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~ FOREWORD

The Sixteenth Western International Forest Disease Work Conference
was held October 28- November 1, 1968 at Coeur d'Alene,.Idaho, U. S. A. The -7
North Shore Motor Hotel served as'Cohferenée Headquarters. Meetings were held

in the Hotel's Convention Center. Sixty-nine members and guests were registered.

_ The meetings were opened on Tuesday morning, October 29,by Chairman
Stuart R. Andrews. Greetihgs were extended by Mr. J. F. Pehenec, Director,
Intermountain beeét'aﬁd RéﬁgeAExperiment Statibn, U. S. Fofest Service, and
Dr. Harvey V. Toko on behalf of Mr. Neil Rahm, Regional Forester, Region 1,

U. 5. Forest Service. The balance of the morning was spent in noting new and
terminated projects, and with.a special report by A. C. Tegethoff entitled "An
interesting bark problem of lodgepole pine on the Targhee National Forest."

Panel I, Diseases of Trees in the Inland Empire, was presented in the afternoon.

Five workshops, each attended by 10 to 15 members, were held Wedneéday
morning. Group leaders summarized findings at an eﬁsuing plenary session.
Panel II; Root Diseases and Intensive Forest Management, took place Wednesday
afternoon. The Banquet was held that evening. The social achievment award was
presented to Bob Scharpf, who led a group of hirsute companions in the enter-

tainment of the evening. WNeil Martin was the able M. C.

The field trip, which appeared to be in jeopardy from the wet weather
of Tuesday and Wednesday, was held on Thursday. Although cool and overcast,
all scheduled stops were visited. These included a white pine plantation in
which blister rust control had been attempted by basal spraying with Acti-dione,
a young stand of western larch infested with larch casebearer, and pole blight
affected trees at Binarch Creek. After a sack lunch at thé Priest River Experi-
mental Forest Headquarters, Don Leaphart illustrated the root excavation phase
of a drdught simulation experiment intended to develop pole blight symptoms in
white pine. The group then split up, with some inspecting the excavation,
others various examples‘of_root rot, and the remainder proceeding directly to
the Forest Service Nursery at Coeur d'Alene. The return bus trip was via
Spokane where smelter fume~damaged ponderosa pine were viewed. The information
presented at this stop 1s reproduced as a special report by Gardner Shaw
entitled "Flourine injury to ponderosa pine in the vicinity of Spokane; Washington,"

The business meeting was held in the evening.



Pannel III, Factors Governing the Distribution of Dwarf Mistletoe,
took place Friday morning. Also presented was a report by K. R. Shea and
J. L. Stewart on the West-Wide Program Analysis for Research and Development
on Dwarf Mistletoe control. Four special reports by H., H. Bynum, R. D.
Hungerford, Clinton E. Carlson and Harvey V. Toko, and D, E. Etheridge were

given during the early afternoon. The conference was adjourned at 3 p.m.

Executive Committee Program Committee
Stuart R. Andrews, Chairman J. L. Stewart, Chairman
R. G. McMinn, Secretary - Treasurer H. H. Bynum

J. A. Baranyay

Local Arrangements

D. Leaphart, Chairman -
N. E. Martin
A. D, Partridge

- H. V, Toko

Conference Historian

G. W..Wallis



OPENING REMARKS

Chairman Stuart R. Andrews

Ladies and géntieﬁen, old aﬁd new members and gﬁes;s, it ié my privilege
to call to .order the 16th Western International Forest Disease Work Conference.
" To those of us who first met in Victoria, British Columbia in 1953, this yeaf's
meeting is another link in the chain of fesearch'interest and international
communion that has not been weakened by political or social change nor numerous

‘re-organizations of parent agencies.

- As one of the old men in the profession, I am imﬁresséd»by the improv-
ing quality of forest pathology in North America. The subject matter and content
of our Proceedings reflects this trend. It is particularly significant to note
the increasing role of university and state-sponsored research in the West. A
most beneficial by-product of this development has been the heightened quality

of research by federal agencies.

I would also like to commend the contributions from those in our
“membership who are engagéd,in forest disease surveys and forest pest control
activities~-and other aspects that might be considered the art and practice
of forest pathology. This plus recognition of forestry as. multi-purpose land

management is creating new and unexplored areas for creative research.

It is a great pleasure to haversuch a splendid representation from
Canada. During this period of budget crises, it speaks well for careful plan-

ning and programming well in advance of the Work Conference.

On the other hand, I cannot help but share the disappointment expressed
by last year's chairman, Alex Molnar, that none of our colleagues from south
of the border will be meeting with us. Eéch year' we have made special efforts
to encourage their attendance. Yet since the 1last meeting in Victoria, our
efforts have been unavailing. I propose that the question of future participa-
tion of pathologists from Mexico be discussed at our business meeting with the

view to following a more active interim course.

This conference could not have been held without the great help of
the Local Arrangements Committee and the Program Committee. Special thanks
are due to Chairman Don Leaphart and the members of the Arrangements Committee.

Early this year the committee chairman investigated possibilities within the
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» designated area and presented his recowmendations for a meeting place.

Once the selection had been made, your conference chairman was assured by
frequent communication of a smoothly functioning operation._ I am sure the '

Local Arrangements Committee w1ll remain on-call throughout the meeting.

I wish to express special thanks to our Program Chairman Jim
,'Stewart. He accepted his assignment in mid~-summer, when the démands of the
field season would have caused most mémbers to decline with thanks. Within a.
brief period Jim prepared an excellent program that included about half the .
subject matter suggestions submitted by Hart Bynum, the Interim Program Chair—
man at Santa Fe. The Program Chairman's greatest contribution, however, was
_in assembling an outstanding cross—section of our membership to present the

program " To those members who agreed to participate I also extend my thanks
in advance. ’ ‘ '

_ This meeting has no special theme. Any one ‘of the panel subjects
could have been expanded to that purpose. . But, in Ehis year of transition,
perhaps it is better that we broaden our scope to consider as many of our

'interests as time will allow.

Now it is my pleasure to introduce Joé Pechanec- Director of the '
.Intermountain Forest and Range Experiment Station, snd Barvey Toko, represent—'
ing Neil Rahm, Regional Forester, Region 1 of the’ U. S Forest Service, who
~ will make the traditional addresses,of welcome, -

WELCOMlNG 'REMARKS
Joseph F. Pechanec '

' On behalf of the Intermountain Forest and Range Experiment Station,
GREETINGS' Welcome back to another beautiful portion of this Station's
territory - I'm extremely pleased that you selected Coeur d'Alene and that it
worked out this _year that I could meet with you again. I had the pleasure of
attending your 1963 meeting in Jackson, Wyoming. This was both an educational R

and enlightening experience(

I would also like to extend our hospitality, including opportunities N

to see some of our digease research that is now in progress.

A work conference like this is excellent and essential It fostera

"and stimulates the interchange of 1deas, concepts, techniques, and even
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practices on a broad geographic basis.
- ‘There are three thoughts I would like to leave with you. " They
aren't new or original. But maybe I can say them in a slightly different -

.way- or with~different-emﬁhasis.-

The first has to do with values involved or losses resulting
from forest diseases. ‘1 would like to:See-disease research substantially
expanded., ~But in 12 years as Station Director, both in thé Southeast and
here, I've been concerned with the discouragingly slow expansion we have
achieved. We simply haven't been able to make convincing cases where it

‘eounts,

| We've done much better with. commerical treé spécies ffom-a
timber standpoint than with anything else. Theré'mayibé two reasons—-
one is that timber is industrially and economically quantifiable, and the
other is that-our industrial and public forest land managers have had a
longer period of indoctrination regarding tree diseases and timber values.
The result is that our forest disease research is almost wholly oriented

in this direction.:

But'evén'héré-ﬁe hé§e not doné as well as wéishouid in coming uﬁ
with> some hard figures on mortality and g;‘owth impaét. Part of this, T
feel, is the result of no one wanting to aécept-responsibility, ' Less than
a year ago I sat in on a meeting where the same question came up regarding
insects. ' Forest survey, silviculture, and entomology men each said that
this was not their responsibility or they weren't competent. " I'm sure the
same could be said of tree diseases. This inclination to have someone else

take on the job needs correction.

Other values than timber are involved in losses from disease, - If-
we had avﬁetter understanding of these they would add materially to the justi-
fication of present research programs aimed at timber production. Or they
might provide justification for research programs that were more directly
oriented toward recreation, esthetics, or wildlife habitat.

. Quantification of these other values is a real enigma but there
is considerable economic research going into this now. So maybe we. can
look forward to some help here. But there is an attendant knowledge gap
fully as serious which falls righf.into the lap of the pathologist. We

may not.even know what is causing the losses, much less the significance.



The second thought is that pathologists, in commén ‘with scientists
in other fields, must look ahead in formulating their research programs and
anticipate possible disease implications of impending or.future decisions
regarding forest and range 1ands Two specific éxamples mdy clarify'this
thought. : B : :

Concern about the rising level of ailr pollution and the resulting
development of standards based on minimal knowledge could quickly close the
door on prescribed burning. Wellner mentioned this at your meeting last
_year. What do we know, or what research is underway which would clarify .
the effect of large magses of organic material on disease incidence? Could
the resulting change in soil flora increase the incidence of root rots? Are

we allev1ating one problem and inten51fying another?

The second example. is weather modification. As you know, weatherj.
modification for purposes of increasing snow pack is being vigorously and
‘enthusiastically promoted as a panacea for water: shortage in the Colorado ,
River basin and elsewhere. The Ecological Society of America, based on _ d
existing knowledge which is meager to gay the least, voiced real concern in
their report about many side effects, including plant diseases, But what
specific data do we have, or what research have we underway which could be
.included in a decision making process that could have far—reaching implica-
tions? '

You and I as well as many others,'need to develop far better

foresight in deve10ping our research prograns,

' The two-examples“above”provide a backdrop for my third thought,'
. which is that we need to increase teamwork and interdisciplinary ‘Gommunica-
tion in our research programs. Gardner Shaw and Neil Martin last year, made .
very thought-provoking statements to you,regarding teamwork.- I don t wanr .
to plow the same.ground, but:would lihe to use a slightly different'approach.

‘ There seem to be two.opposing developments in forcstry scienceﬂ
today. ' R o
a One 1is the narrow-and—deep trend that results from increasing
specialization. Compartments become narrower. Technical jargon multiplies.
'Neither the desire to coOperate nor the ability to communicate is enhanced.
At the same time there is a growing awareness that side effects

of any natural resource action or decision may be fully as important as the



the purpose for which the action was taken, This understanding is
1mplic1t 1n the concepts of mult1ple use, ecosystems blomes, and the
hOllSth approaCh _

) Teamwork at some level between sc1entists in d1fferent dlsc1plines
is absolutely essential not only to produce solutions to some of the complex
problems we face today, but to produce solutlons that can be more readlly

.applled by land managers.

The challenge lies with you and me, and many others, to find ways
to develop and. conduct more effective team efforts. There are in addition
to disciplinary resistances, financial and organizational obstacles to

overcome., . But. I'm .convinced we must overcome them. .

In closing, I'1l repeat "WELCOME." I'm sure we can show you the

hospitality needed to make this Sixteenth Meeting a memorable onel

- WELCOME: ADDRESS
Harvey V. Toko

On._behalf of Neal Rahm, Regional Forester, I want to welcome you
to the Northern Region.  He regrets not being present but extends his greet-

ings and the hospitality of the Region to all.

Since the last meeting of WIFDWC in the Inland Empire (Pullman,
Washington - 1959), considerable progress has been made 1n the study of many>
forest dlseases; ‘Subsequent changes in férest management have resulted,al—
though the acceptance of the work of pathologists by the land manager has
often been difficult to attain. The most notable ¢hange in management prac-
tices in this area is related to western white pine. Results of surveys
Vconducted’fn northern Idaho and western.Montana showed that despite the ribes
eradication program; infection by the blister rust fungus.on western white
pine is continuing at an average of 3 percent annually. The acceptance of
these data by forest managers resulted in the curtailment of ribes eradica-
tion and the western white pine planting programs. The emphasis on the
future of this species will be placed on the development of rust resistant

strains. At present, the future looks highly promising.

"Historically in the Northern Region, as in many of the inland
























































































































establishipg infection and producing disease: Hopefully, the nutrition-
al requirements of the fungus can be understood and satisfied''to thé& point
that mycelium can be cultured and induced to complete its 1ifé'cycle in
the absence of the host. To date pycniospores have been produced in
culture followed by localised aecia-colored (orange-brown pigmented)

areas in the mycelial mat. However; aeciospore structures have not been

observed.

Current basic reséearch coupled with an extensive screening
program approach the problem of selecting a chemotherapeutant through two
avenues: (1) selection- of compound to do a specific job, and (2)
emperically eliminating compounds that show no promise in disease control.
Inability to culture the fungus separate from the host does not impede
testing of chemicals for therapeutic and/or eradicant action because
candidates for chemical screening will be incorporated into the agar or-
liquid media. Data on potential eradicant value will be compiled from
callus tissue tests, rooted needle fascicles and nursery seedlings.,

Only those chemicals showing promise will be incorperated into field

tests.

Basic research has given us some insight into the nature of
bligter rust disease, We are learning to manipulate the causal agent
and host in-a controlled culture regime allowing us to design experiments
heretofore unavailable in blister rust research. As more knowledge is
accumulated referent to the relation between chemical structure and
chemotherapeutic activity, mechanisms by which fungicides and growth
regulants permeate into living cells, and other variables that are in-
volved in the phytotoxicity vs. fungitoxicity balance, strong advances

toward solving disease problems will be made.
BIOLOGICAL INTERACTIONS

"Big bugs have little bugs on their backs which bite them
- and-little bugs have littler bugs, and so on to ad infinitum.'--

Author unknown.
And so it is in this "plant-eat-plant' world. Fungi enter into -
a number of mutualistic relationships with other fungi. Suffice it to say

that the absorption of nutriment by some fungi from other fungal cells is
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WIFDWC 1963
PANEL II  ROOT DISEASES AND INTENSIVE FOREST MANAGEMENT

C. H., Driver, Moderator -

FOMES ANNOSUS ROOT ROT
DISEASE OCCURRENCE AND CONTROL UNDER WEST SIDE CONDITIONS

G. W. Wallis

You are all aware of the damage being caused by Fomes annosus

in immature stands in Furope and the spectacular rise of this disease from '
one of little consequence to the second moét important fungus parasite in
the Southeast pine plantations in little more than ten years. You are also
aﬁare that the reason for thié rapid development 1s the ability of the spores
of thié fungus to infect freshly cut stumps, infection being proportional to
the extent and intensity of thinning. '

“The primary objective of early studies with F. annosus on the west-.
gide was to determine the potential of the disease to cause losses; the work
was divided into three phases: -

1) Aerial spore populations: A gross quantitative measure of seasonal

occurrence of airborne spores was obtained in two areas on Vancouver Island,
B. C. White pine discs served as spore traps, using the method outlined by
Rishbeth and Meredith (1957). '

Spores were present in the'afﬁ05phere at each sampling'peridd but
the quantity’ahdﬁed a marked seasonal fluctuation. The highest populations
occurred in October—November;ufollcwed by a sharp fall in December with the.
onset of freezing temperatures. The populafioné increased again in February-
March, declined in April and remained at low level during.the dry summer

months.

A correlation was not evident between spore deposition and
temperature or precipitation, either prior to or at the time of trapping.
When the tempéféfure wéswbelow 4598 but above freezing for extended periods
airborne spore populations increased. However, precipitation was usually
high during these cool months; Spores were deposited on'traps-in January
of both 1965 and 1966 although 30 inches of snow lay on the ground in

exposed areas of the forest.
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Recently, spore trapping in eastern Washington and in the interior
of British Columbia has shown that there is an adequate supply of sporés for

stump infection in these regions.

2)  Spore infection.of stumps: Wes;érn hemlock, Douglas fir, western
red cedar, amabilis fif; alpine'fi;, Sitka_spfuce, Engelmann sﬁruce, yellow
pipe'and lodgepole pine stumps have,ﬁeensstudied,for susceptibility to spore
infection.r Wifh the possible exception of cedar, all proved to be highly
susceptible. O0f the 700 hemlock and 500 Dohglasffir stuﬁps examined in 12
areas on the coast, an averége of 212 (0-60%) and 15% (0-41%) , respectiveiy,
exhiﬁited decay which could be attributed to_infection by spores at the cﬁt}
surface. - 0f the 240 cedarrstumps sampled following natural and artificia1 
spore inoculation, only 2.5% had become infected; growth.on each of the
infected stumps was resfricted to a small colony in the outer heartwood or

in the sapwood.

Driver and Wood (1968) found that 50-90% of the thinned stumps in
. hemlock stands 20-60 years of age had become infected by F. annosus as a

result of spore 1nfection at the cut surface.

Growth of F. annosus in stumps of hemlock, Douglas fir, amabilis
~fir and Sitka spruce is rapid following spore infection; rates of 4 - 7 em
per month have been recorded in the eight months following infection, with
little apparent difference in rate of-penetration between host species..
Some roots show advanced decay as little as two. to three years following
stump infection. Where stqmpsIWere,grafted to liviﬁg trees progress of
the disease was considerably slowed; in some cases infection was still
confined to the above-ground portions of the stump even though the fungus

had been active for as long as.five years.

Morrison and Johnson (1968) recently completed a study of stumps
cut monthly over 12 consecutive moﬁths. They showed that it may not be
uncommon for 100% of the stumps in some stands to become infected at 7
certain times of the:year. Hemlock, as compared to Douglas fir and amabilis
fir, showed a high ;ariability in.susceptibility thfoughout the 12-month *
period, usually being considerably less susceptible than the other two

species in the fall and winter months.
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3) Passage of the fungus from infected roots to uninfected roots

of living trees: Where stump sampling had shown that F. annosus decay
was extensive, the root systéms were bared to expose contacts with robts
of adjacent living trees. Exposure of the root systems of 75 hemlock
stumps provided us with 52 contacts between infected and living roots
where we could study spread of the digease in some detail. Approximately
one-half of the living roots had annosus decay present; the maximum
extent of decay, seven feet from the point of coﬁtact: occurred in a
stand which had been thlnned 12 years prior to the study ' Thirty-

elght Douglas~fir stumps have also been excavated, providing us with 19
contacts betwgen infected and living roots. Only one—third'of these
living roots héd contacted the disease; it is importaﬁt to note, however,
that most of the infected living roots were in stands less than 25 years

of age.

~ The results of the stump infection studiég haveconﬁiﬁced us
that annosus root rot would, in all probability, prove to be a problem
in west-side forests, and-recent observations on natural'infection have
helped to substantiate this belief. Driver éndiWood (1968) found young-
growth hemlock stands in which 60% of the stems sampled were infected
with F. annosus priof to felling, IﬁvBritish Columbia, we have found
that annosus root and butt rot is much more common in young stands than
we had formerly suspected. Of the butt rotted trees sampled in a 35~
year-old hemlock stand, 70% had F. annosus present. In a 20-year-old
Douglas~fir plantation being experimentally thinned, infection centers
comprising 4 ~ 5 trees were not uncommon; red brown stain caused by F.

annosus extended to a height of six feet in some trees. Fomes annosus

sporophores were found on old stumps of mature hemlock and Douglas fir
which still remained in the.stand. In a 40-year-old naturally regenerated

hemlock stand, only a,short,distantg”fromvthe,ahqye,npted,Douglas—fir

plantation, infection centers comprising as many as 15 - 20 trees were
a frequent occurrence; decay was ;écorded to heights of 12 feet in

these trees. |

CONTROL
If inoculum is already present in a stand, either as a result
of infected stumps of the previous stand or through spore infection of

thinned stumps of the existing stand, we are faced with a problem
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Use ofvPeniophora for controlling stump infection of Sitka
spruce, Norway spruce, European larch and Douglas fir in Britain has not
howevér, been as successful as with the pines; the reason for this is
probably the slow groﬁth of Peniophora in these woods. " Rishbeth (1968)
has initiated studies wherein chemical solutions are added to stump
surfaces along with Peniophora spores in an effort to create an euvirosﬂ
ment more conducive to the rapid development of the competitor. Although
he met with only partial success in his initial studies, the results,
particularly with ammonium sulphate and sulphamate on Douglas fir, were
sufficiently encouraging that forther intensive investigations using this

approach should receive high priority.

Bioiogical control is an active part of the control program
here on the west-side but little in the way of results are available at

this time. Unfortunately Peniophora gigantea does not develop success-

fully in hemlock stumps 80 other competitors which will colon1ze these

stumps to the exclusion of F. annosus must be found.

Some predictions: Fomes annosus will be a problém oonsiderably'
beyond that believed by most workers in the past.' Losses in hemlock in
particuiar snd'probably in ponderosa pine will reach very'significsnt
proportions in the era of intensive management unless controlled. While
infection in Douglas fir will not be‘as intensive as in hemlock, ﬁhere
inoculum is allowed to build up through spore infection of stumpé losses
will be a problem. Our knowledge of infection in other species; e.g.,
Sitka and Engelmann spruce, Abies spp. and lodgepole pine, is sketchy.
We do know, however, that stumps of thess species are susceptible to
spore inféotion and that at least a number of thege species have proven
highly susceptible when planted in Europe. I would therefore suggest
that losses will in fact be a problem in these hosts, and studies of F.

annosus development should précede any extensive thinning operations.
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OCCURRENCE OF FOMES ANNOSUS ROOT ROT IN
THE INTERMOUNTAIN REGION

A. C. Tegethof £

Prior to my transfer to Region 4 in 1965, I was Zone Pathologist
for the Forest Service in the northeastern states for four years. During

that time I worked quite intensively on the Fomes annosus problem. The

situation in New England is considerably different from the one existent

in Region 4 today.

Following the Civil War many farms were abandoned in the
northeastern part of the United States. During the 1920's and 30's the
CCC's made extensive plantings of red and eastern white pine on these old
farms., In the late 40's and early 50's these plantations, originally
planted atmaiﬁ x 6 spacing, began to stagnate and extensive thinning
programs %ere undertaken., A feﬁ years after the initial thinnings, mortal-
ity became evident in many of these plantations, and it was determined
quickly that the root rot fungus, F. annosus, was the cause. At the time
of my transfer to the Intermountain Region, virtually no thinning was
being done in the northeast because of the threat of F. annosus infection.

‘When I arrived in Region 4,I had two reservations in mind
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relative to F. annosus infection. One was that the dryness of the area
would inhibit or actually prevent infection by this fungus and two, that
there are few plantations on old fields in the west. I quickly lost both
these reservations as I began to travel about in Region 4 and fnvestigate
disease conditions on logging and thinning areas, I have found consider-
able F. annosus infection in natural stands of almost all species of °

trees in this Region.

I have now been in the Intermountain Region for a little over.
three years and while I work on maﬁy problems, each time I go into the-
field I am alert to locating areas of F. annosus infection. To date I
have found F. annosus killing ponderosa pine, Jeffrey pine, lodgepole
pine, pinyon pine, subalpine and white fir, and western juniper. I have
igolated it from a heart rot of living Engelmann spruce and also from
mountain mahogany. I have found fruiting bodies on the evergreen shrub
(mountain lover) genus Pachistima. Its occurrence on Douglas fir in the
Intermountain Region is unknown to me. I have found it on eight National
Forests of the 18 in Region 4, This slide will show you the distribution
of F. annosus as I know it as of today. On the occasions when I have
been able to dictate the conditions under which I would like to look for
the disease, I have had no difficulty in finding it. By this I mean that .
1 would ask a District Ranger or Timber Staff Officer to direct me to an
area that had been logged or thinned 10 to 15 years ago. Whén these
conditions were.met, particulafly in the pines, or subalpine or white fir,
I had little difficulty in discovering'anﬁosus infection. From empirical
observations made in New England, the avérage'fate'of spread was approx—
imately one foot a year. 1 have roughly determined that in Region 4 the

‘rate of spread is one and one-half feet a year. These figures were
arrived at by measuring the distance from the originally invaded stump
to the most recently killed tfee and-dividing that digtance by the years
which have elépsed since‘that stump was created. Of considerable inter-
est to me is the apparent faster rate of spread in the more arid west as '
compared to the*one~foot’perﬂyear rate of spread in the moist north-
eastern states. Are there few antagonistic organisms presemt in drier
golls? On muck soils in the northeast there was virtually no spread of
F. oannosus infection, even though 1 have seen stumps literally ringed

with conks. These muck soils have a very high organic matter content
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and I assume they are ideal environments for many antagonistic organisms.

In New England, it was quite uncommon to find F. annosus in-
fection in a natural stand growing in a natural forest soil. In Vermont,
I did find F. annosus infection in an area of natural red and white pine.
This area had been logged twice in the past and a certain level of
mortality was occurring. However, spread of the fungus and consequent
losses were not nearly as great as those occurring in infected plantations.
One common factor which I observed both in New England and Region 4 .is-
that F. annosus seems very dependent upon moisture for fruiting. The
recently ended drought in New England made it very difficult to find
fruiting bodies of annosus except where moisture was available from
sources other than precipitation. This same dry condition always exists'a
in Region 4. I have found considerable fruiting of this fungus inside
of stuﬁps, but again conditions musf be moist. If the stump is dry when_
I chop into it, I can almost always correctly predict that fruiting
bodies will ndt be found. My first experience of finding conks in stumps
was on the T01yabe National Forest 1n western Nevada (eastside Sierras).
This area had been logged in the late 30's and considerable mortallty
was occurring on the flat and on the hillside above it. I was unable
to find conks at the base of the dead trees. I then remembered something
that Fields Cobb had told me about finding conks inside of large stumps.

I chopped'open the one nearest to me and immediately found a conk as.
large ‘as my hard hat. Since'then, I have always been alert to finding
fruiting bodies in stumps when I could find them nowhere else. I would -
like to present another example of the relation of moisture to ffuiting.
An area of dead and dying subalpine fir was noted on a campground on the
Wasatch National Forest. Considerable wind-throw had occurred and it was
assumed that some sort of insect outbreak had occurred. However, when

our entomologists examined the area, no signs of insect activity could be
found. I was then asked to examine it for possible diseases and found
extensive frultlng of F.. dnnosus on the roots and in the chambers created
by the root masses of the wind-thrown trees. This site was naturally

- moist, had a northern exposure and, consequently, the fungus fruited quite
readily. Last month while on the Targhee National Forest I was asked to
look at an area of dead and dying lodgepole pine, and while all the

symptoms appeared to be caused by F. annosus infection, I wanted a fruiting
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add considerably to costs. Because of this, I have been planning with
the Pacific Southwest Forest and Range Experiment Station to test the
effectiveness of cutting high stumps as a possible control measure.'
However, even though this may prove effective, I anticipate considerable
resistance from Forest Supervisors to the practice of high stumping in

thinning areas.

A few months ago, Chuck Hodges mentioned that his group was
doing research on biologicai control of F. annosus. The method being
studied is to increase the quantity of antagonistic organisms in an
area in which cultural work is to be done. Hopefully this will be
accomplished by seeding the area some.time prior to the cultural work
with the antagonistic microorganisms. This is a form of bilological
control that appeals to all of us, but it also presents a number of
problemser The native organisms antagonlstlc to F. annosus in the Region
4 area would first have to be isolated and a method of growing and
inoculating an area with them develdped. Reliable pepsonnel on each
of 120 Ranger Districts would have to be trained in the proper techniques
required to seed an aréa with these organiéms'prior to any kind of
cultural work. In order for this to be effective, all timber sales,
thinniﬁg areas, road and campground construction, etc., would have to
be seeded months before the actual work began. However, anyone familiar
with Ranger District activities can appreciate the problems involved.
This is an interesting approach to. control of F. annosus and is the
one being followed by John Rishbeth in Great Brltain. Finally, in
closing I can only state that I expect to find much more F. annosus
infection in the future in Region 4, but cannot predict at this time
whether our losses willsreach that order of magnitude which will require

control.
PORIA ROOT ROT

PORIA WEIRII--IS THERE HOPE FOR CONTROL?

Earl E. Nelson

Poria weirii (Murr.) was first described in 1914 causing a

root. and butt rot of western red cedar in Idaho, and was first reported

in 1929 on Douglas fir on Vancouver Island. Western forest pathologists
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have been concerned with this pathogen in valuable-Douglas-fir forests
for nearly 40 years and ddring this period have learned much of interest

and of potential value about it, - .

Poria weirii attacks virtually all native conifers although

sone, such as western red cedar, appear to be more resistant than others.
The fungus growé éctotrophically over. roots, passing from roots of infected
trees to those of healthy trees when contact or near-contact is made.
Since underlying root tissue isrpenétrated from this relati?ely fast
surface myéelium, spread of infection is hastened. Growth of the fungus
over inoculated roots under otherwise natural conditions has been measured
at about 20 cm during the first year but'much.faster growth might be |

expected after the fungus has become better:eStablished.

Roots of Douglas~fir stumps can be colonized by P. we1r11 12
or more months after cutting depending, probably more than anything else,

on the initial invaders of the root wood.

The fungus can survive in small roots for more than 10 years
and in stumps and larger root systems for more than 50 years. The
survival of individual mycelial masses depends upon many circumstances,

not the least of which is microbiological activity.

From wood in an advanced stage of decay, P. weirii produces
inconspicuous sporophores with abundant basidiospores in late summer or
early fall. Although the importance of basidiospores in spread of the
digsease is questionable, some new infection centers undoubtedly result .
each year from spore infection. Natural infection of stumps by spores
is yet to be demonstrated, and attempts to - artificially inoculate stumps

with spores have not succeeded.

Effective methods for inoculatién using P. weirii'mycelia have

been devised for roots iﬁ Victorla and for stumps in Corvallis.

- Bits of information on>the physiology of P. weirii are known
but much more is needeQ# Most certainly there is a continued need for
basic research on this root disease,'butvat the same time we must attempt
to apply our knowledge, no matter how meager, toward development of

practical control measures.
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Economic gains from control measures can be assessed only by
comparing effectiveness of control and its costs to long-term losses
in productivity in the absence of control. Costs and effectiveness can
be determined only through experimentation, while long-term losses can

only be roughly estimated.

Unless spore infections prove'to be important, control need
only reduce root infection by minimizing contact of inocula with roots
of susceptible trees. This may be achieved by reducing frequency or
‘longevity of inocula, or by reducing frequency of root contact between

_susceptible trees.

The Forest Research Laboratory in Victoria and the University
of Washington have begun studying effects of stump removal by heévy
equipment on development of P. weirii in succeeding stands. Eveﬁ if
inocula left in the soil is short-lived (which is yet to be determined),
Canadian cost figures indicate that this treatment presently is economic—

ally feasible only on the best sites.

~ Other meahs 6f reducing residual inocula, either chemical or
biological, are for the present uniikely but by no means beyond future
possibility., We know that competitive microbes are important in reduc-
ing survival of P. weirii but we must still determine the measures
necessary to encourage their actions. Possible effects of fertilization
or of post-harvest site treatments on biological activity in soil

might reduce longevity of P. weirii inocula.

Direct chemical treatment of infected trees and surrounding
soil has been attempted at the Victoria laboratory., Phytoactin, acti-
dione, Chemagro 2635, Dexon, ammonium sulfamate and sodium arsinate
applied to both naturally infected and inoculated trees and td the soil

-as a drench, resulted in no apparent loss of vigor of P. weirii after

3 to 9 months.

Until means are devised to reduce longevity of buried inocula,
control methods designed to reduce spread of the disease by decreasing

root contact of susceptible hosts seem to be our best bet.

The answer to most of our.P. weirii problems might be develop-
ment of resistance in Douglas fir. Unfortunately, no great degree of

resistance has yet been found in this species. No search with this
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specific purpose in mind has been organized, but field observations
have not been encouraging.

The Victoria Laboratory, in cooperation with the Vancouver
Forest Products Laboratory, is testing effects ;f root constituents of
healthy and diseased Douglas-fir trees on development of P. weirii in
vitro. Thus far, reported differences in phenolic constituents between
healthy and diseased roots offer some hope that resistance mechanisms
may be operéting within the spécies. The most obvious differences are
the absence of dihydroqueréetin—S'-glucoside in root sections with
advanced'decay, and the occurrence of an unknown chemiéal only in healthy
roots. The association of another unknown with decay suggests that this

compound may be a phytoalexin.

Control of a disease by use of reslstant lines is pefhaps the
most desirable method, but breeding programs take time even 1if highly
resistant individuals can be found, Meanwhile, damage might be reduced
by silvicultural practices., Reducing root contacts by initial wide spac-
ing or thinning of susceptible conifers might resist spread of the disease:'
1f the proper spacing were maiﬁtaine&. Besides silvicultural disédvanﬁages,
natural regeneration makes controlled spacing difficult; and 15 years'
records indicate that.thinning does little to reduce damage in stands

already infected when thinning begins.

Interplanting resistant specles of lesser commercial value,
such as red alder or other native har&woods, probably would best maintain
a system for minimizing root contact between susceptible species while
fully utilizing growing space. Plans have been made at the Victoria ‘
Laboratory to study rate of infection and spread of_g. weirii in cutover
infection centers planted to mixed conifers and hardwoods as compared to

pure conifers. Spréa& in mixed stands planted on cleared land will also
be studied. 7

Red alder might be an exceptionally promising candidate for
interplanting. In addition to its merchantability inrparts of the wesf,
this épecies enriches soil through symbiotic fixation of nitrogen in
robt nodules. The presencé of large amounts of nitrate in alder sdil
may aléo reduce spread of infection and survival of P. weirii which,

like many basidiomycetes, camnot utilize this form of nitrogen..
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Some of the inhibitory phenolic compounds produced by. red
alder'may find their waj into the soil from litter and roots to affect
this pathogen. The fungitoxicity of phenolic compounds, especially those
in alder, is being tested at the Corvallis Forestry Sciences'Laboratory.
Field survival tests of P. weirii in 2-inch wood cﬁbes indicate that the
. presence of alder in a stand near the Oregon coast reduces survival of
P. weirii. Although data are scanty, the fungus survived best under pure
conifers, next best under a mixture of alders and conifers, and least
under pure alder. We are continuing our investigations with a paired-plot

study to better measure the effect of alder on survival.

Control of P. weirii by interplanting alder or other hardwoods
is promising but-may raise new silvicultural questions that will need

to be answered.

' Interplantingvresistant conifers probébly would create fewer
management problems, but what species would be suitable? At the ﬁniVersity
of Washington's Pack Forest, rust-resistant white pine will be planted
with Dougiés fif on a cut and burned-over site previously occupied by a
diseased stand. This site is well suited for white pine but whether or
not the pine proves more resistant to P. weirii remains to be seen. Until
resistance of coniferous spécies is well established, only the species

best suited for a particular site need be considered.

Perhaps we should take a closer look at resistance of native -
conifers to P. weirii. Although all native coﬁiferous species have been
reported Sﬁsceptible to P. weirii, the degree of resistance has been. poorly
defined. At Corvallis we have what we hope is an acceptable technique
for inoculation of potted Séediings, and in mid-November we-plan to
test the resistance of 10 native conifers to P. weirii infection. 1In
addition, it is hoped that insight can be gained on possible resistance
mechanisms which might be involved. This study will be an initial step
to determine possible resistance, but other studies under more natural

conditions will alqo be needed.

Certainly, we have only begﬁn to test potential control measures
against.this disease, some:of which may prove highly successful and others
worthless. Until we find out more about the physiology of P. weirii, its

interactions with host roots, and the environmental factors that control
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its establishment and spread, we can only grope for successful control

measures,

There is hope for control of P. welrit, hope that rises with = :
each new bit of information we uncover concefning this pathogen. But
we will not control it tomorrow. Perhpas the time is near; we can only

guesa. But it is coming.
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RHIZINA ROOT ROT

RHIZINA ROOT ROT: ITS INITIATION, DAMAGE
AND CONTROL ‘

J. H. Ginns

This diééase, Rhiziﬁa root-rot, is not new§ rather it is becoming'
more prevalent. This interpretatioﬁ is based on discussions with V
foresters and on the increased use of fire as a silvicultural tool. The-
acreage of pfescfibelburn in British Columbia has dodbled from the 12,500

acres slash burnéd in 1952.

‘ :The iﬁconspicuous nature of the fungﬁs is evident from discussions
with foresters. Even if recognized és a fungus, it is not readily assbci;
ated with seedlihg mortality. Rhizina has apparently, coﬁt?ibuted to |
seedling moftality in the past. '

Weir in 1915 reported that Rhizina often occurred on fire sites
in the northwest but usually as a saprophyte. Only two other reports
were found implicating Rhizina in the death of a few pines (Davidson 1945;
Zeller-1935).

The association of apothecia with dead and dying Douglas-fir
seedlings was observed in British Columbia last fall. This past yeaf
an extensive survey has shown the fungus to be widespread in coastal
British Columbia, and present but more scattered in the interior wet zone.

.Its wide distribution is not:surprising as herbaria specimens indicated
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of treatments applied to small plots (Jalalludin 1967). First soil
was removed, roots,left intact, the area was covered with soil free
of ascospores and burned, subsequently no Rhizina appeared; in
treatment 2, ascospores were added after burning, again no Rhizina
appeared; however, when ascospores were added at various points on
the plot priof to burning, apothecia were produced but only near the
margins of the burn aréa; treatments 4, 5 and 6 were like l; 2 and 3
except all roots were removed from the plots; no Rhizina appeared;
Thus apothecia were formed only at the margins of fire sites which

contained intact roots and which had been inoculated prior to burning,

. Temperatures which stimulate spore germination in the lab,
(37-55°C) occur in a zone at the margin of fires and also underneath
them. Temperatures outside this zone probably are not sufficient to

stimulate germination and those inside it are no doubt lethal.

After spore germinafion Rhizind first colonizes stump roots
or well-decayed woody debris in the soil. Saprophytic survival is
approximately 2 years as seedlings planted at that time were not

infected.

Much of the surface root system of trees and freshly cut stﬁmps
which lie under fire sites aré killed by heat, while temperafures near
the zone of spore stimulation seem to cause root exudations. In the lab-
oratory, extracts from heated roots or soil were stimulatory to spore

germination. Autoclaved roots did not promote mycelial growth.

Typical of Rhizina are the yellowish fibris of mycelium which
develop beneath apothecia. These'ramify in the duff and soil, and can

be traced from the fruit bodies down to the surface of roots.

Roots of all diameters, varying from fine feeding roots to
the main roots next to the stem, are attacked. Successful isolations
can be made in the early stages of seedling infection, but in later

stages it i1s more difficult owing to the presence of secondary invaders.

Rhizina apparently enters through lenticels (Murray - 1961). The
white spots seen on the surface of roots are resin-filled attacked
lenticels. In some cases the resin effectively bars entrance of the fungus.

In other cases invasion is halted by the formation of a cork cambium.
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WIFDWC 1968
PANEL II1 FACTORS GOVERNING THE DISTRIBUTION OF DWARF MISTLETOES

Richard B. Smith, Moderator

SOME ECOLOGICAL CONSIDERATIONS OF DWARF
MISTLETOE IN CANADA

John G, Laut

Dwarf mistletoes~-Arceuthobium americanum on jack pine and A.

pugsillum on black and white sPrueeSu-are present in roughly 1/4 of the
approximately 400,000 square miles of forests and almost all the presently
accessible commerical forest areas of Manitoba and Seskatchewan.' Ag in
most other dwarf mistletoevsi;uations, within the illustrated_general'range
the parasites actually have a "patchy"-distribution at 3 organizational
levels: 1.e., there are relativeljllarge areas where they are evidently
unable to become established. Within a given geographic area that is
infested there are stands or sites from which the parasites are excluded,
and finally within an infested stand there commonly are found 1ndividuals

and groups of trees that remain uninfected.

There are three possible ekplandtions for the apparent natural

exclusion of dwarf mistletoes:

1. Happenstance: 'i.e.; the exclusion 1s merely an expressioh
of time and the inherent slow rate of spread of the organ%
visms,rand/or disturbances, such as fire, that have eliminated
the paraeites; _. ‘
2. Genetic barrier: i.e., the local‘population of host species
- are immune or resistant to dwarf mistletoe invasion ' .
(e.g. Roth, 1967).
‘3. Unfavorable environment: i.e., the exclusion is real and is
. the result of some environmental factor or combination of
factors that allow the host to thrive but prohibits the
establishment of dwarf mistletoes.
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In Alberta A. americanum is excluded from Sections Bl9a, Lower Foothills
Sectisnvand B19c, Upper Foothills Section. Again an anomaly, parallel to
that mentioned in regards to A. Qusillum, should be pointed out. The
Upper Foothills Section (Bl9a) has a notable outlier separated from any
forest area by several hundred miles -- the Cypress Hills of south—eastern
Alberta énd neighboring Saskatchewan, .A.,americanum, although absent
from other Bl9a areas, is.presént in this outlier in the Alberta portion

of the Cypress Hills.

Al

Further west, in British Columbia, A. americanum is absent from
the Columbia Forest Region, sections CL.1 and Cl.2, and the Coastal
Forests; and is found only in sections of the Sub-alpine and Montane

Regions.:-

The reasons.for the exclusion of dwarf mistletoerffom certain
definable ecologic areas are presently unknown. We have some ideas, with
supporting data, which will be presented in later communications. For
present purposes it is sufficient to point out that, since the gaps in
their distribution coincide with independently conceived ecological
boundaries at such a large scale, this provides strong evidence that
neither happenstaﬁce_or chance, time, nor disturbances can account for
the exclusion of dwarf mistletoes and that such exclusion is real and

is based on biological factors.
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loss on recreation sites—-based on either failures, or injuries
and property damage. No broad hazard control program can be 100

percent successful unless all trees over 5 feet high are eliminated.

But practical and acceptable levels of control have not been defined.

Until those goals have been specified, guidelines can only be tied
to utilization of a limited budget, rather than to achievement of

acceptable risk levels, (Paine, U.S.D.A. Forest Service, Berkeley).

FOREST DISEASE CONTROL COMMITTEE

H. Toko, L. C. Weir, H. H. Bynum, J. L. Stewart,
"A. C. Tegethoff, and K. W. Russell, Chairman

HIGHLIGHTS OF 1963~-68 CONTROL STUDIES

CHEMICAL

a. Cooperative Sugar Pine Secondary Screening Test

In September 1966, a secondary screening test for the control of
white pine blister rust on sugar pine was installed under a co-
operative agréement involﬁing Regions Five and Six and the Pacific
Nbrthwest and Pacific Southwest Forest and Range Experiment Stations.
Chemicals involved in the test of direct canker application included

Actidione BR (300ppm), Biphenyl, Cyprex, Dowicide 1, and Mertax. In-—

- sufficient time has elapsed in which to draw any final conclusions as

to the effectiveness of the chemicals, (Bynum, Region 6 U.S.F.S.)

b, Test for Chemical Control of Dothistroma pini on Shore Pine
(Pinus contorta)

Chemicals were applied in the spring of 1965 to test for prevention

of Dothistroma pini infection in a severely diseased Christmas tree -

plaqtgtion of shore’pine on' the Oregon Coast. Chemicals tested
inciuded Bordeaux mixture (4-4-50), Phytoactin L-318 (300 ppm) in
stove oil, cycloheximide acetate (100 ppm), and cycloheximide
thiosemicarbazone (100 ppm). Phytoactin 1—318 had no noticeable

effect on the occurrence of the fungus in comparison to untreated
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control trees. The cycloheximides preventéd infection somewhat, but
these antibiotics produced excessive phytotoxicity at the concentration
~used., Three foliage drenches with Bordeaux mixture during the one
month period of greatest growth reduced the incidence of infectioﬁ
noticeably, but the amount of infection was slightly greater than
tolerable for Christmas tree production. The infection level would
likely be reduced more by a larger number of-applications. (Thompson,

Region 5 U.S.F.S.)

C. Test for Chemical Control of Rhabdocline pseudotsugae on Douglas-fir

Antibiotics were applied to Douglas-fir trees in a Christmas tree

plantation in June 1964 to test for prevention of the Douglas-fir

needle cast (Rhabdocline pseudotsugae). Spray formulations contained

as their priﬁary ingredients the foliowing antibiotics: Phytoactin
L-318, Phytoactin L-440, cycloheximide acetate, and cycloheximide
acetate (200 ppm) and (50 ppm) in water reduced infection encourégingly
as compared to non-treated controls. . However, this promising antibiotic
was not further tested because the producing company ceased making it.

(Thompson, Region 6 U.S.F.S.)

d. Chemical Tests for the Control of Western Gall Rust on Monterey Pine
A series of chemical tests for the control of western gall rust was

begun in 1962 in a Montérey pine plantation on the Oregon Coast.
Phytoactin, Actidione, dimethyl sulfoxide, and stove oil iﬁ various
formulations haverbeen the substances primarily tested. Preliminary
results indicate that formulations containing stove oil have a relatively
toxic effect on galls that have been thoroughly scarified before direct
spray application. Gall mortality may very likely be due to killing

of host tissue rather than fungal mycelium., The efficacy of such

control is still in doubt due primarily to the possibility that the

area of dead galls may serve as an infection court for other opportunistic

fungi. (Thompson, Region 6 U.S.F.S.)

e. A study was started in an attempt to find a chemical control for

Lophodermélla cerina on ponderosa pine. The study will be completed

in the spring of 1969, (Weiss, Region 3 U.S.F.S.)
f. Tests of cycloheximide and phytoactin for control of blister rust

on western white pine. (Leaphart, Wicker, and Kimmey--INT Station).
Evaluation of two antibiotics, cycloheximide and phytoactin, to control
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blister rust was concluded in 1966 following tests started in 1963

on 1,038 trees subjected to either aerial spray or basal stem

treatments. This evaluation was reported in the following publica-

tion.

Leaphart, Charles D., and Ed. F. Wicker. 1968, The ineffectiveness
of cycloheximide and phytoactin as chemibal controls of the
blister rust disease. Plant Disease Reporter. 52(1): 6-10,

Abstract: The antibiotic phytoactin was not an effective control for

the blister rust disease of western white pine. When applied in

either aerial or basal stem treatments, the results were not signi-
ficantly different from those of the treatment controls. The
cycloheximide basal stem treatment, having 26 percent inactive cankers
four growing seasons after treatment, was significantly different
from treatment. controls, but was also considered to be an ineffective

control of the disease for reasons given. Tuberculina maxima, a rust

canker parasite, is definitely implicated in reduction of activity

of cankers in the treatment controls.

g.  Control tests on Rhabdocline was Phytoactin - Started in 1964,

completed 1966.. Information contained in:

Weir, L. C., and A. L. S. Johnson. 1967, Use of Phytoactin'in the
treatment of Rhabdocline needlecast disease of Douglas-fir.

Phytoprotection 48(2): 74-77.

h. Control tests on Rhabdocline pseudotsugae with Meta-Systox-R..

Abstract - Foliar and stem sprays of Meta-Systox—~R produced a desirable
trend in decreasing infection levels. Concentrations used were too
low to reduce infection to commerically acceptable levels.

(Weir~Victoria)

i. Control tests on Atropellis piniphila using Actidione - Prelim-
inary tests were carried out to ascertain the existencé of material
translocation in lodgepole pine. Evidence indicates movement within
one day and persistence for the length of the sample period of two

weeks. - (Weir-Vietoria)

j. Fomes annosus - A series of stump treatments have been carried

out to test the effectiveness of materials in preventing colonization
by F. annosus. In those tests that have been completed, borax solution
is the most effective,with urea having little or no preventative

effect. (Weir-Victoria)
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II.

k. Continuation of stump treatments against F. annosus infection

to determine variation in time of year of treatment. (Weir - Victoria)

1. Treatment of stumps innoculated with spores of F. annosus at
varying periods after inoculation to determine if a period of time

may elapse between felling and treatment. (Weir-Victoria)

m. Controlling Pythium root rot in nursery grown Douglas-~fir

In September 1966, several fumigants: Vorlex, Telone, Pathofume

B, Brozone and P.B.C. One of the nursery blocks that was treated had
abnormally high populations of Pythium spp. At this writing visual
evidence of control of all treatments is good. Root growth measure;
ments made during the fall of 1968 will be done to evaluate the
tests. (Russell, D.N.R., Olympia, Washington)

n. Fomes annosus control.

Four chemical formulations are being tested for control of Fomes annosus

stump infections in precommercial sized western hemlock. Monthly stump
applications of urea and borax (two concentrations and one dry application)
are the chemicals being used. The study, launched in June 1968, will

run for fifteen months. Three plots each were established in

Washington and Oregbne The study is being conducted jointly by Region

6 U.S.F.S., the University of Washington College of Forestry and
Washington D.N.R. (Stewart, Driver, Russell, Olympia, Washington)

BIOLOGICAL

a. Breeding of Blister Rust Resistant Western White and Sugar Pine

A Joint Forest Service-Bureau of Land Management project for the breeding
of rust-resistant western white and sugar pines has been under way in
Washington and Oregon since 1957. Early results have been encouraging,
and the project has expanded accordingly., Expectations iﬂclude mass

production of Fl seed in five to six years. (Stewart, Thompson)

b. Natural Inactivation of Blister Rust Cankers on Western White Pine
A study on natural inactivation of blister rust cankers on western
white pine was initiated in 1966. Cankers are being observed on 49
plots in six national forests in the Inland Empire. Currently, 727

lethal cankers are under observation and new cankers found during any
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