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FOREWORD

The Sixth Western International Forest Disease Work Conference was held
at Vancouver, British Columbia, December 2-5, 1958. Thirty-five members
registered. About 45 members and guests, including several from the Hun-
garian Sopron Forestry School, participated in all or most of the regular
discussions., On the evening of December 2 Dr, Nordin, Ottawa, Cdnada, and
"Dr. Hansbrough, Washington, D. C., reported on national developments in
disease research, including plaens of the pathology sections for the
International Botanical Congress, August 1959, at Montreal. At the
Wednesday evening banquet the group was privileged to hear from Mr. A. F.
MacBean, Chief Forester, MacMillan & Bloedel Ltd., Vancouver, B. C.,

who showed color slides and described his recent trip to Russia.

December 4 was spent on the campus of the University of B. C. In the

- morning the group visited the University laboratories and greenhouse of
Forest Pathology {Dr. J. E. Bier) and Forest Ecology (Dr. V. J. Krajina).
Dr. Krajina with the help of color slides described his work on nutrient
responses of conifers. After the talk the group visited the greenhouse
where Dr. Krajina and graduate student Mr. Morrison showed effects of
nutrient deficlencies on B. C. conifers and discussed their culture tests
in more detail. In the afternoon the conference was the guest of the '
Forest Products Laboratory in their new campus-located bullding. Director
Ken G. Fensam in charge of the Forest Products Leboratory welcomed the
group to the building and described the general research program. Professor
H. W. Bades later showed the visitors through the Wood Pathology section
of the Forest Products Laboratory. After the laboratory tour the group
met in lecture session to hear talks by Jack Roff on redheart and decay

of lodgepole pine, Miss Robinson on black stain in red cedar, and Bob
Kennedy on welght and strength loss associated with brown and white rots.
A pre-dinner social hour, hosted by Mr. and Mrs. Jack Bier at their

Point Grey home, provided a pleasant and memorable climax to the day's
work. . - .

Executive Committee Prbgram Committee
J. W. Kimmey, Chalrman : J. E. Bier
H. R. Offord, Secretary-Treasurer ' Keith R. Shea

A. K. Parker, Chairman



CHATRMAN'S WELCOME

Fellow members of the Western Internatlonal Forest Disemse Work Conference,
and guests, welcome to our sixth annual meeting.

Here we are back in British Columbia. We held our first conference at
Victoria in 1953 and gince then have completed the circuit of meeting
places in the United States and Texas; s0 now we are starting the second
c¢ycle. Those of you who attended the Victoria conference remember the
grand start our conference series was given as a result of the efforts of
our Canadian members and their gracious hospitelity, I am sure that you
all have looked forward, as I have, to this second conference in Canada

. with our genial British Columbia hosts.

- I am sorry that the expected delegates from our Mexican membersghip will
not be with us, - We hope that their participation in our conferences will
in future meetings become & regular thing.

I extend a special welcome to you members and guests who are attending
your first conference, end T urge each of you to participate freely in our
discussions so that we may all benefit from this added professional knowl-
edge in our conference. Although prepared papers will be read, much of the
benefit from these conferences results from our informal discussions, with
everybody participating. Please do not wait for the panel leaders to ask
for your opinions. '

‘The general theme of our conference this year is titled "Parasitism" and
‘deals with parasite-host relationships, such as host susceptibility, re-
sistance, and klendusity to various pathogens. Parasitism is basic to
disease research for parasites cause all pathogenic tree diseases. We
will have two panel digcussions of "facultatlve parasitism” and two panel
discussions of "obligate parasitism.”™ - After the panel speekers present
their papers the panel moderators will lead general discuselions of the
material presented and any related subjects that bear on the topics. The
purpose of these panel discussions is to point out our forest disease
problems and through the participation of everybody here to solve them or
to determine how to go about solving them through regearch.

Dr. Parker, Chairman of our Program Committee, and Dr. Bier and Dr. GShea,
the other committee members, have expended much time and effort in organ-
izing our program for this conference. These men I heartily thdnk in
the name of the entire membership for thelr willingness and unflagging
efforts in arranging an excellent L-day program for us.

Art's committee has arranged an all-day trip for ue on Thursday to the
University of British Columbie campus, where we will see research in
progress on forest products, forest ecology, and forest diseases.

The extent of the benefits that result from this conference will depend
largely upon the thoroughness of our discussions. All pertinent knowledge
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possessed by this group should be brought to light in each discussion.
The measure of our attainment then will depend on you. I hope that each

of you will enjoy every minute of the next 4 days, and I feel certain that
you will. '

James W. Kimmey
Conference Chairman



PARASITISM AND HOST-PARASITISM RELATIONSHIPS

Rendal E Flthetrlck

My talk can only be considered an introduction to my topic-~parasitism
and host parasite relationships. In discussing the subJect I-shall con-
fine my remarks té pargsitism as 1t relates to the phytopethogenlc mloro-
iorgsn1sms--the fungl the becter1e end the v1ruses .

The attacks of the fungi "and the- b&cterls have meny thlngs in common and
weé can treat them together. The viruses on the other hand~have little-
in common with the other two, so we must treat with them separately.

To begin with, let us set the stage by remirdding’ ourselves of the rela-
tive sizes of thé protagonists in this battle between the green plants

. and their mioroparasites: Consider- exactly what we are doing- when we
look at diseased tissue under the mlcrosdope Let us draw some simple
domparisons. Let us take a leaf, say one 10 centimetres long, that is:
about 4 inches. This leaf under a relatlvely low megn1f10at;on-~sey 100
diameéters--becvomes 10 metres long; that is aver 30 feet. Where thers are
no veins, it will be but a few centimetres thiok, or about as thick as a
stout plank. Viewed from the surface, the epldermal oells will appear to -
fit together like pieces of a fine Jigsaw puzzle, éach piece averaging
3-4 millimetres across. The stomatal openings will appear as tiny lens-
shaped slits, about 2 millimetres long and half a millimetre wide.

As ‘'we look down on the surface we may see some fungus spores, perhaps-a
condium of the apple scab organism. - It will be soméwhat smaller then a
grain of wheat; Alternaria spores will be larger ‘and more like oats:
Should the -leaf be wet, we might even find a zoospore of the potato
blight - organism, Phytophtihora infestans; swimming about. This will be a
-tiny sphere  about” the size of the head of a pin. Bacteria will be mere
flecks of dust, and virtually invisible; viruses will bs completely so.

As we shall not be able to tell much about host parasite relatidnships at
—%his—m&gﬂifteatien——le%—us‘turn—tU—hIgher—pewer——_tet_US”ﬁse*E—_1mmers1on
lens, and for convenience a megnifioation of 1000 X. Now we van see the.

bacteria; for example Erwinia emyllovora the pear fireblight organism,
looks like & small grain of rice 1% mm. long &nd '+ mm. wide. - The zoospore
is about the size of a small cherry, and the apple scab spore the size of
a respectable radish. ‘Rust: uredospores are slightly larger and they show
their’ markings plainly. The virusés are still invisible, of course: let
us leave them out of the discussion for the time being and concentrate on
the fungl and the bacteria.

Let us go beck to our leaf.  OQur 10 cm. leaf is now ‘100 metres long--
about 110 yerds, the length of a football field.: The -s‘tomatal openings
show plainly--they are almost an inch long and =a quarter of an inch wide.
The jigsaw pettern of the epldermal oells 1s now coarser than the- average
puzzle. - - : -











































































This period coincides with the active growth period of the oak tree. In
one study, infection by indirect transmission ended during the same week
that wound callus growth on cak ceased {30). The application of growth
inhibitors to elms that were later artificially inoculated with the:Duteh
elm disease organism indicated a suppression of disease symptoms (4). The
inhibition of growth expressed itself in inhibiting early-wood productions.
When the disease organism was reinoculated upon cessation of chemieal
treatment and resumption of early-woed formation, symptom development was
normal. .These cbservations indicate some correlation between early-wood
formation {pogsibly production of large vessels) and optimum infeection
and colonization of the host by these two wilt organisms, '

The optimum colonization of the host by wilt disease organisms is thought
to be accomplished by the translocation of spores in the sap stream.

Gross cbservetions that indiecate distontinuous patterns of fungal induced
sapwood distoloration and the discontinucusly distributed fungel mycelium
in diseased vessels suggest this conclusion (1, 2, 11). &tudies on elm
indicate a repid distribution of spores of the different elm wilt disease
- organisms takes place during the period of -active host growth (1). During
other .seasons, movement was restricted and slower, .This translocation of
spores in the sap stream is also indieated in oak wilt (45) although doubt
has been raised because of the difficulty experienced in finding spores in
xylem sections (19). Recent eircumstantial evidence substantistes sap
stream distribution (6, 21). '

The lack of systemic distribution of the Dutch elm disease organism in
resistant oriental elims. and the apparent tolersnce many members of the
white oak group have to oak wilt suggest possible physicsl and themical
barriers to this distribution. In oak wilt, lateral distribution of the
organism is slow and limited in members of the white oak gréoup (31).

‘The possible physicochemical and morphological similarities in early-wood
xylem tissues of oriental elms and late-wood tissues of susceptible elms
has been theorized and is being investigated (21). Purely morphological
resistance to elm wilt diseases hag been suggested (1). .Physicochemical
resistance will be discussed later.

The sapwood discoloration symptom present in these wilt diseases has

also been used as an indicator of the lotsation of the disease organiem (1).
This same browning reaction is ¢tormonly associeted with many types of
~wounds on woedy plents. Many species of bacteria and fungi can be isolated
from such localized discolorations (1). Infection 1s lotmlized and not
complete. ' '

‘The previous paragraphs have established the wilt organism within its
host. .The host reaction to the disease organism is manifested by two
distinet symptoms; the external one of wilting foliamge and the internal
one of vessel blockege by tyloses .and gums. '

‘The leaf symptoms found in these diseases have suggested the presence of
& toxin in the disesse reaction. 'This toxin theory hes been indicated by
in vitro studies with these disease organisms (18, 25, 33, 43, 16). Other
in vivo studies with oak wilt have suggested the opposite to be the case
T?, 6). -The death of the osk leaves is associnted with the plugging of
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conducting vessels. The basic leaf symptoms in osk wilt seem to arlse as
a result of both water and nutrient deficiencies (5).

A brief critical analysis of the present use of the word toxin is in order
at this point. The classical definition of this term usually includes a
chemical, allied to proteins, formed as a specific secretion product in
the metabolism.of an organism that may produce an injurious effect upon
living tissues. At the present, the use of the word toxin has been
extended to include any material arising from the parasite or its action
upon the host that caises an abnormal reaction in the host (14). 'This
latter definition is too broad for this speaker to accept and therefore,
is not used in this discussion:

e ihternﬁl gymptom of vessel blockage by tyloses and gums is character-
istic of these woody-plant wilts, Both tyloses and gums are found in elm
- Verticillium, oak wilt, Dutch elm and Cephalpsporium wilt diseased trees

(1, 12, 36, 38, 47) ut only gums in maples with Vertieillium wilt (38).

The phenomenon of tylosis and gum formation is not limited to these
disease reactions. A number of hardwoods form such structures normally
during the aging of woody tissue (22). The inner sapwood and heartwood
af' many oak species contain tyleses (44). In pine, some roots and the
first yearls growth of the cone axis may normelly contain tracheids with
tyloses .(10). (Certain abnormal condltions also promcte tylosis formation.
‘These include wounding and drought (6, 8). Other indications -suggest that
tyloses are not readily formed during the period of plant dormancy (6).

A deseription of the type of tylosis under discussion is in order at
this point. .This structure is an outgrowth of a living ray or wood
parenchyme cell into the lumen of an adjacent vessel. Where plis
between these two cells have gmall apertures, only gums are formed (9).

‘Two basi¢c theories have been proposed for tylosis formation. The presence
of air within the vessels as a cause of tylosis production has been
suggested (26). This would result if the continmuous sap stream were
broken. .The other theory implicates decomposition products of wnunded
cells as playing a decisive role in tylosis formation (2k).

An examination of these theories when considering wilt disease reactions
is interesting. A mmber of conditicns are indicated which could cause
the sap stream to be broken. Fungus mycelium and spores could possibly
cause initial stoppage of the flow (6, 29). The oak wilt organism produces
a polysaccharide material in vitro which is capable of vessel blockage
(6, 43): Studies on wilts of herbaceous plants have suggested initial
vessel plugging to be associated with decomposition preducts from cell
walls (23, 34, k0). This could he accomplished by hydrolysis of pectin
substances in the middle lamelle and primary cell walls by fungal
enzymes. This has been theorized for the diseases under discussion when
one considers the sapwood discoloration present and the productlon in.
vitro of pectin depolymerase by both the oak wilt and Dutch elm disease
organisms (3, 20)



The possibility that growth regulators initiate tylosis growth is also
present. The fungi responsible for oask wilt and Dutch elm diseases produce
‘growth promoting substances in vitro (3, 20). In the case of oak wilt,
methionine may be one of these substances (6). “Other studies indicate
tylosis formation is stimulated upon application of auxin to roots of oak
(42). Tyloses'were not produced in maple, but instead "amber plugs” (42).
The latter are suggestlve of the reaction present in Vertieillium wilt of
maple (38) and gross "pathological heartwood" appearance in wounded maple
tissues (17). A possibility also exists where the basic stimilus for

ty1051s growth is coupled with hormonal balance in the vessels.

- In coneluding thie discussion on host response, a recent paper by Beckman
(4), presents an extremely interesting theory for this tylosis production.
He suggests that the physigochemical state of the parenchyma cells is at

an active growth state durlng optimum host-parasite reactions. .The primary.
cell wall is & metabolically active portion of the cell that integrates with
the cell protoplasts (32). Mechanical coherence in the cell wall is .
decreased, .but permeability is increased, during growth {37). It is sug-
gested that the constituents of the entlre cell, ineluding the primary

wall, are in a highly distended, permesble, and reactive state when under
the 1nfluence of optimum auxin concentrations. It is possible then, . that
exoenzymes from the parasite could better permeate and have greater effect
in cells that are in this highly permeable and reactive condition, than in
strongly differentiated cells. ‘This speaker would alsc like to suggest
that the breakage of the sap stream could cause an inbalance in auxin and/or
nutrients near the parenchyma cells which are in this highly reactive state,
This could initiate reactions within these cells which result in growth
and/or productlon of materials such as gums.

The above paragraphs have been an attempt to ‘briefly discuss the host-
parasite interactions in woody-plant wilt diseases. As one can see, there
1s much to be accomplished in the future in studies on these diseases.
‘Much of the material presented still lies in the realm of theory
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LIFE HISTORIES OF WESTERN TREE RUSTS IN RELATION
TO SURVIVAL AND SPFREAD OF THE PARASTTE

Wolf G. Ziller

This Igrief review 1s based entirely on the sl:reg:.es of tree rusts known
te Geeur 1n.British Calumbia; The perhaps bold asgumpticn is made that
nearly all gpecies of tree rusts indigenous to western North tmerive can
be studied and tolléeted in British Columbia, The tree rusts of the
west (spproximately 60 spetles) havé been lumped inta 10 groups, the
spetles of each group representing ome distinmet type of life history.
The data for the life historigs were; whenever possibley teken from cdl-
lections and perspnal gbsérvations rather than from reports in the
literature. A diagram will be shown for each group (Figs. 1-10); 1llus-
trating the 1ife ¢ysles of menmbers of that group.

Figure 1 represents the 1ife gycle of a newly disgovered (5) race
of Melampsora epitea the asvial state of which causes the hemlock
needle rust Caepma dubium C. A, Imdwig, With slight variations the
diagram may he tonsidered to represent all westérn trée rusts which
overwinter in the dgad leaves of the telfal host in the form of

teliaap@res. Inbthﬁ Easerﬂf many speeies mf Me;aﬁpsara, Pyt

_ FreoEitL -
Ain the living buds of'the telial hﬂst as well, in thé farm.af I
diplc;d mycellumj This mycelium produbes uredinis in spring and thus
ensures the rust’s survival in the absence of an agelal host (83
MElampsara paradoxs Digt, & Holw. on Salix on Venceuvér Island.)

thﬁ Escial h@st 15 usually accompllshed with the—thick-walled over-
wintering amphispgres, which can infect the young ferm fronds in the
Epring. Those speries of Urediropsis lacking amphispores, like Us
hegopteridis, depend for their survival entirely on the firs, thelr
aedial hosts:

U. vhegonteridis has been collected on both fir and gak fern, but
only In loecalities whére thé two host plants grow together.

Collections &f U. lenglimcronata on the Queen Charlotte Islands, a
region noted for its absence of fir, suppert the theory that amphiss

pores ensure survival to the rust without the need of hpst-alternation.

Little is known of the life histories of species of Pucciniastrum,
but,. 1ike those of Melampseridium betulinum and Puceinia coronata,
they probably resemble the Meggggsora type of 1life history.
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Group 2: Uredlnopsls hashlokai Hirats. f,‘(g; aspers Faull) and'g.
pteridls Diet, & Holw. . '

Recent studies (4) have demonstrated that U. haghickai and U, pteridis

~ represent a new type of 1ife eycle in the. Tres Tusts (Figs 2), The
phase on the telial host, bracken fern, is hardly unusual for species
of Uredin0psls, except perhaps for the lagk ¢f amphispores. On the
Betdial hosts, speties of Abies, infedtion by basidigspores takes place
at the usual time, in Msy, and at the wsual Sourt of infection, imma=
turg needles of fir: The perlod between infeection and appearance af
pycnila and aecla is, hovevér, exceptionally long; it also seems ta
vary significantly according to the species of fir infected: it is
much shorter in alpire than in grand fir., Onée aeria have fully
developed; whith takes 4 months in alpine fir and 12 months in grand
fir, they continue spore produgtion year after year, interrupted each
Yeér only by a perind of dormancy from fall until the fallewlng spring.
The infection does mgt spread within the néedle or into the twig, No
new aecia develop once the first ¢rop of agegiia begins to sporulate;
The infectlions thus remein logalized but bepome perénnials Mgst
-remarkable of all, the normal life span of the host needle ie npt
noticeably shortened by the rust parasitizing it: Thg parasite causes
ne hypertrophy or abnormal growth and 1ittle or na disgoloration of
the needle: There is perhaps no better example than this of hast
tolegrance to an Gbllgate parasite,

Since these two rusts do not produce an averwinterlng d1p101d mycelium
and lack amphispores, they ﬁepend on their asecigl hosts for survival:
‘the ruste are found enly in lopalities where hoth alternste hpstsy

fir and bracken Tern, ngW'tegetherﬂ

The neged for artifigial spermatizatian to produge aeaia on infepted
needles in the greenhonse indidates that the two rysts are heteros
_thallig, _ »

Groyp 3¢ Milesie spp.

Figure 3 applies only te the life &yele of My lagviusgula (Digt, &
Holws:) Fanll, the needle rust of fir and Polypodium (3). Although
it is the only spetigs of Milesie known te tause needle rust in the
West, 1t can be assumed that other western specles of Milesia have a
similar 1life cycle.

The cycle is not complicated nor very unusual; the diploid mycelium
in the overwintéring fern fronds assures survivael to the parasite and
mpkes it independent Qf its aecial hosts. This was ponfirmed by an
interesting collection in the field: M. lseviustula was found to
Guur on the Queen Charlotte Islands, a region ngted for the eomplete
absence of fir; .

The 1ife history of M, laeviuscula is noteworthy for the exceptionally
long period required for maturation of the aeria. Thus, aesgiospore
dispersal and infection of Polypodium by aetiospores is delayed until
late fall and winter, as shown in the diagram: This 1s a good example
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of the parasite’s adaptation to our warm coastal climate where the
myst vigorous grgwth of Pelypodium orcurs in late Fall.

Fleld observationg and inoculation tests have shown that fall infec-
tions .of Polypodium do mot develop uredinia (ngr telie) until the
following spring, about four months after inoculatlon, vhereas spring
and summer infe¢tions develop uredinia three weeks after inosulabion
(3) It has been shown experimentally that, whereas the fir needles
are susceptible to infe¢tion omly as long as they are immature;
basidipspare inosulum is available in the fie*d during the entire
summEr; .

Groug,#: Hyaldapsora agpidigtus (P, Magn,) P. Magn@

Thg @utstanding eriteria of the 1ife eycle pf H.
8re the trisennial habit in the Fir hest and 'bhe entirely systemig
and perennial habit in the fern host. Pyemla dévilop one, and aetls

twa years after infettipn; the 1nfeated negdles die after their third

grnwing seasan, On the gak fern thé rugt becomes systemiy and.per“n;
nigl; It everwinters in the rhizomeés gnd produces uredinia and telis
G the y ung fronds in spring:. To doubly gnsure survival, spresd,

and indepéndense fram'the necisl hosts, amphispéres aré produced iu
fall, vwhich ovérwintgr on the dead fronds and may infect the young,
living fronds in spring, No rust is bhebtter eguipped for survival

on its telial host. Perhaps the haplold phase on fir is begoming
bhselete and therefﬂre rare,

It has been passible ta canflzm exparlmﬁntally that the rust Qver-
. f - e ,

- B Pu¢ciniastrum oap:'rtlamum.(Kuehn) Klehs Chrysomyxs mMOREsls
*'__‘,‘rc}lata Wint it Co Jm. oninl Tranz.; and G granglum g

Figure 5 serves to illustrate the life cyele of the—rusts which are
annual in the aectal, and perénnial and systende in the telial hosts.
It is a relatively hﬁterageneous ETOUp; the merbers of whiﬁh wonld
best be vonsidersd separately.

The dlagram as we see it represents Puceinlaghium g@éppertlanunb
whigh causes newdle rust of fir and broom rust of huckleberries .
The telia reguire more than a yesr to develep and after they are.
formed; they overwinter and germinaté in spring like other spegles
of Puc&iniastnim.x

In Chrysomyxa momesis, C. Pirolata, and C. woronini the time of
spore dispersal and the.pexlod reéquired for spore maturaticn are
the samé as 1n gther speties of Chrysomyxa. However, their 1ife
eyele differs from the normal Chryscmyxa eycle in that theé rusts
havé begome systemic: partially systemic and annusl in their

agtdal and totally systemir and perennial in their telial hosts:
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In Pucciniastrum goeppertianum,~as well as in Chrysomyxa, woronini,
the 1ack,of uredinia makes hogt=-alternation obligatory

The two spruce cone rusts have been causing considerable damage to
spruce seed in British Columbia. The systemle and perennial habit
of C. monesis in plants of Moneses uniflora (L.) Gray has been
demonstrated.

The 1life cycle of most species of Gymnosporangium is essentially
like that of Chrysémyxs woronini and will not be further discusseds

Group 6: Melampsorella garyophyllacearum Schraet.

This rust (Fig. 6) has become systemlcv and peremnial in both its
aeclal apd telial hosts. It is thus excellently equipped for gur<
vival and spread, and would be difficult to cﬂn$r0l. Fortupately,
the aeclospores are of apparently véry low’virulence, which may
explain the scareity of infections on theckweed in stands heavily
infected with the broom rust. The broom rust of gpruce, Peridermium
coloradense (Diet.) A: & K., is closely related to this rust and bas
once been c¢onsidered synonymous with it,

In an unpublished experiment sparse infestions on.Stellaria medis
(L.} Cyr. were obtained with aeclospores of the broom rust of fir,
but negative results with the broom rust of spruge as inoculum:

'Groug.T: Cronartium,spp‘

Th& 1ife historles of this well kngwn group of rusts (Fig: T) hardly
nged be restated, and.llttle, if anything, EEW'CaH.be eontributed
at the present time.

A number of ing¢ulation experiments with the C. gelegosporioldes
Arth, complex have been {arried out by the wTiterﬁ although thelr.
taxonomic signifigange has not been amalyzed yet. Consistent and
ample infections on native spewies of Castilleja were obtained with
Peridermium stalactiforme Arth. & Kern and P,'filamﬁntGSum Peck; the
latter originating from the Santa Cataling Mbuntains near Tucson,
Arizena. Infections of Castilleja with Pe harknessii Melnecke werg
gither sparse or negative.

Group 8: Chrysomyxa spp.

The 1ife history of the nom-systemié Chrysdgmyxas (Fig. 8) very mueh
‘resembles that of the Milesiag (Fig. 3 discussed‘prev1ously It

-———-d-—e-——- .
differs from the typical Milesia cyele only in the shorter period
required for maturation of the aecia and the longer period reguired
for maturation of the uredinia: In both genera, the uredinia and
telia form simultaneously in spring from an overyintered diploid
IMycelium; and members of both genera are known to survive without
thelr Becial hgsts.
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Twa. syeciés of Chrysomyxs are known to ogéur 6n eultlvated rhodadenr

- drons on Vantouver Islamd, C. piperians Sage, & Trott. gx Cummins. on
the broadleaved R. macrophyllum type and €. ledl rhgdodendri (d¢ Bary)
Bavile on many of the small-leaved exohle | specles. Neither of the two
spevigs have been shown to oreur on spruce In British Columbia,

Group 9: Chrysomyxa weirii Jacks,

Cx welrdl is the only microeyelic tree rust sgturring in British
ColumBia Only teliospores and basidiospgrés are produced in its
life gycle (Fig. 9): The absente of pycnia indigates that the fungus
is homothallic. Sinee spread of the rust ten oficur by basidigspores
only, we may expect that it spresds slowly. Morphelogically and
bielogigally the rust resembleg the Burgpéan i relig spruce
néedle rust C. gbietis Wngeér; which hap larger lgspores and scems
5 be more destruttive than Cs weirli The simple 1ifé history needs
ng further comment. s

caleasporium 8PP+

Group 10

The best known répresentative of this last group of 1ife histories ,
(Fig: 10) is C. ssberym (Diet.) Syd, The 1ifé history of our western
furm, Peride nteouun Arths & Kern, hse oot been demonstrated
and might differ s]_ghtly from the eastern Forx,

Again, 1ikg¢ Pugeimimsbrum epilebii Otth and meny other rusts, speties
af Celeaspgxi[i;ha, sumed the semixprénnisl and partly eystemic

N eh & intering in their telial hasts, whirh aggounts for
i _1val 1ndependéﬁt of their ameeial hostg, the plres. Idke in
Cropartium, infectisn of thi negdles oteunrs in late summer and fall,
The agtia sporulate in syring; the telia in Iate sunmer and fally

Aegia in our Victoria collections, as far as it ceuld be determined,
were all on needles two years old and older. It sgems that the ¢lder
meedles are more susgeptible than the young ones; as in the tase of
Cropartium riblﬂ@la J» Cs Fisch,

Glinde.;a strlcta DC. has been infected with Per;dEImium Tonbamm
(uhpublished); ‘ =

Discussion

We are now in a bétteér position te discuss and analyze the 1ife histories
of° our western tree rusts in tote., It is nateworthy that all western
tre¢ rusts have péremnial plants as their telial as wbll as aecial hostes
It is therefore not surprising that a large nunber of the tree rusts,
also, have adopted the pereginial habit: eerbalinly increases the
parasite’s chande for survival and spread

Usuglly the perennial rust is at least partially systemic, with the
exception of the two perennial but localized needle rusts of fir,
Uredingpsis pteridis and U, hashickal. Very often the aegiospores of
systemic rusts have lost much of their virulenee, which reduces the
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rusts' spread and prévents them from becoming epiphytetlc, as. for example
the systemic spruce rone rusts, and the bropm rusts of spruce and fir,
Certalnly, those whigh have nct lost their aecigsporeé virulente; like
most spepies of Cronartlung belang ta the most devastating tree rust
p&rasites. .

It is na,mEre coineldence that nearly all tree rushts have retaingd the
primitive hétero-eu form of 11fe cyelé, and that most 6f them otcur on-
tonifers., The phylogenetic basis for this phenbmenon has been investis
gated by H. S: Jackson (1). Although we have a few heter-opsis forms in
.gymnq;pgrangium, Chrysamwxa, and Pugciniastrum, and one or two miero- and
enda-ferms, aut-eu and brachy-forms ! ‘are lacking entirely ampng the western
tree rusts,

‘ Short-cycling; of course, is met to he confused with autoecism. Short=
eyeling ctcurs on the telial hosts of 60 percént gf Sur tree Ets. Shortw
cytllng is by neressity restricted to those spertles whieh have either
overwintering uredinidspores (amphispores), or repeating spares developgd
from ay tverwintering mygelium. Shortucycling ¢liminates the need for an
alternate host, although the capa¢ity to infect an altermate host 1s
retained. Short-cycling is of definite advantage for the survival of

the parasite.

It 15 practically impossible ta detect the presence of a rust in its
dormant,, overwintering state prior to fruiting:. Therefore, the impart
and export of plants which are hosts of potentially destrudtive rusts
should be Pprohibited if theg rust is kndwn tg overwinter in the host and
if thé rust does not already otcur in the Hew aresa.

Su5¢6ptiblllty of conifer needles to infection depends lergely on the
barriér the cuti¢le éan offer to penetration by the germ tube. It has
been shown experimentally (2, p. 186; 3, p. 888) that mature needles of
Dﬁuglashfir, western htmlock, and grand fir resist infection ta rust .

It seems difficult to explsin, therefore, why young pine neéedles should
be less susteptible to infection (by Cronartlum_ribicala and Goleosparium
'asterum) than old ne&edles,

I would like to conclude this review with the gncouraging obssrvation
that nearly all our native tree speplies van be proteeted from rust by
excluding the alternaté hosts from the area surrounding them.
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The Tree Rusts of British Columbis

{

% = spacies of unkhown life eycles
) = specles suapected but not kmown to

attack trees in British Columbia

Chrysomyxa
shiogenig
enpetrd -
ladi var. glandulosl
ledi var. groenlandisi
ledi var. ledi
(1edi var, rhododendrl)
%(1edi var. vascinii)
ledizola
monesis
pipsriana
pirclata
wairii
Eyoronind

Coleosporium
~ asterum
{madiae)
(tussilaginis)

Cropartium
tcoleoaporioides
comandrae
comptoniae .
ribicola

Gymnosporangium
bethell
¢lavariiforme
¢lavipes
cornutim
inconspicuun
nelsoni
nidus-avis
nootkatense
tremellolides
tubutatun

Hyalopsora
aspidiotua
(polypodii)

Melampsora
alhertensis
~ opltes f. spp.
medusas
occidentalis
paradoxs

Melampsorelin
caryophyllacearum

Melampsoridium
betulinum

Milesia
(darkeri)
(dilatata)
laeviusecula
#(polystichi)
{vogesinca)

Per%:ermium _

oloradense
harknasstd
Aholwayi
psendo=-balsameum
Estalactiforme

Puseinia
coronats

Pucciniastrm
epllsbii
goeppsrtianum
(guttulatum)
% (pyrolas)
BparBUm
B(vaccinit)

Tranzschelia
{diseolor)

Urascium
holwayl

Uredinopsia
hashioksi
longimucronata
phsgopteridis
pteridis
struthicpteridis

45 species known to attack conifers
11 apeciez known to attack broadleaf tress
8 specieg kmown to attack both conifers

and broadleaf trees

48 apeoies known to attack trees
15 species of unknown life histories

Total epecies:
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Characterigtics of the 1ife Cysles of Western North Americon Tree Rusts

g [ Extent of Duration of Overwinters as: e
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7 { Cronartium spp. 0,1 X x X +
II,II1 x x +
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. 11,111 x b x =
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1. Melampsora epitea f. sp. tsugase 2. Uredinopsis hashiokal and U. pteridis
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Diagrams of the principal types of life cycle
found in Western North American tree rusts. :

. Legend:
H Infection by aeciospores
[——={] Infection by urediniospores
HInfection by basidlospores

C Living rust in living host
mm Living rust in dead host















them has been found in the files of the former San Francisco Branch.

Thus we have no information on how many planis were used, where and when
they were obtained, or what precautions were taken to avoid contamination.
These may be important con51der&t10n5 in Judglng the validity of his re-
sults.

Now let us turn to the work of another investigator and his conclusions.
For a period of 20 years in Washington, D. C., George G. Hedgcoock, with
the help of several co-workers and of field collectors in the Division
of Forest Pathology, carried on infection tests with tree rusts of the
United States, among them the two Peridermiums for which Meinecke had
demonstrated direct mecial infection from pine to pine. The results of

- this really tremendous effort for the western rust species included in

the tests have never been published. They have not been completely sum-
marized, but for what Hedgcock termed the short-cycle form of Perider-
mium harknessii alone 3,069 pines- of 34 species were inoculated, of
which 611 developed positive infections. About 10 percent lived to
‘develop aecia, but none of these produced any pycnia. Infection tests
with aeciospores of this form were carried out on 154 plants of 7 species
of Castilleja, Orthocarpus, and Pedicularis in the Scrophularlaoeae and
on 114 plants of 24 species of Quercus and Castanea, all with negative
results. Hedgcock did not make c¢lear what experimental evidence of his
own he had for the existence of what he termed the long-cycle form of
this rust, but his conclusion was that there were two forms, one autoe-
cious and existing only in the aecial stage and the other heteroceoious,
“with the alternate stage on Castilleja or otheér members of the Serophular-
iaceae. In an unpublished manuscript left by him he makes no mention of
the concept of facultative heteroecism advanced by Meinecke, but it seems
apparent that on the basis of his own tests he did not subscribe to it.

Judging from Hedgcock's results, the great bulk of the gall rust popu-
lation in the West represents the autoecious form. Some unpublished
tests support this conclusion. In a Master's thesis submitted at the
University of Washington in 1955, James W. Lorbeer (8) reported attempts
to infect, under controlled conditions, plants of Castilleja miniata
from along the Stevens Pass highway in Chelan County, Washington with
aeciospores of Peridermium harknessii from Pinus ponderosa in California.
The tests were unuformly negative. The following year plants of
Castilleja hispida and Pedicularis bracteosa from near Lake Wenatchee,
Washington were exposed in humidity chambers to harknassii asciospores
from Pinus contorta with negative results. A similar series of plants
of the two species, exposed similarly to asclospores from Pinus contorta
of what he designated as Cronartium filamentosum but which should more
properly be regarded as Peridermium stalectiforme, or Cronartium
coleosporioides f. stalactiforme produced uredinia and telia on both
exposed species. A second trial with harknessii aeciospores from P.
contorta apprlied to Castilleja hlsplda remained negative. Infection
tests on 8 groups of C. hispida plants in the field, using harknessii
aeclospores from P. contorta and covering part of the plants with
eellophane after spraying with water failed to develop infection.
Moreover, Lorbeer noted that.the numerous wild plants of C. hispida and
Pedicularis bracteosa in the Lake Wenatchee area remained free of the
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INFECTION REQUIREMENTS OF RUST FUNGI

Robert V. Bega

Because of their obligate relationship to their host, studies of the infec-
tion éycle of rust fungl must be broadened to include the period from
production and dissemination of the given spore stage to penetration and
the subsequent establishment of a food relationship. One important reason
Tor inecluding production and dissemination is that in studying the physio-
logic processes of the rusts the most direct and clearest information is
obtained from that small segment of the life-cyele which proceeds independ-
-ently .of the host+-this is that brief period from spore production to .
penetration. During this brief period the fungus is much more subject.

to influences of 1ts environment than at any other time in 1ts life cyele.
Temperature, humidity, and nutritional conditions of the host are probably
the chief of these environmental factors.

Studies of the uredinales in general have received as much attention as
any other fungus group. Arthur (1) gave a genérsl account of the rusts:
up to 1929 covering in particular their biology and this, together with
DeBary's works (5), still remains the most thorough treatment. .Regardless
of the amount of research that has been conducted before and .8ince ‘the
times 6f DeBary and Arthur there still remains a great need for further
study, even.of the seemlngly simple processes of spore germination. .To
study the phyeslological processes involved in that portion of the infection
cycle from the establishment of a food relationship with the host to the
development of the subsequent spore stage we will--and this is especially
true 1n the tree rusts--have to resort either to detached portions of the
‘host or to tissue culture (Bega 2).: However, until we acquire additiondl
knowledge of the physiology of the host protoplast we are still limited as
to the number of individual factors to which the phenomenon of gblighte
parasitiec and pathogenic relationship can be attributed. BSo again we gre
returned to that brief pericd of the life cycle from spore production to
penetration to give us direct information on rust phy81ology

Rather than present you with a lengthy review of the literature on studies
of the different rust infection cycles, I will present some of the research
that is being conducted gt Berkeley, California, on one of our most import-
ant tree rusts--white pine blister rust. .The research is centered around
that one important spore stage--the sporidium~-which, as we know, 1s the
stage that is airborne from the Ribes host and causes the pine infection.
_The ability of this spore stage to cause infection and thereby complete the
. life cycle is dependent largely on favorable microclimatic conditions
prevailing during the time between production on ribes and penetration of
plne needles. .The primary limiting factors for pine Infection have been
generally defined as temperature and moisture. However, since the sporldlum
1s a somewhat delicate,.thin-walled organ, a third factor, time, is highly
important and mist be considered whether one is studylng production from
teliospores, dissemination by air currents, or germination and penetration
of pine needles. '
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-Various environmental conditions were ijmposed on the tellospores and
sporidium stages of the fungus to determine their effect on germination

and longevity. These conditions were broken dowm into individual factors
wherever possible and experimentation carried on under controlled conditions.
This waes deemed necessary to answer the meny questions which arise during
field obgervations. Temperature, humidity, pH, substrate, and time were

the factors studled most intensively.

of particular 1mportance in spread of the disease from ribes to white
pines is, of course, the numerical threshold of infection-~the number of
sporidia which under favorable conditione is necessary to establish
infection. .The best quantitative method of measuring tellospore germina~
tion was based on the ability of a telial column to cast sporidig. =
- Individual columns of known size, age, hpst, and formation temperature.
vere germinated on water agar in petril dishes and each sporidium produced
" per column was courited, By using a rotating drum hygrothermograph the
?apacitg and the period of maximum 5porid1um production were determined
Bega 3

A representative telial columm 1330 - x 105H: 10 days old, from R. gureum
kept at 16°C produced 4,930 sporidia. The column started casting sporidia -
8% hours after . subJection to 100% humidity and complete exhsustion of the
column took 70 hours. This work has shown that teliospore germination and
subsequent cagting of - sporldia is not an ingtantsneous phenomenon, rather
the rate of sporidia casting continues at & given high level for & consid-
‘erable time period

Sporidia of C. ribicola are formed under conditions of high humidity and
proceed to germinate immediately. Although great numbers of sporidia may
be produced from 8 single heavily infected plant, their immediate. germina-
tion would tend to lessen the number capable of causing infection.: However,
.laboratory studies have shown that sporidia are capable of overcaming this .
exhaustion by the process of indirect germination. [This process is a type
of perpetuation resulting in the preduction of secondary, tertiary, etc.
sporidia. Each Buccessive generation is formed at the expense of the pre- .
ceding one. By a specilal technique the vegetative production of sporidia -
has been carried through six generations. Before continuing, two terms
used throughout thls paper should be defined:; .Direct germination is used
to mean the germination of sporidia by germ “tubes and indirect germination
is used to mean the production of secondary, tertiary, ete. sporidia. The
results presented in this paper will point to the conclusion that indirect
germination is a means of vegetative perpetuation and an aid in dispersal
and longevity of sporidia and that a spordium, with its ability to germi-
nate either directly or indirectly, can act as an organ of infection’ or

as an organ of sporulation. '

During . thae cdurse-ofistudy bnigerminatidn résponse of ‘sporidia.td various
environmental conditions several factors such as type of germination (direct
or indirect), vigor of gérmination {here considered 1o be & measure of the
length of germ tubes), the time interval involved, and the kind and condi-
tion of the substrate on which the EpOres were placed——all had a marked
effect on the end result (Bega 4).
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Whatever stimulus the spores are receiving from the host is being utilized
in growth of the germ tubes. Tt may well be thet here lies support for
DeBary's (5) statement that indirect germination is the result of the spore -
not being able to find a sultable host.

Germination of sporldla on needles of six specles of white pine showed no
significant dlfference in type or vigor of germination. Variation in. sus-
ceptibility to the rust of different white pine species is evidently not
due to & variation in the suitability of the needle surface for germination
of sporidia. On white fir,. Douglas-fir, and ponderosa pine needles only
ohle germ tube per spore was found to predominate and on white flr—lndirect
germination was 20h of the total germinatien.

The predominance of direct germination on needles cgn be scmewhat correlated
with the results found in the pH tests. .Experiments now in progress show
that a film of water on the surface of sugar pine needles is acidic and
increases in acidity with both washing of the needles with water and with
allowing the film to remain on the needle for given pericds of time--for
example, the initial pH of a £film of water on the needles wag found to be -
5.9 and after washing the needles in three changes of distilied water -and
then allawing a film to remain on the needles for one hour, the pH vas
found to be 4.0.

Another very interesting phenomencn was found in the type of germination
on a water agar surface adjacéent to sugar pine needles and at some distance
(50 mm,) away from the needles. AdJacent to the needles sporidia germina-
tion was direct--50 mm. from the needles yet in the same petri dish the
type of germination was predqminantly indirect. Whether this 1s due to a
gaseous or diffusible substance is now under investigation.

The role of indirect germlnation in nature as regards when and where they
are formed is as yet undetermined. It has been shown that secondary and
tertiary sparidia form quite abundantly in drops of rain water and con-
celvably, therefore, could be formed in flight. Pathogenicity of secondary
and tertiary sporidia, however, has been proven, ' '

_Literaturé,ﬂited

1. Arthur, J. C. 1929. .ihe plant rusts (U:edinales),
John Wiley & .Sons, Inc., New York. 446 pp.

2. Bega, Robert V. 1957 The use of detached'r1bes and pine leaves
‘ in studies with Cronartium rlblcola. Phytopathology
“47(9):  516.

3. . 1957. The capacity and period of meximum production of
gporidia in Cronartium ribicola. Phytopathology (in press).

k, . 1957. fThe effect of enV1r0nment on germination of sporidia
in Cronartium ribicola. Phytopathology (in press).

5. DeBary, A. H. .1887. Comparativermorphology and bilology of the fungi,
mycetozoa, and_bacteria. Claredon Press, Oxford. 525 pp-

“50=



















































































































































































