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ABSTRACT

The nutritional requirements of.single isolates,
obtained from sporophores, of Boletus elegans, Bolatus luteus,
Boletus bovinus and Bolectus variegatus were compared., The
results agree closely with those of other workers. The
anino acid mixture used in the maximum nedium was found to
be sligﬁtly unbal anced, because the removal of certain
acids resultéd in inproved growth of the fungis The
gignificance of this with regard to the effects of roots

end root exudates is discussed. IJoletus elepans was

stimulated by low concentrations of calecium, but the
responce was snall,

Isolates of the four Boletu¥ specics were
markedly sfimulated by excised tomato roots, and in
addition Boletus wariesatus responded to cell-free root
exudates, bﬁt not to hot water extracts or homogenates.
A quanfitative nethod for the bioaséay of exudates, extracts
and homogenates was developed.

Chronatography of root exudates revealed a
renge of amino acids and other compounds. Lérge anounts
of glutemine and asparagine wvere found, but neither of

these compounds stinulated the growth of Boletus variegatus
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Bpletus variegatus was stinulated slightly by

nicotinamide adenine dinucleotide obtained from one source,
and glso by kinetin sand adenizie, but in no case was the
stimulation great enough to account for the response to roots
or root exudates,

Basidiospores of the four Bolofus species already
nentioned germinated on malt extrack szgar in the presence of

a yeast, Rhodotorulsa rubra, and also in the presence of

tomato, pine and larch roots., Spores of Boletus luteug

also gerninated in the presence of yeast culture filirate
and excised tomato root exudate.

Boletus elegans interacted markedly with Boletus

bovinus and Boletus luteus, and to a lesser extent with

Boletus variegatus, when grown on malt extract agar.

Similarly Boletug bovinus interacted strongly with Boletus

variegatuss The Boletus isolates were inhibited by liarasmius

alliaceus and Clifocybe infundibuliformis, both of which are

leaf-litter saprophytes, but not by a range of iwood-
destroying end woodpinhabiting Hymenonycetes. Two other
soil saprophytes, a Penicillium species and a Trichoderma
species, also inhibited the growth of the Boletus species.
Both of these latter antsgonists were isolated from soils

containing abundent nycorrhizas.
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REVIEYW OF THE LITERATURE

The nycorrhizal association.

Ectotrophic mycorrhizas are the results of
symbiotic associations between Easidiomycéte fungi end
forest trees. They oppear to be the rule rather than the
exception in nature, and are most abundant in acid soils
of poor 6r unbalanced nutrient status,.

lleny obserwations made in the field support the
view that the symbiotic association benefits the host plant
(Melin, 1917; Kessel, 1927; Roeloffs, 1930; Oliveros, 1932;
Rayner, 1938, end Dimbleby, 1953%)s Other otservations, made
under more easily controlled conditions in nurseries, aiso
support this hypothesis and show that grester smounts of
inorganic nutrionts are accumulated by infeccted plants,
though only phosphorous has been shown to be greater on an : .
unit dry weight basis (Hatch, 1936 end 1937; Young, 1936;
iiitchell, 1937; licComb, 1937 and 1943; Miller, 1938; Royner
et al., 1941; White, 1941; Finn, 1942; Rosendehl, 1942, end
Bjorkman, 1944a).

The technique employed by ielin (1936) and
Hacskaylo (1953) in which a nycorrhiza between an aseptically
grovm seedling and a pure culture of a known fungus is
synthesized in vitro, is now gencrelly accepted as a means

of proving vhether a fungus forms mycorrhizas. This method
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has shown that nost mycorrhizal fungi belong to the genera

Boletus, Amanita, Tricholoma; Ruséula, Lactariug and C
Cortinarius of the Agericales, A few are @asteromycetes

such as Scleroderma surentium and Rhizopogon speciés,'and a

few are possibly Ascomycetes, Ccnococcum graniforme,

probably a Bteriie Ascomycete, is perhaps the commonest of’
ell nycorrhizal fungi,

‘The majority of known hosts bélong to the three
families Pinaceze, Letuleaceac and Fagaceae,

‘The degree of fungal specificity Va:ies‘wideiy

from the very non-specific Cenococcum graniforme, which is

knoymn to assoclate with 16 hoét_genera, to Bolctus elegans,
vhich only occurs with Larix sPécies.‘ A recent roview lists
8ll recorded associations including thoSe_based on casual
obéervations made in the field (Trappe, 1962).

Studics on the morphology end anatomy of ectotrophic
" nycorrhizas have been nade Ey a nuﬁbér of workers, mogst of
them in respeect of beech (Clowes,‘l949, 1950, 1951 and 1954;
Harley.‘ 1957 ond 1940}, snd pine (ilelin, 1927; Aldrich-blzke,
193%0; Hateh gt sl., 1933; Bjorkman, 1941; Preston, 1943, and
Robertson, 1954). Beech mycorrhizas are considered to be
the nore typical mycorrhizal structures, the root system
béing racemosely brenched with'thebyoung non-suberized roots

infectcds The degree and type of infection for beech
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nycorrhizas varies, depending on the soil conditions and
the species of fungus iﬁvolvcdk Pine differs particularly
in that the branching of the root system is dichotomous, a
characteristic reaction of the host to the activities of
the fungus (Slankis, 1948a and 1950).

Aﬁatomically nycorrhizal roots consist of the host
tissues or core, surrounded by fungal tissue or sheath., The
latter usually consists of two fairly distinct layers, an
inner one of hyphse with infercellular spaces and with
cytoplasm and nuclei in evidence, and an outer layer of
larger, thick-walled, conpsacted hyphae. The inner loyer is
continued aé a system of hyphae penetrating the host tiscues
intercellularly, sonetimes as far as, but never beyond, the
endodernis, Some intracellular penetration by hyphae does
occur as the mycorrhizas age. The outer laycr of the sheath
is continued as a system of hyphae penctrating into the
goil, eithér extensively or in a more limited menner,

As nentioned earlier, nycorrhizas are particularly
abundent in soils of low pH (Hatch et al., 1933), and arec
less common in bace-rich soils (lielin, 1917, and Harley,

1940)., Trom investigations corried out over a number of years
Hatch (1937) concl uded that the internal nutrient status of
the roots was the controlling factor with regard to the

intengity of mycorrhizal formation. IHe found that the
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‘addition of a balanced nutrient mixture to the soil resulted
in the production of fewer nycorrhizas.

Bjorkman (1942 and 1944b) considered that light
intensity.was.important. At higher light intensities more
soluble carbohydraté was present in the roots of the host
trees, and more nycorrhizas were formed undef these conditions.'
Any factors tending to reduce this soluble carbohydrate level,
such ag increased nutrient supfiy to the roots, 1qwer light
intensity and removal of the phloenm By strangulation, |
resulted in fewer nycorrhizas, The theories of Hafch and
Bjorkmean seen therefore to be compatible. Other workers
hove since substontiated these results (Harley, 1948;

Robertson, 1954; Harley,ct al., 1955, and Wenger, 1955). It

——

has been reported that Cendcoécun groniforne forms mycorrhizas
at perticularly low light intensities (ilikola, 1948).

Iv is difficult to see, however, how the soluble
carbohydrete concentration within a root can induce
nycorrhizal formation, Presumably gome sort of stinulatory
factor would need to be exuded by the roots into the. |
rhizosphero. It has»been pointed out bylﬂafley (1959) that
light intensity would also influcnec the production of meny
substances other than sugars, and that sugars would be, in
any cabe, rather_non-S§ecific. It is also worth noting that.
the soluble carbohydrate content of mycorrhizal roots could

e the result of, ond not the cause of, nycorrhizal formation
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(Handley ct al., 1962). TFinally the different mycorrhizal
associations, sgome highly ‘specific, others very nuch less
specific, between the fungl. and the hosts, nust be explained,
The linited information available suggests that
nost mycorrhizal fungi have little or no ability to exist as

saprophytes in the soil. Although Cenococcun graniformc has

been reported to be widegpread in soils where suitable hosts
wvere absent, this appeors to be an exceptional case (Hikola,
1948), A few have been reported to occur as rhizomorphs, e.ge.

Boletus bovinus, Boletus gcaber and Cenococcum graniforme

(Rayner et al., 1944, snd Levisohn, 1955), and one, Boletus

subtonentosus, can fruit in the absence of living host roots

(Rommell, 1938 and 1939), It is interesting to note that
nany species of mycorrhizal fungi are ecasily cultured in the

laboratory, ec.g. species of Boletus, Amanita and Tricholoma,

while others are not, c.g. Russula épecies.

Roots of susceptable trees may be infected by
nyceliun from existing, adjecent mycorrhizas, by basidiospores
znd possibly by hyphac from resistant structurcé such as

rhizomorpha. The experiments of Robertson (1954), in which

scedlings of Pinus sylventris were inoculated, under controlled

conditions, with spores of Boletus granulatus, suggest ithat

basidiospores can be an efiective source of inoculum., It has

becn showm for Pinus sylvestris that established mycorrhizas

develop with the growing roots, and cen perennate over 2 to 3
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years (Robertson, 1954),.

The probler of salt uptake by plants infected with
nycorrhizas has been studied in some details, Using a
nodified version of the technique already described above
(sec page 6) for synthesizing in vitro, it has becen showm
that radioactively-labelled ions of calcium, sodium, phosphate,
smnoniun and glutamate can pass from the substratun, via
living fungal hyphae, to tho host tissues (Melin et al.,

1950, 1952, 1953a, 1953b, 1955a and 19582),

The nechanisn of phosphate uptake has bcen stud ied
in oxcised beech nycorrizas collected from woodlend soils
(Herley et al., 1950, 1952a, 1952b, 1953, 1954a, 1955, 1958
and 1963). Infeccted roots absorbed very much morc phosphate
fron solutions than uninfeccted ones, and did .so by en active
mechoanism which was temperature and oxygen dependent, 90 per
_cent. of the phosphate taken up was found in the fungal sheath
but this quantity was reduced cither by placing the roots in
solutions of high phosphate concontrﬁtion for absorplion, or
i1 phosphate-frec solutions after absorption. Low oxygen
tensions glso hed a gimilar effect, and, with intact seedlings,
so. did high transpiration rates (lielin, 1958b). Removal of
the sheath or slicing the mycorrhizas resulted in increased
phosphate uptake by the core.

llovement of phosphate from the sheath to the core,

in phosphate-free solutions, was also found to be temperature
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end oxygen dependent. It scems that nearly all of the
phosphate in the sheath is in an L.orgenic form, stored at
special sites, and there is probably only a very small pool

of inorganic phosphate., Any phosphate passing from the sheath
to the core goes via this inorganic pool, because only
inorganic phosphate enters the core tissues.

Phosphate reaching the core from solutions of low
phosphate concentration ﬁrobably passes directly from the
extornal éolution, via the inorgecnic pool of the sheath, the
orgenic pool remaining undiminished.

In solutions of high phosphate concentration
phosphate passos directly to the core via the intercellular
spaces of the sheath, This results in increcased phosphate
uptake by the core. Iecause high concentrations of phosphate
are unlikely to occur generally in soils, this pafhway is
probably of no importance under natural conditions.

| A study of the process of phosphate uptake by
intact plants over long periods hes confirmed the above
‘hypothesis (Morrison, 1962a and 1962b). Infected dlants were
found %to absorb phosphate at a steedy rate, which was
independent of their internal phosphate concentrations, In
uninfected plants no such independent absorption was found.
Absorption of sulphate in both infected and uninfected plants
wes found to be dependent-on internal sulphate concentrations.

Infected plants eventually accunulated more phosphate than
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uninfected ones,

The fungi.

- The fungi of ectotrophic.mycorrhizas are considered
by Gerrett (1950) to be highly specialized parasites evolved
to a stage where the symbiotic>balance between fungus and
host has become obligatory to the fungus in vivo. The
results of nutritional experiments indicate that, in the soil,
the fungi are likely to be restricted to such situations as.
the rhizosphere, The apparent linited distribution of
nycorrhizal fungi as free-living orgenisms in the soil has
already been referred to, though observations of mycelia
groving on.glass slides in noist soils lecave some room for
doubt (K1ljusnik, 1952).

Sone groups of liymenomycetes are well repreSentéé
in the literatufe on nutrition, notably Doletus (ielin, 1925,
and How, 1948), fricholoma (Workrens, 1950), larasmius
(Lindeberg, 1944), IHycena (il. Fries, 1949), Coprinus

(L, Fries, 1955 cnd 1956) and Psalliots bispora (Treschow,

1944). So also is Cenococcum greniforme (likola, 1948, end

Keller, 1950 and 1952).

riycorrhizal and non-nycorrhizal liymenomycétes
differ particularly in ono‘aspeét of their>nutrition, that
is in their ability to decompose cellulése and lignin of

leaf-litter. ILycorrhizal Hymenomycetes are unable to
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decompose these substrates, on exception being Tricholoma
fumosums lion-mycorrhizal Hymenomycétes, on the other hand,

including such soil-inhabiting genera as lisrasmius, Clavaria,

Collybia, Clitocybe and liycena (Lindeberg, 1944, 1946 end

1949), and also a nunber of wood-destroying species (Cempbell,
1930, 1931 and 1932, and Scheffer, 193%6), generally posses
this ability.

Mycorrhizal Hymenonyecdtes are also,unable to produce
extracellular polyphenol oxzidases, a property which gcems to

be closely correlated with the sbility to decompose lignin

(Lindeberg, 1948). Exceptions are Lacterius deliciosus,

Boletus sceber and Eoletus subtomentosus. Concentrated cold

wrater extracts of leef-litter are inhibitory towerds
nmycorrhizel Hynenomycetes (iielin, 194G), possibly because of
the presence of phenolic compouﬁds (arley, 1959).

Thesc facts cxplain in part the linited distribuviion
of nycorrhizal lymenonycetes in the soil.

The host plant is probably the nmain source of carbon
for mycorrhizal fungi in vivo. The transfer of carbon fron
host to fungus has been denonstrated in vitro using radio-
actively labelled carbod dioxide (ielin et al., 1957).
Fhotosynthetic products were found to pass into the fungal
sheath. ilowever HacDougol et al. (1944 and 1946) reported that
pacudonycorrhizas isolated from their parent treces in the soil

survived for meny years. ilore recently it hes been ciown
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that excised beech mycorrhizas can assimilate radioactively-
lsbelled bicarbonate into organic intermediates (Harley, 1964),
importent perhaps, in view of the fact carbon dioxide levels
are sometimes very high in soils (Brierley, 1955).
liymenonycetes, including nycorrhizsl species, are
generally similar’in their nitrogen rgquirements, preferring
amnonium or orgpnie forns of nitrogen to nitrate nitrogen;
Asparagine is particularly well utilized, and also, to é
lesser extent, so are ureé, peptone, nucleic acids and césein
_ hydrolysato,
g liycorrhizel Hymenomycetes appear to have no special
ﬁeavy metal reguirements, Iron, as might be expected, is
required ﬁy 211l Hymenomycetes although the evidence for this

is not particularly well documenied, Calecium requirements have

been denonstrated for species of Tricholoma, liarasmiug and

Coprinug, although the observed effects could be, in sone
cases, the result of a protective influence of calcium ions

at plis loywer ehan optimal for fungal growth (Lindcberg, 1944).
Requifements for zinc and manganese have rarely been observed,

except for zinc in’the cagse of lHarasmius scorodonius (Lindcberg,

1944).
Thieamin heterotrophy seems to be the rule among
lHymenonycetes. It has been found for species of Amanita,

Boletus, Paxillus, Cortinsrius and Tricholoma (Ieclin, 1954),
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and for nany soil-inhabiting and wood-destroying species

(Robuins ot al., 1942)., A few require the jntact thiamin

nolecule for growth, e.ge. Cortinarius glsucopus, but most are
able to utilize the separate moieties, thiazole and éyrimidine.
Tricholoma species only need the pyrimidine moiety, whereas a
few are able to synthesize the thigmin nolecule completely,

e.g. Clitocybe geotropa, and Hypholoma fasciculare., Different

degrees of heterotrophy have been found with different strains

of Loletus granulatus (ielin et al., 1941).

Rather few requireménts for other vitamins have
been found emong Hymenomycetes., A partial requirement for

biotin has been noted for Rhizoposon roseolus and Cenococcun

graniforme gmong nycorrhizal species, and Harasmius

androsaceus and Coprinus narcoticus gmong non~nycorrhizal

species (Melin et al., 1940; Lindeberg, 1941 and 1944, and

llikola, 1948). Collybia dryophila is completely heterotrophic

for bhotin (Lindeberg, 1946). Partial requirements have also
been demonstrated for pantothenic acid, nicotinic acid and
para-giinobenzoic ecid in Tricholoma species, for nicotinic

acid in Lactarius deliciosus (Melin, unpublished), for

pantothenic acid in Folyporus texsnus (Yusef, 1953) and for

inositol in Rhigopofon roseolus (ilelin et al., 1939).

lyoorrhizal liymenonycetes generally respond to
amino acid additions, but the limited cmount of evidence
available suggests that non-nycorrhizal liymenomycetes behave
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sinilarly. For some species an emino acid mixture 1s superior
to mmonium salts as a nitrogen source, e.g. Cenococcun

greniforme (lMelin and likola, 1948) and Lacterius deliciosus

(lielin and Norkrans, 1948). The response of species of

Amanits, Toletus, Cortinarius, Lactarius and Rhizopogon to

sriino acid mixtures appeers to be due, particularly, to
glutamic scid (ilelin, unpublished). Eoth nycorrhizal and
non-nycorrhizal Tricholoma specics respond to glutanic acid,
pone also showing vartial requirements for aspartic acid,
proline, hydroxyproline, histidine and tryptophane, Partial

requirenents for tyrosine and phenylalenine in liycena rubro-

narginata (N. Fries, 1949) and for tryptophane in Lentinus
omphalodes (li. Fries, 1950) have been reported, The balance
of the emino acid mixture also secns to be important, some
anino acids, notably the aromatic ones, being inhibitory if
added singly to the medium, but not if present in a balanced
nixture, The partial requirement for glutemic acid can be
alleviated by e-ketoglutaric acid (liorkrens, 1953).
liycorrhizel Uymenomycectes are unaffected by additions
of nucleic acid constituents (ilelin, 1959), though some
non-mycorrhizal species belonging to the genera Polyporus
and llycena respond to a concentration of 50 prrts per nillion
adenine (Hl. Fries, 1951). liowever helin (1959) found that
adenine end qlosely related compounds including hypoxenthine,

at very low levels, nillified the growth response of & strain
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of Loletus veriegatus to roots snd root exudates.

The effceects of roots and root exudates.

Investigations have showm that the growth of the
myceliun of a number of nycorrhizal fungi is significantly

increased by roots of Pinus sylvestris and & range of non-host

plants, notably tomato (iielin, 1954 and lielin et al., 1954).
These results were obtained in a mediun containing o wide range
of emino zcids and D-viteomins. Some fungi such as species of

Anenite, Boletus, Lactzriud and Bhizopogon, oniy partially

require this stinulatory factor from roots, the li-factor of

ilelin, Othere such =28 Ruscula species, Cortinarius glaucopuc,

Pholiota caverata ond Lsctarius helvus show a complete or

nearly complete requirenent., “he only evidence vhich ghows
that non-nycorrhizal liymenonycctes are not similarly
stinmulated is experiments in which fungi were cultured in

nutrient solutions with Pinus sylvestris secdlings (Lundeberg,

1960)., Three foletus species grew attatched to the roots,

©

end formed pseudonycorrhizal structures with them. Pgalliota
arvensis on the other hend was not affected, cither
quantitatively or qualitatively by the roots,.

sxudetec of exeised tomato roots, collected in
distilled water over a period of 6 days at 4°C., also

stimulated the growth of loletus variegotus (iielin, 1962 cnd

1963), end similar results were obitained with ezciged Pinus
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ot

Sylvestris rootse uJxudates from both types of root hed their
naximun effcct at 5 to 10 units of exudate per 20 ml, of
nedium, Onc unit of exudate is that collected from . onc ng,
dry weight of root for 6 days at 4°C, sxudates of Pinus
Sylvestris roots of scedlings had their nexinum effect ot less
than 5 units per 20 mli, of mediun,

Two components geen to be concerned in the stinulatory
effect; one, the diffusible fector present in exudates, and the
other a non~diffusible factor, which is not extracted from
roots by boiling water. i

Further ezveriments with roots =znd root exudates
sugrest, tlas, the presence of zn inhibitory component, At
cxudate concentrations greater than 20 units per 20 ml. of
nedium (10 units for pine scedling root exudates) this
inhibitory component outweighs the efifect of the stimulatory
conponents, sxudate collected from damaged roots shous
reduced stinulatory activity at 211 concentrations, suggcsting
that the inhibitory component diffuses nore easily fron
demoged cells than from intact ones. Autoclaving demaged
roots before exudntion restores the stinulatory activity to
nearly it's original leovel, poscibly, asg ilelin suggests, by
insetivetion of o heat-labile factor, which restricts the
activity of the diffusible stinulatory component (ielin, 1963)s

2fforts to identify the diffusible stinmulatory

factor have so far been unsuccessful, Anong a number of
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sugar phosphates frﬁctose, 1-6, diphosphate stimulates the

growth of Boletus variegatus and the non-mycorrhizal Collybia

velutipes, but it is not knowm whether it could replace the
root effect (iilsson, 1956). ﬁofe recently, in a report to
the Svodiéh Council of Natural Science; it was stated thét
nicotinanide adenine dinucleotide replaces the diffuéible

stinulatory factor (iiilsson, 1960)}.

Other unidentified growth factors.

Ash and dilute cold water oxtracts of humus
stimulate the crowth of mycorrhizal fungi (iielin, 1946), the
former, it is suggested, by the presence of calcium, ond the
letter by some organic component. As has already been
mentioned high concentrations of water extracts are inhibitory,

uxtracts of Calluna peat are also iﬁhibitory towards
nycorrhizal fungi, en effect whiéh is nullified by the
preseice of soil saprophytic microorgenisms. Such orgenicmg
probably destroy or remove the toxic.substances involved.

Boletus scaber, which is a polyphenocl oxidasc producing

nycorrhizel fungus, commonly associates with birch on Calluna

heathlends, ond is relatively immune to Calluna extracts

(Dimbleby, 1953).

The s0il microflora and mycorrhizal fungi.

It is known that certain Pseudomonag speciecs found
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in soils arc essential for the in vitro synthesis of

endotrophic mycorrhizas (Mosse 1962). As might be expected

a nunber of observations point to the possible importance of

s0il microorganisms in the formation of ectotrophic nycorrhizas.
The nycorrhizal fungi may bte directly influenced by

antibiotics produced by actinomycetes (luller, 1960) and

fungi (Raymer et al., 1944, ond Levisohn, 1957). Iliuller

found that actinomycetes and antibiotics such as actinonycin,

chloronycetin, streptomycin, penicillin ond patulin, generally

had greater effects on proven mycorrhizal fungi, e.g Doletus

bovinus, Eoletus luteus and Bolctus variegatus, than on

doubtful mycorrhizal formers, e.g. Gomphidiusg spocies.
Rayner et al. found that in soils on ‘arehem lieath rhigzoworphs

of Zoletus bovinus did not infect available hosts, This was

later ascribed to the production of gliotoxin by Penicillium
Jjenseni, a common fungus in these soils (Brian ot al., 1945).
_ Levisohn (1957) observed that in mixed cultures, Boletus
species were inhibited, to & greater or lesser extent, by

M ternaria tenuig. Pseuvdonycorrhizeal fungi such as [iycelium

radicis gtrovirens end a Rhizoctonia species were not inhibited.

Simiiar résulta were obtained with culture filtrates of

Alternaria tcnuis.

dycorrhizal fungi may also be influenced more
indirecctly by the activities of soil saprophytes. The

inactiVation of inhibitory substances in Calluna cxtracts has
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already been nentioned (see page 20).

The role of microorganisms in basidiospore germination
will be dealt with in a later section.

There is some cvidence that the rhizosphere microfloras
of mycorrhizel ond non—mycorfhizal roots differ (Katzneclson et
8ley 1962). It vas found that nore bacteria were present in
the rhizospheres of mycorrhizal roots of Yellow Lireh scedlings,
compared with uninfected roots, ond that a greater pronortion
of these bacteria were slower growing and more exacting in
their nutritional requirements. The fungal population of the
rhizospheres of mycorrhigal roots was also qualitatively
different from that of uninfected roots, species of Pythiun and
Fugoriun being aboent from the foraer,

Finelly there is some cvidence that nycorrhizas may
protect host roots against.infcction fromn wood-deotroying
parasitic liymenomycetes (Rypacek, 1960). In culturc Lolctus
Yariegatus wes found to be antegonistic towards some parasitic

wood-degtroying specics, c.g. Poxillus atromentosus, Fomes

narginatus and Phellinus hartigi, dbut not towards some vrood-

deconposing seprophytic fungi, c.g. Ocmoporus odoratus,

Schizophyllun comuaune and Xylaria hymoxylon.

Bagsidiosnore sernination,

The rather linited ocmount of information on the

gernination of bacidiospores of mycorrhizal fungl suggests
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that thesc spores do not germinsate easily, and will only do
so in the prescnce of an activator, produced by certain
living microorzanisms. The spores of a number of species of

Lycoperdon, Scleroderma, Ioletus, Tricholoma, Ananita, Faxillus,

Hydnun end Craterellus, meny of which are proven mycorrhizal
fungi, germinate only in the presence of cortain yeasts,

nanely Torula Suganii, Torula ssnguinea ond on unnemed species

(il. Fries, 1941 and 1943).
lielin (1955 and 1962) observed that roots of tomato

and Pinus gvlvestris also stimulate the germinabion of thecne

spores, Spores of species of Russula, Lacterius and

Cortingrius end also fmenita nuscaria snd Paxillus involutus,

will only germinate in the presence of roots, aend not in the
presence of yeasts. 1In some caeses the requircment is coven

nore gpeeific, e.g. spores of Russula odusta and Russule

rosgcea will only germingte with Pinus sylvesiris roots.

Spores of some species fail to germinate at 211, agein notably
those of certain Rugsula species, At the other end of the

scale spores of some Tricholona, Amonita end LEoletus species

and also Paxillug prunulus are able to germinate in the abscnce

of an activator (li. Fries, 1943; Khudiakov,ct al., 1951, and
ilelin, 1962).
Some fungi ere able to stimulate basidiospore

gernination. These include Cladosporium species, Irichosporiun

heteoronornhum, Cenococcum graniforme and liycelium redicis
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atrovirens. oSporophorc extracts of various Lasidionycetcs

also stimulatce the spores of Loletus luteus znd Loletus

variegatus to germinate,

Gernination is rarely above 0°1 per cent, for the
spores of any of the species mentioned, and the time for
gerninagtion is usuelly meny days.

Hothing is knowm of the naturc of the activator
which stimulates spore geraination. I Fries (1941) sugsested

thaty; in the case of Lycoperdon umbrinum, thoe activator functions

in two ways; one, by nullifying certain inhibitory substances
in the malt extract omar, and two, by directly stimulating the
sporeg. lielin has suggested that the lI-factor, which stinulates

nycelial growthy ond the germination sctivator mey he identical.
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I TRODUCTIOH

Four closely related species of DBoletus were

chosen for these investigations, Boletus elegans Schun ex Fr,,

Boletus luteus L, ex Fr,, Boletus bovinus L, ex Fr, and

Boletus variegatus Sow. ex Fr., These species are easily cultured,
amovn t ' )
and a cortainAis already known about their physiology in yitro.

Further their symbiosis with specific tree species is well
established,
The purpose of the investigations is three~fold.

First, to exanine in some detail nutrition in vitro, becausec

dota on this subject, for Boletugs species, is rather fragmentary.
Secondly, to repcat the cxzperiments and'extend_the
studies of Melin on the l=-factor from roots, vhich stimulates
the nycelial growth of mycorrhizal fungi in vitro.
Thirdly, to repeat and extend the studies of 1, TFriecs
and Helin on the activator which stimulates basidiospore
gernination of many Basidiomycetes, including both mycorrhizal

and non-nycorrnizal species,
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HATERIALS AID LiTHODS

The funci.
Toung sporophores of Doletus elegens, Eoletus luteus,

Boletus bovinus and Boletus variepatus were collected fronm

the places and on the dates shown in Table 1, Pure cultures
were established and kept at 25°C, on malt cxtract agar.
Tissuc of the pilcus taken from just above the stipe was
found to be perticularly suitable for isolation,

The malt oxtract agar contained malt oxtract (Oxoid)
- 15g., sgar (Davis, type P) - 15g, and distilled water to
1 litre, 7The following two media were also used: Lindeberg
agar (Lindeberg, 1948), which contained glucose - 108.,
NH4Cl - 0534, KH2PO4 - 0;55., HgSO4.7H20 - 055y melt
extract (Oxoid) - 2*5g., agar (Davis type P) - 15g. end
distilled wvater to 1 litre; ond modified Lindeberg agar, vhich
conteined glucose - 58., liiyCl = 0°5g., KlpPOy = 0+58.,
1155044790 = Oe5g., malt extract {Oxoid) - 5g,, agar (Davis,
type P) - 15g. end distilled water to 1 litre,

Analar recagents vere used vhere these were.available.
The nedia were autoclaved at 15 pesei. for 15 nminutes.

iialt oxbract esgar emd Lindclerg agar were uged
during the first few months, but loter stock cultures were

nointained on the modified Lindeberg agar. Isolates of
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TABLL 1, The Loleius isolates.

Species Isolate ilo,” Locality and dste collected
B, elegans 1 nr Silwood Pari, 10/61
" " 52 Elack iest, 8/62

" n 63 Silwood Park, 8/62

" n 67 nr Birminghan, 9/62

" n 77 Suinley, 10/62

" n 31 Tedgebury, 10/62

L. bovinus 42 Ledgebury, 11/61

" g 70 Silwood Park, 10/62

" " 73 Swinley, 10/62

" " 78 Windsor Park, 10/62

L. lutcus 19 silwood Pork, 10/61

" " 44 bedgebury, 11/61

" " 74 Swinley, 10/62

" noo 79 Windsor Fark, 10/62

n " 8% Redgebury, 10/62

Be variegatus 50 Eedgehury, 11/61

" " 55 tedgeobury, t/62

" 1 72 swinley, 10/62

" " 32 Ledgebury, 10/62
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Boletus elegans were subcultured every 4 weeks, Boletus luteus

and Boletus variegatus every 3 weeks and Doletus bovinus evéry

2 weeks, Stock cultures of certain isolates, namely Loletus

elegans (1), Eoletus luteus (19), Doletus bovinus (42) and

Boletus variegatus (50), used in the nutritional experiments,

vere also kept on malt extract agar under mineral oil (Liquid
Paraffin, S.G. 0-830-0‘870). These isolates will suﬁsequently
be referred to as the prinary isolates, | |

The nycelial morpholbgy of all isolates, growﬁ on
malt extract agar, was exemined, both macroscopically and
nicroscopically., Details are given in Appendix 4, aﬁd the
general appearanbe of colonies can bc seen in Fig. l, The
primery isolates.werc also exemined on basic end maximun
ionegar (see page ¥ for details of these media), =nd the
general appearsnce of the colonies can be seen in Fig. 2.
Again details arc given in Appendix A,

Biochenical tests were also carried out on all

isolates, growm on malt extract agar, and aged about 3 wecka,.

Details are given in Appendix B.

The synthesis of nycorrhizas in vitro§

The technique first used by lielin (1921) and later
modified by lacskaylo (1953) was adopted, with further slight
nodifications,

Seeds of Finus sylvestris and Lerix decidua were
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surfﬁce sterilized, ond vere then germinated as described

below (seec pages 3b and 5%), Two seedlings, aged about 5 days,
werc trensferred to a 50Cnl. conical flask containing 15g. of
vormiculite (mediwn grade), and 120ml. of a nutrient solution
containing glucose = 2¢5g., (liig)2liP0g = 0¢25g., KlgP0y ~ 0¢5g.,
CaClp = 0+05g., 1liaCl = 0+025g., 11g504.TH0 = 0+15g,, cthylamine-
disninetotra-sacetic acid (TFe sélt) - 6mg., thiamin HC1l =
0+015ng. (added with fungus) and distilled water to‘one litre,

In some experinments, following the method of
Ilacskaylo, the pH after autoclaving wes high, about 7+2, 1In
other experinents the addition of 10ml. of normal hydarochloric
acid to each flask gave a finel pH of 5°2.

Sicved snd non-sieved nycelial suspensions, =t 10nl,.
per flask, were used in some experiments, vthereas sgar inocula
were uscd in others. Details of the preparation of these
nocvla
medin arc civen below (see page ¥2).

Iﬁ some experiments, again following Hacskaylo's
nethod, flasks were inoculated with the fungus when the secdlings
were & to 12 weeks old, In others the flasks were inoculated
wvhen the scedlings were one weck old, In the former case
scedlings were removed for exaﬁination when they were about
18 weeks old, end in the latter case when they were about
12 weeks old.

The seedlings were freed from verniculite and

washed in tap water, care being teken to avoid demaging or

~
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breasking-off the lateral roots. Infected roots were then
transferred to fixative containing formalin - 5nl., glacial
acetie acid - 5ml, and 70 per cent. alcohol - 90ml.

| The fixative was removed by washing twice in 63
per cent, cthanol, and the material was then dehydrated by
passing through a series of solutions containing verying
proportions of water, nethylated spirits, tertiary butyl
elcohol and ethénol. The material was finally transferred
from pure tertiary butyl alcohol to a mixture of equal parts
of tertiary butyl alcohol and paraffin oil, Paraffin wax
(nelting point 56°9C.) was used for embedding.

B Sections, 10 to 12 microns thick, were cut and
nounted on clean glass slides with Haupts adhesive. ‘They
were then rehydrated, after removal of the wax with'xylol, by
passing through a series of solutions containing varying
proportions of ethanol and water, and finally into pure
water.

Various staining techniques were tried including
cotton blue in lactophenol, picroaniline blue and safranin
( aqueous end in methyl-cellosolve), fast grecn and safrenin
(aqueous and in methyl—cellosolve) and orsellin L znd crystal
violet. The best results were obtained, however, with ceorbol-
thionin end orange G.

Sections were placed in carbol-thionin for at lcast

one hour, znd were then transferred to absolutc aleohol, via
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a series of alcohols, The differentiation time in orange G
vas fairly critical, 30 seconds giving the best results, The
glides were finally rinsed in absolute alcohol and the sections

nounted in euparol,

The culture of excised tomato Troots.

Undemaged tomato seeds, variety Ailse Craig, wero
selected, and were immersed for 2 minutes in 0-02 per cent.
nercuric chloride containing a trace of Tween 80, They were

then washed in 6 changes of sterile distilled water for 10
nminutes each cheange, and werc placed on dilute malt extract
sgar (containing 0«5 per cent. malt extract). The sceds
gerninated in 3 days.

After onc weck radical tips, one cm. iong, were
excised wvith a sharp scélpel, and wére transferred to 250nl,
conical flasks containing 50ml, modified Vhite's mediunm,
which consists of sucrosc - 20g., Ca(1i03)2.4H0 = 0°23.,
1185044 7i150 - 0¢368., Kil03 - 0°08g., KC1 - 0e065g+y Ha250y4 =
0e2ge, 32HpP04.2020 ~ 0+0165g., KI - 0+7505e, FeSO4.7H20 -
2¢5nge, 1n504. 4120 = Oe5nge, Zn30,4.THQ0 - 1:5ng., H3B03 -
le5ng., thismin HCl - QOelng., nicotinic acid = QeSng.,
pyridozin HC1l - O+lmg. and distilled water to 1 litre.

Anslar rececents were used vhere available, The
medium, which differed from VWhite's medium proper in the

omnision of glycine, was sterilized by autoclaving at 15 PeSels
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for 15 minutes,

The roots were sgbcultured every week, the inocula
being sectors consisting of lateral roots, bearing their 5 to
8 youngést secondary laterals, with the primary lateral meristen
removed (Fige 3).

Three clones of roots were used during the course
of the investigations, because each tended to lose vigour
fairly rapidly ofter about 9 to 12 months. Some characteristics

of the clones are given below,.

Clone., Life span, Dry weisght in 7 davys.

c 1% nonths Te5ng.
X 8 nonths 4e5ng,
H 12 nonths Gebmg,

The culiure of exciscd Pinug sylvestrig rootse

Pinus sylvestris seceds were obtained from Thompson

end liorgen Ltd of Ipswich. Only dark, non-nottled sceds

werce selectied for use; becausc the others are believed to
gerninate poorly (Slankis, 1948)f Undamaged seeds were
immersed in 0+1 per cent. mercuric chloride containing a

trace of Tween 80 for 5 minutes. They yere washed in 6

chenges of sterile distilled water, eaéh of 10 ninutes duration,

eand placed on 0O+5 per cent, malt extract ager. About 60 per
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cent. of the seeds germinated in 7 days,

After 10 days radical tips, one cm. long, were
transferred to 150ml, conical flasks containing 20nl. of
Slenkia' medium {Robbins et al., 1936), vhich contaiﬁed glucose
- 30, 4d, 50 or 60g., Ca(li03)p.41i20 - Closg., 1gS504.TH20 -
0-01g.. KH2P04.2HéO - 04016584+, FeS04.7H20 - 1ng., HnClé -
Oslng., ZnClp - O+lng,, H3B03 = O¢lng,, thiamin HCL = 0-05mg.,
biotin - 0¢051g. e=nd distilled water to 1 litre.

Malar reagents were used vhere available, and the
nedium was sterilized by autoclaving at 15 p.s.i. for 15
ninutes,

The roots grew very slowly at all glucose
concentrations, giving a six-fold increase in root length
after 30 weeks, about 2¢6mg. dry weight, a figure which
compares well wifh Slankis' results (Slankis, 1948). fhis

slow zrowth rate nmeant that Pinus sylvegtris roots could be

used only in o few experiments,
10-2 molar indolyl-acetic acid was sometimes added
to the mediumin =n attempt to stimuwlate root growth, because

Ulrich (1962) found that 2 weeks pretreatment with the hormone

subsequently improved the growth of excised Pinus ponderosa

roots. lowever, no stinulation of Pinusg sylvestris roots

vas obtained,
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The culture of tomalo seedlings.

Seéds were sélected, sterilized end placed on Q¢5
per cent. malt extract agar as described above (see page 35).
As soon as the seedq had germinated they were tfansferred to
growth tubes, each of which consists of a boiling tube |

-containing a close-fitting glass cylinder with a piéée of
nylon net fastened over the top, snd with a cotton-wool plugs.
A growth tube is showm in Fig. 4; The net and the elastic
band used'fo héld the net in place were leached before use
by asutoclaving and leaving overnight in fresh distilled
wafer.

45 to 50ml. of nutrient medium was placed in each
tube so that the liquid level was 2mm. below the net. The
mediun is based on that used by other workers.(ﬂuider, 1948,
end Clark et al., 1932), eand consists of Ca(i103) 244110 -
0*2g., 1g504.THR0 — 0+2g., (iiHy)2504 = 0+ 25., KHpPOy = 0e5z.,
cthylencdieminetetra-acetic acid (Fe salt) - 2+5mg.,
HnS04.4H20 ~ 0.2578., CusSOq.5Hp0 - 0+05ng., ZnS04.TH0 -
0+05mg., H3E03 =~ 0+5ng., [apio0.2ip0 - 0-02mg. end distilled
water to 1 litre.

Analar salts were used where available, and the
mediun was sterilized by autoclaving at 15 p.sSei. for 15
ainutes.

Three secdlings were grown in each tube, and the

tubeg were wrapped in black paper to the level of the net.
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Sxperimental nedia,

The basic medium ugsed in these experiments was that
used by lelin (Helin et al., 1954), and consists of glucose -
20g,, ammonium tartrate - O-ﬁﬂé., 1g50,44 TH20 = Oﬁﬂg.,

KHpPO4 - lg., FeS044TH20 - 5uge, ZnS04.TH,0 = 5mg., thiamin
HC1 -~ O-OSmg. and distilled water to 1 litre.

Analar salts werc used vhere availeble, =nd the
nedium was steriliged by‘antoclaving at 15 p.s.i. for 15
ninutes.

TheAhaximum mediun consisted of the basic medium
plus an snino acid ﬁixture end a vitamin mixture, The amino
acid mixture consists of glycine - é-Smg., dl=g~alanine = 9%
Ny dl-valine - 39+ 5ng., l-leucine = 24+5mg., dl=-isolcucine
~ 24+5ng., dl-phenylslanine - 19«5mg., l-fyrosine - 33mg.,
1-tryptophane - 1lng., l-glutanic acid - 16lmg., l-aspartic
acid ~ 20+5ng., l=proline - 45.5mg., l=hydroxyproline -
ing., dl-serine - 2+5mg., dl-threonine = 17¢5ng., l-cystine =
le5mg,, dl-methionine - 1l7mg., l-arginine = 19ng., l-histidinec
liCl - l2-5mg.,‘l;lysine HCi - 30nge to 1 litre of medium,

The vitenin nmixture consists of riboflavin - 0«05ng.,
Ca pantothenate - 0.05ng., folic acid - 0+05mg., nicotinic
acid - O-OSmg.; Bgzg-aminobeﬁzoic acid - 0+05mg.s pyridoxine
lHC1 -= 0e05mge, biotin - 0+0005mg. and choline chloride - Qebmge.
and inosgsitol - 50mg. to 1 litre of medium.

Both the gmino acid and the vitemin mixtures were
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sterilized by autoclaving at 15 PeSeis for 15 minutes, and were
added tb the basic medium aseptically. |

The pH of the basic medium is 5¢0 and that of the
maxinum medium 4.6, |

Basic ionaggar and meximum ionagar were prepared by
'adding 12¢g. dxoid Ionagar lice 2 to a litre of basic or |
maximum'medium.

Unless othervise stated, 20nl. of liquid mediun
.and 20m1.‘of-ionagar nedium were used in 150ml. conical flasks
'and in 9cm. petri dishes respectively,

The‘carbon~soﬁrces used in the investigations are
listed below, The ﬁH adjustménts were made ﬁrior to

sterilization, to give a pH after sterilization of 5.0

" Carbon source and origin, pH adjuatment per 400ml.

Glucose (D.D.H.) | nil
Pructose (B.D.H.) "
Galactose (B.D.I.) n
Hannose (E,D.l.)
Xylose (%.D.Ji.) ) | Oe3nl, i/l a0l
lMannitol (B.D.Il.) nil

Haltose (B.D.H.) "

Suerose (E.D.H.) "

ia acetate (T.D.H.) 10nl, H/1 LCl

fa malate (5.D.H.) 5ml, i/l HCL
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Soluble starch (lopkins & Williems) nil
Pectin (Sunkist Growers) 2mle 1i/1 HaOH
lia polypectate (Sunkist Growers) nil
Carboxy-methyl-cellulose (Hercules) 1ml,. i/l HCL
HYood cellulose (Brown Co.) nil

Esparto hemicellulose 3ml. 1I/1 HC1

Fructose and xylose were sterilized by micropore
filtration and the rest by stesming,

Celcium chloride was sutoclaved separately and
added aseptically to the maxinun nedium.

Glutamine, osparagine, nicotinamide adenine
dinucleotide, kinetin and adenine were 2ll sterilized by
nicropore filtration znd were added aseptically ot the
maxinum mediun, licotinamide adenine dinucleotide and kinetin

were niade up fresh as required,

Fungel inocula.

The two main tynes used were nycelial suspensions,
which were used for the experiments with roots and root
exudates, and agar inocula, vhich were used in all other
nutritional experiments.

iiycelial suspensions were prepared form 10 day old

colonies floating on basic medium. 15 colonies were
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vere itransferred to a 150ml. conical flask containing glass
beads (Gmm. digneter) and 15ml. sterile distilled water, The
mycelia were then macerated by hand-shaking for 1} minutes.
Sieved mycelial suspensions were prepared by filtering
nycelial suspensions through butter nmuslin, using flie apparatus
illustrated in Fig. 5.

Agar inocula were prepared by cutting pieceg, 2mn,
square, from the periphery of a 10 day old colony on basic
ionager. Leached inocula were prepared by floating agar
inocula on sterile distilled water for 12 hours before use,.
All reducing suger was removea by this method, as shown by
a negative reaction to the modified Somogyi reagent (ilelson,

1944), ond probably most other nutrients as well.

Uxeised roots in experimentse.

I: experinents with excised tomato roots in basic
end naxinum mediun vhole 7 day old roots were used.

For experinents carricd out on naximum ionagar
sectors of the type normally enployed in subculturing were
used.

In experinents with killed roots either whole roots
or secto. 3 were immersed for 5 seconds in boiling water, end
were then transferred to flasks or agar platoes.

Szciced tonato root extract was propared by placing

7 day o0ld roots in boiling distilled water for 20 minutes,
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end then removing the roots from the oxtract end finally
the debris by centrifugation.

Homogenates of excised tomato roots were prepared by
nacerating 7 day old roots in a Varing blender for 2 minutes,
end then filtering off the mush and finslly removing the debris
ty centrifugation. Previously extracted homogenate wes
proprred by extracting with boiling distilled water for 20
~minutes prior to moceration.

Vater-soluble ash was prepared by incinerating roots
in a porcelain cruciblp, over a bunsen flamé, ond dissolving
tbe residue in very dilute hydrochloric acid,. -

| The concentrations of the extract, homozenates and
ash were then adjusted to give the equivelent of'IOmg. dry
veight of root per ml. of solution. The solutions vere

sterilized by oicropore filtratione

Gxcised tomato root exudatcs.

7 day old cxcised tomato roots were placed in
sterile distilled water, or in dilute VYhite's medium, ot 25°C,
for 7 days. The exudate was then concentrated at 4090. to
give the equivclent of 1Omg, dry weight of root per ml., and

was sterilized by micropore filtration,

ixperimental techniques,

Unless otherwise stated the experiments were carried
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out at 250C, in the dark, and the incubation period was 7 days.
Plates of ionagsr were poured, =nd in cxperiments
with root exudates, extract, homegenates snd ash a well-
plate teéhnique was used, Bbither glass wells, internal
diameter Smme end height 5mm., were placed on the zgor surface,
or wells of similar dimensions were cut out of the agar, Oelml,
of the solution to be tested was put in each well, Plates
were inoculeoted with either 20 microlitre drops of sieved
nycelial  suspcnsion placed 15mm, fron the edge of the well, or
with 0e25ml, of sieved mycelial suspension spread uniformly
over the sger surfece. In the latter, suxenographic technique,
the vlates were inoculated one day before preparing ond filling
the wells, end werc dried overnight at 30°C. The auzanographic

technioue was also used for experiments with root scctors.

Grouth sssescnente.

For g2ll experiments in liquid media nycelia were
strained into btutter nmuslin, washed in distilled water and
dried at 70°C, for 24 hours on tored aluninium foils. In
cxperiments with roots the fungus vas sepearated as far as
possible from the roots. In experinents vhere polysaccherides
were used as carbon sources, careful wasching wes necessary to
free the myceliun from unused polysaccheride.

The dismeters of colonies growing on agar nedia

were neasured Lo the nearcst mme, 2nd always along the seme
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line through the centre of the colony, because the colonies
vere not always perfectly circular.

The pkE values of the liquid mcdia were measured at
the the énd of the cxperiments, Generally the pH of the
naxinun medium fell to not less then 440,

Heans are basag on 4 replicates, Standard errors
are given with the meanstexcept vhere results are given only
in the forn of graphs. The standard deviation for each point
on a graph is represented by the vertical line through the
point. The differcence between two means is considered to
be significant vhen the calculated value of t exceeds the velue
given by the 5 per cent. probability level curve, for the

nunber of degrees of freedom in question.

Chromatogranhy of root exudates.

Bxecised tomato root exudates were concentrated at
40°C., to give the equivalent of 100mg,. dry weight of root
per nl,

The techniques uscd are those based on 3mith (1960).
All chromatogrems were run on Whatman ifo, 1 "chromatography"
paper, ascending, in a Universal Chromatank, except for
inorganic ions, which were run, descending, for 40cn, over-

nighte The following solvents were used.
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Chenical sroun, Solvent,

~Anino acids n-butanol, acetic acid, water

(1st solvent)
phenol, asamonia (2nd solvent)
Sugars iso-propanol, water
‘Phenols 25 acetic acid
Alkeline earth netals iso~propeznol, methanol, formic

acid, ammonium fornate, water

Ho time for equilibration was necessary, excent in
the case of the solvent for the aslkaline earth metals, for
which 4 hours saturation of the tank prior to running was
allowed,

Chronatogrmms vere developed over 20cm., end the
solvents were blown off with cool air for about 30 minutes.

The locating reagents used for the amino acids
were ninhydrin, isatin snd shrlich reegent; for sugars
onilinc~diphenylemine, snigidine reagent, naphthoresorcinol
reagent and Slson-liorgan reagent; for phenols ferric chloride~
potagsiun ferricyenide reagent end diazotized sulphenilic

reagent, snd for alkaline earth metals oxine resgent,

Collection of basidiospores.

Bagidiospore colleetions from single sporophores
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of Doletus clegans, Loletus luteus, Loletus bovinus, ioletus

variegsatus and Boletus scaber were mede, Collections made

fron onc compact group of sporophores are given the same

reference number, and are listed in Table 2,

TALLy 2. The basidiospore collections.

Specics Collection Locelity and dato colle;ted
B, elegans 1,2=d | Bedgebury, é/63

weow 2, o=h Swinley, 10/63

" " 3y o=d High Standing 1ill, 10/63
3e bovinus l,e~c Bedgebury, 9/63

" " 2, 0=b Swinley, 10/63

B, lutecus 1l,a~b Swinley, 10/62

n " la Bedgebury, 9/63

" " 24 a=d Ledgebury, 9/63

" " 3, o=d liigh $tanding lill, 10/63
Be. varicgatus 1la bedgebury, 9/63

L, scaber 1,a=cC Swinley, 10/63

Jollections were stored at laboratory temperature.

Gernination of basidiosvores.

A technique using oger plates, instead of the more
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conventionel methods of meesuring spore gernination in

liquid drops on slides, vas preferred, beccause the spores
always toke a long time to germinate, and because the
percentage gernination rarely excecds O¢l per cent., It

would be difficult to maintain liquid drops for such a period,
end- to count the germinated sﬁores. Also spores would tend
to agsregate together in liquid drops over a long period of
tine, and this night have sone effect on gernination by
autostimul ation or autoinhibition,

Disadvantages of the esger plate technique will be
discussed later (sce page 46 ),

Spore suspensions were preparcd by aseptically
renoving some spores from the aluniniun foils on wvhich they
had been stored, end traensferring then to sterile distilled
water. Spore concentrations vere always of the same order,
about 20 to 200 X 104 spores per nl, Wuith these concentrations
the number vhich germinated varied from about 10 to 150 per
plate.

Oelnl, of spore cuspension was gpread wnifornly
over the surface of cach plate, ond the plates were left to
dry at 30°C. overnight.

ialt extract ogar was used for all of the
experinents, except the first one in which the following two
nedia were also used. IHagenm malt egar contains glucose -

S5ges 1H4CL = 0025g., HES04.TH0 = 0025g., KHoPO4 =~ 0+25¢.,
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nelt extract (0xoid) - 58., FeS04.TH0 = 5ng., agar (Davis,
type P) - 15g., end distilled water to 1 litre, Complete agar
is that used by Pontecorvo (1953), and contains a wide
range of organic suplements,

Rhodotorula rubre, a non-spreading yeast, was used

as a gource of the activator vhich stimulates spore germination,

It is closely related to Rhodotorula mucylaginosa var,

songuinea, the yeast used by . Fries (1943). 7The culture,
vhich vas maintained on malt extract agar at 25°C., was
subcultured every 6 weeks,

Agar plates, inoculated with spores, were treated
with the yeast by inoculating at 5 points.

Rhodotorula rubra culture filtrate was prepared

from ghake cultures in 500nl. conical flasks, each containing

100nl, of 15 per cente malt extract medium., Tho culture

" filtrate was collected after 7 days, concentrated at 40°C.

© the equivalent of 20ng, dry weight of yeast per ml., and

finally sterilized by nmicropore filtration, O¢lml, of this

culture filtrate was placed in & well cut from an agar plete.
In experimentis with excised tomato roots 5 sectors

were placed on an inoculated cgar plate. 12 day old

aseptically grown secdlings of Pinus sylvestris ond Larix

decidua were uscd, 3 per plate, in root experinents. Finus

sylvestris sceds were sterilized and germinated as previously

described (seec poge 36). Sceds of Larix decidua, obtained

fron Thompson ond llorgan Ltd of Ipswich, were sterilized by
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treating first with 0-1 per cent. mecrcuric chloride plus a
trace of Tween 80 for 2 ninutes, and then washing in 6
changes of sterile distilled water. “hey were then further
treated with Ol per cent. silver nitrate plus a trace ofl
Tween 80 for one ninute, and agein washed in 6 changes of
sterile distilled water, The seeds were germinated on Q<5
per cent, malt extract agar.

Zxeised tomato root exudate was prepared as
previously described (see poge 46). Celnl, ofvexudate was
placed in a well cut from an agar plate.

Soil extracts werc prepared from samples collected
in Silwocd FPark, from directly under sporophores of Boletus

elesons and Boletus bovinuse 9e5cm, Buchner funnels were

fitted with Vhaotnan iio, 1 filter papers, and the soils wucre
packed lightly on top. Futter muslin was then tied over the
top of ecach funnel, and 100ml. of distilled water was

allowed to drein through the soil, This same water was
reeirculated through the soil neny times over a period of

2 days, TFinally the extracts werc concentrated at 40°C. to
the cquivalent of 2g. dry weight of soil per ml. The moisture

contents of the soils were 438+3 vper cent. (Boletus elegans

50il) snd 73+5 per cent. (Boletus bovinus so0il)e Oelml. of

extract was placed in a well cut from an agar plate.



Interaction experiments.

Details of cultures of non-mycorrhigsal liynenomyceteg
used in these experiments are given in Table 3. All grow

satigfactorally on malt extract sgar,.

TABLE 3, The non-mycorrhizal Hymenomycetes,

Species Origin

Arnilleria mellca Bedford College
Clitocybe infundibuliformis Laarn
Pomes sp. Eedford College
Iiarasmius glliaceus Baarn
ilypholona fasciculare n

Piptoporus betulinus Tedford College

Troanctes versicolor Baarn

Soil saprophytic fungi were isolated from the soil
asenples previously used for the preparation of soil extracts
(see vage 53). Soil dilution platés were prepared using
pevtone-dextrose agar containing 30 p.p.m. rose bengal and
20 p.p.nte streptomyein (llartin, 1950), Plates treated with
5 ond 50ng. fresh weight of soil gave the most satisfactory
results. Control plates, i.e. pocptone-dextrose ogar alone,
indicated that the method of isolation eliminated no
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comnonly occuring soil fungi, Two of the most frequently
igolated species, a2 Penicillium species and a Trichoderma
species, were selected for use in the experiments.

All experiments were conducted on malt extract agar,
and the fungi werc inoculated in pairs as showm in Fig. 6.

Two replicate plates were set up for each treatnent.



¥ige. 6. lHethod for inoculation of interaction plates. A and
B are the inocula of the two organisms snd the
arrovs indicete the diasmeters mecasured.



RESULTS

Vigour and infectivity of the fungi.

In order to compare the vigour of the various
isolates, the linear growth rates on melt extract agar were
measured, both at the time of isolation (sec page 27), and
also at the end of the investigations, All rates are of

growth in the log phese,

TAYLE 4, Growth rates on malt extract sgar in mm./week.

Growth at  Growth, Growth (oil),
Fungus Isolate no, isolation July, 1964  July, 19t4
Bs elegens i 1 T 9 7
" " 52 4 4 -
" " 63 4 5 -
" " 67 7 11 -
" " 7 6 6 -
" " - 81 5 7 -
Be luteus 19 9 15 10
" " 44 7 8 -
" " 74 5 8 -
" " 79 10 10 -
" " 83 11 10 -
B+ bovinus 42 20 11 19
" " 70 17 16 -
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Tsble 4 continued:

Bs bovinusg T3 18 T -
" " 78 21 15 -
L, variegatus 50 9 6 10
n 10 8 -

i2 15 8 -
" " 82 13 8 -

Toletus bovinus is generally the nmost vigourous,

followed by Loletus lutcus and Boletus variegatus, and

finally Iolctus elegonsg, Vigour decreased with time in

ioletus variegatus snd Ioletus bovinus isolates, but seemed

to increase in some isolates of ficletus elegang and lLoletus

luteus. Ixperimental cultures of the prinery isolates were
renewved periodically from the cultures kept under oil,
The growth rates of the primary isolates were also

measured on the ionegar nedia.

TA-L: 9. Growth rates on ionegar media in mm./wcek.

Grouth on . Groutnh on
Tunzus Isolate no. basgic ioneg maxinum ionagar
Te elegans 1 g 9
De lutcus 19 21 20
Be bovinus 42 13 10
B, variegatus 50 13 15
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Although the grouth rates on the {two nmedia were
approxinately cqual, there was a distinet lag of about 48
hours on the maximum ionsgar for all four fungi.

I.any pathogenic fungi, if kept in pure culture for
long periods of’time, tend to lose their pathogenicity. -The
seme could be true of symbiotic fungi. It is knowm that some
nycorritizal fungi tend to change with respect to vigour,
production of fruiting initizls and morphologzical character-
istics, e.g8. production of clamp connections., This is true
of some of the present isolates. It was therefore considercd
advigable to test these isolates for their ability to produce
aycorrhizas in vitro with their normel hosts,.

Only three isolates gave positive results,

TATL: 6, In vitro synthesis of mycorrhizase.

iilost and tine Time of
I'ungus Isolate no. of inoculation senpling
L. clegans 1 larch, 384 days 140 days
] 1] 6 '3 n 1" n 1" 1"
Ee luteus 19 pine, 82 doys 126 days

licgative results were obteined with all other
isolates. In the three successful cases mycelial suspensions

and a nediun pl of 7+2 were ugcd.
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A1l three aycorrhizas successfully synthesized
were of the simple, unbtranched type. The one between Loletus

luteus (19) end Finus sylvestris vas examined in more detail

(Ffige T)e 4 typical sheath was present, and also a liartig
net consisting of intercellular hyphae pagcing into the root
cortex, end reaching to within one or itwo cell layers of the

endodernis,

wutrition of the fungi,

Temperature dpbidmec for'the primery.isolates were
determined on maximun i;nagar by meesuring growth rates
during the log phase of growth, Temperature-growth curves
aTe shown in Fig. 8. Growth wes best at 25°C, for all four
isolates.

The effect of »ii on growth of the primery isolates

wes determined in mavinun nediun using Sorensen's vhosphate

buffers, The buffers were made up as follovs.

i 11/15 KiigP0y /15 1anli®0y 1i/19 el
4e 5 146ml. - 4ml.
50 149«5nl. 0«51, -

58 131+5al. 18+ 5ml. -
70 55111, 9511, -
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Pige. 8. Temperature-growth curves for the primery isolates.



6nl. of buffer was included in 20nl, of faxinun
nediun (less the KH2P04), and was added ascptically after

autoclaving, All

pilegrowth curves are showm in Fig. 9.
four isolates grew well over the plH ranse 45 to 58, the
optinum in each case being about 5-0,

The ability of the primery isolates to utilize
various sinple sugarc and polysaccﬁerides as carbon and

energy sources, was determined in basie nedium, the glucose

of which had been replacecd by one of a range of carbohy@rates.

TALLE 7. Grouth with various sinple sugdrs.
Dry weight in ng.

Susar (25) B, elegans B. luteus B, bovinus I. variegatus

nil 0e6 (0el) 08 (0el) 04 (0el) 008 (0+2)
Glucose 743 (0+6) 86 (0.5) 90 (0¢5) 10+1 (0+6)
Fructose  2¢2 (0+2) 5¢4 (0+2) 30 (0e3) 16 (0+4)
Galactose. 2¢9 (0e4) 443 (0e4) 048 (0e1) 0.1
lignnose 5¢8 (043) 546 (0+3) 36 (0+1) 83 (0+3)
Xylose 15 (0°4)  1+5 (0e1) 1.2 (0°1) 1°9 (0°1)
annitol 30l (0°4) 429 (0e4) 204 (0e2) 443 (0+6)
loltose 6¢2 (0+3) 4¢3 (03) 28 (0°1) 58 (0°4)
Sucrose 4e4 (004) 500 (0e4) 35 (04) 40 (0°2)
Acetate 029 (0e1) 10 (0.1) Oe7 (0e1) 1e1 (0°1)
llalate 1.7 (0e1) 15 (0el) 08 (0+1) 15 (0°1)
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Fige 9. pll=growth curves for the primery isolates.



Inall cases growth was test with glucose., liannose,
neltose o~nd sucrose‘were generally good, whereas fructose,
galactose, xylosc, acetate andlmalatc vere generally poor.
The rclative growth of the fungi with the various sugars is
showm in Fig. 10, Despite the fact that leached inocula

were used in this and in 8ll other carbohydrate experiments

sone &rovuth occured in the controls.

TALLSY 8B Growth with various volysaccherides.

Dry weight in mg.

sucar (1)) B. elecans B, luteus B. bovinus DB, varieczatus

nil 0¢6 (0e1) 0¢3 (0e1) 0¢4 (0e1) 03(0+2)
Glucose(23) 73 (0+6) 846 (0+5) 90 (0°5) 10¢1 (0<6)
Starch(23) 07 (0s1)  1¢2 (0°1) 11 (0e1) 07 (0+1)
Pectin 049 (0°1) 1*3 (0e1) 12 (0+1) 08 (0+2)
Polypectate 1¢5 (0+3) 19 (042) 1.3 (0°1) 1e2 (0-1)
CaileCo 0e7 (0s1) 05 (0+1) 0e4 (0+1) 01

Fectin and polypcctate supvorted slight growth of

Toletus lutcus (P<0¢05), while starch, pectin end polypectate

supported slight growth of Loletus bovinus (H(O'Ol). Carboxy=-

nethyl-céllulose inhibited the growth of ioletus variegatus

(P<O-01). the relative growth of the fungi with the various
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polysaccherides is shown in Fig. 11.
Growth on two insoluble substrates, wood cellulose
and Dsparto hemicellulose, was measured on basic ionagar,

The substrates were dispersed uniformly through the agar.

TACLE Q. Growth with insoluble substrates.

Radial grovwth in one week in nmn,

Sugar(1.s) B, elecans Do luteus . bovinus B, variegatus

Glucose(2”) 7 18 14 12
“Jood cellulose 1 0 1 1
Hemicellulose 0 4] 0] 0

Very slight but insignificant growth occurcd with
the wood cellulose for three of he isolates.

All polysaccherides were checked to see if stesning
czused any breskdown. After steeming solutions or suspensions
were dialysed, the dialysates were concentrated and
chromatograns vere run in igo-proponol-water. Aniline-
diphenylenine revealed no gimple sugars in excess of 0405

per cent,

ey

A further experinment was done to seec if the addition
of a trace of glucose permitted improved utilization of any

of the polysaccherides. The incutation period for this
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experinent was 21 days,

TAPLS 10s  Growth with. various polysaccherideg.
ny wveight in ng,.

Sugar (1% B._elegens B, variegatus

nil 0¢7 (0e1) 0°9 (0e1)
Glucose (0+057) 6°4 (0e1) 7+5 (0-1)
Starch (2%) 0°9 (0e1)  1e1 (0e1)
Starch (23) + glucose (0+05%) Qe5 (0e2) 8-3 (0+1)
Pectin 1+3 (0°1) 15 (0-1)
Pectin 4 glucose (0°05%) 9¢9 (0¢3) 8.7 (0e1)
Polypecpéte 1.2 (0°1) 12 (0-1)
Polypectate + glucose (0¢05%) 75 (0°3) 8¢1 (0s4)
CeilsCa 09 (0.1) 03 (0e1)
CoiieCe + glucose (0¢053) 4¢1 (0°3) 49 (0e1)

A trace of glucose did improve the utilization of
starch and pectin for both fungi. On the other hand carboxy-
nethyl-cellulose reduced the growth of toth fungi on glucose.
An onalysis of variance is given in Appendix C. The reclative
growth of the fungi with the various polysaccherides, with
and without a trace of glucose, is shown in Fige 1l2.

The growth of the primary isolates was compared on
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different nitrogen sources in basic mediun,

TARLE 11, Growth with various nitrocen sourccesS.

i source Dry weight in mg.

(00027ii, 1) B, elegans B, luteus B, bovinus B, variegatus

IHy tortrate Te3 (0+3) 846 (0¢5) 92 (0¢5) 10+1 (0¢6)
Kli03 3¢9 (0¢6) 249 (0°1) 28 (0+2) 3+3 (0e5)

Peptone 7ol (093)  3el (0e4) 123 (0+4) 57 (0e3)

Growth with ammonium tortrate was generally superior,

but lroletus elemsns grew cqually well on peptone and Loletus

bovinus grew better on peptone (F<0+05). The relative growth
of the fungi with the various nitrogen sources is showm in
Fige 13,

Lbecause of the fact that snumber of fungi, including
a few liyncnomycetes, are known to require calciun, fhe effect
of this nutrient on the growth of the primary isolates in
maxinun medium was cexemined. 'lhe results are shown in Fig. 14.
Only loletus clegens vas stimulated by calcium, High
concentrations were generally inhibitory.

The effect of the smino acid snd vitamin mixtures
on the growth of the primary isolates was also exanined,

Leached inocula were used.
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TADLE 12, Growth with smino scids and vitenming.

Dry weight in mg,.

Hediun By, elesans B, luteus B. bovinus I, variegatus

Basic 360 (0+3)  3°3 (002) 41 (002) 3°4 (0e2)
- thiemin

Basic 7.0 (0+3) 70 (0¢1) 46 (0+3) 53 (0e2)
- thianin

+ omino acids

Dagic 7e6 (0e2) 112 (0e2) 7ol (0e2) 10+0 (0+2)
+ vitaonins

iiexinun 104 (0e3) 11¢4 (0e3) 101 (0e3) 11+6 (0+3)

Both the aaino acids and the vitamins stinulated
the growth of the fungi (P<0+01), except for the anino acids

in the cage of loletus bovinus. Growth in the naxinum nediun

indicated that the gnino acids ond the vitenins interacted

nogatively in the case of loletus lutecus, and positively in

the case of holetus bovinus (sce Appendix C for anaslysis of

veriance)., The relative growth of the fungi is shown in
Fig. 154
The effect of the amino acids added individually to
a nediun consisting of the basic nediun plus the vitanin
nixture was tested., The acids were added at the concentrations

used in the anino acid nixture.
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TALLE 13,

Grouth with individual snmino acids.

Anino acid
added

be elerans

B. luteus B. bovinus

Dry weight in nog.

Be variesatus

nil
lixture
Glutanic acid

Proline

1043 (0+3)
14.1 (0+3)
111 (0.2)

5¢5 (0e2)

116 (0+3)

8+5 (0+3)

1445 (0°1) 12+1 (0.3)

1421 (0+3) 10+9 (0+3)

4+0 (0-2)

Iydroxy-proline 10¢2 (0e6) 5.2 (0+2)

Tryptophane
Tyrosine
Phenylalenine
Aspertic acid
Arginine
liigtidine

Lysine

6+9 (0+5)
1-1 (0.1)
0+9 (0-1)
9+9 (0.2)
9+2 (0+2)
6+7 (0-3)
6+6 (0e3)

9.6 (0e2)
5¢7 (0+2)
245 (0+2)
10+5 (0+3)
5.9 (0+2)

548 (0+3)
82 (0+3)
7-3 (0-2)
4.8 (0+2)
440 (0+3)
G+5 (0<4)
9+3 (0+4)

9¢8 (0¢3) 103 (0s3)

11+3 (0e2)

67 (0+1)

9+4 (03)
11+5 (0+4)
11+0 (0+3)

5¢1 (0+3)

7+8 (0°5)

7+8 (0-7)

0.5 (0-1)

1.8 (0-3)
1035 (0+4)
12+6 (1+0)

4+6 (0°3)

8+8 (045)

Glutenic acid stinulated the growth of Lolectusg

voriesatus (P<0°05), end of Doletus luteus and Lolectus

bovinug (F<0.01).

proline, tyrosine, phenylalanine and histidine.

Several acids inhibited grouwth, cspecially

The relative

growth of the fungi with the individual acids is showm in

Fig. 16,

In a fuwrthor cxperiment certain amino acids were
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cnitied from the maxinum nediuwne

TABLS 14,

Growth with certain miino eocids omitted.,

Ainino acid

Dry weight in ng.

cnitted Le_elegons B, luteus B, bovinus B, variegatus
Hixture 6°9 (0e1) 107 (0+3) 100 (03) 6+0 (0°1)
nil 11.2 (0¢4) 1243 (041) 11%4 (0e2) 1140 (0e4)
Glutanic acid 116 (0+3) 12+3 (0¢3) 9¢5 (0°2) 11¢4 (0+3)
Proline 143 (0¢3) 1243 (0+2) 10+8 (0+2) 12.5 (0+2)
Tyrosine 125 (0e2) 170 (0+6) 12¢4 (0e1) 1240 (0e2)

Phenylaleanine 119 (0e«2)
Aspartic acid 117 (0.3)
Arginine 132, (0+3)

99 (0+3)

Liistidine

141 (0+3)
95 (0°4)
107 (0e3)

8+0 (0+3)

139 (0+4)
10+7 (0+1)
102 (0+2)

115 (0.2)

13«3 (0+1)
1348 (0°1)
123 (0.3)

112 (0.2)

Although the fesults gencrally conforn with those

of the previous cxperiment, nonc of the effects are of the

sone naznitude.

only for Doletus bovinus (P<0+01).

A requirenent for glutamic acid is apparent

Removal of aspartic acid,

arginino or histidine fronm the smino acid nizture resulted in

reduced zrowth of Ioletus luteus (P<0+01).

Boletus bovinus

recponded similerly to the removal of aspartic acid or

arginine (P<0+05). Loletus clegens was stinulated by the
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renovel of proline (P<0+01) or arginine (P<0+05), Ioletus

luteus and Bolctus bovinug by the removal of tyrosine (P<0.01

and<0+05) or phenylalenine (P<0e0l) end Boletus variegatus

by the removal of ,prolinc (P<0¢05), phonylalanine (P<0+01),
aspartic ecid (P<0+01) or arginine (P<0405), The relative
growth'of the fungi is shown in Fig. 17.

.The concentrations of the smino acids were too lovw
to contribute to the nitrogen pool of the medium to any
gignificant extent, lowecver with glutanic acid this was not
90, end therefore an experinent was donc to compare glutamic
acid ond smmoniunm tartrate as nitrogen sources, in a mediun
consisting of the basic medium plus the vitaemin nixture.

The results are shown in Fig. 18, Gilutemate supnoried only
slight growth at 21l concentrations, and there was no
interaction betwesn the glutamate and the ammoniunm salt
vhen these were present together in the mediunm,.

It is pogsiblo that some of the amino acids are
inhibitory because they are transformed into toxic compounds
during outoeclaving. This was tested by autoclaving solutions
of proline, tryplophane, tyrosinc, phenylelanine, arginine
and histidine (img. per nl.) and running chromatograms in
n~-tutaonol-acetic acid-uaters. fThe acids remained unchenged
as indicated by dipping the pepers in ninhydrin, isatin,
eniline-xylose and forric chloride-potassiun ferricyenide

reogent.
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Fige 18e Growth of Boletus varicgatus (50) with ammoniuwm and
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The response of the fungi to the vitemin nixture

vas further enalysed, Leached inocula were used.

TAEL:S 15, Groyth with vitanins,

Dry weight in ng,.

riedivm B. elezens B, luteus B. bovinus B, variezatus
Dasic 202 (0¢3) 248 (0+2) 3+2(0+2) 2.9 (0:2)

~ thiemin

Dasic 7+2 (0+1) 10+1 (0+4) 70 (0e1) 20+1 (0°2)
Basic 245 (0¢3) 320 (0+2) 32 (003) 3.3 (0e3)

-~ thionin

+ vitamins

Lasic 7+3 (022) 11+0 (0+2) 7«8 (0*2) 10+5 (0e2)
+ vitanins

Thienin stinulated the growth of all four fungi
(P<0+01l). The vitemin nixturc did not stinulate growth, and
there wvas no interaction between thianmin and the vitamin
nixture for sny of the fungi.(sec Appendix C for ecnalysis of
vorionce). The relative growth of the fungi with vitenins

is showvm in Fig. 19, -

Uxperinents with roots snd root exudateg.

The results of experinents with excised tomato
roots are given in Tables 16, 17 and 18, ilon-sieved nycelial
suspensions were used in the first ond second experinents,



Relative growth with thianin and other viteming,

Fige 19.
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perind Tor the first tuo experiments was 9 days and for the

third 12 days

PATLS 16, affect of excised tomato roots (Clone €) on growth.

Dry weight in ng.

Hediun Ly elecens D, luteus IBe bovinus DI. variesatus
Dasic 262 (0e3)  3e7 (0e2) Tel (0s3) 04 (0e1)
Lagic 8¢1 (0e5) 30e4 (Le0) 2148 (0¢5) 21e3 (1e5)

+ root

i exinun 1e1 (003) 442 (0e3) Te2 (0¢3) 4.9 (0+4)
Taxinun 1000 (0e6) G6Ted (2¢G) 53+7 (403) 437 (6.0)

+ root

PASLS 17. uoffect of excised tomato roots (Clone C) on growth

Dry veight in nge.

Licdium B, lutcus (19) T, luteus (44) 1. bovinus
Bagic . 79 (0-3) Ced (001) 1546 (0+3)
Lasic 5540 (246) 17+4 (17) 42¢4 (1+2)
+ root

ilaxinun 3¢5 (002) 18 (0e4) 20+2 (3.1)
Hoxinum 5441 (32) 262 (140) 9040 (5+4)
+ root




TATL S 18, sffect. of excised *omato roots (Clone ) on grouth

Dry welght in nmg,

liedium Do _clegans B, lutcus I, bovinugs B, variegatus
Heximum 1¢3 (0e1) 0¢3 (0e1) 0-1 0«1

Haximun 125 (1e2) 556 (1+5) 1019 (2.7) 59¢0 (3.7)

+ roct .

I axinum 09 (0v2) 01 140 (0el) 0e4 (0e2)

+ killed root

The fungi were stimulated considerally by tic rootls,
both in basic and maximum mediuwn, and there was a narkad
positive interaction between the nazinum medium znd the

roots in 211 cases (sce Appendix C for enalysis of varionce).

rilled roots were inefiective, except for Loletus bovinus,
vhich was stinulated slightlye. The relative growth of the
fungi in these experinments is showm din Figs 20, 21 end 22,
Further experiments were carried out with 211 of
the Zoletus isolates, and 21so with o range of non-
nycorrhizal iiymenomycetes, on naximun ionsgare <Flates were
inoculated with 20 microlitre drops of sieved mycelial
suspensions. The results are given in Fig. 25. The Lolctus
isolates were stinulated by the roots, whereas the non-
nycorrhizal lymenonycetes were note: The growth of pgrogmius

8lliaccus was inhibited by roots.
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Fige 2%. Growth with rnd withoul exciscu tomato roots (Clone
C). H.f, = Lypholoma fasciculare; C.i, = Clitocybe
infundibuliformis; C.b. = Collybis butyracceg;

Teve = Trometes versicolor; Peoe = Pexillus otroe-
nentosus, ond e.a. = lorasmius alliceccus.



A single cxperiment was conducted with ILoletus

variegatus in vhich agar inocula were used,

TAPLE 19, iaffect of excised tomato woots (Clone C) on growth

viedium Dry weight in mp,
1 oximum 11+2 (0°%9)
Iiaximun 2%¢8 (140)

+ root

Ilaximun 162 (0+4)

+ killed root

The fungus was stinulated by the roots (P<0.01).
Killed roots also stimulated growth (P<0.01), but not to
the same extent,

The effect of roots on growth wes also demonstratced
using the auxanographic technique {Fige 24).

The results of an ecxperinent with execised roots

of Pinus sylvestiris arc given below., Ion-sieved mycelial

suspension was used and the incubation period was 9 days.
The stinulation of growth is comparable with that
obteined with cxcised tomsto roots, although the dry weight
of a pine root was only 2¢6ng. compared with the tomato
root Te5ag. Filled roots also stinulated growth (F<0+01),

but not to the some mxtent as living roots.
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TALLY 20, The effect oi exciged pine roots on the ~rowth

of lioletus veriegatus.

Hediun Dry weight in msg,
iiaximum 45 (0e3)
liaxinun 29¢73 (1e4)

+ root

HMaxinun 8¢5 (0+4)

+ killed root

Finally the results of zn cxperiment in which
aseptically grown tomato seedlings were used are given belot.
Sieved mycelial suspension was used end the incubation period
vas 14 days. Two seedlings, aged 10 days and having e
combined root dry weight of approximately l1l2ng., were addod

to cach flask, the roots only being imnersed in the liquid.

TALLE 21, sffect _of tomato se-dling roots _on the srowilr of

Loletus varicratus.

lMedium Dry weight in nmrg.
Hexinunm 0¢6 (0-1)
llaxinun 27+3 (1+2)

+ seccdlings
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The fungus was stinulated by the se2dling roots
(P<0+01), tut not to the seme cxtent es by ezcised roots.

L preliminsry experiment was conducted with root
exudates collected in weater and in dilute hite's mediwn for

2 wecks, The inculation period was 16 days.

TATLL 22, offcet of excised tomato root exudate on the

crowth of ZDoletus varicgatus,

Colony digneter in mn,

Jxudate collected in:-

lediun Yater thite's/100 “hite's/10
liax. ionagar 13+3 (0+5) 13+5 (0+3) 14+8 (0+5)
lax. ionagar 22:3 (0s5)  21.5 (0+3) 20+8 (0+5)
+ exudatec

Tex. ionazar 2148 (Ce5) 24¢5 (0+5) 2241 (046)
+ autoclaved

exudate

Sxudate dose - Ing. dry weight of root (Clone C) per well,

The stinulation of grouth wes similar to that

obteined with root sectors on maximum ionagar, and was

]

wneffected by the exudation medinu: (P<0°01). The result
also indicete that the factor stimulating growth is heat

stable,
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These results were confirmed in an experiment
using the auxsnogrephic technique (Fig., 25). The incubation
period was 12 deys.

In 21l subscouent experiments cxudates were collected
in distilled water for a period of 7 days.

The results of two experiments in vhich a rangs of
exudate concentrations was used are given in Figs. 25 snd 27.
The incubation periods were 16 days. An cxudate dose as lov
ags Oelng. dry weight of root stimulated the growth of the
fungus (P<0¢05), The heat stable nature of the factor
stinulating growth was confirmed, ond there was a slight
though insignificent (P>0¢05) increasc in stinulatory activity
of the exudate ofter autocleving.

As a further checlk on the inabilityof killed roots
to stinulate nycelicl srowth, exudate wes collected from
killed roots and wac tested over a range of concentrations
(Fig. 28). The incubation period was 16 dsys. There was no
significent effect on the growth of the fungus.

Turther cxperiments were conducted with extracis
and homogenates of excised tomato roots. The results are
given in Tigs. 29, 30 end Jl. The incubation periods vere
16 doys. io,significent stimulation of growth occurred with
any of +the preparations, but higher concantrations of the
homozenstes, particularly the non-extracted form, significently

inhibited growth (¥<0.05).
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Fig., 26. Bbffect of excised tbmato root exudate (Clonc C)
on the growth of Doletus variegatus,.
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Finally to check vhether the factor stimulating
nycelial growth is inorgenic, water-soluble ash of excised
tonato root was tested over a range of concentrations (Tig.
32). Agar inocula ywere used. There was no efiect on the

growth of the fungus.,

Chronatozraphy of root exudates,

As one poasible approach to the protlem of identifying
the growth stimulatory factor in root exudates, chromatogrens
were run to test for the presence of certain groups of
substances known to be exuded by roots.

Anino acids and closely related compounds were
identified, in %wo cases tentitativky, by comparing the spots
with markers. The substances found are shown in Figs. 33 and

34, snd the approximate concentrations ore given below.

TALLS 23. Anino acids in excised tonato root exudptes

{(Clone ).

Anproximate cone, - micrograns per lOng.

Amino acid dry weight of root.
Glutanine 50
Asparagine 20
Leucine 5
Glutanic acid 5
Phenylalenine 5

T
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ige 32. uLffect of excised tomato root ash (Clone C) on the
grouth of Ioletus varicgatus.
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Fig. %4, Other esmino compounds in cxcised tomato root exudate
(Clone €),



Table 23 continued:

liethioninc? 5
Al anine 5
Serine 5
Aspartic acid 1
“zthionine sulrhone? 1
Urea not estinated

Allentoin " "

A1l of the spots were located at room temperature,
end no sdlitional cpots appeared on heating the dinped
chronatogren at 105°C, for 3 ninutes.

A nunber of sugars were found end the recults are

ned below,

0
5
]
o
-
‘_I
1

TALLs 24.  Sugerg in excised tometo root exudates (Clone C).

cugzar Locating reagents Colour RG
Gluccoe Aniline-diphenylenine blue-srey 69 (RrF)
Anigidine :C1l browm 68 (R¥)
*ructose Anisidine LiC1 yellow 108
ilaphthoresorcinol red 107
sucrose Aniline-diphenylcnine bromn 62
Unknowm Aniline-diphenylenine Lrowmn 237
Anigidine IiCl vellow 257
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Table 24 continueds

Unlnomm Aniline-divhenylenine blue 25-35
Anieidine IiCl browm 25=35
Unknown Slson-iiorgan - 47
Unknown Bl son-ilorgan - 123
Unknowm Aniecidine HCl pink 171

deither of the Blson-ilorgen-positive gspots corresponds
to a comnonly occurring snino-suzare. Because the region at
RG 47 is elso ninhydrin-vositive it is possible that thé
reaction here is due to an amino acid.

A comparison of the sugers produced during the first
doy end the subscquent 6 days of exudation gave the following

results,

TALLS 25. Sugars in excised tomato root exudates (Clone C).

suger 1st days cexudate 2nd to 6th doys exudate
Glucose present absent

Fructose present trace

Sucrose present ’ absent

D i g c———

Virtually all of the three main sugars is lost fron
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the roots during the first 24 hours of cxudation,
Chromatograms were run to check for phenolic compounds,
but no attenpt was mede to identify the spots. The results

are sunnorized below.

TABLE 26. Phenolic compounds in excised tomato root exudstes

fClone C}.

RY Locating rcagent Reaction

33 UesVe light blue fluorescence
FeC13—K3FeCH6 poaitive
Diaszotized sulpnenilic acid red

ST UsVe light blue fluorescence
FeClz-KzFeCilg positive
Diazotized sulphenilic acid yellou-brown

Finglly inorganic ions of the alkaline earth group
were tested for. Oxine treatment, followed by exposure 1o
arrionia and then viewing in U.V, light revealed high
concentrations of calciun and meognesiume It has already been

shown that only DLoletus elemansg of the primary isolates is

stimulated by ceoleium.
Lecause of the large cnounts of glutamine and

asparasine present in the exudates, the effecet of these
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compounds on growth wvas tested fore. The results are given in
Pige 35« Asparagine stimulated growth slightly, but not to

(=1

on extent compareble with roots or root exudates.

Purine derivatives and grouth of the funsgie.

It has been reported that nicotinanmide sdenine
dinucleotide (LiAD) cen replace the growth stimulatory factor
exuded from excised roots (iilsson, 1960). The effect of
IiAD on growth was therefore exanined, and the results of
experinents are given in Figs. 36 and 37. Gigna ifd
gtinmul ated growthvat low concentrations, tut the L.D.H, HAD
had no effect on zrowth, These results were confirmed in a f

further experiment, the results of which are given below.

TALLS 27 uffect of HAD on the growth of boletus vericratus.

Dry weight in ng.

wAD sourcc:-

ledium Sigmna LieDeiie
[aximun 8e4 (0s3)
liexinun + 1AD 119 (0+3) 8¢5 (0s1)

LAD dose = Oslng, per flask.
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Fige 35. Lffect of asparagine snd glutenine on the grovwth of
Toletus variegatus,
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Fire 37. Effect of HAD (D.D.li.) on the growth of Loletus

voriegatuse.



Growth wes again stinulated by Sigme iiAD (P<0.01),
but not by L.D.ii. TAD.

One possible expleonation for these results is the
presence of a contaninant growth stimulatory substance in
Signma lifD, possibly a purine derivative., Kinetin is such a
substance, which is known to be sctive at very low
concentrations in higher plants. It's effect on the growth
of the fungi was therefore exsmined., The results of two
experinents are given in Figs. 38 and 39. The growth of

Eoletus elesang and Boletus variegatus wes stimulated, but

not to an extent comparable with roots or root exudates.
These regults, although rather inconclusive,

indicate that purinec compounds in general nay stinulate the

growth of the fungi slightly, es ilelin (1959) found for

certain strains of Loletus variegatus. Thercfore the effecets

of cquivalent zmounts of adenine and kinetin on growth vere
compared. The results are given in Fig., 40. The slight
stinulation of growth obtained with kinetin cen be accounted
for by the adenine part of the molecule, Iiigher concentrations
of adenine, as used by iielin, were still slightly stimulatory,

1.€e up to Oe2mii,

Besidiospore mernination.

The experiments on basidiospore germination are

divided into two series: those done with collections of
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Fige 38. Dffect of kinetin on the grouth of Boletus veriegatus.
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“oletus luteus spores (ls=b) aqguired in Uctober, 1962, end
thoge done with collections of spores of various lLoletus
spocies aquired in September end October, 1963.

In zn initial experiment the aim was to obtain
some level of germination, and therefore various media were
tried in the presence end absence of the yeast Rhodotorulsa

rubra,

TALL 23, Gernination of basidiognores,

spore collection 5 gormination on agar:i—
and concentration 'recatment nalt  llarem  Complete

Be luteus la (1962) nil 0 0 0

(33 x 104 spores/ml.) + yeast 0«04 O 0

%, luteus 1b (1962) nil 0 0 0

(22 x 104 spores/ml.) + yeast 0+05 0 0

There wac a low level of gernination on nelt
extrect sgar, but none on ilagem or Complete agar. The ycast
grewv vary poorly..on the latter.

A further experiment was conducted to test the effccl

of roots of tomoto, Pinus gylvestris end Larix dccidua

secdlings on spore germination,
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TABLE 20, Lffect of roots on basidiospore germination.

Spore collection - Boletus luteus 1b (1962); concentration
36 = 104 spores/ml.

¢ germination with:-
Control Tecast Tonato Pine Larch

0+0005 004 006 009 0+08

Roots stinulated germination to sbout the sane
extent as the yeast, but direct comparison is not really

nmesningful. Fig. 41 shows spores of Boletus luteus germinated

in the presence of yeast and roots, and Fig. 42 a single
germinated spore.
Tinally in this first series of experiments the

effect of root cxudatc on germination was exanined,

TALES %0, Lffect of root exudate on basidiosnore germinggion.

Spore czllectlon -~ Loletus lutcus 1b (1962); concentration

45 x 10% gspores/nml.

%t germination with:-
Control sxciced tomato root  Bxudate Aut. exudate Yeast
0005 0+03 003 0e02 0+05

Sxudate dose - 1mg. dry weight of root (Clone C) per well
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sxudeate of excised tomato roots stimulated spore
germination, and the stimulatory factor is heat stable.

It should be noted that during the course of these
experiments the spores aged from one to 120 to 190 days old,
age being token from the day of collection. During this
time the percentage germination of the controls increased
from zero to 0*0005 to 0+005,

In the second series of experiments a nunber of spore
colleetions of five Loletus species werc examined. IFirst the

effect of Rhodotorulsa rubra on gernination was exenined,

TATL: 31, Germination of basidiospores.

Spore collection Age Concentrabion 3 mermination
(211 1963) (days) (x 10=% spores/ml,) with yeest
L. eolegensg la,b,c,d 45 65,116,106,55 o)

" " 2b,c,e 13 T7,42,119 0

" " 2u 13 186 0+005

" " 2d 13 134 0«06

" " 2e 13 21 0«05

" " 3a,b,c,d 6  283,196,80,73 0

Bs scaber la,b,c 13 50,060,215 0

T, luteus 2o 58 47 0+09

" "2 38 94 0006

" " 2¢c 38 47 0
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Table 31 continued:

e luteus 2d 58 106 0«01
" " Ja 6 61 0

" " b 6 25 0«07
" ft e 6 36 0e12
" n Zd 6 170 0«06
Iy bovinus la 58 16 0«06
" " 1b 38 36 0+04
" " lc 38 14 0 08
" n id 58 10 0

" 2a, 43 45 0-0U9
I, variegatus 1la 45 85 0«02

The level of geraination was always very low, and
only in one casc did it exceed Ol per cent. Iilo germInation
occurred atv 21l in the absence of the yeast. Some collcctions
failed to germinate even in the presence of the yeast, notahly

Lolelug clegansg collections lo~d and 35e2~d and IZoletus scaber

colleetions la~c,

The effcect of roots on the germination of basidiospores

of some of these collections was next tested.
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TABLE 32,

Bffect of roots on basidiospore sernination.

Spore collection Age Concentration
(211 1963) (days) (x 104 spores/mi,)
L. elegans 2d 76 235
" " 2g 76 90
B. scaber 1b 76 32
" " ‘lc' 76 83
L, luteus 2a 101 170
" " 3c 69 57
E. bovinus la 101 93
" " 1b 101 1312
B. variegatus la 108 225

i gernination with:=
Spore collection Control Yeast fTomalto Pine Larch
B, elegans 2d 0 0-04 0«05 004 0+04
" Y 0 003  0¢0% 0«04 0404
L. gecaber 1b 0 0 0 0 0
n n1e 0 0 0 0 0
L. luteus 2a 0001 C-10 0¢10 Q<12 0-12
" " e 0002 0-18 0«18 019 016
i's boOVinus la 0 003 0«05 0«01 0¢03
n "1y 0°G02 0+08  0+06 0408 0°06
1. variegatus la 0 0+02 0404 Ce04 0403

-118~




Roots stimulated the sermination of spores of all

.

species except oletus scaber. Rcots of Pinus gylvestris
and Larix decidua seedlings were as effective as excised
tomato roots (Clone L).

An experiment was carried out to test the effect

of Rhododorula rubrs culture filtrate on basidiospore

gernination,

PeY

TALE 35, uifect or yeost culture filtrate on germinaiion.

Age 5 gernination withs:-
Spore collection (days) (x 10~} spores/ml.) Control Yeast C.f.

L+ elegans 24 146 118 0 0006 ©
B. scaber 1b 146 18 0 0 0
e luteus 3Jc 129 37 00073 0«14 0«03
L. bovinus 1b 171 55 0001 0*06 G
I'. variegatus la 178 50 0001 0«02 O

Yeast culture filtrate stinulated the germination

of spores of lLoletus luteus, collection 3¢, but the level of

gerningtion wes much lower than with the yeast itself.
This result vas confirmed in a further experinent
in which a range of concenjrations of culture filtratc vas

tested (Fig. 43). Agein the culture filirate induced a low
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Fige 40,

affect of cullure filtrate of ithodotorule rubrao
on the germingtion of tazasidiospores of licletus
luteus (collcction 3c). The broken line shows
the level of germination in the presence df

the yeast itself,



level of germination.
sxtracts of soils bearing nycorrhizss were tested to
see vhether such soils contein substances capable of stimulating

tasidiospore gemmination.

TALLE 34, uffeet of soil extracts on basidiospore germinetion.

_ Age Cofﬁentration
Svore collection {(days) (x 10=% spores/nl.)
L. clegans 24 230 135
B. luteus 24 255 30
" " 3c 22% 24
L. bovinus la 255 21
i, .variegatus la 262 41

¢ germination withi-

Spore collection Control Yeagt sxtrsct A osxtract I
L, elegens 2d 0] 0 0 G

.o luteus 24 001 0+03 001 0.01

" " 3c 0 0 0 0

E., bovinus la 0 01 0 0

B. voriegatus la 0 0+07 0 0

sxtroet A = fronm soil bearing L. clegens

Bxtroct ¥ -~ from soil besring .o bovinus
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Soil extracts did not stimulate the germination of
Tasidiospores. Two of the spore collections showed complete

loss of viability, and in one case, Boletus luteus 2d, the

level of germination in the controls was verw high.
Finelly in view of the fact that roots stimulate both
mycelial grovth and besidiospore gernination, it was decided

to test the effect of Rhodotorula rubra on mycelial growth.

Plates of malt extract agar were co-inoculated with the yeast
end the Loletus species (ogar inoculum), The results are
given in I'ig. 44. The yecast did not stimwlate growth of the

fungi,

Interactions between Ioletus species ond other fungi,

Interactinns tetweon iLoletus species and other
fungi, with wvhich they might compete in vitrg, were considered
to be of some interest. uwzperimentis werc therefore carried out
vith the primsry loletus isolates to test for eny interactionsg,
first between various lLolctus species, secondly between
I:oletus species and non-nycorrhizal liymenomycétes and thirdly

between [ oletus species and other soil fungi.
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TATLE 35.

Intersctions between Loletus specics.

Inoculated x

£e_elegans

Colony diasmeter in mn, 2ot 15 days

e luteus L, bovinus

Be variegatus

B. elegens 2340 (1e2) 27+8 (0+6) 27°5 (0+8) 24+8 (1-1)
Lo luteus 2340 (0¢9) 3246 (140) 265 (0e6) 2048 (1e1)
: « bovinus 218 (0e7) 3538 (1¢7) 254 (08) 22¢3 (0+5)
L., variegatus 23+5 (1e4) 33.0 (1¢4) 25+0 {1+3) 24+4 (1+0)

At this stoge of development, 15 dsys, the colony
edges were still 5 to 12 mm. aparts Dy 20 days Eoletus
elegans had formed a vwhite, crusty looking growth at the points

of intersection with the mycelia of the other species (Fig. 45).

ilarked inhibition zones were visible Dbaiween Bolctus elegens

and Boletus bovinus, and between Zoletus Loviaus and ioletus

variegatus,

TALLE 36. Interactions between Loletus species snd non-

nycorrhizal liymenonyecetes.

Colony dismeter in mm, at 8 days

Inoculated x L, elegans L, luteus B, bovinus P, variegatus
Control 100 (0+6) 1645 (1+2) 12:0 (0+4) 12+5 (1+0)
iI. fasciculare 11+3 (0°5) 18+3 (1+2) 1248 (0°7) 13+3 (1.0)
#., clliaceus 68 (0+4) 7.3 (08) 5+3 (0°2) 48 (0°3)
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_narasmivs allisceus strongly inhibited the srowth of

the Doletus species., After 3 wecks inhibition zones wvere

formed with jolebus elegans ond roletus lutcus, and later,

after 4 to 5 weeks, liarasnius alliaccus overgrew the Iolefus

svecies, The growth of jiarasmius alliaceus was not influenced

by the boletus species,

Hypholoma fasciculare formed ill=defined inhibition

zones after 2 weeks with loletus luteus and IPoletus variegatus,

but there wag no inhibition of growth of the Lolctlis species

before this occurred. lypholoma fascivulere was not effected

vy the .Lolctus specics znd it eventually overgrew them.

—_—

Lcecouse the grouwth rate of Clitocybe infundibulifornis
O -

ves very slow, this fungus was inoculated onto the plates

12 dsys before the L olctus specicse.

SALE 37. Intercetvions between Ioletus specics and Clitocybe

infundibuliformis,

Colony diemeler in mn., at 15 deys

Tnoculated X i. clesons L. lnteus I, bovinus B. Vearicgatus

Control 245 (09) 290 (2:1) 28+5 (1+4) 25+6 (1+7)

C. infundibe 210 (1¢2) 63 (0+8) 13+5 (048) 128 (0+9)
wliformis
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A1l of the Boletus isoletes were markedly inhibited

by Clitocybe infundibuliformis, except for Loletus elegsns,

After 3 weeks Loletus elegans ceased growth at asbout 4nmnm,

fron the nmycelium of Clitocybe infundibuliformis, whereas the

other Boletus species showed very little growth beyond that

established at 15 days. The growth of Clitocybe infundibuli-

formig was slightly retarded in the later stsges,,but because
of. the very irregular outline of the colonies growth could
not be satisfactiorally assessed.

Trametes versicolor grew across the plates very

rapidly snd overgrew the Boletus species within 4 days, with

no effect on growth rates or formation of inhibition =zones.

TAELIS 38. Interactions betwe=n Eoletus species and non-

nycorrhizsl Hymenomycetes.

Colony diameter in nn. at 15 days

Inoculated x B. elecans B. luteus DB, bovinus B. variegatus

Control 20¢4 (1v4) 25¢2 (1¢3) 3040 (2:8) 2344 (1+7)
A. nellea 20¢3 (1el) 26s1 (0¢7) 27+3 (2+1) 2249 (1+6)
P. betulinus 20.9 (0+9) 28¢3 (1+5) 28+2 (2+4) 24°1 (2+3)

Fomes SD. 22¢4 (1+0) 283 (2+3) 29¢4 (2.0) 25+0 (2.6)

The Zoletug species were not inhibited by the non-
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nycorrhizel liymenomycetes. Piptoporus betulinus and the Fones

species were both slightly inhibited in the later stages.

For the third experiment fungi were isolated fron
the soils previously used for the experiment on basidiospore
gernmination. Two comnonly occurring fungi were selected, a
Trichoderma species and a Penicillium species. In addition
a2 laboratory contominant, a second Penicillium species, which
had been observed to inhibit the growth >f the Loletus
species, was included. The Eoletus'species were inoculated

onto the plates 7 days before the soil fungi.

TAULE 39, Interactions betueen Boletus species and other

soil fungi.

Colony dianeter in nm, at 11 doys

Inoculated x 5., elegons I, luteus T, bovinus L. variegatus

Control 19¢6 (1°3) 253 (1+5) 22+1 (1¢3) 209 (1°4)
Trichoderma 143 (10) 21+% (1¢0) 16+8 (0*5) 15.1 (L*2)
Penicillium 160 (1+0) 258 (17) 17*3 (0+9) 156 (1+5)

Penicillium 14e5 (0°7) 19+6 (08) 171 (0+7) 16+2 (0°9)
(1eb. isolate)

All of the ioletus isolates were inhibited by the

soil fungi except for Eoletug lutcus.
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Vigour and infectivity of the fungi,

The technique used for isolating cultures is a
standard one for fungi vhich do not sporulate in Xgigg,
end wvhich produce large sporcphores in vivo. Cultures so
obtained consist of dikaryotic mycelium., lic attenpt was
nade to make the cultures genetically stable by isolating
from hyphel tips, but care was taken to avoid subculturing
from abnormal sectors which were occasionally prcduced by

sone isolafes of Boletus eleganse

Two media, malt extract sgar and Lindeberg asar,
were used initially for the maintenance of stock cultures,
because previous votkers had reported that continuous
culture on a single medium resulted in a loss of vigour,
liowever, becauée cultures of the primary isolates were also
kept vnder liguid peraffin, it was later decided to use a
single medium, namely modified Lindeberg agar, for maintsin-
ing ncrmal cultures.

Cultures not maintained under coil did eventually

exhibit changes in vigour, Some isolates of Boletus elezens

and Loletus luteus increased in vigour, and presumably did

so by a process of selection, although, as has slready been
stated, care was taken to avoid subcultpring from sbnormal

sectors. Iow (1940) reported no chenge in the vigour of an
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nain problems is establishing a suitable initial phk of the
verniculite medium (Hacskaylo, personal communication). The
initial pil weas adjusted in sonme experiments, to give a value,
after autoclaving, of 5*2. This pli supports good growbh of
the scedlings and the fungi individually, but does not seen

to favour mycorrhizel formation., It is worith noting that .
nycorrhizas are reported to be most frequent in vivo vhen soil
nutrients arc either liniting or in en unbeleanced state and
when the soil plH is low,

Al though the vermiculite technique has bLeen used
successfully many times, it is not unusual for failures to
occur (ilacskaylo, personal communication). 2Also, failure to
fornm nycorrhizas in vitro is not conclusive cvidence for an

inability to form mycorrhizas in vivo. Therefore it has to

be assumed that, under the right conditions, 1l of the

present isolabtes would form nycorzhizes.

lintrition of the fungi.

The nutrition of the primary foletus isolates was
investigated in some detail for two reasons, First, information
in the literature on the nutritional reguirements of Loletus
species is somevhat sparse end scattered and sccondly, it was
thought thet the resulto of such investigetions night help to

clarify ithe problom of the eifect of rool exudatces on the

grouth of Loletus species,

-
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The maxinum (1liquid) medium end the mazinunm ionzgar
used throughout the investigations are those used by iielin
ot a1, (1954), designed to ensure the supply of any comion
growth factors likely to be required by these fungi. As will
be discussed more fully later, it was found that these nedia
areslightly sub-optimal for the growth of the primary isolates.
Therefore any growth stimulation of the fungi in these media,
by roots or root exudates, could be due to the neutralization
of toxic levels of one or more cpnstituénts of the media,

A comparison of the géﬁwth rates of the primary
igolates on maximum and basic ionsgars serves to illustrate
the point made above., Although the growth rate for eech
isolate ig approximately the same on the two media, there is
alwvays an extended lazg phase on the maxiﬁum ionagar, about
48 hours more than on besic ionagar. The effect of excised
tomato root sectors is to shorten this extended leg phase,
by rather more than 48 hours for most of the Loletus isolatea,

lielin's grovth curves for Igletus variegatus, cultured in

noximum (liquid) mediun in the presence of roots or root
exudates, also show a foreshortening of the lag phese, while
the linear rates of srowth and finel yields sre similar to
those for the controls.liielin et al., 1954 and ielin, 1962).
liowever there is no evidence for the existaﬁée of a longer
1log phase of growth in naximum (liquid) mediﬁm compared. with

basic (liguid) medium in any of iielin's cxperinents,
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The temperaturc optima for the primary isolates,
growvn on meximum ionagar, are sinilar to those previously
reported for joletus species (ielin, 1925). All isolates
grow best at either 25°C. or just below this temperature,

boletus bovinug srows at 30°C., end Loletus luteus snd

Boletus variegatus grow very slowly ot 7°C., lielin (1925)

reported temperature optima for the growth of isolates of

Poletus luteus end Loletus variegatug at 25°C., and also

sone growth of both species at 5°C, How (1940) found that

an isolate of Boletus elegens crew best at 21°C,

The pi curves and optina for the primary isolates
are close to those previously reported for loletus species,
although different media were used. The optina lie between

“4¢5 znd 55 and in no case is the optimum particularly sharp

a8 was reported for an isolate of Loletus variegatus (itelin,

1925).

The regults of experinents on carbohydrate nutrition
ars of interest, because this espect of the nutrifion of these
fungi is-so important with regard to their distribution in the
soil., It is generslly accepted that the fungi of ectotrophic
mycorrhizas are able to utilize only simple.soluble sugars,
and are unable to grow on nost insoluble polysaccherides.

iielin (1925) noted thet strains of lLoletus elegans and Lokcbus

varicgatus grew well only with glucose end to a leasser extent

with maltose. lannitol supported some growth of both species,
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and xylose slignt growth of loletus elegons. Sodium salts of

orsenic acids were not utilized at all, Hov'91§40) obtsined
/

ginilar results with Loletus elesans. Loth ubfkers found

cellulose to be useless and starch to be utilized to a

linited extent only, How also noted that Loletus elegans

utilized pecectin,

The results for the primary isolates confirm those
sbove, and indicate a very similar carbon nutrition for all
four speéies. The best growth for 211 isolates is with
glucose, The poor grouth vith fructose, galactose and xylose
cen probably be attributed to en inefficient mechanism for the
conversion of these substrates to glycolytic intermecdiates,
although a simple inability to absorb these sugars can not be
discounted.

The inability to ubtilize cellulose substrates is
undoubtedly duec to a lack of extracellular céllulases in
these fungi, Similarly, in the case of tho slight utilization
of soluble starch, onc must assue a very linited capacity
to produce extracelluler hydrolytic enzymes. Strictly
gpeaking some sort of assey with cell-frec culture filtrates
of the fungi is preferable to simply asses:ing ability to
grow with the polysaccherides., Iliowever great care was teken
to zccount for any growth due to contaminent, trace anounts of
utilizabe carbon end cenersy sources in the nedia,

the limited smounts of growth of some isolates
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wvith pectin and sodium polypectate agree with the results of

How for Boletus elegens. It is to be cxpected that fungi

which penetrate host tissues intercellularly would be capable
of degrading pectic substances,
The improved utilization of starch and pectin by

oletus elegang and Boletus variegatus, when supplied with a

trace emount of glucose, is interesting. UNorkrans (1950)
reported improved utilization of cellulose by at least on e
mycorrhizal species of Iricholoma, in the presence of a trace
of glucose,

The preferance for an ammonium or organic form of
nitrogen, already well established for many lymenomycetes,
is evident for the primary isolates. The poor growth on
nitrate almost certainly roflects an inefficiency on the part
of these fungi to reduce nitrate. Illowever the importance of
pH with regard to the assimilation of emmonium and nitrate
ions is well knowmn, end the pll in the present experiment was
prabably not optimum for the maximpm assimilation of both
ions,

The stinwlation of the growth of Doletus elegens

by celcium needs to be treated with caution. Similar

responses by various fungi have been reported by other workers,
but doubts have been expressed as to vhether or not the responses
are directly attributable to calcium (Lindeberg, 1944). It

has already been pointed out that the maxinum medjum is
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slightly sub-optimsl for growth, and therefore calciun may

simply alleviate a toxicity due to some other constituent of

the medium. VWhatever the mechaniesm of the response, it is
unlikely that the ptimulation of mycelisl growth by root exudates
is due to calecium glone., Only one of the primary isolates,

Eoletus clegans, is stimulated end the magnitude of the response

ié small,

The increase in growth of the primary isolates in
the presence of smino acids znd vitamins is due mainly to
the vitamins, but there is a significant interaction between

the smino acids and the vitamins for Boletus luteus and Loletus

bovinus. ilorkrans (1950) reported that for Tricholoma species
the snino acid and vitamin requirements were very conplex
and to a large extent interdependent. In many instances she
found that certain omino acids were toxic at the concentrations
used, even though the emino acid mixture zs a whole was at
optimum stimulatory concentration. The results of the present
experiments in vhich singlé emino acids, or the smino acid
nixture lacking single amino acids, were used, indieate that .
some of the acids are similarly toxic for the primary isolates.
These toxicities can not be accounted for by breakdéwn of
the azmino acids to either phenolic compdunds or aromatic acids
during sutocleving,

The growth responce to the vitamins is mainly due

to thiemin, It is apparent from the results that the inocula
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vere not completely thiomin-frec in spite of their being
leached. ielin (1854) reported very little growth of an

isolate of Boletus luteug, and negligable grouwth of an

igolate of Loletus variegatus, in the zbsence of thismmin,

Roots and root exudates.

The results of experiments with excised tomato roots
ghow that the mycelial growth of the primary isolates is
narkedly stimulated by roots. The mezgnitude of the stimulation
depends on the amount and type of inoculum used. With sieved
mycelial suspension, where the inoculum per flask is very
small znd the carry-over of any essential growth feoctors is
at a mininum, the growth stimulation is at a maxinum,
Conversely, with agar inoculs, wherc the inoculum is large
end relatively undemaoged, and the carry-over of essential
growth factors therefore substaentisl, the growth stinulation
is nuch lower.

iielin (1954) showed that, for an isolate of Boletus
variegatus growm in maximum (liquid) medium, the growth curve s
in the vresence and abscnce of exciged tomato roots were similar
in shape ond height. The cssentirl difference was a lag of
approximaetely 3 days in tho develdpmenﬁﬁof the control curve.
ilence the stimulatory effcct of roots is only on the lag
phase of growth., Obviously the point in time at which‘ »

stimulation of growth will be at it's greatest is wvhen growth )
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is when growth is Jjust commencing the linear phase in the
control curve, Although the present experiments were not
ganpled at this particular point of development, the comparisons
of the various degrees of stimulation are considered reasonably
valid,

The results of these initigl experiments also show
a narked positive interaction betveen the maximum nedium
ond the tomato roots. Possibly the roots are neutralizing
toxic levels of some emino acids known to be present in the
maxinum medium, but the magnitude of the interaction is, in
nost cases, too great to be accounted for by bhis mechanism
alone,

These results support ilelin's hypothesis that on e
or more substances, not present in the maximum medium, and
synthesized at only a limiting rate by the fungi, are cxuded
by excised tomato roots.

The results of experinents on maximum jionagar
show that excised tomato roots stimulate the growth of
nycorrhizael fungi, i.c. Boletus species, but not the growth
of non-mycorrhizsal lymenomycetes. There is therefore some
degree of specificity involved with regard to the stimulation
of the growth of fungi by tomato roots. Lundeberg (1960)
hes previously observed no response of en isolate of

Psalliota arvensig to roots of Pinus gylvesiris seedlings in

cul ture.
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The fact that excised Pinus sylvestris roots also

stinulate mycelial growth is confirmed for Boletus variegatus.

It is evident from this result and many others reported .in
the literature, that the fungi of ectotrophic mycorrhigzas
respond to both host and non~host roots (ilelin, 1954; ilelin
et 2l., 1954, and ilelin, 1962 and 1963).

foletus varicgatus responds to tomato seedling

roots in the maximum medium, but not to the same degrec as
to excised tomato roots. A pos-:ible explanation for this is
to be found in a comparison of the effects of exudates of

excised Pinus sylvestris roots and Pinus sylvestris seedling

roots on growth (iielin, 1963), It was found that, above the
optimun concentration of exudete for the stimulation of
nycelial growth, an increase in the concentration of the
exudate became inhibitory, and that the concentration at
which this occurred was lower for the seedling root exudate,
The tomato seedlings used in the present experiment nmay have
been supra~oplimel at l2ug. dry weight of root per flask.
The results of several experiments indicate that

excised roots of tomato or Pinus sylvestris, killed by

immersion in boiling water for 5 seconds, have little or no

ability to stimulate nyceliel growth., Boletus bovinus and

Toletus variegatus are slightly stimulated, and for Loletus

variegatus the degrec of stimulation is greater with agar -

inoculs then with sieved mycelial suspension. lielin (1963)
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has also reported growth stimulation of an isolate of

Loletus variegatug with excised Finus gylvestris roots,

which had becn extracted in boiling distilled water for 5

minutes., Ioletus luteus and Loletus elegans are inhibited

by killed roots. There is some evidence for the existence of

en inhibitory factor, which is recleased more easily from roots
with demaged plasma membreanes (lielin, 1963), This could explain
the results with killed roots. liore simply the explanation
could be that killed roots do not exude the stimulatory factor
to the same extent as living roots.

The growth of Loletus variegatus igs also stimulated

by excised tomato root exudate, Similar responses to exudates

of cxcised tomato and Pinus gylvestris roots have been obtained

by ilelin (1962 and 1963), in maxinmum (liquid) medium. The

degree of stimulation is comparable with that obtained on n
noximum ionagar with excised tomato root sectors of approximately
one mg. Ary weight. IHowever the exudate is still stimuletory

at a concentration equivalent to Oelmg. dry weight of root

per plate. lielin (1963) reported that excised Pinus sylvestris

root exudate is stimulatory over a range of from 0¢3 to 20
units per 20ml. of maximum (liguid) medium (one unit is the
exudate from one ng. dry weight of root kept in distilled
vater at 49C, for 6 days). Obviously the effective
concentration of exudate availatle to the fungas in liquid

nedium cen not be conpared with that availeble in the well-
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platess Also it should be noted that exudate was collected
at 25°C, in the present experiments. lfowever, lelin considers

that excised tomato and Pinus sylvestris root:exudates are

equally efiective at stimulating mycelial growth (personal
comnunication), and the present results do not contradict this.
Helin (1963) obtained increasing inhibition of

nyeelial growth above 20 units of exchsed Pinus sylvestiris

root exudate per flask, and has shown that rather lower
concentrations of excised tomato root exudate are inhibitory
(personal communication), I+ is apparent that inhibitory
concentrations of excised tomato root exudate were not used
in the prescnt experiments,

The inability\of killed roots to stimulate
nycelial grouth is furht;r suppotted by the results.of an
experiment with exudate collecteé from killed roots. The
inhibitdon of growth at a concentration equivalent to ane
ngecdry weisght of root per plate supnorts lielin's hypothesis
that en iﬁhibitory factor is released in quentity from
roots with damaged plasmg membranes,

With rezard to the effect of extracts and homosenates
of cxecised tomato roots the situation becomes very complex
and no definite conclusions can be drgwn fromn the regults.
It ig evident that over the same gange of concentrations as
used for testing exudate, extract and homogenates do not

stimulate mycelial growth. At higher concentrations non-
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exffacted homogengte is inhibitory. Presumably the slowly-
diffusible inhibitory factor, postulated by lielin, would
be libereted in large amounts from homdgenized roots.

It ig swiprising that root extract iz neither
stimulatory nor inhibitory over eny part of the r.nge of
concentrations applied. Iliclin (1962) considers that the

narked inhibitory effect of extracts of excised tomato and

Pinug sylvegtris roots, subjected to abrasives or frocoe~
drying prior to extraction, is due to the damaging of root
cell plasma membranes and the subsequent relecase of inhibitory
factor. It seemns surprising that plasma membranes shopld
remain intaet during cxtrachion in boiling distilled water as

g

is suggested by the results of the present experinent,

The result of an experiment with water-soluklé ash
of excised tomato roots is convincing evidence that the
stimulatory factor derived from these roots is not inorzanic.

These experiments with roots =nd root cxudatec were
conducted with three objectives in view, The first was to
confira the results of ilelin and his coworkers cn the existence
of the stimulatory factor exuded by roots, a=nd the second
was to look at some biological and physical properties of
this factor. ith regard to these two ains, the results of
the present experiments generally agree with those of lielin.
The third objective was ta develope a technique suitable for

the bioassey of the stimulatory factor derived from roots, end
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this will be discusgsed more fully later.

It is poszible thet the stimulatory factor is
chemically detectable at biologically active concentrations.
From the results of the chromatographic investigations it is
evident thet a wide range of orgenic comnpounds are released
from cxcised tomato roots suspended in distilled water,

Among the ninhydrin positive compounds detected in
cxudate vere clutemine and asparagine. The letter stinulates

the growth of ILoletus _variegatus but only to a slight extent.

The three main sugers identificd in exudate,
nanely glﬁcose, fructose and sucrose, are all adequate carbon
end energy sources for Loletus species, but could hardly account
for the stimulation of mycelial growth brought about by roots
and root exudates. The possibility remains that some
unidentified "suger" misht be importent.

Fhenolic compounds were detected in exudate but it
ig unlikely that such substances would stimulate mycelial
crowth, The inhibitor in cxudate, reported by ielin, could
be phenolic.

Apart from the fact that meny groups of compounds
vere not tested for in exudate, it is of course possible
that the stimulatory factor is not chemically dcetectoable at
biologically active concentrations. Tuo nethods for the
identification of such a substance are apparent. The most

setisfoctory would involve scparation by chromatographic and
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other techniques, and detection bty bioassgy. An indispensible
prerequisite for such a nethod is a satisfactory bioassay.
Although such g technique was developed, because of the time
taken for it's development, it vas not possible to use it
during the course of tﬁese investigations,

A simple alternative, but lesc logical, method was
enployed., This involved selecting potential growth stimuloting
substances and testing their effeét on nycelial growth in
naximum medium., In view of the reports in the literature
on the stimulatory activity of adenine (ilelin, 1959) ond
nicotinsmide adenine dinucleotide (liilsson, 1960), attention
vas concentrated on these substances,

The results of experiments with IJAD from two
different sources, with kinetin ond with edenine suggesit that

slkeght stimuwlation of the growth of Ioletus varkegatus by

nost of these compounds is probably duc to the adenine part

of the nmolecule. It is evident from the resultsvthat none

of these compounds replaceg the stinulatory factor exuded by
roots. The maznitude of the stimulation is, in 211 cases,

too small., Contrary to ililsscen's report LiAD does not renlace

the stinulatory factor.

Basidiospore germination.

A limited number of experim:ntc were performed with

basgidiospores of gseverpol :oletus species vrimarily to compare
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the effects of roots and root exudates on the germinstion of
these spores and on nycelial growth.
Coculturc of the basidionspores with a suitable

nicroorganicm, in this case Zhodotoruia rubra, iz generally

necessary to obtain any gernination. In cases vhere
serminegtion occurs in the abtsence of the yeast, the level of
germination is elweys inecreased vith the yeast precent. The
consisﬁen%ﬁy Jow lchlé of germination observed ond the long
times ré&ﬁircd for germination zgrec with the results of othe r

votkers,.

Roots of tomato, finusg gylvestrig and Larixz decidua

stinulate germinetion, thus confirming the results of .iclin
{1955 and 1962). 4s with the stinulation of aycelial growth
there is nothing to indicate that the germin:tion is

particularly specific. iasidiospores of ..olctus elegans for

example, respond equally well to tomato and Pinus sylvestris

roots as they do to Larix decidug roots.

Tomato root exudete stinulated the seraination of

the basidiospores of one lLoletus lutcus collection (lb), end

the activator involved appears to be heat steble., These lask
regults together with the non-specific neture of the activator,
sugcest that the factor{s) involved in the stirulation of mycelial
zrouth and bacidiospore gérmination ney bz similar or even

identical, This view has alrcady been put forwerd by iielin

(1962). If this && so thep Rhodotoruls rubra should te
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cepable of stinulating mycelial growth. The results of =n

experinment indicate that only loletus variegatus shows a

slight but insignificant stimulatory response. It 1is
possible that there is an inhibifor, which is more active
asgainst nycelial growth than against basidiospore germination,

in Rhodotorula rubre exudates It is not possible to state

with certainty, at this stage, that nyceliszl growth end
basidiospore germination are stimulated by the same factor(s).

Culture filtrate of Rhodotorula rubra stinulates

basidiospore germination of Loletus luteus (3c), but not the

gernination of basidiospores of other collections, which
respond to the yeast itself,

The results of an experiment with soil extracts,
obtained from soils bearing mycorrhizas, show that there is
no widespread occurence of a substance which stimuletes
basid108por; germination in such soils.

The technique eaployed in these experiments is open
to certain objections. The criterion of germination is the
production of colonies, visible %to the noked eye on agar
plates, end this is not simply o measure of geramination but
also of subsequent mycelial growth., Plates uere regularly
exenined, under the microscope, at the end of experiments for
spores with visible germ tubes. These were very rarely scen,
and so it appears that colony counts reflect gernination quite

accurately.
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Two further criticisms are possibly more serious,.
Spores gerninating early develope into large colonies by the
time the experiments are terminated, and these could give
rise to underestimates of germination by obscuring late
gerninating spores., This problen is partly overcome by using
suitable numbers of spores per plate, and also by viewing
colonies from underneath., The centres of the colonies are
brown on the underside and this enables colonies within
larger colonies to be distinguished. The third objection
arises from the fact that the mycelis of warious fungi are
able to stimulate basidiospore germinagion (il. Fries, 1941
end 1943). It is possible that some autostimulation occured
in these experiments, thus giving overestimates of germination,
Fortunately the germination effects were usually absolute,

i,e, gernination or no germination.s

Interactions between ioletus species and other fungi.

Becasuge of the findings of Rypacek (1960) on

interactions between Loletus variegatus and several non-

mycorrhizal iiymenomycetes, it was considered vorthvhile to
carry out similar experiments in order to confirm if possible
Rypacck's results, and also to investigate interactions
between the primery loletus isolates themselves.

It has been established that ioletus elegang,

Loletus luteus snd Loletus variepatus infect Lerix species,
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end that Doletus luteus, Iolatus bovinus and Boletus veriegatus

infect finus species. Species vhich infect the seme host are
likely to compete with =ach other at the root surfaze. The

strong interactions between Ioletus elegans and the other

isolates are of some significance in this respect, although
it is not possible to say, without further experimeantation,
vhich organism in each case is the antagonist, It is worth

noting that Boletus bovinus, with which Doletus elegans

interacted most strongly, does not form mycorrhizas with
Lerix,

Siznificent interactions occurred between the Zoletus
species end two of the non-mycorrhizal Hymenomycetes tested,

nemely liarasmius alliaceus and Clitocybe infundibuliformis.

Thess %wo species, both of which can be termed leaf-litter
seprophytes, nertedly inhibited =211 of the Boletus isolates.
lione of the remsining non-mycorrhizal lymenonycetes tested

interscted in any wey with the Ioletus isolates. IHypholonma

feogsciculare and Tremetes versicolor cen be clessified as
wsod-inhabiting saprovhytes and the others as wood-dcstroying
perasites. The fact that the Zoletus species did not inhibit
the growth of the word-d2stroying percsites is contrery to
Rypozel's obsereations, It should be noted however, that all
of the wood-=destroying perasites used by Rypacek occur on

conifers, wheress only Armillaria melles of the species used

in the present experiments falls into this category.
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Although only +two soil seprophytes were tested’
egainst the Eoletus isolates, because both were widespread in
50ils vhere mycorrhizas were known to occur, and bolh markedly

inhibited the growih of the DBoletus isolates, this suggests

that competition in the soil from antagonistic fungi is

probably intense.
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APPLLIDIL A

tycelial morpholosy on malt oxtract agar.

Boletus elegsens,

Colony charrccterigticst either fine, white, closely-
compacted aerial hyphae tending to turn pale golden-browm at
“the centre (isolatees 1, 67, 77 and €1), or fine, whitish-
yellew, compact hyphee adpressed to the medium and tending to
form sectors (isolates 52 and 63). linute, clear droplcts on
all hyphae tending to become larger and coloured in sonme
isoletes (l and 77). Undersurfece of mycclicl mat dark brown
(isolates 52 and 63), brown (67 snd 81), brownish-white (1)
or yellowish (77). Slight zonation in isolate (7.

liyphae: aerigl hyphae 1-3(-5) microns in diameter,
ususlly some btecoming darkly steined in older ports of the my-
colium (isolates 1, 63, 77 and 81). Simple end pasrige
breanching in all isolates, although infrequent in some (52
and 81). Substrate hyphae irregular, knobbly, highly secptate,
compact end often decply steining.

Mycelisl strends: present in some isolates (63 ond
77). Certrol hyphe, 3 microns dirmetor, surrounded by single
layer of finexr hyphae, ' ’

Clenr connections: never se-n.

Loletus luteus.

Colony cherscteristics: course, vhite eceriel hyphae
tending to turn pale yellowish-browm at centre. I!inute, clear
droplets on 211 hyphee tending to enlerge and colour,.
Undersurface of mycelial mat dark brown (isolates 4y 74 and 79),
or yellowlsh-brown with darker centre (isoletes 19 end 83).
Zonation in isolate T9.

Hyohee:s eeriel hyphae 1-5 microns in dismeter
usually some becoming darkly stained in older parts of myceliun.
Simple ond pacrige brenching in o011 isolates, brenches often
arising from clemp connections where these occur (isolates 19,
44 £nd 8%). Substrate hyphae irreguler, highly- septate,
compact and frequently deep staining.

Hycelirl strends: present in @1l isolates. Centre
core of large hyphae surrounded by one to thre: layess of
finer hyphece, Totol dismeter of straands up to 20 microns,
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strends often branched.
Clesmp connections: present in some isolates (19,

LBoletus bovinus,

Colony cheracteristics: off-white aerial hyphase,
fluffy in some isolates (70 and 78), adpressed to the medium
in others (42 and 73). In isolate 42 a marginal zone, 1l0mm,
wide, only was adpressed, Ilinute clear droplets on =all
hyphae except margin of isolste 42, tending to enlarge and
colour in some isolates (42 and 705. Undersurface of
mycelial met derk brown, either entirely (isolates 70 and
78) or at the centre only (isolates 42 and 73).

H Hyphsoe: aerial hyphae 1-9 microns in diameter,
sometimes tending to bec ome darkly stained in older
mycelium (isolates 70 end 78). Simple and pearige branching
in all isolates, often arising from clamp connections

where these occur (42, 70 end 78). Substrate hyphae highly
septate, compact end colourless.

Hycolial strends: present in some isolates (70
ond 78), total dia meters up to 25 microns.

Clamp connectiong: present in some isolates (42,
70 eand 78)..

Bolectus variegatus.

Colony characteristics: pale brownish-uhite aeriel
hyphae, colony mergins irregular in some isolates (50 aond 82).
Clear droplets, tending to enlarge but not colouring. o
Undersurfece of mycelial mat grey-browm with whitish margin.
Zonation in some isolates (50, 55 and 82),

Hyphee: aeriel hyphee 2-7 microne in diemeter,
usually some becoming darkly steined in older myccliup (72
rmd 82), Simple and paarige branching in all isolates,
sometines arising from clamp conaections where these occur
(isolates 50, 55 and 82)., Substrate hyphae irregular, highly
septate, compact and colourless.

Mycelinl strandss present in isolate 50, diameter
up to 15 microns.

Clemp_connections: present in some isolates (503
55 end 82),
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Hyecelial norphology on ionager.

Boletus clegans (isolate 1).

Basic ionsgar: pure whit, fine aerinl mycclium,
adpressed to medium over marginal Smm, Slightly yellow-
brown at centre due to coloured droplets.

Maximum ionagars a8 on basie ionagar, but more
cecmpact with no adpresced marginsl zone,

Boletus luteus.(isolate 19).

Bogic ionsgar: browmish, fluffy aeriazl myceliunm
with clear droplets on hyphae. IHargin of coldny véry
irregular with distinct mycelial strands spreading over agar.
Undersurface soft chocolate brown with yellowish m: fgin, 10
to 12mn. wide,

Maximum ionsgars brownish-vhite  aerial mycelium.
Droplets on hyphae bhecoming larger and coloured towards the c
centre of the colony. Iliargin of colony entire, Undersurface
with yellowish marginal zonm only 6-7mm, wide.

Boletus bovinus (isolate 42).

Basic ionagar: patchy white eand yellowish-browm
fluffy serisl mycclium. Colony margin slightly irregular,
Few clear droplets on hyphae, ond mycelial strends present
noar the colony margin. Undersurface ver decp rich brown,
with off-white margin, l2um. wide.

" Maximum ionsgar: mycelium rather more compact.

Stronds absent, but dense hyphal patches present near
colony margin, Droplets becoming larger and coloured
towards the centre of the colo ny. Underfurface with maorginal
zone only 5m., wide.

Bolotus variegatus (isolate 50).

Basic ionsgar: brown, flufiy, rather +thin acrial
mycelium, Welld eveloped trends present, end some ecmoll,
clear droplets on the hyphae. Undersurface grey-broun.
Mexinum ionsgar: mycelium rather more compact and denscs
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trands gbsent, snd droplets becoming larger snd coloured
towards the centre of thc colony. Undersurface soft brown
with colourless margin, 4mm. wide.
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APPELDIX B

The following reagents were used:-—

1., O¢5g. gum guaiac in 30ml. methylated spirit.
2. 2% phenol plus a few drops of aniline,

3. 105 smmonium hydroxide.

4. Aniline,

5. 10/ potassium hydroxide,

6 - 40,;{1 fomalino

Positive results were obtained vith two of the

reagents only.

Fungus Isolate 10/6_HH4O0H 10% KOH
L. elegens l PP P
" " 52 PP P
" " 63 PP P
" " 67 2 (p)
" " 77 PP P
" " 81 (») (p)
B, luteus 19 - -
" " 44 - -
S 74 (¥) -
" 7 (?) (P)
" " 83 (p) -
D, bovinus 42 - -
] " 70 -— -
o« 73 (2) -
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k. bovinus
B. variegatus
L "

" "

" "

(p)

PP

78
50
55
72
82

" pele pink

 pink

deep pink

()

(p)
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APPIDIX C

Analvses of varianca.

Table Fungug Source lesn S F P
Lo By elegans starch x gl. 842 280 0+001
error 003
10 Be elecans pectin x gl. 827 82+7 0s+001
error 0«10
10 Bs elegons pectate x gl. 033 25 n,s.
arror 012
10 Bs elegens C.i.C. x gl.  Ge51 130  0+001
error 0«05
10 B, varieg~ .starch x gl. 24«61 9«5 0025
atus orror 2+58
10 B. varieg-= pectin x g1, 2+14 T*4 005
atus error Q29
10 B, varieg~- pectate x gl., 0°07 0*3 n,.o.
atus error Q0«23
10 B, varicg- C.li.Ce x gl, 419 210 0001
atus error Q02
12 B, elegans a.as x vits 150 42 nN,.8.
error 0+ 36
12 B. luteus aeas z vits 12425 68+1 0+001
error 0+18
12 L., bovinus &as.as x vits 6«00 200 0005
erroxr Q3
12 B, varieg- a.as x vits 0.05 0«2 11,3,
atus error 023
15 L, elegens thiemin x vite 002 20 1.8

cIIrorx
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15
15
15
16
16
16

16

a7

17

17

B, luteus

B. bovinus

B. varieg-—
atus

E, elegans

B. luteus

B. .bovinus

3. varieg-

_ atus

B. luteus
(19)

B. luteus

(44)

B. bovinus

thismin x vits 054
error Q22

thienin x vits 028
error 015

thiezmin x vits O
error ' 0.09

mex. X roots 15.11
error 1+26

naxe. X roots 1219+77

error 2742
M8X. .X roots 136226
error 3+85
max. X roots 546431
error 14+37
nax. x roots 38123
error 608
max. X roots 54+71
grror 005

max. X roots 179351
error llf08

0«2 n.se.

0¢2 n.s,.

1240 Q.OOS
4#-4 0+001
3547 0°001
38.0 0001
650 04001.
109 0001

162 04001
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