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? Alberta.?onlogxcal specxes

found to be formed by melanlzed hyphae, from bo h _'fw'. ‘ A

) : A . P . J i ' . ’ t .
~Three biological the North = . - .

American Armxllarxa mellea - Vfoynd in - .
. . \ - = ‘ .
nd a spec:.es A o
‘« VoW

tentatlvely named> the _ Foothllls' type were‘} o il

:1dent1f1ed through sexual matlng studles.'Dlplold

"‘”

‘1solates of dlfferent blologlcal specxes formed

A

black l1nes between’fhelr colonles when palred on

“malt . agar ' neiipm, vIsolates - from the 'same ¢ S

bfologicalJQEECles did not form a black line. Thls'

technique - was used to adetermlne -spec1e:/\\\\;

affiliation of',dlp101d; ieolates,~¢01}ected‘fffom

fdiSeased plant matefial ‘in ‘Aiberta.’ Biological

spec1es I and V and the Foothllls type were found

in the boreal forest. Blologlcal specxes P! ‘and the

L -

| »Foothllls type» -were t’me predomlnant speécies found

by W
in the subalplne forest region, % I '
A ) ) . sy )) : .
The nature of the' black - lxne was

v
1y

-*1nvest1gated by llght mlcroscopy The llne ‘was

1solates, that grew in. between the pseudosclerotla -

of either colony. . =-“fb L0

iv. 'gﬂw
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Nine taxonomic species of the A. mellea

complex from Europe and Australla were grown on

four agar media, (potato dextrose agar,, malt agar,-

carrot agar,

*

wall type. The ninpe spec1es could be leldéﬂ into

two groups on the basrs of rh;z\omorph branchlng.

pattern and pseudosclerot1al wall type. U51ng the
same media as’ abose, Alberta b1010g1ca1 specxes'v
_could be readily distinguished trom~ biological
'species I and the Footnills type usrng rhizomorph
branching-pattern and pseudosclerotial type;
Two-year-old greenhouSe grown seedllngs of
Pinus ‘contorta var. latifolia Engel. were

1noculated with Armillaria mellea ‘sensu strlcto,

"blologlcal specxes I, V,land the Foothllls type.

All spec1es were foudﬁ to be pathogenlc, A. mellea
sensu stricto .and blologxcal species V were. ‘the

most v1rulent. Biclogical .species "I and the

Foothrlls type were similar in v1rulence.

A technique using trembling aspen logs was

used to detect and study - Spec1es of the A. melleax

complex in the 5011 of a lodgepole pine stand. One

hundred and tWenty-onecsharpened aspen logs were
- {

A
\«4;‘-\»“
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pounded into th‘= ground one meter apart in a 10 x
10 m grid. Thirty-one logs shOWea ev1dence of
_colbnizétion» by .the Foothllls“type of the A.

.mellea cbmplex. A map was drawn to show the

4
relatlonshlps Qf colonlzed logs to.-diseased and'

lfealthy trees Vaéi:well as to stumps within tbe
plot. Elght dlstlnctlve patches were found within

the plot. ThlS technlque can be used to determine

the dlstrlbutlon of the pathogen withiFN@ease

.center and may help in epidemiological
: . - 8¢ |
Armillaria root rot. . BN

j . N

vi



S B

ACKNOWLEDGEMENTS
s 4

I am mgst grateful for the help, wisdom,

- ) ' o

~and encouragment of Dr. Yasuyuki - Hiratsuka,

without which I "would not have been able to.

gemplete this goal. I also thank Dr. -Kenneth

i .
Higginbotham and Dr. J.P. Tewari for their advice

and guidance. A very special thanks to Mr. Paul
MarUyama of the Canadian Forestry Service for his

4

expert technical help. .
I W1sh ‘to thank the Alberta Forest Research
Developmentu-Trust Fund and the Natural Sciences ’
and Englneerlng Research - Coqnc1l for financial
suppqrt‘for this project. I would aLso like ;o
acknowledge theﬁ Northern 'Forest Research Centre
and the-staff of the Canadianthrestry Service for
previdrng' facilities, 'equipment and' help for
varioys aspects of the project. |
@ To my father, Drt Lawrence Mallett, I wish
to. give special thanks, for his help; e¢council,
encouragement; ahd"wisdem throudh the © years.

Lastly, I most gratefully thank my wffe Debbie and

»

‘. my son Robert for their love; encoﬁraéement and

unstinting .understanding that made this thesis

possible. |

vii



'TABLE OF CONTENTS

L

Q‘CBAPTER ‘j“ . : \ o PAGE

w'&,w

II.

GENERAL INTRODUCTION ..ﬁ.’f...............l

+

B A. Preface.,.}........{l..{l,ﬁul;...i...l‘

o

» B. Armxllarxa Root Rot.....t..}.f;;Cl...4‘ 

‘ 10 InC1denCé-- . c- e e s e s e e k'.'_::,‘k .\"-4

L,

2. Symptoms and S;gns.»......-,..f9i?\

C. Objectlves of the The51s....}.....-;20

IDENTIFICATION OF. THE. ALBERTA '

ARMILLARIA\MELLEA coupLEx...;;.;,.;,u..;;23
A. Introaﬁctlon ...... f...f....;;.;....,}23
B. Literature-ReView}.i...f ..... caeeess 23

L. Taxonomy and_Nomenclatufé...;23
2. Sexual Mating System......... 30

3. Int:éspecific and Interspecific
Incompatibiiity:.;......;..;.38

4. Culturél‘CharécteristiCS' ..... 43
C.hMateriaisvand'Methods...........f...46
1. Matlng System................46

i) Ba51d10carp collect10n..46

ii) Diploid fsolatibn:.....:46

viii

3. Etlology.,....;;..;;Lf}..xgz;,lQ:

iii) Monospore isolation..... 47



f
iv) Mating tybé'
identificat;on1::.;.....48
v) Somatic sag:egation.....49
vi) Biﬁlogical species
S determiﬁation,........;.52
ﬁ2.'Ihterspecific‘InéOMpatibiliiy.SA‘
i) Iden;ifichtion using
| i;terépgcific
inéompatibility;,..s.,.;54
'ii) Nature of the black
aline.:......;f;.........55‘
3. Cultural Characteristics......55
D. Results and Discussion;.;}......;f..SQ
1. Sexual Mating Systém.;;;,...;.;SQ
I Basidiocarp collection..59
ii) fMatiﬁg”type'
xdentﬂflcatxon..........64
111)JSomatiéase%regatlon.....75'
iv) “Identlflcatlon of-
-blologlcal specxesllnf
",Alberta...,.....;.;:.,.;77
2. Diploid'Interspec1f1c |
| Incompatlblllty................82,
i) Conflrmatlon of the

&

black 11ne phenomenon...82

ix o



ii) Reliability ogufhc black
v line phanomanon...,,.../&t
iii) 61p1c1d isolate
collection....ceceve....84
4 . iv) 1ldentification of the
’Alberta“diplqﬁd
isolateS....coaceecessa.84
Cewv) Nature of the black
line.........;........;.95
3. Cultural Characteristics......102
i) Thallus growth ratio...102

ii) Rhizomorph branching

. : patterns....ccceesceccnn 103
iiiy fseudosclerotial ﬁype,.lOT
iv)‘Identification based
upon cultural
chargcteristics.;......107
E. CONClUSiONS.c.ieuieeracoserocnnnnns ..113

IIT. PATHOGENICITY OF THE ARMILLARIA MELLEA

" COMPLEX IN ALBERTA........cceceocssanssoll5
:

‘A. Introduction....ccoe.-s -....,....,.{ilg

B. Literature RevieW....e.ceoeeeees- «ees115



[3

i

\

¥

C. Matarials and Methods......coesess.118
1. Inoculum'propatntlon.....lia
2. Seedling Growth
Condtt;ohn...............119
3. InoculatioN.cceeveeseesssll?
D. Reaultl.;......?.....:.............121
E. DiSCUSBION..e.veveroceoscacnssonss 128
F. CONClUBLON. .o vecrrarsasosnesssessssalldl
Iv. DETECTION OF ARMILLARIA MERLLEA IN POREST
SOILS...0uuesvecsvcocsasvrasoasarseansesslld2
A. INtroduction..cececeeccecsasacsesassld
B. Literature Review.....e.cecaesssess132
C. Materials and MethodS......coecoees 134
D. Results........,.........ﬂ.........138'
E. DiSCUSSiON..ceceeccerenseasovacosssldd
F. ConclusionN...cceeveccccene e ¥ X
V. GENERAL DISCUSSION AND COHCLUSIORS;.....148
A. Speci;s Concept in the Armillaria
mellea CompleX.....oece.e S X X -

"B. Armillaria Root, Rot in Alberta..&l

C. Suggestions for Puture Studies.....154

Ak
BIBLIOGRAPHY . . cvocvececccnccocs teesones R £
APPENDIX l..c.ceeecons ceesoeen teseceanene ceseass 169
¥ xi



LIST OF TABLES

 TABLE . DESCRIPTION  ~  °  PAGE

l,'lLlst of A; meileQFCOmplex
SpecieéngomparingxthefSinoer and.j'
Watllng Nomenclature Systems....... ...... 27
2., Interfertlllty Relatlonshlps |
-Between North Amerlcan and European

Blologlcal SpeCLes of the A, mellea

. meplex;;%cordlng to.Anderson et al.

<
W
3

‘_(l980)..,.v;.-;.l...........;,{.;.Q..;...
3. Llst of North Amerlcan and European
K A. mellea Bloloalcal Spec1es Hap101d

-

Tester CulturesﬁUsed 1n Thls Study.......53

4 A LlSt of A. mellea Complex Spec1es

Dip101d‘Cultures Obtalned From Otherf

Countrles.......,..;,u..;;,...;;..3.,...;56

o

5.. Ba51dlocarps of the A. mellea Compléx

Collected in Alberta.: ..... Q,..ﬁ.;. ...... 60

’

(6,' Mating Interactlons Between Eleven

Single. Spore Isolates’ From -the

Ba51dlocarp of - 894.....,..,; ..... '.;..;.65

xii A



" TABLE

10

Alberta Ba31dlocarps ..;;E.:....;...Q,GS
Matlng Interactlons Between Elght -«
Slngle Spore Isolates From
Ba51dlocarp c- 895..:....Tfi;{;l..;:?..;sa7l
Matlng Interactlons Between Elght |
Slngle Spore Isolates From i
Ba51dlocarp c- 898..QQJ,,.;-,,,..,...;;...7m'
Matlng Interactlons Between Ten cl
g Slngle Spore Isolates From ;
Bas1dlocarp c- 830 ...... ..e....;...;.,Q};73//
Matlng Interactlons Between Alberta ﬂve Y

1.
12.
13.

l4.

'“Matlng Interactlons Between Somatlc__*/

DESCRIPTION . ~ .PAGE

a

»
K1

~Mat1ng Interactlons Between the Four '

Matlng Type Testers of C—894 and

Slngle Spore Isolates From Other

Blologlcal Spec1es Matlng Type Testers...74

/.,

‘/'

Segregants of c- 621.................:....76t‘

/

‘Mating Interactions Between Somatic’

Segregants of C-827...ueceaiessesssanssseT6
Mating interaotionsiBetween Haploid |

Testers From Alberta and Known Species

of the A. mellea Species Complex.,;.,...;78.

xiii



TABLE -

15.

16.

17.

18.

g

20.

21.

DESCRIPTION | PAGE

Mating Interactions Between Isplates

of C-109, C-620, C-621, and C-827-1

and Haploid Testers of Known ;A.- mellea
Complex Spe01es...;.rl.,....?.. ...... ee..9

Interactions Between Diploid

Isolates of Biological Species

I and V When Grown.on Malt Agar...-.;{;.u83«

a5

‘Host Tree Spec1es ‘of the Three

'Blologlcal Spec1es of the A.. mellea

Geographlc Areas in Alberta Where

Biological Species of the A. mellea

~Complex Found in Alberta... ..... ‘,;.;;..;.88‘

Complex Were Collected,..;..ﬂ;.;;.:..f...90

Summary of Cultural Characteristics

of Nine A. mellea'Complex SpeoieS*‘

Grown on Four Agar MedLa;Q...,...,...,;.lO4

Summary of Cultural Characterlstlcsr

of  the Alberta A. mellea Complex

Species Grown on Four Agar Media........112

Lodgepole Pine»Seedlings Inoculated

" With A. mellea sensu stricto,

Alberta Biological Species'I, V and the

Xiv

 FoOthills TYDE..e.s.n.. e e i 124



LIST OF FIGURES
'FIGURE PAGE
: ‘ , .
1. Fqliaf symptoms of Armillarie , o | B ><{
“root rot(bn'lodgepele‘pine,;;;...L.,.f,..lﬁ
»é; Resinosis.;tlthe reot collé: _:
. "of a lpagepOle'pine‘seedling'infected‘
by a sgeeies of}£he'A. mellea complex.L..ll
3. ‘%A white‘m§gelial fan of an :
} 'A,gﬁellea eemplex speciee....,........1;;13' )
4. A rhizomorph of an A.~melleafcqmplex
| spebfes ...... ..;..;;..,;.;,Q...);..' ..... 13
. 5. "Yellow strlngy rot, (céused-b? awspeciesA
- of the A. mellea complex) of trembllng
; aspen.:.... e teeaeebe e aaees eretiie e 15
B N o :
6. An Armillaria root rot disease center
‘ ~in a 1odgepole pine stand...;........;,;.lsf
; 7. ~Mating 1nteract10ns between testers of 71/
C-‘8‘94.......’..> ......... Ciieeeseceananeas .51/
8. lBaSLdlocarps of C~- 830 produced in the ')- /
| greenhouse....;..;;...;.. ....... .....;...é3
9. Mating interactions of siﬂgle spore
N testers of.C—8§4..,,..;...5Q,s......{....68‘ o o
=
xv‘; n
A ° ¢ o



-~ 10.

11.

120

“

13..

14;

C15

16.

17.

"18.

species of the A. mellea complex were

'A. mellea complex..;.;:fu
B 'rhizomorph’branéhing pattern........

‘rhizomorph:branching'pattern} ...... .

Locations where biological

-collected in Alberta..,,.;.;..Q;u.;..,.€.86

\ ¥
Interspecific incompatibility between

biological species of;theiA. mellea

‘vcomplex;‘i.‘...I.I.'...........'..“......‘.‘....97

Photomicrograph of the black line between

two different biological species of the

: A;,melleaucomplek;....... ..... R ¥
-Bladder—like»éells of‘the‘pséudosclerotial

‘wall of A. ﬁellea complex species........99

BN : .
Melanized,hyphhe\?f the black line

found between tWOfBiblogical species of the

L4

Rhizomorphs‘eghibibingTy;;TT\

. TN

Rhi zomorphs exhibitiﬁg Type'II\J

A. mellea3complex species exhibitidg

Type A pseudosdlerotium....;....}. ..... .109

- A. mellea complex species’éxhibiting

 Type B pseudosclerotium....oeveeeece...2109

3
o

N

Xvi



'EIGURE
19.
20.
}21.-”

22,

23.

a. pseudosclerotlum....................;.109

PAGE .

e

An A. melléh'cgmplex specles laéking'

Lodgepole plne seedllngs inoculated with
A. mellea complex spec1es‘..............123

Trap log in. lodgepole plne regeneratlon 136

,Whlte myce11a1 fan on a trap log........l40

¥

Schematlc diagram of trap log plot l....l43

&

xvii



1. GENERAL INTRODUCTION

A. Preface N B .\' e
-t -‘. A ' B .

In Canada 4,364,000 kmz”or Z4%/of the land

mass is covered by - forests (Bonnor 1982) These

forests support an lnduﬁtry that plays %n 1ntegral

role in the Canadlan ecoriomy . In 1982, the forest
. e

{ndustry contributed 22 billion dollars to the

Canadian .economy; forest products such %&s’ pulp,

¢ : e )
" paper, and wood accounted for 11 billion dollars

in the balance of trade (Anon. 1984). Reed (1981)

called the forests Canada's most valuable natural
resource.
Historically, - Canadian 'foresth-'products

have, for the most part, 'been derived from virgin

or natural forests. Within the forestlindustry“and

the public,- here is a grow1ng realization that

the forests of Canada are being depleted faster

»

than they‘are~be1ng replaced and that there may be

a wood shortage in the future (Anon. 1981). Of the
2,202,050 km2'of productive Canadian forest land,
1,964,730 km2 are stocked with an adequate number

of tnees} |229,520 km? of potentially’ productive



forest land are new unsp%cked,and the productiyity\
of 7,790 km? was undetermined (Bonnor 1982). In
order for.Canada to maintain or increase forest

production, it will be‘i necessary  for forest

resoufces to. 'be more intensively managed. Thus,

-factors which cause understocking and loss, such’
as.flre, insect, and . disease damage w111 have to’
be reduced. | |

;  The Canadlan annual harvest in 1982 was 276
million m3 of wood ‘(Anon. 1984). Accordlng‘ to
3

Whitney et al. (1983), 40. 4 million m~ of wood,

(1977~ -1981 av\rage), is lost aﬁnually in Canadlan
‘forests to disease. Treeg disease losses’ a:e' a
combination of mortality,' growth reduction, and
‘wood destruction. They estimated that ifilosses to
disease'Were reduced by 30%, it would allow the
forest\\industry ‘an additionai 20 million m3 . of
wood  a -§ear for future expansion, and would be
worthaﬂfaaaitional 2.9 Sillion dollars in forest
‘products. In the United States, insects cause more
mqrtaiity than disease, fire, weather"‘andf 6therA

causes, but diseases were responsible for the

. greatest growth impact'(Hepting and Jamison 1958).



Tree dlseases are generally grouped accord-
ing to the plant organ that they affect, examples
being foliage, stem and root dieases. Root
diseases were reported to be respon51ble for 5.1
million m3 of wood belng lost in 1976 (Whitney et

al. 1983), and are second only to stem rusts as

the most .important group of tree diseases in

Canada (Whitney et al. 1982). The pathogenid‘fuﬁgi
responsible for the ma jor root dis&ases in Canada
are: Phellinus weirii | (Mﬁ:r.) Gilbertson,
4laminéted_root-rot), Armillaria mellea (Vahl

Fr.) Kummer, (Armillaria root rot), Heterobasidion

.annosum (Fr.) Bref., (Annosus root rot ), and

Inonotus tomentosus (Fr.) Gilbertson. Armillaria -

root rot and Inonotus tomentosus root rot are

found throughout Canada, laminated root rot is

. found only in British Columbia and Annosus root

rot * is found in eastern Canada and British

<

Columbia. P. weirii, H. annosum, and I. tomentosus

cause losses in 3juvenile and mature stands. A.

mellea causes losses in newlylregenerated -stands
as well as in juvenile and mature stands.

Armillaria root rot is ®ne of the pfinbipal
oot diseases in Canadakend.will‘be the subject of
study in this thesis.



"

B.'Armiliaria Rcot Rot

1, Incidenéev

'Armifgaria root rot has been found
throughout the world on forest, orchard, and shade'
trees as well as ph some horticulturai and field‘
crops (Raabe 1962). In Canada,. lossés‘ due to
Armillaria root rot have been reported for some
coniferous forests. Morrisoh (1981) reported that
mortaIity.‘in'/%ritish Columbia's coastal and
sodlhérn ‘interior forests was 1% and 14%,
fespectively. Near Robb, Alberta, the average
morgality-of_yopng lodgepole pinev(P{Hﬁsvcontorta
var. latifolia Engelm.) in seven 0.5-acre plots
was 15% (Baranyay and Stevenson 1964). In a young
Douglas-fir (fsgudotsuga menziesii (Mirb.) Franco)
Stand in Waterton Lakes National park, 28% of the:
trees were infected and 22% were dead:Jdue to
Afmillaria«root rot (Trip et al 1967). Johnstone
(1981) identified this disease as the major cause.
of mortality in thinned seven-year-old lodgepole
'éine stands in west-central Alberta. Whitney
(1978) found that in 76 sites in northwestern

e

Ontario, A. mellea was present in 42% of the



balsam fir -(Abies balsamea (L.) Mill.), 31% of the
‘black spruce‘(Picea mariana Mill.), and 36% of the
‘white spruce (Picea glauca, (Moench) Qoss)
examined. Some conifefous_ plantations in
New%oundland have had mortality as high'as 32% due
to thié‘disease (Singh 19759Y; thus Armiliari;broot
rot is considered to be the most important tree
disease in that province. In hardwoods, Thomas et
al. (1960) deterﬁined that A. mellea was one of
‘the princip?l deégy—caﬁéing orgaﬁisms of trembling
aspen (Populus tremuloides Michx.) and bélsam
poplar (Pqéulus balsamifera L.) 1in the bofeal
forest of Alberta;  A. mellea was the most
'frequehtly isolated decay lﬁfungus_' from butt
infections of trembling aspen and:the second mogt'
frequently isolated decay fungus from k75u;;
inféctions; of baléam poplar. . However, the
aggregate amount of decéyvin both'épeéies due to
this fu@ﬁds was small. Approximately 50% -of the
‘mature trembling aspen in fhe‘-campground at

e . o
Crimson Lake /Provincialj;Park,l Alberta, were
reported to have been killed' . .or extensively
decayed by A. mellea (Ives et al. .1973). R

1
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In the United\étates, Armillaria root rot

frequently has been reported as an important"

disease of conifers in the western, northwestern

and Great Lakes States. Zeller (1926)° observed

that Armillaria root rot was widespread in the

Pacific Northwest, bparticularily west of’ the

Cascade mountains. Childs and Zeller (1929) found
Armillaria root - rot to be a serious problem in
'orcharda in the Pacific Northwest and determined
that there were two phy31ologlc strains present.

The most prevalent straln was present in SOllS

'v

that = were previously covered hy. Douglas f1r

forests. and did not seem to attack the roots of

deciduous trees. The secondv strain, which did”

attack the roots of. deciduoUs.trees, was found in
501ls that previously had been covered w1th oak
forests. Armlllarla root rot was found by Johnson
(1976) ‘to ‘ be the most common and widely

-distributed root’ disease in. forest plantatidns of

¥

fourteen . national forests in the Pacific

Northwest, west of the Cascade Mountains. Filip

(1977) reportedi_an Arnillaria.‘epiphytotic in a

National forest in. Oregon. In a. 232-hectare.

conifer forest, composed of white fir (Abies

concolor (Gord. & Glend.) Lindl.), shasta red fir

°

0

D
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(Abies magnifica var. lhaléensil A. Murr.,),
incense-cedar (L;bocodxui decurrens Torrx.),
western white pine (Pinus monticola Dougl.),
lodgepole pine, and sugar pine (Pinus lanbertianal
uDoﬁgl.),‘Ar@illaria root rot was found in 7% of
the trees, representing 32% of the volume on the
area.. Lodgepole pine was found to have the highest
incidence of infection, 42% of the infected trees.
In Waﬁhington state, Gregg et al{ (1978) claimed
that the Stn Reéis Paper Comganﬂ had calculated
that 6.5 million board feet bf ﬁiqu; were lost
annualiy.on their land holdings due to Armillar;a
root rot. James e£ al. (1982) found that mortality
centers in the northern Rocky Mountain forests of
Idaho and Montana océupied 30,000 ha of‘preduétive‘
forest. FofA the forests of northern Iaaho "and
Montana,]they.estimated that 0.3 and 0.2’m3/ha/yr
are lost annually, amounting to 2.3 million‘m3/yr
or 40% of the avefagé annual harvest. In
wisconSin, Prénos andu}éﬁtoﬁ (1977) reported that
Armillaria root rot had causea loﬁses of 12, lg,
J',and | 37%% in tf)ree' red pine (Pinus;’” resinosa Ait.)

planﬁations.
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In Kenyau pine'plfntations, trees grown in
the montane rain forest were more trequont{g{
infected and severely affected by Armillaria root
rot than thoae,growlhg in montane coniier forests
(Gibson 1960). An average of 44% of the trees in
three montane rain forest plgntations-and 19% of
treég in three coniferous montane rainforest
pfantatiqns were infeqtgd.

Armillaria roo£ rot is one of the moré
important root rotting diseasgs in Scapdinavi; Aﬁd

"the USSR (Hintikka 1974, Federov and Poleschuk

.
2

1981).

Four species of Armi]}laria, closely related

N N a

to A. mellea, have been found to causé'root rot

Australian eucalypt and cool temperate.‘ra'n
forests (Podger® et al. 1978). Kile ‘(}981)
recognized Armillaria'luteobulbina watling & Kile,
as being the ptimary Cause of decli;e and
mo;tality of trees in central Victoria. Armillaria

root rot was the leading source of mortality five

’yeérs after planting’ in radi;ta pine (Pinus
radiata D. Don) in New zeﬁaa;d (Beveridge 1973).
Shaw and Caldefog//+¥9?47J‘founa that 33% of the
mortality in'twpiyear—old radiata pine plantations

was attributable to Armillaria root rot. Two
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species, Armillaria _novae-zelandiae. (Stevenson)

Boesw1nkel and*‘Armillaria flimonae (StevenSdn)

-

:Boesw1nke1 were found to’ cause 16% nmrtallty‘in<'

radlata pine g w1th1n ' 27’ mpnths of | plantlng

(MacKen21e and Shaw - 1977).

2. Symptoms and‘Signs

> -
Symptoms of Armlllarla root rot vary w1th

the host specxes, but qenerally lnclude foliar -

' diScoloratibn, stunting of growth, re51nosls or

'gum051s of tbe lower stem, and root or bole rot,

'(Flg 1 and 2). The presence of a whlte mycellal'

-~

'fan beneath the bark and brown black rhlzomorphs:

groW1ng on or near the root are dlagnostlc 31gns

.of the dlsease (Flgs. 3'and 4). Trees may die very

”qulckly (w1th1n several months) ‘1n the caSe of

-young seedllngs, or they may ‘"die over a perlod of
several years. Many mature trees are chronlcally
.1nfected w1th the 'fungus and may have only a

\_yellow strlngy rot in the butt or roots (Flg 5).

Cause of ‘death of trees 1nfected by thls fungus

',commonly has been attrlbuted to glrdllng of the

stem whichvkllISithe,camblum and phloem tlssues.
'Dead?and_dying’treeshare often found in patches

known‘as'disease;centers (Fig. 6).



PR

Figure 2.

Figure"l.'Foliar sympﬁéms of~A£millaria root'r6t

s

ﬁon'lodgéﬁple pine.

e

Resinosié-at'ihe¥fdot cbllaf‘of-a
1odgepole plne seedllng 1nfe¢ted by

a spec1es of the A mellea complex
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Figure 5. Yellow stringy rot, (caused by a species
"of the A. mellea complex), of

trgmbliné aspen

s .

Figure 6. An Armilla%ia_root‘rot”diSease_center in

'a,lodge?pie.pine étépd,
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3. Etiology

The incitants of Armi%lafia root' rot,
related species, are basidiomycetes belonging to
the order Agaricales, family Tricholomataceae.

Early myCologisté 'Dbelieved that the brown

‘rhizomorphs growing in the soil from dead trees

-

and the white fan of myéelium under the bark of
these ﬁrées were produced by th‘separate&fungi,
Rhizomorpha subterannea Persoon and Rhizomorpha
subcor;icalis Pérsoon. Hartig (1874) established

that these fungi were the vegetatiVe'stfuctures of

'Agaricus mellea Fr. and were responsible for

v

infection through wounds; Zellef (;926) found that
infections of apple and prune rdbts could occur
througﬁ woundé, contact beﬁween diseased“énd
healthy roots, and. at the point wherev 1ateral
roots éemerged from the main roots. Thomas (1934)

showed that rhizomorphs could penetrate roots

© directly through intact periderm. Hq_observed that

penetratién was by mechanical force as well as by
chemical means.-Once a rhizomorph had successfully
pénetfated the cérky £igsue it quickly branched
into flat white rh};omorphs. These ’Thizomorphs

)

- Armillaria mellea kVahl: Fr.) Kummer ‘and closely .

16
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‘
@

grew in the perlderm and cambial tlssues. ‘Thomas

(1934) observed that death of cells frequently~

occurred we11 in_advance of the hyphae, and thus

_ concluded that .the fungus produced. enzymes and/or
s
tox1ns. Successful 1nva51on does not always lead

to death of the host, the fungus often causes a'

_butt rot~fw1th\‘ho apparent follar symptoms in
mature trees. o ' :

A. mellea can spread by ‘rhizomorphs growing

through the soil from food bases, such as diseased

K

trees or'stumps or, less frequently, by rqot to

root contact (Redfern -1970). Basidiospores are not.

thought ‘to play an impdrtant role in the spread of
the fungus (Rishbeth 1970). Rate of spread .of
Armiliaria root rot _disease “centers - has been
determlned by several workers. Rishbeth kl968l
calculated that the ,yearly rate of spread of a
disease center in a Douglas—flr stand was 1.1 m.
Shaw and Roth (19767 determined that the average

rate of radial growth Eo>f a disease center in a

ponderosa pine (Pinus ponderosa Dougl.) stand was

one meter per year. The authors concluded that
this particular' clone of A. mellea had been

growing vegetatively for at least 460 years.

17



The statas of Armillaria mellea as an im-

. portant pathogen has been a source of considerable

controversy Many reports have cited the fungus as ’

/ﬂ
being a secondary pathogen that attacks trees

which ‘have been stressed in some way (Day :1928,

1929, Cooley 1943, Peace 1962, Gremmen 1976). A

varlety of env1ronmental factors which can

/*.”predlspose »theyihost “to infection have been

suggested.'Suppressed trees or those'exposed to

redoced-{light intensity have been found to be

quite 'susceptibie‘ to infection by the fungus
(Redfern "1978). Other workers have. found that
- factors such’ as drought, waterlogging, insect and

herbicide defollatlon, frost, poor 5011 condltlons

and unfavorable" s1tes < ean predlspose trees to’

)

attack (Biraghi 1949, Huntly- et al. 1961, Ono

1965, Staly 1965, Ritter and Pontor 1969, Wargo

1972). However, several studies have foﬁnd the

-

fungus to be a primary ‘pathogen capable of killing .

" healthy trees (Gibson 1960, Filip 1977, Shaw ett

al. 1976, Kile 1981). Shaw' and Roth - (1978)

suggested that damage'is probably determined by a‘

combination of faotdrs includino host

susceptibility, stand structure .and composition,

9

environment,  fungal - strain, ‘and inoculum

characteristics. : : o

18



In recent years, ‘sever'a‘l other s_pecies of
Armil],aria, capamblev”of causing ‘ther disease, have
been id'entivvfiedu (Mackenzie and ‘Shaw 19_}_/; Podger
et al. 1978, ,‘\'Korhonen 1978, vRishbefh- 1982,. Kile
_and Watling 1983). These species .are seemirigly
closely related and are often referred to as the

Arm1llana mellea complex . (Watllng et ala. 1982)

In addltlon, blologldal spec1es or 1nterster111ty‘ ,

@

groups, (no spec1es h'ave been morghologlcally

1dent1f1ed) belonglng to the the A. mellea complexb

.have been found “in Ngrth America (Anderson_and

. Ullrich 1979). Different species of the A. mellea’

", complex may vary in their ability to attack and

‘kill di'fﬁoef,ent_tree species. | e

9

<
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c. Objectives of the Thesis

With the advent of intensively managed for:
est plantations in Canada, the need to control
loeses from damaging agents has become more
1mportant. Root diseases have been 1dent1f1ed as a
nfa jor problem affectlng many Canadlan forests.
There can be no doubt of the significant impact

L4

that Armillaria root rot has on Yyoung conifer
‘ ]

plantations, 'particularly pine, in the world's
forests. In Alberta, Armillaria root rot is one of
the principal, diseases of lodgepole pine.
Althoughxkrmillaria root rot has been stud-
.ied to some extent, keowledge eoncerning disease

processes, host-parasite . interactions, epi—

~

demloloqy, and control, s llmlted This is due 1n

9

part to the controversy concernlng Armlllarla s

ablllty to act as a parasite and to tbe diff-

'\

_ 1cult1es assoc1ated w1th studylng the dlsease.

9

Wlth the recent findings that there are several

species of Armillaria capable of causxng
Armillaria root rot, = the controversy over

pathogenicity may be solve?. However, these

findings dictate that much'\Ef the literature .

concerning A. mellea will have to be re-evalﬁated,
as no distinctions were made between different

. species or biological species. . : .

o

20



'H~:Alberta, little is known about the
Armillaria mellea cémplex other than that it is
associated with mortality and‘decay in lddgepolg
pine and Douglas-fir stands and vthat it “éauses

butt rot in trembling aspen and balsam poplar.

Before meaningful studies into the - management and "

control of Armillaria root rot cafl be accomplished
it 1is imﬁerative.to first know whiéh biological
species of the 'A. mellea complex aré fognd in
Alberta and Qhere they are located. This will
facilitate development of techniques allowing

rapid identificatioA of ‘eacﬁ biological species

and the . determination of  their relative

'pathogenicity towards,important-tree species.

N
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The objectives of this study were:

1)

2)

3)

TN

To identify the biological species of
of the Armillaria mellea complex in’
Alberta, to determ"e the approximate

ranges of the biélogical-species and

to develop & quick and reliable means

of identifying them.

To determine. the virulence of each
biological species towards -lodgepole
pine.

To develop a - method of detecting
Armillaria mellea complex members in

forest. soils.



o~

II IDENTIFICATION OF THE ALBERTA’

. ARMILLARIA MELLEA COMPLEX

'A. Introduction ‘ N S o\

The purposes of thlS study were to (i)

1dent1fy the nembers of the A. mellea complex in

'Alberte,;(ll) determ;ne thelr approxxmate,range,'

(iii) develop -a~ Qu%bk;-and reliable means'fto

identify them.
~B. Literature Review

" 1. Taxonomy .and gomenclature

world and has.. been shown to be 1nc1ted by several

| specxes hof:4'the ‘so~called - Armillaria mellea

v

complex. The genus Armlllarla and the spec1es that

cause Armlllarla root rot, . have been a source of -

taxonomic4and‘nomencleturaI‘instability.
According to Watling et al. (1982), John Ray
(17040 was the first botanist to recognize ‘and

describe an Armillaria sp.. Micheli, in 1729,
. N > v | . .

illustrated'the'fungus in,ﬁovqe Plantarum Generum

23" e

ﬂ;i' Armillaria'root rot is found throughout the

e e e



and both Bolton (1789, 1791) and’ Buillard (1780)
had studied it (Watling et al. 1982). Vahl (1790),

in Flora Danlca, first"deSCribed ‘and  named

Agarrcus melleus. Fries (1821) placed A. melleus,

as well as twelve other Agarlcus spec1es, in the‘

trlbe Armillaria. Staude (1857) “ralsed Fries's

trmbe Armlllarlav to generlc level (Donk 1949,
1962). He did not make ‘the . comblnatlon Armlllarlaf

mellea; hOwever; Kummer3(187l) and Quelet (1872).

PR

Armillariella ana placed,three species‘into it,
1ncludlng Armlllarla merlea.

a1

authorltles have been used by mycloglsts and for—

mellearKVahi-: FTieS) Kummer, Armillaria mellea

(Vahl': tFries)=Quelet,'and Armlllarrella mellea

'(Vahl': Fries)’KarSt,,Slnger (1975) rejected the

genus Armlllarla, in the Friesian senSe,‘because

he con51dered the genus to be very artlflcal. In-

hls oplnlon many spec1es Whlch did not f1t into

ex1st1ng genera were 1umped together 1n the genusa

Armxllarla. Slnger (1955. a) did not - accept

“Staude's genus Armillaria, ror that Kummer £1871)

UF
had raised Armillaria from Fries's trlbe to a

did. =~ Karsten (1881) tuerected the genus

- Two dlfferent Spec1f1c eplthets and : three

est pathologists ' for thlS fungus,'.Armlllarla

I'v ] 2:‘4‘ _( ‘ ‘.

-

a3
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. genus.ﬂ He 1qstead contended that Kummer (1871)

‘ created hlS ‘own genus Armlllarla (Slnger 1955 b)

,and that A. melleus was not the tﬂpe species for
‘the'genus Armlllarla. Singer (1940) separated*the
genus;,Armillaria,‘into ‘nine> genera:' Armillaria
. sensugstricto, Trdcholoﬁa,vCalocfbe,
| Arﬁillariella; ' Melanoleuca4 Leucocortinérius,
Pleurotus, Cathelasma, ‘and dudemansiella, lOnly«l
""Armlllarla subcallgata Smlth & Rec. endvAruilletia
luteov1rens (A. & S.,}'F ,)VGiilet'Qere left in
this . genus These two soecies -~ are entlrely
‘unrelated to the present day concept of the A
_ mellea complex. | » |
U . Watllng et al. (1982) argued”that Staude‘s“
| descrlptlon had all ‘the ‘requirements for valid
:publlcatronvand so, cited Staude as-the authority
”QEfor the genusuhrmillaria. They rejected Slnger s .
notiohfthethummer (1871) set up’ hlS own genus,
statlng that there was valld proof @hat Kummer dld
vfollow Fries (1821) “when he elevated Armlllarla to
a genus Thus, they credited Kummer as the authorf’
'Wlty for Armlllarla melﬁgi Watllng et al. (l982)
collected ba51d10carps from the area in whrch Vahl
441790)“orgglnally collected the fungus he called )

A melleus,h and found that the Specimens ‘agreed

g



with the descrlptlon given by Vahl Since no type

spec1men of A. mellea collected by’ Fries (1821)

was in existance, and since the ‘specimens

collected by the authors were in agreement with

L

“the ‘descrlptlons glven by Vahl, Watllng et al.

,(1982) suggested that one- of these. spec1mens could o

k‘be- used as a neotype for the genus.1 Singer's

(1940) dasmemberment of ' the genus Arm111ar1a 1nﬂp

|
the Fr1e51an sense, was undoubtably necessary but
because of the; now establlshed prlorlty of.

~

Armlllarla mellea, changes will haveéto’bewmade.

The species which Slnger plaCed in the genus

2

Armillariella® clearly belong in  the .genusf

Armillaria. Therefore, he genus Armlllarla in the
.8inger sense, w1ll have to “be transferred to. a

"“different genus . Table l lists Arm r1a spec1es

in the Watllng and Slnger nomenclatorlal systems.>

A modern taxonomlc approach to descrlblng
J

‘members of-the genus’Armlllarla closely related toﬁv

A. mellea was initiated by Singer,(wsé) when he

described several South Amerlcan spe01es. Singer

(1956) was one of the first mycologlsts to allude

to the Armlllarla mellea complex. Although he des=-

Crihed ‘A mellea' in-,Europe, Asra, and North*

America as being extremely polymorphic, he re-

26
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cognized that there were several distinct®species

.- similar "to A. mellea. He also recognized that

there were two groups of species within the genus,
 spec;es ‘that were annulate and ﬁhose_ that were
exannulate, (Table l); Subsequently, workers haYe
found other specieg; of Armillaria .capable<tof
causing. Arﬁiiiaria'tréot rot. MacKepzie and Shaw
(1977) ‘founa' that A.  limonea and  A.
novae-zelandiae attacked P. radiata. A.
luteobubalina caused ‘rdot frof in Aust;alian
Eucalyptus reghans F. Mueli. plantations ‘(Podger

et al. 1978). Kile and Watling (1983) ‘described

two other species capaﬂle of = causing root rot,

ArmiliariaAhinnulea«Kiie & Watling, and Armillaria

cf

fumosa Kile & Watling. These authors stated that

the color of the pileus, stipe and lamellae as

[\
well as the annulus structure and viscidity were

the ohly characters that were differenty.getweén
the‘ Austfalian species. VMicromorphological  §har—
acters such as gpore size and hymenophoral trama
structure were of liﬁtle use in distinguishing

these species and this,; according to the authors,

seemed to be a similar observation for other

‘~Armil1aria‘ species found - elsewhere. Korhonen

(1978) found five species of Armillaria in
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mellea and concluded that the vegetatlve hyphae

Finland. He considered two of the species to be

predominantly saprophytie' and ‘the‘ others to be
pathogenic. In ?[itain, Rishbeth (1982) collected
five species f Armillaria. A. mellea and

rmfllaria ostoyae (Romag.) Herink were highly

virulent; Armillaria'fhulbosa (Barla) Kile &

- _
Watling caused a butt rot in stressed broad-leaved
trbtes. Armillaria tabescens (Scop. ex Fr.) Em%l

was not considered to be pathogenic, and the flfth

species, called Armillaria sp. B., was found only

- once.

IS

2. Sexual Mating System

[

Kniep (l9ll) studied the mycelium of A.

o

were unlnucleate. He also. observed. that the ba-

o'

sidia could - arise dlrectly from the vegetatlve

mycellum, but thls observatlon has not 51nce been .

confirmed, Hlntlkka (1973) observed that 51ngle'

spore isolates of: A. mellea, when grown on agar

3

medla, had a fluffy aerlal mycelium, whereas the .

colonles that resulted from tlssue taken from the

stipe of the basidiocarp, rhlzomorphs, or 1nfested

wood, were flat and crusty. Clamp connectiohs were

!
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‘not found in eitherA type of colony. Hintikka"

‘}'(19.73') found that hyphal tips from both types of
eoionies were"uninucleate; This evidence, and the
lack of clamp conhections in- the vegetative my -
cellum, suggested that the vegetative mycellum was
diploid. Hlntlkka "and Korhonen (1974) found a
transient dikaryotic phase afteri two compatible
single spore ‘isolates .were paifed and plasmo@amy
had takenwplace. This"was foliowed by nuclear fu-
sion, which they interpreted as diploidization.
Tommerup and Broadbent (1975) examined the cells
of rhlzomorphs, stlpes, andecaps. They found that

most of the cells were uninucleate except for the

cells in young gill' folds of the baSLdlocarp

primordia, }which were dikaryotic¢ and had clamo '

_connections. The ceells from which gill folds or-—
ulglnated contalned five to ten nuclei. In mature

ba51d1a, nucle1 fuse and underwent meiosis, with

each of the.daughter nuclei migrating into one of

the four basidiospofes. The nuclei in the basidio-

'spores divided -mitotically once more: and one’

daughteryunucleus migrated from the basidiospore

“back into. the basidium.
Peabody et al (1978), Franklih et al.

(1983), “and Peabody and Peabody (1984) conflrmed
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by measuring the nuclegr DNA content,- that the
vegetative hyphae, of A. mellea were diploid and
that the hyphae orignating?from basidiospores were
haploid. Further evidence for the vegetative’state
being diploid came from pairing auxotrophic single
spore isolates, which bgcame prqtotrophic if com-

patible mating types were paired (Ullrich and

Anderson 1978, Anderson and Ullrich 1979, A
and Ullrich 1982). Anderson (1982), usipg'similar
technigues, found that A. tabescens a exhibited

vegetative diploidy.

From experimental evidence it would apbea;'

- that members of the A. mellea complex have an ab- '

errant nuclear cycle relative to those of mény

lerson .

)

homobasidiomycetes. The vegetative state is dip-

loid rather than d&ikaryotic. There are, however,
reports that‘suggest that other fungi also have a
diploid life cycle (Caten and bay 1977). Yeasts
and the Myxom?cetes are’ thought to have a pro-
_longed diploid life cycle and there is increasing

evidence that this is true for the Oomycetes as

@

well (Caten and Day 1977). The Armillaria mellea °

complex seems to be anomalous in that there are

two diploidizations.and twoadeaiploidizations in

one life cycle. The first dediploidization occurs
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. in‘the_subhymeniél cells, the two dikaryoﬁic nu-
clei movéfiglp the basidium where they fuse again.
The second dediploidization occurs in the basidium
during meiosis. The reason for the first step is

unknown and would seem, when compared to gameto-

genesis in other organisms, to becunneccessary. A

further,complication,in the understanding of the

nuclear cyéle was shown by Korhonen (1980), who

was able to produce basidiocarps of A. ostoyae in

culture and compared ‘them to those produced in
nature. He found that the basidiécarpé produced in
the 1laboratory did not- éfoduce' the, dikaryotic
clamped subhymenial cells but did undérgornormpl
meiosis and produced viable basidibspofes. How-—
ever, A. ostoyae - basidiocarps Qroduced in nature

did have dikaryotic clamped'subhymenial cells.,

Hintikka (1973) discovered that when single

spore isolates from one:A. ‘mellea basidiocarp were

paired, the results of certaimn pairings were flat
crustose . colonies. These  colonies resembled
colénies made from the stipes; of basidiocarps,

rhizomorphs and infested wood. By pairing the

single spore isolates in every possible com=-

bination, he showed that the fungus had a tetra-

polar mating system. 1In other homobasidiomycetes

@

A‘[.‘:
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ithat exhibit heterothallism, compatible m@ting is

recognized by examining the mycelia of paired cul-

tures for clamp connections. Since KA. mellea's "

vegetative mycelium does not have clamp con-
nections, Hintikka used celony morphqlogY: flﬁffy
vs. erdsty, as the c;itefionl'for compatibility.
Ullrich and Anderson (1978) studied single spore
prégény from éz basidiocarps and coﬁfirmed that a
tetrapo;araméﬁing,syétem did ekist in A. mellea.
Tﬁéy also demonstrated that multiple alleles exis-
ted for both loci and when the "testers" (mating
- type genotypés) from each ofxtne'27 basidtocarps

were paired, six intersterile groups, which they

" termed biological species, were found. Con-

curreﬁtly, _Korhonen (1978) in Finland. confirmed

Hintikka's (1973) findings. Korhonen used single
‘spore ‘isolates ‘frqm approximately 430 basidio-
carps, ihcluding#some from two distinct species,
A, méllea sensu strictojand;A, bulbosa. He found
that there were five  intersterile biological

species in his collection. '

3
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Anderson and Ullrich (1979) haye"sub-
sequently found that ten bioiogical species of the
A. mellea cohplex exist in Nowxth Ameri;a.'These
biological~species had a wide geographical rénge
and were often foﬁnd in close proximity to each
other. No studies into taxonomic species. af-
fiiiation have Yet_béen done. Korhonen (1978) de-’
monstréted that species shown to be. biological
species could also be recognized as taxonoﬁio:
species since A. mellea ‘sensu stricto -and A.
bulbosa -were  intersterile. Guillaumin and
Berthelay (1981) found that at least four of the
European biological épeciés occurréd in France.
Theyyobservea, ho&éver, that the taxoqpmic species
A. obscura, and A. polymyces were interfertile
with A. ostoyae and so, are probably variants of
A. ogtoyae. Marxmuller (1982) found the five
European species in Germany- and France and named
dehonen'g "A. sp;v A as Afmillarfa boréalis
Marxmuller;Korhonen; She too . recognized that A.
ostoyaé and 4A. obscura were closely related.
Anéérson et al. (1980) paired North American bio—

logical species‘witﬂ-European species of the A.

mellea éomplex. They found thatlcertain European 

. . . - [
species were, in some cases, partially or
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completely interfertile with some North American

biological species, (Table 2). The taxonomic re-

lationships of the North American biological

species still remains unclear because morpho-

logical studies have yet to be done. For this

reason, the system which Anderson and’ Ullrich
(1979) used to designate North American biological
species shall be used to identify the Alberta iso-

lates of the A. mellea complex in this thesis.

Anderson (1983) was able to induce somaelc\

segregation in diploid mycelia of A. mellegﬁgthe‘

Y
mechanism of which is poorly understood. Somatic

segregation w

produced by growing prototrOpthh
qulates of N:f,‘,American piological speé?;sal,
;- 'f-tingptype and’nutritionai locin
on benomyl apmended mait medium. Segregancs were
recognlzed by a fluffy colony appearance and by

£he auxotrophlc nature of the colony when grown on

media deficient in certain nutrlents. When palred

with a single spore isolate of‘aoﬁrobriate mating
type, coioniesa wito\ crusty morphdlogy vere
produced. Anderson and Yacoob “(1984) subSequengly
has shown that somatlc segregation can occur in

o

other Neprth American biological species as’ well.
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TABLE 2.. ,,Interfertlllty Relatxonshlps
Between North Amencan and European
.Blolpglcalepeples of the A. mellea ,
Complex According to Anderson et al. >
(1980). :
B
3 ! i
TR SR | | 2
North Americar Specie European Species
I " C = Armillaria ostoyae
Ix
\ :
- IIL -
v B
A 3 |
\\» v ’] :I
. . /‘ »' L o .
VI D = A. mellea’
o vIx E = A. bulbésa
VIII @ .
IX . - ; i
X B S
A = A, borealis": . .e._;~ ﬁ

)
A. o bscura

1 Anderson and Ullr1ch (1979)
2 Korhonen (1978)
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Efforts to study the nuclear cycle 1n A,

mellea have been hampered by the 1nab111ty of

3

workers ‘to produce ba51dlocarps in vitro on ‘a

’rellable basisu- However, basmdlocarps ‘have been

- produced in the laboratory for some rspec1es‘ of

)

Armillaria, such as A. ostoyae (Korhdnen 1980)1 A.'

©

" novae-zelandiae (Shaw et al. 1981) and \the

Austraiﬁan Armrllarla spec1es (Kile. and Watl%ng

1983)..Rykowsk;»fl974) and Raabe (1984) have also.

been able to produce baSidiooarps of A. mellea in

‘the laboratory;

zones", “demarCation " zone",

"barrage®, "aversion phenomenon”,

¢

»

3. Intraspecific and Interspecific Incompatibility

G

The phenomenon of incompatibility between

and dlfferent stralns of the 'same spec1es of

"f%ungus has been observed frequently but - is Stlll

poorlyQXunderstood. ‘The " reaction that occurs

betWeen two . opposing ‘mycelia has been teérmed

*y L

~"black line" and

"zone lineS". Rayner and Todd (1979) rev1ewed this
suéject ' in’ relatlon to the populatlon 7qand‘.

communlty structure of fung1 in decaying. wood.kIti

"interaction

e
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thalli.

" was their contention that zone lines, the narrow

i

"black lines that are found in transverse, radial,

and tanéential sections of decayed wood , represent

the 1nterfaces between dlfferent fungal colonies.

There are. two types of zone llnes. The flrst type
was ”described. by Campbell and "Munson (1936) as
belng the pseudosclerotlal wall,‘a'fungal tissue
made up of tightly packed bladder-llke ‘cells that

‘afe melanized. The@second type according to Rayner

© and Todd (1979) is a zone of discolored_uhdecayed

L

_wood that- lies between the confronting fungal

&

v

Intraspecific incompatibility has been

‘recognized in the Ascomycetes ‘and some of the

O

Basidiomycetes. Croft "and Jinks (1977) found that .

in wild-type isolates‘/of Aspergillus nidulans -

Eidam,‘ there ex15ted heterokaryon c%gpatlblllty

groups. Members’ of the .same compatlblllty group;

could readlly &orm heterokaryons with each other

‘but. not glth 1solates from the other groups. The
compatlblllty groups weme not found to have any

,,éf geographxc‘%hstrlbutlon and often’were

ot o &", - ' ' .
»f&ung{,lh the same area. Endothia parasitica

(Murr.) A. & ‘As has also beeuu found to have

compatibility group5u(hnagnostakis 19771;;In the

39



Basidiomycetes,“intraépecific incompatibility has
been reported for many‘sbecies. Parmeter etkal.
(1969) grouped isblétes 0f. Thanatephofous~
cucumeris (Frank) Donk into ‘én§stom§sis groupg.‘
Mycelia of isolatéé belonging . to the same .
anastomosis group readilf anéstémosed; whereas no

anaétomosig ;ng place between isolates - of
LA TR : T
R a.'k', L

different “;M«:, ‘ ?unja and Grogan (1983) found
: Sa e :
- antagonism zones formed between various 1isolates
of Athelia rolfsii (Curzi) Tu & Kimbr. The authors
found ‘that they could .gésién isolates to 25
interaction groups. Fomes pinicola (Swartz) Cke.,
- Phellings‘trémulaé (Eond,) Bond. et Boriss., Fomes
cajanderi Karst., -Phaeolus schweinitzii (Fr.)
Pat ., Phellinus weirii, Qorioigs-versicqlor (L.:

Fr.) Quel., Bjerkandera) adusta (Fr.) Karst.,

40

Stereum hirsutum (Willdi: Fr.) S.F. Gray, and

Oudemansiella radicata (Relhan : Fr.) have -all

been,ﬁemonsfﬁéted to have intraspecific
incgmpatibility (Mounce 1929, Verrall 1937, Childs
1963, Adams and Roth 1967, Barrett aﬁd ﬁscﬁplic
’l§7i,v‘Raynér_ and Podd 1979). Todd and Rayner
11960) regarded intraspecific iﬁqpmpatibiiity aé a
" mechanism ‘to maintain individualiém ‘within a

natural population.. The mechanism was assumed to



my

‘pseudosclerotlum, or the pseudosclerotial plat

was described by Lopez-Real (1975) .

L

£ 4
, b

‘be under heterogenic - control and operated

lndependently of the homogenlc system regulatlng

AN

.sexual compatlblllty. The phy51ologlcal mechanisms

underlying- intraspecific incompatibility are not

well understood. Barrett and Uscuplic (1971) and

Rayner and Todd (1979) have observed that hyphae
at the confronting margin often died or became
distorted thus ' giving rise to a zone of

incompatibility.

Interspecific incompatibility has also been:

reeognized by the formation of zone lines in wood

and by incompatibility zones in aggr media. Hartig

(1874) was the.ﬁirsgfto study the zone lines of A.

mellea. - Campbell (1933, 1934) and Campbell and o

Munson (1936) h@Wed that these zone' llnes weke
part of the pseudosclerotlum, a fun?al tlssue that

envelops the wood or substrate. ﬂ&% formation of la

s

Adams (1974) demonstrated, on the bas15 of

pure culture tests, that clones of A. mellea could
be recogn1zed by what he thouqht was 1ntraspec1f1¢

1ncompat1b;11ty. He recognlzed 1ncompat1b111ty by

the formation of a black line between two colonies

paired on agar media.. Clones were recognized by

‘Z’{,
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the colonies growing into one another and by the
absence of black lines. Korhonen (1978) showed
that the black 1line phenomenon'occurred between
different species of ' Armillaria rather' than

"clones, and therefore indicates interspecific

lncompatlblllty When different lsolates of A. sp.'

A were paired{” a zone of ‘demarcation w1thout
pigment developed. If the same clone was paired

the colonles grew 1nto onhe ehother.f Rishbeth

(1982) reported 1dent1cal results with A. mellea,

. A. bulbosa, A. ostoyae,,A. tabescens, and A. sp.
B. Kile (1983) also had similar results when
'1nvest1gat1ng clonal dlstrlbutlon of A.
luteobuballna in Australian eucalypt forests. A
pigmented 2zone was also noted to occur between
paired single spore 1solates of dlfferent North
American biological species of A. mellea (UlYlrich

and Anderson 1978).t

Hood and Morrison "(1984) could distinguish

different species of the A. mellea complex by
inoculating wood pieces. Black lines were formed

in the wood pi%oes that were _inoculated with

different species.

~—~p
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Although theé black line phenomenon has been
reported by several researchers worklng w1th
Armillaria spec1es( the nature of the black llne

has never been adequately 1nvest1gated

3. Cultural Characteristics

. The use of cultural characteristiC{ in the

~

idehtificatioh and taxonomy of higher
baSid{cmycetes. is - not common. Davidson et al.
(1938) and Nohles (1948, 1964, 1971) have provided
schemes for  the identification of the

\

UAphylophorales.‘ and ~ other wood inhabiting
hYInermornyf:ef;es : kaasead upon Ctrlttlral
characteristics. Miller (1971) has‘provided some
characters for the identification of the Agarics

wheén they are grown in culture.

Brefeld (1877) was one of the first

researchers to- grow' A. mellea in pure culture.

Since then many workers have studied the

physiology of A. ‘mellea grown in culture (Reitsma
/1932, Hamada 1949, Bentdd and Ehrlich 1941, Bliss
1941, Raabe 1953, Snider 1959). Benton and Ehrlich
. (1941) reported on the varlatlon in several

isolates of A. mellea and, found that they dlffered
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in appearance and rhizomorph production. Gibson

(1961) studied morphoiogical variation in 140

Q@

. isolates of A. mellea ‘from several continents. He

1o

found that he could group isolates according to

‘mycelial type, rhizomorph morphology, and vigor of

growth. He recognized four mycelial types and, four
rhizomorph  types. Raabe . (1967a) studied 84
isolates of A. mellea isolated from plants and 84

single- sﬁoré" isolates ~collected from one

basidiocarp. He concluded"that there was wide

- variation in cultural ' characteristics among the

isolates from different plants as well as the
single spore isolates. Unfortunately, at the time

these studies were conducted the "differences

‘between the haploid and diploid isolates were not

recognized.

Ly

Shaw,etf%i;qkl981) could readily distinguish

.
LT

A. novae-zelandiae and .A. limonea~iﬁ culture, by

mycelial and rhizomorph characteristics. Kile and'

Watling (1983) founé that isolates of A. hinnulea
and.A.'novae—ielandiae'were recognizably different
from A. fumosa and A. luteobubalina on the basis
of _mycelial and rhizomorph morphology. Morrison
(1982) groupedjisolatés of the A. mellea complex

according to rhizomqrph .branching patterns.

:‘«% )
. G
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Certain isolates produced \rhizomorphs with a
monopodial’ tyée of igrowth' (Type , I); others
produced &hizomorphs with. regular dichotomous
branchigg"(Types ITIA and IIB). Guillaumin Land
Berthelay (1981) found that A. sp. B and A.
bulbosa had chindrical_rhizomorphs when grown in
culture, whefeasz A. mellea and A. ostoyae had
ribbon shaped rhizomogphs. Rishbeth (1982) found
thath. mellea, A. bulbosa, A. ostoyée, and A.

* tabescens isolates all had significantlycdifferent

growth rates when grown on 3% malt agar at 30°c.

&

45



i
.-

C. Materials and Methods
1. Mating System
i) Basidiocarp collection

Ba31d10carps ‘were collected in the fall of

,1982,J 1983, and 1984 from various locatlons in

Alberta.‘The basidiocarps'were dried in paper bags

using a drying cabinet operated at 60°C. Specimens

were retained at Edmonton, Alberta in the Northern

' Forest Research Centre Mycological Herbarium.
% e :

ii) Diploid isolation

Were'ccl}ected by two methods. The first was' by
plating‘tiSSUe from the stipes of the collected
basidiocerps onto acidified malt extract egar
(AMA), (3% malt extract (Difco), 1.8% agar, 1 ml/1

25% lactlc acid). The second method, was by

1solat1ng the fungus from diseased trees, whlch

were identlfled by typlcal foliar symptoms and the
presence of a mycelial fan underneath the bark -in

the root ‘collar reglon. Pieces of wood and bark

Diploid isolates of the A. mellea complex
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tissue were cut from the tree, or if the tree was
small the entire plant was pulled from the ground.
Specimens were wrapped in paper and brought back
to the laboratbry swhe:e they were kept frozen
until used. Isolations were mad; from the infected
tlssue by cuttlng small pieces of wood (%%4 mm)
that contalned mycella and placing them on AMA.

Petri plates were incubated in the dark .at 20 °c
and examined _every two days. 'Pieces of agar

containing hyphae ‘that grew from the wood were

transferred to fresh ’3% AMA ., Isolates were

identified as belohging to the A. mellea complex

if pseudosclerotia and/or rhizomorphs typical of

the A. mellea complex developed aftef several

~weeks of incubation. Isolates. identified as

belonging to the A. mellea complex were entered

"into the Northern Forest Research Centre Fungal

Cuture Collection, (Appendix 1). o

#

iii) Monospore isolation

Ba51dlocarps collected in the field were
brought back to the laboratory whexb pieces of the
gill~ tissue ‘were removed from the pileus and

suspendéd over l.6% water agar in Petri plates for

47
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three hours. The bottom of the Petri Piate was
rotated slightly evéry 20 minutes. The gill tissue

was then removed and the Petri plates were

incubated in the dark for two to three days. The

Petri plates were examined under the stereoscope

for germinating basidiospores. Germ tubes and.

hyphae from the isolated basidiospores were cut

. ' )
out of the agar using the tip of a sterite
hypodermic needle 'and transferred to 1.25% MA

! \
(1.25% malt extract (Difco), 1.5% agar) (Anderson

and Ullrich 1982). Petri plates were sealed with

masking tape and incubated in the dark at 20°C for

-

seven days-.

iv) Mating type identification

v

Cubes of agar (approximately 1 mm3

) were cut
from the margins of aétively‘grdwing cultures of
single spore isolates. The’ cubes from_différent
isolates were paired, 5 mm apart, on 1.2b% MA.
Three unique pqirings were-madé per Petri plate.
The Petri plafes were sealed and incubated in the
dark at 20°C.for 30 days. Cultures were examined

every 10 days for evidence of compatibility.

Compatible pairings 'were recognized by a flatr

s
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‘nylon mesh uSLng vacuum flltratlon. One ml of'the‘f

49

crustose colony, (Fig. 7). Incompatiblé pairings
were recognized by the fluff§ coioniél morphology
of at ' least one of the .isolates '(Fig._ 7). A
genotypic designation was érbitrarily.assigned to
each of the isolates in’ the‘ four maging type

’

groups.

v) Somatic segregation b'
T
- The »somatic\ segregation technique of
. : ok
Anderson (1982) was attempted on diploid isolates

of C-62171

and C-827. Isolates were grown on 1.25%
MA ammended with’éénzimidazole‘(ﬁenoMyl), 25 pg/l,
for 30 days at: 20°c. ' For each 1isolate, five
colonies wereh maéerétéd Jfor two minutes in a

Warlng blendor w1th 800 ml of sterlle dlstllled

water. The macerate was filtered through a. lO jam

"'\'

water and’ 0. 1 ml was
surface of l 25% MA. One hundred Petrl plateé‘ (*

inoculated with each 1solate.

. 5«
1 Northern Forest Research Fung%g o SR L
Culture Collection  isolate number%ﬁ;}'% R




Figure 7. Mating interactions between testers
of C-894. A compatible mating is
recognized by a crusty colony
morphology, A. An incompatible mating is
.,  recognized by a fluffy colony

»morphologY' B.
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fay

3/

i

20°C;‘Colonies that . had .a fluffy morphology were

transferred to 1.25% MA. Tester typing was then

attempted for the somatfc s is in the same
manner as for the single sporpy &lates.

PSR
vi).Biological species determination

%

Testers from each of the blologlcal species
A

and putatlve hap101ds from the somatic. segregatlon.

'
experlment were palred w1th elght of the known

North Bmerican bﬂologlcal species (prov1ded by Dr. -

Aﬁ

J. B. Anderson° Department of Botany, Unlver81ty

1
of Toronto)ané the biologibal species found in

\‘J +

British Columbﬁa (provided by Dr. D..J. Morrison,*

~Pacific Foresg/ﬂﬁesearcﬁ Centre; Victoria, British,

!

Columbia) The isolates were also paired With

N

51ngle spore testers of A. obscura, A. borealls,
and A. sp. /from Europe and Scand1nav1a (prov1ded

by K. Korho en,\Finnrsh.Forest Research Instltute,

;Helsinki, /inland),.(Table_3). The isolates were

N

examined ior evidence of compatibility after 30

-

} .
days of incubation.

B
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‘"TABLE 3. ‘Llst of North ﬁmerlcan and European
A. mellea Blologlégﬁ Spec1es Hap101d
Tester Cultures Used in This Study.
a1
culture - date legation biologioal

- collection ' ) species
C-864 03/09/77 ‘Finland A. borealis
C-865. 19/09/77 Finland A. borealis
C-868 05/09/74 ‘Finland A. sp. B
C-869 28/08/77 W. Germany A. sp. B\
C-872 22/09/77  Finland A. obscura
Cc-873 27/10/74 Finland A. obscura
C-940 unknown Vermont I
c-941 unknown ' Vermont I
C-942 unknown - Vermont I
C-943 unknown unknown IT
C-944 unknown Vermont I1I
C-945 unknown Verpont 1T
C-946 . * unknown Vermont I1X
C-947. unknown Vermont 11T
€-948 - unknown ‘Vermont 111

" C-949 . unknown New York | \'
C-950 unknown New York -V
C-951. unknown i&Massachusetts . \'As
C-952 unknown ”Massachusetts ~ VI
C-953 - ,unknown Masé usetts VI -

. C-954 7" Unknown . Mich? ©VIIX
c-955 ™°  unknown Mlchxgan R VII
C-956 unknown Vermont. & . VITI -
Cc-957 unknown Idaho Lo IX
C-958 unknown British Columbla IX
C-959; unknown British Columbla IX
C-960 unknown Idaho © - X
C-961 unknown Idaho -~ X
C—QG? unknown Idaho , : ' X

-7 , :

| } ‘ ; ' . -
isolates C-864 - C-873 obtained from K. Korhonen -

~isolates C-940 - C-962 obtained from J.B Apderson



rzs

e
2. Interspecific Incompatibility

Ay
A

i)_Iaentrfication using igterapecifie
incompatibility |
D1p101d 1solates of the A. mellea complex
were grown on 3% MA, (3% malt extract (leco) and
A.5% agar) -and malt dextrose peptone agar (MDPA),
(3% malt extract “(Difco), 2% dextrose, 0.5%
peptone, 'and 1.5% aéar), at 20°C‘ for 14 days.

Cubes of agar, approximately 1 mm3,in'size, were

cut from the actively grdwbng margins of'colonies

and paired w1th cubes ‘of agar from other isolates,

5 mm<‘apart. "Three repllcatlons of each palrlng

were‘done’per Petri plate on each ‘medium. Plates

(wereVSealed with masking tape and incubated in the

dark at ZQOCT Observations were made every  two

days after"vihoculan:ion for 30 days.

Incompatibility Qas recognized by a black Liﬂeh

that formed in the agar at the confronting marglns

of the +two colonles. Compatlble. reactlons Were,-"

recognized by the absence of the black line at’ the'j{

confronting margins. K

A
PN

I}n
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11) Nature of the black llne

The nature of the black line was inves-

'tlgated by carefully cuttlng out small pleces of

¥

agar . containing the.black line andhmountlng them

‘in lactophenolaon glass‘hdcroslides. The black

line was then observed under the 1igﬁt microscope.
L ] |
\\ /
3. Cultural Characteristics
, g

oy

ﬁu

A oy ‘
~. i@é%Nlne known species of the ‘A. mellea complexv.

v

w8re obtained, (Table ‘4).’ Isolates of these

species 'were grown Qn. the _following four"agar

media: v , ' S

‘a.) potats" dextrose agar (PDA)
b.) malt agar (MA) )

c.) malt dextrose peptone agar (MPDA)

'd.) carrot agar (CA)

a;)‘PDA was made by dissolving 39 g of PDA

(BBL) in one 1 of deionized glass distilled water .

AL

and autoclav1ng for 20 mlnutes at 121°c.

b.) MA was made by dlssolv1ng 30 g of malt

extract (leco) and 17 g agar in one 1 of

: delonlzed glass dlstllled water and autoclav1ng

for 20 mlnutes at 121 C.

o 0%
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TABLE 4.

PN -

A List of A. mellea Complex Species

Diploid Cultures Obtained~Fr3m

Other Countries.

cultdre

date

location

species
collecti&n
Cc-734 - unknown Britain A. bulbosa
C-735 unknown Britain A. bulbosa
C-736 unknown Britain A. mellea
C-737 unknown .- Britain A. mellea
| c-738 unknown - Britain A. ostoyae
c-739 unknowﬁ ‘Britain A. ostoyae
C-860 25/04/77  Australia A. fumosa
c-861 04/77 Australia  A. luteobubalina
C-863 14/04/77 BAustralia A. novae-zelandiae
C--866c 05/09/79 Nofway ~A. borealis
c-867 27/09/80  Finland A. borealis
c-870 29/09/79  Norway- A. sp. B
c-871 123/10/717 Finlanﬁ A. sp. B
C-874 09/74 Finland A. obscura
c-875 unknown Sweden .A;‘obécura

isolates C-734 - C-739 obtained from D.J. Morrison
isolates C-860 - C-863 obtained from G.A. Kile
isolates C-866 - C-875 obtained from K. Korhongis

o
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c.) ‘MDPA was made by dissolving 30 g malt

ext:agts(Difco), 20 g Dextrose, 5 g peptone, and
17 g agar in one 1 of deionized glass distilled
watﬁ%&ﬁnd autoclav1ng for 20 minutes at 121°c.

d ) Ca: was made by grlndlng 300 g of washed

carrots in) 400 ml of delonlzed glass distilled

-

water in a Waring blender for 45 seconds. The
ground carrot slurry was autoclaved for 20 minutes
at 1210Cu In a second flask, 16 g agar was added

to 300 ml of deionized glass distilled water; the

agar and the ground carrots were autoclaved for 20
minutesvat'l2loc;‘ |

.h " The four media were dispensed into plastic
Petri plates (100 x 15 mm), approximately 25 ml
per Petri plate. |

All isolates were grown on the four types of

media in the dark at 20°C for 14 days. A cube of.

agar 1 mm> in size was cut from the margin of the

colony and placed at the centen‘of'a Petri plate.

Inoculum uSed to 1noculate PDA, MA, MDPA, and caA

. was taken from colonies grown on the correspondlng

4 .
medla. Ten repllcatlons per isolate weré made for

each agar medium. All Petri plates were sealed

'wiéh nmsklng tape and incubated in’ the dark at

20°C for 21 dﬁ;ﬁ Obser‘vatlons and measurements-

57




(.uszere then made on*hallus growth ratio (the ratio
of length of Azomorphs' produced to ‘colony

diameter), rhizomorph branching pattern, and

~

pseudosclerotial type.

-
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. D. Results and Discussion
1. Sexual Mating System

i) Basidiocarp collection
Basidiocarps of the A. mellea complex were
collected from nine locations in Alberta. Most of

the bYasidiocarps were collected in the Boreal

forest region (Table 5). One basidiocarp was

collected in the sub-alpine forest of the Canadian
L]

ZRocky Mountains. No basidiocarps were collecteﬁ

from the eastern slopes of the Rocky Mountalns

The reason for so few‘ba51d10carps being found is

uncertain, but’ may relate to the environmental

conditions necessary ﬁpr ~fruiting initiation.

Ginns (personal communication) has observed that

basidiocarp production in eastern Canada may
follow a cYclic pattern. Whether these 'cycles
-folloQ a ciimatic pattern is unknown. Mycophagists
1n Alberta collect basidiocarps of the A. mellea
complex from late August to early' October. They
have often observed that basidiocarps are found in

"abundance if there has been a "wet! summ%; and a

warm "wet" fall. There is, however no ex_’e

evidence to support these observatlons.gﬁ

s
& 3
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TABLE 5. Basidiocarps of the A. mellea~'\
’ Complex Collected in Alberta,

culturel CFB #< date  location host

collection . N

c-808 21325 - 09/82 Hasse Lake Populus tremuloides
21333 09/82  Devon P. tremuloides

—_— 21337 _09/8§ Devon Conifer stump
21363 09/82 Windfall Pinus contorta

c-758 21378 08/82 Maligne lake Salix sp.

— 21379 ~09/82 . Blue Ridge Ground

. c-878 21415. 09/83 Devon Betula papyrifera
. c-892° - 21416~ 09/83. Devon 'B. papyrifera

| - 21417 © 09/83 '~ Devon B. papyrifera.

C-889 . 21418 09/83 Fox Creek  B. papyrifera

c-890 21419 09/83 Fox Creek = 'B. papyrifera

c-830" 21422 09/84 Edmonton P. tremuloides

Cc-859 ~21423 09/84 Edmonton P. tremuloides .

c-927 21424 09/84 Saint Albert ground

C-BSi . 09/83 Fox Creek B. papyrifera

C-893 ——— . 09/83 . Basse Lake Populus balsamifera

c-894 —_  09/83 Hasse Lake P. balsamifera

C-895 — 09/83 Edmonton ground‘

C-896 _— 09/83  Edmonton P. tremuloides

c-897 ° — 09/83 Edmonton B. papyrifera

c-898 ———— 09/83 Windfall P. contorta

c-833 __ 09/84 Blue Ridge P. tremuloides

1.:;Northern Forest Research Centré Fungal Culture Collection

5. Northern Forest Research Centre Mycological Herbarium
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Sixteen of the basidioéarps collected Qerq
found on stumps or trees of, trembling aspen,
balsam poplar, and paper ‘birch; two were found on
the ground 1in trembling~a$pen,foresté. Three of
the basidiocarps were found associated with
coniferé, two with lodgepole piné and the third on

the stump aof an unknown conifer. All of the
>basidiocarps found assogiated with hardwoods were
on mesic t6 moist sites and those aSSbciatea with

the conifers were found on well-drained or dry

sites. _

Isolates C-830 and C-859 produced basidio-.
cérps in the greenhouse on lodgepole pine seed-
lings inoculated with- fungquinfested trembling
aspen branches, }(Fig. 8). The basidiocarps were
produced Septémbef‘ 14 to October 1, 1984, five
months after the branch 'segments had been infested.
Basidiocarps of C-830 were found in seven of
fifteen pots. Basidiocarps of C-859 were found in
four of fifteén pots. None of the other five
isolates used 1in the pathogenicity experiment
produced basidiocarps in the greenhouse.

s
-
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/
Figure 8. Basidiocarps of C-830 produced in the

greenhouse.
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The -stimulus £or 'trigdering frhiting in

Cc-830 and C—859 is unknown, but st be dlfferent

than the,astlmull necessary for trlggerlng the

other 1solates used in the experlment ‘Shaw et al.:

[

(1981) were able to produce basidiocarps of A.
noJ?e—zelandiae but. not A. limoneJ by growing the
fungus in flasks on agar medla ammended with
sodium pentachloraphenol and lncubatlng ‘in full
light at 20-23°C. Kile and Watling (1983) produced

ba51d10carps of A. novae—zelandxae, A; hxnnulea,

and A. luteobubalina in culture but could not
‘produce bas;dlocarps of A. fumosa by their method.
equaabe (1984) studied the day- -time and night-time

'fté%peratufes that oc¢curred two weeks prior to the

ffhltlng of an unidentified spec1es of the A.
mellea complex. He grew cultures of thlS specxes

at the same day- tlme and n ght -time temperatures

~and found that basidlocarps were produced.

!
i}) Mating type identification

A v

single spore isolates .of C-894 were paired

in every pbésible combination ‘to identify mating
.typgs, (Table 6). The tetrapolar mating system was

- confirmed for this isolate. Compatibie matings

3
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.TABL216. ' - Mating. Interact1ons Between Eleven

 Slngle Spore Isolates From ‘the

Bn31dlocarp ‘of C-894.-'

 Isolate/ 05 15 14 03 08 12 .10 09 07 02 0l

16 = = - 4+ ===

14 - = - "+ 4+ ¥ = = = -

03+ v +_ _ . _ = SN

-+
!
1
|

08+ o+ o+ - = = -

B R R

@

10 —"’4' - }44 I TR T T

B T S T T

02 - - = |- = = % = = - -

0.1,,',: - | - ".; S - ,‘_,’v + = - i

_ colony on agar medlum.

a

recognlzed by the fornatxon of a flat crustose type

~:,;colony on agar medxun; A muhus K-);represents an

"incom atlble matx g, recognlzed by a fluffy type of
| P P9

/ -
s .

. : A

T ‘

)

~
- k’
4
.3 .
" ..
4 IS
1
. |
} T $
0 '_
g - \
! s o
! o

‘e

A "plus"‘(+)‘?:feptesents'- #H rEompatible' {mafing,uA'

[l
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. . could be recognized after 20 days .of -incubation.

1

T

However , 30 of days ihcubation was necessary so

that the compatlble reaction ‘was not confused with

a hemlzygous paJ.rJ.ng, (Fig. 9) \Compatlble matings.

' resulted in a flat crusty type of colony that was.

melanlzed Incompat1b1e mat:.ngs resulted in elther
both colonles belng fluffy or one fluffy ‘colony

and the other being crusty. Y
&

. .
'as51gned matlng type genotypes according to their,

-

Ya

matmq reaction. One 1solate\'from each genotype
‘was selected as, a "tester These tester isolates

were palred with one sxngle spore 1solate from the

other oasuhocarps collected. ThlS experlment in- -

- .
The 31ngle spore 1solates of ‘g894,"here;;‘_-

@ - Vo
. h‘ ' o&’ - i’:;. S
9 Vo M ' ‘*‘i‘?’

dicated whlch ba51d10carps were of the same blo-f

i -1 s o

lo%cas'l specé.es &f. C= 894. The r;sults are sho\\g in

Table 7. Five Ef the sxngle spore 1solates tested

were the same blologlcal spec1es,~- as C-894. Fou'r

of - the xsolates,k c-891, C-892, c—ess, and C-897

i

" produced crusty col‘onles in all of the matlngs,. v

SR . . . . : 5

v

which- suggestS‘that there are mu1t1ple alleles forj

the matlng type loc1 in- thls specxes.v Isolate
C-893 produced only one compatlble colony and 80
must ha,ve the. same matlng type alleles for. both
loc:. ‘as C 894. ThlS 1s ,not surprismg sinc'e;5 the

e
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TABLE 7. Mating Interactions Between the Four
‘Mating Type Testers of C-894 and
Single Spore 'Isolates‘ From Other
: Alberya Basidiocarps.

Isolate/ - 894-09 894-10 894-12 894-14
830-32 - - -
896-02 . + e +jﬂ“ + +

‘ ‘ ' . ’ O 4

| 892 06 ;‘;‘i +’ - .+ A | 4,

891-04 . + + 1
ES rr?} R a

G
+
\

893-13 ST -

895-11 iD-. " - U N |
“ I ' ;’ Lt ‘ . '“ o % ' . LA ‘ . o
898-03 - I - SO

- - < " :
' ' N tu o | %'&;
' . ‘ “* ' - b"j f.
B ’ .‘ .v ‘ ' : " . . - ‘ . .
A plus (+) represents a compatible mating, 7 2
'recogni‘:ed, by‘ 'the formation ‘of a flat crustose | g
'c!olony on ‘agar medium. A mimus (-) 7'represen’ts” an @
incompatxble matls; recognized by a fluffy colonyl N
.on ‘agar medium., N
|
o ~ e
E +
TN 4 ‘ .




'basmlocarps of - both c-894 and C-893 were found
»

’ w1th1n a few feet of each other. Isolates c-830,

c-859, C- 895, and C-898 were 1ncompat1b1e in all}

of the matlngs, indicating that they were

W

dlfferent blologlcal spec1es than C-894.

Slngle éspore Lsolates from each of C- 830,

I

C- 895,,and C-898 were paired with smgle spore

isolates‘ from their own basid¥qcag in every
Lo SR 4

] . A . . . .‘.‘...J ¥
possible combination, to , 1CGEEEERIN: &g types.

“The %:esults ~are shown. ‘in ,‘ | s 9,‘ am&lo

quly@athreé RO [pes ,coul\q dentlfled for

B

"made. Four. {

and C-898.

C-_-8’30 “altho v51ngle spore isolatlons were v

A

testers were qelected from C -830

' and four testers from both C-895 and C-898.

The testers from C- 830, "c-894, C-895, and

'

;C-898 were paired in ev’_posable combznatlon to

onf:.rm that C-894 waﬁf 3 different blologlcal

-

specxes than thﬁg others,_ and to determz'\e if
c-830, C-895, and C-898 were the same or dlfferent

blologxcal specxes. The results are shown in Table

1 Ie

11. C—894 was confxrmed to be a dlfferent blo— ’

log:.cal spec1es than C-830, C-895, and C-898, and

.these th@ge hamd_\carps were found to be‘ the same

’bslogi;c'al species.’
L . " Y .

» .

'_i
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TABLE 8. - Mating Interactions Between Eight

Single Sporégé'lsolateémv‘Frdm;’

Basidiocarp C-895."

.. T e
LI
Isolate/ 02 07 06 11 03 05 09 10. °

‘” 02 - - - - *r = =

/01 - -— - +’ -‘ - -
06 - - = =+ == =
- - - - -+ o -

» ) | 03+ "+ +;\G} - - -‘r-'. -

| 09 - - - oY - -

" T P

& -

9 . A plus (+) represents a'coin_patiblé mating, -

flat . crustose colony .on agar

recognized by A.t’tki'fe fox;inz‘a_t‘iqi_;:]of_»fthé' of a -

.
@,

“ 'iledium.'f,.A\ U

~ " minus (=) f,repr‘eéehts, an \iniéﬁ;ﬁq-tivhl;e
| o RENEE" AR

. mating, 'ﬁr;lefcogyn‘;i.zed by a fluffy colony on

agar medium. P
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TABLE 9.  Mating Interaction& Between Eight
Single Sbor_e Isolates From

Basjdiocarp -C-898.

W
Y

.Isolates/ o1 09 10 o06 02 04 08 03

% r - +." T +, - - - -

09 + - - - ===

1o, 4+ - = o= = L= -

06 + - = w = = = -

02¢ - - = %

s - - -C - 4 o+ - -

03 - . .

. N o
1 .

'Ac;"f;ldus_ (+).‘A're'presents a compa«tible

_mat.i.ri_g,' recogni zed by the for-thiqp “‘of a

minus . (-) represents an ‘inqompatiblle

' . . . .
.04 T aa o BTy

‘flat crustose colony on agar medium. A -

mating, recognized by a fluffy colony on

-

" ‘agar medium.

“

s
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TABLE 10. Mating Interactions Between Ten
Single Spore Isolates From:
Basidiocarp C-830.
i ’ ‘Isolate/ 11 29 31. 32 33 34 24 28 16 20
11 - - - - - - - - + -
L e I N
L O :
31 - - - - - - - - + -
tow .
o 320 - - - - - - - - +
o ) ‘}(&?&“%%’; 340" - - - - - - - - + -
] 'f f ks ‘- Lo 1\:»-‘”}(3' e ’
. | - 28 - - - - - - - - 4 -
A . -
“‘.f’! 28 ‘ +
| 16 4+ +  +  + o+ o+ + o+ = -
. B - '
ﬁ; : : = 20 - - - - - = h = = =

-~

A/p&as (+) répresents a compatible mating,:

-

»

'df. colony

on - agar

»

_°[tec6§nizedxby the'fbtmption of a flat crustose

‘medium. A  minus  (-)

>

fythbtéggﬁgs‘in incompatible maiing, regogniied by"

a flﬁfff colony mbiphology.
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TABLE 1l1l. Mating Interactions Between Alberta
Biological Species Miting Type

- Testers.
c-894 c-895 c-898 c-830
09 10 12 14 02 03 05.10 01 02 08 09 11 16 ZQ‘
c-894 o
0 o b o s e e m e = m e ===
10 + = = = = = = = = = = = = = =
12 = = 4 = = = = =" =" = = = == = =
14 - - + = H- - = = = - = = -
c-895 - "
02 - = - =0 = + - - T e
03 - - - - + - - - + + + + %+ o+
05 = = = - = = = + + FoE v+ o+
10 - - - = "= = + = o+ + O+ o+ o+ + 4
C-898 - o I ;:““ ' » o
01 - ~ = = + + #+.+ - = - + + & +#
02 - - 'f»?47;1+f'f;'+ T R S
08 = - < = +. 4+ 4+ % - + - = + +
. 1o B L I L IR T T At S
c-830. - . ’
1 - fij-’i-_ + + + + @ - 4 -
16 - - - - 4+ 4 s + ¥+ + + - -
20 - - = = + + + R

— h

. compatible reaction. (=) = incémp&tible reaction

P

. ) -
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iii) Somatic segregation
}

No basidiocarps were. collected fkom the
foothills or eastern slépés.' It was therefore
impossible‘to determineibiological‘species on the
basis of mating single spore isolates. Anderson's
(1983) ?technique of somatic segregation was -
attempted so thaﬁ somatically segregéted haploid - J
iso{atesréduld be madewff6m diploid isolaﬁes~am“_ J

used to'deﬁermine”biOIOQiéal'sp%F}esAéffiliaﬁioq;
e %%. 'Four':of4<f&9$y C-GZl  somafic ‘segregant-'colqnies

~

initially selected, maintained a fluffy colony.

~
S,

morphology over reﬁeated subculturing. These four

. colonies were  paired in possible
-t combination, (Table 12). Four/‘ c segregaﬁti'

colonies o% C-827 -wg?e’ found to maintain the

A -
® g

‘fluffy célonyumorphology and;these were pa;redw}n-wmmmg;y o
every possiblé, combination, (Table 135. When
isélétes from\ bbth C-621 énd C-827 were paired
Qith‘North Aﬁezicah biological species testers, no .

a

compatable matings occurred. . | .
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rABLE‘lz. - Mating Interactions Between Somatigc -

~

 Segregants of C-621. e

Isolate/ 19 17 11 08
H

19 -+ - -
. , 3 4
17 . + '-K-> T - C -
. . : : , ®
11 - - - -
08 - - - i -

A plus (+) represents a compatible
mating. A mipus (-) représents an
incompatible mating.

TABLE 13.  Mating Interactions Between Somatic
w”v o . \
. Segregants of C-827. \

\ 2
at . . \

Isolate/ 01 . 05 06 10|

o1 - - - -
3 o5 - - - -
. A |
10 - - - -

L

A plus represents a compatible
mating. A mipus (-) represents. an

'\ #ncompatible mating. !walﬁ _,MJ —




L

‘formed diploid colonies with North Ameriﬁ&n

iv) Identification of biological species in

Alberta

Representative biological species testers
from Alberta were paired with the testers of eightial
North American biological species, A. tgbesoon%:

A, borealis;‘A. sp. B and.A. obscura. The result

"are shown in Table 14; The testers from Cjﬂntf ‘

ot

_biological species V. The testers—’frga/ c-830,

c-895, and C-898 formed diploid colonies with

North American blologlcal spec1es I When.ﬁaired

:w1th North American testers from Brltlsh Columbla,L"

'~‘¢‘C-894 formed diploids‘w1th blolqglcal spec1es v,

" and the other Alberta, isolates -formed diploids

- with blologxcal Spec1es I

Dlplold isolates C-109 and C- 620, when grown,

- on autoclaved(branch stems produced ‘a fluffy type

~

oft colony similar to the colonles of 51ngle spore

.

isolates. When grown on agar a fluffy,colony was

formed The mechanlsm for the origin of these type

of colonles is unknown. These two 1solates were'

palred Wlth the North Amerlcan and = European

'spec1es, : (Table 15) . //No compatible matings“.

occurred. Somatlc segregant colonles C-621- 17 and,
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TABLE 14. Mating Interactions Between: Baplodd
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‘Species Armillaria mellea
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L\C 827 -1 and

Rl

were\parred w1th/the North Amefican specxes and
T i
the' European specxes.

No, compatbee pairlngs.
,oocurred, (Table 15)._\ . ,jf “:<§“jiopiﬁ" ’.
- . From these matlng stud:.es ltcéin bé‘"cioﬁ-'

v'cluded /fhat two ublologlcal spec1es‘ deflnltely
ex1st _¢in _ Albeﬂii\:" North

1oglcal spec1es I

Washlngton, ‘ BlOlO'I
specxes V was found only 1n New Yorh, but Kas su
sequently BIltlSh Columbla
(Morrlson personal communlcatlon). Anderson et al.

(1980) observed that North Amerlcan

_pspecies

I was partlally 1nterfert11e w1th European
blologlcal spec1es C,

: 1f1ed as A.

blologlcal spec1es were also found at thlS tlme to

and X

sexual matlng studles.

= A

Amerlcan blologlcal
spec1es I. and V.p;\th{rd blologlcal spec1es may

~J
ex1st but thlS has not been conclu51vely proven by
) &

: ‘\;‘;‘_ o e
Anderson' and Ullrlch (19793"'fbund»ibio—
in Brltlsh Columbla, Ontario}"’

New” York, and Vermont.

e

also been found

in

blologlcal

whlch has TIOW been 1dent—
ostoyae.

Several other North Amerlcan

( l,fVI = "‘ A'_.

be partlally 1nterfert11e Wlth European blologlcal
species, (A

mellea, VII = A.
.. Sp-. B).

e
bulbosa, VIII

&he flufﬁy 1solates of C 109 and C -620

80
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L . The behavior of the ..,fmffy isolates of
.];i4§ VA,"f C -109,  C- 620,1 somatlc' segregants C—621 LJ iand“
o R - C- 827 -1 suggestJ%hat two other blologlcal spec1es~.

‘ may EXlSt 1n Alberta. c- 109 and C 620 are llkely

: the' same blologlcal spec1es as segregants"fromf
C 621 and C- 827. Diploid 1ncompat1b111ty(/tests‘“
1nd1cated that all these 1solates were the same.ih

© Bll, of these 1solates come from the same generalh

B

f’S_ locatlon ‘near’ Hlnton, Alberta. ThlS may'*account S
N L ¢ ~‘ . ’,»..

for /thei 1nfert111ty between -all four " of the';

&

haplo;d 1solates; 51nce they all may. share common'
N "‘; matlng type alleles. Another explanatlon may be ,jrﬂl
that the somatlc segregants age mutants and are
Tunable to.form d1p01d colonles Whether thlS group "
~ S
is truly ‘dlstln\t from the other b101001cal“" |
spa01es wﬂllrremaln unknown untll the ba31dlocarpsit“’
hare found ThlS group has tehtatlvely been namedt

' h‘y R ﬁu'rthe FOOthlllS type. ' @3'

4




2. Qiploid;lnterspecific Incompatibility

g 1

:spec1es of the A. mellea complex.

e B { e

R

)

I .

\’>

. To conflrm that the black llne phenomenon

;could be used to dlStlngUlSh dlfferent blologlcal

of “thej known Alberta blologlcal('specles ’were s

[ %

"rpalred.. Isolates of b101091ca1 spec1es v when

‘always produced a black 11ne 1n the agar'%etween

"

xbthe two polonles, (Table 16) Isolates of the same |

[

d_spec1es, when palred, never produced a black llne.

_‘loglcal specres were created by palrlng compatlble

51ngle spore lsolates. These d1p101d colonles were

k-palred 1n every p0551ble comblnatlon. Black llnes

| developed in the agar between dlfferent blologlcal

: ' v',;.t’.‘ g,_'.ﬂ
SpeCleS. e B R L o o

These results are s\kilar to those obtained

by Korhonen (1978) and Rlshbeth (19’32)' for known

e

4'spec1es of the A. mellea complex, dlplold 1solatestﬂ

'?’1) Conflrmatlon of the black 11ne phenomenon (”u
L L M” "*"anfp ’

Ty

-

lppalred w1th 1solates of b1010g1cal spec1es »i\\ﬂ
\' .

A f/D1p101d 1solates of the other North Amerlcan blo—i.f

S

!

T -



TABLE'.LG ;nteractxons B»etween Dlploid

Isolates of Blolog;cal Species‘ I_wwmi«j*»\’“-ﬂ
A

and‘ v When G;own on Malt Agar.

‘('

-

Bimﬂglcal Specxes V 3101091¢a1 Species I

c-aya c-891 . c-as4 C—830 C-895 c-ssa ';l;ff;4e+

" L A., plfu's_::“ "si-g‘,i; +) Lndlzltes a black lrne formed o
o between the";tﬁc_i' colom\es j_nd represents‘:_nf

1ncompat1b1e reactlon. A m:l.ﬁus s:.gn ( ) 1nd1cates;"'

S / ﬁ"a" compatlble ) reactlon' o black hne | formedf' -

p

V‘between,h the-c__o.lonles. R \




‘;Z"lilWAEliabllitf'of'thegblaok!lihefbhenohenoh5

f:“ t" RellaLllxty of the black llne phenomenon was :

tested byApalrlng blologlcal species‘\*(c 878)“

'v and bxological specxes I- (C 859) thlrty ﬂlmes; The '

i

_bIack llnermaS/found 1n 93% of the pairrngs, and

e
) occurred 1n at 1east one of - the three palrlngs per

~

Petr1 plate.v Lo

iii) Diploid iSlaté collection
Slxty elght d1ploxd 1solates were collected

J [

"from 36 locatlons 1n Alberta, (Pig. lO).iIsolates,

thexr hosts, locatlons and dates of collectlon are

= - . S

'glven in Appendlx l."
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1v) Identlflcatlon of Alberta d1p101d 1solates

“

Ry .
. e

From sexual matlng studles two Alberta blo—
loglcal spedles were known to ex1st“ blplolds of'»

. - o theseh_two; blologrcal_ speg;es, ould be dls—
SR ; —_— S s | | .
o 'tlngu1§ﬁ§&\b¥\the black line phenomeqon, "and s6
;'f ; :« representatlve"isolates;'(C—GZI}. Cf859,nuc-878,3
. o ,' . ,‘ ; ¥ . s o ,‘ RN I

C 898,) ‘of . these biolbgioal,'species were .baired‘///

. e‘w1th other Alberta - d1p101d 1solates to determlne

4
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Eiéur_e- 10.‘1‘.ocatvions"vwhé‘re bi‘olégical speciles
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", ‘collécéted .in Alberta.
A = bioidéical_ species. I -
A= F‘oott-xil_l‘s type-

.= biologicgl species V

.
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. spemes afflllation. All Alberta d1ploid isolates

were tested in thls Wwanner and assigned to either

e

biological -species I, V or to the Foothills*type.

" of the 68 specxmens 1solated 17 wefe found

to belong to biological ispecies I, 26. tb bio- .
1ogical specles V, and 24 to the Foothxlls type'
(one 1solate was 1ndeteqnlnab1e because of con-
tamln‘atl“on')., A sur:\mary of Hhost species and the
\\‘r‘"ﬁ‘xmber “of diffex.'ent biological species isolated

from each host spec1es is glven in . Table 17. The

Foothllls type of 1solate always formed a black-

~ line with 1solates of biolagical specxes V, but

gave an ,amb.lgucus result when: palred W1th ‘bio~

V‘we
W

‘lcgical” species I. Often pigment could be seen in

thé agar where the two co‘loni'es' 'met.db Thevre, werf‘e,'

.hbwever, no melanized cells in this zone and the

hyphae appeared normal The Foothills type rarely

forms a pseudosclerotlum when paired . with

biological species I or V on malt agar, but will

pioduce ,pseudo'sclerctia when paired w'ith ‘other

4

“ : : ‘ .
‘isolates of the Foothills type. The pseudo-

sclerotium formed more often if th’pe pairings were .

'

done on MDPA, but a thick aerial mycelium was'

, formed-by both biological species I and the. Foot-

hills type making it difficult to iniefpret the

outcome of the pairing. : S
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//TABLB{iv.‘.W\“HOIt @ree Specieb of the Three\ TN}" e
‘  ‘% ﬂ@ﬁ: Bioloqiéal $pecieé of the A. nellea e |

v . r "-';[ ‘.,y' \ g '
' e complex Pound in Albprta. 1ﬂru“‘i.‘”J .
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Pinus contorta 31

.Pinus banksiana 2-\\

* Abies balsamea
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-
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Plcea mariana

\ M ] s &
Ps;ﬁ&e%suga menziesii

Poé&lus_tremuloides
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Populus balsamifera

Betula papyrifera

.

‘Salix sp.'
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ground (basidiocarps)

* isolate(indeterminate due to contamination*-
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“results from the nmting ;tudy which indicate the

- ’two are unrelated.l s K

the . geographic areas from which they originated

These results ‘augqast 'that the. Foothills |

type is biological lpociol I and so- contradict the

i .
Ed
e

'
Diploid isolates ware grouped accotding to

P ot : . -
(Table 18). A A A P o

In the Hinton area the most common grqup

‘ isolated -was ' the :;E‘oothills . .type“.n Biologichlg ]

pecies I was isolate\d”‘ twic‘e. A'singie i‘solate of

) biological species V was found in the Hinton area

N

at Maligne lake.. The Foothills type was found on’
lodgépalée pine . and subalplne fir. Biological’

'spec1esﬁI was 1solated from lodgepole pine. The

wlf'llotw. o ] L T
In{ the 'Rocky Moun“t“aie‘h House, lvs'anf“f’ and
Cypress Hills areas biological specxes I was foUnd
most often. The Foothills type was found in~ the
Banﬁf and Rocky Mountain Hoﬁ’se areas. J.l of the

‘isolates were found on lodgepole pine, 'except two

of. ~the Foothills type, which were found on‘o

trembling aspen and Douglas fir. vNo biological

spec1es v 1solates were found in any of these -

areas.

— —
4 ——————— .

@

‘isolate ‘of blological spe\ciesrv~woas found on a. .
~ . R



TABLE 18.

.

Geographic Areas in Alberta Wher® ,
Biological Species of the A. mellea

Y

bonplcx Were Collected.

Hinton Area 4

isolate location | host species .
c-109 Rpbb ~ Pinus contorta Ft
‘c-613 Trunk Road - P. contorta Ft
C-615 ,Trunk Road ~P. contorta re
c-620 Trunk Road  P. contorta Ft
G;§21 Trunk Road P. contorta Ft
C-824 Robb ' Road P. contorta Ft

| C-827 3obb~Road " P. contorta Ft
C-826 Robb Road P. contorta Ft
C-926 Gregg River P. contorta

- €-748 McLeod River P. contorta

" C-746 Luscar Road P. contorta Ft
C-757 Lﬁscar Road P. contorta Ft
Cc-756 ‘Robb Road P. contorta Ft
C-825‘ Robb Road P. contorta Ft

-.C~934 Robb Road P. contorta Ft
c-921 ~ ‘Gregg River = P. contorta, . Ft
Cc-900 " Obed - P. contorta I
Cf922 ‘ " Robb Road Abies lasiocarpa Ft \
C;929 Hinton ) A. lasiocarpa .
c-758" Maligne lake Salix sp.’ v . T

: } . o~ i
¢ . < N
5,
. ¢



TABLE 18. cont. . ¥

Rocky

t-928
. C=829
c-830
c-859
c-813
CcC-812

Banff

C-876
C-811

u . o
Mountain House Area
isolate location ‘ host species
- Cow lake P, conto I
Cow lake P. goptorta X
Cow lake P. ‘contorta X
Ram Palls . P. contorta 1
Rocky Mountain House P. contorta I
Ferrier Populus tremuloides Pt
Area
Banff Pseudotsuga menziesii Pt
Seebe P. contorta 1
4

Cypress Hills Area

c-908
7. c-909

Cypress
Cypress

contorta

| |

contorta



TABLE 18.

R

_Edmonton ‘Area

cont.

-92

 isclate

‘ CPBQB :
- c-896"

C-905

- C-905

c-8%3

Cc-894

c-878
- Cc-892
- Cc-897
¢-924
C-904
1c 923
c-906
C-895

¢-927

Cc-931."

location

>Hassg Lake
~ Edmonton,

Warspite

- Victoria
'Hasse Lake
" Hasse Lakgﬂv
'Elk Island
Deyon ..
-~ Devon )
. Edmoﬂton{lw;
' Elk Island,
| ‘Victoria B
" Elk Island

Cynthia~

'Edmbnton' :
St. Albert
¢ Elk Island

- host "’spécieé; <
glvﬁremuloideé;- v '

" p. tremuloides f’V~» -
Po tremﬁléidés v
‘P tremu101des s i ‘

 1Popu1us balsamlfera V
P. balsamlfera.‘ _V‘f =
'P. balsamifera ~ V
TBetulébbaeriferaf v

‘1£; pabyfiferag  v
?§; §épyrifera SV
Q;-pagyxifera v
,Plnus bank51ana_ I

P. banksiana I
~ﬁ;;conporta v

- g:dund o T B}

A ,‘g‘ro‘und‘ , v g

‘Picea*glauca : Ft



c-902

S G-903

- c-915.

c-910
- C-901

- c-916

Calling Lake
' Calling Lake | .
‘Slave Lake
Callingihake‘
Calling Lake.
Fgwcett-Lake“

,thitecouft Area

c-889

c-890

c-891
c-898
- C-920
Cc-932
c-919 -
c-918
Cc-930
c-933

Y

- Fox creek

Fox creek

Fox creek

Windfall-
Blue“Rldge'

. Blue Ridge

Blue Ridge
Blue Ridge

YfBiug Ridge -
‘Blue Ridge

" Peace River'Aréa’,

c-928
c-937

c-938

McLehnon .
Whité Mud
Twin Lakes

£

Abxes balsamea

2 l'?

&,

N|

-'1:6 I 1:5-'1? [ [ |

N

balsamea"°

' balsamea'
: balsdméa
balsamifera:

papyrifera

'papyrifera

papYrifera

;'papy;iferau

.contorta

' contorta

rcontorta

.contorta‘

_ tremulo1des

4H'<'H.<4 < <
_—

tremuloides

g_ glaucav
g_ balsamifera

Ar balsamea

;tremuloldes

_TABLE 18. cont. '
- ‘Slave Lake.Areav
‘isoléte 5 ‘lloéétioh~‘  host .speCies

<




once on whlte spruce.

In the Edmonton area blologlcal specxes v

was found at ‘. seven locatlons. Host spec1es in-

[

vcluded trembllng -aspen, 'baisam' poplar, paper

birCh;: and lodgepole plne. Blologlcal specxes\~1

was found at three 10catlons It was lsolated from-

tjack plne, whlte spruce and trembling aspen.‘The A

(9

‘ Foothllls type was found once on jack p1ne and

-

e

In the Slave Lake area blologlcal spec1es A
was lsolated ffrom_ibalsam fir 'and paper\\blrch, .

biological species I was iéblated from BaIsam fir. -

™

94



\

In the Whltecourt area, blologlcal spec1es I,.

'V:and ‘the’” Foothllls‘type were‘found. onloglcal

-

spec1es I was isolated from" lodgepole plne and

blologlcal spec1es V was 1splated from 1odgepole

plne,‘ trembllngv aspen, balsan1 poplar, and paper - -

‘birch.r‘The 'FoothillS' type was found oncé on
. . : ce on

o

lodgepole plne.

i
|-
J

In the Peace River area blologlcalepec1es v

was found in 'three locatlons ‘on whlte sprufe,

trembling agpen and balsam fir. =

e

v) Nature of the black line phenomenon’

The. nature of the black llne phenomenon was

investlgated by 'mlcroscoplcallyv examlnlng the - b

black llne that formed between blologlcal sﬁec1es
Vg

fId (C 859) and‘o a. d1p101d “of North Amerlcan

, biologlcal spedies II. Both colonles developed

separate pseudosclerotla whlch extended down 1nto
the agar. The black line’ developed between the twov
pseudosclerotlal walls, (Fig. ll), and was_read;ly

dlstlngulshable | mlcroscoplcally, (Fig. ’l2).'

Pseudosclerotlal tlssus\ :.was;J .ﬁade ‘up . of

bladder llke cells, (Flg.‘il3), ~‘that ‘were melf

anized inuthe case'of.biolOgical speciest orpnot
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byFigure 11\ Intersbec1f1c 1ncompat1b111ty between
. blologlcal spec1es of the A. mellea
complex as 1nd1cated by the black 11nez
] AR R - f(arrow) whlch forms in the agar between‘w

the tyo colonles;»(Mag 4. 6x)

Figure.12,_Photom1crograph of the black llne*>”
R . co \‘f,between two dlfferent blologlcal .
T e - spec;es of the A.vmelleahqpmplex."‘: :
(Mag. 21x)

=Y
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e,

PLd

Flgure 13. Bladder llke cells of ‘the pseuZoscler—
| etlal of A. mellea complex spe ies.

(Mag 83x)

Al
Flgure 14._Melanlzed hyphae of the black llne

foucQ/between two blologlcal spec1es of

the A. mellea»complex. (Mag. 83x)f






N .
.
. -
N . .

so mel;nized as in the case of biological species

-
o

N , .
II. The black line area was composed of melanized
hyphae, (Fig. 14). Zones of unmelanized ‘hyphée
were found. between the black line and the
pseudosclerotial wall. Similar observations were
\ bioloéical species. t

~
§

This experlment clearly shows that the black

“ 6( ’r:;;»

plex specfee is not pigmented agar_but a'cellular

reSponse. The mechanism whigch causes hyphae to
.'7“ lbecoﬁe ﬁelanized is unknown. Hyphal_disruption or
/ deetruction of cell wallsnwas not observed.

.

o o 'Therenﬁust be two types of recognition sys-

species: The first system must distinguish between

51m11ar and"61551mllar spec1es. This system would "

¥

allow the-‘lntermlngllng of the wundifferentiated
~.___cells of the colony margins, p0551bly fac111tat1ng

=

the exchange of nuclear mater1a1 in same species

palrlngs, If Adlfferent species are paired the

recognition system may prevent exchange ofAnuclear

material.

‘The other system that seems to exist is one

“fade fdf”biack\lines that occurred between other

line-fqund between two‘confrontlng -A. mellea com-

= tems. ' that operate. in the A. mellea complex’

that recognizes self only. When. members of the

100



same species afe palred the two colonies ;etain
their separate identities unless they are the aame
clone.v If tws colonles belong to the same clone
‘the pseudosclerotia will join. If the two. colonles
are the same spec1es,.but dlfferent clones,vthe
pseudosclerotium from either —colony ~grows - down
1nto the agar,'separatlng one from the other, Thls

also occurs when two different spec1es are paired.

-

This type of incompatibility has been xecognized

to occur with several wood rotting hymenomycetes
(Rayner and Todd 1978). Hood and MOrrlson (l?84)

found that dlfferent species of the A, mellea

complex, when grown in wood, formed zone 11né§

\

where the two colonies confronted. If isolates,
identified as being A. ostoyae, taken from disease
centers w%thin_a small forested area were paired,

certaln pairings produced_zone;lineé while others

did not. This may be ‘evidence that the two clones
_ , \ . ) v

~

o%vA. ostoyae existing jn the area were in fact
di?ferent species. The’same clones would not form
zone lines between each other, as the clone
recognlzed 1tself and grew into one large colony.
A detalled examlnatlon of the zone lines that form
between the two so- called clones should be done to
vdetermlne if these” zone lines dlffer from those

-4
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produced'between two different species. In other
hymenomycetes thi§ system can discriminate between
31b11ng colonies- of the same pérent (Adams and
Roth 1967, Rayner and Todd 1978). Whether this 1s
true for A. mellea complex species is unknown.

N

3. Cultural Characteristics
i) Thallus growth ratio
The thallus of A. melleaAcomplex specfes is

defined as the mycelia formed in a. colony on and

in the agar, including -the pSeuddsclerotia, and

the rhizomorphs, if produced. Gibson (1961) rated.

isolates of A. mellea according “to vigour of

rhizomorph growth. He classed rhizomorph vigor

. i

into three categories. Vigour class 1 was defined
as lacklng rhlzomorphs or if present were produced

to a very llmlted extent, and never exceeded the

T

margin of the colony. Vigour class 2 rh;zomorphs

 were those “which had a radial gro&th that was

never twice the diameter of the colony and Qigour
class 3 rhizomorphs had a radial diameter that
exceeded twice the diameter of the colony. -Since

v1gour is an 1mprec1se word the term vigour class

o

e



//

" has been replaced in this study‘ ﬁith‘ tQallus 

the fungus was grown. ' ' .o

and most often diéhotomgusiy (Fig. 16). Rhi20mor9h

%ranching patterns for the nine taxonomic species.

vy v
: C o, 103

growth ratio. The categories and\theirﬁdeflni%iénsfn
used by Gibson (1961) remain the same. i )
. K . ' / “

~The thallus growﬁh;ratio was determined fgf,
nine taxondmic'speciés of the’ A. mellea ¢omple£,_m

(Table 19). Thallus growth ratio was found to vary

P AR

4 L ‘ . b :
for some species depending upon the media on which' - :

-

N }

Pr—

ii)- Rhizomorph branching patterns

Rhi zomorph branching pattgfn types for rhizo--

a

morphs grown in agar media were“similar to these .

described by Morrison (1982) for rhizomorphs gréwho K .
in 'soil. Two types_of~branchin9.p&£tefns were” re—

et

cognized in vagér. Type I rhizomorphs had .

monopodial growth with -occasional dichotomous

- branches and. o¢c35ionai small lateral branches

(Fig. '15). Type II rhizomorphs branched ffequently" . .

L) 0
¢

of the A. mellea complex which were tested .are

shown in Table 19. o . - Ce e
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. " .
Summary of Cultural Qhatactarintics

= Character not .observed _; [

TABLE 19.
f2 of Nine A. mellea Complex Species
// Grown on Four Agar Media.
o |
I Media
) PDA - MA CA MDPA
A. mellea “ L ‘
C-736 B II 3 B II 3 BI1Ir3 B II 3
Cc-737 | B II 3 BII3 BII3 BIIS3
A. bulbosa o
c-734 -~ 1 -1 2 A\I 3 AI 3
-~ C-735 A~--1 AI 2,  AI 3 AI 3
A. ostoyae : “
C-738 -5 1 B- 1 BII3 “B- 1
- C-739 -- 1 B~ 1 BIrl1 B- 1
A. fumosa A '
C-860 AI 3 AI 3 AI 3 AI 3
A. luteobubalina :
C-862 AI 3 AI 3 AI 3 AI 3
A. novae-zelandlae o
* C-863 B II 1 B - 1 B II 3 B II 3
A. borealis ‘
3 C-866 B- 1 BII1l AII‘3 BII‘l
CcC-867 B- 1 B II1l A II 3 B II 3
" A, sp. B o : » ‘
C-870 AI 2 AI 2 A1 2 AI 2
‘ C-871 AI 2 AI 3 AI 3 AL 3
A. obscura - :
C-875 B- 1 B- 1. BII3 B- 1
A = Crusty type of pseudosclerotlal wall
‘B. = Aer1a1 hyphae type of pseudosclergklal wall
'1/”; Rhizomorph branch pattern Type I [
II = thIog%rph branch pattern Type II ‘
= Thallus growth ratio 1
=*Thallus growth ratio 2
= Thallus growth ratio 3 ¢

. 104



Figure 15. Rhizomorphs exhibiﬁing Type I
| rhizomorph branching paftern. N

Figure 16. Rhizomorphs exhibiting Type II
. rhizomorph branching pattern.

L J

’
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iii) Pseudosclerotial type
% ®

The pseudosclerotaa of the ‘nine A, meilea
.@‘/_

complex spec1es, when_ grown. on the four medla,

]

(), ‘were examlned and cla531f1ed 1nto three general‘

types. Type A had a thln crusty appearance w1th’
‘ very llttle aerlal hyphae, (Flg ~l7) The Type B .

pseudosclerot;unl was tthk. w1th an abundance of,f'

aerlal hyphae, (F;g,'leZT Certarn_‘spec;es,v‘when

grown on. 'some : media, f”fafled"‘to> produce ks

pseudosclerotla.' Instead, thin hyallne mycellum'
developed very close to the agar surface,;(Flg
19). The pseudosclerotlal types of the nlne A, )
mellea complex specles are’ shown 1n Table 19
‘\" ¢ .
~iv) Identification based upon'cultural_

characteristics

P

“

The nine spec1es “of. the A.wmeilea complekl;

”could'be 1dent1f1ed and separated 1nto two dls—'

7

trnct,groups. Group 1 could be recognlzed by the

'production-of the. Type A pseudosclerotlum«andkthe
‘ & -

Type R rhlzomorph branchlng pattern. Group 2 was'

recognlzed by the Type ‘B pseudosclerotlum and the“ .

Type IX rhlzomorph branch pattern.‘Thallus growth

107 .
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Flgure 17. A. mellea complex Spec1es eXhlbltlng

the Type A pseudosclerotlum.

Flgure 18.YA _mellea complex specxes eXhlbltlng

the Type B pseudosclerotlum.-

~,Figuté-19.-A; mel}ea compléx Species lackiﬁg a -

" 'pseudosclerotium.
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o

ratio in most spec1es of Group 1 seems to be
constant, ‘thus maklng it dlfflcult to separate Andw

‘fumosa, luteobuba11na,.and A. sp. B from_one

‘;anotherTN\The thallus growth» ratio‘ of “Group .2

bfspec1es 1s not constant between spec1es and . often‘

| 1s dlfferent for a: partlcular spec1es on dlfferent"

°;novae-—zelandlae and A lxmonea by pseudosclerotlal"

>
b

-media. Them se oﬁ thallus growth ratlo to separateb

""Q‘Group 2,“ Shﬁ%lll depend upon further testlng'

=

mﬁuth more isolates of each spec1es.

,nghé’ results of;vthg,_rhxzomorph branchlng

I
20

pattern for A. mellea, A. bulbosa, andHA. ostoyaer

Dy
B o

~are con51stant W1th Morrlson S (1982) flndlngS'

e

forchese ;solates'vThe pseudosclerotlal types of.

,A;'fumosaf.Ar luteobuballna, and A.
'”novae-zelandlae are in agreement w1th vKile and

‘Watllng (1981). Shaw et -al. (1981) recognized A.

Y

wall coloratlon ® There were dlfferences 'w1th1n'~

o

Group l and 2 specles thh respect to coloratronpkg

and amount‘ of aer1a1 hyphae - above ?jthei

‘!pseudosclerotlum.g_ However,‘ because ; of'u the

i

. amblgulty of color shades,- and because sox few

'1solates of each 5pec1es belng tested, this was

: not used .as a deflnlng characterlstlc.

110



'(\" Isolates of Aibérta'bibiogical\speciesrl and

V, as well .as, the Foothills type, were grown on

the dlfferent agar medla and examlned for thallus'

growth rate, rhxzomorphu.branch pattern, and
\g*\ : pseudosclerot1al type, (Table 20)-,The'two bio-
,,\g\°*, ; loglcal spec1es can ' be 'reaaily "ééparated . and

\\\\ ‘ blologlcal spec1es V be dlstlngulshed from the

N EY

’ ftypeh belong £to G o 2, Ikola s - of blologlcal

spec1es I and the Foothll s‘ type have 51m11ar

£

‘ cultural characterlstlcs wh n grown on the four

medla. The only dlfference that has been observed

was in- colorlng of the pse‘dosclerotlal wall Even‘

‘—8130 ha\re 51ln1].ar c<>lc)r1.ng of the

pseudosclerptlal wall but are dlfferent than C 895

genetlc characterlstlc: of blologlcal spec1es I“

{ I

' Isolates from the Hlnton area that. were 1dent-

- 1f1ed as belng b1010g1cal specxes I had a dlffer—;,

r ent pseudosclerotlal Wall colorlng than the Foot—

™

,hllls typelfrom the samegareai

.

‘\\\\\thllls type. Blologlcal spec1es v clearly'

belongs to the Group 1 spec1es of the A. melleab‘

Yo w1th1n blologlcal spec1es 1 however, G- 859 and

T Lo and\\C 898 Therefore colorlng nay' be a varlable'

" r""‘
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- TABLE 20. Summary of Cultural‘Characteristics
"of the Alberta A. mellea Complex
B 3 Spec1es Grqwn on Four Agar Media.
’ J
Media o
- PDA MA MDPA
BlOlOlcal . o Y‘X | R )
Spec1es I S | R L
‘c-830 B -1 BII3 B II 3 B II 3
. Cc-859 B - 1 BII 3  BII3 'BII3
Cc-895 -- 1. B=-.1 BII1l BII 1"
. *c-898, B- 1~ B- 1" B- 1 BII 1
v C-900 B -1 B- 1 BII3 BII2
, c-904 B - 1 'B- 1 B II 3 B II 1
. c-905 'B- 1 . B=- 1 BII 3 B II 3
‘ . C~910 - B 1 B- 1 .BII3 B ITI 3
C-920. B -1 B - 1 B II 3 B IXI 3
. ‘Biological ' ' S
Specxes v oo o : :
_c-808 -1 2~ AI 3 AI 3 AI 3
" c-878 -1 3 AI 3 AI 3 AI 3
c-891r -1 3 - AI 3  AI 3 ATI"3
.C-892 ~ T 3 AI 3 AI 3. AI 3
c-894 -1 3 AI- 3 /AI 3 .AI '3
o c-902° -1 3 'AI 3 'AI1I 3  AI 3
vim, . €C-906  -I 3, ‘AT 3 AI 3 AI 3
T .C-906 -~ I .3 AI 3 AI 3  AI 3
c-915 - - I 3 'AI 3 -AI 3  AI 3.
' c-916 - I 3 AI 3 AI 3 AL 3
Foothills ~ =" = e ’ R
type . S = . N :
Cc-621 . -- 1 - 1 BII3 BII
, C—876‘;“e'-‘_l, B II 'B,II'33 B IT

W

Thallus growth ratio 1

Thallus growth ratio 3

~

. Thallus growth ratio 2

Character not observed

, Crusty type of pseudosclerot1a1 wall : :
= Aerial hyphae. type of pseudosclerot1al wall

Rhizomorph branch pattern’ Type I :
Rhizomorph brardch . pattern Type II

f
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. . E. Cohclﬁéfon“
f\\l B It is ev1dent rom: thle study: that there are;
‘\ethleast two fer nt blologlcal specxes of the
. ‘A. nmllea\<ijéex in Alberta/'Both species have”
»'been found on th major con{fer and hardwood tree
E'H spec1es in the ke ov1nce and both seemato have a
| broad geographlc range. A third blologlcal spe01es
Limay exist. This specxes also has a° w1de geograph1c‘~
rahge and -has only? been; found 'on‘ conlfers.
:Morrison'(personal communication) hae found that
_ ;o b;ologlcal spec1es v 1s ‘the predomlnant form of &
\ffjfff\\\\\\\thd ‘A. meéllea complex in northern_ Brltlsh L
o ' Columbla. ThlS may. also be true for Alberta, s1nce :
in tﬁe more northern reglons of - thls survey only
vblolo ical specles v was found. The survey was by
[ R nointahe exterisive or exhaustive and so no firm

usions can yet be drawn as to exact ranges.

o Biolog_ioel spe‘ci‘es .of_the A. mellea {oompl'ex
;cenf.be 'distinguished,.uéing’_the- olack{ line
rrﬁ ‘jinoompatibility ‘test with diploid' isolates. 4The:’
E : black’lline' which"forms between two different:

J . . . . : .
e " biological species = has been = examined and -

y

'deterhlned'to~be’me1anizedvhyphae,vdifferent from |

. the 'bledder—like cells of the pseudosclerotial -

: ;Wall'.. i E o S
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" The twoobiological species of the A. mellea- ¢

complex in Alberta can be readily identified when

D

gﬁown on q%ar media and certain morphologic
.characters such as rhizomorph branching pattern
and pseudosclerotial wall type can be used to

separate nine kpown A. mellea- complex species into

]

twé-groups. /



III PATHOGENICITY OF THE ARMILLARIA MELLEA

!

v

COMPLEX OF ALBERTA -

A. Introduction

R

The object}ve of this study was te Aetermine'
the relative pathogenicity of A. »ﬁellea sensu-
stricto, /biological ,ebecies I, .V' and the
. Foothills type to lodgepolehp@ne.

-

B. Literature Review

- Hartig (1874). wasfthe'firSt&to recogniie'
that Armlllarla mellea was .a pmthogen of trees.
Workers .have since been d1v1ded as to whether A.
mellea is a prlmary pathogen, capable o% attacklngjw
Vhealthy trees (Gibson 1960, Filip- 1977, Shaw et
al. 19&6,' Kileb 1981), or a eecondary Apathogen,‘

attacks trees predisposed to disease by

some S factor (Day 1928, 1929, Gooley 1943,
Peace 196 remmen 197.6). :

Higtorically, attempts” at rartificial

J

inoculatibhs- ith A.° mellea date ‘back ‘to Brefeld
(1577;. . Thomas u(l934) ‘andA Bliss (1941)' were
‘Successful ih inegulaﬁing fruit‘end walnut  tree
| | Y o ,
115 ° h



seedlings, as Well as various herbaceous spec1es,

'w1th 1solates of the - fungus grown on . autoclaved

*

branch segments which they placed 1n °the 5011‘“

near the seedlings. Other technlquesﬁ .such - as

7

13

potting mixture in whlch test plants were grpwn,

falled (BllSS 1941). Slnce then, most 1noculatlons

of trees w1th the ‘A. mellea complex have been done,

fnear the test plants (Patton and- leer 1959, Raabe

1978, Podger et al. 1978, Singh 1980, Shaw et al.

¥

C -~

.axenlcﬁ culture 'techn1que~ of lefle (1973) wHe
axenlcally grew ponderosa plne seedllngs on an
'agar medxum and 1noculated them thh A .mellea.

fys; ' Unt11 recently” it has been relatlvely

b

'dlfflcult to 1nterpret thé’ results of 1noculatlon_=

¢

;_studlesh Many workers used only a 51ngle isolate

e

toiLlnoculate one” or several species of tré&es

(Thomas, 1934; Patton and Riker 1959; Riffle 1973;
s 19343 < 2 , ,

Singh ”4980), uhile others have used several.

isolates that were assumed to be A. mellea (Raabe
e i

- 1967a, 1967b,\$wllbur‘ et al. 1972, Shaw 1977,

« :
L . a

mixing fungus-infested aqaff or b}an‘ with the

by plac1ng p1eces of , 1nfested wood, in the 5011
1967b, Wllbur et al. 1972, Shaw' 1977, Redfern.

",1931, Klle 1981, Morrlson 1982, Rlshbeth 1982). *, -

kAnother technlque that has seen llmlted use is thef

..-116




Gulllaumln and!PLerson 1978). Raabe (1967b) and
Wilbur et al. (1972) found that isolates "taken
from dlfferent host plants and from geographically
’ dlfferent locations varled in their virulence to
: different host species. ‘The virulence of | A.

novaeé-zelandiae and A. limonea to P. radiata

seedlings was compared by Shaw et al. (1981).

Morrison (1982) recognized that different isolates

of“the A. mellea’ complex _could be grouped
according ;o rhlzomorph branching pattern and that
these groups exhibited differences. in virulence
towards conifetous ﬁ;éepﬁéedlings._Rishbeth (1982)

showed that there was a great deal of difference

in vituledée of A. mellea, A. ostoyae, A. bulbosa,

o~

and A. tabescens to inogulated Pinus-sylvestris L.

seedlings. -

[

AN
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C. Materials and Methods

. i . w
g . )

' ' ¢
1. Inoculum Preparation

[N

BréhchrseQments“ef trembling aspen (10 x 2
cm) were autoclaved with 50 ml distilled water in
250 ml Erlenmyer flasks covered ‘with inve;ted
beakers, 5 segments*ber flask, at 121°c and 15 psi
* for 60 minutes. Fift? ml of malt dextroseﬂpeptone S -
broth, (3% malt extract (Difco), 2% dextrose, 0.5%
peétenei, was added to 'eech‘b flask Dbefore
.autoclaving for an additional 20 minutes.
Trembling aspen was used bepausd it was readily
available. Redfern (1970) hhs‘ found that tree
species used for the 1noculum has no apprec1able

&

affect. on 1nfect10n..

’ Isolates of A. mellea sensu strxcto (C-736),
_biological species I (C 830, c-859), blologlcal
\spec1es V. (C~ 891, Cc- 894, C-897), and «he Foothllls
.type (C-621), were grown on - 3% hA 1n the dark at
:'20 C for t%o weeks. - ?he agar contalnlng the
mycelium was cut into shall/bieces (approximately
1 cm ) and placed onto the branch segments 1n51de
the 'flasksf Fifteen :branch segments . were

inoculated‘_with‘ each isolate;"The flasks were

incubated in .the dark at room temperature for

three months.



2. ééedling Growth Condtions

Iyo-year—old, field-grown lodgepole pine
seedlings were obtained ‘om the Alberta Forest
Service, Pine Ridge Forest Tree ﬁLrs;ry. .The
seedlings wére planted in 2 litre plastic pots
with 1limed peat moss, one tr%@ per pot. An

inverted 2 X 25 cm test tube was placed parallel

next to the taproot of each seedling at the time -

of élantin;g. The end of the test tube was left
sticking out of the peat. 7,

The potted seediinqs were growﬁ in a green-
house compartment with suppleﬁgnged light provided
by high pressure ae&ﬁum vapor lamps (400 watts),
with an intensity’ of . 363 pmdl m 25”1, The
photoperiédiwas 18 hours. Daytime temperature was

25°C and nightime temperatufe'was 20°¢c. Seedlings

were watered every second day and were fertilized

biweekly-for three months before inoculation.

-

. o

3. Iqoculatibn

* The test tubes beside the seedlings were
removed from the pots and* replaced with infested

branch segments which weré prepared as above.

- 119
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<

'hFifteen seedlings' per . 1solate were 1noculated

y

'Cdntrol seedllngs had autoclaved branch segments)
"iplaced ‘beside them. Inoculated 'a . Eontrol .

,seedllngs .weref wateredv(eVery"secdnd' day"and”'

E fertlllzed b1weekly.-

Seedllngs were observed for symptoms of .

ﬁ_Armillarla root. rot weekly‘ agter 1noculat10n

v_ﬁoots vof:'dead trees' were caréfully washed in

runnlng water and dlssected If a whlte fan of

-mycella was observed under the bark ‘the tree was-

:;/2/ifj¢ensldered to have been - infected" vw1th ‘the

N

pathogehQ Isolatiohs_were.made'frdm“the infected

o

roots, onto AMA;‘and the reSdltant coloniesfwere

-4

‘!" o

aftex sik months.. A1l seedllngs were Unpotted and-

the Jr,ot“systems were:_washed carefully 'and

.examined.\ . . B , ' .

o \‘ 3
/ . e :
”» e N

_9rown "in the dark at’ 20 C for blologlcal speCLeS"‘

S entlflcatlon. ’The' experlment 'was' termlnated‘

120°
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 D. Results

Vd?Foiiar symptems'allewed diseaseddseedlings
to dBe 1dent1f1ed before rthey died (Fig; '205¥-f
'Follage of these ;Egedllngs was at flrst a dull
green with yellow1ng ‘Qf some-, of the' needles;
vusually in the top portlon of the plant. ‘Within 10
‘to 14 daYs the needles ‘had become red brown ‘and b
'~_droooed When the entlre follage of the seedllng
- was brown tHe tree ‘was cons1dered dead.
| | | The results i ij_ the pathogen1c1tyl
ekperiment‘areﬁshonn‘ianabie”ZI,*All of the dead
Seedllngs had a whlte fan of mycellum under the:
vbark of the root and root collar; Isolatlons madev
from ‘the"lnfected -seedllngs ylelded ‘ same .
g bidlogical species'aas ‘hagd: been,,used_ in' the
.inocniatien.d The - attacked seedlings',f werei
categorlzed asbseedllngs that had le51onsbon the' e
roots bnt nQ follar- symptoms . Healthy seedllngsv
Were'nermal in;anpearance}‘
,‘SeedlingshshCWed'symptoms~of Armillaria root
rot anproximatelyjone'month after inocuiationr.A.
'ﬁellea“sensu stricto,'(C?736) caused the. greatestc
'mertglity; 86 . 7% of the seedllngs 1nocu1ated were

killed. Eleven .of - the Seedlrngs 1noculated. w1th o
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 Figure 20.

Lodgepole pine seedlings inoculated

with A;émelléa‘pomplex species.
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,TABQE 21. . f.Lodgepole P1ne SeedLlngs Inoculated

Wzth Armlllarla mellea -sensu

“g,-,,Strxcto, Alberta Blologxcal Species“

I, V, and the Foothllls Type.

S
2

P2E
e

Isolate' "vlb '1§dgépble ﬁine'seédlings'

| ; S B % Deadl ”‘_ %vAttackédv - %’Healthy

éibiogicé}” B
‘Sngies v f';//-v i o
c-891  60.0 . 33.3 6.7
c-894 | _26.7 - 73.3 0.0
~'c—897 Co13.3 . 667  20.0
.Blologlcal ; . ﬂ’ s “  |  1@
’ Spec1es f\\\ | |

¢-830" 13.3

c-859 33.3
quthills- |
" c-621

_26.7 . - 66.3
“'Control = o _1 ‘\ AN

0.0 .00 100.0




, . 'v 4vl”_. . ‘.‘ - .
C—736 died within three months of inoculation, two
other. trees déed later. Most of these seedllngsl R
dled qu1ckly/ w1th1n 25 days. At the end of the |

‘f“" experlment the two remalnlng‘trees were found to

s

1

have lesions with' _resinosis  and ~rot; on’ ‘the.

rtaproots.»No‘trees Were found to be healthy.
The three 1soiates of blologlcal spec1es v

(C 891, Cc- 894, C—897) caused 1ess mortallty than . ;/////

A mellea sensu strlcto, but produced s1gn1f1cant T

vunts of mortallty o ‘ LT

‘hree_months of~inoculation;f8ee

" collar. Myce11 m and regxn were found underneath,

} : . !' N . _' . T - i ’ . 3 o C . P ‘v
, j T ; g
o two months after 1nocu1at'on. Alf‘of\the‘EEEHIings\\\>

experlment were: found

e

N /// ’ remalnlng at the end . of th
‘f\ . to have been attacked 'Le31o svwererfound on theu-l

'taproot of all the seedllngs cept one that had

llesions on the,lateral roots. PRour of the trees

were found ‘to have decay.



1

Isolate C 897 kllled 13 3 % of the seedllnés

inoculated w;th 1t Mortallty started almost flse

monthsfafter'inoculatlon. LeSLOns,were found on.

-366 7% of the seedllngs. Four' seedllngs ‘were\

le51oned and glrdled at the root collar and two

“had lesions on’ the lateral roots.

Blologlcal spec1es I (C 830, and C-859) ‘and

'the FOOthlllS type (c- 621), both caused relatlvely.-‘

little. mortallty Most of the seedllngs lnoculated

w1th these 1solates were healthy at the end of the'

,exoerlment C- 830 and C 859 caused le51ons on the

.

lateral roots and the taprq%ts,v whereas c- 621 N

',caused lesxons mostly on the lateral roots.

Infested branch<segments were examlned for

rhlzomorphs and mycella. when the seedllngs ‘were
unpotted All 1nfested branch segments, except for.

one 1nfestedcw1th C 859, wege found to have elther.

: mycellum'or white rhlzomorphs 1n51de the_bark, and

yellow stringyﬁrot(-Rhizomorphs.were found growing

from the segments‘infesteddwith A. mellea sensu

o

stticto, ‘and biological species V“isolates./

"Rh'ilzomorphs) of these 'iso'latves Were also found

attaChed to 1attacked seedlings ;rtoots.l ‘No

“ rhiZomorphs_wefe foundton}branch Segments’infested

with biological species I;or the Foothills type. A
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rhizomorph war\“'f‘ound attached to the ;oot of é ‘ /
" seedling killed by the Foothills typé, but no |
rhiz‘orhor_phé were- fbﬁnd_ on | seedlings i:nocﬁ‘lated‘
with biological specie,sfx. . R
o L { o | —



all isolates of the A. mellea

' stricto caused the most seedlfng

86.7%, followed

E. Discussion

e

N

Pathogenicity is the aSili

to incite deease in another organism, therefore,.

@

this exper}ment were pathogen'c.' Vlrulence, +the

- .
relatlve -measure of : pathogen1c1ty, can be

determlned by~ comparlng the'

dead + % atta ed), (Table 21). Four conclu81ons

can be ! from the 'data,‘.Flrst, blologlcal

{

//jpebges V is -more virulent than both biological

species' I and the;:foothills‘ type under* these

experimental"conditions; Blologlcal spec1es V ‘is

just as "virulent' as yisolate_ C 736,’ Armillaria -

‘mellea sensu . stricto. quéver, A. mellea sensu

mortality,

‘(average of the three 1sblates). Comparatively,

/

b1010g1ca1 spec1es I and the Foothllls type dia

not cause . much mortallty, . 10% eand k6“7§1

respéctively.

¥

Morrison (1982) ‘and 'Ribhbeth (1982) have

'shown that there ‘are dlfferences in pathogen1c1ty

’ and v1rulence amongst the dlfferent spec1es of the

~ .

of an organism

omplex tested in

o

blologfkal species V, 53.3%.«

- A. mellea complex. ‘Morrison (1982) 1noculated i

&

Qv

L~1nfectfens_i_\\‘\\‘\

128



three-year-old seedlings of ‘P, menziesii, P.
sylvestris, Picea sitchensis (Bong.) Carr., Larix
eurolepis Henry, and ‘Tsuga heterophylla (Raf.)
Sarg. with isolates‘that had different rhizomorph
‘bfanching batterns. He found that isPlates with
) éifferent rhizomorph branchinb patterns differed

in ‘the number - of seedlings they killed.. One

isolate that Morrison (1982) used, C-736, was the
same~ isolate of A. mellea sensu sricto .used in
. this study. This isolate killed 45% of the

seedlings inoculated with it. Other isolates of A.

3

, mellea gave similar results.. A. bulbosa, howevér,'

.did not kill ahy seedlings, and A. ostéyae
isolates were variable inlﬁhe’number of seédling
that they killed. Rishbe'h (1982) found that™ 44%
- of the two—yéar—old P.. sylvestris seedlings
inoculated with A. mellea died, but énly 12% of
vthe seedlings inoCﬁl;ted ~with A. dstoyae . were
killed. Shaw (1977) inoculated P. ponderosa and P.
radiata with isolates taken from hérdwdod séecies
‘ which were growing in ‘a piﬁev forest, and wiﬁﬁ
isolates taken from diseased pine. The hardwood
. 4 ‘ :
the pine isolafesIwere$m1nwcontrast, Shaw'et}@l.

(1981) found'virtually‘no difference in mortality

isolates were not pathogenic to the seedlings, but
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. ) . “ ‘ J‘V
or - infection between ® P. -radiata seedlings

inbculqted with A. novae-zelandiae ané A. limonea.
The high lvéveﬁl_ of, infection caused by A.

mellea sensu stricto (C-736) and biological

8peciés V (C-891, C-894, and C-897) was“simflag to

to that found by Raabe (1967b). He inoculated P.

radiata., Dahlia pinnata Cav., and Prunus persica

Batsch with ten Californian isolates of A. mellea.

1
!

The average amount of infection by the ten

isolates on the three. species ranged from 53% to

100%. Differences in results between stuéigs are

: prdbably dde to inoculatfon techniques, growth

conditions, host susceptibility and pathogen

species.The virulence :differgnces exhibited by

biological species :I} the Foothills ‘type, .and.

-

biological species V may be related to'the ability

"to produce rhizomorphs.' Lack of rhizomorphs might

be cdaused by edaphic factors® experimental

conditions or the isolates being slow in forming

o

rhizomorphs.
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'F. Conclusion

All three biological species were pathogenic JZ
to lodgepole pine. Biological Epecieg V\WQS‘the -

most virulent. Biological species I and the
. 8 _ (
Foothills

type, although pathogenic, \cadéed
relatively low mortality. | '

V-
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IV. DETECTION OF THE ARMILLARIA MELLEA

' COMPLEX IN FOREST SOILS ¢

\

* A. Introduction

‘The purpoSe of this Study was to develop a
technlque that . wouﬂd enable the detection of A.

mellea complex members in forest sorls.
/

B. Literature Review

Detection of Armillaria root rot has been
prlmarlly based upon foliar symptoms, presence of
a white mycellal fan beneath the bark of the root
or root collar and/or production of basidiocarps

9
(mashrooms) . Tréees that. have died or are dying
from the disease often. occur in patches known as

dlsease centers.'The movement—of the: fungus within

dlsease centers and through the forest 5011 is not

well understood. g

- . _
Th% prxmary~means of spread of the fungus is

consxdered .to be by rhizomorphs growing through
. the soil, ‘ (Redfern 1978) although root to ‘root
\contact has also been found to be a means of

\ | o .
i .
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spread in certain situations (Kile 1981).

Distribution patterns" of the rhizomorphs within -

the soil have been reported (Ono 197Q, Morrison
1976, Slngh 1981). The dlstribution of the fungus
‘.withxn a disease center has not been we}l studied.
Kable (1974) examined diaease patterns within an
AustraIiaW‘peach'orcnard'over a period of several.
years and deduced the rate and direction of spread
of the dlsease by tree mortallty. Mackenzie and
Shaw (1977) found that the greatest number of dékg
~and dying radiata pine seedlings occurred around

-~

stump&

There is, 11 established technique to

detect A. melle gWPsoils. However, RAoshima and
ggashi (1981) were able to detect A. mellea in an
iy - : : A

4

orchard soil by using wdoden stakes.
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" C. Materials ands Methods

‘Q.',

The study area was 1ocated ln the foothllls

- of the Canadian Rocky Mountalns near Hlnton,i
Alberta.i The three plots that were chOSen for
study were occupled by’ sxx-year-old 1odgepole plne

Aregeneratlon after logging. ‘Plot one was chosen

,_/

'because Cof the presence of Armillaria root t

disease: cepters. A lO x 10 m plot that 1ncluded

healthy and diseased trees was establlshed at the

‘siteu Trembllng aSpen logs, approximatelyfloohcm ,

A

'long and 10 cm in dlameter were cut, sharpened at

"one end,\ pounded‘ approxrmately 30 cm. into the

ground, and spaced one meter apart formlng a grld

w1th1n the plot, (Flg 210 The logs were labeled»
‘and the locatlons of seedllngs, and stumps were”
‘napped Notes were kept concernlng the health of

.'the seedllngs. The plot was estabilshed. 1n May'

1982 and the logs were carefully dug up in June

1983, at whlch tlme the logs were 1nd1v1dually

A

wrapped and brought back to ‘the laboratory for

examlnatlon .

. In September 1983,’ two other plots were

o establlshed. in lodgepole plne regeneratlon _that

’dlsplayed no . v1sual evidence of Armlllarlawoot%
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rot. At both of these plots, 48 trembllng aspen
stakes, Vsimilar to those’ used prev1ously, were
.‘drlven 1nto the ground one: meter ‘apart 1nla 6 x 8
m grid. The logs were labeled ‘and maps were drawn

‘of the 1ocat10ns of seedllngs w1th1n the 51tes~L

Ngigihﬂyere‘ agaln kept onr the health of the

seedlings. fhéwl‘

€3]

fyymre removed in September 1984
PQ f

and brought 'f; hﬁ@to ‘the laboratory‘ for

examlnatlon
. .
The logs were .examined for the presence of

rhlzomorphs and/or a whlte mycellal fan underneath
the bark Conflrmatlon'of A mellea was ‘made by

!

}aseptlcally lsolatlng pleces of the mycellal fan
~on AMA. | '

The d1p101d lncompatlblllty hethod was used
. ‘to determlne if the 1solates|from the logs and the
‘}dlseased .seedllngs~ in  the ~plqt were the_ same

'lblologlcal species. Three replications of the

palrlngs ‘'were ‘done per Petri. plate andw‘eVe

1solate was palred w1th every other 1solate. Petri
plates were sealed w1th masklng tape and incubated.
in , the darkiat 20° C_and_observed every second day

" for® three weeks.

[

i
g
L
i
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" A. mellea was found in 31 of 121 logs in the

first plot. Mycelial fans wereﬁlfoﬁnd Junder, the < f P
-barb of the burle 'portion, on 27 of the logs | |
(Flg. 22)..Rhlzomorphs were found attached to the .
bark of the other four logs but no white mycelial
fans‘ﬁere found beneath‘the harh. These‘logs'were
found to haVe thlck bark w1th £ rows, while those L
W1th mycellal fans whlch dld not h ve rhlzomorphs’

‘attached, may have been colonlzed by .ontact with

an 1nfected root. Most points of entry 1g;nated

“in  the bark ‘Just aﬁdﬁéi where the logs\
. o ) ~ ’

sharpened S .'Emf: |
The cultural characterlstlcs of . the isolate Q
& N, N
from the logs were similar to those'xﬁ: isolates
,,made from -infected lodgepole plne seedl ngs found '*@;

in the same plot. The dlplOld lncompatlb Lity test

”lndlcated that log 1solates~_and dlseased tree

= —

-&solates were all ‘the 'same blologlcal Spec1es and

N

probably the same clone. The: clone was 1dent1f1ed
' as belonglng to the Foothllls type.

Wlthln\the plot there were a total of 93

<

trees, 17 of wh'ch ‘were dead or dylng at the’

- . beginning - of - the . stu

-,

hy..One year later 23 trees
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-

[

Figure 22. White »mycelial fan on a trap log.
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-

wére_dead or dying. Eight areas within the plot

- were foudd to have the fungus within them, (Fig; ce

23). The borders of these areas were somewhat

'
*

arbitrarily assigned.
No trees in'plots two and three were found
to have Armillaria root rot, nor were any trap

logs from these two plots colonized by a species

of -the A. mellea complex.
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Figure 23 Schematic diagram of trap log plot 1. -
, -= stu'mps ’ | |
o (O = healthy trees
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E. Discussion

It is significant that 30 of the 31 positive
logs occurred next to other infested logs,
suggesting that the fungus has certain terrltorlal//
patterns, (Fig. 23, ureasgl—B). The fact that no
trees exist in areas 1 and 2 with positive logs
%ndicates that there mex have been prior killing
‘in these ateas. Areas 5 and 6 seem to be active
disease centers as they contain both - healthy and
diseased ‘trees. The other five areas do not
contain anyvhealthy trees. One notable anomaly is
that no positive 1ogs‘bwere fqund close to four
dead trees in area 8.

Stumps have been considered te be .mportant
in the 1n1t1at10n of lnfectlon centers Mackenzie 
and Shaw 1977, Roth et al. 1979, and Vo der Pas
1981).‘ Thefe areiipositive logs assoc1‘ted with
stumps, (Flg. 23, areas l, 2, 4 and 7), however,
areas w1th diseased trees ‘do not seem to be
¢losely assoc1ated with stumps, (Flg 2%, ‘aréas 5,
and 85. The exception is area 6, where . £Wo
diseased trees Vare‘,found next to a stunp. The
shapes of some of the areas whlch\;nclude positive

logs and dlseased trees suggest that theg/gixzbe;,,,///,/,//

o -
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associated with buried roots of the cutover trees
and that thése"rooté.m;y be serving as the source
of inoculum, (Fig. 23, areas 3, 6, 7, and 8). An
alternative explanation, is that these pattéfbs
developed because of the pattern of rhizomorph
growth th}ough the soil. "Aoshima and Hyashi

(1981)‘»fodnd A. mellea in the soil surrounding

diseaseﬁ trees but not in the soil near healthy

/
s

érees. ) i ‘ L
Mackenzie and Shaw (1977) have suégestedq

that diseéseléénteﬁa«gzshinitiated from stumps and

ﬁhat the disease center expands radially with o _ '

time. The work of ‘Pielou and ‘Foster (1962) and

Piélou (1965) indicated that patches of ﬁiseased

trees coalesced through time to foru larger

patches. Van der Pas (1981) studied mc¢ zality in'

radiata ‘pine plantations in New jéalanc He found

that the pattern of mortality iﬁcreased ecause of

-

a consolidation of existing patches  and the

formation of new disease centers. Studies

~Pacific Northwest . showed disease centers /

incriiii//gad%arf§/'withJ time (Shaw 1980). It~
////////////’fﬁg;efore seems likely that two types of disease

center development can take place,' the radially

expanding disease center, and the coalescent S
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_or infested root.

" stand.
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disease’ center. It is also possible = that
coalescent disease centers develop'initially and
then once establlshed, expand radially. Hﬂgton
plot 1 may exhlbxt the coalescent type of disease
center, since the centers do not originate from a

1

single stump, but give the 'iﬁpearanqe of being

1 N

several centers, some of which may have originated

- from the same infected tree, wheéther it be stump

i

IS

The trap log technique may be a good method }
to study the movemert:-of the fungub through the b
soil and for establishing boundaries of ‘disease
centers.yln this stﬁdy'the fungus was trapped in

1ogs'tﬁét were not assdciated with dying trees and

so therefore must have come in contact with the

fungus in the soil or in bur{ed“roots. - the plot,g:

had  been assessed’ purely on foliaf sy‘otoms the

bresence of‘the fungus in. areas 1, 2, 3, 4,'m“d 5@?
u} ) :,g
would have gone undetected. This technl%ue m&gh%

where . tréism“

bé “used 1n mature forests,

if the fungus is present in forest soils. I§~m*ght

‘,-

also be useful in the study ~of clone 5mor Yo

territories of biological .species in, a,ﬂﬁir“st w

K
)

Mols L N

L"' N ¥ e

S G2
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F. Conclusion , Y

A . | .
The trap log method has been successfully '

used to detect the presénce of an A. mellea
complex specigs in a forest soil. It can be used
to determine 0the distribution of the pathogen
WLﬁhin7 a disease center and gmay help in

. epidemidlogical studies of Armillaria root rot.
. ) » N

o " .
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V. GENERAL DISCUSSION

A, SpeSTES'Concept in the Armillaria mellea

"pCcmp%ex.l

Taxonomy of the hlgher Basrdlomycetes hasf'

Lbeen based nalnly upon morphologlcal features of

‘;the baSLdlocarp In North Amerlca, no serlous
o , :

.attempts have yet been made to dellnlate taxonomlc“

spec1es of the A. mellea complex,' although

blologlcal species; based' ma1n1y~ upon, sexaal

’ hymenomycetes, the common species concept tha

+

matlng experlments, have been recognlzed The A;/

| . ( \

: ”mellea complex exempllfles the dlffléulty of the
) |
‘spec1es concept in the hymenomycetes. At the 1976,

Herbette symposmum on spec1es conce;t/ '¢the"‘

o

emerged was-

Ry

"Populatlons " belong to  the same _ -

spec1es when ~ they are,h ablehb to
interbreed and Jto» “produce' viable e
- of fspring, provided that aﬁ absence of
‘ feftility«mis caused ‘only by those -
b‘genetlc parameters operatingk in' the
entire sexual cycle. .For “taxa, for
which the (1nformatlon necessary, or
the ~ application of  the criteria
s

148
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'1n frultlng _some A.

: Berthelay (1981) have

‘branchlng pattern

‘ . . »
* N
mentloned above is ’missing, the
follow1ng practlcal deflnltlon is tou
h'be applied: A-spec1es,ls\> y

which ‘posses constant °

characters (morphquglcal_Ff
for wh1ch a hlatus exxsts petween this
and other populatlons. )

hlologlcal spec1es of the North Amerlcan A.

"melleavcomplex do not satlsfy this deflntxon ‘as
L%
»they have not been shown ,to produce v1able

o offsprlng. This may only be due to the dlfflculty

mellea rcomplex members. In

Europe, Korhonen E 978) and uillaumin‘ 'and.
shown that the blologlcal

species concept is ~ompat1ble with the taxonomlc

spec1es concept.-Th's study has shown that there
are morphologlcal d'fferences ' such as hlzomorph
F nd pseudosclerotlal wall type,
between some of /the North Amerlcan blologlca1‘

spec1es. Therefo e, ,"bt 'ris llkely ' that -the .«

so called North Amerlcan blologlcal species w111
/

’prove to be dlstlnct taxonomlc spe01es.

) ‘ )
The partlal fertlllty between some European

spec1es and some North Amerlcan spec1es poses some '

interestlng'questlonsr Are they the same specles
that_haVe heen geobraphically'isglated and are now

-

i b e )

8 s

CPe L
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’jshowing evidenoe- of . further spec1a§10n, or are

they different -species whose‘ Lnﬂbmpatablllty
__/

51mply breaks down 1n certaln mat1ngs°‘

The evolutlonary hJ.story of "the A. mellea
group seems now ta be qulte complex, w1th as many
as’ ten. blologlcal Spe01es 1n North Amerlca and

. )
flve taxonomlc spec1es in Europe as weli ‘as five

in Australla. The ranges of the. blologlcal spec1es

in' North - Amerlca overlap and often dlffé@ent

bbiologiCai spec1es are found 1n close. proﬁlmlty to.

each other'(Ullrlch and Anderson 1978) . From this

stndYQ' it appears that blologlcal and taxonomlc

species of the A. melleaAcomplex couldube assigned

toi S two maﬁor groups' based upon cultural

® - W .

xcharacterlstlcs. Whether these two grou s reflect

evolutlonary patterns is %Eknown, bat it gis"

1néerest1ng to note that that” the two. groups found_

on three contlnéﬁts suggestlng thad&%hey have been

1_».

‘,1n é”istence for a 1ong perlod of tlme.

.ok

7.
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B. Armillaria Root Rotjin‘Aiberta-
| ,
|

Two known biological species of the. A.

mellea complex: have been 1dent1f1ed in Alberta,

North Amerlcan blologlcal species I ‘and V A thlnd"

specles, the' Foothills Eype, - may ex1st, but

evidinoe from dlplold 1ncompatibility, cultural
characterlstlcs and pathogen1c1ty testing suggest
that it’ may,vbe‘ b;ologlcal specles 1. Somatlc

segregants and putative hapioid usolates of“this

'group ‘are 1ntersterlle w1th all North Amerlcan

blologlcal spec1es 1ncluding blologlcal species Im

To resolve the '1dent1ty of this 4group careful

examlnatlon of .the’ basrdlocarps of each group is

"clearly needed

~-It has been shown'”that‘ the.'two‘ known-:

blologlcal spec1es can- be readlly dlstlngulhed and

malt extract agar, carrot agar, or nalt dextrose

peptone aga:47 Th;s ~ should allow ‘ for qu;ck_‘

1dent1f1ed when grown 'on potato dextrose agar, f

H
e

451

identification of . isOlates"taken From diseased - e

\ -
N

trees in the fleld. Malt agar and carrbt agar

alone could be used for 1dentﬂﬁrcatlon purposes.
.

Survey _ sampl;ngig‘ suggests that bothf'

biological species are distributed throughout-theg

Ea o

;@
it °

g
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forested %reas of the province and are often found

in the’ same area. There is limited ev1dence that
) : ; _

) : . . . «
" L o
¢ . : o

S ¥

'biologiéal species v 'may predominate in the

u‘northern regions and the boreal forest of the

prov1nce, and that biological specxes I and the.

‘Foothills type predominate'fin the ‘subalpine

)
forest The reasons for thlS are uncertain but may

»

be . the reshlt of several factors. Biological
' /

species V _was most often -1solated from trees .

growing in a mesic to wet environment. Biological
lspec1es rf d the FOOthlllS tyoe were most often

.lsolate@"from trees growing in well- drained to dry

_sites.: It may be_sthat vbiqlogical species V is

adapted. to. moist soil. conditions and that

biological spec1es I is adapted to dry sites. ‘This

may explain why biological spec1es V ‘Was seldom,

\ 2

‘1solated from lodgepole pine s1nce most lodgepoleh;

pine in the subalpine forest grow on well drained»

'or dry sites. BiolOgical speCies V is pathogenic

to lodgepole pine and highly virulent. Blologlcal
species~r1*_althouqh pathogenic is rmuch less

v1ru1ent than’ biological speoies V under the

expeﬁimental conditions tested ‘This may be due to

the*.inherently slow growth of this spec1es as —

'shown in the thallus growth ratio Veasurements,'or

attack.

' that it may need drier soil conditions to grow and

€152
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3 . S e y
vThéifrfindings may have’lmportént
1mpllcat1 ns\\for forest management in .Alberta.

Wlth conver51on of trembllng aspen forest to. plne

ox spruce forest there may be unexpected mortallty

= o

‘of you ~Rine seedlings.due*to Armillaria root rot’

caused by pi5i6g1.‘ species V.- More study is

needed %nto;“the pathogehiéity and ecology of
bioiogical species V to determine if this will be"\
L an'importaht factor in aspen conversioh projects.
| As well, pathogenicity studies involving white
spruce and“aspen*seedlings shouid’be conducted to
determine the possible. effect thét biological

species. I and .V could have in 1nten51ve forest

& -

+ management of thesegtree species.

s

In the past A}m{iisria root rot has  been
has

detected, after-r it \\ceused damege. ‘With

N

1ntens1ve forest management,\{presters w1ll have
to determlne where dlsease cente}s\ex1st before ‘a

—_ stand is- cut in order to apply control measures in

;%xegeneratlon.,lf ‘no visible symptoms ar~'present
T . in the old stand a detectlon method such as the
trap log method may‘be used. The trap log method
‘vm/;-yiﬁpuldsfnot “only determine the presence of the 'Z'w
”\:a f‘fungus in the soil, it cculd‘.also help to 4§gg

determine the extent of spread.
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characters;stics 'of.lth ba51dlocarps ‘of the -

different North American 1ological species. This

-

will be neccessary to determine whether 'they are
taxonomic species and will = clarify - their
relatlonshlp to known taxonomic species of' the

“Armlllarla "mellea fcomplex. In areas where

productlon of ba51dlocarps occurs infrequently, it

.-

" will be- necceSsary to try to produ e ba51d10carps’

in culture.

Ecologlcal ‘studies of —each of the major A.
~mellea complex blOlOglcal species should be done

3

to determlne if dlfferent spec1es occupy\dlfferent ' e
R . h\ ol
. - niches and to understand their relatlon¥<1ps in”’
'the’forestvecosystem. Complimentary~studies\in the

: &
. 'greater understanding of the A. mellea comple

_physiology‘of the different species hay alsﬁggive -/
In Alberta more intensive Asurveys\‘&n
~‘lodgepole plne stands should be done to deterd&ne

the exagt dlstrlbutlon of “the blologzcal Spec1es ; , \

and how» mhch loss . each causes. Pathogen1c1 Y

°

N\ studles us1ng whlte ggguce and tremblxng aspen ark

’ eeded to determlne the possxble effects of th

‘dliferent blologlcal~ape¢1es on these spec1es. JV‘“‘
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Appendix 1.

' Armillaria mellea

‘ The”Northern Forest Research Centre

> COmplex Culture COllectlon.)
>
ISOLATE  HOST DATE
NUMBER - 3 ’ COLLECTED
o ' N
o4y Popnlus trg-uloides » " unknown
- c-109. ‘Pinus contorta o 2/10/53
R i‘ﬁl ﬁ? Pt@us mnticola RS unknown
.C’613" Pinus contorta i /68&7’"
‘c-615 Pinus contorta N /68~% 1
 C-616 Tsuga heterophylla »'unknownn_‘
{‘;Cﬁﬁij‘ ?seudoﬁggga nenfiesfi " unknown
. C—-618  Pinu radﬁ ; unknown
.C~619. Cham ecypar 8 nootkatensxs unknown
 €c-620 Pipus conggktg - /68
. c-621 Pinus atorta - /68 "
-,A'é-pzz'; Pinus contorta /68
lf'C—623 Larix oébi@éntalis “unknown
c-624 - 'Pinus pondercsa - unknown
c-625 hPinus'nnr1¢a;nf‘ ;'unkndﬁn
. .JC-SZG?VgPinus,non££q§la:‘ ) unknown
:Lﬁﬂc—627d"Pinus sylvestris - unknown
. :.c-628 Pinus résinpbd’ Q /- unknown
. C7630 Pcpnlus tsennloides A/ o nnknéwn'.
" C=631 Picea glauca ' o unknown
cZ632. Abies, amabilis A " unknown
,fc-633 Abies lasiocatpa .. unknown
 'C~734" Pseudotsnga menziesii "unknown
C=735 Fagus sylvatica | - . kalwn
- €-736 Fraxinus excels1or b el

169 o

'B.C..
" B.c.
- Britain’

B .,C_.‘
Alberta
Alberta—»‘

Alberta

A“B C. .
”'BQC.‘ A

?.CI

 B.C.
" B.C.

B. c.,'

B.C.

" Britain.

Britain



Appendix 1. cont.

C-737
C-738
#C=739

.C~746.

c-748

. C-749

Cc-750
'c-751
c-752
;w'€L753
P e84
c-755

C=756 "
c-757"
g eC-758

o 759

'C‘760

. C<761

C-762

MC 763
C-764
C-765

- c-768
c-769
c-770".
c=771

. c-807
c-808

c-809

“;Pﬂbea:
- C-766 -

cz767 " Picea

Pinus resinosa

Viburnd; sp.
Pinus sylvestris

" Pinus sylvestris
_ Pinus contort&\

Plnu? contorta
Q'Vfcué rubra

.Pinuﬁ Rankélana |
Betﬁ;a alleghanlengxs

tgpinosa .
@Abtesp balslmea:. .
Pingﬁebanksiana

Al
Pin

' E..PJ. nuq}ufcontorta

'Sallx sp.“.;,
‘P1nus re31nosa'
‘Abies balsamea‘
‘Picea/QI:;hensxs
chea glgﬁca :
_chea glauca
Picea;g;aqu, ,
sitchensis
P;ceatsitéhensis
sitchensis
Piqeaigbies S
‘Picea rubra
Populdsitxéhulpides'

~~Picea mariana‘

Tsuga heterophylla
Populus trenulo%des

FE T

Y

unknown

unknown
unknown

unknown
\ 06/67
- 11/76

06/82
05/82
08/82
10/08/82

'25/09/17

17/10/69

. 11/708/69
11/08/69 -
'11/08/69

101/10/68

124/10/68"
_ -24/10/§8
25/09/68

. 25/09/69

., 28/06/72
- 12/087/68

09/82
- 09/82

o4/f1/8éi

05/82

oOntario .

Ontario

'Albérta’

Alberta
Alberta
Manitoba

Newfoundland _
Newfoundland

Newfoundland

Newfoundland
Newfoundland-

Newfoundland
Newfoundland

Newfoundland 
Newfoundland

Newfoupdland

o
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Newfoqndlandv_‘

 New;oundland.:

B.C.
Alberta

Manitoba
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C-824

- C-825
c-826

Pinus contorta

* Pipnus contorta

Pinus contorta
“‘Pinus, gostorta
Pinus Gofitorta
Pinus contorta
Pinus contorta
Pinus babksiana
Pinus banksiana
Pinus fesinosa
Pinué,;esinosa
Pipus resinosa
Pinus/contorta ,
JBasidiocd!p

' Basidiocarp . .
Basipiocafp *‘ _.w,
. Basidiocarp . -
”~Ba§idiocaip

Basidiocarp -
Picea abies . -
Piceilabies
‘Basidiocarp

Basidiocarp

Pinus sylvestris

Pinus sylvestris
Pseudotsngahmenziésii
Cupressus (funebris

-

\\*'N

07/82
06/83

06/83

06/83
07/83
07/83

07/8%

22/06/83
22/06/83

23/06/83.

23/06/83
23/06/83
108/83

i 35/04777

04/77

30/05/77
.14/b4/77;

03/09/77

19/09/77
105/09/79

27/09/80

 05/09/74
28/07/77

29/09/79
23/10/77
09/74
10/74

T 09/74
-unknown
09/83 -

/sg

LY

Alberta
-Alberta
Alberté
Alberta
"Alberta
Alberta
Alberta
Manitoba

Manit*af-

Manitopa

Manitoba -
" Manitoba
Alberta
~fTasmania .

- Tasmania =

_Tasmania

Tasmania .
Finland
‘§inland

Norﬁéy-
Finland

Finland
West Germany
Norway.

Finland
Finland
Finland
Finland
Sweden

‘Alberta
Kenja '
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4 o Y 9
c-878  Basidiocarp ! ’ 09/83 Alberta ,
C-879  Basidiocarp . ©.11/10783 Japan | SRS

C-880 Basidiocarp " 10/83 Japan '

. c-881 Basidiocarp . ‘ 11/83 Japan

 C—88i Basidiocarp ! | : ‘ - 17/10/83 ~ Japan
Cc-883 Basidioéarp ' "~ | ’05/11/93‘ Japan’

Cc-884 _Basidiocarp | 105/11/83 Japan |
 c-885 Basidiocarp . 11/10/83 Japan - -!’
c-886 Basidiocarp . .  .10/11/83 Japan =
o Cr&87j;;ngsid199§rg;i;{@y* o 28/10/83  qépah 
c-888  Basidiocarp - , . 709/09/83 Japan o
. c-889 - Basidiocarp ii\\\\\' ‘" 09/83 Alberta . =
e ?Lﬁzg_ Basidiocarp o _09/337‘A1berta '

“Cc-891 Basidiocarp
C;892_, Basidiocarp} ‘

' C-893  Basidiocarp . " «
'c-894 ‘Basidiocarp ¢ %  09/83  Alberta -

. c-895  Basidiocarp . ' 09/83 Alberta i .
c-896 . Basidiocarp ' - 09,85 alberta 7
c-897  Basidiocarp - . 09/83 alberta
c-898  Basidiocarp = |  09/83 Alberta
c-899 Picea mariana L 05/84 Alberta:

~ °C-900 Pinus contorta ) ' . 06/84 Alberta
+ © c-901 Populus balsamifera . ., 06/84 Alberta !
C-902 Abies balsames - -06/84 Alberta
C-903 . Abies balsmaea | ‘ 06/84 Alberta
Cc-904 Pinus banksiana J o~ | Alberta

c-905 POpqgus tremuloides

C-906 Pinbs 06/84 Alberta

Populus tremuloides - = - 06/84 Alberta
 9-908 Pinus contorta o v06/84  Alberta
) | | | .. . ///”_/:// %__/—~"” . -
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c-909
c-910
c-911
c-912
c-913

c-915 .

‘Gtélf
C-917
c-918
- €£-919

C-920

c-921
c-922
c-923
c-924
Cc+925
c-926

. c-927 -

c-928

c-929
+C-930

Cc-931
C-932
~ C-933

.c-934

¢-935
c-936
c-937
c-938
Cc-939

Pinus contorta
Abiés balsamea
Pinus contorta

" ‘Populus tremuloides
. Pinus contorta

Abies~balsanéa o
Betula papyrifera .

‘Ulmus americana
Populus tremqlpides

Pinus cbntorts

?Pinus éon;orta.
* Pinus contorta

Abies lasiocarpa
Pinus pankéidna
Betula pgpyriip:i; '
Populus tresuloiles

- Pinus contorta,

Picea glénca _
Abies lasiocarpa
Populus balsamifera
Picea glauca

'pinus contorta

Populus balsanea
Pinus contorta

Basidiocarp
Basidiocarp
Basidiocarp =

P. balsamifera \
A. balsamea \

. v et T T

‘06/84

06/84
06/84

08/84
08/84%
08/84

| 08/84
08784

- 09/84

- 09/84

09/84

09/84

09/84.

- 09/84

. 09/84

. 09/84

09/84
09/84

10/84

09/84
09/84
09/84
09/8%
09/84
09/84
10/84

10/84

10/84

Y

10/84

'Albérﬁé \
‘Alberta !
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- - s
Alberta .
Alberta

$A1berta» ‘
‘A;berﬁa Loa
.Alberta .

Alberta
Alberta
Saskatchewan
Alberta
Alber;gb_
Alberta:
Alberta,
Alberta: ’
Alberta 
Alberta

Alberta 'Y‘
Alberta . -

Alberta |

Albertal '
Alberta . A
Alberta
Aiberta
Alberta

-B.C.

B..C.

'B.C.

Alberta

‘Alberta
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