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. .~ ABSTRACT - T e

T

The‘growth-and development of Fomes cajanderi Rarst.
.in nature and in.culturenwas‘inwestigated ’In the early
stages of wdbd decay the’ hyphae are th1n walled hyallne,

vclamped and sparse, growing 1n a. longltudlnal direction
in_the-tracheids; In the advanced stages of decay the,"’

t >

hyphae are found in dense aggregatlons near the ray cells.

The development of the- natural ba31d10carps haﬁ beén

'

followed from the grlmordlum to théusporulatlng stage. ;-3m§?

- e

The prlmordlum con51sts of generatlve and skeletal hyphae
growing outwards in a radlal manner. to form a hemlspherlcal
t ' ' ?

-structure In the bas1d10carps the mafglnal reglon is’

L

composed of generatlve hyphae ‘and developlng skeletal hyphae.

The contex’t reg,on consists of-lrneéularly thickened

.

' generative hyphae and fully developedﬂskeletal hyphae. Thef}

differentiated_generatiie’hyohae‘are found in,"islands"

R . B e v

S : ., ) PRt
among the parallel aligﬁed\s&iletal.hyphae. The dlssepi—

mentsvare‘forned'by the downward growth of 1nterwoven
generative and sheletallhynhae.‘ ;E - o T ' .
Three types of - hyphae were con51stently found in agar,
still (llquld) and wood=+ block culture\ They are the, thin-
.walled nodose septate hyphae;‘the 1rregularly thlckened
nodose septate hypha:,vand the flber hyphae The effectlof
varlous carbon sources on the amount of mycellal growth

was examlned and it was found that the best growth occurred -

with cellobiose and D-mannose whlle 1ittle growth occurred

iii
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'»vith_ﬁ—fruotose, ﬂnylose,,galactose,‘and-sudrose..uFormation
hféf gegtile.basidiocarps oeCurred in all three types o
i;ultures. Observationszof the eultuf%l basidioearps reveal;
/{ed the same three types;of'hyphaelas those fodnd in tural‘
| basidiocarps.. Differencesiin the‘basidiocarp appearanCe

and hyphal organizatietr"were noted, but' the form and mode of
- L3 . ¢ .

devel%pment of the Hyphae.werefthe same. . v

o

, At present there are. two sets of terms wused to describe
hyphal morphology of the natural and cultural myceliu; in
the_polvporesf Corner S terms are, used to describe . thel
structure and development of the natural basidiocarps.:

~ Nobles terms ar;Tused to describe the strueture of the
cultural mvoelinn“ With F. cqgandert there is uniformity
- of developmen of the hyphae through the vegetative and
Hreproductive phases in nature and 1n.culturel. I bélieve'
that‘one set ot terms is sufficient‘for de%oriptionrof:thewv;
vmyeelium and that~the tefms generative, irregularly thick~

'ened genefative, and skeletal hyphae should be used to

1

; describe the development of the mycelium- and ba31diocarp o~
lrn the natural and culturalwenvironment, This simpk{?iea—t‘

'tion of terminology would’make comparison of the-structure
.and development of different species ‘much less difficult
"and thus serve to clarify 1nterre;\¥ionships between

speCies of the Polyporaceae B

-

iv
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INTRODUCTION

P

The Polypd;aceae is a large, economically imporfrnt

. L . o 4
family of fungi recognized as major wood-decaying orgdnisms.

The biology of -many species ho: bceen extensively examined,

"es_scially the mycelialxdevelopment in wood‘anﬁ the macro-
“scopic features of the basidibcarpg. The decay of wood
products by these fungi has been the stimulus for numerous

studies to find methods of preventing‘such-damagé. Invest-
o - ‘ : . S o » . .
igations have disclosed many'genetical,'phyéiological, and’

. biochemical aspects of the life history of polypores and

descriptions of the basidiocarps are found throughout the
literature, since these structures are.the most distinctive

part of the fungus..

For many years mycologists have been concerned with

AN

establishing stable taxonomic reiatipnships between various

. ‘ S ' / Co
members - of ' the P?lyporaCeae. Macroscopic tharacters were

. . ] . . - V . : ;
- used primarily in delimiting the taxa and, because of the

! 3

' polymorphic'naé&fe of the bésidioégrps, a éﬁmbe; of
vartificiAI'claésification systems were ébnstrﬁctéd. The
'EAXOHbmiquqsitioﬁfof many polypdre species has.séillrnqt
Beén'resolVed,.éhd‘go claséification‘systém'for fhe
'PolygoraCe;e can be'régardéd_as_genéraily éccep;edk
(Bondarcseva, l§61).“Cofner (19325,.1932b;'1953):was the,
 firétvinv¢stig tor tbsstudy thé microstrugtufe 6finaturél
.Basidiécafps:in;det;iiﬂ Hiﬁvyork:emphasiied théHst?gcgwfe
.énd~devélobmént §f hyphal typéé iﬁ pblyporé basidioéérys{

Ry



make up t

"have been

and he introduced the "mitic" system. In this system

there are three hyphal types which,4in various combinations,

K

Jcomplex,microstructure of the basidiocarps.

The three (hyphal types recognized; were tHe generative

hyphae, sheletal'hyphae, and binding hyphae. Cunningham'

(1954,.1965) used this."mitic" system to establlsh a

class1f1cat10n based on hyphal\types present in the,ba31dio—u

e ! : - - .
carps. Unfortunately, Cunnlngham set up his classification K

»

u51ng only a limited number of spec1es }nd ‘'sometimes made

'incorrect observations which resuIted in an artificial

h;system of classification.

The first major investigation of the development of

v

woodfdecaying fungi in culture was done. by Long and Harsch

(1918); These workers grew a large'number of fungi‘On a

|

"varlety of media and descrlbed the- macroscoplc and micro-

scopic. charact rs of the cultures Bas1d10carps frequently

formed in cultjure and they noted that "the size, shape, and
color of Ehe ores and tubes producedvin-artificial'

cultures'onl‘any_of the agars are practically identical

with those found in nature for a glven species.

~

" The .mo phologlcal studles of Nobles (1948 1958, 1965)
die major works used to,ldentlfy*cultures,of‘

wood—inha iting polypores. Basing her key on both macro-

\
¢

scopic and mlcroscopic characters produced in culture,oshe

‘has sepa ated various groups ‘by a number of criteria.

A a
These are the absence Oor presence of extracellular oxidase,
septation of the hyphae, occurrence of-spec1al structures\(

_E

)
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and Spores,,cOlor of the hyphae and mycelial mats, changes
Vin(agarqcolor, rates of growth, formation of fruit bodies,
. C oo S : : \

: oddr;vhostfrelationships and interfertility phenomena.

~She belleves that these cultural characters can provide a

guide to relationshlps ‘in the. Polyporaceae. .
| These varlous st&gles have 1nvest1gated the vegetat*ve
'mycelrum, the reproductive.structures produoed»in culture,
in some instances;.andﬂthe.structure of the natnral'basidio—l
carps. Practically no work has been done 1nvolv1ng
“comparlson of the development of hyphal types in cultural

and natural ba51d10carps. "For most spec1es detailed hyphal
_ analyses of the ba31d10carp have not been carrled out.

. Usually onlybbrlef accounts of ‘hyphal morphology‘of thej'v

dba31dlocarps are provided in species descrlptlons and no

1nfornat10n on hyphal’ developmént 1s g;ven, " The vegetative

‘n;celinm in”cnlture has been ektensively~studiedo hut"the

'development'of basidiocarps in»culture.has received’little

attentlon o The 1nvest1gat10ns of Plunkett (1956 1958,

oo

1961) u31ng PoZyporus brumalzs, ‘a Sﬁgpltate polypore, havei

'prov1ded much of what is knoWn of the effect of the

)

physrcal env1rOnment on basidiocarp,morphogenesis. However,
-_the mlcroscoplc characters of ba51d10carps formed ini
culture were not examlned;- Nobles (1971) has p01nted out .
that in cultures of all spec;es of WOOd 1nhab1ting Hymeno—'
nvcetes,,qnclndlng thpse wlth‘basidlocarps that are

difficult to dissect andbwhose.hyphal-systems,are_

difficult to determine, generative;hyphae.andlhyphae
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. moddfied-to form the characteristic,microstructures°of the

species may be‘readily observedu
. . R4l o .
The lack- of 1nformat10n concerning growth and develop-

" ment of these‘fungi prompted me to carry out a detalled

study of ‘the development oE Fomes cagandert Karst in

{
nature and in culture This spec1es was chosen for three

reasopgs. Flrstly, the species is falrly common and w1de—»

spread in Alberta so that fresh spec1mens could be readily

I3

obtalned 'Secoydly, the great propens1ty of F. caganderi

\ \ .
to frult in culture prov1ded a. good opportunity to compare

hyphal developmen in the natural and - cultural baSidiocarps.
'Thirdly, the cFdsell related Fomes roseus (Alb. and Schw.

ex Fr.) Karst '1s often confused with F, cajanderi-as,they

. » S . _

both have a pink- colored pore surface. The~objectivesvof'
< .

.thishggudyrwere: (1) to provide basic information needed

to understand microstructural changes fundamental to
. .

morphogene51s in thlS species and (2) to evaluate the

Z;ffects of selected factors of the cultural enkdronment on

growth ‘. - 7. /// E v‘i. . . Toa
a ' IR

. There mere threenapproaches ta’thls study.. The firsb,‘
'“was a detailed hyphal analy31s of the. natural ba31diocarps
‘to determlne the structure and mode of development Growth
”from theuveget;tive hyphae in. the wood to formatlon'of
"fully developed~ba51d10carps nas examined - "The second
approach was an 1nvestagation of the Vegotative and -

reproductive development of the fungus in three types of.

vculture° agar culture, still (liquld) culture,‘and wood~-
R A . A R



\\/\7

<

block culture. The third approach involved exploratofy
“physiological work eiamining growth retes at ‘'various
tempereture%g_carbon utili;atioﬁ, and decay of wood-

“shavings supplemented with L—aspéfagine. A search'of%the, o

llterature showed no carbon utlllzatlon studies or wood—
L ﬁ '
ecay expquments on this species.

The results of tlese studies willobe presented'yf%EWO

major sections. The first will_be a detailed account of
¢

.the growth of the vegetatlve mycellum and ba31diocarp
development-of-F. qajanderi in nature. The secqnd §&§§ion
‘ v : " - P

u

will describe the growth end development of the fung's'in

A . . .
the three fypes of cultures. The;physiological results

- will also be presentedvin this sedtion. The resdlts and
observations will be bropght togethef in the discussion to

present a complete view of the development of F. cajanderti

in nature. and in culture,
Al

s




LITERATURE .REVIEW

N "
The.basidiomycete FOmes cajanderi Karst. belongs to
‘the large familykPolypor eag, an economlcally 1mportant
igroup of mainly wood-~ decaying fungi.i The family is
characterized by the hymenial layer lining the inner
surfaces of regular or 1rregular tubes or lamellae ~ The

‘icIa351fication of the Polyporaceae is presently undergoing

exten51ve revision as more studies are being conducted on'

the polypores. No classification‘proposed so.far has'BéEh“
universally accepted. A brief review of,the;major classi-
fications’currently.in use is given. =

B
.;(,
. ‘1

The classification of karholts (1953? incorpOratesh

mainly macroscopic features for delimit%wg genera and

species of North American polypores

basidiocarp shape, color, texture,

and substrate oreference asﬁmﬁjg’“
"features'such as.sporedsizew
’iare also uSed.for identificatii'h
8‘genera in the POlYPOIaCGae Wit;“;‘é genus Fomes containing

about 40 species. His concept of the genus Fomes 1is based -

MY

on the perennial,nature.of the sporonhore'ani'the tube'

.,region consisting of several distinct or 1ndlstinct layers

.to which additions are made yearly.

| Lowe (1957) ‘'gave an ‘account of the genus Fomes in

'North Amerlca in which 68 species'are treated grouped in 5

‘sections. 'The‘sections are baSeé.on_context color and spore.
‘ v , , . 6 . L
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appeararice. Species are keyed out mainly by microseopic
featuresgSUch as absence or presence of setae ‘and spore
size and shape. F. caganderz is placed in a section

' characterized by .a pink or rose context and hyaline spores.

3 -

Bondartsev (1953) has written the_largest singlei
volume»on the pclypores»to date. His book encompasses

almost 300 spec1es and about 200 of their warletles and

t

forms. ' A natural c1a531ficati0n is proposed for the,
Polyporaceae (sensu strzcto) consisting of S subfamilies

”and 10 tribes. The groups are keyed out by a number of
4

criteria 1nclud1ng ba51diocarp shape tissue color and
. ) gl

- 1'. - .
con51stency,nabsence or-presence of cystidia or setae,

spore shape, size, ‘and color and substrate preference.»'k

. v

detaijed synopsis of this class1ficat10n first appeared in

“Annales Mycologici" (Bondartsev and Singer, 1941) Ip the

cla531fication, F. caJanderL (as Fomztopsis subrosea (Wier)

Bond. and Sing.)his piaced_in‘the'subfamilyTFouitoideae
'and'the tribe.%omiteaef.‘Features of thédtribefFomiteae
binclude'oblong;'colorless spores,vdiversely.colored eorky
to woody tissue;‘stratified tubes, absence of. seuae _and
usuallx,an unguiate plleus covered by a crust

- Nobles (1958, 1965) was the first worker to use the
culturai eatures of the mycelium in 'a c1a551f1cat10npf
schemeu_ In her key,.the flrst diyision is ‘based on the
_presence or .absence ofvextragellular oxddaselin~culture.
thelpresence of the enzyme was detected by growing cultures
{on»giilio‘oritannic'acid agar or.by dropping anValcoholic

N
«

P74
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solution of guaiacum on the mycelial mat. The rapid appear-
ance of blue color 1ndicated the presence of the enzym@.

After the first d1v151on was delimited subsequent groups

'were keyed out by types of septation,,hyphal types, fruiting:

-in culture, color of mycelial mats, - odor, growth rates,

< ‘;

oecurrence of oiddaror chlamydospores, host relationships
£3 P

and. interfertili henomena- Nobles noted that two majo%

groups could be’ distingu1shed in the Polyporaceae. One
group, con51dered primltive, con31sted of spe?ies that
produced no enﬁracellular oxidase and if heterothallic,
showed the bipolar type of 1nterfertility The second
group was considered advanced and con51sted of species that'
'produced extracellular oxidase and‘ if heterothallic,

-
showed the tetrapolar type of 1nterfertility . caganderz'
‘was repOrted to. be among the primitive group of polypores.
Fomes cajandeni‘Karst. ‘ 5”.'- Lo

»

1. C‘l'as's';if-icatio\n 'a'nd'distributio'n '
bIn the history of the clas31f1cat10n of Fomes cajanderi
Karst. there 1s much confu51on and confllcting informatioﬁlf
The problem arose due to the ambiguous use of the name .
Traﬁetes carnea ﬁees by early American w0rkers to describe
a pink to.rose-~ colored polypore found . in North America. T;,
carpia was first described .35 a new Spec1es from Java in

1826 by Blume and Nees von Esenbeck as PoZyporus carneus

(Weir 1923) Frles (1838) also used the name B, carneus

P )

and described ‘the fungus The Javanese fungus was then
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confused by Fries (1874) in Hymenomycetea Europaez with a

31m11ar polypore recorded in America by. Berkeley. Unf?rtunr
,,‘< Ve N . vl .
ately,-the orlglnal specimens of Blume and Nees von Esenbeck

have not been compareéd with the American collections;'

In 1847, Berkeley describei>a new-species of polypore’

from Ceylon as Polyporus rubidus.’vMaterial'of'this species

’had also been’found in Java, Australia, and the Philippines

and 1ts descriptlon agreed well w1th P carneus. Both Weir:

and Bresadola (1912) belleved that P rubidus was a

- ’

“synonym of P.‘carneus. Weir reported that spec1mens of

P. rubidus are entirely dlstinct from the polypore found in

__North America, d1ffer1ng in basidiocarp color,. in spore

~

shape and size, in the character of the pileus; in decay,

and in substrate preference.
Berkeley had in his herbarlum spec1mens of F. oajanderi !
¢ : O .

,whlch were collec d in North America in 1857 58 and were

“olabelled PoZ%porus paZZtserz and Trametes arctzcus 'eThese

-
“‘.«.

ﬁ;names were not published by Berkeley, althoygﬁ“%%oke in -

A

e1881 published the name ”Polyporus paZZtserz Berk in Herb.

5

’Berk% ,(Wair, 1223). -Sincevmhe-above namés -were not

Fomes subroseus (Welr) Overholts (Overholts, 1935) How-

acQOmpanied by'descriptions, they'can be disregarded

-2 ’ R

Due to the confusion associated with the .name Trametes

: . | .
'carnea, Weir (1923) proposed a new name, Trametes subrosea,

for the American fungus Overholts (1933) transferred the -

species+to the genus Fomes and later gave a description of

g

-y

ever, Karste%§(1904) had earlier named and descrlbed the



spedies as Fomes cajanderﬁ, unknown to Weir and Overholts.

10

H_Thus Karsten s name has prlority, since Weirls name;was-
publlshed in 1923 A : :" - B 'ff'

Bondartsev and Slnger (&9&1) placed the species in the
genus Fomztopscs because of the corky con51stency of the

tissue and the pinklsh or pink to llght brown ¢olor. .In

vBondartsev ‘s major work "The Polypor ceae of the European_'

4
USSR and Caucasra (1953) a detailed descrlptlon of Fomztop—

‘sis subrosea (Weir) Bond, and Sing. isAgive .

.Since most workers"today_(Lowe, 1956;_1957;‘Nobles;
1965; Lowe and Gilbertsom, 196la, 1961b; Adams and Roth,

.. -
N 1

fl967, 19653 Neuhauser and,Gilbertson,.197l) recognfze the
namedproposed‘by Karsten;‘F. aaﬁandani will:be used in this
thesls; | |

- E. cajdnderi-is widely'dlstributed throughout'the north-
: temperate,ZOneQA Lowe'(l957) reports that:in North‘America;"
rdthe spec1es has been collected from Quebec to. Florlda west—ﬂv
ward to Callfornla and Brltlsh Columbla ‘Owerholts (1953)
.lists an extenslve number of - state; and.prov1nces from which

‘he” has exam1ned collectiong of thesébecaesldllt is found ;n
,_Northern Europe'and collectlons have been made in Slberia
and the Far East (Bondartéev; 1953). o s

o Zeller (1926) reported thelspecies (as T. snbrosed) as ;
belng a "predominate wound para51te of stone fruit orchards‘
in coastal Callfornla and Brltish Columbia | The fungus

produced a brown .pocket rot of the heartwood

~ - a o !:, -
h:wé>(1957), Lowe and Gilbertson (l96la, 1961b), and
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Overholts (1953) ¥Yeoeord F. cajandéri as a brbwn—rot.fungus

.occurring on the wOocC 4 of gymnosperms or rarely on angio—.

esperms. K rstian and Brush (1931) reported that the species:
: uas by far /the most important one found destroylng.the
heartwood of southern whlte cedar dn the'Eastern United
‘Sta?es.d Bondartseﬁ}(lQSQ) listed larch andispruce and more
rarely f{%-and’pine as major,substratesrof the species in

. f ) ‘ .
: [ : % . ) ‘ ) Ve T
. 2. Basidiocarp structure

e

Europe and Sdberia.

_Although F. cajanderi is widely distributed,fno-studies
‘have been done on the morphology of the}specles.‘-The

infOrmation available on structuredis found_in species -

' descrlptlons based on basidlocarps con51dered to be mature.

'eLloyd (1915), who called the fungus T _carnea, noted that

in the Eastern states the plleus surface was even and often’
_pale, nhile in the Wesa‘it’was more flbrlllose, uneven, T
and dark. wSome ol.the specimensowere'thickened.ulth an
additional 1ndlstinct pone 1ayer.

(Weir (1923) descrlbed the plleus as 'usuallyﬂthin But B

sometimes consplcuously stratlfled when old normally zonate

w1th rad1ating appressed flbrll§. rx brown, brownlsh plnk
s11very gray or. black w1th°age '_AHelalso noted that the:

'darker colored context, the conspicuous narrow zonate and

. [

'radiate fibrlllose surface, and the narrow elongate, allan-
. : _ A : a

- toid spores of F; cdjanderiz(as T. subrose%R distlngulshed,.i.
_1t from mhe closely related similarly;cOIOred Eqﬁes>roseus

?Alb and Schw ex“Fr.)-KarsL., L _
L . o - ' ’ kﬂ
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Overholts (1953) gave a detalled descrlption of the .
macroscopic features of»F.'caJanderz (as F. subroseus). fhe
major zharactergbwere'tne applanate.or odcasionali& convex
or.ungnlate pileus, the pinkish—red to‘pinkish—brown,.dlrty
rufescent, grayish—Brown, grayish,'and, in old specimens,
Tblackiehfpileus surface, the glabrous or radiateL& fibrilloset
&or"rugulose, often zona§% surface, the rosy plnk/to p1nkish~“
brown flockose to soft corky context and_the concolorous,
Lndefinitely stratified tubes. Ihe baéidiospores were
narrow-cylindrit; slightlyfcurned3 hyaline,rand meaenred
_‘4—7 x 1.5-2 p. The nyphae when stained in‘KOﬂ‘were pale -
&ronn and long and fle#nous;vwith no.cross—walls or'clamP
'connectioéf.
.Lowe (i934 1957) gave a descrlptlon 31milar to that
otfofernolts. In his account, Lowe brlefly described the

o

- hyphae of the,baSidiocarpe5 stating "context hyphae’rarelf
Y
branChed ,thin— to moderately thick walled non—septate,
__mlxed with a enall amount of t 1n—walled clamped hyphae,
3—5eu in diameter; tramal hyphae 31m11ar,

The‘Russ1an worker Bondartsev (1953); who ﬁséd the name
of F. subrosea,.described thegfrniting‘bodies as touéh“
coriaceous, tnin;vfiat, seseiie or slightly effuéedf

'4reflexed oftenximbricatefor:laterallyafusing as into‘

oblong bands ._Thevsurﬁace'was zonate”or.alnost.azonate;
occasionally striated, witn‘radiallyﬂflattened fibere,d
pinkish-fuscous, eilver;grandto'black'on‘old parts; .The o
tissue was corky andiflocculent;-and’the tnoes were-

1
[
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filled with a white substance.. The. hyphae were faintly

coIored, Tusty to“light—brown.in bulk;<with_very sparse

brauchings{ thick-walled or even dbvoid of lumen, in the
"tubes the hyphae were generally thinner and more sinuous.

The?spores were colorless,vcylindrical,jslightly flexed,

N

and rostellate ‘at the base, 5-6.5 (7) X 1'5—2 u in siie.

Bondartsev notes ‘that all - specimens of the fungus

examlned (ezcept for a Lery large one) proved to be one-
layered. He concludes that-stratlficatron occurs very
rareby uhrch.probahlyvaccouuted ror'the czassfficamion 3fn
~the Spec;es in -the gehus Trametes.bi other authors.

3. Vegetative,myceidum;

Ovérholts‘(l953) remarks that’F;;oéjdnaéfil(as F.
subroseuS)’has beeu‘so-confused“uith F. VPOSeus-that it is
difflcult to draw reliabTle conclu31ons from the 11terature.
vPart of thls confu31on 1s.due to the 31mr1ar appearance of
the»decay. °Both’spec1es produce a-brown‘cdbical rot.

Information on the mycelium in the wood is sparse;_in the

species descriotions already referred'to,.the authors only
’mentloh that‘the fungus produces a browﬁ"rot.

Hubert’ (1224) investigated‘the decay of woodvhf a
- - Sy . ’ " C .
"number of fuﬁgiwand reported'that F.Aéajanderi (as T. carnéd)j
in ihe heattWOOd Of‘uhite Spruce oroducedfa browu'rot.
: Microscopic examiﬁatiou of the deéayed wood showed'that the‘
hyphae penetrated ail areas of the cell-Walls‘ahH the,borerg,n.

holes formed were- much larger than the hyphae, no constric—,

tion of the hxfhae occurred as they passed through the walls,



‘ieile}'(1§26) cbserved‘that'the brown cubical rot
ptoduced?by-the.speCies‘was nore‘ot_less restricted to
definite'pcckets:in the wocd,.hence the name bfownﬁpocket
_toti' The individuallnockets contained a brcnn, punky wocd

which'crumbiedheasily,and was‘nsnally shtunken and cracked
;in£9héUbiCél form, | | ’ | |
itndies by Korstian” and Brush- (1931) revealed that
the‘decay‘in so&ﬁhern white cedar was»confined tc‘the hea;t;%“‘
'NjWOod of"bcth the'bntt»and'the trunk.' In the bntt,‘theiiot
.mayuextend.intbfthe-hrace rocts‘nhile in the trunk decay
: o

was frequently confined to definite areas in the wood
._forning pockets’ Also\cn the earilei stages; the wood wasl
“a 1ight reddlsh brown, later becoming darker and breaking
‘up into mote or_iess tectangular blocks which crumbled
»under,niessnte.‘ ﬁicrcscopic featnres.of thebdecayyﬁete not
' vnoted. ' | |
“In the”Pacific'Noithwest‘the principaifheart—rot

B . , v o : ' i
fungus.attacking ybung,%glaZe—damaged.Douglas fir 'is F.

caaanderz (Adams and’ Rothﬁ 1969) . The'transverse'breaks in'

the main stem of the trees became almost exclusively

'1nfected by F’ cagander%, the decay of‘the’living'trees

being confined to the heartwood by a hollow cyIinder of’/
apparently decay re31stant heartwood ‘j
: { - :
The - cultural aspects of the. vegetafive mytelium have
Iy ‘ NS .

,(-

. & .
not beem¢closely¢exam1ned. - In thevfay papers,mentioning"

3 K . . ‘\ - v . o - ,‘ .. .’:( ) - o

" growth in*culture,-dnly briaf descriﬂbions are given. For

‘example, Snell (1923a) described one cuTture of F cagandert‘
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(as T.,caf%ea)‘as show%ﬁg little initial soft white
mycelial growth and soon forming a tough matted.rose-

colored mycelium on’ agar and wood He also reported that

" the delicate white mycelium spread rapidly over wood block ‘y_

' but never fruited while the rose- colored mycelium did- not

bodiesn

e

readily infect the wood blocks but usually formed fru1ting

The consistency and color of the mycelial mats was-

' variable as noted by Snell Hutchinson,:an& Newton (1928)

other cultures formed a tough mycellal skin Thes&

1nvest1gators also found that the tougher the mycelial

skin, the more pronounced the color became.
Nobles (1958, 1965) described the species'growing on ’
l{ZSAsmalt extraci agar as forming cottony to cottony—'

floccose and pitted mats, pink or v1naceous, w1th poroid

'fruiting areas forming over most of the/surface after 6

‘weeks. Chlamydospore7'were rare,jthin—walled and ovoid to

elongate. The hyphae |were of the fiber type andunodose—

P

.septate'type.r The fiber hyghae were aseptate, occa51onally

branched: and thick walled w1th lumina narrow or apparently

lacking. The nodose septate (clamped) hyphae were thin-

' walled or 1rregularly thickened w1th a narrow, sinuous L.

~of the- natural basidiocarps.{. | ', R . o ’\\

lumen and enlaroed-clamp connections . Basidiospores that .

formed in culture were similar in size and shape to those
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dlfferences in spore shape-and size.

N~ 16
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.Mounce and Macrae (1937) were the f&rsr;workersjtow

report that F. cdap nderz (as ‘F. -subroséeus) was hetero-

v
~.

th&llic_and blgolarf"Monosporous Caltures were obtained

from:basidiospores released from sﬁorophores grown on prune
or“malt agar or on small blocks. of Douglas fir. ;he ‘results

; ' »
of this early study were conflrmed by Neuhauser and Gilbert-

son (1971). Mounce and Macrae also- demonstrated the‘

: diStinction between F. subrOSeuS and F. roseus‘( a closely

related polypore) by lnterfertlllty matlng tests ‘and

“

Adams'and Roth‘(1967) studled palred Cultures of F.

L]

cagandert and showed that the dark lines of demarcation

that formedlat the,interfacefof colonies provided'a

reliable basis for distinguishing. genetically distinct

dikaryon mycelia. faired.oultures'that were distantly'
related ﬁormed’demarcation lines 95flOO%:of the timelwhile-
the'elbsest related cultures'rormed lines about 507 of

the time Using the.demaroatlon 1lnes, Adams and Roth
(1969) further demonstrated ‘that in 49 glaze damaged tf

Douglas flr trees, there was an average number of 2 3

genotypes of F. caganderr per tree.
5.’Physiological’studles
"~ In the majority of papers rey&ewed,»F. cajdnderi was

only superficially examined alomglwith a number of other '

) wood—deoay‘fungi.‘ The un ertalnty regarding the 1dentity

of :F. cagandert and F. rosbus reduces to some- extent the

'vhhﬁh' . M
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valuerof physiological data obtained by éarly workers. Fof.’
example, Snéi}\$1922} studied the physiqlogicai'telapions
'ofvthg basidiosporés,ymyéelium; 6idia; and>chlamydospores of
five basidiamyceées, ingluding'F.“roseus. The ‘effect of
temperature, light, média, andldrying 6n spope-gérm;ﬁation
was investigated %§ wellias thé gréWth of m?geiium éf.'
diffefé%t temberatdreé} One yéar later, SPell-(lQZSa)‘
vstated thét fhe.F..roséuéﬂéultpres descfibed and,used'in hié
previoﬁs papgr wetelactﬁally éultﬁtes'of F:'caj&ﬁderi (as
T. carnea) . | |

‘.Field observationsgby Sﬁéil, Huﬁchinson,‘ah&'Néﬁtdn'.
(1928) On ¢he mdisthre:regu{;;ments.fof_fruitiﬂg revealed
thg§ basidi6car§s df F;'édjande%j/?;s T.vsubrosea)‘were
:coliéétgd'iﬁ rélatively?moiét situatigns Such“as’oh logs .
covefeé with bark ér dn-wood ip'raviﬁeS? ne;r Broéks or

"

waterfalls. The same prefgrenéé;forvnelétiﬁely mbistl

conditions was also.noted‘iﬁ wooé;block cultures in flasks.
" F. cajanderi genérally fruited iﬁ}the lower portions of

the flasks where it was moister as .compared to F. roseus

>

which'ilways'frﬁfted higher in tHe flaské; o -

Sﬁeil, Hdtchinson, and_Newtonv(l928) found gﬁag'
différént groﬁth rates at 30°—32?C‘élioyediéﬁéoiuﬁé @iffér;
:entiagionibétween-F; cajanaeri (gsz. Subrése&)"and tﬁe.*"‘
closely related.F;'roséusl Maxiﬁal‘radial-gfowth o?‘p, cdj;
an@éri occurred at 30?C while F'. roseus grew slowér:énd show-
ed optimal gfonhbat 26—2§°C. ‘The'maiimnm‘tempe;ature éq

~which growth of F. cdjandéri was ihhibited was 38°C. These
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two cardinal temperatures were s1milar to those found by
Humphrey and Siggers (1933)

,Snell (1923b) subjected wood block cultures of F. \

caganderz (as T carnea) and f0ur other wood-decay fungi to

various temperatures to determine their resistance to’ moist‘

‘and dry heat. He found that F. caganderz showed.. little

:growth after 1/2 to 1 day of dry heat.at 90°C C. .In moist

1

heat, some. growth occurred after 24 hours of treatment at

i

46° and 48°C, but onl&tslight growth developed after 52°C

P

for 12 hours;
Zeller (1926) demonstrated’that the brown rot caused -

" by the fungus in peach and prune ‘trees was produced by the

enzymes ligninase, cellulase and hemiceklulase. "He also

found emu131n present in the mycelium..

Levi and Cowling (1969) examined the relative cellu—

‘_lolytic act1v1t1es of a numher of brown rot fungl, 1nclud—

»

ing F. cagandert (as F. subroseus) The results were very

surprising, none - of “the fungi showed detectable ‘clearing of
a cellulose medium. . They stated that despite repeate%b

attempts W1th a w1de selection of organisms, substrates, and
cultural conditions, they were unable to 1solate from the =

Abrown rot, fungi a cellulolytic enzyme system actlve on -

v

native cellulose
N1trogen utilization studies have been carrled out by
_Jennison,vNewcomb and Henderson (1955) on F caJanderz (as

_ ﬂ.»subrbseus) ~ Using synthetic media and . shake cultures,g

.they found.- that most organic and 1norganic nltrogen sources
- 0

& .
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supported good growmh %f the&fungus.' The baft growﬂﬁﬁ(in;
) Mv

terms ‘of oven- dry welght) wasqbbtalned with caseln hygaﬁggkr:

& 200
1yzate, DL~ alpha alanlne, gyurjging{V‘ﬂ

glne, DL- aﬁpartlc acid ng1UEa gg?d glyc1ﬂe, and
o ':"aw' e e
L- prollne. Thiamlne was required for growth and the
u -
optimum pH for the fungus was. 4. 2*using thelr synthetic o

media.

Jennison and Perritt (1960)  reported that the'D—

“forms of amiﬁd acids were not utiliZed:by F. cajqnderi'(as
F. subroseus). The DL—rormé of am;nd acids showed‘eniy
‘half tﬁe gro§th as‘the L—fOrms of amino acids Lt éomparable
4concentrations No carbon or vitamin- utllizaqlod studles

: S .

" ) n
for F. cagandert have been found in the llterature.

-

gt

¢



E ‘collected along w1th some of the wood upon whlch they were

,\- . MATERIALS AND METHODS

]
A. Development of mycellum and basidlocarps in nattire

The development of F. cajanderf in‘nature'was Studied
-hy collectlng'basidiocarps«at?varions stages of'maturity‘
from different localitdes:and substfata. In the laboratory?
the specimens-were analyied and the developmental'norphology»

~followed from the. decayed wood stage to the mature-basidio-

carp. 'The‘processinéband storage’of the collected'material
‘and the methods used for ba51dﬂocarp analy51s are described
under the head1ng5' materlals;5embedding,-sectioning, and
'staining techniques} hyphal analysis techniques;‘photof
graphs{ c |
l.ﬁHaterials o — . /
Specinens of Fomes cdjahderi Were collected from .
drfferent localities in.central anstonthnestern'Alherta and
fron northern Brltlsh Columbia (see.Appendlx I for fieldv

ldata) Bas1d10carps at various- stages of development were

’ .

grow1ng. The{jﬁpg,'conditiOn, and:exposure of the substraté
~

;was-recorded nd the presence of es’visible fungi on the

same. substrate was also noted

1n clean polyethylene bags sealed w1th elastic bands.,

Occa31onally, clean;paper ‘bags were used, espec1all,,'
co . . - ' . o o3 TG
-specimens i d o ' i, DT O 1t be 1la W'ﬁni e
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‘a week. Collection§ left in polyethyleneobags for longer °

periocds sometimes showed undesirable renewed growth uhieh‘

often covered the pileus%and pore surfaces‘with vegetative
mycelium. Occasionally, the wood and‘basidiocmrps;wdhld be

~7
. . o]
contaminated by Penicillium and Trichoderma. 1In the

laboratory, the collections were stored at 0-5°C or frozen

» s ‘ ; i : . » .
for later .,examination and identification. JSpecimems stored
. - L : (J .

at 0-5°C were 'examined‘malkroscopically and microscopically

within 1-3 days after collection. Cultures of dlkaryotic

. . : . . ~ 7
. o . . ~ “ . 4
mycelium.were, made at this time by removing bits of basidio-

earp tissue_or small slivers ofminfected wood with aleohol—

flamed forceps and plaelng the material on plates of malt
i)

_extract ag\x‘(Nobles, 1948)

Smail qollectlons,vafter‘being identified and/ or
cultured?uwere dried for 1-2 weeks in a-warm'air'cabinet
and later stored in a herbarlum in sealed polyethylene bags-

w1th a few moth crystals If. a collectlon contalned ‘many:

b351d10carps, the spec1mens were div1ded into two groups.

One group was dried‘for herbariuﬁ‘purposes, the'other group'
. , ) . = " ‘

, : A : - o L
_was stored~§rozen The frozen material remained .viable for

a number of months and could be . examined by dissectlon and

maceration techniques or by embeddlng and sectloning. ‘ /? ‘
Cultures could be obtalned:from‘the basidlocarps = the .
infected wood immediately beneath the basidiocarps. .

L BotﬁuF; cajanderi and the’Closely-related Romes roseus .

grow in Af%erta, although the latter species is less

- commonly found. Since F. roseus resembles F._caganderi'in‘

<.
\

’

. /’L
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'occasionally_in form, and in preference for coniferous

woodL_ t was 1mperat1ve that pos1tive 1dent1fications be

'

made. - Mounce and Macrae (1937) have’ shown that F. ,roseus
.andfF. caJander1 can be - p051t1ve1y distlnguished by the

- shape and 51ze of their basidiospores. In my study, the
- ”n
YR
.majority of collections were identified by “the shape and’é
\ ' ‘ ‘ B
51ze‘of natural or cultural spores. The«basidiospbres_

formed in culture were indistinguishable‘from those'formed"
in nature. Sdince F. roséus anle.ncajdhderi frequently

fruit in.culture, spore e? aminations could ea51ly ‘be done.

.

In the few 1nstances where natural or cultural ba51diospores_

could not be obtained spec1mens were identlfied on. the

P N

ba51s of pileus form and ‘context color (Overholts, 1953)

?

and by variou% cultural‘featureS‘(Nobles,_1958»'1965)'

In addition to my own collections, dried specimens of
F. cagandert were examlned from the Mycological Herbarium
‘at Ottawa and the - Cryptogamic Herbarium at’ the University
of Alberta o

- L o

2. Embedding,vsectioning, and staining.techniques

Two methods1were used.to.exaninevthe vegetatiﬁe; “f
mycelium in the wood .. In the fi;st method, ltemporary‘c'
slides were prepared by hand cuttlngwthin sections of.the.w
1nfected wood with a razor blade and staining uith 17
aqeruslB,phlox1ne_or cotton blue in’ lactophenol,v This
method was rapidland simple to perform; howeveryihyphae
were sonetimes difficult)todobse:ue in the‘wood; In the

- second and more satisfactory'method; permanent slides were



”'dlstilled water overnight The wood was usually sufficient~-

Y

"Cartwright (1929) (see Appendix I1). The sections were

s - : . . 23

-prepared-by cutting out small blocks oﬁ infected wood

.‘(approximately l in xxl/Z 1n x 1/2 in) and soaking them in

»

,;ly softened to allow sectioning at lS 20 M 1ncrements with

d sliding microtome (American Optical Instrument Co.).  The

: 7

‘wood sections were stained following a modified procedure of

'

stalned in safranin and gently heated w1th picro anilin

. ,__-‘»/,

blue over. an alcohol lamp. After dehydra&ion in an ethanol

“series (SOA, 7043 85% 5 98/), the sections were cleared in

. \v’.
AN

clove 011 washed tw1ce in xylene,'and-permanently.mounted

~in Kleermount (Carollna Biological Supply Co ). Trans&erse;'b

tangenti&&, andcradial sections-were cut, with the 1atter
, ,

" two sectiogg yielding better results.

Frozen‘%aSidiocarps (thawed at/ggom temperature before

\

use) at various'stages of development‘and infected wood
. . | = B :

cbearingvprimordia were examined using‘the paraffin technlque

N o L -~ o

of Johansen (1940) . .The material was first trimmed”down to

suitable size 'and then vacuum- 1nf11trated w1th weak chrom—

acetic acid,and'left to fix for:24448 hr.'_After washing

in running water overnight the material'was'dehydrated in

an ethanol series (5% through to. 30/) follq@ed by an
b

_ethanol tertiary butyl alcohol series (50/ through to lOOZ

TBA). Tissuemat (Fisher Sc1ent1fic Co ) was used as the

embedding material. SeCtlons were'cutgat,lO—lS u‘increments
o \

lon a rotary microtome (American Optical Instrument Cov) and

the ribbons flattened out on a warm slide flooded with AZ
. : . i.

N
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formalin.. Haupt's adhesive was used to mountlthe sections.
A‘safranin fast green stain#ng schedule (Johansen,.l940) ,> 9
“was followed and the sections later dehydrated Permanent
mounts were prepared by: covering the sections with a.drop -
of-Kleermount and adding a coverslip; ‘The coverslips Were

weighted down with lead weights wh}le the slides were

drylng on a warming tray (40 c). ‘Sections of the basidio-

I

carps were made longitudinally along their length and wJ h ~
and transversely from the top of the pileus downward to/‘
the pore region in a‘horizontal plane. The embedded sections

were useful in'showing the organization and arrangement of
hyphae in the deveIoping basidiocarps To examine long, -
intact lengths of hyphae dlssectlon and macera ﬁ&h

techniques were used,for hyphal analysis.
| o | .
. 3. Hyphal analysis techniques o ,
"Fresh, frozen, and dried specimens of F. cajanderi~~
were used in the'hybhal analysis. -Frozen ma&erial was
~pthawed before use and dried spec1meps were. soaked in dis—-
tilled»water for several minutes to soften_the‘material.
-Dissection of\the“basidiocarps ipvolved.teasing apart small
ipieces'of tissue.(approximatelyHZImm-X‘l mm X 1 mm) with

'diSSectingbneedles in which the points7were filed down to

a fine, sharp edgex(Teixeira,‘l962). Pieces;were cut from
'*.the:pileus urface, context, margin;'and pore:regions.of'the

basidiocarp wi.. a Tazor blade‘andvplaeed in 5% aqueous KOH-

‘which smelled the hyphae toatheir normal size. The °

4
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1ndividual hyphae were teased out under- X35 magnification "
"u51ng a Cooke, Troughton, and Simms stereomicroscope.‘
Similar 51zed pieces of tlssue were also soaked in KOH
" and macerated by gentle tapping with-a blunt glass rod toA
.separate the hyphae. This method was much less tedious and
time-= consuming than the dissecting technique, but shorter
lengths of hyphae were generally obtained. The dissecting
and macerating techniques were necessary to observe the
'development of various hyphal typesAin the basidiocarps,
since embedding and sectioning produced relatively short
lengths of hyphae. The separated hyphae were stained with

vl/ aqueous B- phloxine or cotton blue in. 1actophenol

4. Photographs |
All photographs in this study were taken w1th the

following equipment Micrographs were taken with a Pentax
35 mm camera mounted on a Leitz microscope and'on a- Cooke,

<

Troughton, and Simms Stereomicroscope. A Vlckers Photo—

. o ' -
r

micro 35 mm- camera fitted to a Vickers photomicroscope

: was also used - The macroscopic

h@tographs were taken.
'nisa‘) . -

-development~was studied wq»x'thnee types of'culturesz agarc

culture,’still (liquid)7d ur ‘and.wood—bloek culturen

¢

In addition, three Jpﬂfiological aspects of mycelial growth”

-
<
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were examined which included growth rates at various '

'temperatures in agar culture, Carbon utilization in shake

culture, and growth in wood- shav1ng cultures supplemented
width L -asparagine. The cultural. studles of F caganderz
empha51zed the developmental morphology of ba31d10carps, N

's1nce thlS polypore spec1es readlly frulted in culture._

By studylng the ba31d10carps formed 1n culture, a better

understanding of the hyphal basis. of development in the

natural basidiocarps can be obtained .

Hl;'Development in agar culturej

' During:routine:culturinguof Fr oajonderi collections;.
v1t‘was noted that many 1solates readnly frulted on Nobles’
malt agar (Nobles, 1948%* "Because of the good_growth and

-consistent frultlng,on»this medium and since the cultural
/

.methods descrlbed by Nobles (l965) were followed Nobles

;malt agar (see Appendlx III) was used as ‘the standard agar

-

medlum in the cul@hral studlesa

. , . : .
;- The sources of the stock cultures were the dlkaryotic

‘vegetatlve mycelium from various. wood substrata and the

S

. dlkaryotlc mycelium of natural bas1d10carps. Small_pieces'
of decayed wood or-context tisSue'were removed from
collectlons with flame- sterlllzed forceps and partlally
embedded in Nobles malt agarE,_Pure-cultures were
obtainedrby sub—culturing from these isqlation plates.
Stock cultures:were maintained at 4-5°C and grown in tubes

bontainlng,6 ml of’Nobles' malt_agar,

Cultures‘ro be studied for,mycelial and basidiocarp
’ R - | : R /“7"7,
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development were started by transferring pieces of
"dikaryotic mycelium from stock tubes to‘Petri plates of
malt agar. The plates vere left at r00m temperature (23 t
1.5°C) for 7-10 days.: ‘From the colony edges of the source

inoculum plates uniform 7 mm mycelial plugs were cut out

with an alcohol—flamed cork borer. The inoculum plugs

N \

were placed mycelium side up in Petri- plates containing malt
agar. The plates were either the. glass type, 9 0O cm in
diameter, or the pre sterilized 8. S cm plastic, disposable
‘type. "It was found that the agar in the plastic Petri
plates dried out relatively rapidly if the plates were noti
‘kept in polyethylene bags during incubation Thus,cultures;
growing in plastic Petri plates were incubated in polyethyl—
ene bags sealed Wlth elastic bands. ' Since the agar medium
in the glass Petri plates did not dry out as readily»as

the agar in the plastic plates, these plates’were usually
=not placed in polyethylene bags during incubation b

The inoculated plates were placed near ‘a south facing

.window or in a dark cupboard or incubation chamber under.
conditions of ambient room temperature and relative
'humidity. A suffiCient number of plates was inoCulated so
that periodically plates could be removed and the fruiting
structures @xamined and described - All agar cultures were
kept'for at least 8‘weeks before being discarded

N Because baSidiospores often formed in culture and

were used for identification, all plates were stored upside

down “so that Spores could be depos1ted on the lids. The
3 o-\ ‘ ) . R
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spore color could thus be determined and spores could be

scr@ped‘off theVlfd with'a‘flame;sterilized diSSecting'
.needle and mounted in distilledlwater or 5% aqueous KOH
‘for examination. ' ' E T , -

The fruiting structures formed in.agar culture were

examlned by hand sectioning the por01d areas with a razor
— . A

blade Or by dissecting out the hyphae using: techniques
'described for the naturdl basidlocarps The hyphae and
sections were mounted in 5//aqueous KOH and stained with

*:vl/ aqueous B- phlox1ne or. cotton blue in: 1actophenol

-
I3

2.1Develbpment'in still culture -

N 5

"'A 1% malt extract liquid medium was used ‘throu 1out

the studies of fru1t1ng development ir Stlll culture. The

qprocedure was to’ inoculate 250 ml Erlenmeyer flasks contain-
: ing 50 ml of l/ (w/v) malt extract (leCO Lab%ratories)

:broth w1th 7 mm mycelial plugs N The inocuﬂum plugs were.

x

cut from 7—%idday old agar culture< of b cagandere' Each
iflask receive

«

one.mycelial plug. The flasks had been

lmachlne washed w1th Merit PLX detergent (Economics
fLaboratories, Toronto) and rlnsed 3‘t1mes with tap water
' gand once with distilled water , They were dried in. a hot
air'oven for l hr.* ﬁ

‘ “The - flasks were: stoppered with synthetic)sponge‘pfugs
Hwh;ch’were covered loosely with aluminum foil to prevent

“

excess evaporation of the medium. ;Theyawere»placed on'a'f
. 0 2 . . >

iaborator\ cznch under constions of,ambient room temper-:

ature, light and relative humidity iAt-perigdic intervals;g

&
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‘a number of flasks was examined and the vegetative mycelium

‘

and frultlng structures described The still cultures were

kept for at least 4 months before belng dlscarded vThe same

examlnatlon teqhnlqués@described for the agar cultures were
. : . - N . ‘v' . - .

Lo .
il ~

e

used.

ik3;kDeVelobment'in-wOod—block culture \7.
A woodelockkcultureAexperinent was jset ub to.combare

the fruiting development'of F. cajanderi on this substrate
-with that 6f malt'agagland’Still culturesi‘blsolates B-3,
B—128;fand B4189dwerefstudied., The'three-{solhtesnwere
'chosen because theyAfrulted con31stently on malt agar.

Fourteen blocks each of poplar,lspruce; and p1ne,
measurldé.approx1mately 3 cm x 1.5 cmbxﬁl.O—lgS‘cm;bwere
cut from sound sapwood‘and'soaked for 48 hourS~in sterile,
.dlstilled’water.' The wood blocks wereithen remoVedvfrom
:;the water and sterlllzed in empty deep culture dlshes,
_10 O cm x 8.0 cm, at 121 c for 20 min,at'lS lb presSUre.
After\sterilization, the blocks were transferred aseptl—
cally to 9 day old cultures of F. caganderz_growing in deepb'
culture dlSheS that contained approrlmately 85 ml of malt.
agar. Each culture dish recerved one wood block There
were 12 wood—block cultures of each isolate, wlth 4
replicate cultures each:of poplar, spruce; and.bine. Six
>.contaminat10n ‘controls were also set up, w1th§2 blocks of
each treevspec1es. o

.}l@lf of the -i}oodeblock,cultu:res"were ‘-plla'ced inj'an
incubator at 20°C with[an alternating 12-hrflight and dark

b
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;cycle;h Durin%:the last 2 months of incubation the temper—
athire was reduced to 15°C. The other half of the wood-
"blookﬂcultures‘were placed on a laboratory bench athambient'
Eoom temperature and under laboratory light~ conditions, All
cultures were stored in: sealed polyethylene bags ‘to minimize

cOntamination‘and reduce‘excess desiccation .of the cultures.

:At‘the end of lg‘months, the vegetative mycellum and the

-

fruiting structures were\examined and the wood- blocks

.

ﬂsectloned u31ng the techniques described for natural

méterial ' 'Ll}u‘a i

4. Temperature and growth of vegetative mycelium

4

The growth rate of three isolates of F. cajanderi at

different temperatures was ekamined by measuring linear -
growth on an agar.medium.“The isolates (B-3, B-128, and

B-189) were grown;at the following temperatures: 11°, 15°, .

~ -

20°, "25°, 28°, 32°, and 37°cC.
_Mycelium from stock‘slants were transferred to- plates
.of malt agar and 1eft for 7 days at room temperature and

under”ambient laboratory_light. ”From,the edge of these

. t s . o L o
source inoculum plates, 7 mm mycelial plugs were cut out

x"w1th a ster111 ed cork'borer ‘ The inoculum plugs were
i

v .

placed mycelium side up at - the edge of 8. 5 cm plastic,z
dispojable Petr1 plates contalning approx1mately 20 ml of

maltfagar.' There were 5 repllcate plates per isolate. for

each temperature .. The 1noculated plates were stored up51de

down in sealed polyethylene bags and incubated in the dark.

e

The only 11ght recelved by the cultures was during the»
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periodic meaSUrements. No attempt was made to control the

humidity of the” 1ncubation chambers.

Four days after the plateS'were inoculated, the first

NS

:measurements were taken of the radial growth from the edge

of the inoculum plug to the colony margln Thereafter, the
e : - -
measurements were taken every 2 days -for 14 days When

measurlng, theuplates;were held up to_a microscope lamp tok
allow the colony margln to be more readlly dlstlngulshed

Two measurements mere taken of each plate and the distanceés
averagedl The results 1n Figure 47 - (page 110) are the
average of 5 plates per 1sol&te for each temperature and

are\glven as daily radla

5. Growyth-curve andfcaﬁbon-utilization,studies-
Theﬁmethod involve: the determination of dryiweight
of dlkaryotlc mycellum grown rnvshake‘cultyre'with various

megha. Stock cultures of F cajanderi (isolate“B—3) uere
maintained,on slants”of malt agar and stored at 4-5°C

| When an experiment was started 7 mm mycellal plugs
were cut- wmth an alcohol flamed cork borer from the - edge of

a 7 day- old’malt agar culture grown at room temperatu;j)&

The 1noculum plugs were transferred to 250 ml

Erlenmeyer flasks containlng 50 ml of 17 (w[v) malt extract
medium Each flask recervedﬁﬁpeganCUlum'plug. All flasksf
fused)invthe‘experiments weri stoppered‘with synthetic sponge
plugs which were Cqmered loosely with.aluminum'foil'to‘
reduce evaporation ‘ The flasks were placed on .a rotary

shaker (Lab-1ine Instruments) set-atp185 oscillations per
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shaker
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with a diameter of motion of 1 inch.  The same rotary

‘was-uséd in all shake‘culéure ekperiments.

The

malt extract flasks were incubated on the shaker for 15

[

-days, under conditions of ambient room temperature and

“1aboratory light.

A

J

|yt - ’ : -

standard, aseptic procedure was then followed ‘to-

produce the fragmented mycelium to be used for inoculating

the’ flasks
- was decanted off:leaving'the'mycelial pellet.
'steriler
contents'briefly swirled.

. and another SO,ml aliquot(of.sterile;

added.
'pellet

pellet

150 m1

medium

'Washed

and rinsed 6 times withftap-water and 6 times with

C water.

.

was then placed in a sterile Waring blendor

of sterile, distilled water and homogenized

‘with Qrganﬁbol detergent (Fisherlscientific

Sterilization involved rinsing the ‘blendor

" ml of 50/ sodium hypochlorite ("Perfex") (Ward and

1960) .

at'

‘The medium of one of the source inoculum flasks
Fifty ml of
diStilledvWater sere added to the flask and'the?

' The‘water was then‘decanted'offl

distilled water was.

mycelial

The waZﬁiﬁg was repeated twice more so the i
was was ed-three times in all. The ‘washed mycelial

with

TThha

:speed for 3 min. The blendor had been previously

distilled
with 200

Colotelo,

The blendor was- then rinsed at least 6 times with

" sterile, distilled water.-

After homogenation, a 100 ml aliquot of mycelial

fuspension was removed and placed in. a sterlle 500

ml o

;Erlenmeyer flask containing a Teflon‘coated stirring rod.

Three 5 ml

samples were removed and the flask washplacedjin-
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a 4-5°C refrigerator. The three samples weregfiltered
separately on previously dried and tared Whatman No. 1
! . . Sony . .

filter papers’ (11.0 cm diameter) using a Buchner funnel»and

a’'vacuum pump (Milliporg Filter Co.). The'papers were dried

&

.down .and weighed- 1mmediately on a Mettler analytical balance

for 6 hr at 90-95°C. They,wefe then placed in a desiccator

(contalning anhydrous calc1um chloride) for 5 min-to cool

) to the nearest mg. In all experiments the concentration of'

BN . L

‘the mycellal suspen81on was approx1mately O 2 mg dried

mycelium per ml angakfls concentration was 1eft unadjusted

A
One ' ml of mycellal suspen51on was: used to 1noculate each

’flaSk.

Y 3 , - T
“noculations, thepflask.containing”the’.

mycellal suspensign and st1rr1ng rod was placed on a
{.

maénetic‘stirrer set at low speed : This was suggested by

- Dr;.ColOtelo to‘ensure that the mycelium remalned suspended

SO}a more uniform inoculum wmass was dispensed A sterilized

.large bore 5 ml pipette was used to dispense the 1nocu1um

i

)

to each flask., For each experiment three samples of the

,mycelial suspen51on were plated on malt agar to check for

W3

contamination. None of the control plates showed
contamination after av2'weeklincubation period

A synthetic medium modified from Jennlson Newcomb

_and Henderson (1955) was used in the carbon utlllzation

experiments.(see Appendix III); The carbon, nitrogen, and
\ ‘ : : : o , T .

Salt,components of the_mediumA%fre_autoclaved separately
; N . ) : B I - .

and then aseptically added together after they‘had cooled.

B

¢
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‘The various components were autoclaved at lZl C for lS min
at 15- 18 1lb pressure. The thiamine component was filter:
sterilized using Millipore Type HA filters (0.45'n'pore
size). lhe medium was dlspensed_to each flask with a 10 ml
capaclty automatic syringe that had been autoclavedf
.gpreviomsly; | | |

The cultures mere grown in 250.ml Erlenmeyer flasks
containing'SO ml.ofbmedium. _They were closed with‘synthetid
vsponge plugs whlch were loosely covered by alumlnum foil
The flasks used in all experiments were machine- washed with
Merlt PLX detergent and rlnsed 3 times w1th tap water and
-once w1th dlStllled water. . The flasks‘nere then soaked in -
a dichromate -sulphuric acid cleaning solution for”1 hr and -
vrinsed;6 t1mes with tapﬁ;ater and ‘twice with,dlstllled
mater.j The& mere dried in‘a hot air oven for l'hr.

The carbon sources examined were dextrose, galactose,
' D—xylose D—mannose, D—fructose,‘sutrose, maltose, and‘
'cellobiose. ,Whatman cellnlose'pOWder was triea,'but it
was not soluble in the synthetic medium used. gThe effect of

carry over of carbohydrates by the 1noculum mycelium was

tested, w1th negatlve contﬁols In these control flasks,

the carbon component of;the medium was replaced by an equal
volume of dlstllled waterf A number of contamination.
controls'were'also set up. for each.carbon source,(l—z
flasks W1thout inoculym were incubated with the other
flasks.A

All carbon‘utilization experiments hadhan.incubation

RN
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#

periodﬂof 23'days. Thefincubation time was'determined’by
»preliminary growth-édurve’ experiments. The:rlasks were‘

incwbated on a rotary shaker and lef€ at roomktemperature
and under ambient laboratory light. At tbe_bnd of the 23
day incubation period the mycelial pellets were harvested

by filtering on dried tared Whatman No l'filter papers
e

using a Buchner funnel and a vacuum pump L)The pcllets were
washed with 200 ml of dlstllled water to remove any excess

medium.’_The filter papers were dried in hot ai ,ovens set
at 90-95°C for 22-24 hr. Prlor to weighing, thelfilter

papers were placed in a de31ccator for 5 min to cool down

and ‘then weighed 1mmed1ately on a Mettler analytical ¢
i
el
balance to the nearest mg The pH of the culture flltrate

.

of each flask was measured 1mmediately after harvestlng

Vwith a Radlometer (model 29) pH meter.

1

. » In the growth—curvesstudiES two shake culture

“experiments were'set_up using isolate B-3. -The . first
NS ) / . b
experlment involved follow1ng the growth of mycellum in".

¥

(w/v) malt extract- medlum at roop temperature..~The

r1myce11um was grown in 250 ml Erlenmeyer flasks contalningﬁp-

9

50 ml of medium The same 1noculat1ng and harvesting

iprocedures were used as prev1odsly descrlbed At T(dayé
1ntervals 6 flasks’were harvested for a. period of.S weeks'
‘and the’ growth measured as mg, dry weight of - mycellum per
flask.. }In the second enperiment the growth in dextrose-
bsalts medium was followed l The composition of the medium"

'was the same as theﬁdextrose—salts medium used in the
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carbon'utilization\experiments.» Thelinoculating and "
harvestiné procedures were also.tge same. At 4 day intervals
>5 flasks‘were harvested\for a period of 36 days. ‘Groﬁth
was measured as mg dry weight-of mycelium per fﬁask In
both experiments the pH of the culture filtrate of each"

P

flask was measured immediately after harvestin§

ragine ' \jyjl

The ba51c procedure followed was adapted from Schmitz

6. Growth on wood—shavings with L-as

hd Kaufert (1036) Wood shav1ngs weyYe cut from a sound
board of whlte spruce sapwood with a power planer. 'The
shayings were- spread out in a thin layer on clean laboratory
-benches (covered with paper) and air dried for 8 days at»
room tenperature;‘ Ihey were,periodically mixed to enaé;g
:ﬁeéen drying.. Aftervdrying, ZSQOO,gm_samplesvof wood—shav+
ingslwere weighed out on a ﬁettler analytical balance and

. E } . ) " N .
packed into previously weighed deep culture dishes (with-

lids)'measuring 10.0 cm x 8.0 cm. Ten culture dishes

containing wood shav1ngs were then chosen at k@ndom and
dried at 90-95°C until they reached a constant weight . The
- oven- dry weights of the’ten samples were average and

‘their value was used to calculate the oven-dry weig of

the remaining samples of air=- dried wooddﬁhavings

7 Stock solutions of L~ asparagine (Nutr tional Biochem-
. R I . :
ical Corp. ) at concentrations of O 1%, 0.5%, 1.0%, and 2.0%
(w/v),were prepared 1n»distilled water. 'L—asparagine was

’ chosen as the. nitrogen source since Jennison, Newcomb and

‘

Henderson (1955) had reported that this amino acid supported
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‘gpod growth'ovan cajdnderi in a synthetic medium. To each
'culture dish S0 mi uf asparaglne solutlon were added giving
the weod—shav1ngs;a mnisture_content of apprdximatelvaOO
percent; | :

The"culture dishes‘end their cdntents were etefilized‘
vby autoclav1ng at 121 C for 20 min at 16 1b pressure._ After
the culture dishes had cqoled they were inoculated with :
ene mycellal block (approximately 5 nmm ) cut frem the edge
of 12 day- old cultures growing on malt agar. Two 1solates"
of F. cajanderi (B 3 and B- 128) were 1nvest1gated For
eeeh isolate there were 5vrepl;cate'cultures per throgen
eoneentretiun.“ nge;replieates of ~each isolate were §et_up
«aS‘negative centrols;in which an ‘equal volume of distilled
water was added inetead uf the aspafaginebeulutiqn. bThere
were 3 eulture~dishes“o€.each nitrogen,concentration left
uninoeulated togserye as'COntamination'controls;

The:culture diShes:wete.placed in pplyethylene‘hage
éealed with eiaetic bands end incubated in -a dérk'cupboefdt
,et room'temperatute'(23ti 1.5°C). Stotage 1n the bags_

mlnimlzed contamlnatlon and reduced de51ccatL@n of thev

' cultures; At the end of 12 months, the culture dishes and

%,
3

their contents were oven-dried to a constant weight at 90-
95°C and the loss of weightvdue to sdecay was determined.
- The weight of the L-asparagine and inoculum blocks .was °

accounted for in the calculations.t
. ' : *
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. Deﬁelopment of myeelium and basidiocarps in nature

1. Growt» of the V&getative'mycelium
V'The‘appearance of the vegetative mycelium is similar
in‘the naturally—infected wood and the artificially—infected

-

wood in the early stages of decay.v Since F.'Cajanderi ig"

sb

found mainly on coniferous wood, the following observations.
'EWlll describe the appearance of the mycelium in spruce and
{pine_wood. In the early stages of decav the mycelium is

fsoarse and grows in a sinuous manuer through the 'lumina

"ﬂof‘the tracheids, priﬁgrily in- a longitudinal direction

fr;ii‘ g% 1) In all observations of the infe(te@ wood, only
o l‘:! ’.“:,"( ; L . )

"r?yotlc, clamped'type'of mycelium was{sée@n The

f‘»'re hy‘aline‘,;chin-—wal-leti,_O'.9—.l.8.u invd.iameter; and "
often branched; Branching generallv occurs near the ray
cells where the hyphae pass from one’ tracheid to the next
The, hyphae also penctrate the tracheids via the bordered..m&
‘pltS (Figure 2). ae hyphae pass through the ray cells
or p1ts branching ma v occu‘-f In radial and tangential

sections it is read;ly apparent that the mycelium is found

mostgabundantly near the -ray cells. In other areas of the

»

tracheids the mvcelium is very sparse w1th only one or two

~h phae passing through a tracheid lumen .\ _ B
‘//:>\'In the advanced,staoes of decay the mycelium is found
in dense aggregations in the tracheids near the ray cells‘

' 38

o



w - - : -39
(Figure 3). The - hyphae in these aggregations are hyaline,
: O 9- 2 6 I 'in diameter, (hin walled, and clamped. Typical
clamp,connections are predominant, but very’infrequently
hmedallion" clamps are_observed. ’These clamp connections‘
‘were first observed by Falck (in States 1969, p. 53) who
'named them "medallion" or "handle" clamps ‘because of the
large space between the clamp and the parent hypha The

"medallion" clamps are dlstinctlve in, the genus GloeophyZZum

a)

4(Lenzptes) where they were first noted. The presence of
'._medallion clamps on the vegetative mycellum of F

'caJanderz has not been prev1ously descrlbed ’ ThE'hyphae.

.

"in the - aggregations are profusely branched and. are 1nter—
‘tangled and interwoven At thlS stage-  of decay, the
trachelds are. weakened and. perforated w1th bore holes The

wood is soft andvtears-ea31ly when sectioned - It is

3

thought the bore holes are formed by exogenous enzymes -

€

released by the 1nfect&ng hyphae as they pass through the
tracheid walls. The diameter of the' boré holes is much
larger than that of the penetrating hyphae . No constriction

[

of the hyphae 1s observed as they pa- through‘the bore

rholes.,,In rare instances, "re holes exhibiting a cracked

-

appearance are seen The zes of these bore holes are

bFoken in 3-4° places with the. cracks radiating outwards

-

from the hole. “The same form of bore hole has been reportedl-

by Hubert (1924) who belleved the cracks developed because

‘of shrinkage of the wood

P
. -

The dense hyphal aggregations are abundantvnear'the'
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wood surface. In some tracheids the hyphal aggregations

¢

are so dense- that the lumina are completely filled The

)

tracheid walls are perforated/by numerous bore holes in

all areas;i The wood itself 1s brown—colored and cracked

vinto cubes*(?igure S) These cubes are often dry to the
touch and crumble easily lnto a brown powder. Pockets: of

cubical rot have not béen observed in tHe wood as some

earller workers have reported The brown rot caused by

F. cagander% occurs throughout the sapwood and heartwood

‘areas of the wood although the 1n1t1a1 stages of decay are
. ‘\

confined to the heartwoodﬂ/__y, ‘ .?‘“<"T}§‘

g

In-the advanced stages of decay the mycellum near the
wood. surface emerges through cracks ‘and fissures in the

wood or bark (Figure 25) The emerglng hyphae have thick

-’

brown walls and are occa51onally branched They range in

diameter ,from 0. 9-3.5 u and are aseptate. 'The trachelds
b

may be completely filled by dense masses of. these thick-~

walled hyphae (F1gure 6). The hyphae emerglng from the.
: o
wood form the ba51d10carp 1nit1al or: prlmordlum. The

-

morphology and formatlon of this structure will be e
) A
. AR ‘(&w‘ .
descrlbed in the section on. prlmordlal development

In w00d that has not yet braoken up into cublcal form, .
»14

red to reddlsh brown stained areas often develdi»
stalned areas are elther thin, sharp lines (Flgure 7) or.
broad wide areas with 1rregu1ar edges (Figure‘8) The- Coa

trachelds at the edges of the stalned areas are filled with

dense hyphal aggregations composed of dark- erwn,'thlck— _fp?’

!
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walled hyphae (Figurer9) The walls of the tracheids areb

i

zreddlshébrown and occasionally, a”dark—bﬂown, amorphous

substance is seen among the hyphae. The‘identity'of this

substance 1s not known. The stalned appearance of the wood

1s due to the dark brown hyphal aggregatlons in the trachelds"

A

”fand the reddlsh brown. color of’ the ‘tracheid walls. It is;

‘

'possible that substances are released by the hyphae that

‘cause the:sta;nlng of the tracheldLWalls;

In the’deep cracks of heavil&—déca&ed wood under

.moist,.shaded conditions, mats of llght plnk to wh1te

AN
v

'mycellum occa51onally form The mycelium is composed of

‘long, flexuous, thick—walléd aseptate, refrac ive hyphae,f

0.9-3. 5 W oin dlameter. These hyphae are sparlngly branched

!'.

‘and loosely &ntertangled and interwoven to form a cottony

to cotﬁonyffloccose.mat thaf separates eaSily from the

‘

”wood surface v Among_the thlck walled hyphae are- thln—

""walled hyallne, cl_am’p'ed ’hyphae that are 0.9-2.6 u in

dlameter and frequently branched These thln—aalled hyphae

12 ) Camw
are. 1ntertangle&wamong the th1ck walLed hyphae in an

,_1v.

4 unorganlzed ma%ner.v The light= plnk color of the mat appears

KR

":to be due to the llght yellow1sh brown walls of the tthk—m'

,;f

walled hyphae. These hyphae are llght pink colored. when

'z.iﬁevelopmentfof.thefbasidiocarp

observed collectively - L o o ' ?:

Durlng the course of 1nvest1gat1ng the development of

;natural basidlocarps, Corner s papers (l932a, 1932b 1953)1

gkwere especially useful 1n descrlbing the hyphal types

E

0
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'observed. %he terminology used by Corner is of a. descrip—‘

t1ve character’ and the following outline of terms is based

~on his” 1953 ‘paper. Corner noted that polypore ba51d10carps‘
» ;

were. composed of three types of hyphae which he named

generative skeletal ‘and.binding. ,The\skeletal'hyphae.are

”unbranched .thlck walled commonly aseptate longitudlnal
dconstructlonal hyphae of. the first order in the growing
reglon d Blnding hyphae are much branched \narrow, rarely
septate, thick walled hyphae of very 1ntr1cate and limited

-

growth developlng behind the growing p01nt.? »The gehera—

-

.l‘

tive hyphae are "thin walled branching and septate hyphae

which - take ‘a longitudinal course in the growing region

T

These thin walled hyphae usually remain th1n walled or

they may become thick walled The generative hyphae N

"produce "the system‘of skelebal hyphae, whlch is~ the frame—

-

work, and the system of blnding hyphae, wh1ch are the ties.'i

1

Polypore bas1dipcarps con81st “of varlous comblnatlons of the

three hyphal types The bas1d10carps may be monomltlc,‘

: dlmitic, or trimitlc in construction depending on the hyphal‘

@

.types present. Monomltlc ba51d10carps con51st entlrely of

@

generative hyphae, dlmltic ba51diocarps con51st of either-.
generative and skeletal hyphae or generatlve and binding
: hyphae, and trlmltlc ba51diocarps cons1st of all . three

. types of hyphae. The results’ of the ba51diocarp analysis'

3.

of-F. caganderz revealed that thls polypore 1s dlmltlc with

\

;generative and skeletal hyghae being present 'The skeletal

. hyphae observed agreed es%entlally w1th Corner s definition

!

24
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. except that branching accurred sparihgly ih thelapical

.bortions of‘the hyphae; )

a{xMaerostructure of‘the basididcarp

Typical basidiOCarps of . F. cajaﬁderi are sessile

-(Figure 10) ofveffused—reflexed (Figure li). The pileus
form varies from applanate (Flgure 12) to convex (Figure’
.13) and 1is frequently dimidiate. Youné basrdlocarps-may.be
somewhat ungulate in form, : The convex form isfofteﬁri

COhchate as seen in'cross—section in Figure'lg. The
resupinate form of basidiocarp hasfbeen'observedVin;ohe‘

‘ collectlonb(B 333) where it measured 17.5 x 7.3 cnm (Flgure
115) and showed no evidence of plleus formatloh Ba31d10—i
carps.develOplng along the 1ower portlons of a log may be
temporarll& resuplnate 1n form (Flgure 22),‘but when fully.’
developed they become effused reflexed The fresh, moist
basidiooarps of,F..cajanderi are.leathery to-corky rn
"consistency, but When;dry‘they becOme”subflexible to‘rigid:
The numberloffbasidiocarps developing ou a log or stump.is
‘varfable. .In some instahces, over 20-basidiocarps-have7
beeu observed‘grow1hé in close prox1m1ty on a single log,
‘but the usual number observed is 5- lO basidlocarpsi It is .

often dlfficult to distinguish between 1ndividua1 ba51dio—j
carps, 31nce they may fuse laterally‘and‘become confluent
(Figurés 10« ;l); Ba51diocarps frequently overiap eachv
-other and form an 1mbricate structure (Figure 14). ' The

ba51d10carps develop on the barked and/ﬁebarked portioas

, : / ,
of the wood Barked wood generallykbears a'greater number

Kl
1
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of bg%idiocarps, poss&blxvdue to the retention~oé favorable

fmoisture~leveﬁﬁ:h1the wood by the bark. The basidiocarps

Jdevelop from primordia that emerge E?rough cracks and

N -

£{§sures in the bark.  Figure 16 shows four sessile basidio-

carps that have formedbon the barked pértion of a log. On

. debarkedvlogs'the basidiocarps develop in thf/}grge;"

horizontal cracks in the wood or from broken branch stubs.
Basidiocarps that develop in the 1arge cracks areroften

laterally fused (Flgure 17) and may reach lengths of 20 cm.

- Formation of ‘the basidiocarps generally occurs along the

ey

L ,
1is llght plnk to plnklsh red Later the surface becomes

31des of a log. 'In some 1nstances, ba31d1ocarps may develop

along the lower portions of a log if it is raised off the

.ground. JThese basidiocarps become effused—reflexed in form.

0ccasionaldy, the'basidiocarps'will form at the top portion:

-of a logx&mérglng from a crack or broken branch stub. ‘These

basidiocarps usually becomehsessile in form. Infrequently,
a c1rcular and" applanate ba81dlocarp develops (Flgure 12)

: ) 2

'The ends of cut logs.%ccas1onally bear basidlocarps whlch

are typically sessile in form.

The‘pileus surface of the'basidiocarps is extremely

—

Qvarlable ‘in color dependlng on the stage of development and

\

'the‘effects of weatherlng. Initlally,'the plleus ‘surface .
ot ’

.llght to dark reddlsh brown or reddish - In old.basidio—f"

carps'that have~overw1ntered' the plleus surface is

/weathered to shades of graylsh brown to grayish- black or

-.'black.’ Basidlocarps that hawe formed in equsedy sunny

u
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51tes are often b%eachedbtéig%aylsh-white. Zonation of the
“pileus surface is variable and may be azonate. (Flgures 10
L12) or_zonate. The zones are due either to alternating
llght and dark bands‘of the pileus surface (Flgures 13 14)
or to shallow furrows that form on the surface (Figure 18).
Young basidiocarps have a finely and compactly tomentose
pileus surface. 1In fudly‘developed basidfocarps\the surface
Hbecomes glabrous or radiately fibrillose (Figure 13). The
tomentose surface may per31st at the marglnal regions
.'(Figure.Zl)-and-in areas of renewed grth%. -The pileus
'surface'can become hard and furrowed but it does not become
vincrusted at any stage . S | : A

The color of the poreASurface_varies from-rosy—pink to
plnklsh -red in newly formed pores.to reddish brown 1n the
older pore areas The pore surface is ‘even and plane in
sessile basidiocarps.hut mpreiirregulargand'hummocky in-

effused-reflexed basidiocarps;.:lhe pore.mouths are

»dircular to. sub-angular in,shape, thick, entire,.and averag
B 3 : ' ‘ '

4—6_per mm; In young hasidiocarps the. pore mouths tend

;to be round and’ very thlck-walled (Flgure 22), but in fully
developed baSidlocarps the pore mouths are sub angular and-
the pore walls thlnner (Figure 20). The depth of the pores
range from O 5- 2 0 mm for each growing season The poﬂes'*
are shallowest at the edge of the marginal region and in
young ba51d10carps (Flgure 24) hbStratiflcation is rarely

'observed 1n thevpores. " The older pores\are often filled

with hyphae giving a "white, stuffed"” appearance (Figure



margin és>present at all stages ofU%aSidiOC

)

&

lQ). The\pores of the effused reflexed basidiocarps are
~!
frequently dae aloid in the effused portions of the pore

surface'(Flgure 23) These pore mouths are elongated and

&

«the pore walls thin and somewhat wavy A sf%?ile lower
rp.

development
L g
This lower margin is 0. 5 -2 mm w1de gnd reaches its greatest

width in young ba31diocarps (Figure 22) The outer edge of

7the margin in young ba51diocarps is broad and rounded while

in fully developed basidiocarps the margin edge is: thin and

acute. L - @ '

The color of the context is variable and ranges from

' rosy plnk in the marginal regions to plnkish brown reddish—

brown, or brown in the older regions As Overholts (1953)v
has pointed‘out the darker tinted context of F. caganderzn

is a character useful .in distingu1shing this spec1es from

F. roseus which has a 51lvery pink context, The thickness

of the context ranges from 1-12 mm. It is thinnest at

. ~
s

the marginvand gradually thickens when followed back from

.the marginfedge. fMeasurements»of the context thickness

were taken_two thirds of. the d1stance fromcfhe margin edge'

to the substrate Zonatlonals often obServed»in the context

-i(Figure 24). These’ zones aré thought tg represent periodic

R . N 2

' /spurts ‘of radiate growth that occur during favorable grow—

1ng condltions The edges of the- zones are darker colored
where growth has been halted temporarily The firmness of

the context ranges from soft and punky 1= —{he marginal

'reglons to hard corky in ‘the older regions. When the

o _ . . \‘46‘
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cpﬁtext is touched qgﬁh ‘a dy%Pmof.S a&@%?us KOH solution,‘

o N T By
P

Collections of @ gcaganderv,}have beenh
‘ , iQ

saprophytlcally, usually on’ conlfer 1ogs andVﬁtumps. A

llSt of the collections of the fung1 examlned from various

.g,ld

substrates is given in Tablév{ In Albertaﬂthe'greétJu‘

N

majority of specimens were collected“on conifers,

‘ . : @ .
particularly cheq, A number of collections have been

found on Pinus and two collections were noted on Populus.

L ]
‘

Fifteen collections were .examined from unclassified conifer

wood in which'the substrate could not'be.identified.

'_Speciuehs exam%hed from”Ottawa‘were collecteo ffom a-variety
N . : - o
of\substrates. They iuciudedfPicea,vPinus, Populus,-Ldrix;
Abies'steudotsuga,"Tﬁuja, Tsdga,‘ahd Pruﬁus' 'The'Ottawa
spec1men grow1ng on Populus (DAOM 52060) produced a typlcal

‘brown. cublcal rot of the sapwood (Figure 4) : Basidiocarps
of F.{vaganderm-grow most abundently 1n.fa1rly moist ”
'conditions,'usually onebarkeﬂ logs thet a;e partly shaded.
When collected from exposed; debarked logs the basldlocarps
‘are typlcally sﬁaller and fewer 1n number.f The p11eus=
surface is also 11ghter colored in the dr1er 51tes

A general description_of the uacroscopic feetutes Of.,
‘Vf{‘cajanderi basidiocerps examineﬁﬁ€s~given'belou. k

Basidiocaros sessile to effused;feflexed occasionally
Tresuplnate when young bu't 1ater"becom1ng -effused- reflexed ./:

consistency when fresh 1eathery to corky, when dry

subflexible‘to rigid; pileus“applanate to convex, dimidiate,
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‘i' . +
Table 1. Collections of F, cajanderi examined from various

‘ﬁsubétrates.

¢ : ‘\

“ S . U. of A. ‘Research . .
Substrate : . Herbarium Collections DAOM*
Picea S oo 19 38 -1
Pinus . . - | g s o

v N . ‘ ’ ’ . N ) » ‘ ) B
Popfilus _ 0 2 o1
Lariz ' 'ya@x o . . 0 o
‘Abtes S0 0 . 1
Pseudotsuga : . 0 0 ‘ 1
Thuja RTINS 0 o0 N
Tsuga - : 0 _ 0 I |
~ “Prunus o j -0 : ‘ o OH" 1
Cdﬁife% wood s -7 ' : 8 ‘ 0

(unclassified)

*_MyColégical Herbarium at Ottawa.
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’somewhat ungulate when . young’ 51ze 0.5- 3 5 x 0 @ -12.5 X 0. 3=

2. 4 cm, when la%erally fused reaching 20 c¢m in length;
pileus surface color 1n1t1ally llghtjplnk to pinkish red
later light to dark reddish brown or reddish becoming

grayish- white, graylsh brown or black surface'atufirst
T & R

finely andJconpactlyjtomentose;'especially_at.marginal

regions and areas of renewed growth gradually becoming
glabrous or radiately fibrillose surface razonate or zonate,

zones due to 11ght and dark colored bands or shallow
. i

»furrows; no incrustation'at'any stage; margin broad and
: .o - o T . a o

rounded when young, later-becoming4thin and acute, loweéer
" sterile margin always p}esent 0 5-2 mm w1de pore surface .

rosy-pink to pinklsh red at first, later red&dsh—brown,

. . . .
i «

surface even and plane to 1rregular and hummocky, pore
mouths round and thick walled: when young, sub angular and

thinner walled  when fully developed pores ‘of effused—;f

reflexed bas1diocarps daedaloid on’ effused portions, pores'
average 4—6 per mm, pore depth 0. 5 2 mm  per grow1ng season,

'stratificatlon rarely observed, older pores often whiteg

i'stuffed"; context rosyapink,;pinkish—brown_in marginal

regions, reddish-brown to brown in older: regions, context

'l§0—12.mm thick often zonate, firmness of context soft,

punky to hard corky, contezt turns immediately blacHthen
: touched with KOH. - R T S R

~

b, The primordium ' -
The dense aggregations of mycelium in the tracheids

give rise to the basidiocarp initial or primordium that

&
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forms at the surface of éhe wood or on thewbark. The
primordium is’ con51dered here to be the flrst stage of

basidiocarp development. ‘Durlng this stage the mycelial

mass emerges from the wood  and develops'into a compact 7

° structure, but-has not diffelrentiated to form a:pOre'éurface.

» . v,. LA
. ‘,-‘1‘

The'mycellum in the' wood emerges‘fhrough a erack ln the
wood or bark (flgure 25) and grows outward in ‘a radial
manner.; The ‘size of the primordium @s warlable, from
2—§‘mm across and l.th mm in thlckness; The primordlum
is&hemiephericalVin’shaoev(%igure'26)'and”lightito‘derk a
:eddishfpink c0loreddwhen it'tirst emergeS'fronfthe wood. -

Later,'theJCOlor becomes reddish-brown to medium-brown.

-The surface~is ‘tomentose to glabrous inecharacter.' The

“uran31tlon from the vegetatlve mycelium in the wood to the

- \‘ v
a«"” ‘

generatlv@“eﬂg skeletal hyphae in. the primordium is not

distinct,. In the trachelds 1mmed1ately below the.
Y 3(‘.1 3 r

:prlmordlum dense aggregatlons of brown colored ,aseptate;

'ithlck walled hyphae and thin- walled hyallne, clamped

hyphae are‘observed The outward growth of hyphae from
£

'thesetaggregatlons through eracks in the w00d or bark _ ,§

"results in the formation of the basidiocarp primordium.

The.hyphae lnvthebprimordium are not ln_strict pa;allel
alignment but they.do growvoutward~in a tadial-manner |
(Flgure 27). Two types of hyphae are found in the s
prlmordium..the generatlve hyphae and the skeletal hyphae.~H

The generativeuhyphae are granular appearing, 1.7—3.3 'S

\ in‘diameter;.occasionally‘branched, and:have‘elamp
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connectionS'at eachﬁfeptum The walls are thln and hyaline.
,vThe skeletal hyphae, which are the predominant hyphae:in the
primordium, are refractlve, aseptate, 2.2—5.5 H in diameter,

N o

and'thick—walléd.' The.luminauare narrow, lightly stained

:with phloxine and nearly occluded by the hyphal ‘walls

“whlch ‘are . 0. 8 1. l M thlck The prox1mal and aplcal portions‘

'vof the skeletal hyphae are thlnner in wall thlckness and the

\4

A

_lumina are wider Branchlng is sparse on these hyphae {l

The reddish pink color of_the\prlmordlum appears to.

-

orlginate in the walls of the skeletal hyphae These‘walls

are‘yel OW1shjb;o;§\colored ané refractive (shiny—appearing)

P

. when obserﬁ_p,mlcroscopically; The reddish—pink color is

‘apparent when the skeletal hyphae are observed collectively.y

%ﬁThe primordial stage is 1nfrequently found in thé

e
AN

'f%plﬁ" 51nce soon after emergence and formation pore

vdevelopment beglns The size of the prlmordlum when” pore

.dev lopment starts may be as small as 4-6 mm acfoss and
,2 Z ‘mm tthk The developlng pileus surface ig. varlable in

'vcolor, from pinklsh red to dark reddlsh brown._ The

’,surface may be glabrous or finely tomentose and rugulose

(F1gure 28) 5 The developlné pore surface is llght plnk or

~ IL‘(

~pink. The young pores are thlck-walled very shallow in

) | | | ;

iy {

depth c1rcular 1n shape, and the,marglnal reglon 1s _ Y
rounded and blunt. ’

c. Mlcrostructure of the basidiocarp

In descrlblng the miarostructure of Ehe ba51diocarp

| four major reglons w1ll be examlned They are the'margin,

o t R - - N .. . ) ‘
. . B . ’ L . ¥

1y
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thebcontext, the pileus surface, and the d1ssepiment regions.
The different types of hyphae found in these regions will be
described.as to the1rvmorphology and deyelopment. Figure
29 shows these»regidns in a vertical section of a F.
cajdnderitbasidiocarp./;

l. The marginal region
In theimarginal‘region ofa¢he developing basidiocarp;
‘vup to betwegn 2000 and 3000 p‘bach from the outer edge of
" the ba51d10carp, there are two types of hyphae, the gener-
atlve hyphae and the skeletal hyphae The generative hyphae,

are abundantly dJiamped, thin-wallédv occasionally to

-
<

frequently-branched,'and 1;533,0 u in¢dlameter. The
pbranches arise near- or dlrectly‘from the clamp connectlons
(Flgure 30) ) The\generatlve hyphae  are iound thrdughodt
’the,marglnal.reglonﬂ éyenlybdistrlbnted among'the skeletal
-hyphae, and growing in the-samefdirection.='Occasionally;"
'small‘"islands" of generatlve hyphae are, observed in a-

“ .
.ydense mass among the skeletal hyphae:c‘

. The skeletal hyphae are aseptate,‘long, flexuohs,:
infrequently branched and 2 2 5. 5 u in dlameter : Develop—
ing. skeletal hyphae are frequently observed ‘in the margin
Often the proximal end of these hyphae is stlll attached to t
the generatlve hypha by the clamp connection (Flgure 31)

1

The cytoplasm in the aplcal ends‘of the developlng skeletal

i

hyphae stalns deeply w1th phloxine and appears granular;@g

The hyphal walls are thln in the aplcal portions and may £4

remaln S0 for over lOO o back from the growing apex. In




W
the very early.stages of development skeletal hyphae'may
have thin walls, thrqughout their entire length . These
hyphae are usually Tess than lOO U long. In developing
skeletal hyphae, longer than lOO u, the hyphallwalls:
gradually thicken and become brown colored and refractive
‘as they are followed back frombthe apical end to the
proximal end._ As a skeletal hypha beglns its growth from-
aAg erative.hypha,lts diameter 1s ‘the same as the gener—
atrzz\h pha, but as growth contlnues the d1ameter gradually
increases. A developlng skeletal hypha may begln growth
from the generatlve hypha w1th a dlameter of 2 3 u and
eventually reach a diameter of 5.5 y in the aplcal portlons
Rhe length of the developlng skeletal hypha varies depend—
ing on the stage of development. In the marginal reglon
lengths range from'less than\lOO u to more thant74b T )
Oc ionally,'a developing skeletal hypha in the margln has‘
'two\or three branches forming at the aplcal end. These
branches are slightly narrower .than the main hypha from
ywhich they arose. The growth’form of the:hranches mayvbe‘
quite tortuous and'contorted. The'hranches'have no_élaﬁp
connections orhsepta_andjtheir,walls'are thlch;'refractive;
“and brdwn—colgred."Branch lengthslhave been'measured up to
250 u. ‘In the marginal reglon thehskeletal'hyphae have'all
Aoriginatedtas termlnal cells of'the thln—walled generative
‘lhyphae ’ New skeletal hyphae are continually being formed
fgrom the generatXVe hyphae as the margln grows outwar;)fn a

radiate fashion The skeletal hyphae are arranged in
‘ , 2

. . . . . P
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. parallel allgnment in the margln which provrdﬁs support tot

. =(~’. ..
/’-‘r

-the géheratlve hyphae -and glves the bas1diocarp r?."“gy

!

and form (Figure 32). o ' 9' _ ' 5f;: o
ii. The context region - o

In the context region, beginnlng,approximately 3000 u

Sg%k from the outer edge-of the ha;}&iaaarp’“the generat1ve

L .
hyphae usually develop 1rregularly thlckened walls and the

lumen becomes narrow andppartlally occluded. ,The first

AN

~indication offmall-thickening‘is theusmollen; solid appear;

_ance of ‘the

amp connections. The swq%len appearance of
ﬁ}e clamp connectrons gives the 1mpreSSLon of a ball and-
socket.arrangement.' Small; solid, and refractive protuber-

ances will occa51onally form: along the hyphal walls.
7 . > i
Eventually,.most of the hyphal wall becomes 1rregularly

thickened so ‘that the lumen is seen as a narrow, sinuous,

line running from side to side in the hypha.. The irregular—

s

T,ly thickened hyphae are tortuous and contorted in form,
2.0—7.0ru{ln dlameter, and frequently branched (Flgure 33)
. S : ¥
One feature of*these hyphae is thelr marked tendency to

v separate at thelclamp connectlons (Figure 34).— There \f{
appears to be llttle SOlld attachment of the‘adjacent

hyphal cells on elther 51de of the clamp connection. ~ The -
| hyphae frequently break at -thie clamp connect;ons leaving

one hyphal cell with the hoo ed_portion of'the'clamp, There

. ‘ e,
1s na, deflnlte oryentatlon of the 1rregularly thlckened

: generatlve hyphae in the context-. ﬁ They ‘are usually densely

massed together.and intertangled with each other.w These

©
v



S55

"islands of them w1ll be - observed among the skeletal hyphae

: appearance,

Thinhwalled generative hyphae are infrequent in the
context region as most of them appear to “have developed into
; v

the. 1rregularly thlckened generative hyphae The thin—

walled hyphae are“frequently branched, 1.5—3.0 H in

"diameter, but more contorted and tortuous in form than those

seen 'in theﬁmbrginal regionlh The cells of these hypha@
are occasionally'seen devoid of con%ents and hyaline in

-«

:The skelzstal hyphaefin thé context ere long, flexuoug;

and arranged in a longitudinal direction radiately outward

K]

(Figure 36).T Some ekeletal hyphae interweave across the
. A . . B . .

main direction of growth: these hyphae are cpntorted‘and

tortuous in form:,,The skeletal hyphae are 1.7-5.5 p in

_diameter; aseptate, ,with hyphal walls 0.8-1. 1 M thlck The

lumen is narrow and appears granular, stalnlng.llghtly with

' phloxine. The walls are: refractlvm and llght to dark

hyphae mature. 'They'develop thick, refractive,walls and

yellow1sh brown\\ The skeletal ‘hyphae arevthe domlnant

'hyphae in the’qonﬁEXt. - They have develdped in the marginal

°

’regidnwfrom the thin-walled generative hyphae. - As the

margin continues to grow outwards, the developing skeletal

the lumen contents gradually disappear. ‘The mature

i}

skeletal hyphae in the context provide the supporting

-‘elements of the ba51diocarp.v The majorlty of the skeletal

'hyphae are unbranched along their entire 1ength which can

Caw ]

Y
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reach 1700 u.a Bﬁﬂnches that do form may be found 1n the

-central portions of the hyphae or at the aplcal portions.
Telxelra (1962) has referred to skeletal hyphae that form

branches at the ends as arborlform- hyphae.because of their

treetllke appearance Figure 35 shows the branched end of
one such skeletal hypha The dlameter of the branches is

slightly narrower than-the main hyphae. The branches at
. : L . v \\\

the apical portions'arehnot in parallel alignment. but \\\f\\
weave in -and out among the other skeletal hyphae - Due to
’the restrlcted growth among the skeletal hyphae, the growth

form of the branches may become qulte tortuous ‘The""

number of branches formed on. a partrcular skeletal hypha

: b ; ,
can vary from one to fLVe.= In someflnscances the branchlng

P CR 4 - B

may be dlchotpmous, but thlS occhrs anfrequently he‘J
contorted ané tortuous branches of the skeletal hyphae may

,-h
. 3 o

~funct10n as b1nd1ng elements ghat serve to hold together

the other hyphae in a compaqt flrm mass.¢ *'g@-.;
iii,‘The plleusvsurfdce‘ q]’“;','~.j Y
: - ,D ., .o . . EEPRC) Ly P

The pileus sufface of the marglnal reglons 1n the

developlng ba31d10carps and in ba81d10carps where renewed
40

growth has occurred (Flgure 29) is reddish—pink colored.'*ui
It is finely tomentose.and con51sts of small‘tuftslof e

‘skeletal and generatlve hyphae that grow dlagonally or

4

perpendlcularly from the pileus surface. The generative

hyphae.are thinéwalled, hyaline,,abundantly»clamped;

I3}

frequently branched and 2.2-3. 3'u in-diameter N These o

hvphae are occa51ona11y observed among thewskeletal hyphae

W
- Lt
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in dense "islands The generative hyphae are not in-.
definite parallelvalignment but are intertag%ledjand

interwoven with ‘each other. The skeletal hyphae_are.thick—

' .o .
walled,»aseptate,vlight brown~colored refractive, and 2.2-

. Branchlng is very sparse and 1rregular,
_W1th b?anchrlehgths usually of 30-50 u. The dlameters of
the branches 1s the same or sllghtly narrower than the main
hyphae. »

In the”older'parts of the bdéi&iocarp thﬁ@%ileus
‘surface becomes reddish—brown to lightfbrown in color and
is glabrous. 1Zonationkin.which light and dark areas are.
formed‘ower thetsurface may also. occur' The skeletal

hyphae predomlnate -in the glabrous, zonate plleus surface

JThey are no: longer in tufts ut are agglutinated to FOrm a.

sf(Flgure 37) The. hyphae are s1milar in

o

form and 51ze to the skeletal hyphae‘of the marginal

reglons, but they dlffer'in'color.. The skeletal hyphae'ﬁn

the older areas are very dark reddlsh brown ThlS color[is
due to- thelr dark hyphal walls, dark reddlsh brown hyphal

contents, and a dark-brown amorphous substance often seen

among the hyphae .The~1ntensif1ed reddish—brown color of

P
’the hyphae results in zones that form at the plleus surface
» ‘

and in thecontext reglon (Flguge 38) The zones appearwt0~7

form as aggresult of unfavorable growth conditions such as

‘high temperatures,'desiccation, or very hlgh light levels

which may - halt temporarily the radlate growth of the margin.

The color of the hyphae at the pileus surface and margin
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becomes intensified as a result of pigmentation of the

hyphal walls &nd cytoplasm. A dark- colored amorphous \-
‘ ‘ I ' L TN
subst'ance‘ may be -produced bhe hyphae at this tlme When

-favorable growth conditions return, new skeletal hyphae
.develop behlnd the old hyphae and grow past them tfo form a

new margln If the old skeletal hyphae have not been killed

RS

there may be: renewed growth at each hyphal t1p whlch results

in a constrlctlon in the hypha (Figure 39). The constric- )

,'tlon forms because only.- the very aplcal portlon‘of the'htha
.starts to gfow P0551bly this is due to the hyphal wall
belng thlnnest a't that point.
In the oldest regions of the pileus surface, the
action of weathering may bleach the color to a shade of
graylsh whlte The skeletal ~hyphae in these areas have
Hllttle or no color ‘in the upper 30- lOO u portlons of their
aplces (Flgure 40) : Furthermore, the amorphous substance

surrounding the skeletal hyphae has lost 1ts brown color.
_ ., ¢ ‘

iv. The dlsseplments

‘ From the edge of the developlng bas1d10carp back to
. \ t ‘
"4between 500 and 2000 M, the margin 1s sterile At the

inner: edge of this g%wer 'sterile area: pore development
”beglns (Flgure 41) The pore walls are composed of genera—L,

tive and skeletal hyphae The development of the skeletal

2

hyphae is 51m11ar to that in the outer edge of the margin.

Thin- -walled generatlve hyphae begin to - grow downwards with

v

skeletal hyphae developlng from thelr termlnal cells .Thepp

lower edge of the pore wall 1s 31milar to a small,,concise

/ S : : -
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marglnal region that shows"- positlve geotroplc response j‘In‘“
'prec1sely deflned areas of the lower surface :skeletal and

: S vy 3 ta N oL
generatlve hyphae grow downwards while‘in other areas,vthereunfn
’._” % A He rﬁ b <

This results in

is llttle or no downward growth of‘hyphae
the formation of pores.b'The downward growth oﬁnthe:geﬂer%7;_ﬂ
tive. and developlng skeletal.hyphae is not 1n a:defﬁn{t;;W*
parallel allgnment " the hyphae 1nterweave among each other
as they grow in ‘a g:neral downward d1rectlon (Flgure‘42)

S

’

) .
*‘?

The skeletal hyphae in the dlsseplments are more i'

-

the—context. ' They do not show deflnlte parallel allgnment
although growth is downward in ‘a longltudlnal dlrection
The hyphae are th1ck walled refractlve lbrownicolored-;and
1. 7 3.9 y in dlameter whlc:;is sllghtly narrower than the

: . e i
context'skeletal hyphaeq' e lumed is partly occluded and

clamp connectlons are’not present except where the skeletal

v

hypha is gtlll attached to a generatlve hypha “Branched

skeletal hyphae are occa31onally observed 1n the’ dissepi—

'ments.r_These branched hyphae arise from the.thin- walled :

generatlve hyphae in the same manner as- those in: the

wn . :
marglnal region. .However, the. main portlon of the skeletal

hypha giving rise ‘to the branches ‘is not as long and_.

“&lexuous as the skeletal hyphae in the context : The
‘branched skeletal hyphae of the’ d1s38piments appear to have =
"a blndlng functlon ‘in: that they hold the rest of the hyphaeh

in a coherent;’tlght,mass.. In F1gureﬁ53 the stralghter and
‘ ) )
w1der main portion of a skeletal hypﬁa/can be compared to

]

;-

A
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the narrower, more contorted branched portion.

} The generative hyphae -observed in the dissepiments
;
‘ were of the thin-walled and irregularly thlckened types,

: AY

but the 1rregularly thickened type was 1nfrequently seen.,

vThe-thlq—walled hyphae are 1.7-2.3 y in diameter andvare‘
;frequently branched,_usually near the clamp connections.
r;fhe'hyphal contents_stain deeply with phloxine,hut appear
hyaline when unstained. "The form of the hyphae is contort-
.1ied and tortuous and they are frequently seen among the

‘ske@etal ‘hyphae. The generatlve hyphae are abundant along

~

the edge of the pore walls where they glve rise to the

twba31d1a that form the hymenlal surface
'_‘The“baSidia form_as ;ermlnalfcellS‘of the generative

‘hyphaé;d A'palisede'layer of basidla-deyelops’along the

.:pore walls %,The basidrafare:clavatefshaped, thin—wall:z,

dhyaline; 10.16 2 x 3.1-4. 6 u in size,‘and clamped at therf
base (Flgure 44) They bear four sterigmata'which are -

- slender and 2 7 3 9 u long. fImmature.basidiOSpores‘are
- 1nfrequently observed on ‘the: sterigmata. ~'l"he‘ma.ture

ba31dlospores are narrow cyllndrlc,-hyaline, smooth-walled,
= . \

»‘gsllg@tly curved éwone end ;and measure. 4;047.0 x 1.5—2.0
/

~( 2 3) u (Flgure 45) The ba51d1a 11ne ‘the. entire pore

h’wall except for the outer,,lower edge where the skeletal
} . : . . .

-hyphae p%otrude Even before the pore\walls_haye reached
thelr max1mum length the basrdla already line{the walls;

The upper parts of the older pores aredoften filled

\ 'w1th/th1nrwalled generatlve hyphae th§§ are. devoid of

N
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e
»

cqnte@&éﬁ(Figure.46); Tﬁe'p;es@ncédof.these gepefativé' Y -
Hyphae é;ves.the pores a fwﬁépé, stv:uffe‘d"y appgéta%ﬁé:ihéq'
viewed with the nakéd'éyéi vig appears thaf‘hyph;é grg~ |
into the pore spaéé‘from‘ééﬁeféti;é,ﬁypﬂaé,liﬁing»ﬁhe pﬁ%e_

J .

.
s

walls and'directlyffrom sterile basidia in the:stuffﬁdiiz;N
areas. Fertile bésidia'have not been observed in the s

e - . N . £ B v » . ) o '|J
stuffed portions of th'e pores. The function or-reason for

: ’ Ly B
“the stuffed pores is not: known. = °



) ) o o ‘. s
zure ;. : g hyphaeﬁgrowing through the lumina of
4ds 'in pine wood. Note the longitudinal
direction of growth. X215.

e

hE

zure 2. Tracheids penetrated by hyphae via the bordered
'pit§. The lowermost hypha has branched uboh;J

eméfgénce from the bordered pit. X695,
\ . . : S v .
gure 3. Dense hyphal aggregations in the tracheids near

the ray cells. X215.
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Figure 4. Brown cubical rot of Populus wood from Ottawa -
o | = . S e
collection. DAOM 52060, X1.2, - o /

y

>

Figure 5. %fown rot of conifer wood showing cubes tha
' : e P B

PRy

crumble easdily. s X774 -

Figure 6. Tracheids near the wood surface com

"hyphae. X695.

1
a
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Figure 7.

<

Figure 8.

Figu%e 9..

" Thin, dark stainm lines (a:rows) in wood -

" beneath F.. cajanderi basidiocarps. X1.1.

Brdad;'dafk sféined‘area (;rfow),in wood f;/ﬂ

infectéd by F. ;ajanderi; Note the drdegular’

édges of_tﬁe'étained a£ea, X1.6. |

Tfachefq dge of spaihea area Filled
;uwith'dé ik , gggfégaéioné cogpoéed of _ .

aark—brow ,_t'ick‘walled“hyphéé. X64.5.

o~
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‘figu;g 10. ‘Laterally fused and cbnfluénﬁ-;ﬁséile basidio-

“-.darps. B-191, X0.80.
v _ s

.Figure 11. Fully devélopeﬁ;\eﬁfused—refléxed basidiocarps.

B-166, 'X0.70. -

Figure 12. "Circular, épplanate basidiocarp from Ottawa
. C ' . ’ b
\ collection.b DAOM 125314, X0.65. ‘
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Figure 13. . Fully developgd, sessile, convex basidiocarps.

| ' ) T

Note the anate, radiately'fibrillose pileus
. ' | : ’ 4 e
. . surface. B-128, X0.80.
' |
\
p— . |

. !
[

i

. ) \ » ' . ‘A N ) X
Figure 14, . Fully developed, imbricate basidiotarps. Note-

| o -
- the zonation of the pileus surface. B-3,
» |

R . X0.80. - ! ; . .

)

-

Figure 15. Fully devel#ped 'resuplnate ba31d10carp that'

bd on the unders}de of a spruce log.

31%3 X0. 80 L o
T

L






Figure 16.

:Figufe 18.

"DAOM 1005 gg X1.2. ‘ o

3 ) - ) ’ (
. D - . .7 h
W | . J

Sessile'baéidiocarps‘developing’on the barked

portion of  a coﬁifer log.: B—294);ZXO}75.

-2

‘ thly‘developed sessile - ba81d10carp growing

ﬁn a large crack of a debarked log : Note the

n
1

1atera1 fu51ng of Qhe baslglocanp TXq cracks

N ¢ e
in the plleus formed when ‘the spec1men was

drﬁgﬁ for herbar‘

¥

i

»l . . . C . . ) i M B
Sessile’, coavex ba31dxocarp The zones on the

plleus eurface are formed by shallow furrovs.
. %

K{*

-
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;Figufé 194;'5qus§-section‘of a sessile, convex basidiocarp

PRI

‘showing the conchate form. Note thé "white,
.stuffed" appearance of.the older pores (arrow);.‘

' B-128, X0.55.7 .-

,d)u‘ L ‘ . ’ H’.
" Pore surface of a fully developed basidiocarp.

V‘figpre 20.
wiinte the sub-angular pore mouths and tHe

J'Jbterile margin to the right. X].&;

Figure 21,  Tomentose marginal region of a developing -
. . gmw‘f:‘i‘ﬂu . ‘ . : | | '
baSid'iOCa"rp.. Xg:Q

ay.»@ﬁ“>

~ I

A
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- Figure- 22. DeQeloping basidioca%p-ghqwing temporary
. - . . ﬂg"‘ﬂ -

resupinate form. NoteLthe“round, thick-walled

, pores and thégwidé sterile‘margin. X7 .4,
oo . _ .. - . \ ¢ " {
. - N
Figure 23, Developing effused-reflexed basidibcarp. Note

the daedaloid pdres of the efggééd portion.

X7.%. o o
X*\ - ; . BRI
. ) v . Qo :
A0 T T T e L e

Figure 24. _PC;oss—section of a develoﬁing basidiocarp with
round margin edge and'sh%}kpw porés.j Note

the zonation in the ‘context. X7.4. -
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4Fié@re 25, Myéelium near the wood surface emerging\\

¥

through a crack in the bark. X49.

Figure 26%, Small, hedispherical primordium emerging -

7!.
}ﬁg through a crack in the bark. Note the light
f‘ colored, compact surféce‘of.the pfimordium,
A = ' Ay
- ﬁ: XS .6 . Lo : ' oo
'ngure 27. Sectioﬁ‘thfdﬂgh a primordium'showing th

¢

- D T WD :
dutward growth in d°¢Yddial manner. X49.

 Figure 28. Primordium with a finely tomentose,” rugulose

i surfaée. Thé upper surf@ge is dark reddishJ*”.
‘brown while the mafgin and iower surfacé are
light-pink. = X5.6. e
Figure:29. Véfﬁicaljsection throdgh.a.basidiocérp o F. =
\\7» : . 'cajanderi;showing the four regions.éexamined.
. Note;ghe fénewed growth‘in tﬁe marginaL 3
o : ¥ ‘ : : , .
' region. X5.6.
. . ’ . 1
M - margin.. - 7

C QJcongext.‘

P - pildus surface. ' &

-D —'dissépimcntsf
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Figure 30.

Figure 31.

. Fig ur,',‘é 32.

LES

Generative hyﬁhé from the marginal'region :

/

~showing a branch arising directly from clamp |

connectlgp X1450.

Developing.ske!&}al ﬁypha (arrow)"shoWing the

proximal end attached to generatlve hypha by

cBamp connectlon ‘X1450.

Parallel arrangement of developlng skeletal
L .

hyphae in the marglnal reglon X64;5.






. T
- -

Xoow ' ’
Figuore 33. . Generative hyphae - showing 1rregularly thickened
N

walls, and contorted tortuous growtn form.

L x1450, - 5 |
Figure 34, Broken generative hypha w1th hooked portlon of
. AN -

v ’clamp connection (arrow) X1450

- g .

Figure jéf/L‘Branched'end'of_avskeletal hyphd "from the

‘context region. X1450. -

“Figure 36. . Long, flexuous skeletal hyphae 1n parallel

' alignment in the context region.' X347,






Figure 37.

Figure 38.

‘Figure 39.

' Compact, firm mass of agglutinated skeletalfﬁﬁ’~

‘vahaévatgphe:pileus surface. - X180.

“showing zomnes. Hyphae in the dark*a%éas are

~dark reddish—brown. X64.5.

)
e
~

)

\\\ ’
'; N
RN

Cross-section of pileus surface and'contéxt
L

- ” . ‘," ’ ” ! A e .' » . “ )
Skeletal hypha from pileus surface showing a. .,

‘EbnstriCtion'whef§'gr6wth was haltgd :

’ : o

temporarily. X1480.






Figurel&O)

‘Figure 41

L

v PN <

Skeletal hyphae at the pileus‘surjace. Note
the colorless, refractive hyphalfwélls-and_the'

v B . 1
-~

dark pigmented walls approximately 50'u‘belbw.'

X580.

'Beginning of pore development at the inner

edgéjof the lowér steri1e margin. X215.






ﬁ\
. ‘ ) ,
Figure’42. -Skeletal hyphae of the dissepiments-. Note the

interweavihg and the slightly narrower dia-

. meter of the hyphae‘compéred to the cpntekt Lo~

& -

ST skeletal hyphae. X215.

i Figure'43{ Skeletal hypha from the dissepiments. ' The

straighter, wider hypha forms the main portion

5 ~ of the narrower, more contorged branch. X3200.

.t

. . s i o
& : . - 1



89

ALY




. \ .
. . .
. \ .

PR
Clavate, thin-walled, immature basidia. .Each

basidium bears a clamp connection at .its base.

po X1480. . . AP
* Figure 45, cajandéfz\bésidiospores,staiﬁed-with |
5 o . . . . . o .
_phlbxine. Note the narrow—cylihgricVShape;
. N .
slight curve at one end, and smooth walls.

X1480. . , .

: : — o :
) oM ' L . .‘. ’ . } /
. Figuré/fé. Older pores . of basidigéétp stuffed with thinb/ '

walled ggnérétive’hyphae. X64.5.

¥ . T
[ 2 . . e ) o . \
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B. Devzlopment of mycelium/and basidiocarps . in cultuf%'

T

'f } ~Inm the dese:iptions'of the mycelium and basidiocarps

L ]

.formed in culture, -the terms of Nobles (1958, 1965) were

v o

.used to describe the macroscoplc and mlCIOSCOplC characters.

N\,

’ . < . o
Nodose-septate hyPhae are hyphae bearlng clamp conneotlons.

14

~The hyphal walls may be thin. or\thlck : Fiber hyphae are
"hyphae w1th thlck refractlve walls, hyaline or brown, and
lumina narrow orvappﬁrently lacklng' These hyphae arise

4

usually as the elongated terminal cell of a hypha and are

thus aseptate." Branchlng may be absent rare, or frequent
. \ tY . \:i
The term refractlve is used here ‘to descrlbe hyphae whbse R
3 . :

Walls are shiny—appeafing and unstained with phloxine.
S ° -
1. Growthof the végetative mycelium‘ : oo ¥
’ s o - ;
fFot;eaeh of the three types of cultures the growth
and'structure of the vegetatlve mycellum will be described

in two sections: macroscopic charactersyand'mieroscopic-

characters. The'veéetatiye or assimilative mycelium is -

4

considered here'to be the groWing or nutrlentvabsorbing_

mycelium.- Hyphal swelllngs on the’thln walhed hyphae

called chlamydospores in this thesis will be é;scrlbed
} ‘

wi=with the yegetatlve mycellum.

i

"._al Agar Culture - Macroscopic characters. -
W S N : ' . - AN -

The initial growth of the vegetative myceliumfin-agar

ER

b culturéliéxebttony toﬁeottony—floccose, mo&Eratelyﬂdense,

gand whiﬂe. The colony edge is uneven and con51sts of fine,
$
PR -
branch1ng hyphae that grow in. a radlate manner. ‘These
Voo ;
L4 . F3 ' .
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hyphae are flat on ithe, agar -&nd. are difficult to see unless .

&

'observed against a bright light The cottony to cottony— viﬁ
< § - AN
floccose,aerial mycelium:- forms;w1thin 2-3 mm of the colonya
edge. The general‘appea ance’ ‘0f- the mycelhum remains ihen J?J
. . - B EEE =N
- 'same until tfy ngony covers the Petri ‘plate. The growth o
) raﬁejof‘F.ﬂcaJanderz 1S'modedgte., ‘At room=temperaturei B -
8 5 cm plastic Petri plates ‘are cowered w1th1n {8 daysl
while 9 cm glass Petri plateslare covered wfghin 20" daws. ,;

K| »\‘ ’ & i
Once the plate his been nearly covered a change 1n tﬁe
"z . . _32" l—‘
appearance 9{ the mycelium occurs. .At the plate edgesgthem»

mycelium becomes dense, thick compact, and felty i_TheJ}’”y*

{ : & .
amount of change that occurs is variable and may rapge\from'

.. « N

a slight 1ncrease in mytelial den51ty (Figure 49) to a
s,v. “ “‘

large 1ncrease in mycelial den31ty (Figure 50) The felty
. cQ : :
mycelium becomes light plnk to pinhlsh brown colored while

'the cottony‘to cottony floccose mycelium dn the central

portions remains white. The width of the*compact felty -/

areas ranges from less than O, 5 ¢m to 3 cm., The mycelium

at the plate edges ma§§remain cottony to cottony floccose

i
u ¢

and white W1th only scattered portions of the mycelium.

t

becoming dense and feltyu TIn ‘some 1nstances .the mycellum

may form felty,‘compact areas on the Petri plate walls.

The felty areas'of mycelium are con31dered to be primordia '

"
since ‘pore development occurs there. The structure of o . -

_ , . : Loy :
- "these areas Wlll be discussed 1n the section on fruiting
Do

development in’ agar culture. The agar below the cultures'
« - B

does not become discolored and there is no pxidase reaction.

a



/

The odor of the‘cultdres is fragrant and is.like.sweet
i

apples.
Microstopic characfers
The'mycelium'at the‘edge of the agar culturee is
composed of thin-walled 'nodose—septatehhyphaeothat are7
frequently branched and of varlable dlameter ranglng from
1.4-4.2 u. Branches occur along all parts of the hyphae

and are the same’diameter or slightly]narrower than the
main'hyphae;‘ The contents of thes hyphae are granular
appearlng; homogeneous, and’ hyaline when‘unstained. The

hyphae are growing on the agar surface and submerged

‘slightly in the agari ‘Within 2-3 mm of the front edge of

.94,

e
\.

.the cultures aerLal my&@linm haeVdeveloped Thisvmycelium_

. is composed of nodose septate hyphae and flherohyphae. The

ki <

. nodose septate hyphae are thln walled,,granular appearing,

abundantly clamped and'frequently branched. They range in.

dlameter from l 1 2. 8 ( 3.3) y. These hyphae are not

Norganized,in any arrangement but are interta@?@&d with each

‘.other and the.fiber hyphae, The flber hyphae near the edge-

: ‘ : _ . AQ\
_ of the mycelijum are occasionally seen’ still attached to the

'thin—walled 'nodose—septate-hyphae Sten whi n they arose’.
..L
A flber hypha develops from a thwn walled nodoserseptate"

: . s
hypha as a long, flexuous, hyallne, granular appearing,

. e e s ’4,,
aseptate-terminal_cell The diameter of the developing

:fiber hypha is initially the same;aSwthat'of'the»nodose—
R ‘ ' :

septate hypha from_Which it 1is arising. ’Aslthe‘developing,

fiber hypha'grows; its diameter gradually.lncreases untﬁ&



.. When. the flber hypha is fully

» . 95
ir\peaches a.diameter 2-3 times that of the nodose-— septate
hypha. In a developlngAflber hyphafmeasurlng over 590 U ﬁ
in length the prox1mal end was 1. 5 u in diameter while the
central and aplcal portlons were 2.5 | in dlameter Wall
thlckenlng occurs in thé/developlng f1ber hypha when 1t is
'50--100 in Length The central portions of the flber
hyph@ thlcken first and thlS process continues towards each‘
end of the hypha As’ wall thlckenlng occurs g\b lumeo\
becomes narrower and the contents appear as falntly stained
areas Qn the. hypha (Flgure Sl) The thlckened walls appearrt
refractive, colorless, agd may relch l O H-in thlckneqs.

o

eveloped it may meaSure

]

over 1500 p in length. The aplcal and prox1mal ends of the

TTe—
flber hypha\are\not as th1ck walled as the ‘central porttong;\\\

although the lumen is narrow and - llghtly stalned In the //m
‘central portlons of the fiber hypha the lumen may be
‘completely occluded br reduced to a very thln, granular

appearlng, fai*-ly stalned_llne running down.the center
- , ) v - : "
of the hypha. Branching occasionally occurs at»the.apical

"end of the fiLer hypha (Figure 52) or in the central

g

portions. Two to four branches may arlse from a f1ber'

hypha. The branches are the same’ diameter or sllghtly

T

narrowe than the\maln hypha from wh%ch they arose. The.
A v

branches may reach lengths of ‘over 150 U. The hyphal walls
’and lumen contents of the branches are. simllar to* the main
flber hypha In the aerial mycelium the flber hyphae are:

'

the predominant hyphal type observed These hyphae are
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long, flexuous, and loosely intertangled and interwoven

with each other and the, nodose -septate hyphae (Flgure 53)

The 1ntertangled and 1nterwoven fiber hyphae and nodose-

e
septate hyphae are. respon51ble for ‘the cottony to’ cottony—
floccose texture of the central areas of the aerlal mycelium.

The nodose septate hyphae in the central portlons of

the aerial mycellum are thin- walled or 1rregularly thick— _

e

ened. lhe thln walled,mnodose—septate Hyphae are 51m11ar

i

in appearance to the nodose sepﬂate hyphae observed near . the

edge of the mycellum The hyphae are granular appearlng,

Y

1.1-3.3 y 1n dlameter, abundantly clamped frequently

& ' !

*branched, and hyaline when unstalned Thev do not show any

i
organlzatlon but a%e loosely 1ntertangled and interwoven N
among. the fiber hyphae and the 1rregularly thlckened
nodose septate hyphaen In the aerlal mycellum the
1rreguLarly thlckened nodose septate hyphae (Frgures 54,

55) are frequently observed These hyphae develop from

the.thln—walled nodose septate hyphae. The flrst

1ndicat10ns of wall thickenlng areé the clamp connectlons;

becoming swollen, SOlld and refract1ve and the formation

P
R

- of short, solid, refractlve protuberances along the hyphal

walls. .The walls later become 1rregularly thlckened so. -

that the lumen appears ndrrow and s1nuous The lumen

contents are granular appearlng and sta1n éeeply w1th

~phlox1ne wh11e the thlckened walls are co orless. The.

1rregu1arly thlckened nodose- septate hyp ae, are l T-4. 2 u

-

in dlameter, frequently branched and abundantly'clamped.
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The hyphae often become separated at the clamp connect.ons
wherdg attathment appears to be weak. Hyphal ends are

\ a L E .
frequently seen bearing the hook portion of a broken clamp

connection (Figure 54);//Ehe-swallen,'thick—walled clamp~#

cpnni;iigng/sﬁ§§EScJ/he apPearance of a ball and socket
structure as Nobles (1965) has observed. The 1rregularly

T .
thlckened nodose septate hyphae in the aerlal mycellum

are in .scattered rslandsv intertanélEH\aang\Ehe\ihin:;\
walled, nodpse-septate hyphae and the fiber hyphae.

R L S R A : o
The submerged mycelium‘is.comﬁbsed of thin—walled,

!

-nodose-septate hyphae that are profusely branched
'abundantly clamped 1. 4—4 2 U in ‘diameter, granular‘

.appelrlng, and deeply stalned w1th phloxine (Flgure 56)

’

'The hyphae are hyallne when unstalned . ln older-cultures
1rregularly thiekened,nnodgse—septare hyphae are frequently'
ebaerved in the-submerged'mycelium.' These hyphae are
identical to the 1rregularly thlckened hyphae of the aerial
mycellum. Chlamydospores are occa31onally observed among
the submerged myeellum. Theyqoccur‘frequentlyvln sbme(.
isolatee and,rarelY or_ner at\all in‘other isolatééfJ Ihe'

g : :
'vchlamydospores are elongate to e111p301dal 1n shape, 13 2—

27 x 5.6= 7. 50 in 81ze, thln—walled granular appearing,

and deeply stalned w1th phlox1ne (Flgure 57) They are

/

hyaline_when unstained;v The chlamydospores form as inter~

adalary cells in the thin—walled,‘nodose—septate hyphae.

a -

b. Still-culture_—_ﬁacroscopic characters

. In all still-cultnres the ino&ulum pldg sank soon

.

3
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after inoculation aAd remained submerged throughout the

! 2

‘incubation period. The first 7-10 days of growth produ\es

only submerged mycelium which forms a spherncal dense,
yellowish»mass around the:inoculur plug. 'The ;upmerged
mycelium_is'fragilehand“teases apar” rcadily. The malt
Textrart’mediun is cledr and yellow‘which gives the~m§celium

/ . , ‘ .
~a yellowish tingeé. *The.subgfrged mycelium'appears white

-rwhen observed in distilled water. After 14 days of growth

the submerged mycelium has increased in s1ze, measuring up “
R

to 4 cm across. ‘The mycelium is in irregular, somewhat

.

spherical masses with ragged and uneven e&ges. In the great

’

majority of flasks fwd or'more'masses of mycelium‘had

,deVeloped ‘They had started from fragments of mycelium

that had separated from the main inoculum mass.

vFloating mats of aerial mycelium have Heveloped by

this time and are formed when the submerged mycelium meets

the liquid-ain interface of the'megium. The margins of the
floating mats arervery irregular ‘and sparse. -The central

>

. ¢ .
portioens are denser, powdery to floccose in texture and

‘white in color (Figure 58). The liquid medium remains clear
" and yellowish with'no'evidence of discoloration. The odor
of the cultures is fragrant and is like sweet apples. After

25 days of growth the aerial mycelium covers 1/3 to.l/2

of the medlum surface (Figurep59) " The margins of;the mats

“remain sparse, whi\ei and thin while the central portions
are thicker, denser, '‘and cottony to cottony—floccose in_ j?j

4texture.' Most of the mycellum is white except where small,
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hemispherical mounds of mycelium have formed The mycelial

v -

mounds are 1n1t1ally white and, later become light pink to

' ?
brown-colored. These moundS'are considered to be primordia

~

and their formadion and structure.will be discussed in the
section on fru tingAdevelopment in still culture. The
aerlal mycellum grows.both on the lquId surface and up the

inner walls of the flasks. The mycellum grow1ng pver the

/

\walls of the flasks is similar inm appearance to the aerial

mycellum coverlng the medium. The g\hmerged mycellum and
vthe llquid medlum is unchanged from before. The‘culture
odor o; sweet apples also remains unchanged.
.vMicroséoﬁigfcharacters | : | o

‘fIn allfstages ot gronth; the.submerged:mycellum is ®
‘slmilar;in‘appearance.:'The only{hyphal type‘observed is
“the nodose—septate hyphae. These hyphae are th1n walled,
hut'ih oldei cultures the\walls become 1rregu1arly thlcken—

ed.. The co tents of the thln -walled hyphae are granular,

’ and hyallne. Branchingels profuse and occurs-
N _ . .

_arts of the hyphae. 1In some'instances'a“branch

homogeneou
along all
may-arise directly7from‘a:clamp conneéthnh(Figure 60);
The branches are the'same'diameter_or.slightly narroner
- than the/main hyphae Wthh range in dlameter from 0.9- 2. 6

(3

“( 4 4) The hvphae are loosely 1ntertangled and inter—

woven - ith each_other and areenot.in'any;definite
'0rgan?zatlon. L .o N
Thin~walled chlamvdospbres are. occasionally observedc

developlng as 1ntercalary cells of” the thin walled nodose— h
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septate hyphae Their appearance is. 1rregular, some
isolates for% many chlamydospores while other 1solates
form few or none at all. The chlamydospores are ellipsoidal
to elongate in shape (Figures 61, 62). Occasionally the
'chlamydospores form as part of the fork of branchlng hyphaef
_These chlamydosporegiare‘somewhat triangular ‘in form with
three branches arising from the walls The ch amydospore
contents are granular appearing, homogeneous, and hyaline
The contents stain deeply wrth phlox1ne QThe sizes of the_
chlamydospores_range from 8,8522.9 x’4.4—12;3 u. The
Chlamydospores.form‘injall areas of tHe Smeergedvmycelium
and are often observed w1th1n ten days of growth lhey‘
.begin development by the.: formation of a simple septum in. a
hypha Ihe hypha then becomes swollen and a second simple
septum forms at the other side of the developing'chlamydo-
spore. \RThe hypha continues to swell until the fully
developedﬁchlamydospore has formed Additional simple
‘septa may also be laid down on either 51de of the shlamydo—'
spore:r.It is not unusual to. observe -3 orif 51mple septa
on- each 51de of ‘a chlamydospore (Figure 62) |

The 1rregularly thickened nodose—septate”h&phae
develop in the older cultures -These h§phae form from the:
fthin—walled nodose septate hyphae 1n all parts of the
:submerged mycelium. 'The first stage of wall thlckening
is the clamp connections becoming. swollen, refractive, and

' 8011d and the formation of’ small refractive,‘unstained

‘protuberances alongythe.hyphal walls. The lumen passing

L.
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through a swollen clamp connectionimay'become cbmpietely
) D . ﬁ& :

occluded or remain as g'thin, grahular‘appeariﬁg, hyaiine

line. The irregularly'thickened hyphae often break or
separate at the clamp connections where attachment appears

to be Weak. As wail thickening,%ontidues along the hyphae
the lumina becomes thinner and more sinuous in appearance.
The thickened‘walls are unstained 'and refractive: They

Q vary in thickﬁess, some becoming”l,B‘u or more thick. The
_ _ Lo : = :

'

d;ameté; of the.ifregflaffy tﬁidkéﬁed.hyphae'ranges from
.;Q.§-4.4 ﬂ which is Ehe sémeiaé‘thé thin-walled hyphae.
\» Thétgeneral form'of'thé'ixreguiarly thickened hybhaé is
similarrtéifhe‘ﬁhin~g%lIEd, noddseéseptate h?pﬁae.
'ihe aerial mycelium:is;compoéed of.fwo typ%s of_
hyphae: the iodose—septate hyphae (thinfwalledvand
’irfegularxxgtﬁickened)'ang the fiber'hyphag.

 The Qodose—sgptate-hyphae in the aerial mycelium are

vpredominantlf irreguiarlyfthickened'and'are identical ‘in '
;appeaégnce to'ﬁhe~irregu}arly.fhicken§d hyphae in the:
sﬂ?merged mzceliuml"The>hypha1-coﬁtenCS sééin;deeply.with
phlo;iné and abpear3granular andlhbmoggneaﬁé;"Thé'wé%ls |

d:e_unstained, fefracti?e,'and solid’appearing; The lumen

'is narrow and sinuous, and occasioﬁgaly is completely

.occluded. Clamp connections are frequent and appear

<//;§ollén, ref;active;“and solid. - The hyphae are‘oftenv'
Vo S S S ' _
broken or separated at the clamp copnections leaving the

"hyphae with the hooked portions at one end. The hyphal

. . . . : .
walls also have small,.refractive, 'solid protuberances -
) . . . ' s : '
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that give-the hyphae £E"bqppy" appearance. Branching is
frequent andvhsua}ly.oqcurs_near clamp pgnnections.i~The
E bfénéhesé%ré‘slightly narrower or tﬁe_séme diameter as

‘the main hypha from which they arose. Hyphal diameters

range grom'0.9—4.4 H. No organization of 'pattern of

7y

arrangemént of "the irregularly thickened hyphae is obsérved;
‘They are found in scattered‘"islands"'among the-fibéf CL\
hyphae -in densely intertangied and interwoven masses. The

thim—walled,:nOdose—septate hyphae are"similar to'thosef/"

x5S

observed in thefSubmergednmycgliumi These hyphae are $ﬁ§§ ,‘
'fréquedFly branched and beé; numeroué”clamp éonneéfions.v
The hyphéiAconﬁ%nts ére gra;ulér appe;fing,_hgmoééneous,
~and hyaline'ﬁhen:uQSﬁained. 'Thé hyphal diaﬁeters“are
narréwef.than fhé submerged hypﬁ%é} Tﬁe hyphae in fhe
aerial myéeliuﬁlrangg f{om-0.9—2{6‘u in diaﬁeter.

The fibgr h&éhaé-are'the_predominaﬁt hyphal fype
oEserved fofming weli p&efvhalf of the:éérial mycelium,
fhese hyphae are long, flgiﬁoué, 1.1-3.6 u in.diametér;
'aseptate; énd denéely_igterténgledAwith eaéﬁIche;, The
.intgrtangling of the fiBer‘H?phae pfoduceé thé qharacter—
’is;icfgohereht,vqottony—fiodcpse texgure of'the aerial
'myéeliUm.' Thevhyphél‘w;llsﬁéfg‘thick, up to 1:w;"tefr;8—-‘!
tiye, énd BrownfCOIOred iﬁ‘KOﬁ. »The lumen is usuaily seen'

‘{as a thin, granular line running down the center of. the
' : IR T Lo : oa,

°

hypha: Occasionailyﬂthe“luﬁeh.is édﬁ?letely occluded.
-Branching is infrequent but when braﬁching-ddesioqcur, thére7‘

are usually ‘a number of brénchggﬁ(é 4% férmeQ;

Ten

long a

#




relatively'shortﬁlength of hypha (Figure 63). The fiber
hyphae develop from the thin-walled, nodbsejseptatgxhypha
the same manner as those in agar cultures."They'begin.to

[

form soon'after'the nodose-~ septate hyphae of the submerged

in

ycellum reach the llquid air interface of the medlum. The

© terminal cell of a thin-walled, nodose—Septate hypha gives
rise to a long,dflekuous, aseptate hypha that initially
undergoes wall thlckenlng in the central portions. The

proximal end. of the developlng flber hypha is attached to

the nodose septate hypha by a clamp connection. The hookedA

portlon of the clamp connection is on the nodose Septate
. ry
hypha. The aplcal end and ghe prox1mal end of the develop—

ing flber hypha are deeply stalned and thln walged (Figure
, v

64). As the hypha develops, the wall's graduaily.thicken
progressively outwards from the central p1§§ﬁons'to both“'

"ends. The dlameter of the fully deve Dp ﬁl‘iber hypha is

begins

As growth -

5 ’ v

‘continues the dianeter increases untdl the apical and

centralvportlons may be- 2-3 tlmes the dlameter ofj}hed‘
prox1mal end The apical end of the fully developed flber
_ hypha is thln walled and the lumen is segn as a granular,,
falntly stalneibarea‘1n'phlox1ne. gThe‘prox1nal.end-of\the
hypha is:thlck—walled nith a narron lumen.‘.The nodosé;h
_septate hypha giving rise to the flber hypha often becomes»

‘irregularly thickened and separated frém the flber hypha.

-

2
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o at the”clamp.conhectiont‘ ln rare instances,dthe nodose-
‘septate hypha 1is observed still attached.to’the'fully
‘developed‘fiber'hypha; At this stage the nodose- septate
hypha is elther 1rregularf§ thlckened or the walls remain

th1n but the hypha is dev01d of contents.

cr Woodfblock culture'— Macroscopic characters

The descrlptlons of the wood block cultures will be
conflned to- the mycelium growlng'on‘the wood blocks. The
morphology'of’the mycelium on-the agar was similar.to the

agar cultlires that have already been described.  The

- vegetative mycelium completely covered!the;blocks'except

where primordia and basiddocarps‘had formed. The construc-

tion and formatlon of these structures wlll be descrlbed in
~ the sectlon on frultlng developnentyln wood- block culture

' The appearance of the vegetatlve mycellum on.the wood
blocks was 51milar an cultures grown at room temperature
and at 20°C. There was also no dlfference observed between
mycelium growing on the spruce; pine, andlaspen poplar

blocks.. The mycellum was white to light- brown, compact,

'felty t0'cottony floccose and sparse to dense (Figures 65,

1

h 66,567),_ The top surfaces of the blocks were often covered‘
wath more miyellum than the sides, This was due to'the’ -
presence of numerous Primordia and ba51dlocarps on the top.
surfaces All mycellal growth was attached very super ici-~

ally to. the wood blocks, since the mycellum was easily

[}

rseparated from the blocks.g The wood immediately beneath

the surface mycellum was heav1ly decayed and medium to °

'
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dafkfbrowﬁ oolored.‘ It‘was extremely soft, moist,‘and some—
whst-sticky.‘ The Vood crhmbLed easily under p:egsu;e, Only
“the outside 1-2 mﬁ of the &odd surface was soft, deeper iopo

. N .

ﬁhevblocks the wood was.much firmer;_althoughlstilI“medium
to‘derk—brown'colored: | |

( | The oonpeminetionggogtroi blocks were light-brown

" colored, slightly moist,.-and hard.  No %rthh»oocurred in -

the spruce and pine control blocks during tHe 12.mosth
incpbetion pet}od; F%he aspen>poplar‘control'blooks became.
,contemihatedfby Peﬁicillium;after 4 monthseand:were ‘
}disceroed. |
The oder 0f.the'wood5block cultures was.variable aod 
‘no'cofreiationfwas neoted betweén theidifferent.fypes of‘wood
and d;particular odoF; Most cultofes’wereﬂsliéhtly>fragraot
aod somewha; fruity. Some cultures had a dlstlnct sweet -
.apple odor while oﬁhers,’notably th} spruce wood.culgureq,&
_had a slight'"woodsy"-odor. -':‘ b _‘ ‘ C S
ﬁicroscooio‘cﬂaractersi
.‘fhe mycelium within phe'spruoe and pioe wood blocks
Qas similsr to :the myceliumfobsefved in the nacu}allyr‘
infected wood, ‘ihe hyohae‘were.thin—weiléd; clamped, ofteq
) bfaoched,:gréhuyar appearing, and 0.9-2.6 u'in'diaoeterl' iﬁ

:jfme ihstances; the'hyphae had."medalliOn'“calmps which

were 1dent1cal to those observed in the. naturally 1nfec

/

wood. Dense hyphal aggregations were observed. near the'ray

‘cells’, and the tracheids were penetrated via the bordered”

?

-

pits and by bore holes. - The hiiijp in these aggregations
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. were-thin—walled clamped and granular appearing.’ Thick—

walled brown colored hyphae were not observed filling the;
s
tr cheids as was. noted in the naturally 1nfected wood.

The firm wood deeper in the wood blocks tore ea51ly when

-

sectioned in .a similar manner to naturally infected wood
-that was . heavily decayed.n The outer l 2 mm of the blocks
-could not be sectioned because of 1ts'very soft and crumbly

‘nature.. In the aspen‘poplar wood the hyphae grew in a .
s . . . .
} -~ o

' sinuous manner throughout the vessels. Branching occurred
. b - . .

’

‘.frequently and often took place where dense hyphal
aggregations had - formed The appearance of the hyphae was.

'Similar tq those found in coniferous wood.

There was considerable varlation in . the amounts of.,

. different hyphal types observed in the vegetative mycelium

grow1ng over the wood surface Both nodose septate hyphae
: ¢ 0

~ e 4

.and fiber hyphae were seen but the relative amounts varied

KR

between 1ndiv1dual cultures. The nodose septate hyphae

were usually of the thin walled type ani/ﬁ32851milar‘to
ﬁ"'z‘ . A . )

ﬁ'those seen'in agar culture and still culture.. They were

L]

granular appearing, ‘hyaline when:unstained 1. l 3.3 (- 4 4) u

'in diameter and frequently branched . The branches were the
same dlameter or slightly narrower'than the main hyphae.

& .
The thin walled hyphae were densely intertangled and 1nter—,

'bwoven with each other and the fiber hyphae. The clamp
connections of the thin walled nodose septate hyphae were
".usually of “the normal type but occa31onally the "medallMon"

i’

type was-observed (Figure 68).' Thin-walled chamydospofes
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vwere infrequently observed developi g as intercalary cells’
of the nodose septate hyphae Their appearance was
'nirregular and the number formed varied from culture to

. { . . . o
culture. Chlamydospores were produced by all three isolates

in the three types of wood—block‘cultures.' Howeve%, no
isolate or wood-block culture consistently produced numerous
chlamydospores. Thevchlamydospores we

4

" formed in agarlculture and still cul

imilar to those

elongate to ellipSOidal in shape, granular‘appearing,
hyaline when unstained and 7.7- 16 5 x 4.4-7.0 u in size
Irregularly thickened nodose- septate hyphae were
occaSionally observed in thevvegetative nycelium. They were
Similar to those found in agar culture and‘still Culture
The hyphae were 2.2-4, 4 u in diameter and had refractive o
ncolorless walls and granular appearing, narrow, ‘sinuous
lumina. The refractive, solid 3wollen"clamp connections'
‘were of the normal type and short, refractive solid

protuberances were present along the hyphal walls (Figure

69), The irregularly thickened nOdose—septate hyphae

were scattered unevenly throughout the thitn-walled, nodose4
septate hyphae and the fiber hyphae._ '

- .
The fiber hyphae observed in the vegetative_mycelium

were similar: to those found in agar hulture and still &

culture, They were long, flexuous,‘l.l—é.A Woin diameter,
.T-refractive and aSeptate The hyphal walls were colorless_

or yellowish brown colored and up to l l e thick The-h
.~ ‘“ . e

l'lumen was oft reduced to a thin,'granular appearing,

3
.

47
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lightly'stained line”runningbdown thedeenter of the‘hypha,
The apicalvand,proxima. oortions'of theuhyohadwerehv
oceasionallnghinner—walled'and more deeoly stained“than '
the central-p rtions; _Tn most instanees the aoical portion
was thickened right to the tip Branehing was infrequent

iw1th branch diameters.?eing the same or slightly narrowerl

r;\ °

than the main hypha 'Two to four b™anches may- arise from .
- the apical portions of a hypha ‘Thé branehes were often.
v - S

less . than 50 M 1n length The fiber hyphae'were densely

intertangl d- and interwoven w1th each other (Figure 70) an& )
the nodose septate hyphae f They showed no organization.

In most of the wood- block cultures 1rregularly shaped
_variously—Sized.crystals'were observed in the vegetative

mycelium (Figure TL) L The comp051tion or 1dent1ty of the{

A L. ’ . B ).,.
crystals is not known. They did not dissolve in' 5% aqueous

'KOH and tHey remained unstained in phloxine. These1
cr&stals were not observed in'agar eulturevor'still culture,

12

‘d. Temperature and growth of vegetative mYcelium

Y "

The daily radial growth rates of F caganderz 1solates
“fB43; ‘B 128 ~and B 189 are shown in Figure 47 . The greatest

. growth rate occurred at 28°C for all 1solates, although*the

<

gindividual rates of growth varied between the 1solates
glsolate B-3 showed the slowest growth rate of 5 6 mm/day

compared to-5. 9 mm/day for 1solate B 189 and 6.5 mm/day for

.

_'1solate B- 128 The 1solates var1ed in their ability to grOW'

at'37;C.v Isolate B 128 showed only trace growth at: this

N
3 .. o~

tempglature, .while’ 1solate B-3. grew O 2 mm/day and isola\t??r

!

\K/\



Figure 47.  Effect of temperéture on the~radiai,grthh~

rgte'of the vegetative mycelium‘of
% | : _

F. cajandefi.
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3;189 gre 0.9 mm/day. Trace grgwth of isolate B-128 was
.limited'to a yery fine;,white mycelial covering of the

inoculum plug. All three isolates showed 51m11ar growth

‘at 11°cC. Isolates 'B-3, B-128, and B- “89 grew at the rate
“of'l.l nm/day, O.9Imm/day, and 1.2 mm/day respectively It

should be noted that agar cultures‘incubated at ll° and

lSPC were dlfflCUlt to measure ‘due to. the heavy condensatioh

.of moisture on the plate 11ds and the small amount of

growth that occurred

'

e. Growth-curve and carbon utilization studies

The growth of F. oajanderi (isolate'BLB)'im~lZ~mait
'vextract'meQium and in dea£&ese—salts'medium is shown in
: Figurei48: The results ofwthe‘growth.in l%imalt ektractv
:}mediumtare the;ayerages of 6 rePlicate.flasks.haryested-
beveryv7 dayS'fomv35’days,> For the dextrose—saitshmedium,y
5 replicate flasks were harvested every 4'days for 36'days;'
During eiqh.harwest,va'readimgs»ofjthe eh;cafe fiitrates
‘were takénf |

A’.:
',,\. o

“In. the malt. extract medlum, F.'cajanderi7showed'no

t

detectable lag phase Very rapld growth occurred in the
first 7 daysf Durlng the ‘nhext 14 days, growth 1esseped
considerably and after 21 days of growth maximum dry

-wel ht had occurred. Cultures older\than 28 days showed

"’an“autolysi phase in whlch dry welght decllned "During

the 35 dav * owth pefiod the pH became more-ac1d,‘dropping‘

from an inltlal pH of 5m3 ‘to a final pH of 3.1. iThe most .
rapidcdrop in pH oCcurred during*the first 7 days of growth,s

£t



’

Figure. 48. Growth of F. cajanderi (isolate B-3) and pH
changes in the‘méQium in dextrose-salts med ium

and in 1% malt extract medium at 23°C.
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with tﬁs minimum pH occurFing aftér 14 days of growth.
Nochang;\8$ pH occurred auring'the autolysis phase.

'The'growth in the dggﬁfoée;saitS'medium showed a
definiteflég bhasé duringvfheﬁfirst 8 days. Thi§-waé
fdllwad by a periodfof rapia growth during_ghe ne#t 20i
days. kAftef 28 days,iméximum growth hadcoccufred.
’ﬁiﬁhqgiaﬁely‘aftef, én'autblysis ﬁhésevSet in whéteby éry
Weighg décreased, The pefiodiof maximai’growth in the
aextroseféalts ﬁediﬁm was very short; being only;Z—s'da§s _
"long. Invthé maltfextrac; medium;,maximal growth was. 
méintainéd‘for.abproximagely 7 days before éﬂ autoiysis
phaée et in. The pH of the de#t;bsé—salts mediumfde;reased,
slightly'during'the firsp'&v.ays:of'growth and then dropped
rébidiy f:om'pH 4.8 to 3.9 in thé next 4’day§.‘nDuring.€ﬂe
remaining pe:?od of growth; tﬁé:pﬁwgtadualiy déc;eé$ed'CO
about 3.4. » | o .

' Basgdkoh the gFOWth'ﬁf'F.‘cajdﬁaéri in ‘the dgxtrosef

salts mediﬁm,-an incubation7peridd of gs,days WéS>CHOSéﬁ' -

for the carbon‘utiliéatioﬁ stndies; In this‘length of fime,

grbﬁth is Qell.inpd thé-éxponenﬁial phése éné méximum

gfLwth is approachgd.} |
Thé.growth of F. cdjandari_(igélate E—B) oﬁ“vafibus

carbon soﬁfcés is shéwn in Table 2. The results‘aré’thé

averages of 5e7brepliéate flasks for each cafb6n~56urcef

o : :
The hexdsé Dfmahnose énd the'polysaccharide cellobiose

. N - v S .
~produced the best growth in terms of dry weight. Good

growth occurred on dextrose and maltose while little'growth
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Table 2. Growth of F, bajanderf (isolate B?B)-on various

carbon sources. -

> - ) Ovenéﬁry Weight* ‘ ' g V
"Carbon Source - ‘ (mg) 5 ‘Final pH¥*
Dexﬁrose e ;f, 22.2 “v . 3.5\
.D-xylose : .. ' 4.1 ? ' o ”4.2
D-mannose | . 26.5 . 3.6
D—fructosew_ : [ﬁﬁ”ti | v2.4'_ ,‘ ' 1‘1;4.5&
: éélacgose: | 5.5 4,2
~Sucrose 43.4 N 4.5
galtOSe : | S S 18.0 ‘ ,‘ | 4.1
Cellobiose - . 27.7 T o 3.7
No ca?b&n | ' _ '0,7 'lk“> o 4.8
- (negative control) s '
- T

.

" * Results are the averages of,§77,replicate'flésks for each

""""" ‘carbon source.

"
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occurred on D xylose galactOse;,su;rose,

l)

no carbon source was added.
v : x:'

The pH of the medium in the ca}Qﬁﬁhsp fée flasks A

.
Y .l;.‘n

decreased' as growth Qccurred.

e

amount of mycelium produced, the lower the pH became as
Vi d

shown:by~the results of‘dextrose; D—mannose, and cellobiose;
There was no pH change in the negative controls .in which

athe‘initial,pH after sterilization was 4-7;5.0‘and the/" )
, | h,

T : ) ' o

7

final pH 4.8. o e

e

.f.‘Growthfon woodJShavings with L—aspafagine

The effectlof'L—aeparagine on tﬁe(decay of spruce
sapﬁood‘shavgngs by two ieolates of F.boajdnderi is*shown
in Table 3. "The weight 1bsée§ wetelcalculated asvpercent4 -
ages of the 1nitial oven- dry weight of the shav1ngs and
_are based on the average of 5 replicate cultnres at each
L—asparagine concentration. The cuitures were 1ncubatedﬂ
for‘12jmonths'before wéight losses_were‘measured. iﬁ both

.isolates'the largest weight loss occurred in:cultures

7

which contained little or no added L aaparagine.x'at\~~;
‘concentrations higher than O 1%, the rate of decay:was
markedly reduced compared tg the controla. The weight
_losses‘ih control cultures in which.nth—asparaginehnas
added were“yirtnally identical in both isolates. However,
at concentrations of O;l%deasparagine iéﬁﬂate B—3.sho&ed'
ha:slightdincfease in.weight ioae vhile‘isolate'B~128

' L

‘showed'a‘slight decrease in weight loss conpared.to the

EEEEN
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Table 3. Effect of L-asparagine on the decay of spruce

i - shavings by F. éajanderi (isolates B-3 and'B—128)f
,Concentrafion of o Loss in dry weight as
L-asparagine added ' '~ percentage of initial weight*

(%) . - B-3 . B-128 .
0.0 : , 11.23 co ©11.82
0.1 . © 12005 8.13
0.5 _ _ : 1.19%% - .- 1.83

L3R o . - . . . B , v .
' 1.0 T 1.44 . 1.71
2.0 0 1se - 2.11°

* Each percentage represents the average of 5 replicate

cultures.

i

e

"V=** Average of 4 replicategcultﬁres only.
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cdntrols.,-At concentrations of 0.5%, 1.0%, and 2.0 %.
‘L-asparagine, weight ldsses;Were similar in both'isolates.

Weight 1osses'rahged%fr6m'l.l9z for isolate B-3 to 2.11%

for isolate B-128.

N
e

The" macroscoplc appearance of the wood shav1ngs

substantlated the greater decay ré%é in the control cultures
and those containing}O.l%erasparaglne. tn these cultures
‘heaVy'mycelial growth was-obse;ved. "Along the top edges of

the'ehlture dishes dense, felty,.light to dark-brown mats
_bf‘hyceliuﬁ had formed.‘ The surface shayings were heavi£§h
eotered with‘white, cotteny ﬁyeelium whilevthe’lower,' tQVq
'shavtngs were compietely'inf;lttated by veryhfine,‘white

mycelium. The color of the wood- shav1ngs ranged from.

/creap—white, sllghtly yellow to light- brown. ‘Cultures with
' heavy mycellal growth frequently' showed a number of.reddish
staihed ateas ih the woodfshavings;' These stained areas
. were ifreguiat iﬁhsize and_shape,and ere'usuaily observed
in'the lowerihalf'of “the cuiture diehes‘ A culture dlsh
may have as many as 7= lO stalned are&s 1n the wood shavings.

_Almost eno mycelial érowth wasvpbserved in’cultu;es
containing cohtentrations of L-asparagine higher than’O;lz.
" Very spa}se, white;myceliumlwas seen ih the area ef the
inoculum hlug but the rest of the.woodfshayinge‘ehowed no
visible ﬁyeelial'grewth. Staihed areas were alse~abeeut

dn these cultures. The color of the-wood—shavingé in all’
. ; v , v

9

.culgure dishe$ containing Lfaspara§ine was yellowish
: L N o - DN o3 |
- .compared to the cream-white wood-shavings of the
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S

contamination-controls.

2. Development of,the“basidiocarp

For each of the three types of cultures the development
. ‘ L . .v . . * ” AN
and structure of the basidigcarps will be described in itwo

£

sections: macroscopic characters. and microscopic characfers,

lNJhleS' terms are used in.thevdescriptions of the primordia’
:and basidiocarps. HThe,;irst stagevof basidiocarp develop4
ment is the prlmordium which ?l considered here to be ‘the
comg@ct felty, light- plnk to light brown, raised. mycelial
»area that usually forms near the. edges of the cultures.,

‘The ba31d10carps are the”ba31dium—bearing, pbroid

~structures that develop  from the primordial. areas.

-
1

a.'Agar.culture - ﬁactoécopicicharaCtersv IR .
Cultures of F. cajanderi readily fruited on‘malt agar.u
plates when incubated‘ataroon temperature‘near a south—vd.
facing_window. ‘Thirty—three isolatesvwere.exanined forv
fruiting and of these, twenty seven fru1ted w1thin 5 weeks.
Although the length of time for fruitlng varied among
isolates, most fruited in 3-4 weeks The basidiocarps,
generally developed along the margin of the mycelial mat
~within 2 cm of the Petri plate edge or occasionally, right_]
on the 51des of the plate. Infrequently, fruiting oceurred
.on the inoculum plug or in scattered areas of the central
Jportions of the culture. The first indication of fruiting

~

';lS the formation of primordia which are dense, compact,
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'1, felty, raisedvmycelial.areas. The prlmorgia may be light-
;pink,ureddlsh—pink or llght brown Colored ‘They may form

1n scattered locatlons along the culture edge or may
.\/' Y .
completely enclrcle the central portlons of the culture

-

CFlgure 50) W1th1n 2 3 days pores begln to develop in the
.compact felty primordlal areas (ngurg% 72 73).‘ The pores

develop in various locatlons on the prlmordlal surface and

!

in most cultures, only a small area'of the-primordial

1

surface develops pores. In the first\stage of pore

o

development shallow furrows ~and rldges form on-the dense,

| \

felty mat . . The furrowed ridged areas become more distinct

and sharper in-outline within one or two:days and can soon*
. i o .
be recognlzed .as pore walls - The pores initially develop
$$. ; : M »
at the very edge of the mycelial mat and progressively form

- new pores to the in51de As the pore walls increase in

v

depth the pore mouths begin to take shape The'pore mouths

1

.are not_regular 1n shape butvare of varlous forms due to
EY

<
N\ : 2
the dlfferent thlcknesses ‘and conflgurations of the pore

walls The pore mouths may be rounded sub—angular, orf
daeda101d in form (Flgures 74, '75). The depth of the
fully developed pores ranges from less than 0.5 mm to 1.5
mm. The pore walls are firm, compact yery coherent; and
llght p1nk or reddlsh:ﬁlnk colored  Crean- white basldio—'
spore dep031ts are dbserved on the Petri plate lids l 3

days after the flrst pores have formed. ”/f

e . .
"Microscopic characters : _ - ‘ ' -

.The\compact,hfelty-primordial_areas‘are composed of
: : - : T ” S BT



’c_frequently branched, abundantly clamped, l,l—2.8}u,in
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nodose septate hyphae and fiber hyphae. The nodzse— o

aseptate hyphae are thin—walled”¢but, in older cultures they
™

become 1rregularly thickened The thin- walled. nodose—

_septate hyphae are abundant in the primordial areas, of ten

forming over half of the mycelium These hyphae are‘ v

‘diameter, and'hyaline when unstained. In:phloxine'the

“hyphal contents stain deeply and appear dense and homo—

geneous. The hyphal walls are thin throughout and show t
no 31gnsvof wall thickening »Branching occurs near clamp
connectlons orArarely; directly from a clamp connection
The branches are the same diameter or slightly narrower
than the main hypha There was no organization 0
thin—warled nodose;septate hyphae They were densely
_intertangled and interwoven with the fiber hyphae.

- The’ fiber hyphae in the primordial areas are sfﬁilar
in form .and appearance .to the fiber hyphae of the aerial
mycelium in the central portions of the mat. The hyphal
dwalls are colonless or yellowish brown\and are about l U
thicﬁ; 'Often the hyphal walls completely occlude the lumen

T

which_is narrow, granular appearing, and lightly stalned .
with phloaine ‘ In'the apical;and prox1mal-ends of the

fiber h phae the’ walls are thinner and the lumina are wider
and moxe deeply stained.: Developing,fibervhyphae are‘often;
_seen in\the\prlmo dial areas. : Their:lengths vary‘according,-
'to their stage of de\clopment. fully developed fiber hyphae

have”measured'overleOO u in length The fiber hyphae
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develop from ‘the. th1n walled 'nodose septate hyphae in theb
same manner as the flber hyphae of the central portions of
“thevmat. Branching occums in the aplcalAand central
pontions of a fiber hyphaland hranch diametersAare the same

or sllghtly narrower than the main hypha. Th%/%ery

coherent and compact nature of the prlmordial areas is “due

i )
A

u

-

tO‘the,dense‘intertanglingvand interweaving of the fiber'

hyphae.
| In.the;pore areas"the poreiwalls are eomposed\ofl
A‘intertangled fiber h;ph%e»Which.grow in a downward o
directlon; - The fiber,hyphae‘are notsatranged in patallel
ealignmen& but interweave with each other in_all dlreetionsg

. The leading‘edge'of‘the pore walls is composed,of flexuous

‘ flber hyphae whose aplcal ends grow in a downward B .
: ¢

”dlrection (Flgure 76); The aplcal ends of these f1ber

‘hyphae‘are‘deeyly,stalned, thin—walled, and unbranched.
"Basidia line the walls of the pores.in a pralisade layer.

~
. s

They aré olavate4shaped deeply stainedxwith phloxine,'7.74

-20. 4 X 3 3- 6 6 poin s1ze,,th1n walled and’tlamped at

P

'thelr base (Flgure 77) ' Fourlslende;QnZ)S -3.3 u long
sterigmata,are_occa51onally:observeé-ongthe basgdla. fhe'
basidiospotes formed in culture are{indlstingﬁiShablé from
thosehobsetwed in natural.basidigﬁatps; The&Iare nafrow-

~

. e
-cyllndrlc,.smooth—walled slight
: \
féé and hyaline when.
unstained; \The'basidia.ari¢i terminal cells of the

. T ' '.{‘
-curved at one end, and

4.0- Z.O x l 5- l 9 ( 2 3) atl 1n,

'thin—walled, nodose- septate‘ yphae that are found~in dense



masses along. the edges of the pore walls. The interior of
the pore walls contaln scattered ‘masses of nodose-septate

'hyphae. The ba51d1a develop very soon after pore wall

~

mfoc.mation has started- Pore walls that are approx1mately

200 u in depth ‘have been observed w1th ba51d1a lining the

basal port1ons'of,the walls. When the pore wallg:h::e

‘reached their ‘maximum depth (approximately 1,5 mm), the
basidia line the‘entirebinner wall -surfaces except for the

leading edge where the fiber hyphae‘protrudev, The thin-

.walled nodose septate hyphae in the pore walls become
1rregular1y thickened 1n old- cultures (usually 5 or more.“

weeks old). . The irregularly thlckened nodose—septate"d

s
\

hyphae.develop in the.samermanner as those of.the aerial
mycelium in the.central porgzgns of ‘the mat.  The appear—

ance and form 0f~the irregularly thickened‘hyphaevis also.

e

simllar. Occas1onally in the old cultures sterlle ba51dla

are attached to- the irregularly thlckened nodose—septate

hyphae.

b. Still culture - Mécrdsdop;c characters
Basiﬁiocarp deielopment_in5still'culture was erratic.

" Most cultures'produced_good.growth‘of.vegetative mycelium.
and numerous primordia but pore formation rarely occurred.

 Over fifty'still cultures were examined for fruit;ng,‘but‘
only'three'cultures showed pore development . In most

\ . .
‘cultures 1/3 to 1/2 of . the medlum surface is covered by‘

aerial mats after 25 days. Prlmordlal development begins

abaut 21 days after inoculatlon. "The primordia are.dense,

-t

123
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compact, felty,rhemispherical”mycelﬁal masses. They are
white at first but as;they'lncrease ln slae‘they becone |
'light—pink, light-brown, or mediuﬁebroyn: The number_of dh
primordia that forms in each culture varies. "A culture may
contaln from l“to over 30 prlmordla, although the usual
number is S 10 prlmordla.l The nrlmordla'vagy'ln siZe'
depending on'theirvstage of develobment;- lnltially, thev
are small,“compact, nhite, cfrcular massesvabout l_nm.
» . N L
deross (Figure 78). These circular nasses graduallv
increaSe in size‘andlbecone hemlsnhericaldln“Shape, reaching
a max1mum.51ze of 5- 8 mm. in about 2 weeks (Frgure 79). ‘All
’prlmordia in a cuiture do not begin development at the. same
t1me leferent stages of pr1mord1al development are
:often observed in an: 1nd1v1dual culture w1th small prlmordia
- developlng among the large prlmordia (Flgure 78) The J
pr1mordia usually\form at the marglns of the aerdal mats
(Flgure 80) or occa31onalT§ awvay from the mats as 1solated
mycelial masses\Lngure 81) In some instanceé, they
_»develop in scattered areas over the entlre snrface of the
aerial mat.(Flgure 82) Primordia developlng along thg
margin of the aerlal mat occas1onally\become confluent as
‘they increase: in size. ‘The result is a ralsed mycellalgv
ridge that partly enc1rcles.the central: portion of the

aerial mat.

: As.notedxearlier;.the great majorlty of the still

"y

e
TN

cultures did not develop beyond the prlmordlal stage - In .

the three pore -forming cultures basidiocarp development

~
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dlffered slightly from ‘that observed -in agar culture Pore
development in still culture.was much slower than in agar
culture._ In still culture pore formatlonvoccurred about
v3lmonths after 1noculatlon._ The primordlal surface becomes’
furrowed and rldged and after 7 -10 days recognlzable pore
" walls. have formed ’The pore walls develop by upward growth
&f the mycellum from the prlmordlalvsurface The waIls
‘vary in tdlckness and,eonfiguration_and the resulting porel
mouths are rounded or semewhat daedalOid in fOrm The‘pore
:depth is about l mm and the: walls are pink or: llght brown,
flrm,'and compact.appearlng ﬂIn~pne‘of the poreffdrming

culfures‘the‘ba51d10carp develdpédvayong a mycellal ridge

{ ’

that'partly encircled the gcentral portion of ‘the mat
(Figure 83). Pores also devélbped'in scaLtered afeasfof the

prlmordlal surface g1V1ng the mycellal mass ‘a pltted

appearance (Flgure 84)
2 Microscopicggharactersy

R B v : B . -

The small:developing primordlal masses“that have

formed approx1mately 21 days after 1noculat10n are composed
lof th1n walled 'nodose.septate hyphae and flber hyphae
The contents of the thrn—walled hyphae are dense, granular
appeariné; homogeneous, and deeply stalned w1th phloxine
' The hyphal walls are @hln throughout except for the
Vocca31onal swollen, solld»appearing.clamp connectlon b;ké,"
short,'solld,appearlng‘pr;tuherance; ‘The byphae are:g
<ahutdantly clamped ‘occaSLonallyFPranched .and l i- 3. 3 u in:_;
o N :

. i N ' :
Ciauwzter. The branches arlse alfng all parts of the hyphae

. al

el
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~with branch diameters the same or slightly narrower than
E the .main hypha. The nodose-septate hyphae occasionally

.bear long; flexuous, thin—Walled aseptate,_terminal cells.

P

These cells are deeply stained and are the first stage of

_fiber hyphal formation.’nThelr developmentudnto a fiber

]

‘hypha has already been described in thejwegetative features

of'still culture:: The nodose septate hyphae form approxi-
mately 1/4 of the mycelium in: the primo dia. They are

distributed.fairly evenly throughout the primordia among

‘the fiber hyphae. N . AT

In the developing primordia the f1ber hyphae form
approx1mately 3/4 of the mycellum These hyphae are similar
in form and appearance to the fiber hyphae of the vegetative

. . :
mycelium. They are.long, flexuous, 1.1-4. 4 H in diameter,

[aseptate, and have thick, cblotleésvor slightly yellow1sh_

brown, refractive walls. The lumen is often narrow and

very lightly stained.” Branching occasionally occurs, often

in the apical and central portions of‘the:hyphahwhere from

1-6 branches may'form:along a sHort length of the hypha.
= ~ . . ', ,/ . . ) . -
Invthe apical and proximal qutions of the fiber hyphae the

«

lwalls are often thin ;@nd4thé'lumina wider and'more-deeplv

PN
1’

stained ‘than the central portions. These deeply stained

. hyphae are developing fiber hyphae which have arisen from
N

“ the thin—walled vnodOSeeseptate hyphae The apical growth

of the developing fiber hyphae and the formation of new -

'fiber hyphii\by,the nodose-septate hyphae graduallv

'1ncneases.t ‘mass and size of the primordium. The densely
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intertangled‘and interwovén‘flber hyphae are responsible
: s o ’

forltheicompact coherent nature of the primordium.

In the 3 month- old cultures in which the primordia

"~ “have not developed pores’, the nodose-septate ‘hyphae and

i f1ber hyphae are agaln observed However,\most of" the

nodose septate hyphae are now 1rregularly thlckened:
|
Approx1mately 1/4 1/2 of the primordlal mass. -is composed

“);‘. .. K

of nodose- septate hyphae The irregularly thlckened hyphae

Care similar to the 1rregularly thlckened nodose septate

»uhyphip of - the vegetative mycellum They are frequently

clamped occasionally branched, and l 1-4, 4 u 1n‘d1ameter.
The lumen is narrow, sinuou53 deeply stained,‘and sometimes
islcompletely occruded.‘ The hyphal valls are of variable
thlckness and‘are colorless and refractlve. vIn'some
lnstances thinewalled, nodose—septate hyphae'are observed,
but they often show swollen clamp connectlons and short
protuberances lndicatlng the onset of wall th1cken1ng As
in the small, developlng prlmordial masses, the nodose—. -

'septate hyphae are falrly evenly distributed throughout the

prlmordlal mass . Developlng ba31d 1a have not been observed
5 .

in these prlmord1a, although very rarely a thin- walled‘

;chlamydospore is seen. ’

The flber hyphae in th€ prlmordla are also 31m11ar in
“form to the flber hyphae of the vegetatlve mycelium - They
are long, flexuous, aseptate, and-l.754.4 U in diameter.

»

grhe hyphal walls are thlck refractive and'yellowish~brown

or light-brown. The colored hyphal wallslare responslblef
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for the light-pink, light:brown, or medium-brown apoear—
ance of the primordia. .The walls occasionaily completely

~.occlude the lumen which is narrow, granular appearing,

- [y
]

anq Very.Lightly sfained in the central portioné of the .
hyphae. The apical and proximal portlons of the hypha. are
thinner-walled than the central portions, out the lumen 1is
ggannlar ap@earing‘and'lighgly sta;ned, similar ﬁo the
fully developed fiber.hyphae'of the vegetative”mycelium.'
.Branching-occurs innthe oentral'and‘aoical pornions of5£he'
hypna'with>branohes meaaufing up to!iSO'u-in length,
althougﬁ théy aré‘often less tnan SO-u.._The branches are
the-same'diameter‘or slightly narrower than the hypha from
-which'they_arose. Tnere.may be fromvl—s, or rarely 6
branohes ariéing along:a short'length>of a.hyoﬁa. -Hyphal -
.lengfha were difficult to meaaure-since fhe fully oeveloped
'fioer.hyphae were'rarely aeen attaohedﬂto the nodoseej
septate hyphae. Fragments of hyphaelhave measured well. oner
lOOQ u_in-length. The hyphal organlzation 1n the prlmordia
'was Ehe sane'aSjbefore.' The fiber hyphae,were'densely N
'in;ertanéleo“and interwonenrtogether‘mainﬁaining the
compact, coherent.natufe-of‘the pfimofdia.‘. . 3_5;‘
in the three fruiting cultureé, the prinofdia were //)
composed of~nodose septate hyphae and fiber hyphae whlch

»were 31milar to those found in- ”W non-frultlng cultu:es.

'The nodose septate hyphae are occasionally branched
frequently clawfed, deeply stained_w1th’phloxine, and 1.1-

3.3 ¥ in diameter. They are distributed evehly thfoughout
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the primordlal mass oOr infrequently in 1ntertangled masses
among tﬂe fiber hyphae | Approx1mately 3 months after
.1noculat10n pore ‘walls began to form on the prlmordia They
developed in the sameé manner as the'pores in agar culture,
|

’but in still.culture the walls formed by upward growth of
the mycelial surface.wQThe.diveloping-pore wallsoare
composed of densely internoven fiber hyphaebwhich are
focca51onally deeply stained in the apical and prox1mal
portlons.. The leadlng edge of the pore wall cons1sts of
deeply,stalned, apical ends of f1ber.hyphae which are often_
' unbranched. These deeply stained hyphae are developing;
flber hyphae which extend the length of the pore .wall by

apical growth. The edge of the pore wall contlnues upward

growth untfAl the pores are approx1mately l mm deep.v The

‘ 1nter10r of the pore walls is composed malnly of densely

1nterwoven fiber hyphaE'Wthh are often branched in'the
;apical:andicentral portions Between l 6 branches may
‘develop along a short length of the flber hypha.p.The‘»
) N
branches are usually less than 100 ¢ in length and are the
‘samewdiameter or slightly narrowerﬂthan the‘hypha from .
nhich they-arose.‘ | | |
The great majorlty of the nodose septate hyphae in

the pore walls are th1n walled unllke the nodose—septate

‘hyphae of the non—fruiting cultures which had become

~nirregularly th1ckened - The nodose septate hyphae in the

. >
interlor of the pore wall are evenly, dlstributed among the

fiber hyphae, but_along the pore_walls are masses of.

Il
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densely intertangled'nodose—septate hyphae. These hyphae
are thin-walled . throughout and show no ind1cat10n of wall
\thickening; They are frequently,clamped' profusely
~branched, granular appearlng, deeply stalned w1th phloxine,
‘and l.l—2.8 u in diameter. The.hyphae,are often contorted
and tortuous in form and basidia are often obsé}ved along

thelr length developing as terminal cells . The bas1dia

1
J

@nitlally develop at 'the base of the pores,‘often before

the pore walls have.reachedzthelr maximum length .- The
bas1d1a are: clavate shag ,» thin- waﬁled deeply stained

/

\Vlth’phlox1ne, and 9. 9-15.. 4 x 4. 4 5.6 u in 51ze They are

: Mnﬁggquently fbserved w1th 4. 1mmature ba31dlospores -

N B ‘

Nt A PAS)

.developlng on slender,’3 u long sterigmata (Figure'88)'

8851d1% develop:along most of the pore wall except at the -

leadlng edge where the fiber byphae-protrude. Although

) l

gnu erous basidia were formed, ba51dlospores were 1nfrequent—

observed.’ Thls may be due to thelr dep051t10n towards

dthe base of the pores where it would be dlfflcult to-

-~

dlstlngulsh the ba31dlospores among the ba31d1a and hyphae

!

The basidlospores observed were 1ndlst1n§u1shable from

9"

thosewformed in agar culture. ‘They are narrow—cylindric,

v,Slightlf.curved,ldeeply stained with phloxine,=smooth—g
swalled, éuid. 4.0-7.0 x 1.5-2.0 (-2.3) u in size. The ]

/

eadlng edge of" &he fully

g
developed pore walls are no lo ger deeply stained at their

b331dlospores are hyallne when unstalned

\The fiber hyphae at the

aplcallportlons, but no ‘appea

Yo

granular and lightly
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stained.(figufé,SS). The lumen is often wider ét the
apical portion.(Figuré 86),Vbut further back tﬁebhyphal
walls.are'thickérbénd the lumen nérrow and lightly stained.
The'hyphal walls arevrefractive, yellowish—browh éf color-
less, and are approximately 1 p thick in the central

. poftions‘of the_ﬁypha, The fiber hyphaé,occ;sionally'
ﬁeasuré over 1000 Y in length, but it was often difficﬁlﬁ
to measuré‘intéct hyphae since tﬁgy had sepéféted from the

'noﬁose—septate hyphae..bThe hyphae were very densely
intertangléd and interwoven in‘thefpore;walls (Figure 87)

which accoqnte&,for the firm, compact. pore walls.
' k. ! ‘ T :

c. Wood-block culture - Macroscopic characters
Since the primordia andrbasidiocérps that formed at
room temperature were as variable in appearance as those

‘formed at;20°C,vthe'deVelopment of these structures will be

descfibed together. The great majority\of cultures
ekhibited_some pfimordiaL formation by>the*end of the 12
month incubation period. Of the 36 culturgg examined only -

. one did notﬁshow'any primordial development. The formation

1

of pores was almost exclusively restricted to cultures of

A

. isolate B-128. -Ten of the 12 cultures of isolate B-128

. e

 developedvpores; whiie only dné%cﬁinge of isolate B-3

. de&eloped»bofes. Ndné of tﬁe cgitures of isolate B-189
V.AFevelbpéd porgs, §lthppgh pumeroqs,primordia had formed.
, '“"Thefg;iméfdia were vériaBleQin'size and appeérance

‘and no correlation was noted between the substrate type,

the incubation temperature, or the isola%%

4

;used. Primordia



; | 132
for;ation began.apprOXimately é 3 months after inoculation
and continued at various times throughoutdthe incubation

v period. By the end of 82m0nths many cultpres contained so.

- many primordia that it was difficult to discern the form-
ation of new primordia. | Cultures frequently contained
'primordia of various Sizes indicaalng their different times
and rates‘of development In general,vthe'primordia were
dense, compact, felty; hemispheriCalrmasses that usually
formed.along the top.surface and top edges O£ the wood

blocks (Figures 66 89, 90). OccaSionally, primordia formed

along the, Sides of the blocks. - The primordia often became

confluent as. they increased in ‘size re;ulting in an. uneven
,hummodkv mycelial mass -on the block ‘surface (Figure'9l)fn
'Individual primordia ranged in Size.from l”mm to 10 mm
across, although the usual size was 2-5 mm across and 2-3.

mm in height The number of primordia‘developing on a.block‘
“ varied from less than 5 to more than 30 primordia,fiThe"f\
.confluent primordia were often difficult to- distinguish as

N

indiVidual structures The primoreia 1nitially developed

\

as small (approximately 1 mm across), compact, white

‘mycelial masses,that formed among theregetative mycelium;

A

) . i - v o . ,‘,f"}i;_-
As the primordia increased jin size theyvbecameghemispherical

in form and often,pinkbcolored. In some cultures the

+

primordia remained white even though they reached 5 mm or
more’ across: The pink primordia gradually became light-‘
- ‘brown to medium- brown in most cultures.

»

Pore formation occurred 1in the pink or light-brown,
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hemisphericél ptimbrdia in ghe éaﬁe maﬁﬁer as that oHsérved
'in still culture.' The surface ofnthe primordiuﬁ became
furrowed and ridged as a.fes;lt of upwa;d_growth 6f tbg‘
myqeliél‘surfaée_(Figur¢_92). Within a few;Aays'the&;oré
walls and pore mouths coqla Bé distinguished. Tﬁe ﬁore~
mouths were déedaloid'tqféomewhét roundeé {: shaﬁe (Figurés
93,>94; 95)vahd 1-2 mm in depth. The rqunded‘pofe mouths
werévlé& mm'écfoss;:ﬁéd when'widely sepaéﬁted on ;he
mycélial surfacé; g%&é the sd%faée avpitted appearance.

The wails_df the po;;é ﬁere-&éry‘cpherent and compact,
.;imilar to.that éfvthe_poresyforméd in agar cult&re and';
still cult@reﬁm Inisdme of the cultures pores had’fofﬁed
"aloquéﬁé.sides of_the wood Bioékr(Figﬁre'96), o:,&SWF éhe_,
_sideé&%f the primordia that had formed on the edges of the-
‘bldck‘<Figure 97). These pores>ﬁere eiongated‘and opén and
appeéréd aé>péra1lel fuferS'aﬁé r;dges on the myceliél
éurfaqe. . The wallslof the'glongaté.poresiweré coherent and
compacg-andiwéfé appfbximatelybl‘mm phick;\ Thefpore wali$ 

were spaced at various distances apart and weré occaslon-

~ The hemispherical primordié were compos®d of nodose—

ally incomplete as ‘shown in Figure 97.
Mictoscopic'chafacters

AN

Téeptqte hyphae and fiPer hyphae thét W?re'éimi;ar in aﬁpearQV
._ahcen;o the hyphae 6bser§ed in agar éultﬁre and stlll 
éultﬁre; bThé'hodoée—septate-hypha§, which fdrméd 1/4 to 1/2
Tof the myceli;m,nﬁefe distributed fairl?feveﬁly tﬁrqughbﬁt‘

2 ‘ ‘ . ' N
“the primordial mass. Occasionally, densely intertangled

oM
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red with branch dlameters being the same or sllghtly narrow-

134

. masses or "islands" of’nodose—septate hyphae were observed

,

among the .fiber hyphae. The nodose- septate hyphae 1in the
primordia were th1n walled or 1rregular1y thickened. The
relative amounts of each hyphal type varied between the

individual cultures. In some instancesx'the thin= walled

'hyphae had swollen clamp connections and 'solid appearing,

short'protuberantes indicating the beginning‘of irregular_,
wall thickening.‘ The contentsgof the thin-walled, nodose-

septate hyphae werefhomogeneous, granular.appéaring; and

"deeply stained with phlox1ne ‘The hyphae were hyallne when

'unstalned and 1. l 3 3 Y in diameter. Branchlng often occur-

>

er than the main h;pha. The irregularly'thickened' nodoseAn
septate hyphae wete of the same form and dlameter as thev
thin- walled’ hyphae. They daffered ln‘the presence of
swollen, solid appearlng_clamp connections, solid appearing,
short protuberances, and a:narrow,‘sinuous lumen in the
1rregularly thlckened hyphae These hyphae readily

B

separated from each other leaving one end of the hypha with

'the hook portion of the clamp (Figure 98). ' W

The_fiber hyphae were long, flexuous, sparingly branch—

A

ed, and 1.7-4.4 u in dlameter. _The hyphal walls were color-

,less or yellow1sh brown, refractfve, and approx1mately 1

tthk although the lumlna in the central portlons of the

' hyphae frequently appeared completcly occluded "The fiber

'(

hyphae were . often fully developed since the_lumina,were

"lightly stained and the only thin-walled porlionS'were the

°
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‘very extremltles of the hyphae‘ “The hyphae often measured
. - ! :

- over 1000 M in length : In rareuinstances a developing
‘flber hypha was observed with deeply starned‘contents and -
' thln walls The great preponderance of fully developed
‘flber hyphae suggests that future pore: development in thet
12 month old wood- block culture’ prlmordla 1s unllkely This_

31tuation is similar to the 3 month 0ld. tnon- frultlng still

cultures in which the prlmordla were composed malnly of
_fully developed flber hyphae The flber hyphae in the wood—

block culture primordia were compactly intertangled and
.1nterwoven with numerous hyphal ends protrudlng outward

frOm the edge of’ the mycellal mass (Flgure 99) . The;inter;

wombn fiber hyphae are responsible for the dense coherentb

e prlmordla

" ‘@ -
woven in the same mannetr as the hyphae in the still culture

LY

por@ walls; " The leadlng edges of the pore walls ‘were
composed of protruding, unbranched apical nds-of fully
: s

developed fiber hyphae : had'grown~' n upward d1rect10n.v
Along the pore walls were scattered masses of densely
1ntertangled th1n walled nodose septate hyphae Immature,

clavate ba31d1a were often seen arlslng from these hyphae
-but veryﬁfew basidia with sterlgmata or ba51dlospores were
fobserved. Tﬁe ba31dia measured ll 2 19. 8 X 5 0-5.5 yu,

" while the slender sterigmata were approximately 3 u in

h.length The basidia did not line the entlre pore wall
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surface but were found in discontinuous areas along the pore’

walls. 'Mature basidiospore were very infrequently

o observed in the pores. It .appears that the basidiospores

that were depositedbin the ﬁpqard fecing pores had broken

&

down since masses of granular, lightly stained debris were '

:observed at the base of the pores: .The'debris may elso be

from basidia that had formed earlier in pofe'developmeht

and‘had now broken down. ‘The few ‘intact basidiospores
i . down. % . ‘ A ”

observed were identical to‘those formed in agar culture

rand still culture. In many of the pores numerous,
‘irregula;ly—shéped, unstained'crystals‘were>observedq

These crystals were identical to those found in the

O

vegetative mycekiii.

The elongate, opeﬁ pores were composedvmeinly.of

fiber hyphae that VEfe‘very densely intertangled and ‘dinter-

woven. The edges of the’ pore walls con°1sted of unbranched

F

llghtly stained " ends of flber hyphae that protruded out-

ward 1n a horlzontal manner'(Flgure lOO). The‘hyphae_

observed in the elongate pores were 1dent1cal to those

A o

'found in the‘daedaloid'and rllnd pores. The_fiber hyphae

were Iong, flekuous;.asepCate, ~d 1.7-4.4 U in diametérf '%/

The-lumen was narfow, granular .ppearing,'and llghtly

‘stained. The hyphal walls were colorless or - yellow1sh—

.brown, refractive; and approximately l u ‘thick. Branching -

3

occurred sparlngly, usually in the aplcal portlons of the

hyphae, or occesionally in the central»portions.' The.

-

branchesvwere frequently less then lOO'u:in“leng&h'and‘were
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the same.diameter or slightly narrower than the hypha from

-

which they arose.

o

R ¥ T - & ) . . . . '
The thin-walled, nod&se-septate hyphae were distribut-
ed throughout the interior of the elongate pbfe-walls, and

scattered masses of densely intertanéled,‘nodose—'eptate
. D }
hyphae were-observed along the pore wall surfaceg" Im-

matqre,‘clavate ba;idié were often seen devgloping in a

palisade lajervfrom’the‘intertangled ﬁasseé‘of hyphae,

but few fertile basidia werefobserVed,~ Along‘qgrtain areag::
 tof the. pore walys.werelma§sea 4f lightly stained;'granular

-d;bris that appearéd'tg—he basidia that had:brokeﬁ'downﬁ
Théwnpdosé?septate hyphae within tﬁe,poré Qaii%.;id-in
‘ : s
fhe iﬁter;angled masses weré éranu1af a?peéfing, homogen-
vf7;qps, abundantlyvciaﬁpea,_and i;7f3f3 u inndiameter._ They .

i

stained deeply with phloxine and wgfe'fhinJWQlled through-
out. The nodose—septéte hyphae in tﬁe~intér€angled‘masSes
" . o Co

‘wéfe,profusely~branchéd and somewhat contorted while the

’f hyphae in the»pore'wéll'iﬁterior_were 1esé frequent1yf

v

[

_;branched:énd f1éxU6%§,i



'Figure'AB.

»FigurenSOf

Figure 51.

edge.  X0.70.

Figure 52.

-

Malt agar culture of F. cajanderi‘(B-lZB),

’

“ 24 days old ‘grown at room temperatute; Note

the‘cottony floccose texture of the central

portlons and the. sl1ght development of compact, -

‘;felty mycellum'at\the plate edge. X0.70.°

e

'fMalt agar culture of F. caj&ﬂﬂeri (B—3),'24

,]days old‘ grown.at room temperature. Note the

2N

'dense,’compect, felty mycellum at the plate

Fiber hypha from,the aerial_mycelium of_agar

T : o . ‘
culture. Note the thick walls, narréw lumen, -
bt o AT =t .

and the&lightly SteineéﬂeQntents;r X1480.

- -
BN
&

s 7 . o

'»BranChing occurring”a%'the apical portion of a

flber hypha from'the aerial mvcellum. . X580.

4 a







iFigure:SQ.

Figure 55.

‘.Figure 56.-

 Figure 57,

Long, flexuous fiber hyphae and nodose-septate

hyphae that form the aerial mycelium. X580.

:lIrregularly thickened, no&osefseptate'hyphae

from the derial mycelium. ‘Note the nafrow,

sinuous lumina amd the brokep clamp conpnection

x (arrow). X695.

irregularly.thickened; nodose—septafé'hyphae

from the aerial mycelium.. Note the narrow,

sinuous lumina éndxthe thick wdlls. X1815.

o

'Thin—walled,vdeeply:stainéd nodose;séptate

~hyphae from the‘subﬁeréed:mycelium;"XSSO:

R " ' : ¢

>Thi&§wailed,»deeplyFStained chlamydospore

from the*submefged'myceiium. X1480.
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Figure 58.

Figure 59.

Figure 60,

g e

Still culture of F, cdjandgri‘(B—3), 11 days

,01ld, grown at room temperature. Note the white,

powdery aerial mycelium and the ifregulaf; 

sparse margin. X1.6.

o
! . .

y

Still culture of 'F. éajanderi (B—128), 30 days
i o : :

'old,-grown at room temperature.  Note the

white, cottony—floccose mycelium covering

about half of th medium surface,_ X%“3.

» o |  :/ NS //“\

:Thin—walled‘ nodose septate hyphae ¢£gmftﬁa; )

submerged mycellum of stlll culture. Note

the-branch forming directly from a blam%

‘connection: X695, . .
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. @ o . Rk @k s
B R C : & R e
Figure 61. Thin-walled, gr&nular’ appé ; }l%gﬁpidal
g : i . % __}; v

'V

chlamydospore frgﬁ the submeriged ‘myteli .

v ; : ey
S ‘ R
) ‘ X695 .,Mﬂv ? ' . ot ,-\):

S
v

Figure 62, “Elongate, thin-walled cﬁ&&mydospores ffqm‘the';v

squerged ﬁycelium. the the simple septa on

each side of the chlamYﬂOspores?) X695.

-
s
3 -

Figure 63.'”_Branched_apical portion of a fiber hypha from

the aerial mycelium. X580.

P .
. “ ‘ . s i} .
Figgre‘64. - Deeply stained, thin-walled apical end of a
developing fiber Hypha from the aeri;?
t : e . ‘ .
‘ mycelium. X1480. . U /
, '






E::,
f»Figu£e 65. Pine block @ulfﬁre of F. cé&gndgri (B-189) -
| | growﬁ~?t room femper;ture for 12\nonthé."Nofe
the dense, compact‘@egefative mycelium cover—
ing the top surface of ﬁhe block.win{Gﬁ
. . ' :
.Figures 66 and 67.
Pine block culture of F. cajqnderi (B-189)
grown at 2Q°C fof 10 months. T
"Top vieuwn- note the sparse,,coftony—floccose‘
vegétative:mycelipm and the smail;
hemispherical primordia fbrmiﬁg‘at
the tob edge of the block.v”Xr%3;
Side wiew ~ note the deﬁsé; cottoﬁy;flpécOse
vegetafive mycelium covéring thé‘

¢

side of the block. X1.7.
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Figute

Fig re

Figure

Figure

68.

69 ..

)@f )§‘80 - ’f“;‘s !

?31

3
Thin—wailed, nodose-septate hypha with
"medallion" typs of clamp connection (arrow).
X580 “

N :
Irregulariywthickened .nodosefseptate hypha ;;>
:w1th short _SOlld protuberances along the

hyphal wall (arrows) X580.

Y
J

EwDensely intertangled and interwoven ‘fiber -

Irregularly shaped crystals in the vegetative.

v

wﬁ%ycellum of an aspen poplar. block culture

*%%
1
P

&=

s
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‘Figure 2.

AN

IFigurg

Figure
Figure

TFigure

Figure-

73,

74,

75.

76.

77.

Dgedaloid pore mouths pf:basidiocarp:formed in

-

 Daeda1oid pores forming along the platé edge.

New pores aré'déQeloping to the inside. X1.3.

.

Pore walls déveloping on the compact, felty .

primordial area at }hevplate edge. The walls

"are irragular and incomplete ét,this'spage.

X5.6.

Rounded and’sdb—angular‘pore mouths of basidio-

carp formed in-:agar culture. X5.6.

agar culture. X5.6.

Apical ends ¢f fiber hyphae pro}rpding‘from‘

j”%he»leading edge of the pore wéll‘ ;X440.

Clavate,.deeply,stained basidia arising;from

the“tﬁih—walléd; nodose-septaté hyphae.

Note the slender sterigmata. X440.°

£






~

ad

‘Figur%§978782.v Still cultures of F. " 2 months

. . [ ..
old,:grown at room_temperathre. Note the

n

'varibus‘locations;of primordial formation

]

on the medium surface.

?igure 78. ' Small primordia developing‘among large,

: . A ,

.  hemispherical primordia. B-189, X0.95.
. . b ( e . B . .
Figure 79, Large primordium' (8 mm across) at- the

.margin of the aerial mat. 3—189, X1.2.

Figuré'éo. '-Primdrdia=forming at ‘the margin of the
K T ~aerial mat. B-3, X0.95. -
P |

Figure 81, Two?small,primordia developing on the

‘medium surface away. from the aerial mat.
B-128, X1.2. | |

. . .
ﬁigu;é\SZu theréusrpfimordia1fofming in scattefedﬂ

N
RN

areas of the aerial mat. B-189, X0.95.
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Fignre 83.

|

' Figure 84.

Figure 85:

-

e

Fi%ung}86.

Figure'87.

L

Figuré 88.

“extensive pore development on the aerial mat.

"Still culture of F. cajander<t ®@-3), 4 months

old, grown at room temperature. Note the

P

‘E(‘; ) .
Still cuiture of F. cajanderi (B-3), 4 months

. old, grown at room temperature The‘widely

separated pores (arrows) give the myceliigya G

" pitted appearance. X1.2.

:Leading edge of pore wall . con51st1ng of 11ghtly

cxado.

¢, Apical por'

One basidium bears sterigmata and immature

-

stained, aplcal portions of fiber hyphae

tion>o} fiber hypha from ;H% edge of

a

the pore wall,» The lumen is lightly stained

» and the walls are thin X1125,

Densely intertangled and.interwonen fiber
hyphae of the 1nter10r of the pore wall,
X440.

.‘th
Deeply stained; clavatevbasidia from the pore
yallef‘a basidiocarp formed in<stiil.culture;,

basididsporee} X1125. __i' ’j&

v
. A
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Figures 89-9 Compact, felty, hemlspherlcal prlmondia 'i:fﬂ

developlng along the top surface and top Y, ) 5
i \ B a T &
. edges of wood blocks -All CurtﬁTQ%Hdrﬁg - %T .
12 months old - f' o ) vhi\ aﬁ‘ L *
. o ) o : L ot
Figure 89. Pine block culture of_F'.caJandepl (B 128) ‘ \;?%? ¥

grown -at roog temperature.‘-Xi.Bi

4
PN
5.

Tlgure 90 ‘ -Pine block cuitureﬂbf F.-caganderz (B 189) B

.grown at room temperature. XI;G." “',°~ .

’
s

‘Figprev9l} Spruce block culture of. F. caganderz (B 3)

grown at~20QC; Note the uneven, hummocky
appearance of the mycellal mass on the

1.5 "

‘block surface.; Xl.3.
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Figure 92. ﬁ%ébéﬁ poplar block culture. of F;Acajanderi (B-
128) grown at ZObC forilO'months.

W
furrows ‘and rldges are developlng on the\A>

primordial surface.'”XO,95.‘ a - kl\_mee

Figure 931 Pine block culture of F. caganderr (B 128)

grown at room temperature for 12 months g;

£ : .
Daedaloid pore moughs. X0, 95
s . ¥

Figure 9%.  Spruce block oulture»of F. cagandert (B 128)
grown at room temperature for 12 months o (

% v v v a ~

ADaedaloid and rounded pore\moutns; " X1.3. '

Figure 95. . Aspen poplar block'cultureQOpr.fcajanderi

(B-128) grown at roomitemperature for 12 months.
. . v R . ’ . '

* The widely separated,'rounded pore.mouths give

_the mycelial surfaceta pitted appearance’,

yFigure 96. . Spruce_blotkveulture of.F;'cajanderi.Ilezg)
grown at ?09C~for 10 months. Elongated, opend
pporesdﬁawelformedValong tne4side‘of;the&wood |
blocl. x1.3. ) L
.Figpre’9l. ’ Pine bloét culture of‘FT cdjaﬁderif(Bﬁ128)‘
f grown ‘at room temperature for lg‘months -

Elongated open pores‘have formed down'the
side of a prlmordlum at .the edge of the wood

block.  Note the incomplete pore walls (arrow)

‘4

v

T T T T T T ey T T e S T T - ____tr
X1:5. . BN
. : ‘e i’

!






Figure 98.

Figure 99.

irregularly thickened, nodosé-septate hyptz

from the primordium. The clemp connectio
have broken leaving ‘the Hook portions oh the

hypha. X1480.

Ed%e of a hemlspherlcal prlmordlum The -

fiber hyphae are densely 1ntertangled and the

Vhyphal ends protrude outward from the edge

X180. .‘ ) » e

Edge of an- elongate, open pore. The fiber

I

‘hyphae protrude outward from the edge of the

pore wall in a.horlzontal manner. Xl80.
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DISCUSSION

.

The observations and results of this investigation

have provided information on the development of F,.
cajandert in nature'and invculturev ‘The growth of the
vegetative mycellum .and .the formatlon of ba51d10carps in
" both env1ronments have ‘been" descrdbed more comprehen31velv
than has been previously reported - In addition;~exploratory
‘work has been done'on the'effect of‘various.carbon sources
on growth and the effect of L- asparaglne on the decay
. N
of wood shavings. Temperature studles have conflrmed
earller work that F hcaganderz grows at a moderate‘rate
1n agar culturé. The following discusslon will bek
pPresented ih three majorhsections The flrst w1ll deal
‘with the development of the vegetatlve mycel ium . and
'has1dlocarps 1n,natureT“~Thevsecond.sectlpn'will examlne
‘the results of growth of this spec1es in cultureV4vThe‘
‘third section will evaluate the taxonomlc t051t10n of
f. caganderz_u51ng.1nformation of the basidiocarp

'/Lructure and the characters of the cultural mycelium.

The usefulness of ‘the cultural mycellum in determlning

taxonomic relatlonshlps w1ll be explored.
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. A. Development in nature

The. vegetative mycelium in the naturally-infected and
artificially-infected wood was similar in appearance in-the

< early stages of decay.. The'mycelium is'sparse and groWs

in a- s1nuous manner, along the lumlna of ‘the trachelds,

usually parallel to: the’ long axis of the cells In the

ed only the dlkaryotic-

naturally—lnfected w gtk
i1 colonies of eeveral pol}—
pore spec1es from decayed wood HoweVEf Larcade (1970)

found only, the dlkaryotlc mycellum in wood infected by
.

AW

PoZyporus (Bgerkande?a) adustus. 'Also, Adams and, Roth
(l969) recovered numerousldlkaryotlc isolates of F. caganderz
fromuthe heartwood of Douglas flr; but no mention is made of
monokaryotlc isolates being found.. Formation of basidio;
carp primordia in monokar&otic culturea of F, caJandert ha's
Qbeen reported by~ Neuhauser and Gllbertson (1971), but "these
structures were sterile..'It appears, therefore, that the‘
dlkaryotlc stage is- ptedomlnant in the llfe cycle of F.
cagander%,in naturally—infected wood. In the advanced
stages‘ofvdecay.thed@yceliUm is often found:in dense
aggreéatione in_the ttacneids nearvthe:ray cellsl' The

. . : ’ . Soop .
hyphae, on rare dccasions-, bear '"medallion" clamp cdnngc-—

\‘; o)

. ) o . - : < \ . . v i v
tions. 'As noted earlier, the presence of "medallion"

[

‘clamps on the vegetative hyphae of F. cajanderi has not

been prev1ously reportéd " States (l96§7~?hupd that the

frequengy of medalllon clamps decreasesfanﬁ normal clamps

-
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are formed as .the hyphae of Gloeophyllum saepiarium
progress toward an”opening in the wood. Due toqﬁhe scarcity

»
.

.of'”medallion” clamps on' the hyphae of F. 'cajanderi a s
correlation of the frequency of these clamps and the area of
. ‘ Y
- wood where,they were observed could not b&mgade. It was

®
<

'noted,'howeger,ﬁthat the hyphae émerging from'the’wood did

not bear "medallion" clamps. . h

Proctor 5l9413{has suggested that'fﬁngi may be /
. ‘I! oo ® # - oA

identified byftheir hyphal‘characteristics ingdecayed wood.

-V

This does not appear to be applicable to F. cajanderi. The 7
. sl . - : :
'vegetative hyphae of this species in decayed wood .show

@ _ '

. little differentlation and very few distinct hyphal

fz)

characters are present to allow one to.identify the fungus.

’The hyphaé are narrow @ﬁhin walled Clamped; and hyaline;

P
[ - PN o

and they grow in a 51nuous manner . through the . tracheids,'
'often‘forminé densefaggregations'neargtheggay.cellsr “The
tracheids are pen&trated v1a;the bordered pltsbor by.bore,
L .holes whichvare wider than the infeciing‘hyphae.: All these

) ﬁeatures are common to K number of polypore spec1es, The

) -mccurrence of medallion clamps ‘and cracked bore holes are
. ’_ B . I R -

. oE Limited dlagnostic value due ,to their 1rregulap agﬂ
A ;.) . “

1 L4

.sporadic bppearance Roff (1964) hao stated while it may

"be poss1ble to. differentiate between certain cﬁasses of

-

ALIEY

.wood-inhabiting fungi on the ba51s of their hyphal

characteristics as$seen in~wood scction, cultural tests ;
-~ . \ - - . N

are usually required to 1dentr}v the spec1es In casqs-
, \, x\‘D
‘where basidiocarps of- F cagaﬂdcrb are absent or at' a very

o i e .’ . . w ¢ . ) ,\\“‘_’__,/,
2t ”v-. . . . ' Y. - e

-



. . . Er] .
" immature stage, 1dent1f1cat10n of the fungus in decayed

wood must be based on a'pomnination cf,cheracters such ée
. macroscopic end microecopic appearamce of the wood and .
cultural features. ;The:value cf the cultural mycelium in
identification-will be discuseed later; |

The mycelium near the Qood surface emﬁggeslthrough
‘cracks;and fissures‘in the woodito'form tneﬂnrimordium.
Differentiation of the vegetative mycelium -occurs at thiei
stage.in‘which some oOf théuhyphae,become thick-walled,
brownécolOred, and aeeptaﬁe.\ The modificaf&on of the "
2 : _ e . ; .
.ﬁy?hae;near the wood surface or emerging.from the substrate

- - o | ) o | . .
ﬁrpbably a.response Lo the drastic change in envirdn=-

.

mental conditions that is encountered upon emergence. In

.the open the mycelium isfsubjected to;greater light levels,,
higher oxygen ¢oncentrations, de31 catlon, and greater '
" fluctuations in temperature, In additionhvthe>mycelium S

" ° - - . : R * . Q‘ .

- ) ' L . ¥ . - .
is no longer in.direct contatt with .the substrate so '@
: . . .. . o . . : RN LR

_ ;f , An 1nterest1ng a pect of/wood 1nfected by Fn caJanderm
oy o : B ST e : - N
is the»frequent occurrence of red to reddlsh—brown stalned
~areas.: These areas haue been varlously descrlbed by other

N b

- workers asl"zoneilines”,=Tdark”lines ,'Tdark zones vy br

1

" e due‘to'dark—

E Tdiscolored~areasu The:stained'areas ar

<

Abrown hyphal aggregatlons in the trachelds and a reddlsh—

[ —

: ’ \‘ : »’ '» ) . i ..‘ .. -“»?\ ' . ) - ) e
e TR ' ) : \/ s e T

I

-~

brown stalning of tﬁe tracheld walls. in some 1nstances,:am}
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“hyphae. The specific reason for the'stained areas is not

yet known, although cultural studies by Adams and Roth (1967

1969) have prov1ded strong ev1dence of 1ts

cause. These

,invespdgators#have.found that paired dikaryotic cultures of

F. cajanderi form lines of demarcation at the . interface or

3

contact zones of the coloni¥s. A discdloration caused by

darkening of .the mycelium and medium may occur in the

contact zone depending on the geneEic relationship.of the

: gulturesf Cultures distantly related formed demarcation.

) . ; Vd ; .
'lines‘95—100% of ghe time,"while'cultures of closest

relatlonshlp formed llnes app}ox1mately 50/ of the time

~ 0}

"(Adams and Roth 1967) ,’Eurther evidence-waswprOVided

[N

‘were, 1ncubated for ‘5 months in sealed polyethylene bags.

s

.Qurlng this period surfacepmatsjofAthe fungus developed

over the ¢ross-sections, and demarcation lines formed

¢
,

betweenlrhe‘variQus‘mats‘(Adamswand'Roth' l9§9) & In

'macngscoplc appearance the llnes were 31mllarrto those

-occurrlng in»nature. (Multlgle 1nfect10ns were'ev1dently

- B

. s : ..‘
‘OCCGrang in the Douglas f1r Jin whlch a. number of colon1es,.»“

oy ° . oo ‘u‘.

.

>

S = T

A IR ," N

were contrlihtlng to the decayiof the t ee.“

¥
a

Theaflndlngs

+

gof these workers revealed an .average number of 2 3 geno—

fir trees. - : N

It is possible that the stained areas

-this' study.are due to interactions,hetween

i

‘colonies-of F.,cajanderi»competing.for the

«

vtypes of F ca"andert 1nfect1ng 49 glaze- damaged Douglas

~

fu the wood of

-differed@

.

substrater~

.

’when cross—sections of'Douglas'fir infectediby_Fa caganderz

-
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H0wever, it must bé noted that the Douglas flr trees

examlned by Adams and Roth were . living and were almost

[ -

.exclu51vely‘1nfected by F. cajanderi. All,wood Samples in
this study were obtained from stumps and'logs and other.
_spec1es of wood -decay fungi were probably present in the
wood., Thus secondary infectionads a complicating factor

which may be involved in formationgof the stained are%s.

Further 1nvest1gatlon is needed to explain thelr Formatlon.

¢ /
The macroscoplc descrlptlons of the” ﬁ51d10carps of.
. . . -
_F. caganderz examlned in this study agree in essentials .
; . _ W
llterature The ba31d10carps are usually .

¢
7Y : i
¢

) % . :
sessile &E eé&@sed reflexed in form, although the resupinate

7

form ‘has been noted in collectlons B- 333 This épecimen

~

‘appears,to be a rare exception'since no mentisn is made of
. . L - . : R~

7 - resupinate fofmsﬁin'the literatufe., The youné, developlng
. . ” T N . .
: Iy N
effused refleked baSLdlocarps may be temporarlly resuplnate_
re Coones N a

and thus can be M1staken for a resuplnate form‘

important, therefore,'that the é%gree of develoﬁment be

) i l a . nr
taken 1nto acbount when eXamlnlng these young basldlocarps;
as well a$ theLr p031t10n on the substnate.g.The resuplnatef
. @ ~ . ‘?)‘ )

T4 sl e e ™

- Ay
xw?

3 a o
*;; form uould deverop in srtuaﬂﬁons unfavora>le for the normal'
U . v .

o Pl -

{ growth form of the ba51dlocarp, such as“on the under51de or.

N B ) - .

v

carps are often found in small groups, examlnatlon of the

! . b

!}"' lower,portions‘bf large logs.% SinceyF. cagandert ba31dio—\\
L

other ba51d10carps present woﬂfd probably show some attempt

: . “
N —

at plleus formatlon, 1nd1cat1ng that the ?ﬁngus is not

cnormally a resuplnate'species.

< T S - - . . ' )

~

\‘“‘4

o

N
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“.conifer logs and stumps. ‘The~saprophyt1c nature. of. the

‘~cracks,'the measurements of maximum‘lengths~for~the species

carps to fuse~laterally'when deveiop;ngrin horizontal,

,lateralfy fused bas1dlocarps are. presented separately as is-

_tha cage’ 1n most descrlptlons of the spec1es Ln the'

: /0 | 168

The plleus form is applanate or convex in fully

developed spec1mens,_but young spec1mens can be somewhat

‘

ungulate. The ungulate kprm has led to confusion'With F.

i
<~

context and the lack of a ¢rust are two features of F

-

cagandert thak,distlngulsh it from F ‘roseus. The'context
of F.Nroseus is silvery-pink, whlle ‘the context of F.

caganderz is Tosy- pink tp brown.

‘The basidiocarps that develop intthe large, lateral

- cracks of logs Jay become laterally fused rand confluent.to

form‘long-Bands. In this studv,>fused”basidiocarps have

X

-»measured over 20 cm, but” Shope (1931) has reported basidio-

~carps over 50 cm - in length . Due tO'ththendency of basidio-

« P ) e

i

» . -
3

‘may be somewbpt variable.. Beceuée of this"variability, .

.measuréments given-in this the51s .are the max1mum lengths of

4 - [N

srngle bas qdlocarps that have wot fused .The lengths of

- L
. Eal) - . . LN - '

iy

z"‘ K . . - ',

» ; P 3 - . -

- }. . . |
s :

3 Iy
L ta

long bands;vbutjdne.usualiy'found.aswsolitary b&sidiocarps,

4
H

-or at'most ‘only touchlng each other or parely fused

-t < .

The. b331diocards of F. caganderu examlned durlng this
. RN

eatudy were "all found growing saprophytlcally,‘usually on.-

i

‘roseus which is often ungplate. However, thendarker—tintedJ

T~

-

Allgerature it should be noted that ba31d10caﬁas of F. o v

P2
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o«

”fungus aﬁ%ears to be the generel rule since referenc s

reportlng the occurrence of F. cagandert on 11v1ng trees are
. rare.. Zeller (1926) noted that exted31ve damage to llving

peach and’ prune trees was due, tOvthlS polypore, whlch was

f?scrlbed as, anound pardsite occurrlng on prun1ng cuts and

@oken branches Damage was not limited to,the heartwood,

f:the tree. Snell ﬁ@tchlnSOﬁL:

,§§

g ‘
from the exposed heartwood of 5y11v1ng cherry tree 1n the1r '
B H k]

temperature studies. - As noted before, Adams and Roth (1967

1969) isolated numerous colonies of F. caganderl from liv=
v "f 1ng,.g1aze damaged Dougias firs. 1In all.these;%xamples;
— .the fungus had attacked 13&t1ally the wounded parts of the i
.‘tree, notably ‘the H;artwood The—abllltv to attack thef

Te

.....

\
£ r

{ungus can attack the: llv' g Cells To provide evidence

\ \: Vo . e’

of this, llVlng, healthy trees would have to be art1f1c1-
. . ¥

- H

J : ally lnfected and the buv1ng tlssues examlned at a latqr

date to show that ‘the hyphae are atbacklng and«cau51ng7the Y

- - ”- -

L huhdeath of the cells Unfortunately, ho work of thls klnd

= .
has been done w1th F ACaJanderL Other workers have used R
dlffEIQHC polypore spec1es such as’ Fomes (Ganoderma)

appZanatus_(Whlte 1919) and PoZyporus (Pzpttporus)

”( betullnus (Hennlngsson, 1965) and successfully_nnfected

~
B -

llVlng trees wlth these fungl

The hyphal analysis of F cajanderi has revealed that {‘



this poly

hyphae present in all parts of the basidiocarp.

pore is dimitic with generative and skeletal
. R 3 . .

LY
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) hyphae observed in this species, however, differ s11ghtly

; "
from Corner's orlglnal concept of skeletal hyphae as first

.observed’

skeletal

‘q

in Poljstzctus xanthopuo (Corner, l932a) The

hyphae in F. cajamnderi sometimes are branched,

with

‘branches arising from the apical or central portions of the

hyphae.

arborlform by Telxelra (1962) because of thef% tree-11ik

form. In
Py

portions

functlon,

/"“\\ create a

of the skeletal hyphae;?ppear

This type of skeletal hyphae has been named

the basidiocarps of F. cajanderi'the' anched

a. b1nd1ng
| .

51nce bhey are 1ntergoven among the hyphae to

_—

firm, compaﬁt/méss. The Straighter main portio

—

~/%f the hyphae/and/the branched‘portions‘may;be an inter-

7t

med1

function;

ype,of‘structure with -a skeletal and binding
’ . * ,4;4.‘ - '

Edwards (19725,then discussing the micro—s
P >

ns

¢

structure of Corroluu hzrsutus and C pubescens, points out

vthat the

skeletal elements (hyphae) in thes@ tw0'species

- —

Care branched at thelr dlstal~ends ﬁlthﬂthe branches grow1ng

'v?between a

pAs the br

&
Y

. N
e v

nd 1nterwe&v1ng among ‘other skeletiéferements-
. . . < -

anches tie the context hyphae together to some

v,

. extent he believes they act as b1nd1ng hyphae It shou

be pointe
hyphae ar
Corner.

much-bran

limited'g

'e binding hyphae"g.s 'defined».b,yu Corner (1953)

. »
-’

d out,,however, that these branched skeletal
R kN

e not blndlng hyphae in the orlglnal sense of

-

c,h/ed, thick-walléd hyphae of very intricate. ard

rowth, developing behind the growing.point

RN

1d’

‘are

"

The skeletal

‘

e
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(mafgin) In the spec1es examlned the branched skeletal

'fhyphae develop 1n the marglnal reglon and they “do not show-

Fl

hlntrlcate and llmlted growth '~ Hansen (1958) descrlbeShthe

'skeletal hyphae of several Ganodermd species that she
. S
'studled as belonglng to a skeletal- blndlng system. &he

fsstates though the stems ‘are always longitudinal and act as

»

ahframework- the tapering branches functlon as ties. The
branched skeletal hyphae that she observed were of the
;arborlform type Hyphal analys1s of Fomes Zevigatus by

Corner (1932b) revealed that this polypore was dimitic, with

L)

generative and skeletal hydhae'being present. In this

'rfungus the skeletal hyphae %pe @&branched or'atvmost,:bear

w . . ,
.only short prOJectlons or splnes Their role in the micro-

‘structure of the basidiocarp is defined as a framework, with
no t%an51tlon between a skeletal and blndlng function.

jThe skeletal hyphae 1n the bas1d10carp of F. cajanderi
'develop in the.marglnal reglons. Thls is -in agreement w1th.

R A

A\Qorner who noted that the skeletal hyphae always arlse 1n

_the grow1ng marg1n . A sgu}etalthypha arlses as. a.teranal

. . Se
b 5 . = . t .
.

'cell of a th1n walled gpenera-ive hvpha to whlch 1t 1s
\_attached by a Clamp connectlon ., As the developlng skeletal
’ AR . - .‘ .
hypha increases in length; wall thlckenlng in the centrdl

i

‘portions. occurs. In F. Ca7ardeP1 baSLdLocarps, wall
o -

fthlckenlng beglns when the d . veloplng skeletal hypha is

approx1mately 100 p in lengtn ,CQFanM(lB33b)~f0undwthgt-
F.»icvigatus beggn.

,when the hyphae were 100—306 W in length,, while Edwards

Wall thlckenlng 1n skeletal hyphae of



back from the edge

. .
vthesmargin. <The’margimal region.in my "concépt and. in

L

(N
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a(l972) noted'that 6he.developing Skelétal hyphae were thin-,

2]

'walled untll they were_°00 500 ¥ in length Edwards also

p01nted out that- the gnow1ng margln was composed of elongat—

hlng aplces of end cells -which devﬁlop into skeletal elements.

Generatlve hyphae were not. found i

.the marginal reglon. In'A

F.rcaganderz b331d10carps developlﬁg.skeletal hyphae and

/

generatlve<hyphae were both observed in the marginal region.

In F. Zevzgatus b351d10carps, the: margln con91sted of-

radlatlng ends of skeletal and generatlve h ae. I believe

this dlfference 1n observatlons may be due ch invest-

. -

igator's 1nterpretat10n of the marglnal reg %?

9

‘In this,

the51s the marglnal reglon is con51dered to be the area

‘between the outer edge of the ba51dlocarp and 2000 3000 .qu

EThls area-ls'c0n51dered marginal'since

it is at the edge of the ba51d1ocarp where skeletal hyphal

r t

"formation and elongation are occurring. Corner and Edwards -

'
. )

" do not men%lon th'fhistanee back from the outer edge of

the ba51d10carp that thev ton51ﬂer marglnal Thus it is ‘iJ

f
p0351ble that, - Corner s’ 1dea of ‘the margln may ektend further

.o~
.

; T T SN g D e

back 1nto the ba51d10carp th&n Edwards 'interpretatign of

- 7 A . N e e

" Corner's concept  may be submarginal by Edwards' definition.

In the submarginal .region Edwards notes that genenative-

Irvphae are found; Tho 1nnortant ‘aspect of the marginal

-~

’f@“lOﬂ,-hOWUVCT{"iS that skqletal;hyphalwdE' lopm Tt occurs'

<
1

here and is ‘the result of ¢longating, terminal cells of the

.,rtncfjtiv hyphae. . Tn effect,,the marginal region s

vy



and narrow, ‘lightly staine&”lhmina. .The hyphae ?re

‘Teixeifa (1960) describes some polypores where this is

a ¢
o s

actually the meristematic region.:’, ', _ i’ﬁﬁ%.

The skeletal hyphae %in theAeogtexfimf_F. cajandé?i
s o @ fi “
basidipcarps are fully developed with thick, brownish walls
i : ) .

arranged in a longitudindl direction. The branches of the

skeletal hyphae are also fullv developed and are 1nterwoven

among the longltudlnal hyphae The most ingefes;ing

feature of the context region is the preseﬁgf of differ-

entiated generative hyphae. These hyphae have developed

. .
T

itregularly thickened walls and are contorted and tortuous

. ’ ’ . [N ‘ v i ’

in form. They represent a substantial&p@rt of the contexs
and are usually seen in dense masses or "islands" ambéng the

skeletal hyphae. In.a number of .polypore species the

" generative hyphae disappear comﬁletelyfin the context

‘Tegion, -and are only observed in the madginal regions.

<

~prevalent. He givés Fomes fomentarZius, and Ganoderma

applanatum as two examples where the generatlve hyphae ﬁ-e

A
w s - . i
~ -

_eollapse completely ' In a-number of othef polvpore spec1es

. : » .
- g ¢ »

'dlfferentlﬁflon of the generatlve hvphae doeq occur, usually,k

in the {orm of:wall thic kenlqg The species includel .

.y

Copzolus WL”"UVMV and (. rubcccens (Edwards, 1972), Ccrrena
. . 1 . .

Vrleu‘OP (vaﬁ der Westhuizen, 1963), Polustictuc microcuelus
[ 9 s K h

(Corder, 1953) and” Fomes lovizatucs (Corner? 1932b) . In

- 0

mru“ards to-l. lgviga:is,}Cu;nentsancsmﬂmady~ofwtheAgenera—,r

tive hvphae at the baseé of the disscpiments and in the
o TV . S S o
flesh imhudtacely above have become thick~walled and rathgr
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intricately interquen, even irregularly lobed, and in thus
assumieglto‘a small extent' he appearance and function of
the b1nd1ng hyphae of P. xa‘thopus they help to strengthen

fhe layer of flesh above th

The irregularly

_thickened generative hyphae in the context region of basidio-

'layvtsyﬁav%pnot’heen examined in most polvpore species

carps of F. cajanderi may contribute to the rigidity of the

structures by acting as ties between the skeletal hyphae.
‘Stable ta unomic criteria are essentialain setting up a
classification, and when macroscopic features that are

variablé are. chosen artificial systems are often the result.

The highly variable appeeraneebof the pileus surface of

F. cajanderi basidiocarps i,s indicative of some of the short-

. . - o

comings ‘of macdroscopic descriptions of this species.’

wDepending oﬁ*the stafe of,degelopmeﬁt and the . effects of

weatherlng, the pileus surface may be finely tomentose to
radlately flbrlllose,nglabrous'EO'furrowed, zonate or

; : S .
azbnate, and llght pink. to grayish -white. The-surface

features are also reflected in: the appearance and arrange-.
me of the hyphae that,eompose;the~surfacer In the
1 g : . B

tomentose surface the generatlve and skeletal hthae are in

smaLI tufts, while ' in‘the~older areae;the skeletal hyphae

predominate and are-agglutinated to form a firm,'compact

s mass;”ﬁln the weathered parts of ~the pileus‘sdrfaee,‘the

B o .

-ﬁhclutél hvphac are bl ached Hﬂd4QOlOflGSS in the upper'BO—

100 u poftions. . The ontogehepbcal details of thi\ffrfdce

a . -

[

S 0f the hiphae ,that codmpese the pileus

. s -

BV

%
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“surface of F.‘Cajanderl ba51dlocarps are descr1pt1Ve and do
not glvedprec1se detalls of the formation of the surface.
Further investigation is required to determine hOw the

surface tissues arise from the ‘generative and skeletal

ghyphae. @%ly a small aspect of ‘the pileus‘surface; the i

zonation,iﬂill be discussed here.

.»

-

Since- the baSLdlocarps of polypores gro\/by the
6.‘{,' .

accretlon of marglnal hyphae over a period of months or
years, .the marglnal reglon is exposed‘io many dlfferent

atmospherlc and suhstraterchanges: These changes may be

Qe *"“\'

shown in the gurface coloration : Austw1ck (1968) has p01nt_

‘ed out that the Zonatlon of the plleus surface of the

bracket fung1 can give much 1nformat10n on the suitability.

'of the weather.for'rapidLor for slow'growth‘during the

'..z

period of development He - notes that generally, ‘under

condltlons of high humldlty ‘and mlld temperatures growth

occurs rapldly, but under dry, frosty, or excessively wet

(YO
fat

'

w1ll-1nfluence the colored“zones, sinde‘slowing up of

hyphal elon atlon tends to accumulate protoplasm in the
[t ’ : 3

. hyphal tips, where plgment may also conpentrate (Austwick,

N
1968) . . The iufluence of changes -in the atmosphere

surroundigg bésrdiocarps of F. cajandert appear* to.-.be
L

‘representcd bv the zonation of the glleus surface. In the
zoncs the hyphae have dark walls .and dark reddish-brown

contents wh?ch m@y be the result'of unfaverable growth
conditidns. The ¢xact relationship of envirpnmental

t .
3 o T ‘ ,

condltlons, growth may cease abruptly .The rate of growth -

i
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factors tQ'zonal'types,requires more‘lnvestigatibn.
'Itregulat zdhation in the cdnteit is equally difficult“
to“account for.in terms of environmeneal infleence{ TWith T

very few exceptions, e.g., Larcade, 1970, almost no
1S, , . .

Lot

observations of humidity, rainfall, temperature, light, etc.,

Jaf

have been taken;during‘the development of the basidiocarps. -

Observatidns of F. cajaﬁderi basidiocarps reveal that at the
: . C ' . N '
edges of the zones there are deeply colored\skeletal hyphae

with dark contents. It appears that durlng unfavorablev

"ro ‘,v" RIS S .
N conditions, such-as de51ccation, most of the hyphal tips

"

\{:ve become agglutinated and die. When favarable growth

c ndltlons return, new'growth:is.started by lateral branches -
behlnd the zone edge and hyphae grow between the dead ;
hyphal tlps Occasionally, new growth beglns from the edge 3

of the‘pore fleld and extends up and over the oh@hiprface

to form a new margln. The skeletal hyphal tips mavahOW'
. ' . (‘

o . , ‘ A
renewed growth in which the result is a constriction in the -~
”_hqphae. - Edwards (1972) observed similar constrictions in
the hyphae of (. pubescens. He thought the temporary B

cessation of'growth_of:the apices allowed wall thickeniﬁg
to catch up to the apices resulting in slight thickening
of ,the walls. When growth T@sumed only the very tips of

‘ the hyphae elongnted so a constriction-is formed.

™. The "white, stutf d” appearance of thé older pores in

4
(

™

N LaHlleLafpS'Of r.?éujanicri.is caused by thin-walled

e . . .

X . . \ ‘_" ¥ . o .
generative hyphae prowing into the pore spaca. The hyphae

appecar to.develop from the.generative hyphae of the

~ ' : ' . . : .
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.dissepiments,apd frop\Sterile basidia‘lipihg'the porefwai}.
Corner (l93§b)dnoted thatuin,F. Zevigatus the elder pqrés«
were also fllled with hyphae Whlch he called ”etuffidg .
"hyﬁﬁaeru 'Theseuhyphae were ‘narrow, aseptdte,.and thickened

with pale yellawish walls «—They developed from the
&] /\
generatlve hyphae of the dlsseplments and frpm the, vegetatlve

N

"mycellum grow1ng%1nto the context from -the base of-the
baSidioearps. . In the pores of F. cajanderi‘baSidiocarps; no

fhyphae could be traced from the mycelium at;.the base qf the’

(.
baSIdlocarpS of GZoeophyZZum,saepzar@um;qm@ﬁ-

in a cool, moist container ;v{It is

ib12 that in the natural environment the basidia ‘in

, o [ '“’-f‘ ) oL ' . ) R 0 . - P
. pbéres of F. cajanderi basidiocarps respond in 'a similar

manner under cool conditions.

In concluding this section, it can be reported that

y wm oL > \ . v

‘the macrostructure of F. eajanderi is highlyfvari Qle due’

e £

“»

to the effects of weatherlng and the’ stage and p051t10n of

development There mey be “an overlap 1n Certain mqrphqr

logipal features of,besidiocerps of this species and F. - \Hg

. s R o K o o b

roseus which can lead to confusion between these two. : k
. -0 3 : ,ﬁ"

o ' . 3 : 24

'sdmilarlv—deloréd Polypdres. 'The miCrestchture%Bf”Frd””A

)

cagandert ba51d10carps has revealed that they are dimitic

w1th generatlve and skeletal hyphae\'fThe generative hyphae

1

'show dlStlnCt dlfferentlatlon in that the walls become

1rregularly thlckenef Also the clamp cdnnectiohs_beeome

'_) . ; / »_ ) . . - .
R S R R -
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. <
: types. In all three types of cultures thln walled, nodose—

_ portlons. These/branches appear to have a blm

. whlle the longltudlnal portlons of the maln hyp ae act as a

oo ' | 178

swollen and solid dnd are easiiy broken SOlld shortw,'
‘ N

. pnotuberances may develop along the thlckened walls The

: ‘1
N : &
skeletal hyphae aréhbomewhat dlStlnCt in that they L !

[
-
" .“

OCC&S}OHally develop branches in thelr apical and central .

funct;on x~

P

'

A3
‘h ¥ '..; . / 3 ) . ) ) \n
framework Co ' ’

B. Development in culture

1. Growth of thenvegetative mycelium 'F\r/7

_ 4 e
The vegetative mycelium'of-F.‘éajanderi in the three

types of cultures showed a remarkable unlformlty in hyphal
£

\

septate hyphae; 1rregularly thickened, nodose septate

'.hyphae, and flber hyphae were observed The relatlve

amounts of each hyphal type varied in each of the cultures,

,but the mode of development of the irregularly‘thickened

”

n%?ose septate hyphae and the fiber hyphae was. 1dent1cal in
all cu]tures : Sllght varlatlons dld occurlln the hyphal

dlameters and in the number of branches that developed on

L

a fiber hypha, but overall there was unlfonmlty of form and

»

development of each of ‘the hyphal types 1nnthe three'

. Ne

The 1rre ularly thlcéiiedvhyphae developed from \the

cultures

o,

thin—walled nodOSéiseptat

Y Lo

hyphae The f1rst 1nd1ca ion .

of wall thlckenlng was', the development of swollen solid

7’
/
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e
appearing elamp eohnections andfshort:‘solid'pfbtuherances ‘
along the hyphal walls.!_The_walls ldter became irreéulétl?.
thlckened, reftabtivﬁ, and hyéline;‘ The lumen wasfobeerved
as a narrow,.uneven line passing from 51dg~to 31de in the

hypha ' The flber hyphae developed from the terminal cells

i

»of the thin walled nodose—septate-hyphae. A flber hypha

?‘. .
-initially grows as a lodg,‘flexuous, hyallne, aseptate
i

cell, 1ts dlameter belng the same as the hypha from. which _

P
- 1.

it arises. As the developing flber hypha grows, its -

dlamete; gradually 1ncreases,unt11 it may be 2+3. tlmes the )j
dlameter-of-the ptoximal end. iwell,thickening occdrs in the
developing fiherthpha'Whennit‘ie-SO:lOO'u in length.‘ The
central Portiohé of the fiber hypha thicken first and this

wall thickening process continues toha;ds each end'ofuthe_

'hypha. The'lumen becomes'narrower and the contents appear

—

falntly stglned as wall’ thlckenlng contlnues The thickened

\

walls appear refractive, colbrless, and may reaehul‘u in -

’\thickhesen' Fully develéped\fiher hyphaé may measure over
',1500>u in length.

The descriptions of the agar. cultures given in this

P

study agree reasonebly_well‘with.the.deécriptions of 'F. vq‘a'

'cajdnﬁeri by'Nobles (l965). She reporced &hij;agar cultures

-of F.- cagandert are plnk or v1naceous,“cottony to cottony-

—

floccose, pltted chlamydospores rare, lO 5- 24 O x 6. O 7 5 u,

'thin—walléd flber hyphae occa51onally branched' hyphae w1th

Walls irregularlyvthlckehed; Tests for extracel ular ox1d—‘
N : _ | ) . _
ase¢ were sometjimes erratic, i.e., .at times .a ¢
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occurred, at other times no ceglor change‘oCCurred.' I have
.ﬁound that the central tartsdof theﬂplatesvnere cottony to:
,cottbnyrfloccQSe; but the edges often became dense compact'
and felty. Pltted areas were nots observed in the cultures A
The range of chlamydospore s1zesﬂg1ven wes 51nllar to the

"f1nd1ngs of thlS study ‘In all tests. for extracellular‘}

oxidase, using an alcoholic solutlon of gualacum, no

w .
- ¥ B ~ . »

»p051t1ve test resulted Gallic or tannic acld agar plates™
wereinot used,in‘the-tests. dIt is posslble that; if these

- had been used,'a"positive reaction-for extracellular oxidase
'Qould haye-occurredr_ According to Nobles (l97l);‘thewcolor
changesvthat.occqr are probably caused:b§'one.or,ﬁore

-

laccases releésed-by the cells into the‘medium. Irregularly h
thlckened hyphae and branched fiber hyphae wer@'observed in -
‘the cultures 1n‘agreement with’ Nobles' descriptions. Fiber
hyphae had’developed;es descr;bgﬁ by Nobles;‘as elongated
dterminal'cells of‘hyphae; “ | |
Thie hyphal-tynes found in‘the mycelium‘of-ﬁfltures-ere

similerlto those found_in‘nature: Edwards {1972) noted in
éoriolus speciesrthat lité&e superficlel gerth occurredJ
-err‘the'woodce#cept in places:yhere humidity-ﬁas high such‘
as heneath logs_or.in cracks in'the_woodtvllnhthis studj

}<§as noted that llght;oink‘to'uhite mycelialrnats occasion-
:eilyjformed'in deep cracks-of uood'undEr noist,"shaded'
'conditions.: This‘mYCelium is llkeﬂthe aerial mycelium
grown in culture and exam1nat1on of these mycellal mats.

showed thaL two hyphal types were present
4 -
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One was long, flexuous, thick—walled asept te55§%§§active,

and~0.9~3.5 ﬁ-in diameter. These hyphae wete sparﬁngly

branched and loosely 1ntertangled to form a cottony to

7cottony floccose mat on the wood surface Thebsecond

\
:,'* Y

. hyphal type, whlch was 1ntertangled amon? the thlck—walled
Lhyphae 1n an unorganlzed manner, ‘was thln walled hyallne,_
clamped~‘and 0. 9 2.6 " in dlameter The llght plnk colorr

appeared to.- be due to the llght vellow1sh brown walls of

A vy

1

.the thlck walled hyphae ' These two hyphal tvpes were ‘ .

. , v - .
1déqt1cal in appearance to the flber hvphae and thln walled

©

.nodose-septate hyphae produced in cultureh
? ‘.__> ‘ |

2. Ph.ysi.olo‘g'ical'_;'stu_diesi ' SR U e
The'growth rate oflélisOlates ofiF.'cajdﬁdeni‘on'malt

agar was ﬁaflmal at 28%°C w1th 1nh1b1t10n approached at 37° C

Snell, Hutch;nson,‘and Vewton (1928) using at least 5

',isolateshof the species, observed that max1mal growth bccur—l

:

red at 30°C and was 1nh1b1ted at 38°C Humphrey and Siggers“”

‘(1933), using only one 1solate,-reported optimal growth at
8°C and 1nhib1t10n at 38°C. These results agree reason=
ably well w1th each other con51der1ng that sllghtly dlffer—,

ent_medlajand'methods of measuring radial growth:were used’

in the studies.:.The tWo\cardinal temperatures found for
P caganderz support the contentlon of Cartwrlght and -

F1ndlay (1958) that cardinal‘points do appear'to be fairly

;constant in any species These workers also p01nt out that
o ) L | '

T evemn though the cardlnal p01nts are constant there may be

* . . . . . 4 . |

dlfferences 1n_the absolute rates of'growth of different :

- ' S S o S : L -
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isolateslfrom_separate’areas; This was noted- in this study -
and in the results of Snell, Hutchinson; and Newton.

Optimalfgrowth'osz. rogeus iSQreported by SnellQ-Hutchin—

son, andENewton4(l928) to occur at 26 28 C. ‘The grﬁith“rate.

- of thlS polypore 1s dec1dedly slower “than F. caJanderL at

- N e
< -

: f30 321..; These workers report that these two pelated

.spec1es ean be dlfferentlated w1th absolute rellablllty by
growrng them at 30 320 C : U ;g-t'.. -

,The.results Of-the growthécurVe experiment’using”“‘

dextrose- salts medlum are: sfmllar to those obtalned by other'l

rkehrhs. Ward andFColotelo (1960), using;a'”low—temperature"

basidiomycete growing 1in llquld synehetic_medium; observe&@pr—
- lag phase duri.y the first few days,'followed by atrabid

increase/in gro . th, and finally, . an autoly51s phase where
: S
dry welght elther decreased or where growth was. counter—v

bala%ced by autoly81s . The accumulatlon ofﬁmoxiC‘metabol—
ites or shortage of nutrients may cause cessation of

growth'durinthhe’latter stages ' W1th F. eajandepi‘growingy“

iln the‘synthetlc medlum,.max1mal growth was approached
about*21—28wdays after 1nocnlationr ‘Thus an incubation
beriod of_23 days-wés‘chosentfor=the carbon‘ntilizatlon
studies. “. - ‘\re |

In the‘malt extract medlum .the growth of F. éajanderi
showed no detectable lag phase fThls_was‘e;pected slnce_
the inoculum was transferred'from a malt extract- medium of
’the'sane comnosition .There would be no need for enzymatic~

‘e

adaptatlon by the fungus _The greater amount of growth in
4 A .




) reported'greater'growth on malt extract medium conpared to

1955) .

and Polypewws marginatus working_oith a number of carbon

- }'5fq'thf ‘ : \\' B 183
the-malt:éxtraotjnedium\oompared to d* trose-salts medium
was ;156 e?pected,';éncohthefnalt'extj?ctprohably‘contains

greater amounts of carbon and/or nitrogen as well as unknown,

growth- factors and v1tam1ns.‘ Other workers have also.

3

most synthetic-média (Jennison, Newcomb, and Hénderson,

In both growthLCurve'oxperimentsdthe pH drogped,during'

‘the incubation period. . In the dextrose—salts medium,,the_

initial 'pH was 4. 7 5.0 and after 36 days it had dropped to

about 3.4» The malt extract med1um showed a decrease in pH

B

- from.-5 3_t0~3rl—after 35 days A decrease ‘in pﬂ*waS“founﬂ“*_—*“

by Hennlngason (1965) u51ng-PoZyporus (Pzptzporus) betullnus

sources. - The pH changes may h?ﬁ%ugvto production of

substances by the.fungus during the incubation period.
Good growth of F. cajrnderi occurred with 8extrose,:

D—mannosé; and cellobiose,éndﬁélightly less growth occurred

occurrlng in the negatlve controls shows that n

~ with maltose. Little groythvoccurred with D—xylose, D-

fructose; galactose, and sucrose. The negllgl le growth_'
ient

carry—over by the inoculUm was minimal. Henningsson (1965) -

roported that the-hrown;rot fungi P. betulinus;and P.

'maﬁgihatusrboth.éhowed good growth with(irncoso, mannose,’

’and:oellobiose.' He also pointed out that it is not unusual

for géllobioso to give better.growth than glucose. He

suggests that certain impurities in cellobiose may account



The small amount of grthh with'”

4 L

D ﬁructose was unexpected since this’ sugar and dextrose
o ‘:j,;, . .

S .
«" e

“and mannose are closely related hexos es.ijt 1s poggﬁble that

&

s

”lgh:m%y aff{ect its utilization by F. caganderi.

L8

'QEJI ctose should be done to substantlate this theory ;?A-
,’uy . . -

y?vand sdcrose.. Lllly and Barnett (1953) found xhat many

T

sﬁcrose They also reported that some of the fung1 gﬂel

"q
v
i

. -
Ciowly on\galactose at flrst but 'after a time, dependlngf
Qn he experlmental COHdlthnS and species, galactose was “‘f
\r;}'ﬂﬁ, . 7 - -.':;
i ﬁsed rehdlly. It is p0331ble that the fhcubatlon perlodL”F’

N ) v

. - . " ..
.

used in this study may not have allowed the fungus to '%dw.
' . 4 q’) Y. »

adapt to the.substrate on which it was groWing.' HoWeyer

galattose supported only falr growth of P. betulznus with
‘ g
W -,

an incubation

@Eerlod of 35 days (chnlngsson, 1965)

lh25TESu\§s of the carbon utilization studies are',

v -

dlfflcult to compare w1th those reported -in the literature
: xS : ‘ .'KTQ
because dlfferent cxper1mental methods and different “fungi

»were'uSed Also dlfferent 1solates of the s&me fungus
'would probably yLeld sllghtlv dlfferent results. L1lly and

\
-Barnett (1953) remark that fung1 rarely,.lf ever, come’ in

contact with a single carbohydrate in nature.'~They'suggest

: TN
that some carbohydrates which are not utlllzed by fungi

when th y are the only'carbon source in a medi;m,.may be

. “ E . v -. o o | f\;/d

.\:%‘.{, N 18,4

"'
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- readily utilized in?the:¥re3ence.of a utilizable simplev
sugar; Both P. bctulinus and P; marginatus weretdbﬁe_to
,decompose4filter paper to only a small extent ss reoorted~by
tHennlngsson (1965) However, Qnaéi naturalecifcumstdnces
vce F@lose is utlllzed rapidly by these two‘brown-rot fungit
"ﬁenningsson postulates'that in the WGEESsubstrate-the
presencehof‘other carbohydrates may'induce greater.produc+

tion of cellulases. The presence of other organisms break-
: . .

’ing.down'oellulose into cellobioSe may also be a factor

%h?t allows utilization of cellulose in naturféi)The effect

of“mixtures of carbohydrates on the gzrowth of fungi should
voh ™~ . .

f\be;investigated.

The results of the wood-sh vings experiment revealed

‘that both isolates of F. cdjanderi decayed spruce shavings
: ) ) . - .

to a much lesser degree compared to the negative controls
" when relatiVely high concéntrations'of L-asparagine were

added. At concentratlons of 0.5% and greater, decay Was‘
i - - Z
i substantlally less/than the controls and the cultures ‘with

: 3
0.1% L—asparagine concentration. These findlngs weﬁe

r

completely unexpected 1n that other worker37had reported
. rx..\\ )

~much greater welght‘losses ﬁh&n an(organlc nltrogen sou%ce
was added to the.woodt  Flndlay (1934) observed that the
addifﬁon ofgasparagine.to blocks of Sltka'spruce caused a
large increase'in.weight loss by Trametes serialist Blocks“Y
treated w1th 1. 0; asparaglne ‘lost 37 0/ 1n welght whlle the
controls 1ost 25.8% in weight: Schmltz and Kaufert (1936)

<reported that the additiOn of aSparaglne at 0.5% and 1.0%

o
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concentrations caused significant increases in weight: losses

N

in sawdust cuicures of Lenzites trabea.
.. It has also been found that addition of nitrogen.and

o

carbon ‘sources can decrease the amount of- wood decay.

'Schm1€% and Kaufert (1938) 1nVest1gated the effect of.

'addltlons of. dextrose or dex}rose and .asparagine to sawdj;t

cul%ures of Lentinus Zepldeus ‘A significant decrease in~

Weight los's occurred when these-nutrients wetre added. These

.

.

worKers suggestcd ‘that the fungus was utlllZlng the more

readlly avallable nutrlents to. produce large amounbs of K

mycellum, butﬁthe sawdustjwas not been attacked as rapidly

in the presence of nutrients askit-was when they were absent.
) , . . \ ».‘. '

"The fungus was developing largelAyat the expense of the

-

. o C e . ;
dextrose and asparagine “present and only to a limited degree

. / : . - . . e . . ‘ ) l
at the expense'of the7wood substance. This doés not appear
to be the case in thls study Stimulation of mycelial

o
LON

'growth of F. cagander@ occurred in the cultures containing.
little or no added L-asparagine. In the cultures contain-

ing L-asparagine at concentrations highef than 0.5%7 almost.
3

P nowmycelial'growth occurred and only slight weight losses

. ) : .
/\%ere’recorded. Growth.inhibiting substances may have

A

formed when the wood shav1ngs and L- asp raglne were auto—

‘claved together. It should be noted h wevex, that Schmitzu
~and Kau@ert autoclaved thelr sawdé% cultures together"
o

wlth the asparaglne and observed 1nh1b1tlon of growth

i
3. Development7of_the}basidiocarp v ‘,Q%

Fertile basidiocarps formed in all thre types of T
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_culture. Fruitingjoccurréd readily in agar culture,ﬂlesé
& - o . ) LT . ‘
‘IeQQily in wood-block culture, ‘and v&ry erratically in still

““'&ulture. Normal appearing‘basidiocarps did not form in any
of the cultureés. The closest appedrance to natural basidio-

. . N ) ) . .
carps occurred in the agar Eultures where the éogmded to

~sub~angular pore‘ﬂaﬁths'were similar to those found in

naturai'bésidiocarps. In" the other types of cultures ;hé‘ “

- ‘

pore mouths were often daeda%Sid and somewhat irregular.

An interestirng ‘aspect qukhe basidiocdrp developmeht
was the various times at which primqrdial and pore formation

: : ' . ‘ . n v
took place. Fruiting occurreéd-in 3-4 weeks in agag]cultqre

while in still culture and Yobd-Block culture frhixing did
. .. . i} . T ! v. » . ~ ‘_‘ . - .
not gccur until 3-4 months after inoculation.(\It-is .
possible that.a shortage of nutrients may induce basidio~-
3

carp development in agatr. culture. The mycelium, Upodn
, P P A 24 y )

‘reachiﬁg'the'edges of  the Petri plates, no longer is able
. . \ o . . . . ; . I
to obtain nutrients ‘an’' its response is fruiting. Other -

factons\?ay be involvea ,uch -as aeration., Basidiocarp . -~

.de;elépment ffequenfly toék'plaﬁé'ﬁear thé>édges of phe}
féﬁfi plate.whére thére,ha?lbelgéttef‘gaseods exéhapgé
ffom.&nder the 1id éf'thé blate. %hevfailqre of:F.
éaj&nderi to ffuig feadiiy in still cﬁltufe'was qnexpéctéd
since numerous primordia~develop¢d; byt vé?§'few‘bores;
C.Héwkér §l966) pdinﬁs out';hat the fréqueht ﬁéilu;é of

. _ R Cf ‘ L § ‘
~fungi to sporulate in large volumes of liquid media may be

.

attributed to the accumulation of carbon dioxide as a-—-

result of respiration. Factors such as the accumui: tion of
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free ammonia or other volatile metabolic products'mayralso

)

be importaut‘ The slow development of pores in -the wood—

block cultures is somewhat similar to the findlngs of
. \, ’

' Mounce (1929) whb was working with Fomes piniéolaﬁ Shet

~

reported that the mycellum grew out from the 1noculum “and
gradually covered“the block : "w'year after inoculation
<0

primordia began to form.

'The‘formation of pores in the th;%evtypes of cfl ures
', ‘ - T :
was preceded by prlmordlal development The prlmordlum was

.

a compact, eity, light- p1nk to llght brown raised
myceliagl massu In all cultures the pores usu&iii formed
- o { : _
only on a small~area of the prrmqrd&um“v Exceptlonsut9]3

were noted in the wood-block cultures where pores occasion—
R ! . - Pl . ! R ! .

ally covered the entire pgdmordial surface. Pore formation

waS'similar in ‘all cultures On the primordial surface
shallow furrows and rlgées formed Thegupward or downward

growth of the rldges, depend1ng;on the type'of cdltdré;
resulted in formation'of pore;mouths..m?he pore mouthsﬂmav
. ] ) ~ % .
be daedaloid;fsuh—angular,_or:rounded because of the_*;
different‘thicknesses andlconfiguratlons of the pore wallsf
| The hyphal types observed in the ba31d10carps were .
'simllar. zThe flber«hyphae, whlch composed most of the . pore
.wglls; grew in.avdownward,or upward dlrection, dependlng on
theitypélof culture. The hYPhae interwove amohg éach otherh
tB form a very coherent, dense pdre wall At the edges" of

the pore walls the aplcal portlons of the f1ber hyphae

'protruded Along the pore G%ll surface scattered masses
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~ . 4 o ,v..‘.l -
of :hin‘walled, nodose—septate hyphaeJare found’%ﬁ?m which

many basidla aro?e as terminal cellé.’ The ba&yﬁla and. | \\‘

ba51dlospores tW?t fgrmed in the three types of culturea

A

'were 51mllar'1n shape and size. "

A comparlson of the hyphal types ‘and hyphal organlza—

3

'tlo% in the natural and cultural babrdlocarps can be/made

1
~

From the descriptions lt is apparent that ‘the culturaL

"hyphae are similar inlform.to*the'hyphae of-the~natural

. ' . « IS
basidiocarps. The skeletal hyphae are OLLaSLO a‘ly‘ .
‘branChed, thick- walled aseptate, brownlsh—colored and ' o

1.7-3.9 u in\diafneterf The flher hyphae are aseptate,
. . ‘ . N - \
scolorless or yellowish-brown, sparlngly branched ,and 1. 7#

4.4 Yy in diameter. Ih their.reSpective-basidiocarps theee

e
‘hyphae are. 1nterwov n among each other in: the pore, walls

."/
. ‘,

[

‘ & _ .
and their hyphal tips protrude at “the edge of the pore. The

thin-walled generative hypha, and its counterpart, the thin-

- walled, nodose-septate hypha are‘found.aIQng the pore.hall

surface where they give rise to clavate,_thih—halledxbasidia.

) . . . @ » ’ . . . AN . N
The basidia“give rise to narrow—cylindric; smooth walled

F
4 0-7. O X l 5-2.0 ( 2 3) u ba51dlospores¢ Irregularly'

< 4

thlckened hyphae are 1nfrequently observe?ﬂin'the pore
walls of_the natural ba51dxocarps and 1n.the poreAwélls St

'~_older agar Cultures; 'Nobles_andMFrew (1962) reported,that

in the_fruiting-areas of cultures of Pycﬁoporue qinnabarihus

there were fiber hyphae; frequently in'Darallel arrangement,
2 . : .

which were probably‘oomparable to the keletal hyphae of

»lthe context. ln the F. _caganderz bas1d10carps formed in -
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“

cultule no- pa rallel : arrangement of ﬁlbcr hyphae was noted.

- Lo o s

Examina&@on of oberbéO'colleptioné of‘F

structure were fqund.
‘of this'species'ir

the 1nformat10n provided

°

and F.

colored pore surjaces and occasionaliy,

natural basidiocarps,

the llterature w1ll be

.

P

An evaluation of’ ‘the: descplptlons

C. Tatonomic considerationsh

§kstudy.
e . )
roseus are often confused because\of their plnk—"

-l

‘ﬁ»',

_

]

>

v

N 3

'Since F

their,simila

.
caganderz K%s

B

,prov1ded few 1nformat10n qpout the mlcrostructure of the

i

but%no‘new:charaotersvof the' macro-

Y
F
2
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DoV

M
u,

‘o

pd

-

glven 1qvl1ght of

“

caJ%nderL

form,

the latter Speeies will 4dlso beﬂexamfned in this discussion.

The-aeécriotions of the maerostructure of baeidio—

oafpstof'F.

.

wlth those in -the 11terature.

6

found that’extended the fange.of:morphological features.’

caganderz 1n ‘this’ jtudy ayree reasonably well

vNo new,oharacters-were

The descriptions in the literature are.oﬁfbasid10caros

consideredito beffully.developed.

7

HE
It was noted in this

study that yOUng ba 1d10carps may be. temporarlly resuplnate

-4,

before assum:ng the\effused reflexed mature form.

_The

nesupinate‘form‘is not characteristic of the“fullx develop-

By

“ed‘baeidiocarpé.

S 2
are given, to help dlstlngulsh the two spec1es.

=% In many‘of»the-deSCfiptions of F.

literature F.

f

A

v

"A

iy

i

-

a

Aexceptlon is. the work of Murrlll (1903),

F. cagandért and F roseus were the sam

Y

e specles.

An

'éajandéri in the

‘roseus is mentloned and varlous featmres

vv' -~

o

'This

-

who thought that

Y

SN

e
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concept has been proren incorrect. Weir (1923) distinguish-

. } - . ’
ed these two species by dif'ferénces in context color, pileus
: v —

PR . . " : . . ) A
surface features, and shape and size of spores. He also !

.noted that F. roseusg, was found only on coniferous wood while
£ ! ’ ' .

. \

F.'cajanderi (as Tramefes~subrosed) nas found on coniferous
‘and angiospermousIWQoé. Since_that time there haneabeen
reports of_basidiocaros,of F. roseus growing on angiosper-
mous wood.‘ Bondartsev (1933) contends that F. cajandéri as

Fomitopsis subrosea) is easily distinguished from'F. roseus

by the“thin;:dimi&iate pilei that never acquire the’

‘ungulate form, the gzonate surface, and the .radially flatten—

ed fibers of the former species. Variat;ons of the F.
caﬁdndéri basidiocahps observed in this study do not allow

these characters-to be used with that‘de%ree of certainty;
. o . \ o - . )
Bondartsev'also States’that the context is darket in F.

caganderz and the spores dlffer from those of F. roseus.
According to OVerholts (1953) F. roseus is readily dlstin—.

guished'from.F.'cdjanderi by-differencesaﬁﬁm%pore sifape.

and'size The ba51dlospores of F. ~cajanderi are narrowver’
. ay ]

and sllghtly curved measuring 7vx 1. 5 2 u, while-in?w

¢

F. roseus they are elongate elliys.id te oblong, not at all

curved' and measure 5 7 ( 8\ x 2.5- 3 5 u These observa—
Ve

tions were conflrmed by Moenfe and Macrae (1937) who also
applied tbe mating test apd found these species to be

completely 1nterster11e "Similar'measurements of F.
A o

faganderz spores were obtained in this study,.although

infrequently the spores measured 2,3 u wide. Anothe¥
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growth rate at 30 c -bétween the two species as reported by
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distinguishing feature is the significant difference in
\

Snell HthhlmSOH, and g?nton (1928) To sum up, F.

cqganderz can be_po51t1ve1y distingu1shed from F, roseus'by

using any of three criteria: spore shape and size, growth

Y

raies, or flating tests. Field characters that can be
[ v o SO

used, but with less degree of confidence, are: th® darker-

'colored context, the lack of any 1ncrustat15\\ and @he

F, roseus are soli'ary'andjneverllaterally fused in long

often fused b351d£icarps of [F /. cajandert. Baéidiocarps of
bands likevF.beajanderf. -~ _ .‘, . v

The mierostructure of F. cajdnderi basidiocarps has not
been exanined in detail until.this study " The hyphal.
'descriptions .in the literature.are scanty and no 1nformation
on hyphalydevelopment is given. A typical description‘of/\.‘

the hyphae found ‘in F. cajanderi basidiocarps is that of

Pl ) . .
"Overholts. (1953). Hé‘observed that in KOH solution the

hyphae werc pale broﬁn, long and flexuous, simple, with no .

(.

Cross wall or'clamps, 2.5-5 H in diaméter. Bondertsev

'(1953) recorded the hyphae as ”faintlv colored rusty-to

&

light brown in bulk with very sparse branchings, thick-

«

wall d or even devoid of lumen, sharply outlined, (2—)’3;
_4.51§;S.55fu thick,ein the"tubes”ﬁenerally thinner and
‘more sinuous..." In these'descriptions.the.authors are

=

describing skeletal hyphae. The sparseAbranchings noted

by Bondartsev probably are those of the arooriform skeletalv

nhyphae A majorlhyphal type_that is not mentioned_in'any

;-
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. of the species descriptions of F. caganderl is the Presence

\h{ 1rregularly thickened generatlve hyphae. These hyphae .TTZ

3

are found abundantly throughout the context regions of the

<
ba51dlocarps,and are very characteristic because of their

suollen clamp connections short, solld protuberances along -
the hyphal walls; and their marked tendency to break at the
clamp ¢onnections. The dlfferentlation of these generative

g

hyphae is characterlstlc of F ¢cajanderi and as such should

2
be 1ncluded in the spec1es descrlptions Teixeira‘(1960)
states "The majority of descrlptlons of the hyphae of

g@lypores refer to the skeletal and (or) blndlng hyphae
Most descrlptldns of dlmlth or tr1m1t1c spec1es completely
. <

. ignore the’ generatlve hyphae ‘ According to Telxeira;f

~

the 1mportance of\clamp connectlons on these hyphae is
that it provides a clue to' the phylogeny of the species
It -is commonly accepted that clamp connections were present

on members of the ancestral groups of Bas1d10mycetes ; Thus'
. t

'spec1es that Stlll show clamp connections have retaine¢

e

~the- ﬁncestral way of reproduc1ng their dlkaryotlc cells. y

The ‘use of cultural characters 1n 1dent1f1catlon of

€

polypore species’ has recelved much attentlon in ‘recent:
. s

“.years due to the woﬁk of Nobles She,has“published keys by
. whlch wood =~ 1nhab1t1ng polypores‘can be 1dent1f1ed by
number of cr1terla " The dlagnostlc characters dlsplayed by. s
'many fungi grow1ng in culture are uniform and the m1cro—

structures produced are constant for' each spec1es (Nobles

1971) The unlformltv of hyphal types found in. culture

4
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also applles to the hyphae ﬁound in the natural bas: dlccarps

There is a striking homology between the hyphae produced in
culture and»in nature. It 1s well known that the complex )
basidiocdrps of polypores are,extremely difficult to

S . . o
examine . din terms of , the form and development of theé hyphae

o~

bresent By examining cultures of the same species the
hyphal” types may be more readlly determlned ’sincevthe
lvmycellum produced in culture‘ls much less dlfflcult to
.dissect‘amd obscrve.. ComparetlveAstudles of cultures and
datural Hesidiocarpwaouﬁd alloﬁ'a:bétter understendiﬁg of
hvphal development in cdlture and in nature. ‘Studies by -
van der Westhu1zen (1963) and Nobles and Frew (l962) are.
%wo examples of where this has been done More of this d
type of'mork 1s.requdred in order to galn a broad range of
‘morphological»attributes~upon which homogeneous, hatural_:
'cldSSificetions of the Pol?poraceae.can-be‘based.

It should be p01nted out that Nobles (1971) belleves-

v
S

. the flber hyphae produced in culture are homologous with
~the skeletal and blndlng hyphae of the natural ba31d10carps
-andi in~general, occur 1n\those specles where ba51d10carp
hfpﬁal systemS’are described as dimltlc,or tr1m-1t.1c.~ The
thin—walledr nodose;septate hyphaelof‘Noblesl-terml ology
are therefore homologous to the generatlve hyphae of\ Corner
It should also be noted. that although the hyphaeAareJ'
homologous, one should not assume that - the hyphae wiLl be
J

identical in every.aspect of form and development. ' Slight

var iations in-hyphél diameter, wall color and thickness,.
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number of branc S5 etc., can be expébted. The hyphae in
culture ate grdwing underlcon&itions ofvenfiched nutrients,
.moist atmoephene, relatiyely constant tempefature,vand
ldmited;aeratien ‘ The hyphae in natural hasidieeatps ate
subJected to the effects of wedLh(llng, de51ccat10n, high -
llEAL levels, fl ctuatlné temperatures,nand relatlvely high
oxygen levels. TheSeafaetors will influence the final
mofphqlbgy of the hyphae and thus minor dlfferences'may be
Hbted between the hyphae produeed 1n’culture and in nature.
Hoyever, thls~does not’detract freT the usefulness»of

t

cultural mycelium in providing basic information about

3

. hyphal developmeﬁt:sinee, under“similar cultutal conditions,
the hyphae show E‘remarkable honogenelty of forn end develop-
ment. This’ is exempllfled by E. -caJandert-in which the
1rregularly thlckened generatLve hyphae ‘of the natural
-ba31dlocarps are the seme as the 1rre&\larly thlckened v -

nodose -septate hyphae produced -in culture
Lo
In F. cajandert the development of the mycelium in
. A A S R ; .

nature and in culture is essentially the same through the
vegetative.and reproductive phases. On the basis of ‘this
study one set of terms .is all that is necéssary for
N L Ay . . . ) L

.describing the development of both the natural and cultural
= : , . v - o \

mycelium because there is complete agreement betweenfthese
phases as to hyphal structure:anq develbpment. "Therefore,

I believe that-t e-termsegenerative, 1rregularly thlckened

',gene}ative, and skeletal should be used to descrlbe the ”1
K . i {

' kinds‘ofhhyphae. The descriptive phraSes.thin—walled,
v . . . . . \» ' ‘ . ‘ K . - . . . q
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" nodose-septate, and fiber for hyphae developing in culture

A

can be discarded. Thus, compharison of the structure and
’devﬁlgpment f different poiyp e species Will be made less

difficult bly this simplification of terminology. o
. .\..

R



\“, I BIBLIOGRAPHY

ADAMS, D.H. ‘and L.H. ROTH. 1967. Demarcation lines in
palred ‘cultures. of Fomes cajanderi as a basis for

detecting genttlcally distinct mycella.
45: 1583-1589.

ADAMS, D.H. and L.H. ROTH. .1969. Intraspecific competi-

tion among - genotypes of Fomes caganderz For. Sei. 15:
327-331. \ s

‘AUSTWICK, P.K.C. 1968. Effects of" adjustment to the envir-
' onment on fungal form. In: The Fungi. Vol. III. G.C. ’
Alnsworth and A.S. Sussman (ed.), Academlc Press,
New York. p. 419-445,

BONDARTSEV, A.S. 1953. The Poluyporaceae of the European

U.S.5:R. and Caucasia. Translated from Russian. L
Israel Program for Sc1ent1f1c Translatlons, Jerusalem,
1971. : . .

”

BONDARTSEV, A. and R. SINGER. 1941. Zur systematik der
Polyporaceen. Ann. Mye. 39: 43-65. i

BONDARTSEVA M.A. 1961. A critical review of the most
recent clastifications of the family of the Polypora-

_ ‘ceae. BOoanzchesPtt ahurnpl 46: 587-593 (Translation

'« . from the Ru551an by the .Canada Department of Agrlcul—
ture, 73240) :

BRESADOQA; A.J. 1912, Ba51d10mycetes Phlllpplnenses

i Hedwigia 51: 306- 326.

CARTWRIGHT, K. St.G ’”1929 A satisfactory'mgtﬁod of stain-
ing fungal mvce Tium in wood sectlons.w Ann, Bot,

™__ ' (London) 43: 412-413.

" CARTWRIGHT; K. St.G. and W.P.K. FINDLAY. 1958. Decay of

timber and it§” ppeventton - London. H. M.S‘O“ 332 pp.

" CORNER, E.J.H. 1932a. The fruit body of PoZysttctus
' santhopus. Ann. Bot. (London) 63 71-111.,

. CORNER ; E;J.H.‘*l9325; ~A“dees with two systems ofthyphae.
Trans. Brit. Mycol. Soc. 17: 51-81. :

COBNER, E.J.H. 1953. The construction of polypores. I.

" ‘Introduction: Polyporus ‘sulphureus, .P. squamosus, P.
vetulinus and. POZJSt%CtuS mtcrocyclus - Phytomorphol.
3: 152- 167. ' Ce '

197



198

‘CUNNINGHAM , G.H. 1954, ‘ Hyphal systems as alds in 1dent1f1c-
ation of species and genefﬁ of the Polyporaceae
' Trans. Brit, Mycoly Soey 37: 44— 50

‘CUNNINCﬁAM G.H. 1965. The Polyporaceae of New Zealand.
N.Z. Department of Scaentzyzc and Industrial Research .
BuZZetzn 164 304 pp. : :

' EDWARDS R.G.W. 1972, A bﬁosvstematlc study of Corzolusj/i
: ' htrsutuu (Fries) Quelet and Coriolus pubescens (Fries)
Quélet. Ph.D. Thesis, Unlverslty of Alberta, Edmonton,

Alberta. 198 pp.

FINDLAY, W.P.K. 1934. Studies in the phys1ology of wood-
destroying fungi. I. The effect of nitrogen cpntent
upon the rate of decay of timber. Ann. Bot. (London)
48: 109-117 4 . ~ - -

FRIES, E. 1838.- Epzcrzsas Systematzs Nycologzcz
FRIES, E. 1874. Hymenomycetes Europaez

HANSEN, L. 1958{‘:l On the anatomy of ‘the Danish spec1es of
Ganoderma. Bot Tidaskr. 54: 333-352.

HAWKER,AL.E' 1966 Environmental 1nf1uences on reproduc—
tion. - In: The FungiZ. Vol. II. G.C. Ainsworth and A.S.
Sussman (ed ), Academlc Press, New York. p. 435 469

Y = ,

- HENNINCSSON, B. .1965; Phy31ology and. decay act1v1ty of
‘the berh conk fungus Polyporus betulinus (Bull ) Fr.
Studza Forestalia Suecicu 34. 77 pp. '

H ERT E.E. ,1924. ‘The dlagn081s of decay in mBod J.

' ,Agr. ‘Res.. 29: 523-567. , A
HUMPHREY, C.J. and P.V. SIGGERS. 1933, . Temperaéure_ _
reﬁatlons of wood- destroylng fungi. J. Agr. Res. 47
©'997-1008. ‘ | : o .
JENNISON M.W. ; M.D. NEWCOMB and R. HENDERSON 1955.

Phy51ology of the wood-rotting Ba31dlomycetes L. !
Growth and nutrition in' subferged culture in synthetic
media. MycoZogza 47 : 275 304,

'JENNISON, M.W._and A.M. PERRITT. 1960. Physiology of wood-

' rotting Basidiomycetes. "ITI. Studies on the utiliza-
tion of optical isomers of amlno acids. Mycologia 52:
628 635. ' , ’ o - '

 JOHANSEN, D.A.  1940. Plant Microtechnique. McGraw-Hill

Book Company, Inc., New York. 523 pp.

s
>4 \ .



" R
KARSTEN, P.A. 1904. Fungi novi, paucis exceptis, in
Slblrla a clarissimo O0.A.F. Loennbohm collecti.
Fingka Vet.-Soc. Ofv Forh. 46: 1-9,

KORSTTAN, C.F. and W.D. BRUSH. 1931.. Southern white cedar.

5.D.4. Tech Bul. 251. : D
"LARCADE, R.J. 1970. Develbpment'of PoZyporus adustus Fries
and the influence of the microenvironment. Ph.D. ‘
w Thesis, University of Albgerta, Edmonton, Alberta. 155
- PP .

ey

LEVI, M.P. and E.B. COWLING. 1969. Role of nitrogen in
wood deterioration. VII. Physiological adaptation of
wood destroying and other fungi to substrate deficient

- in nitrogen. Phytopath. 59: 460-468. : -

LILLY, V.G. and H.L. BARNETT. 1953. The utilization of
sugars by fungi. W. Va. Agr. Exp Sta. Bul. 362~%§
. g
LLOYD, .C.G. 1915. Synopsis of the genus Fomes . MycoPogical
Writings, C1nc1nnat1,’0hio : , )
o S0 i
LONG, W.H. dnd R.M. HARSCH. 1918. Pure cultures of wood-
~rotting fungi on artificial media. J. Agr. Res. L2:
©33-82. : ' :

LOWE, J.L. 1934. The Polyporaceae of New York State.
(Pileate Species).. N.Y. St. COZZ.~FOT. Bul. 41.

LOWE; J.L. 1956. Type studies of the Polypores described by
by Karsten. Mycologia 48: 99-125. c

LOWE, J.L. 1957.”‘Polyporaceaé of North Americat The
genus Fomes. St. Univ. COZZ. Forestry Tech. Publ. 80.

LOWE J.L. and. R.L. GILBERTSON. l96la Synopsis of the
Polyporaceae of the southeastern United States. J.
Eltsha.MztcheZZ Sei. Soe. 77: 43-61.

LOWE, J.L. and R.L.. GILBERTSON. - 1961b. . Synopsis of.the
Polyporaceae of the western United States and Canada.
Mjcologza 53: 474 511 '

o

MOUNCE, I. 1929. Studies in forest pathology. II. The
biology of»Fomes_pznzcoZa Can. " Dept. Agr. BuZ.-lll.

MOUNCE, I. and R. MACRAE. 1937. . The behavior of palred "
.MONOSpOTrous mycglla of Fomes .roseus (Alb and”Schw )
Cooke, and Fomes subroseus (Welr) Overh Can.. dJ.
Rés. 15: 154-161.

s o ] . ) . v“';gx



200

-

MURRILL, W.A. f1903' The Polyporaceae of North America.
III. The genus Fomes. ‘Bul. Torrey Bot. Club.30: 225-

232 'Q' » - ' o
| . ) —_ | .
NFUHAUSER K.S. and R. ﬁ\ GILBERTSON. 1971. Sonte aspects of
: bipolar heterothallism in Fomes cajanderi. Mycolegia
)

633 722- 735 1</‘ - ; o .

NOBLES M.K. 1948. Studies in forest pathology. VI.

Identlflcatlon of cultures of wood-rotting fungi.
Can. J. Res 26: 281-431.

B
‘k .
NOBLES, M.K. -1958.  Cultural characters as a guide to the

taxonomv and phylogeny of the Polyporaceae Can. J.
Bot. 38 . 883-926. .

L4

NOBLES,‘M.K. 1965. TIdentification o culturesvof'wood—
inhabiting Hymenomycetes. Can. Bot. 43: 1097-1139.

NOBLES M.K. ©1971. Cultural characters as a gﬁide to the

taxonomy of the Polyporaceae. In: Evolutign in the
Higher Basidiomycetes. Ronald Petersen (egﬁ), Univ.-of

1,

R Tennessee Press, Knoxville} P 169 196.°

,NOBLES, M.K. and B.P. FREW. 1962 ~ Studies &n wood~-inhabit-
~ing HymenOmycetes,AV.'The genus Pycnop@@us Can. J.v"
Bot. 40: 987-1016. i : o
. . ' / A’ - . . . N -A ’ ’ bt( a A“ .
OVERHOLTS “L.0. 1933. The Polyporaceae f Pennsylvania. I.
* "The-genus PoZyporus . Pa. Agr. Expggsta. Tech. Bul. .
Lot 298. ' §§§ : o

OVERHOLTS, L.O. 1935. The Polypoéa
II. The genera Cyclomyce
Lenzites, and Trametes
BuZ 316

@e of Pennsylvanla
%@ yﬁea, Favolus, Fomes,
Zuak Exp Sta. Tech.

: . SudBia
OVERHOLTS,-L.0. 1953. The Pony _@ceae of the Unzted
States, Alaska, and Canadq.™*{Rrepared for publication
by J.L. Lowe), Univ. Michigan Press, Ann Arbor ‘466 pp
PLUNKETT B.E. 1956. The 1nf1uence of factors of ‘the ¢
aeration complex ‘and llght upon fruit-bo % form in pure
_cultures of an agaric and a polypore. Ann. Bot.
(London)'ZO: 563-585. ‘ ' g

PLUNKETT B.E. 1958. Translocation "and pileus formétioh
- in PoZJporus brumalis. Ann. Bot. (London) 22: 239-

' 'PLUNKETT B.E. 1961 The change of tropism in Polyporus
v brumaZzs stipes and the effect of directional stimuli -
on pileus dlfferentlatlon ~Ann. Bot. (London) 25:

$206-222. e



201
PROCTOR, P. 1941 Penetration of the walls of wood cells
.by the hyphae of wood-~- destroylnb fungi. Yale Sch.
For. Bul. _ \ o ! S

L

ROFF, J.W.  1964. Hyphal characterlstlcs of certain fungi
in wood. MycoZogza 56: 799-804.

SCHMITZ, H. and F. KAUFERT. 1936. The effect of certain
nltrogenous compounds on the rate of decay of wood.
~Amer. J. Bot.,23: 635-638.

SCHMITZ, H. and F. KAUFERT.. 1938. Studies ‘in wood decay v
" VIII. The effect of the addition of dextrose and -
asparagine on the rate of decay of Norway pine sapwood
by Lenzites trabea and Lentanus lipideus. Amer., J.
Bot. 25: 443-448. I

1]

SHOPE, P.F. 1931. The Polyporaceae of Colorado Ann. Mo;V 

Bote Gard. 18: 287- 456

SNELL, W.H. 9é2 Studles of certain fungl of economic
1mportance 1n the decay of bulldlng ¢imbers. U.S.D.4.
Bul. 1053. .

SNELL, W.H. 1923a -The occurrence and. 1dent1ty of cotton
mill fungi. Mycologla 15: 153- 165

SNELL, W.H. 1923b .The effect of heat upon the mycelium
of certain structural timber- destroylng fungi w1th1n
wood . Amer J. Bot. 10: 399~ 411

SNELL, W.H., W.G. HUTCHINSON and K. H.N. NEWTON. 1928.

Temperature and moisture relations of Fomes roseus and

Trametes subrosea. Mycologia 20: 276 291.

STATES, J.S." 1969. Some aspects of. bas1dlocarp mor pho-
genesis in Gloeophyllum (Lenzites) oaeplarzum (Wulf.).
Karsten, a xerophytic polypore. Ph.D. che51s, Univ.
of'Albérta, Edmonton, Albertav 174 pp ‘

TEIXEIRAY "AR. 1960, Characterlstlcs of the generative
- hyphae of polypores of North America, with special
refergnce to theé presence or absence of clawp connec-
tions&g Mycologia 52: 30-39. , : S

TEIXEIRA, A.R. 1962. The taxonomy of the Polyporaceae.
: “Biol. Rev. 37: 51-81. . . .

VAN DER WESTHUIZEN, G.C.A. 1963. The cultural characters,
' - structure of the fruit- -body and type of interfertility
of Cerrena unicolor. Can. J. Bot. &41: *1487-1499.

-



AN ’ ' \ '
- \..
WARD, E.W.B. and N. COLOTELO. 1960. The importance’of
‘ ‘ inoculum standardization in nutritional experiments
with fungi. Can. J. Microbiol. 6: 545-356.

WEIR, J.R. 1923.  Fomes roseus (A. and S.) Cooke and
Trametes subrosea nom. movum: Rhodora 25: 214-220.

" WHITE, J.H. 1919. On the biology of Fomes applanatus

' (Pers.) Wallr. Trans. Roy. Can. -Inst. 12: 133-174,

ZELLER, §$.M. 1926. The bfown—pocket heart rot of stone-
: fruit trees caused by T%vametes .subrosea Weir. dJ.

202

Agr. Res. 33: 687-693. . 4 » | S

»
’

ZYCHA, H. and H. KNOPF. 1966. Cultural characteristics
of some fungi which cause red-stdin of Pic¥a abies.
Lloydia 29:?136—145. '



203

—

APPENDICES



204

\ o . , N e e oo™ '
- - T S - .
: 4 % realy ‘@aT3isrtymiuyg - K ‘ SRR
TL6T ‘9T "38ny. | ‘daeg TeFOUTAOIg ®BUTqUWlg - - 30T I3FFU0D . TL-d
N ‘ o .muﬂ< o R o R
TL6T ‘9 *3ny RELF Hchﬂumz puersy 14 ~°  xerdod uadse xW;/W%-m S
. S T "BITV .comwm . | . »..m“ R
T/.6T ‘S LInr. - - aeau mUﬂmaEmo xmmuo JIoM T aanads : L1249 - , .
n S ) ’ :
“ o ‘BITY ,ma_>m3£MMm.mo yanos .o, .,
TL6T ‘¢ AInp- S Fu g ‘peoy Nunijg KAi3soiaog S sutd cz-d
: , “eRTV ‘9T KAemy8TH 3o yinos . :
1.6T ‘G A1nr ¢ ‘peoy xc:uw.huummuom N @oniads v7-4
| L T isaty ‘uospa - 5
"TL6T ‘G LInp .Ieau wuamaﬁmu 9ouBpuUNg . 8orras3yTuod - . €7-9°
v 4 .duﬁ< ‘uospqg . . , . |
T1.6T ¢ AInr ) Aepu a3F7sdue) sourpuUNg - . ..v,mu:uam Z27-4
o ‘ o A ‘e3Ty,‘uospm - . . o .
I.6T “S ATn[ - S ummc.muﬂmaEmu sauepung : o @onads ‘oz-9 -
- . : . .mua< ncOm@m . :
T.L6T ¢ %H:h\Wp , - aesu wUﬁuaEmo oocmmc:m sonxds " o6 1-4
. TL6T ‘0z aunp ‘ “BITY ‘93eT UOSWII)” ‘807 233Tucd Nﬂlm
h . - ‘ . . . . . ; L - B . q,
- 0L6T ¢-3deg . ~ "B3ITV STITH uens poon paTing - g-g
EEER) GOﬂuomeoo - ~ uor3leoo] [eorydeadosn . wnjleilsqng ..oz cbﬂwowﬂaoo \\\
g o 4 mﬂOﬂuumwaao 142pUDLDO mmsom,wo,umﬂq i
- ) B i . . ,, ) Ny - h ~ )
S ‘ . 1 xiQndaav oo - S



205

TL6T

- TL6T

S . TL6T
TL6T
TL6T

TL6T
TL6T

TL61

A =

TL6T

ﬁ_ .
Y61 491

>

TL6T

A

‘42

R/

‘%2

‘vt

‘6T

‘61

‘8T

‘91

*3ny

- 3ny

* 3ny

- 3ny

*3ny

.mpﬁf

*gny

*3ny

o

-3ny

a 5

"BITY ‘®3eT 9ABIS JO .

y3llou jw zg. ‘peoa EOSBQEM

. "BITV
,cog:oe@m.xmwpo@:sxomam

o seary

‘971 AenySTH f1sulog TeAIE)
Jo 31sem Tw ¢ 3o0q-aonadg

w. ey
‘9T %mszwﬂm ‘13uzo) ‘ToAIE)
jo 3sam fw ¢ 30q @aonadg

*BITY .cycnuoucwz

tBITV Lcusmumucwz

"1V .muwcnm.

Ieau 23Fsdwue). IIATY SSWEL

S "BITY
€3Jjouinl BIqUBYTY. JO 3ISBD

Tw ¢ ‘1T hmzﬂwﬁm.cpﬂmuﬂmmsmo

B3IV ‘I9ATY I931BMIBITH
3o yinos Tm ¢ ‘¥ 'L°d

"BITY ‘nospi

. zeau 93rsdue) ys9a1) ITOM

1LY

‘jyied TBIDdUTAOIJ ®BUTqUaJ

*e3TV. ‘°73STymIuUY '

sonaxds

@oonads

.:9onids

2on1ds

wosu%m

aonads

autd.

umaao@
I A .

wOﬁ,umwﬂaoU

sonids

Jmsuam

99T-9 .

o heL-g

ai1ep cOHuumHHoo

v icOHum00ﬂ Hmoﬂﬁmmwwomo

s
o}
\ .

\Eaumpum@sm

.

T TON UOT30OTT0D ‘.&

-



‘206

T1.6T ‘8z '8ny

TL6T ‘L7 *8ny
1.6T ‘Lz *8ny
TL6T ‘L7 *8ny

T/6T ‘Lz ~8ny

TL6T ‘Lz "8ay ~ *0°g -‘uomouoM JO yjliou Tu g

v

TL6T ‘L7 ' 8ny

TL6T ‘LT *8ny

TL6T ‘gz - 3ny,

x

-3

TL6T ‘67 *8nv
T.6T ‘67 '3ny

fr61 ‘67 80y

-

4

TL6T, “Tg “8ny

) ] ..,_ﬁ .,, ) ..U-m
‘19ATY 39ydqig jo 3Ised 1W /

. _Jo.m,.xmmau,
‘'uosmeB(Q ‘JO 3IS8MYylIIOU TUW 7T

&

.

ﬂ.o.m ‘uomouopM JO yjzou Tuw g
‘g Aco3ocoz wo.supoc @ G

*9°g ‘uomouopm JO yiiou wE S

. cocd
. ‘uomouopM JO Yjaou IwW Q7

*5rg ‘ye01)
uosmeq O 3S9myliou Iu gi

S tprgfa9aTy
jaydoxd JO Yyjaou 1w (g

*9°g ‘Aemy8Ty eYSETY

‘a31rsduen ax9ATY OP2TA

*nt¢g ‘uomouopM 3JO

Yy31ou juw QgyT ‘%°91) UTIIeN

04

uoSToON 3104 mo‘ﬂusom.ﬂa oY

BITV ‘9qBT 24BIS JO
Yyiiou fw z¢ ‘peOol EOSEQEM

" 9onads 10Z~9
surd g6T-a
~@onads, 96T-1
807 193Tu00 . G6T-g
v sonids ‘heT1-9.
‘80T 133TU0D €6T-4
saanads 761-4

outd T6T-9 ~
autd . 68T-9
mosuam_ 88T~-4
sonids .Nwﬁlm
sonzds - 98T1-g
sonads ONHrm

b

33®eDp GOHuuuHHoo

- UOT3ED0] (ctotydeadosn

;.\. .

wnjeiisqnsg ‘ON GOﬂuumHHou



<

207

-

ZL6T ‘4 " 3ny

IL6T ‘4% *8ny

gL6T ‘TT LTnr

7L6T ‘g LAInp

ZL6T ‘9 AInr

7L6T ‘9 A1nr

TL6T ‘9 ATInr.

N»aﬂaﬂo;%anh

w .
e

T26T ‘8z '80V

ZL6T ‘9 Anr

“e®3TV ‘21n0903Typ
Yyziou ‘9xe7 uosae)

;muH< €31In0293TYM

} pmu V¥V ‘3InodeiIyM
30 yzaou\‘93eT UOSIED

_ o "BITY
€91 AemydTy ‘a3VIQ) T2AIB)
T30 3sem Tu ¢ goq sonidg

<l e3[y ‘oT7iieiad °pPURID JO
yanos-tw /9 ‘aamoj Kjous

“BITY $31n09331 XYM
30 yjiou ‘@3B uUOS1 9

"EQTY . €3In0093TYM

. Jo yjaou: ‘e UOSIE)
*BITY “21IM0093TYM

Jo yjiod ‘93BT UOSIBY)
"BITY 31n0093TYN

Jo yzaou ‘axeT UOSIE)

- - S “

tellvy ‘3In0233TYpM

Jo {3jaou ‘sxe]T uosie)
. % , ‘.. . s ‘a0 g
‘1aATY 39ydoag 3jo yanos Ju /

S

aonads
aonads

aonads

801 13'7Fuod

\ .
sonads
2onads

.9onads

2onids

n.
i

aonads

v . @onads

29nids

96¢—4

s6¢-4d

7674

162-4

68C-4

88Z-9 .-

98¢-4

ANAR:

93®Bp UOT3IC2110D

-

uoT3ieo0] TeorydeEid09YH

1~

o Esuwuumn:m “ON ﬁoau&mwaou.




. 208

.. \ K | N
/ ‘ . .
.v _, A '
. ./
o
2 N
- , : , TEITV S ety
. ZL6T ‘6 390 ‘uojuouwpy ‘SUFARY DTZUIYDEW @onads gge-9
. ~ *®BITY ‘3In00°3TyM . o
ZL6T ‘% *3ny 30 y3jiou ‘@yeT UOSIEY aoniads 9z¢€~-4

X : . 7 ’ , L ..mu..m< aJHSOUQUﬁﬁz , R - 4 i
.K/// ZL6T ‘Y -Sny .\\\ . Jo yaiou ‘axET uosie) W ' sonids’ cze-g
. mumv.cOHuumaHoo UOT1EBO0T HmuHLQMMwomo 7 wn3jei3sqng uoz.SOﬂmumHHoo.

Y
-



S R AT | - | 209

i . 1

< o
F’) APPENDIX IT

3

Staining Schedule for Decayed .Wood Sections

(modified froﬁ Carfwright, 1929) L
1. . ii”aqueous'safraﬁih i n 30-45 sec
2. Wash in distilled water 4 |
3. Heat gently’over alcohol lamp with®
. ‘picro-aniline blue i o | Z—é min
4, ' Wash‘in'dis@illed'water
.5. . Ethaﬁo1‘sefiés»—_$0%: L e l/Zei min
' R Ty o o ,
857 _ R
987 D
6. Cledf:in clove oil '. , | - ‘ . 2-3 mih
7. Wash‘gwice in xylene
8. Mount in Kieefmount

o

" The wood cells stain red while thé mycgiium stains blue..
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APPENDIX III

Baéal Synthetic Medium‘

. Y : : 2
FA (Jennison, Newcomb, and Henderson, 1955)
- Glucose ’ : S 100 gm
Glutamic .acid . ' : o 800 ﬁﬁ“toﬁal"
' ~ nitrogen.
KH,PO, | . . 6.0 gnm
MgS0, *7H,0 ' ‘ _ : 0.4 gm
\) . - B - )
-~ . . - : :
Thiamine hydrochloride ‘ : 2.5 mg

Trace elements: B, 0.10 mg; Cu, O;Ol ﬁg;vFe, 0.05 mg; R
Mn, OQOl mg;'ﬁo, 0.Q¥ mg; Zn, 0.0?,mg. . ~@‘{

: Distifled water to make 1l liter. .

Init'ial pH 4.2

Modificatioﬁ: (l?.%o‘gmdam;uﬁts of éarbonlgbpfces.
| substituted for éiucogéj_ .
.(2) equivaleﬁt amouﬁt Qf nitrogeﬁ“sourcé as
:L—asparagine'o;‘DL—asparégihe éubstitUted
for glutamié acid. ‘
(3) initial pH after'steriiization 4;7:5.0.
Nobiés' Malt Agaf

-

(Nobles, 1948)

4

”.Difco Bacto malt extract ,:%‘_ o v 12.5 gm
Diféo Bacto-agar - [ _ zo.d“gﬁ '
Distilled water - o o 1000.0 ml

S s

,,,,,



