall 1966. Originally non-
mycorrhizal.

Strain 5. Isolated by Dr Mixora from sporophore
growing in mixed stand, Vihti, fall 1966. Active
symbiont.

Strain 7. Isolated from sporophore growing on road-
side, Calluna type, fall 1966. Originally active
symbiont, but in 1968 lost the ability to form
mycorrhizae in semiaseptic synthesis.

Strain 8. Isolated from sclerotium, dwarf-shrub pine
swamp. Active symbiont.

Strain 12. Isolated from sporophore growing in plot
isolated from tree roots. Active symbiont.

Strain 18. Isolated from sporophore growing in plot
" isolated from tree roots. Active symbiont.

Strain 24, Isolated from sporophore growing in cut-
ting area, Oxalis-Myrtillus type. Originally non-
mycorrhizal.
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Table 16. Radial growth of Paxillus strains used in this study. Hagem slants, winter of 1968 —69.

Month
Species Strain X1 fxibd of . du kb1 ML IV v
Growth, mm in 12 days
P. involutus Strains in Fig. 23 12 14 12 17 1% 13 13
Other strains 10 13 12 13 17 14 10
P. filamentosus All strains 1 2 3 3 3 1 2

caused considerable differences in growth be-
tween both various strains and various ex-
periments.

The homogeneity of the pieces used as in-
oculum can be improved by growing them
for a short time on agar and selecting those
which show the most even start (NORKRANS
1950, p. 12) or by using larger pieces. In the
present study rather large discs, 5 mm in
diameter, were used. They were removed with
a sterile cork borer. These discs worked well,
but their weight (0.8 mg dry matter) caused
inaccuracy in the results when growth was
small. On these occasions particular emphasis
was placed on ocular inspection of the cul-
tures.

In similar studies six replicates have been
usual (LINDEBERG 1944, MikorA 1948, Nor-
KRANS 1950). Considering that differences be-
tween strains are often great (e.g. MoDESS
1941, Mikora 1948, 1957, MELIN 1959 b,
Moser 1959)), as many strains as possible
were included in the present study, even at
the expense of the replicates (5 in number).
The results are given only as means. Presenta-
tion of standard errors was not considered
worth while, because of the great differences
between strains and because repeated experi-
ments of these kinds, even with the same
strain, are apt to give results which differ sign-
ificantly from each other (cf. Mopess 1941,

p. 31).

43. RELATION TO ENVIROMENTAL FACTORS

431. Hydrogen ion concentration

The relation of Paxillus involutus to the
pH of the substrate was studied, using the
method presented by Mobpess (1941, p. 96
—97). Fig. 13 shows the results obtained. The
fungus grew well, and, consequently, as the
quantity of nutrient solution in each flask
was only 25 ml, the pH changed considerably
in certain cases.

Optimum initial pH values from 3.1 to 6.4
were recorded for the strains included. The
species was capable of growth over the whole
range studied, that is, from pH 2.2 to 7.8.
Correspondingly, the range of good growth
was also wide, from pH 2.7 to 6.4. The dif-
ferences between the various strains in their
relation to pH were very great. However, this
is not uncommon. The same phenomenon is
known in many other species of fungi (e.g.
Mikovra 1957). .

Pigmentation varied to a considerable ex-
tent in this experiment. It was clearly de-
pendent on the pH, reaching its maximum

around pH 6.0—6.5. The heaviest pigmenta-
tion was recorded for strain 18 (Fig. 14).

The optimum pH value of mycorrhizal
fungi is usually rather low, and this is es-
pecially true of species growing in raw humus.
For Cenococcum graniforme, for example, it is
about pH 4.0 and for Corticium bicolor * even
lower (MikoLA 1948, 1962).

The pH optimum of most of the mycorrhizal
fungi studied by SHEMAKHANOVA (1967) lay
between pH 3.7 and 4.1, and this held for
Pazxillus involutus, too. For the species studied
by MeLIN (1925) the corresponding value was
between pH 4 and 5, while, according to Mi-
KOLA (1965), it was slightly more than pH 5
for the symbiont isolated from the ectendo-
trophic mycorrhiza of pine. MopEss’s (1941)
material included several species with op-
timum pH values exceeding 5.5.

Comparison of the results cited and those
obtained for Paxillus involutus reveals that

1 Corticium bicolor is believed to be the species
which forms the bright yellow mycorrhiza of raw
humus (MELIN 1959 a, MikoLA 1962)
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Fig. 13. Influence of pH on the growth (mg dry wt/flask) of Paxillus involutus. Medium according to MopEss

strains of the latter between them cover the
entire range of variation in all the species

(1941, p. 96—97). O ——— O Initial pH. O

cited. Some strains grow well over a wide pH

range; in this respect they resemble some

litter-decomposing species (e.g. LINDEBERG
1944, HinTIKKA 1960 b) and even Mycelium

radicis alrovirens, which is not at all suscep-

‘of Paxillus involutus was attempted was 5° C.

............ O Final pH.

tible to variation in the pH of its substrate
(MeLIN 1925, MikorAa 1965).

432. Temperature

The lowest temperature at which culture

<

Fig. 14. Representative flasks of Paxillus involutus, strain 18, at the termination of the pH experiment.
Initial pH from left 2.2, 3.1, 4.1, 5.0, 5.9, 6.4, and 6.9. Note heavy pigmentation and high yield in pH 6.4.
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Fig. 15, Influence of temperature on the growth (mg dry wt/flask) of Paxillus involutus on the basal solution.

All nine strains did grow at this temperature,
although slowly (Fig. 15). Thus, the tem-
perature minimum for P. involutus may be
considered as of the same magnitude as that
for mycorrhizal fungi in general (1—5°C,
LosBanow 1960). However, the temperature
requirements also depend on the origin of the
strains in question. According to MosgR
(1958 a), the temperature minimum for a
Pazxillus involutus strain isolated from a val-
ley was 2—8° C, whereas that of a strain
isolated from a mountain range was —2 to
4° C.

The temperature maximum was about
30° C. All but one of the strains grew at
least slightly at this temperature, and even
that one was not killed. At 32° C, however,
all strains died.

The temperature optimum ranged from 15
to 25° C. For other mycorrhizal fungi similar
optimum values have been obtained: i.e.,
25° C for Boletus species (MELIN 1925) and
Cenococcum graniforme and slightly less for

Amanita and Lactarius (MikorA 1948). In the
mycorrhizal Tricholoma species the tempera-
ture optimum, according to NorkrANS (1950),
ranges from 18 to 30° C. In Pisolithus tincto-
rius it is still higher, 30—35° C (MARX 1969),
but in Rhizopogon roseolus lower, 13—18° C
(Hacskayro, PALMER and Vozzo 1965).

The optimum temperature of Paxillus in-
volutus is much higher than the temperatures
normally prevailing in the soil during the
growing season. This holds for soil fungi in
general, and even for psycrophilic species
(HinTikka 1964). Consequently, the changes
taking place in the soil temperature after
cutting, for example, probably do not es-
sentially influence the relations of mycorrhizal
fungi.

433. Oxygen

In order to illustrate the relation of Paxil-
lus involutus to oxygen, the species was grown



both floating and submerged on Hagem solu-
tion. Its growth was not completely prevented
by submersion, but was much smaller than
in surface culture (Table 17), especially be-
cause the submerged colonies did not remain
on the bottom very well. Their growth was
clearly directed toward the surface, and many
strains produced a fine web covering the entire
surface of the solution. In agar cultures, the
amount of submerged mycelium was likewise
small. These facts may be interpreted as in-
dications of strict aerobiosis (cf. MopEss 1941,
p. 27—30). Further, according to MikoLA
(1955), the species does not start to grow from
sporophores when submerged. The result was
the same when mycorrhizae and sclerotia
were used as isolation material in the present
study (p. 31). According to HarrurAa and
GYLLENBERG (1969), too, Paxillus involulus
only grows poorly when submerged, being
inferior to many other mycorrhizal fungi in
this respect.

434. Carbon sources

MELIN (1925), in his early studies, estab-
lished the main features of the carbon nutri-
tion of ectomycorrhizal fungi. Simple sugars,
particularly glucose, were the best sources,
whereas the highly polymerized forms were
almost (starch) or totally (cellulose) unavail-
able. Generally speaking, these results have
been confirmed by later investigation (see
SHEMAKHANOVA 1967, HARLEY 1969). Ex-
ceptions are, however, some facultative sym-
bionts which are able to utilize, for instance,
starch (Mixkora 1948), cellulose (NORKRANS
1950) or lignin (LiNDEBERG 1948).

The carbon nutrition of Paxillus involutus
does not seem to have been directly studied
previously. In the present connection quite
a few experiments were made on the subject.
The fungus was grown, for instance, on the
basal solution with various carbon compounds
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as the sole source of carbon. The results ob-
tained are shown in Table 18.

Both glycerol and ammonium tartrate, the
latter being included in another experiment,
proved wholly, and citric acid almost, impos-
sible to utilize. On the other hand, mannitol,
a derivative of mannose, was a good, and for
two strains actually the best, source of carbon
among those studied. Growth was also clear,
although poor, on lactose; on raffinose it was
slightly better, but still small. The reason for
this poor growth was probably galactose,
which has proved poisonous to many fungi
(NorgrANs 1950). Lactose is a disaccharide
composed of glucose -+ galactose, and raf-
finose is a trisaccharide consisting of glucose
+ fructose - galactose. Thus in their break-
down, galactose is liberated in large amounts.
On the other sugars studied, growth was usu-
ally good.

The poor growth of strains 5, 8, 12 and 18
on glucose deserves mention, however. Ex-
cept for strain 18, it was even slower than
on starch. This must be because of the purity
of glucose as compared to starch. The con-
clusion is based on the excellent growth of
all strains on glucose plus starch, as well as
on the higher degree of heterotrophy with
regard to vitamins shown by the strains
named as compared to the others (see p.
44).

The relation of Paxillus involutus to glucose
was studied in two additional experiments.
It was established that the species will grow
in rather strong solutions of this sugar, some
strains showing slight growth even at a con-
centration of 16 per cent (Fig. 16). The highest
growth rates were obtained at concentrations
of 1—2 per cent, and without differences
between the strains tested.

At a glucose concentration of 0.5 %, Paxil-
lus involutus and a few other mycorrhizal
fungi were allowed to consume all the sugar.
From these experiments the following eco-
nomic coefficients were established:

Table 17. Superficial and submerged growth of Paxillus involutus. Hagem solution, 50 ml/flask.

pH Strain
Inoculum 1 4 5 7. 8 12 18 24 Mean
Initial Final
Growth, mg dry wt per flask
Floating 4.8 23—2.6 | 79 54 67 38 46 41 47 60 79 56.7
Submerged 4.8 2.8—3.8 | 19 14 o) 14 1 14 15 19 12 13.7
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Table 18. The growth of Paxillus involutus on certain carbon compounds. Basal solution with 2 g
(NH,),S0, instead of NH, tartrate. Carbon compounds were in each case given in amounts corresponding
to 2 9% glucose solution.

pH Strain
Carbon compound 1 3 4 5 74 8 12 18 24 Mean
Initial Final
Growth, mg dry wt per flask
None 43 | 42—43 | A A A A A A A A A 0.1
Glycerol 4.5 | 41—43 il A A A A A A A A 0.3
Mannitol 44 | 2.1—4.0 5 1 45" 746" 66129 52 "--36 86 40.6
Citric acid 4 Na citrate| 4.8 | 4.5—4.6 1 1 6 1 4 2 1 2 6 2.6
| Glucose 4.0 | 2.2—3.2 | 51 31 88 5 . .39 4 11 15 50 32.8
| Sucrose 41, 121254 48 34 556 A48 H8 30 38+ 64. T2 49.1
Lactose 4.4 | 3.9—4.2 1 1 1 1 i 5 2 1 1 1.6
Maltose 42 121-31 19 16 - M3l 385 ‘27 7827136 60" 81 39.9
Raffinose 42 | 3.0—4.1 3 4 3 1 8 11 2 4 4 4.2
Dextrin 44 | 23—-3.2 | 10 9 1223 r10 2&4.27. .41 .20 20.1
Starch 4.2 1 2,732 22 17 .18 16 37 . 11 > 18 13 19 17.3
1% Glucose |- % starch 4.1 2.1—-2.6 | 91 35 "0 31 52 44 48 74 99 60.2
Cellulose 42 | 4.3—4.4 0 0 0 0 0 0 0 0 0 0
Suillus bovinus 0.35 In a further experiment the carbon source
S. luteus 0.22 was casein hydrolyzate. All strains grew on
S. variegatus 0.26 : .
Pazillus filamentosus 0.31 it, although slowly and only producing about
P. involutus 1 0.29 5 mg/100 mg.
P. involutus 3 0.28 In the experiment presented in Table 18,
P. involutus 4 0.27 cellulose was given as a piece of filter paper.
P. involutus 5 0.29 .
I e 0.26 According to NorkraNs (1950, p. 66), how-
P. involutus 8 0.29 ever, this is not the best way of studying the
P. involutus 12 0.30 ability of mycorrhizal fungi to decompose
ﬁ' ‘,"”"5”:”3 ‘122 8;8 cellulose. For this reason another experiment
Lc.zclgzvrol':ll;:cala 0.42 was carried, out, employing her method. The
Amanita muscaria 0.32 filter paper (Munktell No. 3) was macerated
Tricholoma flavobrunneum 0.34 in a Biihler homogenizer into a fiber suspen-
g""“c‘“m b'wlorl_f 8:3 sion, which was then rinsed in distilled water.
enococcum grantjorme .40 : o
Ectendotrophic symbiont? 0.28 After drying at 60° C, 125 mg of the matter

The economic coefficient of Paxillus in-
volutus is of the same magnitude as that of
many other mycorrhizal fungi as well as of
litter-decomposing species (e.g. MikoLA 1956);
i.e., slightly more than one fourth of the
glucose consumed is converted into mycelium.

The growth of Paxillus involutus on starch
proved to be good. On dextrin, a hydrolysis
product of starch, it was still better. In an-
other experiment, in which the species was
allowed to utilize all the starch, the growth
obtained was 23 mg/100 mg. The starch was
not natural, however, but so-called soluble,
partially depolymerized starch prepared by
acid treatment (cf. CocHRANE 1958).

1 Isolated from the bright yellow mycorrhiza of
raw humus (see MikorLa 1962)

? Isolated from the ectendotrophic mycorrhiza
typical of nurseries (see MikorLa 1965, Latno 1965)

was weighed out per flask, either with starter
glucose (0.5 g/1) or alone. Otherwise, the me-
dium was that mentioned in Table 18.

‘When starter glucose had not been provided,
only a few hyphae grew out of the inoculum
discs. When starter glucose had been given,
on the other hand, growth began at a good
rate, and judging by eye, just as well as on
the control medium without any cellulose.
But when the sugar had been used up, the
growth of Paxillus involutus stopped even in
the flasks containing cellulose. On some oc-
casions continued growth was suspected, but
dry weight determinations did not confirm
this; the amount of dry matter present cor-
responded exactly to the quantity of cellulose
originally supplied plus the growth made pos-
sible by the starter glucose.

In some cases growth was measured by de-
termining the total nitrogen content of the
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Fig. 16. Influence of glucose concentration on the

growth (mg dry wt/flask) of Paxillus involutus (the

usual 9 strains). Basal solution with varying glucose

concentrations and with 0.5 ml of 1 9% Fe citrate
instead of FeCl,.

dry matter (cf. Norkrans 1950, p. 61), but
this method, too, gave no indication of any
growth of P. involutus on cellulose during the
four months that the experiment lasted. The
symbionts mentioned on p. 38 were also in-
cluded in this experiment, and with similar
results.

‘When cellobiose was used as a source of
carbon, the growth of Paxillus involutus (25
mg/100 mg) was almost as good as on glucose.
This shows that the structural unit of cellulose
is available to the species, but its polymers
are not. Thus, for instance, tylose (a hydro-
lysis product of cellulose, soluble in water and
containing about 100 units of cellobiose) could
not be utilized either alone or when given
with starter glucose. This was also the case
with Na carboxymethylcellulose.

Correspondingly, the ability of Paxillus
involutus to grow on lignin was also studied.
The lignin experimented with was Li ligno-
sulfonate, which had been prepared from
birch wood at the Keskuslaboratorio Oy and
had a molecular weight of about 40 000. One
gram per liter of this lignin was added to the
medium mentioned in Table 18, either alone
or with starter glucose. Lignin did not in-
terfere with the utilization of starter glu-
cose, but when the latter had been consumed,
growth did not continue during the four
months covered by the experiment. The same
result was also obtained for the other sym-
bionts mentioned on the preceding page.

The ability of a symbiont to grow sapro-
phytically in forest humus can also be studied
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directly. The humus used has to be sterilized,
and this is usually done in an autoclave.
Heating, however, changes the natural prop-
erties of humus, and autoclaved forest hu-
mus has often proved extremely poisonous
to mycorrhizal fungi (e.g. MELIN 1925, 1946,
SHEMAKHANOVA 1967).

These changes can be evaluated by the
method presented by Morin (1957), for in-
stance. The humus sample to be studied is
placed in the lid of a petri dish. On the
sample an uncoated cellophane film is placed,
which in turn is covered with a layer of agar
onto which a test fungus is transferred. Last,
the culture is covered with the inverted bot-
tom part of the dish. The humus is now in
diffusive contact with the agar until micro-
organisms grow through the cellophane film,
which takes 3—5 days.

An example of the results obtained in such
experiments is given in Table 19. All the
species studied grew on natural forest soil,
but not on arable soil or fertilized peat. On
the last-mentioned substrates, without ex-
ception, growth was better after autoclaving,
whereas on forest humus the result was dif-
ferent for different species. Thus Zricholoma
Jlavobrunneum regularly throve better on au-
toclaved soil, but Paxillus involutus did not
show any growth on forest humus that had
been autoclaved, although it grew very well
on it if it was untreated.

The above results emphasize the need to
ascertain whether the humus which is studied
as the carbon source of mycorrhizal fungi con-
tains inhibitory substances or not. This can
be done either by the cellophane method or
by growing the fungi on autoclaved humus
reinforced with glucose and mineral nutrients.
For this purpose the usual nine Paxillus in-
volutus strains were transferred to autoclaved
birch leaves moistened with the nutrient solu-
tion mentioned in Table 18 (0.5 g/1 of glucose).
No growth occurred. Consequently, the leaves
must have contained some inhibitory substan-
ces, which had to be removed. This can be
done, for instance, either by growing certain
saprophytes and then killing them at a relativ-
ely low temperature or by extracting (MELIN
1934, 1946). After extraction, one of the strains
started to grow on these leaves even without
nutrient solution, and with the solution seven
did so. Little growth occurred, however, and
the leaves did not lose weight during the four
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Table 19. Radial growth of certain symbionts under the influence of some natural and autoclaved soils.
Inoculation on a 2 x-2 cm? agar plate isolated from the soil with a 20 4 uncoated cellophane film. pH
adjusted to level 4. Ten replicates.

T Forest humus! Forest sand! Arable soil' Fertilized peat!
gar

Species Nat. Aut, Nat. Aut. Nat. Aut. Nat. Aut.

Growth, mm in 5 days

Suillus bovinus 3.0 0.9 1.0 2.3 2.0 0.2 129 0.2 3.0
S. luteus 0.5 0.1 A 0.4 0.3 0 0.3 0 1.0
S. variegatus 4.0 [ 0.8 2.5 1.8 0 1.5 0.2 2.0
Paxillus involutus 1 6.0 1.4 0 93 0.1 0 0.4 0.8 o B
Tricholoma flavobrunneum 2.2 A e I | 0.1 1.3 0 1 00 0.2 1.8
Amanita muscaria 2.0 0.6 A 0.9 0.3 0 01 A 1.0
Corticium bicolor 0.3 A A 0.3 0.1 0 0 0 0.3
Cenococcum graniforme 0.5 0.2 0.4 0.2 0 0 0.3 0 0.4
Ectendotrophic symbiont 24 0.3 0.1 0.8 0.3 0 1.6 0.2 1.8

1 See Table 27

months of the experiment. In extraction, sol-
uble carbon compounds are lost, and this,
of course, renders the material less able to
support growth. If, on the other hand, P. in-
volutus starts to grow on unextracted ma-
terial, it can grow quite well. Thus, in an
experiment carried out by Mikowra (1954 a), it
caused a 6 9% decrease in the weight of birch
leaves within two months.

In the present work, too, the species grew
on unextracted birch leaves when these were
added as the sole source of carbon (5 g/l) to
the nutrient solution mentioned in Table 18.
Apart from submerged mycelium, all the
strains grew at a rate of 1-—2 mg/flask (25 ml
of solution) during four months. On decayed
spruce wood (the same from which the my-
corrhizae seen in Fig. 26 were taken), 74 9%,
of which was lignin, the corresponding growth
was 0.5—1 mg. This limited growth and the
unchanged color of the substrate, the latter
fact also having been observed by Mikora
(1954 a), indicate that Paxillus involutus did
not decompose cellulose or lignin in these
tests either.

In culturing inoculation material, it was
observed that Paxillus involutus grows well
on peat moistened with glucose solution. This
had already been noticed by Moser (1958 c).
According to SHEMAKHANOVA (1967, p. 102),
P. involutus decomposes peat in the presence
of glucose, but neither the rate of decomposi-
tion nor the compounds attacked are speci-
fied. She reports that Suillus bovinus, S. luteus
and Xerocomus sublomentosus have the same
ability.

On gallic acid agar, the last-mentioned
species as well as some other symbionts have
been demonstrated to give a positive reaction
(LiNDEBERG 1948), i.e., a dark oxidation zone
is formed around the colonies because of the
phenoloxidases released. When LINDEBERG’S
method was used in the present connection,
all the Paxillus involutus strains studied
showed a slight positive reaction (Table 20).
According to SunpmaN (1965, p. 29), how-
ever, it is probable that the energy-liberating
metabolism of lignin is dependent on enzymes
other than phenoloxidases. Thus, it remains
uncertain whether the positive reaction ob-
tained in this so-called Bavendamm experi-
ment is a sufficient indication of the ability
of the species to decompose lignin.

The ability of ectomycorrhizal fungi to
decompose complex carbon compounds other
than lignin has also been studied by means
of enzymatic methods. NorkraANs (1950)
found indications of high cellulase activity
in Tricholoma fumosum and of weaker activity
in other mycorrhizal Tricholoma species. She
presented the hypothesis that the difference
in cellulase formation between mycorrhizal
and litter-decomposing fungi is quantitative
rather than qualitative.

Experiments by Lyr (1963 b) point to the
same situation in regard to some other en-
zymes. He observed that many ectomycorrhi-
zal fungi secrete cellulase, xylase, amylase and
proteinase. In wood-decomposers the activity
of these enzymes is high and in mycorrhizal
fungi low, but still real, on certain occasions
even reaching the level found in litter-decom-



Table 20. Oxidase reaclions of cerlain fungi. Hagem
agar with gallic acid 851 mg/l (added after
autoclaving).

Oxidase

IEcologic
reaction?

Species fypel

Suillus bovinus m
S. luteus m
S. variegatus m
Pazxillus filamenlosus (m)
P. involutus m
P. involutus
P. involutus
. involulus
. involutus m
. involutus m
. involutus 12 m
. involutus 18 m
. involutus 24

Laccaria laccata
Tricholoma flavobrunneum
Amanita muscaria
Corticium bicolor
Cenococcum graniforme
Ectendotrophic symbiont
Hygrophoropsis auranltiaca
Collybia butyracea

C. dryophila

Marasmius androsaceus

M. perforans

Stropharia hornemannii
Pholiota carbonaria
Clavaria ligula

Mycelium radicis alrovirens
Pazillus alrotomenlosus
Armillariella mellea
Hypholoma capnoides

H. sublateritium

Fomes annosus

Stereum sanguinolentum

—~
~—

~

R Bk Nl S D

m

00 <1 UV W=

—~

Moo e

EEE
|

—~

o e S I SR

-

e e
- +

= g
o

iééésé—.wmmwmmmzsga

I ' m Proven symbiont
(m) Suspected symbiont
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r  Root colonizer
w Wood decomposer

2 — No reaction
(+) Very slight reaction
+ Slight reaction
+ 4+ Moderate reaction

+ -+ 4+ Strong reaction

posers. Further, as suggested by LyRr, it may
be that the mycelia growing in soil have a
higher enzymatic activity than those growing
on artificial media; on the other hand, the
species from which pure cultures have been
obtained may primarily represent facultative
symbionts.

Quite recently, LUNDEBERG (1970) studied
the enzymatic properties of a number of my-
corrhizal fungi, including Paxillus involutus.
The latter did not form any significant
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amounts of cellulase, pectinase, laccase or
proteinase. Thus, it is safe to say that the
species is a typical ectomycorrhizal fungus
inrespect of its carbon nutrition.Nevertheless,
like Cenococcum graniforme (Mikora 1948),
it may be relatively good at utilizing such
carbohydrates as cellobiose and starch. In
comparison with Mycelium radicis atrovirens
(ScueELLiNg 1950) its abilities are limited
and the difference from saprophytic hu-
mus fungi is extremely clear. Many species
of this category decompose both cellulose
and lignin (e.g. LINDEBERG 1944, MikoLa
1956, HintTikka 1960 a, b), while Pazxillus
involutus can not break down either. Owing
to the versatile and heterogeneous organic
composition of litter and forest humus, how-
ever, the species may nevertheless be able to
live saprophytically in forest soil.

435. Nitrogen sources

The ability of the various ectomycorrhizal
fungi to utilize different nitrogen sources is
relatively good. For the species studied by
MeLiN (1925), inorganic ammonium salts
were a good source of nitrogen, nitrates being
inferior to them to varying degrees. Nucleic
acids, too, could be broken down, as well as
peptones and asparagine, whereas most amino
acids were more or less unsuitable. Proteolytic
enzymes were also shown to be formed. Gen-
erally speaking, the results of later research
follow similar lines (see HARLEY 1969). It
may be mentioned, however, that many my-
corrhizal Tricholoma species completely lack
the ability to utilize nitrates (NORKRANS
1950).

The ability of Paxillus involutus to utilize
various sources of nitrogen was tested by
growing the species on basal solution with
different nitrogen sources. The experiments
showed that both ammonium and nitrate ions
can serve as the sole source of nitrogen (Ta-
ble 21). Ammonium tartrate was slightly su-
perior to inorganic ammonium salts; this is
probably mainly due to the fact that the pH
of the latter fell rapidly to a level unfavorable
for growth. On urea, growth evidently suf-
fered from too high a pH. In addition, the
colonies were dense, with folded surfaces,
i.e. different from those normally found at
the same pH. The same phenomenon has
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Table 21. The growth of Paxillus involutus on certain nitrogen compounds. Basal solution with 0.35 g

KH,PO, and 0.15 g K,HPO,. One third of the amount of water was replaced by a buffer mixture con-

taining 299 ml M/15 KH,PO, and 1 ml 0.1 N HCI. In each case nitrogen compounds were given to cor-
respond to 0.3 g nitrogen per liter.

pH Strain
Nitrogen compound 1 3 4 5 7 8 12 18 24 Mean
Initial Final
Growth, mg dry wt per flask

None 49 | 4.8—49 | A 1 A A A 1 1 1 A 0.6
KNOg4 4.9 4,7—5.7 | 13 25 33 6 23 25 27 14 42 23.0
NH,;NO4 4.8 23—-3.4 | 44 26 84 13 26 15 18 8 17 21,7
(NH,),S0, 4.8 2.2-3.4 | 46 35 108 12 10 29 29 62 61 43.5
NH, tartrate 5.2 2.8—4.3 | 54 47 145 25 18 23 77 46 51 54.0
Aspartic acid 49 | 44—-49 | A A 8 3 2 6 3 1 4 2.9
Glycine 4.8 4.5—4.8 1 4 10 1 3 3 1 1 2 2.7
Nucleic acid 4.7 3.9—4.5 (] 10 9 14 5 7 10 6 12 8.9
Urea 6.3 5.9—6.3 | 23 15 5 10 29 11 5 10 1 12
Casein hydrolyzate 5.1 3.2—4.9 | 73 22 108 76 28 80 78 52 56 63.7
Peptone 5.0 3.3—4.1 | 47 45 95 48 73 69 51 45 78 61.3

been observed in the case of Cenococcuun gra-
niforme (Mixora 1948). For the mycorrhizal
Tricholoma species, on the other hand, urea
is a good source of nitrogen, for some species
even the best (NorkraNs 1950). On nucleic
acid Paxillus involutus showed distinct, but
slow, growth. On casein hydrolyzate and
peptone its growth was very good, but not
much better than on the inorganic nitrogen
sources studied. On amines, LUNDEBERG
(1970) has shown that the species grows
poorly, and on nitrite not at all.

According to Hartura (1968), the amino
acid composition of Paxillus involutus sporo-
phores is quite rich; at least 22 amino acids

are included. According to the same author,
these amino acids are also found in mycelium
grown with ammonium ion as the sole source
of nitrogen. Thus, the species is able to syn-
thesize a considerable number of amino acids.
On the other hand, its ability to split them
is perhaps not very good, because its growth
on amino acids was slow (Table 22). The
only exceptions were arginine, on which
growth was good, and glutamic acid, on which
it was excellent. In the latter case this is
easy to understand, because it is believed
that assimilation of ammonium begins with
the formation of glutamic acid (CocHRANE
1958, p. 246).

Table 22. The growth of Paxillus involutus on certain nitrogen compounds. Basal solution with nitrogen
compounds in each case to correspond to 0.15 g nitrogen per liter.

pH Strain
Nitrogen compound i | 3 4 5 i 8 12 18 24 Mean
Initial Final
Growth, mg dry wt per flask

None 3.9 | 34—39 | A 1 2 2 2 A 1 2 2 1.4
Leucine 4.2 | 3.5—3.9 2 4 6 3 3 4 2 2 4 3.4
Tyrosine 4.1 3.7-3.9 | A 0 3 2 2 2 1 1 2 1.5
Glutamic acid 43 | 3.9—-5.5 | 59 72 61 31 61 27 53 40 112 57.4
Proline 4.0 | 4.0—4.1 1 2 1 2 1 A ;s 2 2 1.2
Valine 4.1 3.4—4.0 6 12 5 3 3 2 2 2 6 4.4
Arginine 4.0 | 2.6—3.5 | 44 68 79 16 63 9 18i 381 79 44.8
Histidine 4.1 3.6—3.9 2 2 4 2 2 3 2 2 2 2.5
Lysine 4.0 | 3.8—4.0 3 4 2 2 1 A 2 2 1 1.9
All the above amino

acids?! 4.2 | 3.2—4.5 | 41 11 97 47 58 33 35 25 87 48.2
Casein hydrolyzate 4.0 | 29—-3.4 | 43 39 63 47 45 55 46 37 54 47.6
(NH,),SO, 4.0 | 22—2.6 | 50 20 72 24 34 25 23 48 57 39.0

1 In approximately the same proportion as found in casein, see Mikora 1948, p. 31



On the whole, the ability of Paxillus in-
volutus to use various nitrogen sources is
similar to that of other ectomycorrhizal fungi
(cf. LuNpEBERG 1970). Minor differences, of
course, do exist. Thus, for instance, its growth
on amino acids is more limited than that of
Cenococcum graniforme (MikorLa 1948) and,
further, relatively weak on casein hydrolyzate
as compared to ammonium ion.

In their relation to nitrogen, in contrast to
their carbon nutrition, ectomycorrhizal fungi
are much like other soil fungi. Thus, for in-
stance, many litter-decomposing species grow
only weakly, or not at all, on nitrate (e.g.
LINDEBERG 1944, NorRkKRANS 1950). The abil-
ity of these fungi to utilize organically bound
soil nitrogen was quite recently studied by
LunpEBERG (1970). This nitrogen, which is
very tightly bound (cf. WrrTIicH 1952, Rus-
seLL 1961, p. 289), was unavailable to half
of the litter-decomposers studied. On the
other hand, none of the mycorrhizal fungi
tested succeeded in releasing it from humus
agar. In joint culture with pine seedlings on
raw humus, however, a few of the Suillus iso-
lates produced a net mineralization of the
bound humus nitrogen. The two Paxillus
involutus strains included in the study failed
to do so in both experiments. Thus the species
does not release nitrogen from raw humus, but
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otherwise its ability to utilize various nitro-
gen sources is good. In this light the distinct
concentration of its sporophores in places
where nitrogen mobilization is active is read-
ily understandable.

436. Vitamins

The relation of Paxillus involutus to vita-
mins was studied on the basal solution (p. 33)
from which thiamine was excluded. The spe-
cies grew slightly even in this control solution
(Table 23). This was probably due to vitamins
transferred with the inoculum discs, although
they had been raised on agar without added
vitamins. In addition, they were smaller
(0.5 mg) than those normally used. Growth
began without delay after inoculation, but
soon stopped.

Of the ten vitamins studied, thiamine
caused a clear response. In all its combina-
tions, the growth of Paxillus involutus was
about 10-fold that obtained in the controls.
The remaining nine vitamins only occasional-
ly enhanced the growth. This experiment
shows that the ability of P. involutus to syn-
thesize the vitamins it requires is usually
good; only for thiamine is it clearly hetero-
trophic.

Table 23. The influence of certain vitamins on the growth of Paxillus involutus. Basal solution without
thiamine. Inoculum raised on Hagem agar lacking thiamine and malt extract.

pH Strain
Added per flask 1 3 4 5 7 8 12 18 24 Mean
Initial | Final
Growth, mg dry wt per flask

None 4.3 | 4.2—4.3 3 4 4 3 2 3 A A 2 2.3
Thiamine 1 p 43 | 3.0—4.3 | 38 25 117 438851 18 1 10 7151¢ 29.2
Lactoflavine 1 43 | 41—-43 | 4 4 4 2 2 Stose A 3 2.5
Choline 15 y 43 | 41—4.3 3 4 3 1 2 5 1 5 2 2.9
Niacin 1 y 43 | 4.1—4.3 3 4 4 1 1 3 1 2 1 2.3
Adermin 1y 43 | 41—43 4 4 4 1 1 3 2 3 2 2.7
Biotin 10 my 4.3 | 4.1—43 3 4 4 1 2 3 1 1 1 2.3
p-alanine 1 y 43 | 40—-43]| 5 /A 7 3 2 10 2 2 4 4.6
Inositol 1 mg 4.3 | 4.2—4.3 4 4 3 2 2 2 1 2 2 2.4
Ca pantothenate 1 43 | 40—43 | 4 6. 21 3 3 3 2 1 1 5.0
Folic acid 1 y 43 | 4.1—44 5 3 3 1 9 2 1 1 3 3.2
Thiamine -+ biotin 43 | 3.2—4.3 | 40 50 102 2 30 4 7 13 9 28.2
Thiamine - choline 43 | 3.2—4.2 | 41 46 112 Biisild 12 8: 256 12 31.2
Thiamine - niacin 43 | 3.2—4.3 | 34 51 110 8 47 8 3 2 8 30.1
Biotin -+ choline -

niacin 43 | 4.1—4.3 4 3 4 1 6 3 2 2 3 3.0
Thiamine + biotin +

choline -+ niacin 43 | 3.56—43 | 44 31 77 &1i38 7 5 6 11 24.5
All the above vitamins 43 | 3.2—4.2 | 51 31 101 104,225 54D §12 B, 18 32.4
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Closer examination, however, reveals slight
heterotrophy with regard to other vitamins,
too. The growth of strains 5, 8 and 18, and
especially of strain 12, when only thiamine
had been applied, was much inferior to that
obtained when the other nine vitamins had
also been added. The relatively great hetero-
trophy of these strains with regard to vita-
mins is also seen in other experiments. When
glucose was used as carbon source and the
medium included no other organic substances,
the growth of the four strains mentioned was
poor (Fig. 15, Table 18). On the other hand,
on Hagem agar, which includes malt extract,
they grew as well as the other strains (Fig. 23,
Table 17). It deserves note that the strains
in question were very active mycorrhiza-
formers.

According to Mosgr (1958 c¢), Paxillus in-
volutus requires thiamine and probably also
biotin from the substrate. According to SuE-
MAKHANOVA (1967, p. 115), the species does
not synthesize thiamine, but does form biotin,
niacin, pantothenic acid and pyridoxine.
These results are in good agreement with
those obtained in the present work.

Of the other mycorrhizal fungi, Cenococcum
graniforme seems to be heterotrophic to a
higher degree than Paxillus involutus; many
of the vitamins listed in Table 23 promote
its growth even alone, especially in the
case of slow-growing strains (Mrkora 1948).
With respect to thiamine, on the other
hand, Cenococcum is to some extent auto-
trophic, although its ability to synthesize
this vitamin depends, for instance, on the
availability of oxygen.

Correspondingly, all the other mycorrhizal
fungi studied have shown either partial or
complete heterotrophy with respect to thia-
mine. In various connections heterotrophy
has been indicated, in addition, with regard
to pantothenic acid, niacin, biotin and inositol
(see MELIN 1953, 1962).

Heterotrophy with respect to thiamine is
characteristic of the whole order Agaricales
(CocHRANE 1958). Thus, for example, the
Marasmius species that decompose litter are
heterotrophic with regard to thiamine and
M. androsaceus to biotin as well (LINDEBERG
1944). Many wood-decaying fungi, too, for
instance Fomes annosus, are completely het-
erotrophic in respect to thiamine (Fries
1938). On the other hand, the imperfect fun-

gus Mycelium radicis alrovirens, which fre-
quently lives on tree roots, is autotrophic in
its relation to thiamine (MerLiN and Nor-
KRANS 1942),

437. Other fungi

The vigor of Paxillus involutus in relation
to other species of fungi was studied by
growing it with them in pairs on Hagem
agar in the same petri dish. The couple to be
studied was transferred simultaneously, and
the inoculum discs were placed at a distance
of 20 mm from each other. The nine strains
of P. involutus (p. 33) were tested against the
fungi mentioned in Table 20.

In comparison with other mycorrhizal fungi,
Paxillus involutus was usually the more vig-
orous. Suillus species restricted its growth
efficiently, however. Cenococcum graniforme
and Tricholoma flavobrunneum actually stim-
ulated the growth of Paxillus involutus, and
it continued unimpeded over their colonies,
whereupon their own growth came to an end.
Corticium bicolor, on the other hand, con-
tinued growth even when overgrown by
P. involutus.

When grown on extract of Paxillus in-
volutus mycelium, Cenococcum graniforme has
previously been shown to suffer to some ex-
tent (Mikora 1948). This latter species, like
many other mycorrhizal fungi, forms anti-
biotics (SANTORO and Casipa 1962, Krywo-
LAP, GRAND and Casipa 1964), but it seems
that P. involutus is not susceptible to them.

In the presence of litter-decomposing ba-
sidiomycetes the growth of Paxillus involutus
was weak. Only the slow-growing Stropharia
hornemannii presented no obstacle to its
growth. It was most severely limited by
Hygrophoropsis aurantiaca, Collybia dryophila
and Marasmius perforans. In addition, the
two species of Collybia studied changed the
yellow-brown color of the P. involutus myce-
lium to white.

When grown with M. r. atrovirens, P. in-
volutus usually spread rapidly over the entire
surface of the agar. This, however, did not
prevent the afrovirens mycelium from doing
the same.

Among the species growing on wood, I'omes
annosus and Stereum sanguinolentum seemed
strongly to limit the growth of Paxillus



involutus. On some occasions, however, a zone
of inhibition remained between the colonies
and, therefore, P. involutus may be able to
protect tree roots from Fomes annosus in the
same way as Suillus variegatus (RYPACEK
1963) and S. bovinus (HyppreL 1968). In any
case, the mantle protects the roots mechani-
cally (Zax 1964). The rest of the species proved
equal in vigor to P. involutus, except Armil-
lariella mellea, over colonies of which it was
able to grow.
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Of the strains of Paxillus involutus, those
that grew rapidly were better able to over-
power competitors than those that grew
slowly. Probably none of them secretes any
notable amounts of toxic substances or an-
tibiotics; this conclusion is based on the fact
that inhibitory zones between the colonies
were very infrequent. On the other hand,
the species does not seem to be susceptible
to substances secreted by other species of
fungi, either.



5. ON THE BEHAVIOR OF PAXILLUS INVOLUTUS AS A
MYCORRHIZAL SYMBIONT

51. METHODS AND MATERIAL

511. Synthesis experiments

Formanyyears,aseptic synthesis
continued to be employed in exactly the form
in which it was developed by MeLIN (1936).
Recently, however, it has been considerably
modified. Various substrates and nutrient
solutions have been used (e.g. HacskayLo
1953, LUNDEBERG 1963, SHEMAKHANOVA
1967), and the tops of the seedlings kept in
the open air (e.g. TrRAPPE 1967 b). Moreover,
synthesis is successful even in large test tubes
and on plain water agar without added nu-
trients (PacuLEwsk1 1967 b).

After preliminary trials, aseptic syntheses
were made in 200 x 32 mm test tubes. The
tubes were filled with 50 g of 0.5—2 mm
quartz sand and 33 ml of the nutrient solution
described below?, i.e., the solution used by
Mikora (1948). Half of it was placed in a
small glass cylinder and thus there was no
need to open the tubes during the experi-
ments. This arrangement left plenty of room
for vertical growth of the roots and the fun-
gus. The seed was sterilized in 35 9% H,0,
for ten minutes (cf. TraprPE 1961) and ger-
minated on water agar. Inoculation was per-
formed from colonies grown on Hagem agar.
To ensure that the inoculum would take, the
tubes were kept in darkness for the first ten
days, and when brought back into the light,
were shaded with aluminum foil. The tubes
were kept in a glass greenhouse without ar-
tificial light, and were cooled with water,
16—22° C, when necessary.

1 Glucose 25:''g
(NH),S0, 0.25 »
KH,PO, 0.5 »
CaCl, 0.05 »
MgSO, - 7 HyO 0.15 »
NaCl 0.025 »
(NH,),HPO, 0.025 »
Felll citrate (1 9, solution) 1.2 ml
Thiamine 25

H,0 1000 ml

The mycorrhizal nature of a fungus can be
ascertained only with aseptic synthesis (e. g.
Mobess 1941, MELiN 1953). All the 46 strains
of Paxillus involulus isolated in the present
study were tested with regard to their rela-
tions to pine, and some of them with respect
to other tree species, too. Aseptic synthesis
was also used to study the influence of light
conditions as well as of the concentration of
sugar and of nitrogen on the formation of
these mycorrhizae. In this experiment the
procedure followed was that of BiorkmaN
(1942).

Aseptic synthesis has also been used to
measure the symbiotic efficiency of fungi
(e.g. MArx and Zaxk 1965). In the present
study the aim was to discover whether, in
symbiosis with pine seedlings, P. involutus
exhibits any parasitic features.

Semiaseptic synthesis requires
elimination of contamination through other
mycorrhizal fungi. Otherwise this synthesis
is easy to carry out, thus making extensive
experiments possible; certain modifications
of the method can even be used in nurseries
(see MikorLAa 1970).

The results of this synthesis, however, are
unpredictable. Certain species take, others
do not. In the present work only three of
nine mycorrhizal fungi were successfully in-
oculated (Table 24). The ectendotrophic sym-
biont of pine has already been shown to be
reliable as an inoculum (Mikora 1965, LA1-
Ho 1965), and now Corticium bicolor and
Paxillus involutus were found to be similar
to it. The other six species did not take at
all, although the soils used contained rela-
tively small amounts of growth inhibitors
(Table 19). Neither did they take from in-
oculum raised on humus. Aseptic synthesis,
on the other hand, is normally successful on
these species, and in nature they very likely
are active mycorrhiza formers.

As Pazxillus involutus proved suitable for



Table 24. Taking of inoculations from agar in semi-
aseptic synthesis. Pine seedlings, 3” clay pots, soils
forest sand and fertilized peat (see Table 27).

Number
Species of in- Takes,
oculations | per cent
attempted
Suillus bovinus 303 0
S. luteus 310 0
S. variegatus 315 0
Pazillus involutus 1 620 39
Tricholoma flavobrunneum 193 0
Amanita muscaria 100 0
Corticium bicolor 331 24
Cenococcum graniforme 225 0
Ectendotrophic symbiont 128 57

use in semiaseptic syntheses, the aims striven
for in such experiments were the same as
in aseptic syntheses. Initially, the seedlings
were grown in autoclaved soil. They were not
inoculated until at least two months old in
order that they should be susceptible to my-
corrhizal infection (LatrHo and MikoLA 1964).
For inoculum, colonies grown on Hagem agar
were used. On a few occasions, living seed-
lings with mycorrhizae formed by P. involutus
were also used.

Inoculation could be successfully done into
the pots in which the seedlings had been
raised (Fig. 17). On such occasions the soil
contained abundant microorganisms. Usually
the seedlings were raised in boxes and then
potted into recently autoclaved soil. The
roots (rinsed and cut to a length of 8 cm)
were placed against the wall of the pot and
the inoculum against the roots. This is il-
lustrated in Fig. 17. In order to discover
whether contamination occurred through my-
corrhizal fungi, some pots were not inoculated.
All the pots were kept in the greenhouse and
watered daily. In some cases mantles formed
by Pazxillus involutus were observed as little
as four days after inoculation. Later, on many
occasions, infection reached practically all
the short roots as well as a considerable pro-
portion of the long roots.

512. Planting experiments

The planting experiments were carried out
in order to find out to what extent Paxillus
involutus survives on roots of tree seedlings
planted out on different sites and how far

Fig. 17. Typical view (pot removed) of semiaseptic
synthesis between Paxillus involutus and pine. Seed-
ing Feb. 29 on autoclaved soil, inoculation from
Hagem agar with strain 5 April 29, photo May 10,
1968. Note inoculum with outgrowing hyphae and
a number of mature mycorrhizae. Magnification x 2.

the seedlings themselves develop. For this
purpose pine seed was sown at the end of
February on autoclaved fertilized peat in the
greenhouse. Inoculation was done at the end
of April, when the seedlings were transferred
from boxes into 3” clay pots, 10 seedlings to
each. The intention had been to inoculate
with a few other symbionts, in addition to
P. involutus, but owing to their poor success
(Table 24) and because of the slow develop-
ment of Corticium mycorrhizae, they were not
included in this study. As similar experiments
with seedlings inoculated with the ectendo-
trophic symbiont of pine have previously
been carried out (Larno 1967, MikoLa 1967),
only two kinds of control seedlings were in-
cluded here, viz. nonmycorrhizal ones and
those inoculated with humus from Muyrtillus
type.

The seedlings were planted out 4—6 weeks
after inoculation. The planting sites com-
prised closed stands, cutover areas and areas
treated with prescribed burning, all of which
were of Vaccinium or Myrtillus type, as well
as arable land of medium quality. In all of
these soils mycorrhizal fungi occurred na-
turally. Thus, the influence of Paxillus my-
corrhizae on the development of the seedlings
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could not be studied here without interference
from other symbionts.

These experiments were carried out in 11
locations.The seedlings were planted in blocks,
each comprising 15 squares. The squares were
randomized between the three treatments
(classes of seedlings), which were replicated
five times. Each replicate consisted of 2—5
seedlings planted with a spacing of 10 cm,
the distance to the seedlings of the neighbor-
ing squares being 50 cm. In this way the
whole block was planted in as homogeneous
a soil as possible. In connection with planting,
the ground vegetation and part of the humus
as well were removed and the topmost soil
layer was scarified.

The planting was carried out in 1968 and
1969. In the former year two blocks of the
kind described were planted on each loca-
tion and in the latter year one. Their total
number was thus 33, and each treatment was
represented by 450 seedlings. In addition,
a total of 200 pine seedlings inoculated with
Pazxillus involutus and a similar number of
nonmycorrhizal seedlings were planted in
sites differing from those mentioned, espe-
cially on dry pine heaths.

Two thirds of the seedlings were removed
from the soil after one growing season, and
the rest of them after two growing seasons.
The seedlings of a block were lifted at one
time. In this connection the dry weight of
the seedlings was determined and observa-
tions made on their root systems. The latter
will be described in the next section.

513. Root studies

In myecorrhizal studies it is customary to
count the number of short roots on root
samples (e.g. MELIN 1927, HEIKURAINEN
1955, Mikora and Lammo 1962). Each indi-
vidual tip of a branched short root is counted
(Hatcu 1937, BIORKMAN 1942, SHEMAKHA-
Nova 1967). Even this does not give accurate
quantitative results, however, because my-
corrhizae are of different sizes (e.g. A and B
mycorrhizae, MELIN 1927). In addition, long
roots are also usually infected (BIGRKMAN
1942, RoBeERTSON 1954, MikorLA 1965, WiL-
cox 1967), and this infection is quite impos-
sible to count accurately.

Accurate or not, counting always is a time-

consuming procedure. On the other hand,
Pazxillus mycorrhizae do not keep their color
well and the chances of recognizing them
rapidly diminish. Therefore, they must be ex-
amined promptly. Methods requiring lengthy
rinsing (e.g. HEIKURAINEN 1955) or sifting
(e.g. Marks, DircuBURN and FosteER 1967)
make identification difficult. Actually, iden-
tification is most reliable if the roots are
cleaned on the spot by gentle shaking. With
this procedure, only the relative numbers
of different short roots can be determined.
The checkings carried out indicated that even
a rapid estimate gives fairly accurate results
when made by the same experienced ob-
server on all occasions.

In brief, the root studies reported here
were done in the following ways:

Aseptic experiments: Seedlings were
examined under a binocular microscope at magni-
fications of 4 —20. The numbers of short roots and
of Paxillus mycorrhizae were counted.

Semiaseptic experiments: Seedlings
were examined under the microscope as before,
except that in some cases a hand lens was used
on the spol in the greenhouse. Usually the short
roots were not counted but the frequency of Paxil-
lus mycorrhizae was estimated as a percentage of
the number of short roots.

Test plantings: The proportion of Paxil-
lus mycorrhizae at the time of planting was esti-
mated as above as an average for each block. When
these experiments were discontinued, a similar esti-
mate was made for each transplant. Usually, this
was made on the spot, although the seedlings were
afterwards brought to the laboratory for other
determinations.

Stands: From each permanenl sample plot
20 —50 seedlings of about the same size were lifted
at random, using a planting mattock. On other
occasions only a few samples were taken. When
seedlings were not present, thin long roots of ma-
ture trees were sampled. The samples were cleaned
by shaking them gently, and the relative number
of Paxillus mycorrhizae, if any, was estimated. The
procedure used for identification of these mycor-
rhizae is described on p. 51.

Some samples were studied in the laboratory in
greater detail. Observations were made, for ex-
ample, on the structure of the mantle as well as
on the occurrence of rhizomorphs and sclerotia.
Representative parts of the root systems were fixed
in Karpetchenko-Navashin’s solution (JOHANSEN
1940), embedded in paraffin, sectioned at 7 u and
stained with safranin-fast green double staining
(MikorA and Persipsky 1951). In all, about 500
short roots, 50 sclerotia and 20 rhizomorphs were
sectioned.
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52. DESCRIPTION OF PAXILLUS MYCORRHIZAE

It was established from the syntheses made
that Paxillus involutus forms ectotrophic my-
corrhizae with quite a normal structure. My-
corrhiza formation clearly begins with a man-
tle, but the Hartig net may remain incom-
plete. The species seems to be especially in-
clined to infect long roots as well. P. involutus
exerts, like ectomycorrhizal fungi perhaps in
general (cf. Marx and Bryax 1970), a con-
trolling influence on the color and appearance
of the mycorrhizae, but in size, branching and
internal structure Paxillus mycorrhizae show
features varying with the tree species. In
pine, for example, they dichotomize profusely
(Figs. 24 and 25). A more detailed descrip-
tion of the mycorrhizae formed by Paxillus
involutus is as follows:

Mantle: Normally well developed and yellow-

brown in color, average thickness, found by meas-
urement, 40 (10 —100 ). Structure prosenchy-
matic. The surface is composed of loosely woven
hyphae running in all directions and having abun-
dant clamp connections.

Hartig net: Normal in structure, the thick-

ness of the hyphae 2 —6 y. The Hartig net becomes
weaker in the deeper layers of the cortex and does
not usually reach the endoderm.

Rhizomorphs: Though not abundant, rhizo-
morphs and mycelial strands are attached to these
mycorrhizae. The hyphae at the center have a wide
lumen (@ up to 50 u), and the total number of
hyphae ranges from tens to thousands.

Intracellular infection: This was
not found in living cells, nor were there other
signs of one-sided parasitism.

Mycorrhizae formed by P. involutus have
also been described by How (1942) and by
SHEMAKHANOVA (1963, 1967). Their descrip-
tions agree with the present one. These my-
corrhizae are usually of type A of MELIN’S
(1927) classification, type B being only found
on rare occasions. In DomiNIk’s (1966) clas-
sification, they are nearest to the genus Bd.
The above description is based on mycorrhizae
formed in synthesis experiments, but it also
applies to those formed by the species in
nature. Illustrations are given in Figs. 17—20
and 24—26.

53. IDENTIFICATION OF MYCORRHIZAE

531. General

The occurrence of its sporophores provides
unequivocal information on the distribution
of a given species. In the case of mycorrhizal
fungi, such information has been used in esti-
mating the relative importance of the various
species as symbionts (e.g. Bryan and Zax
1961). But sources of error are numerous. For
instance, even when its mycorrhizae are abun-
dant a species does not fruit every year, and
perhaps the majority of species never do so.
Thus there is a great risk of overestimating
the importance of those forming sporophores
(BoweN 1965), and investigations into the
numerical ratio between mycorrhizae and
sporophores formed by one and the same
species are certainly needed. For this purpose,
among others, mycorrhizae must also be
identified.

Until recently, the classification of my-
corrhizae introduced by MELIN (1927) has
been in wide use. In this classification only
Dn myecorrhizae are formed by a certain

symbiont (Cenococcum graniforme). But many
scientists working on mycorrhizae are of the
opinion that the possibilities to identify many
more are good (e.g. PEYRONEL 1963). MELIN’S
classification has been modified by dividing
ectotrophic mycorrhizae into 12 subtypes
with a total of 50 genera (DomiNIk 1966),
but this classification, too, is purely morpho-
logic. Morphologic similarity does not neces-
sarily mean physiologic similarity, however.
On the other hand, in this classification one
and the same mycorrhiza may come to be
placed in different genera, depending on its
age, for instance (TrapprE 1967 a).

There is only one theoretically correct way
to identify mycorrhizae, viz. the use of aseptic
synthesis. This method is also feasible in prac-
tice, because in many of their characteristics
synthesized mycorrhizae are similar to those
formed in nature (p. 51; cf. TrarPE 1967 a).
On the other hand, synthesis experiments
have certain limitations and, therefore, MELIN
(1936) recommended observations on the oc-
currence of sporophores in order to focus the
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Fig. 18. Tangential section of one of the
mycorrhizae in Fig. 24,
Magnification x 400,

more comprehensive investigations on the
most probable mycorrhiza formers.

These observations can be made, for ex-
ample, by recording the species of sporo-
phores that grow in the vicinity of certain
characteristic mycorrhizae (LoBaNow 1960,
p. 127) or — as is usually done — vice versa.
If certain characteristic mycorrhizae are re-

Fig. 20. Longitudinal section of an aspen mycorrhiza
formed in nature by Paxillus involufus. Magnifica-
tion x 400.

Fig. 19. Longitudinal section of a semiaseptically
synthesized (Paxillus involulus, strain 5) birch my-
corrhiza. Magnification x 400.

peatedly found in the vicinity of one and
the same mushroom, this strongly suggests
their identity. For an even more positive
identification mycelial connections between
them can be sought. The possibility of detect-
ing such connections has been doubted (see
PEYRONEL 1963), and not without reason
(MELIN 1936, p. 1031), but in recent years
there seem to have been a number of reliable
observations (e.g. RoTHMAYR 1962, MEYER
1963, ZAk and BryaN 1963, DoMINIK 1966,
Fasst and Fontana 1966, 1967, SCHRAMM
1966, Baksui 1967, FoNTANA and GENTREL-
LA 1967). Success depends on whether the fun-
gus has any special characteristics (color of
the mycelium, formation of rhizomorphs, etc.),
as well as on soil conditions (e.g. MEYER 1963,
PeEvYRONEL 1963). The procedure usually rec-
ommended is to take samples of 3—4 dm?
to the laboratory without removing the sporo-
phores; here the chances of detecting con-
nections with the aid of lenses are relatively
good (Losanow 1960, DomiNik 1966, SHE-
MAKHANOVA 1967).

If no connections are found, the mycelium
of the sporophore and that of the mantle can
be compared with each other. According to
PeyYRONEL (1963), they are so similar that,
for instance, broken mantles of mycorrhizae
formed by Lactarius species leak »milk» like
the sporophores. In addition, some my-



corrhizal fungi have a characteristic odor
(SINGER 1962, p. 16). The existence of clamp
connections and other special characteristics
is always easy to check. Fluorescence and
chemical indicators, the latter of which are
much used in fungus taxonomy, certainly
deserve mention here, too, although their
use in mycorrhizal identification has hardly
yvet begun.

532. Paxillus mycorrhizae

As mentioned in the preface, the author’s
attention was attracted by certain yellow-
brown mycorrhizae which were found in the
vicinity of the sporophores of Paxillus in-
volutus. Later, it turned out that these my-
corrhizae can always be found near the mush-
rooms of this species. In a cursory examina-
tion of soil samples 3 x 3 x 3 dm?® in size
taken from the base of 50 sporadically oc-
curring sporophores selected at random, these
mycorrhizae were found on 28 occasions. In
samples taken at a distance of 20 m from
the same sporophores they were not found
at all. Thus, their concentration near these
sporophores is very clear. If they had been
homogeneously distributed throughout these

28
areas (probability of occurrence E—O-), the
probability of getting 50 empty samples is

1 t nil 1 ey g ~ 107
almost nil, or ( 100) :

Direct mycelial connections were not de-
tected. There were both mycelium and rhizo-
morphs near the sporophores, it is true, but
farther away they disappeared almost com-
pletely; on the other hand, mycelial connec-
tions between the mycorrhizae and their sur-
roundings were not profuse. Therefore, Paxil-
lus involutus is not a very promising species
for such a search, but in favorable places such
as rocks and fens, for instance, these connec-
tions might be discovered.

The mycelium at the base of the sporo-
phores of Paxillus involutus and on the surface
of the yellow-brown mycorrhizae mentioned
appeared similar. This, however, can not be
accepted as completely convincing identifi-
cation, because other species with similar
mycelia may exist. Additional evidence was
obtained, however, when sclerotia similar to
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those formed by P. involutus were found
around these mycorrhizae.

For the identification of Paxillus my-
corrhizae another stringent test could be ap-
plied. If clean, young representatives of these
particular mycorrhizae were transferred —
rather immediately on the spot — to Hagem
agar, the yellow-brown mycelium of the sym-
biont emerged from most of them within 12
—24 hours (Table 14). Because no correspond-
ing growth was observed from any of the
other mycorrhizae tested, this check must
be considered cuite reliable.

The color of ectomycorrhizae is usually not
a good characteristic (TrRaPPE 1967 a), since
it is inclined to change for various reasons.
But there are exceptions to this rule, e.g.
Cenococcum graniforme, with its jet black
mycorrhizae. The mycorrhizae formed by
Paxillus involutus also seem to have a typ-
ical color, although, as shown in Figs. 23
26, they are not of quite the same color.
Immediately after they have been removed
from the soil their color is characteristic,
however, but in the course of a few hours it
fades, even if the sample does not dry up
(ct. SiNGER 1962, p. 110).

The possibility that Paxillus involutus may
also form completely different mycorrhizae
must, of course, be taken into consideration.
According to the syntheses made, however,
changes in the experimental conditions, even
if great (p. 56), do not provoke clear changes
in the characteristics of these mycorrhizae.
Observations made in nature confirm the re-
sults of these experiments. Thus, for instance,
the appearance of these mycorrhizae was the
same all the year round. It is recommended,
however, to carry out these identification
studies in the fall, when sporophores are vis-
ible and roots growing.

The mycorrhizae formed by Paxillus in-
volutus were first identified by How (1942).
In the present study they were identified
from root material of various types. This was
done on the basis of color and general ap-
pearance. They were compared to the cor-
responding characteristics of mycorrhizae
formed in synthesis experiments. These stud-
ies were mainly carried out in the field, either
with the naked eye or with a hand lens. In
order to check the validity of the identifica-
tion, on each occasion a few clean, vigorous
individuals were transferred to Hagem slants



and examined after 1-—2 days for the yellow-
brown myecelium of this particular symbiont.
Some samples were also brought to the la-
boratory, as mentioned on p. 48. There, cer-

tain representative cases were examined with
regard to myecelial characteristics and inner
structure. These controls revealed no errone-
ous identifications.

54. MYCORRHIZAL HOSTS OF PAXILLUS INVOLUTUS

Paxillus involulus has been conclusively
established to be a symbiont of Pinus silvestris
(SHEMAKHANOVA 1963, 1967) and P. cembra
(Moser 1967 a). Whether other tree species,
too, can serve as its hosts was a question

Table 25. Host species

studied with synthesis experiments and ob-
servations in the field. Aseptic syntheses were
performed with eight tree species. Paxillus
involutus formed ectotrophic mycorrhizae
with all these species (Table 25). With semi-

of Paxillus involutus.

Aseptic Semi-
syn- aseptic Observations
thesis, Byas in nature
Host strain thesis,
strain
4 5 4 5 |Own' Others
Pinaceae
Larix decidua MiLL. PEvYroNEL 1922, How 1942, KAL-
MAR 1950
Picea abies (L.) KARST. bl B o e L + [CHASTUKHIN 1967, Moser 1967 a
P. engelmannii PARRY b D ol oA U,
P. sitchensis (BonG.) CARR. - | +
Pinus cembra L. Mosgr 1958 b
P. contorta DouGL. TrarrPe 1969
P. ponderosa 1.Aws. — | +
P. silvestris 1.. — | 4+ | = | + | + |KremserL 1954, PacHLEWSKI and
PAacHLEWSKA 1960, Moser 1967 a
P. strobus 1. — | +
Pseudotsuga menziesii (MirB.) FRANCO v — | + GiLmour 1958, Trarre 1969
Tsuga heterophylla (RAF.) SARG. —- | + TrarrE 1969
Betulaceae
Alnus glutinosa (L..) GAERTN. =4+ =1 +] —
A. incana (L). MoENCH - |+ =1+ -
A. rubra BonNG. TrarrPE 1969
A. viridis Dc. Horax 1963
Betula glandulosa MicHX, LaNGE 1957
B. nana L. +
B. pubescens EHRH. — | 4+ | — | + | + [LaNgE 1948, TraPPE 1969
B. tortuosa LED. LANGE 1946
B. verrucosa EHRH. - |+ | =1+ +
B. spp. ScawoBEL 1956
Fagaceae
Fagus silvatica 1.. KaALMmAR 1950
Pyrus communis 1. DomiNik 1950
Quercus Spp. KaALmAR 1950, LoBaNnow 1960
Rhamnaceae
Rhamnus purschiana Dc. Trarre 1969
Salicaeae
Populus tremula 1.. + |BEcCKER 1956
P. trichocarpa Torr. and GRray TrarrPE 1969
P. spp. FonTANA 1961
Salix acutifolia WiLLD. KomiRNAYA and FursayEeEv 1953
S. cinerea 1.. -+
S. phylicifolia 1.. 3=

1 Based on sporophores and mycorrhizae



aseptic synthesis 12 tree species were tested.
These syntheses, too, were all successful.

The results of these syntheses could be
verified and the host list of Paxillus involutus
enlarged through field observations. In the
vicinity of its sporophores a search was made
for mycorrhizae similar to those formed by
P. involutus, and the lower partner was iden-
tified. Except for Alnus, all the species studied
were found to be infected with this fungus.

Although the associations assumed by other
scientists are mainly based on the fruiting of
Pazxillus involutus in the vicinity of certain
tree species, there is little reason in this case
to doubt their validity. On the contrary, it
is very likely that the host list of P. involutus
is considerably larger than that shown in Ta-
ble 25. Consequently, as assumed earlier by
Horax (1963) and MosEgR (1967 a), the species
must be considered an unspecialized symbiont.
The host list presented is as extensive as, for
example, that for Amanila muscaria, some
Boletus species, Scleroderma aurantium (TrRap-
PE 1962), Thelephora terrestris (MArx and
Bryan 1970) and the ectendotrophic sym-
biont of pine (Lamno 1965). Only Cenococcum
graniforme has a much longer list, but this
species also has herbs as hosts (TrarPE 1964).

As already mentioned, Paxillus involulus
was not found to form mycorrhizae on alder
in nature; in addition, its sporophores were
never found in pure alder stands. In mixed
stands they were encountered, even in the
immediate surroundings of alder roots twisted
around the roots of birch. On many occasions
the latter were wholly invested with P. in-
volutus, but even then the alder roots lacked
this infection. On the other hand, the syn-
thesis experiments carried out were not con-
vincing, either. In semiaseptic synthesis a
strong inoculum, a living pine seedling with
Paxillus mycorrhizae, was required before
a few of these mycorrhizae were finally for-
med. In aseptic synthesis, too, mycorrhiza
formation by P. involutus was very weak and
infrequent on alder.

On the basis of these studies Paxillus in-
volutus can not be considered an active sym-
biont of Alnus incana or A. glutinosa. In Fin-
nish conditions Paxillus filamentosus is as-
sociated with these tree species in nature.
Near its sporophores, it was easy to find alder
mycorrhizae which had the characteristics of
those formed by Paxillus involutus but a
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much thicker mantle (30—120 x4, average
70 w). From these mycorrhizae strains with
all the characters of P. filamenfosus were iso-
lated (p. 32).

Evidently Paxillus [ilamentosus also grows
in North America (SINGER 1964 b), and it is
possible that the observation on Alnus rubra
(Table 25) concerns this species. On the other
hand, Horaxk (1963) also states that Paxillus
involutus is associated with alder; root studies:
were not made, however, and thus it can not
be said whether the species formed my-
corrhizae with Alnus viridis, with some other
hosts possibly present (admixed tree species,
bushes, dwarf-shrubs) or not at all.

The ability of Paxillus involutus to form
mycorrhizae probably varies from host to
host. Willow is another species that is only
infected with difficulty; this conclusion is
based on the fact that only very few Paxillus
mycorrhizae were found in its roots, which
grew twisted around infected birch roots. On
the other hand, Salix is not a highly my-
cotrophic genus either (cf. LoBanow 1960,
p. 103). Inoculation of ponderosa pine and
western hemlock was successful only with
mycorrhizal seedlings. On the other hand,
inoculation of Scots pine, Norway spruce and
white and common birch is very easy. In
nature, it seems to be easiest to find Paxillus
mycorrhizae on birch roots.

Despite the general conformity of the re-
sults of aseptic and semiaseptic synthesis
(Table 25), differences were also observed. In
semiaseptic syntheses either fully developed
mycorrhizae were formed or the inoculum
died. In aseptic syntheses Paxillus involutus
always grew well, although there were in-
stances: on which mycorrhizae were not
formed. In all these cases, too, the fungus had
a tendency to grow along the roots, however,
forming loose wefts here and there around
them. The interpretation of such a phenom-
enon is problematic and partially subjective
(cf. MopEess 1941, p. 56, MArx and BRyAN
1970).

The mycorrhizal activity of Paxillus in-
volutus also varies from strain to strain. Of
the 46 strains studied, two (numbers 1 and 7)
lost their ability to form mycorrhizae in semi-
aseptic synthesis in the course of the ex-
periments, aseptic synthesis, however, being
successful even after this, though slowly and
irregularly. Three other strains (3, 4 and 24)
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did not form mycorrhizae at all, although
tested several times with both methods. These
inactive strains had a velvety mycelium, and
showed no tendency to form rhizomorphs or
sclerotia. As, however, they were not physio-

logically different from the other strains,
there is no basis for concluding that sapro-
phytic strains of this species exist, as in the
case of Xerocomus subtomentosus, for instance
(LuNDEBERG 1970).

55. OCCURRENCE OF PAXILLUS MYCORRHIZAE IN NATURE

In various connections in the foregoing,
scattered data have been presented on the
occurrence of mycorrhizae formed by Paxil-
lus involulus. Their distribution was also
mapped systematically in order to obtain a
general idea of the species as a mycorrhiza-
former. Thus, 800 root samples were collected
in connection with the transect surveys. Paxil-
lus mycorrhizae were most frequently en-
countered along ditches and in cutover areas,
i.e., in places where the sporophore density
was relatively high (Table 3). A closer look
(p. 51) revealed that these mycorrhizae are
heavily concentrated in the immediate vi-
cinity of Paxillus involutus sporophores.

Mycorrhizal investigations were also car-
ried out on the permanent sample plots. The
relative number of Paxillus mycorrhizae was
closely correlated with the density of the cor-
responding sporophores (Fig. 21). Even when
closed stands are excluded, the correlation is
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Fig. 21. The occurrence of Paxillus involutus mycor-
rhizae and sporophores on the permanent sample
plots in 1968.

almost the same (y =—31 4 74%x; r =
0.86***), The root systems of the remaining
sample plots were of roughly the same mag-
nitude, and the dependence in question can
also be expressed as follows: the greater the
density of Paxillus mycorrhizae, the more nu-
merous are its sporophores, or, the formation
of a sporophore requires the interaction of a
certain number of mycorrhizae.

Assessment of this number on each occasion
would involve detailed quantitative root stud-
ies. The studies made in the present con-
nection were not quantitative and, therefore,
only a few comments can be made. Thus,
fruiting does not bring to light all the sites
where P. involutus exists, for Paxillus my-
corrhizae were encountered in sample plots
4 0, 6 c and 7 ¢, although no sporophores ap-
peared in 1968. These mycorrhizae were also
found in sample plots 5 ¢ and 8 ¢ in places
where the species did not fruit. In sample
plots 4 o, and 5 ¢ the frequency of Paxillus
mycorrhizae was relatively large, 1.3 and
0.9 9, respectively, and in 1969 the species
also fruited fairly abundantly on these two
plots (111 and 19 sporophores per hectare).
The other three plots mentioned also re-
mained empty that year. On these plots only
a few Paxillus mycorrhizae were found in
seedlings growing near decayed stumps.

On the other hand, Paxillus involulus
fruited on three of the sample plots, the
root samples of which did not include the
corresponding mycorrhizae. This is liable to
happen when a few sporophores are in ques-
tion. For instance, on many of the sample
plots studied by BiorkmaN (1942), spo-
rophores of boletes occurred when no C
mycorrhizae were encountered, and vice
versa.

Although Pazxillus mycorrhizae do occur
sporadically, they typically appear in very
large numbers. It is easy, for instance, to
find seedlings with roots infected by this
species alone. In tree roots growing in decayed



wood it is often altogether dominant (Fig. 26).
In the area used for peat winning (p. 12)
most mycorrhizae over an area of several
ares were formed by P. involutus. Their dom-
inance around plots isolated from tree roots
(Fig. 25) should also be noted.

In light mineral soils Paxillus mycorrhizae
are encountered down to a depth of at least
20 em. In the cavities remaining after roots
have decayed, the species follows new roots
to much deeper soil layers and in the trenches
of the isolated plots it formed mycorrhizae
at a depth of 50 ecm. Thus the mycorrhizae
formed by P. involutus are at least not more
superficial than ectotrophic mycorrhizae in
general, although the behavior of the species
in pure culture (p.37) might lead one to
expect them to be so. The mycorrhizae formed
by P. filamentosus tend to occur at depths of
20—30 cm, even in heavy soils. These ob-
servations support Lyr’s (1963 a) conclusion
that the vertical distribution of mycorrhizae

55

depends on factors other than the oxygen
content of the soil.

Comparison between Paxillus involutus and
some other relatively well-known mycorrhizal
fungi reveals certain differences. Thus, Ceno-
coccum graniforme forms a few scattered my-
corrhizae in almost any root sample, but is
dominant only under conditions completely
unfavorable for other species (e.g. DoMINIK
1966, p. 52). In the same way C mycorrhizae,
too, are found here and there in most root
samples (e.g. MELIN 1927, BJORKMAN 1942,
HeikurAINEN 1955). The bright yellow K
myecorrhiza is frequent in the raw humus of
closed coniferous forests with a thick moss
carpet, but disappears after cutting (MikoLa
1962), i.e. its behavior is just the reverse of
that of Paxillus mycorrhizae. The ectendo-
trophic mycorrhiza of pine, on the other hand,
thrives especially in nurseries (MikorLa 1965),
but also in burned ground (Mikovra, L.A1HO,
Erik AINEN and Kuvasa 1964).

56. THE INFLUENCE OF CERTAIN ECOLOGIC FACTORS ON THE
FORMATION OF PAXILLUS MYCORRHIZAE

561. Light, nitrogen, glucose

In order to study the factors mentioned,
aseptic synthesis tubes were shaded from
daylight to the 40 and 15 9 levels. The nitro-
gen and glucose concentrations were exactly

the same as those used by Mikora (1948).

The seedlings did not grow much, but the
influence of each factor studied was never-
theless clear (Table 26). Increases in both il-
lumination and glucose improved root growth,
whereas addition of nitrogen weakened it.

Table 26. Root development of pine seedlings in aseptic synthesis
with Paxillus involutus 5. Explanations in Table 29.

Light 15 9 | Light 40 9,
Glucose, g/l (NH,),S0,, g/l
o |oasl| 10, ] Lo ]leas | 10
Number of mycorrhizae
0.5 7 4 2 46 8 4
2.5 51 19 2 31 46 4
Number of short roots
0.5 9 6 4 185 22 7
2.5 69 25 7 263 124 19
Root dry weight, mg
0.5 2 2 1 15 6 3
2.5 5 3 3 16 19 5
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At the highest level of nitrogen combined
with the lower levels of light and glucose,
only a few branches were formed.

As it is a rapidly growing species, Paxillus
involutus soon came into contact with the
roots. This was the situation in all the syn-
thesis tubes. The first mycorrhizae were
formed within 1—2 months of inoculation.
Table 26 gives their number at the end of
the experiment; the numbers may be slightly
overestimated because of the difficulty of
distinguishing mycorrhizae from loose mantle-
like wefts. In the present connection all short
roots that seemed to have a mantle were
considered to be mycorrhizae. Representative
specimens were sectioned, and it was estab-
lished that normal ectotrophic mycorrhizae
had really formed in all treatments. In ad-
dition to a mantle, they had a Hartig net.
A balanced symbiosis was maintained even
when the seedling concerned was relatively
weak (light on the lower level) and the fungus
relatively virulent (nitrogen at the highest
level, cf. MeLiN 1925, p. 100). Paxillus in-
volutus is thus an active fungus, with medium
virulence in its relation to pine roots. This
experiment did not reveal the lowest level
of light at which formation of its mycorrhiza
is possible.

562. Substrate

N

Mycorrhiza formation in various substrates
was studied with ‘semiaseptic experiments.

It was most common in garden peat (Table
27), which had been strongly fertilized be-
fore the experiment was started.On the other
hand, mycorrhizae were also formed in very
poor substrates, whether organic or inorganic.
The »activity» (»inherent ability of a fungus
to form a mycorrhizay, TraprpPeE 1962) of
Paxillus involulus towards pine roots was ex-
tremely high in these experiments; this con-
clusion is drawn from the fact that the first
mycorrhizae were formed within one week of
inoculation. The virulence, however, was me-
dium in these cases, too.

The experiments mentioned also involved
considerable variation with regard to the pH
of the substrate.The variation was still further
increased by lowering the pH with weak
sulfuric acid. The lowest value at which the
seedlings remained alive was 2.7, and at this
pH myecorrhizae were still formed. On the
other hand, mycorrhizae were also formed
when the pH of the substrate had been raised
to pH 8.3 by application of lime (even 200 g/1
of soil). As in the former experiments, P. in-
volutus formed ectotrophic mycorrhizae with
only a slight variation in color. According to
Dowminik (1966, p. 76), the pH of the sub-
strate does not influence the morphologic cha-
racteristics of mycorrhizae in general either,
nor are the pH limits determined for fungal
symbionts in pure culture experiments valid
for mycorrhiza formation. An extreme ex-
ample of this is the ectendotrophic symbiont
of pine (Mixora 1965).

Table 27. Mycorrhizal development of pine seedlings in semiaseptic synthesis with Paxillus involutus 5.
Seeding on fertilized peat Feb. 29, transfer to the substrate studied April 23 (shoot weight about 30 mg),
inoculation May 3, termination and soil analyses Oct. 2, 1968. Ten replicates.

Properties of the substrate Pazillus my-
Exchangeable corrhizae, per cent Sg;);,)l
Substrate Loss on Total weight,
pH ignition, | nitrogen, K | 3 | Ca mg
% % Average |Variation
mg/1
Vermiculate 7.9 3 A 59 5 240 15 0—-30 54
Quartz sand, 0.5—2 mm 6.7 A A 5 3 90 8 0—20 35
Arable soil 5.8 6 0.2 90 4 340 34 0—90 132
Forest sand ! 4.8 5 0.1 61 8 390 38 0—70 157
Forest humus 2 4.4 91 11 68 10 220 27 0—60 138
Milled pine bark 4.8 99 0.1 35 3 200 20 0—90 48
Composted spruce bark 5.8 86 0.8 91 16 | 2250 18 0—-70 98
Sphagnum peat ? 4.2 94 0.7 20 4 125 23 0—100 104
Fertilized peat 4 5.9 89 1.4 240 45 1450 41 0—100 144

1 From sample plot 7 o, see Table 2
2 From sample plots 3 ¢
3 From sample plot 9 d, degree of humification 2

4 Kultaturve», Sphagnum peat, degree of humification 4, commercial product of Finnhumus OY
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57. SURVIVAL OF PAXILLUS MYCORRHIZAE IN TRANSPLANTS

Myecorrhizal fungi can be inoculated in the
field in many ways. The methods used and
the results obtained have been discussed
lately by MikowrA (1970). In the present study,
living pine seedlings with mycorrhizae formed
by Pazillus involutus were used. The rearing,
inoculation and planting out of these seed-
lings are described on p.47. Table 28 gives
information on the survival of this particular
symbiont.

In the fall following planting, P. involutus
was often more strongly associated with the
roots than at the time of planting. The orig-
inal mycorrhizae had survived well and nu-
merous new ones had been formed.

In the course of the following growing
season the proportion of Paxillus mycorrhizae
decreased on all occasions. In general, P. in-
volutus was not replaced by other symbionts
in old mycorrhizae, but it did not form new
ones to the same extent as other species.
Being the sole symbiont of the seedlings at
the time of planting, it had an advantage
over other species, especially because it usu-
ally grows along long roots and it is from
these that the new short roots often acquire
the primary infection (cf. MeLiN 1927, Ro-
BERTSON 1954, WiLcox 1967). In the second
growing season, on the contrary, many other
symbionts also had a living connection with
the long roots.

Examination of the data by sites shows
that in closed stands Paxillus involutus suc-
ceeded well in keeping its position on these
seedlings. This contrasts with the occurrence
of its sporophores and mycorrhizae in such
stands (see p. 54). The reason for this dis-
crepancy may be the fact that the surface
soil was scarified in connection with planting.

The good survival of the species in cutover
areas is in harmony with its natural distribu-
tion. The best survival, however, was noted
in burned-over areas, on arable land and in
nurseries. In addition, root growth was best
in these sites. In spite of this, the fine roots
of many seedlings were completely invested
with Paxillus involutus. This supports the

conclusion drawn on p. 12 that the absence
of its sporophores on arable land and burned-
over sites is not due to unsuitability of the
soil.

These seedlings were also planted in fer-
tilized garden peat, which in Finland is used
in forest nurseries, for instance; the peat is
spread on top of the mineral soil. The sur-
vival of P. involutus was good. It only disap-
peared from seedlings transferred to polythene
greenhouses. This was probably because of
the temperature, which in air reached as
much as 50° C and in the topmost soil layer
30° C. In addition, the relative humidity was
near saturation.

The fact that Paxillus involutus survived
so well on arable land, in burned-over areas
and in nurseries is no surprise. They are all
sites in which the population of mycorrhizal
fungi is restricted (e.g. BIORKMAN 1962, ZAK
and Marx 1964, GoBL 1967). Being common
in cutover areas and also able to live in
forest nurseries, the species can be charac-
terized as a symbiont specifically adapted to
the regeneration stage of forests. From the
nursery it can be transferred to various plant-
ing sites, where its survival is fairly good.
Although the seedlings were not followed for
more than two growing seasons.after plant-
ing, it seems very likely that P. involutus is
not replaced by other ectomycorrhizal fungi
more often than symbionts under conditions
where competition between species is hard.

Table 28. Relative number of Paxillus mycorrhizae

in 450 pine transplants after one (I) and two (II)

seasons in the field. Seeding in the greenhouse

Feb. 28, inoculation April 25, planting May —June,

(Paxillus mycorrhizae 5—100 9,, average 40 9),
termination in October.

Paxillus my-
Planting site corrhizae, per cent
i 4 11
Closed stands 40 15
Cutover areas 28 18
Burned-over cut areas 67 14
Arable land 62 23
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58. THE EFFECT OF PAXILLUS MYCORRHIZAE ON THE GROWTH OF
PINE SEEDLINGS

One of the most important tasks of present-
day mycorrhizal study is to measure the sym-
biotic efficiency of various mycorrhizal fungi
(e.g. MixkorA 1970). As Paxillus involutus is
a common species around the world, and in
addition is very suitable for use in forestation,
there is a relatively great need for informa-
tion on its symbiotic properties.

Paxillus involutus is one of the many spe-
cies that has been tested for host response in
the Soviet Union (see SHEMAKHANOVA 1967,
p. 204). In these experiments inoculation has
generally had a favorable influence on the
development of oak seedlings, but the effect
of P. involutus is not specified. MoseRr (1963)
employed a mixed inoculum of Suillus, Paxil-
lus and Amanita and observed that it pro-
moted the initial development of Pinus cembra
near the alpine forest line. This was also the
case when P. involutus was used alone, in
particular in soils with low microbial activity
or where local symbionts were unsuitable or
completely lacking.

In his first aseptic syntheses with raw hu-
mus as the source of nitrogen, LUNDEBERG
(1967) found that Paxillus involutus had a
deleterious effect on pine seedlings and even

killed some of them. In his later (1970) syn-
theses, however, this was not the case, but
the seedlings inoculated with P. involutus
developed like the uninoculated control seed-
lings. In these experiments the species did
not form mycorrhizae.

In the aseptic syntheses of the present work
Pazxillus involutus grew very well in the tubes.
A few of the seedlings died, but not more
than among the controls. In contrast, My-
celium radicis alrovirens, a common colonizer
of tree roots in nature, rapidly Kkilled all the
seedlings.

It was easy in these syntheses to demon-
strate the effect of light, nitrogen and glucose
on the development of pine seedlings. In-
oculation, on the contrary, did not necessarily
have any visible effect, but shoot weights
(Table 29), for instance, were of the same
magnitude irrespective of whether the seed-
lings had been inoculated or not, or whether
mycorrhizae had formed or not (strain 4 did
not form mycorrhizae, strain 5 did).

In another experiment (Table 30) the re-
sponse of pine seedlings to a larger number
of strains and to various species was studied.
Significant differences were established ex-

Table 29. Shoot development (mg dry wt) of pine seedlings in aseptic
synthesis. Nutrient solution on p. 46 with the modifications indicated.
Seeding April 10, inoculation May 9, termination Oct. 7, 1968. Four

replicates. F for inoculation 1.8
F for nitrogen 24.4%**
F for glucose ROET
F for light 1219, 5w
F for inoculation x nitrogen 2.7*
F for nitrogen x light 19.3* 7%
F for glucose x light O R
Light 15 % ' Light 40 9%
Inoculum (NH,),S0;,, g/1
0 o2 | 10 | 0 |02 | 10
Glucose 0.5 g/l
None 10 11 9 19 18 7
Paxillus involutus 4 9 12 8 17 29 15
Paxillus involutus 5 9 10 8 18 15 11
Glucose 2.5 g/l
None 13 8 /i 24 27 11
Paxillus involutus 4 9 8 9 20 34 15
Paxillus involutus 5 12 9 9 24 27 11




pressly for root development. Mycorrhizal
fungi promote branching of roots (e.g. Harcu
1937) and consequently the number of short
roots in mycorrhizal seedlings was relatively
large. The corresponding difference can be
seen even more clearly from the root weights,
in which the mantles with the attached my-
celium are included. The differences in shoot
weights were of a similar nature, but much
smaller.

The experimental conditions (short dura-
tion, small vessel size, nutrients limited in
amount and in a form readily available to
roots) did not give the fungus much chance
to promote the growth of the seedlings but
rather encouraged it, particularly in the first
experiment (Table 29), to injure them. The
growth responses recorded must therefore be
regarded as underestimates and the true my-
corrhizal nature of Paxillus involutus firmly
established.
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Of the 450 nonmycorrhizal pine seedlings
planted in the field (p. 48) 9 % died, whereas
of those inoculated with Paxillus involutus or
with forest humus only 4 9, died. If the num-
bers of dead seedlings are paired by blocks, it
appears that the mortality of the nonmy-
corrhizal seedlings was significantly higher
than that of seedlings inoculated with P. in-
volutus (t = 3.68***). Most of these seedlings
died soon after planting, probably owing to
lack of water. Correspondingly, the mortality
was very high on dry pine heaths, namely 91
and 85 %, respectively.

Planting involves a certain shock to seed-
lings, disturbing their water economy espe-
cially. If, at the time of planting, the seed-
lings bear mycorrhizae which survive in the
planting site, this critical stage becomes
shorter. As, however, in Finnish conditions,
one month is enough for mycorrhiza forma-
tion (MikorA 1967), seedlings planted without

Table 30. The development of pine seedlings in aseptic. synthesis. Seeding April 29, inoculation May 30,
termination Sept. 8, 1969. Nutrient solution on p. 46, five replicates.

Inoculation
None 0
P. involutus, active strains 31
» less active strains 11
» nonmycorrhizal strains 0
Other symbionts ! 0
None 11
P. involutus, active strains 46
» less active strains 30
» nonmycorrhizal strains 9
Other symbionts * 38
None 4
P. involutus, active strains 6
» less active strains 7
» nonmycorrhizal strains 5
Other symbionts® 8
None 18
P. involulus, active strains 14
» less active strains 21
» nonmycorrhizal strains 15
Other symbionts ! 22

Species, slrain Mean
Number of mycorrhizae. I' for rows 13.2%**
0 0 0 0 0 0
21 19 18 16 11 19.2
10 7 6 5 2 6.8
0 0 0 0 0 0
6 15 6 1 4 5.3
Number of short roots. F for rows 5.4%**
29 9 15 10 24 16.1
43 46 35 42 31 40.3
30 28 38 30 15 26.9
8 29 6 12 15 13.2
27 24 17 34 43 30.4
Root dry weight, mg. F for rows 15.2%%*
4 4 4 4 4 3.8
11 11 2 10 7 8.5
9 10 6 8 74 7.8
4 4 4 4 6 4.6
7 i 10 8 9 8.2
Shoot dry weight, mg. F for rows 3.2*
19 15 17 17 18 17.3
20 18 15 23 21 18.5
19 20 19 21 15 18.9
18 19 14 12 18 16.1
21 24 18 18 24 21.1

Y Suillus bovinus, S. variegatus, Laccaria laceata, Corticium bicolor, Cenococcum graniforme, the ectendo-

trophic symbiont of pine
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mycorrhizae also have good chances to sur-
vive. Their initial development, however,
will presumably be slowed down.

The development of these seedlings was
studied by plotting their weights in a coor-
dinate system so that the straight line y — x
describes the seedlings inoculated with Paxil-
lus involutus. If, in a certain block, the seed-
lings that were nonmycorrhizal when planted
out were smaller than those that were in-
oculated with P. involutus (the usual situa-
tion), the point representing them is located
below this line (IFig. 22). Thus, in addition
to differences in mortality, differences also
existed in the development of the seedlings
that survived. At the end of the first growing
season after planting out, the weight of the
initially nonmycorrhizal seedlings averaged
73 % and at the end of the second growing
season 75 9, of the weight of those inoculated
with P. involutus. In both years the differ-
ence in weight between the two classes of
seedlings was statistically significant. If the
weights are replaced by their logarithms in
order better to meet the requirements of re-
gression analysis, and the regression coef-

ficients compared to the value 1, the respec-
tive t-values are 2.69* and 2.65%.

Because of the great variation within and
between replicate treatments, further analysis
of the data is not justified. This variation
must be largely due to differences in the size
and vitality of the seedlings and, in particular,
in the number of mycorrhizae at the time of
planting.

In the literature there are numerous ex-
amples of astounding responses of tree seed-
lings to inoculation with ectomycorrhizal
fungi (see Lrvisoun 1958). By comparison,
Paxillus involutus is a less efficient symbiont.
Two points, however, must not be forgot-
ten. In the present case the nonmycorrhizal
control seedlings, too, soon became infected,
and, in addition, the beneficial effect of my-
corrhizae shows up particularly in soils de-
ficient in readily soluble phosphorus (McComp
1943, Rrirrer and Lyr 1965, BoweN and
TaHEODOROU 1967, TRAPPE and STRAND 1969).
In Finnish forest soils there is no such defi-
ciency (CAJANDER 1949, Viro 1951).

The response of seedlings to the ectendotro-
phic symbiont of pine has been studied in part



in the same sites (Lamno 1967) as Paxillus
involutus in the present connection. In burned-
over areas and on arable land the response
was greater than that recorded for P. involutus
but it should be noted that the survival of
the ectendotrophic symbiont was also almost
complete.

In order to compare Paxillus involutus di-
rectly with other species, seedlings inoculated
with forest humus were included in these test
plantings. Their weight averaged 99 9, of
those inoculated with P. involutus. As mixed
populations usually give a better response
than individual species (see Mikora 1970),
this comparison indicates that P. involutus is
a relatively beneficial symbiont. On the other
hand, of course, the result depends on the
fungal population. This population formed C,
Dn and K mycorrhizae to a minor extent.
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Thelephora terrestris fruited in many of the
pots, and it probably formed the bulk of
these mycorrhizae (cf. MArRX, Bryan and
GrRAND 1970). At the time of planting they
were present in similar numbers to Paxillus
mycorrhizae.

Thus it can be concluded that Paxillus in-
volutus is not harmful to pine seedlings, even
when the seedling is relatively weak and the
fungus relatively virulent. Its mycelium and
rhizomorphs grow profusely in the soil and
consequently its opportunities to absorb water
and nutrients are relatively good (cf. HARLEY
1969). However, the many natural seedlings
examined with Paxillus involutus as almost
the only symbiont were neither stunted nor
particularly vigorous. The experimental evi-
dence also supports the view that the species
is about average in its symbiotic efficiency.



6. DISCUSSION

61. ECOLOGIC ASPECTS

Previous investigations have established
that Paxillus involutus is an ectomycorrhizal
fungus. In the present study this could be
confirmed. The species forms ordinary ecto-
trophic mycorrhizae with many tree species.
On the other hand, pure cultures were isolated
from its sporophores, which repeatedly failed
to form mycorrhizae in synthesis experiments.
As, in addition, the literature includes several
statements on the fruiting of the species in
treeless areas and on decaying material in
forests, special attention was paid to the ques-
tion of whether the species fruits in Finnish
conditions independently of trees and other
hosts. For this purpose numerous sites of
every treeless type were searched, but no
such sporophore was discovered. Wherever
there were sporophores, there were at least
seedlings of trees in the vicinity, and they
regularly bore Paxillus mycorrhizae.

In the presence of trees P. involutus fruits
to varying extents. In closed stands on poor
soil it hardly fruits at all and on good sites
rather abundantly. After partial cutting, soil
scarification and nitrogen fertilization, for
instance, its sporophores appear in great num-
bers and tend to be increasingly numerous
within the first 3—5 years. The factor re-
sponsible for this profuse fruiting can not be
arrest of the underground growth of the spe-
cies (cf. RauTtavaara 1947, p. 418). If this
were the reason, the increased fruiting would
be expected only to last one season. On the
contrary, the subterranean growth was found
to be very vigorous in places where fruiting
was abundant. In addition, a positive correla-
tion exists between the numbers of my-
corrhizae and sporophores formed by Paxil-
lus involutus.

On the occasions mentioned above, the spe-
cies started to fruit in places where its sporo-
phores were previously lacking. Consequently,
it either spreads through spores or may be
present in the absence of sporophores. Both
alternatives are possible. Thus, for instance,

in a large area used for peat winning and
abandoned two years earlier, small birch seed-
lings were growing here and there, and about
half of them were infected with Paxillus in-
volutus. In this case air-borne spores were the
most likely source of infection (cf. RoBERT-
soN 1954, MAagrx and Ross 1970).

On the other hand, on many occasions
P. involutus formed mycorrhizae without
fruiting in the vicinity. These cases are dif-
ficult to detect, and small sporadic groups of
these mycorrhizae certainly are not rare. As,
in addition, the species forms sclerotia, it can
effectively spread in soil even without the
help of spores when conditions improve.

As discussed earlier (p. 28-—29), conditions
for the growth of Paxillus involutus in na-
ture are improved by at least the following
changes: increased bacterial activity, in-
creased humus decomposition, increased ni-
trogen mobilization, and a rise in the pH
value of the soil. If the significance of these
changes is estimated from the behavior of
the fungus in pure culture, the rise in pH
must be considered of minor importance. The
increased bacterial activity, on the other
hand, may even have a direct effect, which
may be of much greater importance, because
Pazillus involutus has rather srong antago-
nists among the common saprophytic fungi.
Its relations to bacteria, however, were not
studied to any extent.

Paxillus involutus did not decompose cel-
lulose or lignin in pure culture, but other-
wise it exhibited a rather good ability to
utilize different carbon sources. Thus it grows
to some extent on birch leaves and decayed
wood, for instance, and forest humus con-
tains only relatively small amounts of sub-
stances inhibitory to its growth. After being
attacked by white-rot fungi, such humus con-
tains plenty of anthrone-positive substances
(Hintikka 1970), which P. involutus prob-
ably can utilize. Thus, on certain occasions
even humus may offer fairly good conditions



for the growth of this species, although not
good enough to enable it to fruit. Of course,
this inability may depend on factors other
than lack of energy (cf. LoBanow 1960,
p. 194).

Whether the stimulated growth of Paxil-
lus involutus is a consequence of its taking
part in the decomposition of humus in favor-
able conditions is a question that can not be
definitely answered in the present study. But
it is difficult to understand how, in the pre-
sence of vigorous hosts, the growth of an ecto-
mycorrhizal fungus could be severely limited
by a deficient carbon supply.Thus, the amount
of available nitrogen must be regarded as the
most important edaphic factor regulating the
growth of P. involutus. When the amount of
available nitrogen is more abundant than in
raw humus, the fungus is stimulated to active
growth, spreading extensively along roots and
in the soil and forming numerous sporo-
phores. According to MeLiN (1925), a good
supply of available nitrogen stimulates the
growth of all mycorrhizal fungi, but this
seems to be particularly true of P. involutus.

On the other hand, too great a supply of
available nitrogen decreases mycorrhiza for-
mation (Bs6rkmMAN 1942) and above a certain
limit even well-developed mycorrhizae start
to elongate as nonmycorrhizal short roots
(Srankis 1967). Where this limit lies for Paxil-
lus involutus remains to be determined, but
it certainly was not reached in any of the
experimental stands.

The relatively abundant fruiting of Paxil-
lus involulus on sites with a mull-like humus
distinguishes it from the species typical of
raw humus. The latter compete effectively
for nutrients and form mycelia which are
difficult to break down and, thus, many of
them actually promote the formation of raw
humus. A typical exampleis Cenococcum grani-
forme (MEYER 1964), the economic coefficient
of which is exceptionally high, being as much
as 0.56 (MikoraA 1948, p. 23). In P. involutus
this coefficient is 0.26—0.30 (p. 38) and the
species does not appear to change the struc-
ture of humus (cf. RomELL 1939, HINTIKKA
1970).

In synthesis experiments Paxillus involutus
formed mycorrhizae with species of Pinus,
Picea, Pseudotsuga, Tsuga, Betula and Alnus.
Other genera were not tested. Observations
made in nature also suggest that its host
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list is much longer, i.e., typical of what a
facultative symbiont is supposed to have.
On the other hand, its moderate symbiotic
efficiency, great activity, medium virulence
and good ability to compete with other sym-
bionts are not typical of facultative species
(see. p.,7):

The most important characteristic of fac-
ultative symbionts is their ability to form
sporophores when growing by a saprophytic
mode of nutrition. At least in Finland this
is not the situation in respect to Paxillus in-
volutus. Probably some other species con-
sidered facultative also lack this ability.Thus,
Xerocomus sublomentosus, Laccaria laccata
and Thelephora terrestris seem to be depend-
ent in their fruiting on mycorrhizal connec-
tions (p. 26). Mycorrhizal fungi which are
able to form sporophores when growing by
a saprophytic mode of nutrition probably
exist, but in general the observations con-
cerning them require verification. It may be
of interest to note here that X. subtomentosus,
for instance, seems to include both my-
corrhizal and saprophytic strains, but not
facultative ones (cf. LUNDEBERG 1970).

If, as is usually done, facultative symbionts
are defined as species which can grow, or,
this being difficult to detect, survive in soil
without connection to a host, their number
evidently is great. According to RoSENDAHL
and WiLpE (1942), mycorrhizal fungi in gen-
eral survive saprophytically in soil, and ac-
cording to KeLLEY (1950), they do not ac-
tually differ from other groups of fungi. Any-
way, it is generally known that at least sev-
eral ectomycorrhizal species survive for de-
cades after clearcutting, sometimes for as
much as 150 years (see HARLEY 1969, p. 66).
According to BsorkmaN (1949, p. 225), sur-
vival occurs in an »inactive» state, but Lyr
(1963 b) assumes that at least some of these
fungi may take part in decomposition of
litter.

According to several studies, many ecto-
mycorrhizal fungi release small amounts of
enzymes attacking complex carbon com-
pounds (LiNpDEBERG 1948, NORKRANS 1950,
Lyr 1963 b). Thus, they are not wholly in-
capable of breaking down litter, especially as
the mycelia in soil very likely have higher
enzymatic activities than those grown on
synthetic media (Lyr 1963 b). According to
LunpeEBERG (1970), the corresponding ac-
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tivity of Paxillus involutus is very limited
and thus the species must be regarded as
a typical ectomycorrhizal fungus. On the
other hand, it is readily isolated and grows
well on synthetic media, both facts which
suggest a tendency toward saprophytic nutri-

tion (MELIN 1925, p. 116, Lyr 1963 b). \Wheth-
er Paxillus involutus is able to grow in the
soil without a host, and if so, to what extent
and for how long, are uestions that can not
vet be answered, but the same is also true
of the other ectomycorrhizal fungi.

62. METHODOLOGIC ASPECTS

Semiaseptic synthesis as compared to asep-
tic synthesis, gives results sooner and is
easier to carry out. Further, all mycorrhizae
are similar to those formed in nature. On the
other hand, only a very limited number of
symbionts can so far be successfully inoculat-
ed under semiaseptic conditions. This number
will undoubtedly increase with improvement
in methods (cf. HacskAvyLo and Vozzo 1967).
Contamination by other mycorrhizal fungi is
another drawback (e.g. HENDERsoN 1968,
Marx and Bryan 1969), particularly in ex-
periments of long duration.

In aseptic synthesis, in addition to my-
corrhizae similar to those formed in nature,
other types of infection may also occur. In
the present study a few strains of Paxillus
involutus formed only more or less loose
mycelial wefts, the significance of which is
difficult to interpret. In semiaseptic synthesis
these strains did not take at all.

So far, some 80 species have been asepti-
cally established to be ectomycorrhizal fungi
(see Trarre 1962). Probably several times as
many exist, however, for instance many of
those in which synthesis has failed (cf. Mo-
pESS 1941, Zaxk and Bryan 1963). On the
other hand, the conditions in aseptic synthesis
may be »too favorables; that is, perhaps not
all proven symbionts are actually capable of
forming mycorrhizae in nature (SINGER
1964 a). In the present study Paxillus in-
volutus in aseptic culture was demonstrated
to form mycorrhizae with alder, although
these were weakly developed and few in num-
ber. Their existence could not be confirmed
in nature, where P. filamentosus is specialized
on alder. The synthesis was also successful
semiaseptically when mycorrhizal pine seed-
lings were used as inoculum. Immediate and
long-lasting contact with this inoculum and
complete absence of other symbionts resulted
in a slight infection even in alder. Thus, as
suggested by RomeLL (1938), synthesis ex-

periments seem to tell what fungus-host com-
binations are physiologically possible. Ac-
cording to MeLIN (1953), too, complementary
observations in nature are needed in order to
say whether a certain species is, for example,
ecologically important or whether it forms
mycorrhizae in nature at all.

As mentioned earlier, not all strains of
Paxillus involutus formed mycorrhizae in
synthesis experiments. Some of them lost the
ability during the study, while others were
»inactive» from the start. All the nine strains
studied were incapable of utilizing cellulose
and lignin, however, and, therefore, the in-
active ones are better considered to have lost
their ability to form mycorrhizae at isolation
than to be saprophytes. Thus, the negative
results in synthesis experiments should be con-
firmed with several other strains. Great diffe-
rences between strains in other experiments,
too, emphasize the need to use numerous
strains in addition to adequate replication.

In the present study mycorrhizae formed
by Pazxillus involutus were identified in the
field. The primary criteria used, general ap-
pearance and color, were learned through
aseptic synthesis. As a check, a few repre-
sentative specimens were placed on agar, on
which this particular symbiont, even without
surface sterilization, usually emerges within
24 hours. In connection with this work sev-
eral other characteristic mycorrhizae were
also observed. This supports TrRaAPPE’s (1967 a)
view that the possibility of identifying my-
corrhizae is better than has hitherto been as-
sumed.

As to whether ectomycorrhizal fungi form
sporophores when growing by a saprophytic
mode of nutrition, the need for thorough
investigations must be emphasized. The oc-
currence of sporophores on meadows and
pastureland as well as in cutover areas and
gardens, etc., does not, even for species
requiring woody host plants, necessarily mean



that they have been formed by saprophytic
myecelia. On sites of these kinds, seedlings of
broad-leaved trees, for example, may be more
or less hidden. If their absence is not care-
fully checked, an erroneous conclusion is
drawn. For Paxillus involutus this has prob-
ably happened on several occasions (cf.
ScuwOBEL 1956, SiNGER 1964 a). In the
present study it was avoided by studying the
roots of nearby trees and seedlings. They re-
gularly bore mycorrhizae formed by P. in-
volutus. Although sporophore formation by
saprophytic myecelia is not impossible in the
presence of mycorrhizae formed by the spe-
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cies in question, it certainly is not probable.

In this connection the value of trenching
experiments is stressed. IFinding entirely con-
vincing examples in nature is chancy and la-
borious, and, therefore, such experiments are
to be recommended. It must be kept in mind,
however, that cutting the roots round a cer-
tain area and hindering their reentry into it
with a barrier does not necessarily prevent
new connections from being formed. Thus,
in the present study Paxillus involutus tended
to establish rhizomorphal connections under-
neath the barrier. For this reason isolation
should preferably be done from below as well.



7. SUMMARY

Pazillus involutus is a mycorrhizal fungus with
a wide host range. It includes species of at least
the genera Pinus, Picea, Pseudotsuga, Tsuga and
Betula, but the list evidently is much longer. The
species forms ordinary ectotrophic mycorrhizae with
a mantle and Hartig net. In semiaseptic synthesis
they may even take as little as a week to form.

These mycorrhizae can be identified in the field.
Identification is based on their general appearance
and color, and it can be confirmed by plating
vigorous and clean mycorrhizae without surface
sterilization on agar, whereupon the yellow-brown
mycelium of this particular symbiont grows out
within 24 hours.

In all sites where Paxillus involutus fruited, trees,
or at least tree seedlings, were present and they in-
variably bore mycorrhizae formed by it. In ad-
dition, a positive correlation was found between
the numbers of mycorrhizae and sporophores formed
by the species. It is concluded that Paxillus involutus
does not form sporophores when growing by a sapro-
phytic mode of nutrition.

In the presence of trees the species fruits to vary-
ing extents: in poor closed stands hardly at all and
in fertile stands profusely. After partial cutting,
soil scarification, draining and application of nitro-
gen, its fruiting increases markedly. The conclusion
is drawn that the growth of Paxillus involutus in
raw humus is arrested primarily as a result of de-
ficiency of available nitrogen. When the amount of
available nitrogen increases, the species becomes
active, infecting roots and growing into the sur-
rounding soil. In the opposite case P. involutus is
replaced by species characteristic of raw humus.

In pure culture Paxillus involutus behaves in
very much the same way as most of the other
ectomycorrhizal fungi studied. The amount of sub-
merged mycelium on agar is very limited, but the
aerial mycelium profuse. In the latter, sclerotia are
also formed. The pH and temperature requirements
are on the whole normal, but great differences exist
between individual strains. In addition to many
simple carbon compounds, the species is also able
to utilize starch. Cellulose and lignin are both useless,
but the species grows to some extent on birch

leaves and decayed wood. Nitrogen is utilized in
the form of both ammonium and nitrate, and the
species also grows on organic nitrogen sources, such
as peptone and certain amino acids. With regard
to vitamins it is heterotrophic almost exclusively
in respect to thiamine. The species does not secrete
any significant amounts of substances inhibiting the
growth of other fungi.

If the term facultative is confined to symbionts
that are able to form sporophores even from mycelia
subsisting by a saprophytic mode of nutrition, it
can not be applied to Paxillus involutus, but then
neither is it merited by certain other species now
considered facultative. If, on the other hand, my-
corrhizal fungi that survive in soil without a host
are considered facultative symbionts, Paxillus in-
volutus may very well be included among them. It
remains to be shown, however, whether it can grow
in the soil without a host, and if so, for how long
and to what extent.

Pazxillus involutus forms a balanced symbiosis,
even when the host is relatively weak and the fun-
gus relatively virulent. The species survives rather
well in pine seedlings planted in various sites; more-
over, the initial development of these seedlings is
better than that of seedlings transplanted when non-
mycorrhizal. The symbiotic efficiency of the species
in comparison with other mycorrhizal fungi requires
additional studies, however.

This study was focused on the fruiting, behavior
and attributes in pure culture, and mycorrhiza for-
mation of Paxillus involutus. The results obtained
by different approaches in general corresponded
well. This study further serves to emphasize the
need for thorough investigations concerning whether
mycorrhizal fungi are capable of fruiting when sub-
sisting by a saprophytic mode of nutrition, special
attention being paid to the possible presence of
mycorrhizae in the vicinity. In pure culture expe-
riments several strains should be used. Semiaseptic
synthesis is sometimes surprisingly rapid, its major
handicap being the limited number of fungal symbi-
onts that can be successfully inoculated. In both this
and aseptic synthesis mycorrhizal associations can
be formed whose existence in nature is questionable.
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Fig. 23. Paxillus involutus strains 1, 3, 4 (upper

row), 5,7, 8 (middle row), 12, 18, and 24 (lower

row) on Hagem agar. Age of colonies 16 days.
Note differences in color.

Fig. 25. A view of the outer side wall of the
trench reexposed, just behind the polythene.
Isolated plot 5 in stand 7 o, Vaccinium type.
Trenching May 6, photo Oct. 10, 1968. New pine
roots, grown against the polythene, with coral-
loid mycorrhizae formed by Paxillus involutus
as well as thick rhizomorphs. 2/, of natural size.

Fig. 24. Pine mycorrhizae formed in aseptic

synthesis with Paxillus involutus, strain 5. See-

ding April 10, inoculation May 9, photo Oct. 8,

1968. Note rhizomorphs and sclerotia. Magnifi-
cation x 6.

Fig. 26. Heavy Paxillus involutus infection on
birch roots that had grown in decayed spruce
wood. 2/, of natural size.
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KANNATTAJAJASENET — UNDERSTODANDE MEDLEMMAR
CENTRALSKOGSNAMNDEN SKOGSKULTUR
SUOMEN PUUNJALOSTUSTEOLLISUUDEN KESKUSLIITTO
OSUUSKUNTA METSALIITTO
KESKUSOSUUSLIIKE HANKKIJA
SUNILA OSAKEYHTIO
OY WILH. SCHAUMAN AB
0Y KAUKAS AB
RIKKIHAPPO OY
G. A. SERLACHIUS OY
TYPPL OY
KYMIN OSAKEYHTIO
SUOMALAISEN KIRJALLISUUDEN KIRJAPAINO
UUDENMAAN KIRJAPAINO OSAKEYHTIO
KESKUSMETSALAUTAKUNTA TAPIO
KOIVUKESKUS
A. AHLSTROM OSAKEYHTIO
TEOLLISUUDEN PAPERIPUUYHDISTYS R.Y.
OY TAMPELLA AB
JOUTSENO-PULP OSAKEYHTIO
TUKKIKESKUS
KEMI OY
MAATALOUSTUOTTAJAIN KESKUSLIITTO
VAKUUTUSOSAKEYHTIO POHJOLA
VEITSILUOTO OSAKEYHTIO
OSUUSPANKKIEN KESKUSPANKKI OY
SUOMEN SAHANOMISTAJAYHDISTYS
0Y HACKMAN AB
YHTYNEET PAPERITEHTAAT OSAKEYHTIO



