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CHAIRMANiS WELCOME 

tcenelm Russell 

Welcome to all I 

It only took us 17 years, We actually began t~is 
trip in 1969 and at nearly every WIPDWC since, I 
hope each of you have discovered something special 
about Alaska, It was special for the 23 of us who 
left Friday evening in a spectacular Seattle sun-
set aboard Alaska Perry's M,V, Columbia, After 
waking up at the entrance to Seymore -Narrows near 
Campbell River and running in thick fog north of 
Johnstone Strait, we though~ _we might be in the 
fog the rest of the way, That was not to be,, •• 

The fog thinned and gradually lifted and we were 
treated .to sparkling days (Northwest style) and 
starry nights for the rest ' of the trip, At Ketch-
ikan a funny bus ride, a look at a jam-packed 
salmon run ~nd the Indian story of fox woman 
and •••• 

At Wrangell we had to wait for the tide to rise 
enough ~o allow the Columbia through Wrangell 
Narrows. We hiked to a beach near the mouth of . 
the Stikine River and made rice paper rubbings of 
Indian petroglyphs using fern leaves, The low 
afternoon northern sun on the · beach made us want _ 
to stay permanently, or at least until it started 
raining, 

The midnight run through 21 mile long Wrangell 
Narrows at 16,5 knots with close in (15 feet at 
times) rock piles and bottom a scant two or three 
feet beneath our hull held us spellbound, The 73 
flashing red .and green nav lights looked like a 
preview of Christmas on a big city street, At the 
narrowest part a meteorite so bright it _ left a 
contrail streaked ahead · as if to light the way and 

· the aurora borealis made such a special .presenta-
tion that even the locals were excited, 

Such a show_! Who wanted to go to bed? 

Early Monday morning found us rounding the end of 
·nouglas Island and approaching the snout of Menden-
hall ciacier and Juneau, The air was crisp and 
after seeing that glacier many could not resist a 
flight over the expansive Juneau Ice Fields, 
tumbling glaciers and milky fjords, 

REFLECTIONS 

There have been rumblings that Forest Pathology is 
on the downswing, I checked our old proceedings 
at five year intervals to see ·if there were any 
clues to such a change, 

1965, Kelowna, my first WIFDWC, Fresh from Upper 
Michigan, I thought Poria was in Illinois, Ja ck 
Bier advised us that we younger members would do 
well to listen to the talent and experience and 
·take advantage of it, I sure need ed that because 
I had to get Poria in perspe ct ive. 
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1970, At Harrison Hot Springs we learned that 
Willis Wagner one of our Conference founders died 
after 44 years of service and a lot of pioneering 
in our field ·, Chairman (It was ok then to be a 
chairman,) Bob Scharpf stressed informality and 
openness. Bob said "Do not be. afraid to put your-
self in harm's way," 

1975, Stu Whitney told u~ in Missoula, "let · 
others look at our ideas, Disseminate our words, . 
Don't keep to ourselves." By now I had my Poria 
straight and then they changed the dang name. 

1980, At Pingree Park under Bob Gil _bertson we had 
some indepth talk about "Public Perceptions, Who 
Cares? (about Forest .Pathology), ·Terry Shaw lis ~ 
tened and had Sam Frear write the popular article 
in American Forests magazine about cedar dieback 
in Alaska, 

Ken Russell was heard to utter the words, Keep 
your "ear" to the grindstone and listen to the 
wind, Now how could I listen to the wind if I 
ground my ear off? 

1985. A record crowd of 100 came to Olympia and 
heard chair Fields Cobb (in absentia through Walt 
Thies) .express concern about reductions in Forest 
Pathology,,. How can that be? We did some new 
things at Olympia: used a computer for group 
•input pest manage111ent decision making; separated 
good old Atmillaria into several species and ex-
plored the ·workings of the new root rot model, 
Might not pathology awareness be growing? 

1986, We have moved out of "control" into pest 
prevention, We now have aggressive ways to deal 
with root rots and the dwarf mistletoes. .Mana-
gers are . into stump pushing and silvicultural _ 
management of root rot and dwarf mistletoe 
infested 'forests .. Forest Pathologists are look-
ing ahead to preventing root diseases in stumps 
with other organisms and fumigants , We can use 
computers to look at future economic and bio- . 
logical productivity of our forests with various 
levels of simulated pests, Pest management _ has 
a solid footing in the Forest Service Silvi-
culture Institute Program, 

Business is booming for those of 4s in pest 
management technology transfer. Landowners and 
managers have beseiged us with requests for help 
in pest · management, There seems - to be an 
increased desire to do something about forest 
pests today. 

.we may be looking · at a time lag, We did succeed 
in waking the land ma~gers. They are aware of 
pes t management, If the academic pathology base 
is truly shrinking can we keep up with technology 
transfer increases? r · do not see Forest Path-
ology shrinking on the side of the ' manager. I'm 
really up on Forest Pest Management and the 
Dec ision Making Process, If ' there is a problem 
on the academic side I would like to see us try 
some innovative ways of doing the job better · 
even if it means doing it with less money, Let's 
hear your thoughts, 

John Laut said it aptly about coming to Juneau. 
"We just came up to break the ic e, " 



Developnent of the fisheries resource is also a 
top priority. In terms of nrultiple use, the a~ea 
_also supports the world Is l_argest epidemic of. 
:spruce beetle; rrore of which I am sure you will 

·:··hear about at this conference~ 

·· • < 'The Tongass National Forest, located here in 
' ···'.southeast Alaska, is the largest single land u·ni t · 

administered by the · Forest Service, Because of 
its imriense size, sane 17-million acres, the 
Tongass .ts divided into ·thr~e administrative 

·· 'y(: ·' · areas. Forest Supervisors and their staffs are 34TH ~ij~t-<1:ri~~Sj~;fO . · .. •.t:. ,: located in Sitka, Petersburg, and Ketchikan. 

I nterrlafibhaf:Fofest . . -~= 0iir a~f~i~ie N~;!
0
~:ri!~~=~ts 4~ !;~~ka ·o·• 'Al :-. :, . c· .. · ·. f . . . . foi:-ce for the Alaska Region, including temporary ·,sease yy ;OtK , · on ~:rence · : employees, numbers slightly rrore than 800 . 

full-time equivalents (FTE1s), The inportant 
overall objective that guides our · canbined efforts 
is performing wise manag!;!lllent of the resources · --
recreation, water, .wildlife and fisheries habitat, 
and minerals, as well as timber, 

. . : . 

Juneau··Aiaska · . ,. . 

September 9-12, 1986 

WELCOME TO. nIE ALASKA RffiIO» 

•Michael A. Barton 

Good ioorning I Welcom~ to Alask~-1 ·. After 33 an~~l 
meetings held throughout western . ¢anada and . the · . 
United States, it -is .high time that the Western 
International Forest ·Disease Work Conference comes to Alaska, ·· · 

. . 
As you will see ~uring your short stay · in ·Jun~ru{ · 
Alaska is well-endowed with · natural res.ources. --~ · · 
The two National Forests in_ Alaska enix>aipass sctile 
23 million acres. You. may be aware that tbe : 
Tongass_ and the Ctu.Jgach National For·esb :are : the 
largest in the National Forest System •. ;a The· . C · · .. 
Tongass National Forest occupies the nparlhaixile" 
or Southeast portion of the· State . and is · · · 
. approximately 500 miles long and 100 mile_s wide, 
The 17-million acres cover an area about the size 
of Indiana. The Cb.lgach National Forest, 
headquartered in Anchorage, is about ·210 miles 
wide and 120 miles deep. The six-million acre 
forest extends .south and east of Anchorage aiong 
the Southcentral Alaskan coast, and encompasses· 
ilnst of the Prince William Sound area; . . 

The Chugach National Forest, besides supplying . 
timber to a limited local economy, serves as an 
outdoor playground to over on~half of the state's 
population, Maintaining a quality recreational 
experience, including exceptional fishing and 
hunting opportunities, is a prime management 
objective on many portions of the forest, 

. . . 
Michael A, Bar~i ( is .. the Regional Forester, 
Alaska_ Regiott; USDA :forest Service, . 
Juneru, Alaska. 
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Besides containing vast quantitiel? :·or ccrnmercial 
. tini>er, s~wning grounds for milliQnt \ of . 

ccmnercially caught salrron, and cri_H-c~l wildlife · 
hooitat, these forests include fourteen wilderness 
areas and two national nonwrents •. . 1.be latter · 
provide sane unique management responst~ilities 
because of overlapping and some\ohat',·COnfJicting, . 

. but mandated, management objective~~ , )'1~ a$ · 
mining and maintaining quality wilderness (: . · . . . · . .. · - -• - ·. _: . _ · . 

Both National Forests present ·uniqµej• _ecr.~~tional 
opportunities: 190 public cabins. for :reet'eation 
and ~ergency use, 31 campgrQUnis,:{ .niajor winter 
ski area, and 3 major visitor centers ~. In 1984, 
th~ Alaska Region received approximately five 
million Recr~ation Visitor Days Use. · 

. ·Tourism is an . inportant industry . to the state of 
Alaska and opportunities for recreation · abound.· 
Here on the Tongass ;they range frcm attra::tions 
such as -the Forest. Service's Visitor Infonnation 
Centers, one 16ca fo:i across the lobby here in 
Centennial Hall, and another at , nearby Mendenhall . 
Glacier, to incomparoole fishing, hunting, and · 
hiking adventures in renote, pristine portions of 
Southeast Alaska. · ' · 

Fishing, both commercial and rooreational 
continues to be a mainstay of Alaska's economy. 
Approximately 100 million pounds of salmon are 
produced annually on the National Forests, The 
full potential fish production frcm Southeast 
streams has not yet been met •. Since 1962 the 
Forest Service has been cooperating with the · 
Alaska Departm;!nt of FJsh and Game and the 
Regional Aquaculture Assooiations in a fish 
habitat improvement prograt)I, So far, over 250 
fish hooitat emancement projects have bee_n 
completed. · · 

The Alaska National Interest Lands Conservation 
Act (ANILCA), enacted in 1980, required the Forest 
Service to offer roughly 450 milli.ori boan::I feet of 
timber per year over a ten:.a:year. period to maintain 
lOCcil econanies dependent on the industry. It 
also enabled continuance of the average annual 



allowable sale quantity for timber-producing lands 
after acreages were deducted for classification as 
wilderness areas and national monunents. Of the 
17 million acres on the Tongass, about 10 percent 
will be harvested over the 100 year rotation. 

As timber markets have declined, local industry 
has raised stro~ protests about Forest Service 
funding and standards for preroading, 
precommercial thinning, advanced logging 
technology, and facilities development. The 
industry desires the funds to be spent in a manner 
more directly supportive of .their activities. 
Several policy changes have been irrplemented over 
the past few years to improve the econanic 
viability of tirrber sales in Alaska, including 
enlarging the size of clearcuts, raising the 
volume of tillher harvested per mile of roa:I 
constructed, reducing acreages planned for harvest 
in low volume stands, and adjusting re-entry 
schedules to use existing roads wherever possible. 

Mining has always been a part of the scenery on 
the National Forests in Alaska, Of recent 
interest are two mining developnents; one near 
Juneau at Green's Creek on Admiralty Island and 
the other at Quartz Hill in the Misty Fiord 
Monument near Ketchikan. The former will provide 
employment for 300 people for ·15-17 years while 
the Quartz Hill project will provide employment 
for about 800 people for 50-70 years, Other 
mining activities are scattered on the two 
National Forests, 

To sunmarize, three major industries (fishing, 
tourism, and timber) are dependent, at least in 
part, upon the resources of the National Forest 
here in Southeast Alaska, During the first four 
years of the 1980's, these industries contributed 
roughly 11,000 jobs. The direct earnings for the 

· fishing industry were $90 million; the tourism 
industry $60 million; and the timber industry $120 
million. 

This is a brief lock at the Region and hopefully 
helped orient you, I hope you have an opportunity 
while you are here to ta< e advantage of sane of 
the sights in the Juneau area. I wish you well in 
this conference, Keep up the good work. In my 
opinion, you are unsung heroes. You labor is 
virtually ignored by many of us until there is a 
problem. Then we turn and ask, "How could that 
have happened?", forgetting the many times you ha:! 
tried to bring the emerging problem to a manager's 
attention . At any rate, I'm glad to be able to 
welcome you today and repay in a small way the 
many times I haven't paid enough attention, 
including, Terry Shaw -- Hemlock fluting . 

9 
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MAJOR FOREST INSB:T$ IN SCUTHEAST ALASKA 

Andris Eglitis 

ABSTRACT: 'There are relatively f~ forest insect 
pests in Southeast Alaska . Defoliators of western 
hemlock are the most conspicuous of these insects 
periodically affecting vast acreages of old-growth · 
forest. Other key pests include the striped · · · 
ambrosia beetle which attacks primary forest 
products~ and the spruce bark beetle, a locali .zed. 
pest found in Glacier Bay National Park. . · .... ·· · 

INTRCDUCTION: Due to sinpler ecosystems than we 
·. find further south, there are relatively few · 
forest insect pests ih Southeast Alaska . Certain · 
key pests such as the Sitka spruce weevil are -not 
found in our coastal forests. · Two defoliators of 
western hE!t\lOCk are the nost coinnbn insects we · 
encounter, and although they are currently at low 
levels, both have. periodically prcxluced . · 
large-scale . damage thl'Ollghout the panhandle. 
Outbreaks by these insects usually develop and 
decline very suddenly, are of short duration, and 
often aff~t vast acreages. . · . 

WESTERN BLACK-HEADED BUDWOmi 

This insect is a close relative of the .western 
.spruce budworm which causes consider:ible damage to 
coniferous forests · throughout the ·western states. 
The black-:headed budworm· feeds predominantly on . 
the current year's foliage of ·western hemlock and 
rarely attroks Sitka spru ce'._ ~udworm populations 

~!)dris Eglitis is an erttanologist with State & 
Private Forestry, Alaska Region, . Juneau, ~laska . 

· are presently at low levels in Southeast Alaska 
although ·in the late 1960 1s an outbreak covered 

· several millioh acres throughout the panhandle. 
The budworm occasionally prcxluces toP-kill in 
hemlock and radial growth loss in affected trees. 

HEMLCCK SAWFLY . 

In . 1983 the hemlock. sawfly prcxluced visible 
defoliation of western ··hemlock ·on _about 100;000 
acres, rea:?hing its highest levels ·in 15 years. 
-Populations are currently declining, but the 
outbre::k in 1983 prcxluced considerrole top..kill 
and whole-tree rortality on nearly 8'.>00 acres in 
Southeast Alaska . Tl)e .sawfly feeds on the older 
foliage of hemlock and prcxluces its greatest 

· .. affect on the host when it occurs t~ether on the 
same trees with the black-headed budwonn. Each · 
year we monitor the l_arval populations of the .. 
sa.,fly and other defoliators by sampling at 6o;_90 
rEIJ)Ote beach locations throughtout Southeast 
Alaska. This sampling system has been relativel r.. 
effective in detooting annual changes in · . 
population .levels. · 

STRIPED AMBROSIA BEl;:U.E 
. . . 

The .ambrosia beetle is by far · the most inportant 
. • forest insect pest in .Southeast Alaska . from an 

econanic standpoint. The beetle constructs 
galleries in the sapwood of freshly cut spruce · and 
hemlock logs producing considerrole degrade of the 
affected material. Since mu·ch of the inaterial 
harvested in Southeast Alaska is destined for · the 
export market, the degrade prcxluced by the beetles 
has meant a substantial dollar loss to companies 
exporting infested material. Ani>rosia beetle 
populations and damage. have been high over the 
past . five years throughout Southeast Alaska • . · 

SPRUCE BEEn..E 

Th_e spruce bart< beetle is far more inportant in · · 
southcentral and interior Alaska than in the · 
southeastern p.inhandle. In Southeast Alaska; the 
only active infestation is -found in Glacier Bay · . 
National Pane, but ·is of partiow.ar interest due 
to the unique vegetation in -the Park and the • 
special conditions surrounding ' the developnent of · 
the forest. The Park was covered by a thick layer 
of ~lacial ice as r·ooently as 200 years ago. 
Following a very rapid glacial recession, the 
exposed land was quickly colonized by pioneer 
plants and eventually a dense .forest of Sitka 
spruce. That spruce forest is n~i around 140 
years old, is fairly even-aged, and growth of 

. individual trees has been extremely slow in rooent 
years. 'lhe spruce 'beetle gained a foothold in the 
area following extensive blowdown in 1977 and has 
been .at outbreak levels since . 1979. Currently, 
about 14,000 acres of spruce forest have been 

_infested, · with mortality exceeding 70% of the 
stand in sane areas. We have been monitoring the 
infesta~ion at the request of the National Park · 
Service and have ta<en the opportunity ·to learn 
how the beetle .behaves and develops in the Sitka 
spruce host type. 

12 
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Juneau, Alaska 
September 9-12, 1986 

NOTEWORTHY FOREST DISEAS&S IN ALASKA 

Paul E. Hennon and Charles G. "Terry" Shaw III 

ABSTRACT: Forests in Alaska consist primarily of 
virgin, old-growth trees. The most important 
diseases of such forests in -southeast Alaska are 
hemlock dwarf mistletoe, wood decays, and decline 
of Alaska-yellow cedar. Foliage, twig, and stem 
pathogens attack the commercially important 
western hemlock, Sitka spruce, Alaska-yellow 
cedar, and western redcedar, but none currently 
cause appreciable damage. The significance of 
some diseases (i . e., root rots, and dwarf 
mistletoe) in young stands that develop after the 
old-growth is harvested and management of the 
young-growth intensifies. is a topic of current 
s tudy. In interior Alaska, canker diseases are 
particularly destructive on birch, aspen, and 
other hardwoods. Decays of conifers and hardwoods 
are common in south-central and interior Alaska; 
however, even general knowledge of the 
pathological condition of most forests in these 
areas is la cking. Damage to forest trees by 
animals (e.g., porcupines and bears) is common 
throughout Alaska. 

PAULE. HENNON i s a Plant Pathologist, USDA Forest 
Service, Forest Pest Management, Juneau, Alaska; 
CHARL&5 G. "TERRY" SHAW III is a former Research 
Plant Pathologist, USDA Forest Service , Pacific 
Northwest Research Station , Forestry Sciences 
Laboratory, Juneau , Alaska; current ly Resea rch 
Plant Pathologist & Project Leader, Rocky Mount ain 
Forest and Range Experiment Stat i on, Ft. Collins, 
co. 
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INTRODUCTION 

To some, forest pathology in Alaska may appear to 
be a throwback in time. We are still studying 
problems of old-growth trees (primarily decays), 
we are still cataloging new diseases, and we 
openly admit that we have many more questions than 
answers. For example, until this summer, we did 
not know the fungi associated with the two most 
common root and butt rots of spruce in south-
central Alaska. 

Nevertheless, our recent work, and contributions 
by many others (including, but not limited to: 
Tom Laurent, Dow Baxter, James Kimmey, Reed 
Miller, Dave French, Tommy Hinds, Frank 
Hawksworth, Keith Shea, Jim Stewart, Ed Wicker, 
and Susan Tait) have allowed us to build a 
foundation of information on diseases in Alaskan 
forests·. A synopsis of current information on 
pests in Alaskan forests appears in the recently 
revised book, "Insects and Diseases of Alaskan 
Forests" (Holsten et al. 1986). Because we share 
similar forest types and pathogens with British 
Columbia and The Yukon Territory, we also ut ilize 
information obtained by our colleagues in Canada. 

For ease of presentation, we will discuss diseases 
by geographic regions: 1) southeast Alaska 
(essentially the Tongass National Forest); 2) 
south-central Alaska (primarily the Chugach 
National Forest); and 3) the remaining, interior 
fores ts (Fig. 1) . -The predominantly western 
hemlock-Sitka spruce forests of southeast Alaska 
(Fig. 2) are, comercially, the most important --
which is why most of the pathological research has 
been conducted in th ese forests. 

Southeast Alaska 

Western hemlock and Sitka spr uce comprise about 
92% (64% & 28%, respectively) of the volume in the 
forests of southeast Alaska; Alaska-yellow cedar 
and western redcedar account for 4% and 3%, 
respectively, (Hutchison and LaBau 1975). Western 
redcedar is only an impor t ant compoment in the 
southern portion of southeast Alas'k:a; it grows 
only as far north as Mitkof and Kupreanof 
Islands. Mountain hemlock (partially combined 
with volume of western hemlock) and shore pine are 
noncommercial because they grow primarily on 
muskegs or at higher elevations. 

Clearcutting is the primary method of ha rvest in 
these forests, following which natural repro-
duction of both western hemlock and Sitka spruce 
is generally dense and thrifty (less than 10% of 
the cl ear - cut lands require plan ti ng). Because of 
this abundant natural regeneration, diseases of 
seedlings are silviculturally unimportant. Young, 
overstocked stands are pre-commercially thinned at 
age 15 to 20, which generally increases the 
proportion of Sitka spr uce as it is favored over 
hemlock duing thinning. 

Extensive logging began with the start-up of the 
first pulp mill in th e mid 1950's. Thus, th e 
number and distr ibution of young stands that are 
older than 30 years is rath er limited. Miller · 
(1962) and, more recently, Tait et al. (1985) 
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surveyed diseases in the early stages of these 
young-growth forests. Several diseases occur., but 
none are devastatingly serious. 

The role of diseases in more mature stands of 
young-growth, such as the second half of the 

· planned 90-120 year rotation, is, however, _ poorly 
understood. Commercial thinning could severely 
scar these thin barked species and provide infect-
ion courts for decay fungi and_ stem pathogens. 
Since 40 years or more may elapse between 
commercial thinning and.final .harvest, wood decay 
fungi may have ampie time to cause significant 
losses. If such damage-is going to occur, and if 
it will result in any measurable losses by the . end 
of the rotation, requires investigation. 

South-Central and Inte _rior Alaska . 

We have a preliminary .study on decays of white 
spruce and hardwoods (French 1957) and good 
information on aspen cankers (Hinds and Laurent 
1978) in the interior of Alaska. · Similar studies 
are now needed on other poplars and birch as these 
species are · ·severely attacked by a number of 
canker and .stem fungi. 

Disease information, let alone general data on 
silvicultural techniques, is desperately needed to 
manage forests in south-central and interior 
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Alaska. For example, Dendroctonus _rufipennis 
(spruce bark beetle) currently infests several 
hundred thousand acres .of spruce forests at 
several locations in south-central and interior 
Alaska ·(USDA Forest Service 1986). · We need data 
on the role that pathogens play in triggering this 
beetie epidemic, on how. long the standing-,dead · 
spruce -.are suitable for ' salvage, , and how the 
abundance of dead wood may influence the inoculum 
level of pathogenic fungi in the newly developing 
forest. · 

A brief outline of current knowledge on .some 
noteworthy diseases, decays, animal damage, and 
problems of unknown cause in Alaskan forests 
follows. 

DISEASES 

Hemlock Dwarf Mistletoe, Arceuthobium tsugense 
(Rosendhal) G.N. Jones 

Hemlock dwarf mistletoe infects western hemlock in 
old-growth forests throughout southeast Alaska. 
Although western hemlock is the principle host in 
the region, A· tsugense also _infects, albiet 
rarely, Sitka spruce (Laurent 1966) and mountain 
hemlock (Shaw 1982)·. -To date, however, it has · not 
been found on either Pacific silver fir or shore 
pine, two known host in British Columbia (Hawks-
worth and Weins 1972). 
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True clear-cut logging could eliminate this 
disease as a management concern in young-gr owth 
stands. Infected, but non-merchantable hemlock 
trees are, however, frequently not cut during 
harvest of the old-growth. Spread of dwarf 
mistletoe from these infe cted residuals is the 
principle form of infestation in young hemlock 
stands. 

Recen t research indicates, however, that in 
sout heast Alaska the levels of infection by 1· 
tsugense on young hemlocks near infected residuals 
are much lower th an ocur in Washington, Oregon, 
and British Columbia (Shaw 1982 , Bloomberg, these 
Proceedings). Also, most infected, young hemlocks 
have less than three infections per tree, and 
these are concentrated in the lower third of the 
crown--a location that limits their ab il ity t o 
sprea d the disease. These factors, together with 
the removal or killing of infected residuals 
dur ing precommercial thinning, the height growth 
response of crop trees to thinning, and the common 
interspersion of resis tan t Sitka spruce , should 
prevent hemlock dwarf mistletoe from reaching 
damaging disease levels within the planned 90 -12 0 
year rotation. Reasons for the lower i ncidence of 
disease i n young stands in southeast Alaska are 
unknown, but may relate to differences in stand 
composition, weather conditions , and mistletoe 
seed production. 
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A demonstration area has been installed near 
Thorne Bay on Prince of Wales Island (Fig. 1) to 
provide foresters and the genera l public with 
information on the recognition, biology, impact, 
and silvicultural control of hemlock dwarf 
mistletoe in young-growth stands (Hennon and Shaw 
1986). 

Root Dis eases -- Armillaria spp., Heter obasi dion 
annosum (Fr.) Bref., etc . 

Armillaria spp. and Heterobasidion annosum are 
common de cay organisms in ol d-growth forests 
throughout southeast Alaska where they are 
est imated to cause 45% of the cull volume in 
old -growth western hemlock and 6% in Sitka spruce 
(Kimmy 1956). Since both fungi cont inue to 
survive in stu~ps, the possibility exists for root 
rots to damage the developing young stands. 
Recent research indicat es , however, that although 
these fungi persi st in young stands, they are not 
causing any noticeable uamage, even after 
precommercial thinning (Shaw 1981, 1985), While 
Armillaria spp. frequently invad es thinning 
stumps, the biological species that appear to be 
most common (V & IX, Shaw and Loopstra 1986) have 
limited pathogenic capabilities (Wargo and Shaw 
1985 , Morrison et al. 1985). 

In cont r as t, colonization of stumps by H. annosum 
is uncommon, even after inoculation (Shaw 1981, 
1985). This result seems to be independent of 
stump diameter (Shaw unpublished), but certainly 
requires further clarificatio n to determine i f 
larger stumps, lik e tho se that will remain after a 
commercia l t hinning operation, will bec ome 
inoculum sources for~- annosum. At present, I 
[ Shaw] hypothesize that H. annosum will be of 
little concern throughout the r otatio n because it 
has limited abilities as a decay organism at 
relatively low temperatures and high moisture--the 
env ironm ental conditions common to stumps in 
southe ast Alaska. Data from th e United Kingdom 
support this hypothesis in that H. annosusm causes 
substantially less damage in plantations of Sitka 
spruc e established in wetter ar eas (Redfern 
1982). ' 

Sirococcus Shoot Blight, Sirococcus strobilinus 
Pruess. 

The fungus that causes this disease is i ndigenous 
to southeast Alaska. It infects and ki l l s shoots 
on western hemlock and, to a les ser degree, those 
on mountain hemlock and Sitka spruce . Shoot 
dieback is most common in young-grow th stands; 
however, understory hemlocks and mature Sitka 
spruce in old-growth forests are also infected. 
The disease is most severe in dense, unthinned 
stands of young-growth where cool, moist air can 
stagnate ; a condition that probably favors 
sporu la tion and infec tion by the fungus. Shoot 
infection can occur throughout the growing season. 

Hemlocks in thinned stands hav e fewer infections 
and those present are concentrated in the lower 
portions of the live crown where they have less 
effect on tree growth and do not distort the 



terminal leader: Crop tree · selection during 
thinning also favors the more resi~tant Sitka 
_spruce, dis .criminates against hemlock severly 
.affected .by shoot blight, arid increases · the · 
distace between· remaing trees, which likely · · 
improves air movement • . ·These factors indicate 
that foresters should thin with confidence, even 
_ff Sirococcus · is present iri the · stand ,· as the .re 
should be little subsequent effect .from .the 
_diSe!l$e (Shaw et al . 1981). 

Shoot Blight of Alaska-yellow cedar, . Apostrasseria 
sp~ 

This disease is caused by a recently ·discovered, 
but yet undiscribed ·, .fungus (Hennon unpuiblished) 
that is common in southeast Al!l$ka on regeneration 

·of Alaska~yeilow cedar · (Chamaecyj>aris nootkaten ~ 
· sis) • The unknown teleomorpll. is '. ·probably a 

Phacidium sp • .. (Al Funk , personal communicatioii:). 

··Terminal and iateral shoots · on infected cedars · a~ 
killed back ·lO .cm or so; _however, growth rates are 

-probably not affected unless trees are severely 
. attacked . In an intensive survey of"diseases of 
. Alaska-yellow ·ce4ar . (Hennon 1986.) , . mat).lre trees. 
were .not . found 'to -be infected l>y this fungus; they 
are probably resist;ant • . '.);'o deteJ;'llline if . . this .· 
fungus night .hinder reforestation e.fforts ·with 
Alaska-yellow cedar, ·· the ·most .valuable tree 
species in Alaskan forests;_ effects of.this fungus 
on the growth and development of planted ·seediings 
are being investigated . in a · variety of fores ·t 
types (H~on; unpublished) • . 

Spruce Needle Rust, Chrysompa ledicoia Lagerli •. 

This fungus attacks Sitka, white, end -black 
spruce.· . Because the alternate host, Labrador-.tea 
(Ledum spp.'), , grows primarily in l!IUSkegs or oth er 
boggy sites -, only spruces in and near these 
locations are heavily infected (Hennon 1986). · 
Epidemics of spruce needle rus ·t have , at ·•times, 
covered over one hundred thousands acres of white 
sprqce in interior Alaska (USDA Forest Service 
1981) . In·southeast ·Alaska, Sitka spruce tre es in 
muskegs are ·sometimes heavil y .inf ec ted, but .those · 
growing in the commercially important .stands of 
young-gro¥th are, at ~os t;,_ only lightly inf ect ed •. 

Spruce trees are rarely killed by this·rust · 
becaus,e olily current-year needles iµ-e a t tacked ; . 
The annual inciden ce of :this disease also fluctu-
ates dramatically--perhaps due to ' differ ences in 
weather condit i ons. Thus, spruc e tre es are n~t 
generaUy denuded of foliage because .they .are not · 
attacked severly during several consecutive year s . 

Spruc e Broom Rust, Chrysomyxa arctostaphyli Diet. 

Unlike spruc e needl e rust , ·Q. arctostaphyli 
invad es . woody tissue s on spruce and causes 
per ennial .infe ctions th at develop into larg e 
witc hes -brooms. _Whether •inf ection impares tr ee 
height or radia .l growth is not known. • Inciden ce 

· of this di sease oh spruce cor re sponds wit h. th e 

range of the alt ernate ·host, bearberry 
(Arctostaphylus uva-ursi) . Broom rust is thus 
more preval ent on white spruc e in interior Alaska, 
where bearberry is common, than on Sitka spruce in 
sou.ttieast Alaska, where bearberry ·is -rare . An· 
exception to this generalization occurs in Glacier 
Bay (Fig . 2), whe·re bearl>erry .is present EUtd broom 
rust .is common on Sitka spruce. 

Spruce Needle Cast, Lirula macrospora (Hartig)' 
Darker 

Lirula causes a needie cast on all ·three species 
of spruce in Alaska. The fungus likely infects 
current -year needles, but .sYJDptoms do. not appear · 
until . these needles are one 'year old .. The fungus . 
only sporulates on dead needles that are at l~ast 
two years old . Timing of sporulation is being 
monitored to • de_termine when best to protect 
ornamental spruces, and perhaps for est trees, from 
infection . 

Hemlock Needle Rus.t, Pucciriiastrum vaccinii (Rab.) 
.Joerst; • 

This rust attacks needles of western hemlock in 
. . southeast Al.aska. Epidemics are -rare, however, 

· . even though the alte~ate hosts, Vaccinium spp ~, 
dominant shrubs in this part of Alaska. 

·Factol'S _that ·keep this fungus at endemic levels 
·are riot understood . I [Hennon] plan to monitor 
this disease closely .because Kimmy.and Stevenson· 
(1957) indicated that it can, E/,t times , severe .ly· 
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. defoliate trees, as occurred at Thomas Bay in -1977 
(Shaw unpublished) . 

Western Gall Rus t, Endocronartium harknessii (J.P; 
Moore) Hirat. . 

·This 11onocyclic· ru~t causes perennial, sphericai 
galls on shore pine throughout south east Alaska. 
_On occasion, Nectria macrospora attacks these 
galls and eventu~lly •Kills distal portions or · the 
br anch . Currently, pin e is .not a commerci ally 
import!Ult tree spe cies in so~theast Alaska, but 
the disease is of-some -concern to homeowners. 

. " . ; 
Alaska-yellow Cedar Rust, Gypmosparangium . 

· nootkaten se Arth . ' 
. . ·. . . . . 

Tl,lis ru s t attacks foliage on Alaska-yellow ced ar; · 
however , epidemi cs ·have not been not ed on cedar or 
th e alt erna t e hos ts · (Pacific cr abapple and 

· mountain ash). This rust furigus is of interest . 
because it is one of th e only species of 
Gymnosparan gium to have a uredial stag ~ (Ziller 
1974). 

Cedar Leaf Blight , Didymas cella thujina (Durand) 
Maire 

Didymascella ·att acks ' l ea f s cal es of wes t ern 
redc edar . It generally att acks foliag e in th e 
lower cro wn.and l i kel y poses lit t l e thre at t o 
r edcedar in south eas t Alaska. 



Hemlock Canker, Xenomeris abietfa Barr 

Over the past decade, a canker disease has killed 
· numerous small - hemlocks, and the lower crowns of 

larger ones, along portions of the road system on 
Prince of Wales Island (Fig. 2). This disease 
appears to be highly site .specific. To date, we 

·haye not found it iri any second-growth stands, but 
only in the understory and on lower branches of . 
_overstory trees that are within several hundred 
feet of roads • . 

Xenomeris ·abietis •was isolated from resinous 
cankers on infected trees . (Shaw unpublishe4) and 

. is thought to be the .primary cause of death. 
Nectria.sp. also occurrs on many dead .hemlocks and 
may contribute to tree death. Dust and other 
associations with roads may weaken hemlocks, or 
otherwise allow these fungi to infect. Studies on 
this disease continue with emphasis on determining 
general etiology and the possibility of damage 
occuring in the commercially important stands of 
young-growth • . 

Alaska-yeUow Cedar Decline 

. Decline and mortality of Alaska-yellow cedar 
persists as one of the most spectacular and 
important forest diseases in southeast Alaska. 
·Over 200;000 acres of . forest are·affected by this 
decline; More Alaska-yellow cedars died during · 
1986 than in the preceeding several years, but 
trees have died throughout southeast Alaska every 
year since the onset of the problem about 100 
years ·ago. Mortality began on muskeg sites and 
has since spread onto better drained, more 
productive sites. Spread from site-to-site, 
however, has · not occurred, which ·suggests that a 
contagious organism .is not the cause. Over 50 
species of fungi have been isolated or collected 
from dying trees -, but none possesses the 
pathogenic . ahi1ity to cause such extensive 
mortality. Patterns of tree ,death and the 
apparent absence of a pathogen as the primary 
incitant, suggest that some form: of environmental 
stress may cause the problem (Hennon 1986). 

We have data on how long cedars·, in . various states . 
of deterioration, have been dead . Current work 
shou!d determine the feasibility of salvaging 
these trees, and how best to regenerate 
Alaska-yellow cedar in stands suffering from 
extensive moi:-tality _. 

Hemlock Fluting 

The.boles of western hemlock trees in southeast 
Alaska frequently have deeply incised fissures and 
folds that extend (rom the ground to high in the 

. crown--a condition known locally as "fluting." 
Elsewhere in these proceedings, Kent Julin reports 
on the causes and management implications of this 
abnormality. 
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DECAYS 

Heartrot fungi decay substantial volumes of wood 
in the old-growth forests of Alaska. The problem 
is particularly acute because the fungi have ample 
time to decay the long-lived, slow growing trees. 
Two major decay studies have been conducted in 
southeast Alaska (Kimmy 1956, Farr et al . 1976), 
·but little information on decays exsists for 
forests in south-central or interior Alaska. 

Pathologists familiar with heartrots in ·the 
Pacific Northwest, should recognize the common 
decay fungi in southeast Alaska, as listed below: 

Sitka spruce-
Fomitopsis pinicola (Schwartz:Fr.) Karst. 
Phellinus pini (Thore:Fr . ) Pilat 
Armillaria sp. 
Phaeolus schweinitzii {Fr.) Pat. 
Laetiporus sulphureus (Bull. ex Fr.) 

Bond. et Sing . 

Western hemlock-
Fomitopsis pinicola 
Armillaria sp. 
Heterobasidion annosum (Fr;) Bref. 
Laetiporus sulphureus 
Phaeolus .schweinitzii 
Phellinus ·robustus (Karst.) Bourd &·Galz. 
Phellimis pini 
E.chinodontium tinctorium (Ell .. & Ev.) 

Western redcedar-
Poria albipellucida Baxt. . 
Phellinus weirii (Murr.) Gilbn. 

Even though these fungi are the same species : . 
common to forests in the Pacific Northwest, their 
behavior differs. For example, in Oregon and 
Washington Fomitopsis pinicola principally . 
decomposes woody slash; in Alaska, .it is the 
principal cause of heartrot ·in . living Sitka spruce 
(Kimmy and Stevenson 1957) and sometime·s produces 
conks on apparently unscarred trees. · 

Another example of geographic differences in 
fungal behavior is Phellinus pini, a predominant 
heartrott .e.r of Sitka spruce an~ western ·hemlock in 
the Pacific Northwest . In southeast Alaska, P. 
pini causes a relatively small ' proportion of the . 
heartrot ·in these · tree species; particularly 
western hemlock (Kimmy 1956); however, it it is 
the major causes of heartrot in .living white 
spruce and mountain hemlock in south-central 
Alaska. 

Echinodontium tinctorium occurs primarily on · 
mountain hemlock in disjunct stands from Haines 
and Skagway, across Prince William Sound, to the 
Kenai Penisula. It appears to be absent 
throughout most of southeast Alaska . 

An unknown heartrot is also common on live white 
and· Lutz spruce (a hybrid of Sitka and white 
spruce) on: the Kenai Peninsula in south-central 
Alaska. This year Hennon (unpublished) began a 
study to det ermine which fungi cause this decay, 
how and where th ey enter tre es, and how much 
volume is lost. To.dat e , An unidentified fungu s , 



Inonotus tomentosus; Fomitopsis pinicola, arid 
Phellinus pini appear to be the most important 
caus_es of decay. In addition, Inonotus tomentosus 
causes a white pocket rot in the roots and butts 
and appears to cause root death of Lutz spruce 
trees. 

· ANIMAL DAMAGE 

Porcupines, Erethizon dorsatum, damage trees in 
Alaska. In . southeast Alaska, damage is 
particularly severe in young stands of Sitka 
spruce and western hemlock where up to 10% of the 
crop trees may be girdled and killed just one ·year 
after precommercial thinning (Eglitis and Hennon 
1986). Survey transects have been established in 
recently .thinned stands on Mitkof island (Fig. 1) 

· to determine the extent of damage and to assess · 
population trends of the animals. 

Porcupines damage trees by either girdling the 
main stem, which eventually -kills tree parts above 
the girdle, scarring a _portion or · the bole, or by 
clipping branches. Scars on the main stem provide 
infections courts -for decay fungi; if substantial 
decay will develop .from ·this activity by rotation 
age is unknown. L_ong-term plots have been estab-
lished to study decay and to determine if 
porcupines will -continue to damage trees .as young 
stands mature. 

Fortunately, porcupines are not found everywhere 
in southeast ·Alaska. Porcupines, occur on the 
mainland, · Mi tkof, Kupreanof, Kuiu, Wrangell, and 
Zarembo Islands; but they do not occur on many 
other islands, such as Prince of Wales, Baranof 
and Chichagof. 

Brown bears, Ursus arctos, scar the bases of 
Alaska-yellow cedartrees on Baranof and Chichagof 
Islands (Hennon 1986). About one half of the · . 
Alaska-yellow cedar trees in these areas have at 
least one basal scar. · Cedars growing on the best 
developed soils, where they are intersperesed with 
western hemlock and Sitka spruce, have a 
noticeably high incidence of scarring. · Most basal 
scars were produced many years ago -and are now 
characterized by deep folds of callm; : tissue. 
Each year, however, bears scar cedar trees in the 
springtime by tearing bark away from the tree base 
with their teeth. 

Reasons for this -ac tivity are unknown; no other 
evidence of feeding is present; Perhaps bears 
lick t he exposed cambium for the high concentra-
tion of sugars present in spring. Wood behind and 
adjacent to older scar~ is often decayed, which . 

.may cause the otherwise valuable butt logs to be 
culled. 

SUMMARY 

Hemlock dwarf mistletoe, decay fungi, and decline 
. of Alaska-yellow cedar are the most significant 
diseases of old-growth forests in Alaska . These 
diseases cause persistent lo sses with limited 

. fluctuation s· from year to year. At pres ent, root 
diseases and dwarf mistl e to e are of little 
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signifcance in managed young stands; however, what 
the role of root diseases might be as these stands 
mature is unknown and under study . Several 
diseases of _shoots and needles also occur in young 
stands (i.e., Sirococcus shoot blight, spruce 
needle rust, hemlock needle rust, and spruce 
needle cast), but none are currently damaging; 
their status, however , is being closely 
monitored • . A canker .disease, probably caused by 
Xenomeris atiietis, is prevalent along roads on · 
Prince of Wales Island and has killed small 
western hemlocks and the lower crown of larger -
hemlocks. In southeast Alaska, porcupines damage 
forest trees and brown bears scar the bases of 
Alaska-yellow cedars. Research is needed on most 
pathological aspects, let alone the general 
silviculture, of all forest tree species in 
south~central and interior Alaska . 
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RATING THE SEVERITY OF LIMB RUST IN PONDEROSA 
PINE STANDS 

F. A. Baker, D. Rabin, Wai,g Chengguo, and B. M. 
Tkacz 

ABSTRACT: Limb rust kills crowns of pondero ·sa 
pines. We propose a system based on the 
location of the · rust in the tree crown, and the 
proportion · of crown kilied by the rust for 
rating the severity of limb rust in trees. We 

. are analyzing . data to ·evaluate th~ · correlation 
of visu~l rating with diameter ·increment · 
reduc _tion, 

Limb rust is a systemic disease killing t ·he . 
· crowns of mature and overmature ponderosa pines 

(Pinus ponderosa Engelm. var scopulorum) and 
jeffrey pines(!,: jeffreyi Grev, & Balf.) in 
western North America. The disease has been 
labelled as •the most destructive rust observed 
in the West• by Hedgecock in 1912, (prior to the 
introduction of white pine blister rust) ~nd as 
"abundant and doing considerable damage" 
(Garrett 1921). The causal fungus, Peridermium 
filamentosum Peck, invades the stem of -the tree, 
and .kills the crown one branch at a time. Limb 
rust kills the crown at a rate of about 1,5 feet 
per year (Mielke 1952). Once trees lose 50% of 
their crown, . diameter growth ceases. Trees die 
when 80 to 90% of the crown is killed (Peterson 
1966). This disease has been considered a 
disease of overmature pine. Recently, however, 
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the fungus has caused serious losses in younger 
stands of ponderosa pine in southern Utah, 

Trees with 50% live crown were killed, 
apparently by bark beetles, The only 
recommendation for control is to remove infected 
trees at each entry, Ponderosa pine .s require 100 · 
- 140 years to reach maturity. With 20 - 40 
years between entries to manage the stand, many 
trees are killed or stop growing before they can · 
be salvaged, Ponderosa pine is also a very 
important part of visual corridors around 
recreational areas -including Bryce Canyon, the 
Grand Canyon, and Zion National Park. Resource 
managers need a method for rating the sev.erity 
of limb rust to identify trees which will be 
lost, and those which even though infected, will 
grow and survive until the next stand ent ·ry. 
Our .objective in this study is to develop and 
evaluate a risk rating system for use in 
ponderosa pine stands infested with limb rust. 
The system must be easy to use, reproducible ' by 
different· observers, and relate to rus .t caused 
growth ·loss and ultimate mortality• 

We are now analyzing the da~a collected for this . 
study. Thus,' this paper deals more with our 
philosophy and experience.s •in rating system 
development. 

. . 
Limb rust kills the branches of an infected . 
tree, reducing the· crown size. · Mielke' s work 
suggests, and we hypothesize that a_s the crown 
is reduced, · diameter increment . decreases, until 

·so little crown remains that the tree becomes 
attractive to and is killed by bark beetles •. 
Assuming that the loss in foliar surface is 
correlated with increment reduction and loss of • 
vigor, we proposed a rating system which 
incorporates a position value and a severity 
value, each ranging from O·to 3. This yields a 
rating system with 7 classes similar to the 6-
clas .s· rating system used for dwarf mistletoes 
(Hawksworth 1977). A rating system similar to 
the extensively used mistletoe rating system 
will ·be easier for · foresters to understand and 
use. Uninfected trees . were assigned a O. For 
trees with rust, if th~ rust occurred in the 
upper third of the . crown, a position value of 3 
was assigned; if the rust . occur 7ed in the 
middle third of the crown, the position value 
was 2; in the lower third, the 'position value 
was 1. · We arrived at this by reasoning that 
rust ~n the top of the crown had more impact 
than infections lower in the crown, The mid-
crown infections were considered more important 
than lower crown infections because with similar 
spread rates upward and downward, mid-crown 
infection would kill the crown faster. For the 
severity value, we arbitrarily · established 
severity values of 1, for 1 to 30% of the crown 
killed; 2, for 31 to 60%; and 3, for more than 
61% of the cro'!(O killed, The position value and 
severity value are · added to give a total rating 
for the tree. A stand rating can be computed by 
averaging the rust rating for all trees in the 
stand. 

Thus enlightened, we set out in search of 
ponderosa pine on the Dixie National Forest, 
near the sites where Peterson (1966) and Mielke 



Table 1--Scheme for rating severity of limb rust of crowns in ponderosa pine 

Location of infection Score 

Top of crown 3 
Mid-crown 2 
Base of crown 1 
None 0 

(1952) worked. Sixteen 0 . 5 ha plots were 
located in ponderosa pine stands with most ' trees 
60-70 years old. Trees were tagged, and volume 
data recorded. Each tree was examined for limb 
rust, and the location of the rust (height to 
base of canker and to top of canker) was 
recorded, For each rust infected tree, an 
uninfected tree similar in diameter and crown 
class was located, and the same data were taken. 
Increment cores ~ere taken from each tree to 
determine total age, sapwood cross-sectional 
area, and periodic increment. Each tree was then 
rated according to the scheme in Table 1. 

For example, a tree with a mid-crown infection 
which has killed 70% of the crown would be rated 
2 + 3 = 5. 

With these data, the relationship of rust 
location, percent crown killed, and limb rust 
rating with radial increment will be examined. 
If limb rust rating is an acceptable predictor 
of increment, trees and stands in which serious 
losses will occur during the next management 
period can be identified. The actual locations 
and percent crown kill . will also be analyzed to 
evaluate how accurately the rating system 
corresponds to the actual condition of the tree. 
If the rating system is not a good predictor, 
and live crown remaining is in fact correlated 
with diameter increment, we should be able to 
evaluate other rating systems using the 
measurements of tree height, crown base, crown 
top and top and base of rust caused mortality to 
compute percent crown remaining and/or rust 
position. 

-. Trees were tagged so that the study can be 
followed over a period of years, providing . 
information on the change in rust rating over 
time and the life expectancy of trees within an 
infection class. 

We are measuring the increment,·cores, and have 
not yet looked at the other data. We can, 
however, make several observations about the 
process of developing a rating system. First, 
record all the data about the physical presence 
of the disease in the trees , In this study, if 
the porposed rating system does not work, we 
have the data to attempt computing another. 
Although we could have recorded the data in the 
field, and computed ratings in the office, 
rating trees in the field gave us sqme insight 
into the problems associated with the use of 
such a system, For example, where is the base 
of the crown? Observers often disagree where 

.the base . of the crown is. We used the low est 
height at which there were live branches in 
three quadrants of the tree . In multi-storied 
stands, crown levels vary. Where several trees 
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Percent crown killed Score 

< 30 1 
31-60 2 

> 61 3 

are adjacent to each other, shading may kill the 
lower branches on one side of the crown. This 
by definition raises the crown base, when in 
reality many vigorous branches are present below 
the crown base , Identification of the crown 
bese may be even more difficult when trees are 
infected in the lower third of the crown. 
Accurate determination of the crown base may not 
be important for severely infected trees, but 
could affect the rating ·of recently infected 
trees. 

We also record _ed the position and severity 
values during data collection. We can add them 
to get a 7-class · system, or after ·we analyze the 
data, we may find a two-digit rating better 
indicates tree growth and longevity. Such a 
rating might combine a position value of 3 with 
a severity value of 1 for a final rating of 31. 
Since a rating of 4 could also be obtained by 
combining values of 2, a two-digit rating might 
be more useful because you can picture what the 
tree loo ks like. This would be _an advantage 
when rating trees for management of visual 
resources, 

Developing a rating system involves two tasks: 
determining a rating method closely cor related 
with the biological property of interest, and 
ensuring that the rating system can be easily 
and accurately used by and is accepted by its 
intended user group. Both tasks have feedback 
on each other, We are in the first iteration, 
having collected the data to examine the 
correlation between _a hypothesi;ed rating system 
and increment loss. The foresters in the field 
will use the rating system unddr their 
operational constraints, and will provide a much 
more realistic measure of the second task. 
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STATUS AND DIRECTION OF STUDIES ON COMANDRA 
BLISTER RUST IN THE ROCKY MOUNTAINS 

Br:l.an W. Geils 

INTRODUCTION 

This · brief report reviews the progress of 
studies on comandra blister rust (Cronartium 
comandrae Pk.) conducted cooperatively by the 
Rocky Mt. Experiment Station, Rocky Mt. Region, 
and Colorado State University. - The objective of · 
these studies has been to estimate the incidence 
of this disease and its severity on lodgepole 
pine (Geils 1981; Geils 1984; Geils and Jacobi 
1984). Our intent is to provide landmanagers 
with a means to assess the impacts of this rust 
on various · resourc e values. 

The Forest Service research unit involved in 
these studi es (RM- 4501) has recently been given 
a new as s ignment to improve the technology for 
asses s ing pest impacts in the interior West . To 
achieve this goal for rusts of hard pin es , we 
need to develop ratin ·g systems ·that will quan-
tify an_d pr edict effects of the rust on the host -
at variou s levels of disease .intensity, --relate 
this damage to various resource losses, and 
incorporate this information into growth, yield, 
and alternative · value models. Except for .th e 
increased emphasis on resource valu es other than 
timber, this new assignment encompa ss es the 
objective of our original project, to determine 
the management implic a tion s ·of comandra blister 
rust. 

DAMAGE AND RISK RATING 

A s ystem t ha t quantifie s damage can be used with 
a model that pr edict s yield to determine th e 

· extent to which a pes t can affect forest produc-
ti v ity ; For exampl e , consid er th e damage 
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which a pest caus es to an individu a l tree as an 
observable injury or symptom whi ch can · be 
quantified as to severity. Damage in this 
sen s e is usually a partial destruction of the 
crown or root system, and its magnitude can - be 
visually rated on a relative scale (Large 
1966) . The direct effects of - damage are to 
alter the tree's gro wth , -surv i val, or appear-
ance. Therefore, damage severity, as measured 
by the rating system, ought to strongly cor-
relate with changes in tree growth, survival, 
or appearance . The models that predict yield 
for various resources can _ then be employed to 
translate these changes in tree si ze, -vitality, 
or appearance into changes in values for 
timber, shade, or other uses . 

For rating the effects of comandra blister 
rust, significant damage is measured as the 
loss of crown and bole that results from a 
girdling canker (Geils i984) . This definition , 
albeit rather simplistic, adequately explains ' 
the major effects of this rust _on the host as 
it a llows us to quantify di s ease effects by 
specifying when losses begin (at the tim e of 
topkill), and how much injury - occurs (a 
function of tree, crown, and canker hei ghts). 

_ On lodgepole pine in the Rocky Mountains, 
comandra blister rust usually produces only one 
stem ·canker per tree; _and volume losses are 
slight before topkill. 

The risk that damage will resul ·t from an attack 
of comandra blister rust is the probability 
that a canker girdles the bole before a 
specific stand age is reached. This risk is 
composed of two factors that precede girdling--
infection and canker expansion. Ev en though 
additional research is needed ·to predict the 
fr equency, duration, amplitude, and lo c~tion of 
future epis odes - of infestat;l.on by comandra 
blister rust, we can make some generalizations _ 
reg arding the survival and expansion of 
cankers. For example, I have observed that the 
cankers which ultimately girdle the bole seldom 
develop from branch infect ·ions that originated 
over 20 cm .from the bole, or on s tems larger 
than 20 cm in diam eter at canker height . The 
rate of expan s ion varies greatly among cankers 
and years. Only a small part of this variabil-
ity is explained by factors whic l\, can be easily 
measured, such as canker location, host size, 
or growth rat e . On avera ge, br anch cankers 
expand proximall y at 2 t o 3 cm per year; stem 
cankers expand around the bole by 3 to 5 cm per 
year for th e f irst 15 year s, and by a rapidly 
dec r eas ing rate thereafter. 

RUST EFFECTS 

Damage from comandra blister rust, a s meas ured 
by the hei ght of girdlin g cankers, can be 
dire c tly te l a ted t o the effects of this dise as e 
on va riou s t ree attributes . I previou s ly 
r eported on a s i mple index of timber va lu es 
th a t des crib es th e relativ e growth potential of 
tr ee s aff ec ted by rust (Geils 1984). Thi s 
ind ex combines th e eff ec ts of comandra _blister 
ru s t on tree growth, defect, and mortali ty into 
one number . Index valu es ran ge fr om O for 
tr ees with no potential to pr oduce s ound 



sawtimber, . to 1 for desirable crop trees. To 
incorporate predictions of the effects that 
comandra blister rust will have on tre~ -growth , 
survival, and defect into yield models (such as 
RMYLD, Edminster 1978), it is necessary to 
determine relationships between the damage 
rating (canker height) and each effect (reduced 
rate of diameter growth, increased rate of mor-
talit y, etc.). 

The effect that comandra blister rust has on · 
diameter increment at breast height can be 
represented by relative · diameter growth (RDG), 
which is defined as the fractional decrease in 
growth rate that results fr om a portion of the 
crown dying. Stem analyses (Geils 1984) 
provided data on: (1) 10-year diameter incre-
ments for the periods immediat_ely before the 
bole was cankered and after topkill occurred, 
(2) canker heights, and (3) initial and subse-
quent crown lengths. RDG was · computed as the 
ratio of increment after topkill to increment 
before canker establishment. Both square and 
·exponential transformations of ca_nker height and 
of the portion of crown retained after topkill 
(PCR) were significant: regression predictors of 
RDG. -Because there •is undoubtedly a fundamental 

. relation between crown size and tree growth, the 
expression ·: 

RDG • 13 + .009 x PCR2 (R 2 • • 77) 

was chosen as the pref _erred function. 

This equation can be used in yield models to 
quantify the effect that comandra blister rust 
has on . diame .ter growth of lodgepole pine if 
damage severity is recorded as t!\.e amount o't 
crown lost. These yield models can later be . 
employed in an economic analysis to determine 
the impacts or value changes which result from 
various levels of disease . incidence and 
severity. Some additional work · to refine this 
quantification of the 'effect of comandra bl ister 
rust on tree growth is needed because the 
function relating relative diameter growth and 
damage rating was developed from on l y 26 trees. 
A larger sample of topkilled trees · is · being . 
collected and the previous analysis will be 
repeated with the additional data. 

Another effec~ that comandra blister rust may 
have on an affected stand is the · possibility 
· that healthy trees near diseased individuals 
respond to the reduced c_ompetit:ion after topkill 
of their neighbors. The amount of additional 
growth resulting from this release depends on 
the number, severity, and distribution of 
damaged trees. Some testing of model sensi-
tivity to between-tree competition, analysis qf 
existing data sets, and new experiments could 
all be used to evaluate the effects of comandra 
blister rust on reducing a tree's competitive 
status · and enhancing its neighbor's growth. 
The effects of a girdling canker on tree 
survival can vary depending on amounts of _crown 
mortality, competition levels, and the severity 
of other pest damage (i.e., from bark beetles or 
dwarf mistletoe). If a bole canker is below the 
live cr9wn, a tree will die soon after girdling 
is complete. If a bole canker i s higher, .the 
tree may survive as a spike-top for many years --
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until it succumbs to suppression or other 
agents. Alternatively, if a canker is near the 
top of a large tree, survival may be unaffec-
ted. Our current data from 648 _trees only 
allows us to predict the proportion of trees 
expected to die several years after girdling . 
(PMORT) as a function of canker height (CNKHT). 
At· canker heights between 2 and 12 meters, the 
re lation is approximately: 

PMORT .99 . - . 226 x CNKHT 

Limited data obtained since ·this equation was 
developed support the · predictions. With . the 
original data, . however, it ha s not been 
possible to determine how competition, or other 
pests, influence lon g-term survival of top-
killed trees. Additional plots are being 
established in an array of stand conditions to 
monitor disease progress and tree survival. · 

RESOURCE MODELS 

To assess the . impact of infestations by 
comandra blister rust on the many and various 
resources it could influence, effects of the 
rust on tree growth, quality, and survival are 
beng added to stand models such as PROGNOSIS 
(Wykoff et al. 1982). An expanded version of 
RMYLD (Edminster 1978) that incorporates the 
effects of comandra blister rust is available 
on the USDA computer at Fort Collins, Colo. In 

. addition to serving as a tool _for managers, 
these models ·provide a simple, holistic 
description of the behavior- of comandra blister 
rust within the lod gepole ·pine . system. For 
example, if one consi-ders _the expansion rate of 
cankers and the usual height of cankers on a 
tree, it is reasonable to conclude that most 
cankers that are visible on the bole, would 
girdle the tree within 10 years. By program-
ming this general behavior into RMYLD, require .-
ments for data input are simplified. Our stra-
tegy requires a forester to collect only a 
minimum of disease data, and yet the model will 
still generate an adequate predic t ion with the· 
required precision. 

The project with RMYLD illustrates how equa-
tions that describe effects of a pest can be 
incorporated into computer programs and how 
these programs can be used as an aid in writing 
·stand prescriptions, and in identifying future 
research needs. · 

RMYLD is a stand average model which can accom-
modate a two-storied structure . For stands · 
infested with comandra blister rust, one story 
includes all trees with stem cankers and the · 
other story contains all trees without stem 
cankers . Data on initial stand conditions that 
are required for each story are: age, stocking 
density, mean diameter, and mean height; for 
the cankered s t ory, the percent of trees 
already topkilled and the average canker height 
of all trees with bole cankers are also needed. 
Functions in the program account for the loss 
of volume - in dead trees, the loss of volume 
above girdling cankers on live trees, and the 
reduction of height and diameter growth of live 
trees. Cutting options allow simulation of tre ·e 



removal in either story at various ages and 
cutting levels . RMYLD generates an empirical 
yield table for each story as a display of per 
acre values for number of trees, basal area, and 
volume at 10-year intervals for any harvest and 
for the residual stand. 

A comparison among different management scenar-
ios for a specific stand allows a forester to 
see how productivity is affected by the length 
of time damaged trees remain in the stand. With 
this information, the forester is more able to 
determine the best management alternative for 
that stand considering its special conditions, 
which include the number of damaged tr 'ees and 
the severity of that damage. Similarly, a 
researcher can examine numerous stand responses 
for a large array of carefully selected stand 
conditions. This exercise uses the model to 
investigate such topics as: 

1 . What are the thresholds of incidence and 
damage at which rust becomes a serious 
concern to management; 

2. What stand attributes are useful in 
classifying stands for their risk of 
serious loss; 

3. What are the optimum stocking levels in 
rust-threatened stands. 

Although answers to these questions have imme-
diate use, the insight gained from this work 
would also help design more rigorous studies to 
further test and, hopefully, improve the model. 
The pest assessment project at the Rocky 
Mountain Experiment Station will be involved in 
the development and demonstration of RMYLD and 
other models which relate effects of pathogens 
on their hosts to impacts on forest resource 
values. 
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PRUNING WHITE PINE TO CONTROL BLISTER RUST 
IN BRITISH COLUMBIA 

R.S. Hunt 

. INTRODUCTION 

By tallying and measuring the distances to the 
stem and heights above ground of blister rust 
(Cronartium ribicola J.C. Fisch. ex Rab.) on 
western white pine (Pinus monticola Doug!.), 
Hunt (1982) concluded that the majority of 
cankers originate within 2.5 m of the ground and 
thus it seemed possible to remove lower branches 
of young trees to prevent bole infections. 
Stands on slopes (Hunt 1982, 1983a) tended to 
have more cankers higher into the crown, while 
stands on flat areas may have the majority of 
cankers within 1.25 m of the ground. Based on 
this survey data, Hunt . (1983b) recommended that 
young growth stands should have the lower 
branches removed at least for the first 1.25 m 
(probably combined with a thinning operation), 
and stands on slopes · should be considered for 
early harvesting. 

The object of this study was to determine if 
·pruning actually accrued the theoretical 
benefits. 

METHODS AND MATERIALS, 

Two stands, one on the southern end of Vancouver 
Island and one on the northern end of Vancouver 

Rich Hunt is a Research Scientist II at Pacific 
Forestry Centre, 506 West Burnside Road, 
Victoria, !l· C. 
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Island were chosen as experimental sites. The 
former was an ungulating hill, or typical, site; 
whereas the latter was a steep site. The bene-
fits of pruning should be greatest at the flatter 
site . At each site trees were stratified by 
diameter class as follows: prunable to 1.25 m 
but less than 5 cm dbh; 5-10 cm dbh; 10-15 cm 
dbh; 15-20 cm dbh. Only trees in the first two 
classes were available at the second site. 
Trees lacking apparent stem cankers were paired 
by blister rust attributes in priority as 
follows: distance to stem of closest canker, 
number of cankers within 60 cm of the stem, 
canker height above ground. A coin was flipped 
to determine which tree would be pruned and 
which left as a control. Pruning removed all 
branches as high as seemed possible to a minimum 
of 1.25 m and a maximum of 2.5 m. Generally, 
trees in the first two dbh classes were pruned 
1.5-1.75 m above ground and in the last two 
classes to 2.5 m above ground. Preliminary 
results after three years indicated that several 
of the .cankers on control trees were still 
alive, but had not yet reached the stem. 

Data presented are after five years, when only 
one canker on a control tree had not yet died or 
reached the stem. 

RESULTS 

Pruning reduced the incidence of blister rust 
stem cankers on the "typical" site by 627. and by 
297. on the steep site (table 1). Overall 
reduction of stem cankers and threatening 
cankers (those within 60 cm of the stem) was 
reduced by 59 and 197., respectively (Table 1). 
On the "typical" site and steep site 87. and 617. 
of the trees <10 cm dbh had stem cankers above 
the pruning height, respectively . On the 
"typical" site, trees in the 5-10 cm dbh class 
tended to have fewer stem cankers (07.) below the 
pruning height than either the <5 cm (227.) or 
10- 15 cm (507.) dbh classes. 

DISCUSSION 

Pruning does reduce the incidente of stem 
cankers . and · threatening cankers • (Table 1); 
however, the infection incidence was still 
extremely high on the steep sloped site. 
Pruning some small trees (<5 cm dbh) was 
ineffective because the cankers originated close 
to the stem and the stems were already infected 
at the time of pruning. Larger trees (5-15 cm 
dbh) had the cankers originate farther from the 
stem and when pruned early (5 - 10 cm dbh) there 
is apparently less likelihood that the stem is 
already infected than delaying the pruning 
(10 - 15 cm dbh). The gains from pruning are 
somewhat less than expected (Hunt 1982, 1983b) 
for typical sites because some cankers, which 
appear to be restricted to branches, are indeed 
already in the bole. The gain can be optimized 
by pruning young trees (<10 cm dbh). On the 
steep site chosen for this study pruning was not 
a practical control becaus e the blister rust 
incidence was high and many new cankers were 
initiated above the pruning height. 



Table 1- ~Western white pine trees 
(S), and within 60 cm of the stem 
site (2), 5 years after pruning 

Control 

Sample s R 
Size % % 

Site 1 49 86 94 

Site 2 35 97 100 
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infected with blister rust stem cankers 
(R) at a typical site (1) and a steep 

Treatment 

Sample s R 
Size % % 

51 24 35 

31 68 81 
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. CCH1ANDRA RUST DAMAGE AND RISK RATING RESEARCH 

W.R. Jacobi, ,J.E. Boyd, and W.R. Zentz 

I. Damage Rating for Trees 

1. 

2. 

Growth and yield predictions: . Data 
inputs needed for growth and yie~d 
predictions in RMYLD and Prognos1s are 
simple and will be clarified and 
tested to make sure they are feasible 
to collect. The data items (canker 
·height, crown height, tree height) 
have been described by Geils in a 
previ ous IHFDWC proceeding. 

Damage Rating For Timber Harking: We 
are just sta rting to sort out the 
factors that should be included in an 
i ndi vi dual tree rating scheme for use 
in stand thinning/harvesting 
activities. We assume the rating 
sche11,~ wi 11 be based _on a simple 
numerical scale reflecting canker 
expansion, height of can~er in 
relationship to crown he1ght and_thus 
mortality/growth loss on a relat1vely 
long entry rotation i e-30 years. 
Younger tree s may require a modifi-
cation of the rating system since 
younger trees are usually killed 
because the girdling cankers are 
lower than the crown and thus the 
tr ee doesn't survive. 

William R. Jacobi is an associate professo r of 
forest and shade tree pathology, Colorado State 
Universtty. J.E. Boyd and ~.R. Zent~ are 
graduate st udents working w1th Jacob1 at Colorado 
State University. 
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II . Insect Involvement: 

111. 

We hope to determine what in sects 
(beetles) are involved in the demise of 
comandra rust -infected trees. Two to 
three inse ct- infested and rust-infected 
trees will be selected for st11dy near 
permanent plots located in Wyoming. 

Risk Rating of Lodgepole Pine Stands: 

Ralph Zentz is near completion of his 
M.S. thesis on_ our preliminary work on 
risk rating lodgepole pine stands in the 
Shoshone National Forest. We have 
learned alot about how we should do the 
future research · to determine _a practical 

· but disease-process driven risk rating 
system. 

Our preliminary research was aimed at 
determining a relat io nship between 
disease incidence and severity in 
lodgepole pine ·stands and the distance 
the stands were away from the alternate 
host. We also -looked at site features 
related to the occurrence of the 
alternate host which has been reported 
in previou~ WIFDWC proceedings . 
The characteristics of the lodgepole pine 
stands were analyzed briefly to see 
if there were any relationships between 
stands and rust incidence and severity. 
We found only one tree parameter (average 
tree height) tha t · was s ignificantly 
related to the percentage of trees 
infected in a stand. In our future work· 
we hope to look at stand data i n more 
depth focusing on stand density at infe c-
tion, the relationship of stand aspect 
and slope with wind flow from the alter-
nate host. · We have several data sets now· 
covering wide geographic region s that 
should give us the opportunity to deter-
mine if stand and stand stte character-
istics affect rust incid ~nce and severity,· 

Future Research: 

We fe el a major factor in predicting rust 
inf est ati on i s the distance the alternate 
host is away from the lodgepole pine. A 
simple distance rela t ionship is not 
adequate because one has to take int o 
account wind flow dire ct ion when 
conditions are appropriate for spore 
production, dispersal and infection of 
pines. The amount of alternate host is 
probably also important. Ralph Zentz's 
work has shown us the fo 11 owing either 
directly from his data or indire ct ly fr om 
our greater understanding of comandra 
rust, wind flow and spore dispersal: 

1. The distance basidiospores can ~ove 
is apparently more on the sca le of 
0-10 miles rather than 0-5 as we 
originally hypothesized. 



2. We unfortunately ;; -~nd a hi gti 
incidence of rust at the ·distant 
edge of the lodgepole pine type on 
the Wind River Di std ct. Thus we · 
could not determine a relationship . 
of distance from comandra popula-
tions and diminishing rust incidence. 

3. We had considerable variation in . 
number of infected trees in stands 
similar distances from comandra 
populations. 

4. The importance of wind fl ow direction 
from comandra populations became all 
important as we tried to explain the 
infestation of some stands vs, others. 

5. . The· patterns of disease on the Wind 
River District and other National 
Forests in Wyoming indicate that 
upslope winds associated with moist 
weather systems are probably the 
important weather conditions to key 
on, 

6. · The infestation of comandra popula-
tions appear to be important in 
determining high amounts of rust. For 

· 4 years the rust · has been co111110n on 
comandra plants on the Shoshone. This 
year the rust is almost non-e_xf'stent. 

IV. Future Plans: . 

Our planned research, ff we find funds, 
is to -finish up the risk rating work 
utilizing three study sites. The hypo-
.thesis which we will test is that: the 
location arid density of the rusts alter- _ 
nate host Comandra umbellata (L.) Nutt., 
in relation to the location and charac-: 
teristics of lodgepole pine stands com-
bined with the influence of weather -
conditions can explain disease incidence 
and severity in the Rocky Mountain Region. 

To test this hypothesis, our .proposed 
project has the · following objectives: 

l. To determine distances and patterns · 
of comandra rust basidiospore 
dispersal in several mountain are.as 
of the Rocky Mountain ~egion; 

2. To determine effects -of apparent 
spore loading from various popula-
tion densities of the alternate host 
on basidiospore dispersal distances 
and patterns; · 

--3. To determine effects of lodgepole 
pine stand characteristics and 
locations on the incident and 
severity of comandra rust. 
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Related objectives that w1 I I help w1th 
the overall project: 

1 • . To determine the relationship between 
weather conditions and basidiospore 
release; 

2. To determine if wind flow models can 
be useful in predicting spore 
dispersal in mountainous terrain. 

To test this hypothesis we will investi-
gate the source and deposition locations 
of the funga 1 spore that infects the pine 
trees. We will determine the location 
and amou~t of the alternate host and the 
occurrence and severity of the spore 
dispersal . and direction between the two · 
host plants will be studied indirectly by 
utiltzing location, rust incidence and 
severity information ·for both infected· 
hosts, and ,associated wind flow patterns 
predicted by a computer model (1mms) of 
boundary layer flow over complex terrain, . 
The WINOS model and CITPUFF dispersion 
model will be used as aids to determine · 
the probable dispersal pattern of the 
rust basidiospores from the comandra 
populations to the lodgepole pine stands. 
Remote weather stations located at each 
study sit~ will pro vi de required data on · 
wind direction and speed when weather 
conditions are conducive to basidiospore 
formation, dispersal and infection of the 
pine. Research areas will be located in 
the .Beaverhead National Forest near 
Dillon, Montana, Medicine Bow.National 
Forest near Laramie, Wyoming and the 
Shoshone National Forest Near Dubois, 
Wyoming • . Each study area represents a 
different topographical condition, scale 
of rust distance from alternate host at · 
1-30, 1-7 and 1-10 miles respectively, 
and amount of rust infestation at 20, 10 
and 50% rust incidence respectively. One 
major study area will be utilized on each 
national forest 1-1ith a po:;sibility of 
several other minor study areas on the · 
Shoshone and Medicine Bow Forests. 
Study areas will consist of a forest and 
range. area :1efi ned by valleys, adjacent 
mountain r'anges or change in species. 

Mapping of Comandra umbellata occurrences . 
and distribution; their pop.ulation 
density and degree of plant infection 
will be accomplished by surveying 
potential comandra sites. All accessible 
sites will be visited in a study area. 
Mapping and describing lodgepole pine 
populations and their degree of infesta-
tion will he accomplished by sampling 
selected stands. 
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WHITEBARK PINE AND THE 4 B'S: BLISTER RUST, 
BARK BEETLES, BURNING, AND BEARS 

Richard G. Krebill 

Whitebark pine (Pinus albicaulis Engelm.) is 
beset by several problems causing severe · 
disturbance of subalpine ecosystems in the 
Northern Rocky Mountains . Best known· to 
forest pathologists is white pine blister 
rust (Cronartium ribicola J. C. Fischer ex 
Rabh.), In many habitats occupied by 
whitebark pine, alternate host ribes are rare 
or absent, and temperatures are frequently 
cooler than optimum for rust inf ection and 
development . Nevertheless, stands are 
apparently infected by long-distance spread 
of basidiospores and the rust is now common 
even in upper-elevation whitebark pine stands 
of western Montana. With its high 
susceptibility to blister rust, virtually all 
age s of whitebark pine are attacked, and 
lo ss es ar e often dramatic, especially among 
smaller trees, saplings, and seedlings. 
Blister rust kills branches of large pines 
and sometimes entire trees. 

RICHARD G. KREBILL i s super visory biolo gist 
at th e Intermount a in Resear ch St ation, USDA 
Fore s t Service, Missoula, Mont. 
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Larger whiteb a r k pine s are mor e often kill ed 
by the mountain pine beetl e (Dendroctonu s 
pond e ros ae Hopkins) than by blister rust . 

. Alth ough re cord s are i ncomplete, it is 
suspected th a t beetle- caused mortality has 
increased in recent decades because of 
successful fire control in adjoining lodgepole 
pine forests. Wit·hout fire, lodgepole stands 
have aged and thereby become more susceptible 
to mountain pine beetle. Resulting outbreaks 
produce an abundance of beetles, many of which 
may spread into whitebark stands at upper 
elevations. 

Fire ecology in whitebark pine forests is 
rather complex. Whitebark pine has relatively 
thin bark and consequently fire can easily 
kill trees. As judged by the occurrence of 
charcoal, whole stands of whitebark pine are 
·sometimes killed by fire . But whitebark pine 
is also a fairly intolerant species and 
consequently is losing ground to climax 

·conifers in many stands where fire has long 
been ·constrained. Fire is also critical in 
that it creates sites conducive to planting of 
seeds by Clark's nutcracker (Nucifraga 
columbiana Wilson) and to seedling 
establishment and growth, 

Since Research has generally focused on 
commercial timber species, therefore little is 
known about the ecology of whitebark pin e . 
But because its nuts are an important food for 
grizzly bears (Ursus arctos horribilis Ord) in 
the Yellowstone Ecosystem, there is now strong 
interest in whitebark pine. In response , our 
Station has initiated research on the 
possibility of using prescribed fire 
(including prescriptions for natural fire) to 
rejuvenate whitebark stands. Complementary 
research is needed on the ecology of blister 
rust in renewed stands in prime gri zzly bear 
habitat. 



INTRODUCTION TO THE 

DWARF MISTLETOE DISCUSSION SESSION 

by John A. Muir 

In this session, several reports were 
presented, including the Dwarf Mistletoe 
Committee Report by J. Laut, control of dwarf 
mistletoes with Ethephon by T. Nicholls and F. 
Hawksworth, impact of dwarf mistletoe in 
ponderosa pine in Colorado by W. Jacobi and 
Helen Maffei, and several papers or reports on 
impact and control of hemlock dwarf mistletoe by w. Bloomberg, D. Demars, B. van der Kamp and F. 
Hawksworth. 

The discussion of hemlock dwarf mistletoe 
(Arceuthobium tsugense) was prompted by several 
conflicting opinions about the impact of the 
mistletoe in various areas in coastal forests. 
At a 1983 workshop in Burnaby, B.C., we 
discussed results of several impact or loss 
studies ih coastal stands, and strategies for 
controlling the parasite. At the current 
workshop at Juneau we reviewed more recent 
results and variat±ons between regions. Several 
substantial differences in the parasite, tree 
stands and environments were recognized by the 
discussants between the three regions of · 
Washington-Oregon, British Columbia and Alaska. 
Generally the participants appears to agree that 
in some instances the effect of the mistletoe in 
young stands was negligible, but in others, 
substantial impact does result from infection. 

i 
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COMPARISON OF DWARF MISTLETOE EFFECTS ON 
HF.KLOCK UI ALASKA, &RITISH COLUMBIA AND THE 
PACIFIC NORTHWEST 

W, J. Bloomberg 

ABSTRACT: Published ·data on infestation rate, 
incidence , severity and _ impact of hemlock dwarf 
mistletoe were compared for Alaska, British 
Columbia and Washin·gton/Oregon. Infestation 
was relatively high in Alaska and British 
Columbia and :moderate in Washington/Oregon . 
Incidence and severity were _low in Alaska, 
moderate in Washington/Oregon and ranged from 
moderate to -high in British Columbia. 
Reduction in volume and volume increment ranged 
_from moderate to severe in British Columbia , 
but was not significant in Washington/Oregon. 
Possible factors contributing to differences i.n 
epidemiology of the disease among geographic 
areas include effect of climate on seed 
production and spread, stand composition and 
growth rate, and dwarf mistletoe biotypes, 

INTRODUCTION 

Since western hemlock (Tsuga heterophylla 
(Raf.) sarg ; ) first became economically 
important in the coastal forest resource of 
western North America, forest pathologists -in 
th~ Pacific . Northwest, British Columbia and 
Alaska have been concerned about the potential 
impact on one of its most serious diseases, 
dwarf mistletoe (Arceuthobium tsugense 

WILLIAM J°; BLOOMBERG, Research Scienti s t, 
Canadian · Forestry Service, Pacific Forestry 
Centre, Victoria, B.C. V8Z 1K5 
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(Rosendahl) G.N. Jones) (Shea 1966, Smith 1969, 
Laurent 1980) ,' Initially, concern was focussed 
on the widespread distribution of the pest in 
old-growth stand .s due for harvesting and 
regeneration, and as more became known about 
its spread dynamics, on the fear of severe 
infestation of second-growth stands (Shea and 
Stewart 1972, Baranyay and Smith 1972) . Severe 
qualitative (Wellwood 1956) and quantitative 
(Smith 1969) impacts were recorded in mature, 
heavily infected trees (>100 years) , but few 
measurements were made in younger stands until 
Baranyay conducted systematic -surveys in south 
coastal British Columbia stands in 1970-71. 
These showed a wide range of infection severity 
depending on stand conditions (Alfaro et al 

' 1985). Selective surveys in young hemlock , 
stands . in western Washington and Oregon showed 
that severity increased with age in trees 
within 30' of infected overstory trees (Stewart 

- 1976) . 

On the assumption that incidence of dwarf 
mistletoe -would . translate into significant 
volume loss in immature hemlock.stands, forest 
pathologists recommended silvicultural control 
of the disease by sanitizing infected stands 
(Hadfield & Russell 1978, Russell 1978, Van 
Sickle & Smith 1978) . However, some forest 
managers resisted· ·the introduction of 
sanitizing clauses into forest.management 
regulations {J , ·Muir, personal communication, 
Shaw 1979) contending that there was insuffi-
cient evidence for economic damage by the 
disease and that sanitizing costs were 
unjustifiable. Also , results from limited 
spread and impact studies led forest 

· pathologists in Alaska and the Pacific 
Northwest to conclude -that dwarf mistletoe 
could have lesser.economic impacts than 
originally believed (Hadfield 1979, Shaw 
1979)! However, impact studies on Vancouver 
Island showed significant and major growth loss. 
(Thomson et al 1984, 1985) . A workshop held in 
Vancouver, B.C. to resolve conflicting view -
points pinpointed a priority need for objective· 
data on growth impacts (Muir 19~3). 

The purpose of this report is to review the 
findings on the pathological effects of hemlock 
dwarf mistletoe in Alaska, British Columbia and 
the Pacific Northwest, to m~ke comparisons 
among these regions and to try to interpret 
differences among them. 

DEFINITIONS 

Because yarious epidemiological measures have 
. been used to express the pathological effects 

of dwarf mistletoe on western hemlock, it is 
important to define these · parameters. 
Definitions used in this report are given in 
Table 1. They are self-explanatory with the 
possible exception of "severity". This is a 
complex, but important parameter usually 
expressed ·as a combination of incidence and-
ratings ,. as distributions of percent tree s witli 
given ratings (Hadfield et al 1979), or as mean 
ratings weighted by the percentage of trees in 
each rating class (Alfaro et al 1985) . 



·raDJ._e .1.-~uer tn1 ttons 

1. Infestation - % stands infected 
2. Incidence - ·% trees infected in infested 

stand 
3. Rating 
4. Severity 

5. Impact 

- tree infection class 
infested stand rating 
f(incidence, rating) 

- volume reduction in infested 
stand, relative to healthy 
stands 

Severity is also repres'ented as percent trees 
with · a given number of infections (Shaw 1982) 
or proportions of croW\} length ·infected 
(Bloomberg & Smith 1982, Richardson & Van der 
l<amp 1972). 

DETERMINING IMPACTS 

Because of the strong influence of stand 
history, especially survival of infected 
residuals on infestation ·, and st,md conditions, 
especially height growth, and of composition, 
age and stocking density on incidence and 
severity of dwarf mistletoe, estimation of 
impacts for individual stands or for larger 
forest units is complicated. · 

Two general methods have been used to determine 
volume impacts in immature western -hemlock. 

1. Direct Method 

This method is plot-based and assumes that 
impacts measured in plots can be directly . 
extrapolated to those in a stand, and those in 
turn to similar stands . The procedure is 
outlined as follows: 

1, Select sample stands. 
2, Select sample plots in stands. 
3. Select sample trees in plots. 
4. Rate trees for infection. 
5. Measure tree volumes. 
6. Classify stand severity and calculate 

stand volume. 
7. Compare volumes of stands of varying 

severities with those of uninfected 
.stands. 

8. Apply volume reduction factors to ·stands 
of each severity class. 

Either final volume, as obtained from volume 
equations, or period _ic volumes obtained from 
stem analysis can be compared . . An example of 
this approach is described by Hadfield et al 
(1979). 

Sources of variation 

sources of variation in impact study results 
stemming from the direct method are as follows. 

1. Are the sample stands, plots and samples 
trees representative? 
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~tanos may vary 1n tne1r n1story, site, 
age, and stocking density. Those in which 
infected .residuals were felled at harvest 
or destroyed by broadcast burning afterward 
can be expected to have low infestation 
rates. Older stands can, on principle, be 
expected to have higher incidence and 
severity than juvenile stands. Plots may 
also vary in their history, e.g . , in 
storm-felled patches, and in their micro-
sites and age-class structure. Sample 
trees may vary in dominance class, origin 
(pre-harvest ·or post-harvest regeneratio~ 
and age. 

While it may not be practical to determine 
impacts for every combination of factors; it is 
important that comparisons be made among stands 
having approximately the same combinations. 

2. Are incidence and rating distributions 
repr~sentative of trees in each stand·? 

Depending on infection pattern in stands, 
~he number of infected trees and their 
ratings may vary widely among plots. In 
some cases, plots have been centered on 
infected residuals, thus a stand average 
also depends on the number of these, as · 
well as on their infectivity, especially 
their size and inoculum load. 

In some cases, sample trees are selected 
· along a distance gradient from the 
residual. Such4!sampling plan is biased in 
favor of the more heavily infected trees 
cfose to . the infection source and is not 
necessarily representative of distribution 
of infection in the stand as a whole. In 
young stands, insufficient sample trees may 
occur in the higher rating classes to 
obtain a reliable estimate of their volume 
losses. 

3. Are the severity distributions represen-
tative of stands? 

If the incidence and ratings _of trees are 
not representative of plots, it is unlikely 
that the severity rating derived from them 
will be representative of the stand. 
Transects based on single residual trees do 
not necessarily . provide a1 true estimate of 
the total infected area unless seed disper-
sal is uniform in all directions from a 
point source. 

4, Is the rating system consistent? 

Various rating systems have been used to 
classify dwarf mistletoe infection in 
western hemlock, e.g . three-class 
(Bolsinger 1978), six-class (Hawksworth 
1956), nine-class (Smith 1969) . For 
translation to quantitative comparisons, 
classification systems must be internally 
consistent, i.e., a given class unambig-
uously represents a specific pathological 
condition, and ext ernally consistent with 
effects on tree growth, i.e., a giv en 



growth effect is unambiguously associated 
with each class . 

2. Indirect Method 

This method indirectly measures 
extrapolating tree-based volume 
plot-based severity estimates. 
is outlined as follows: 

Tree Volumes. 

1 . Select sample stands. 

stand volume by 
estimates to 
The procedure 

2. Select sample trees by rating class. 
3. Measure volumes. 
4. Compare volumes among rating classes. 

Stand Volume 

1. Select sample plots in stands. 
2. Record distribution of rating classes in 

plots. 
3. Extrapolate volume for each rating class . 
4. Extrapolate plot volume to stand. 
5 , Calculate stand severity. 
6. Compare stand volumes among severity 

classes. 

Baranyay used a modification of this method 
(Thomson et al 1984). 

Sources of variation 

Sources of variation arising from the indirect 
method are: 

· 1. Are sample stands, plots and trees 
representative? 

Since sample tree selection for volume 
measurement and sample plot selection for 
severity are done independently, balanced 

. and representative samples of each can be 
more easily obtained than in the direct 
method in which each plot fixes both the 
rating distribution and the volumes to be 
measured. Relatively numerous plots can be 
measured for rating alone, increasing the 
accuracy of the stand estimate, whereas 
time - consuming volume measurements can be 
restricted to a carefully chosen balanced . 
sample of trees from the whole stand . . 
Because volumes of a relatively small 
number of sample trees are applied to a 
much larger number of rating plot trees, 
any bias in the selection of the former 
will be magnified in the stand volume 
estimate. Therefore, volume sample trees 
must be as representative as possible with 
respect to microsite , origin, and age . 

2, Is rating system consistent? 

The same sources of variation in the direct 
method also apply to the direct method, but 
inconsistencies between rating of volume 
sample and plot sample trees will have more 
serious effects on variation. 
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COMPARISONS AMONG GEOGRAPHICAL AREAS 

Published results of studies on the infesta -
tion, incidence, severity and growth impact of 
dwarf mistletoe in immature western hemlock 
vary among geographical regions of coastal 
western North America. 

1. Infestation Rate 

Alaska . 

2 . 

Whereas the disease appears to be prevalent 
in older stands (250+ years), less than 20% 
of younger stands (<44 years) examined were 
infected (Drummond & Hawksworth 1979). 

British Columbia. 

An earlier estimate of 15% infestation rate 
in stands (all age classes) with western 
hemlock predominating (Van Sickle & Smith 
1978) appears to be too low in the light of 
36-51% of the forest fnventory plots in the 
Vancouver Region containing bole infections 
(Beale 1985). 

Washington/Oregon 

Overall infestation rate of western and 
mountain hemlock in Washington and Oregon 
is estimated at 21% (Bolsinger 1978). 
Oc.currence is .scattereo with extensive 
areas entirely free of infection. 

Infestation rates for different tree size 
classes were 10.0, 18.0 and 32 . 4% for 
seedling/sapling/pole , small sawtimber and 
large sawtimber, respectively . 

Incidence 

Alaska. 

Based on 19 9.1 m-radius plots concentric 
on single infected residuals, distributed 
in four immatu·re (17-43 years) west ern 
hemlock-Sitka spruce stands, incidence 
ranged from 5 to 17% (Shaw 1982). Inci-
dence was higher for crop trees (12 - 47%) 
than for non - crop trees (4-?%) and higher 
for advanced regeneration (9-29%) than for 
post-harvest regeneration (2 - 13%). 

British Columbia. 

Surveys of seven 40- 100+ year stands 
comprising 44-96% western hemlock us i ng 
fixed ·radius plots (.004 - .016 ha) at 23-37 
m grid intervals were conducted in 
different geographical areas of south 
coastal British Columbia (Alfaro et al 
1985). Incidence of dwarf mistletoe ranged 
from 17-91% of . the trees. Incidence was 
least where the western hemlock component 
was lowest and was greatest in the oldest 
stand . 



Washington/Oregon. 

Percent infected trees >12.5 cm averaged 
31.2~ for western and mountain hemlocks as 
calculated from Table 5 in Bolsinger 
(1978), using disease incidence classes 
weighted by their areas. Data were from 
fixed radius or prism plots located on a 
systematic grid. 

In pure hemlock stands, 10-25 years, 9.1 m 
transects radiating from selected infected 
overstory trees showed a logarithmic 
increase from about 6~ incidence in 10 
year-old stands to about 7~ in 25-year-old 
stands (Stewart 1976). 

3. Severity 

Alaska. 

Overall, less than 2~ of immature western 
hemlock had >2 live infections in four 
stands examined. Up to 13~ of crop trees 
had >2 live infections. 

British Columbia. 

Based on a 9-class severity scale, stand 
infection ranged from 0.3-3.8 in seven 
stands in south coastal British Columbia 
(Alfaro et al 1985). Proportions of 
lightly, _moderately . and heavily infected 
trees ranged from 10~54~, 7-50~ and 0-25~, 
respectively. Mortality averaged 0.6~. 
Spatial distribution varied from scattered 
centers to generalized disease throughout 
stands. Ratings generally increased with 
increasing dbh and tree height. 

In five stands, 20-40 years, average number 
of live infections ranged from 179-455_ with 
79-100~ of crown length infected (Bloomberg 
& Smith 1982). Number of infections was 
highly correlated with dbh and tree height. 

In immature hemlock 45 years after release 
by logging, average number of infections 
established over the last 20 years was 431 
and 229 in open and dense stands, respec-
tively, with 51 and 41~ of crown length 
infected (Richardson & Van der Kamp 1972). 
Percent crown infected increased ·with crown 
size. 

Washington/Oregon. 

Three-class ratings of infected trees >12.5 
cm averaged 1.12 for mountain hemlocks as 
calculated from Table 4 in Bolsinger 
(1978), using rating classes weighted by 
their areas. Using 6-class ratings, 
weighted averages calculated from ·Tables 1 
and 3 in Hadfield (1979) were 1.21, 1 . 67 
and 1.30 for plots in an unthinned 43 
year-old stand and in thinned and unthinned 
portions of a 73-year-old stand, respec-
tively. Percents of trees with ratings ~2 
were 80, 61 and 70, respectively. 

38 

4. Impact 

Alaska. 

No published data was available on impact 
of dwarf mistletoe on western hemlock. 

British Columbia. 

Based on a 15~ infestation rate, annual 
growth loss for British Columbia was 
estimated at 1. 7 million m3 (Van Sickle 
1978). 

In a young (22-year-old) experimental 
plantation, high infection level (>100 
infections) was significantly associated 
with zero or negative 5-year change in 
relative height (tree height/ average 
height) but . there was no association with 
dbh (Thomson & Smith 1983). Maximum 
negative rate of change <-.04 contrasted 
with maximum positive rate of >.02 in trees 
with low infection (0-25 infections). 

In four 40-103 year-old stands on southern 
-Vancouver Island, volume increment reduc-
tion in moderately and severely infected 
trees compared with healthy-lightly 
infected was estimated at 15 and 25~; 
respectively, by age 80, with relatively 
stable impacts thereafter (Thomson et al 
1984). 

In five stands on northern Vancouver 
Island, 45-80 years, sample trees seiected 
for uniformity of stand conditions and tree 
age, showed volume reductions of 17-34~ in 
moderately infected .(6-class, 3- 4) and 
30-45~ in severely infected (5-6) compared 
to healthy-lightly infected (0-2) trees 
(Thomson et al 1985). Volume increment 
trends infection classes diverged from age 
20. 

In mature western hemlock, 94-133 years, 
lightly infected trees had 41~ treater 
volume growth and 84~ greater height growth 
over the la .test period of their growth than 
severely infected trees (Smith 1969). 
Volume loss was estimated at 4.2 
m3 /ha/year. 

Washington/Oregon 

Annual volume loss due to hemlock dwarf 
mistletoe has been estimated at 1.2 million 
m3 (Childs & Shea 1967) . However, in 
unthinned stands 43 and 79 years old, there 
were no significant differences between 
volumes of sample trees rated 0-2 and 3- 6 
on the 6- class scale (Hadfield 1979). 
Moreover, in thinned stands, volumes of 3-6 
rated trees significantly exceeded those 
rated 0-2. Radial and leader growth for 
the past 10 years did not differ signi-
ficantly between the rating classes. 



CO~CLUSIONS 

Although differences in methodology limit 
direct comparisons of published data among 
geographic regions with respect to infestation, 
incidence, severity and impact of hemlock dwarf 
mistletoe, relative assessments can be made. 
In Alaska, despite widespread distribution of 
infected residuals, spread into adjacent young 
stands is apparently slow, with .very restricted 
intensification in infected trees and by infer-
ence, no detectable effect on tree growth. In 
British Columbia, infestation rate appears to 
be fairly high; although wide variation occurs 
in incidence and severity, dependent . on stand 
conditions, spread and _intensification is 
evidently much· more rapid than -in Alaska. 
Relatively consistent results of impact studies 
show significant and economically important 
volume losses due · to the disease. In Washing-
tori and ·oregon, moderate infestation rate and 
incidence do not appear to translate to propor-
tionate -severity and impacts in immature.stands . 

Suggested reasons for limitation of dwarf 
mi~tletoe damage in Alaska include, interrup-

. tion of pollination in large cutover areas, a 
long latent _period following infection, and 
effects of severe climate on seed retention and 
infection (Drummond and Hawksworth 1979) . 
Other factors may be stunted height growth of 
residuals, small size of advanced regeneration 
at release and their minority composition in 
the total stand, high stand density and 
sufficient proportion of non-host species 
(Sitka spruce) to retard spread (C.G . Shaw, 
personal communication). The combination of 
these factors could result in a small seed 
source, · limited ove·rstory spread, low infection 
probability and slow intensification. 

Low severity and impact levels in Washington/ 
Oregon, compared to British Columbia may be 
related to much lower seed retention and 
infection rates in the former region (Carpenter 
et al 1979). Frequency of winter storms 
combined with heavy precipitation may account 
for a higher seed loss. Higher stand density 
and more rapid height growth_in the generally 
more fertile sites could restrict intensifi-
cation. 

In all regions, the possibility of differences 
in biotypes of hemlock dwarf mistletoe cannot 
be discounted. 

SUHKARY 

Real epidemiological differences cannot be 
confidently inferred from the .limited data 
bases available for the three geographical 
areas . However, there is a strong observa-
tional evidence .for such differences. Hore 
extensive sampli~g, using standardized 
methodology is necessary to support this 
evidence. Effect of site and stand history, 
composition and structure must be taken into 
account in the design of comparative surveys. 

39 

RECOMMENDATIONS 

It would be premature to make firm recommenda-
tions for the entire host range of hemlock 
dwarf mistletoe based on the limited informa-
tion available. However, the following 
suggestions should be considered. In Alaska, 
the apparently slow spread and intensification 
rate of the diseas.e may justify a different 
disease management policy than in other areas . 
Proposed felling of all hemlock at harvest, · 
regardless of size, artd removal of diseased 
residuals during precommercial or commercial 
thinning seems a reasonable management strategy 
(Shaw 1982). Some additional sampling would be · 

·advisable to confinn that the low spread and 
intensification rates found in young stands 
continue to prevail in older stands. 

In British Columbia, the weight of evidence is 
that hemlock dwarf mistletoe causes significant 
economic impacts in second-growth managed 
stands; ·therefore disease management guidelines 
are justifiable . Felling all residuals during 
harvesting, spacing and thinning operations, 
sanitizing at spacing and thinning with 
non-host species preference in mixed ·stands ', 
maintaining stand density are some,available · 
options. However, management prescriptions 
should be specific to site and stand-type 
conditions, rather than blanket procedures. 
Predictive modelling can be a useful tool in 
the absence of field data on effects of site 
and -stand variables on the disease (Bloomberg & 
Smith 1982, Bloomberg et al 1980). Contrary to 
criticisms that model results exaggerate the 
effects of the disease, _a· wide range of 
scenarios is possible from negligible spread 
and intensification rates where residuals are 
sparse and small, regeneration density is high 
and height growth is rapid, to very high rates 
where the opposite conditions apply (Bloomberg, 
unpublished data) . Management actions based on 
model predictions can range from none required, 
to modified spacing, to stringent sanitizing. 

Although dwarf mistletoe appears to .be 
important in all areas of the host range, 
further sampling is recommended especially on 
the north coast . 

In .Washington and Oregon, it wou,ld be premature · 
to conclude that hemlock dwarf mistletoe ·is 
unimportant as an economically aamaging 
disease. The major differences in severity 
between stands in Washington and those 
relatively close by on southern Vancouver 
Island need to be confirmed and explained if 
they are general. Therefore, further sampling 
is desirable. 

REFERENCES 

Alfaro, R. I., W. J . Bloomberg, R. B. Smith & 
A. J . Thomson, 1985. Epidemiology of dwarf 
mistletoe in western hemlock stands in south 
coastal British Columbia. Can. J. For . Res. 
15:909-913. 



Baranyay, ,J'. A. & R. B. Smith. 19 72. Dwarf 
mistletoes in British Columbia and recommen-
dations for their control. Can. For. Serv. 
Rept. BC-X-72, 18p . . 

Beale, J. 1985 , Hemlock dwarf . mistletoe in 
the Vancouver Forest Region. B.C. Kin. For. 
Pest Management Progr. 4 : 23-24. 

Bloomberg, W. J. & R. B. Smith. 1982. Measure-
ment and simulation of dwarf mistletoe 
infection of second-growth western hemlock on 
southern Vancouver Island. Can. J . . For. Res. 
12:280-291. 

Bloomberg, W. J. & R. B. Smith & A. Van der 
Wereld. 1980. A model of spr ,ead and 
intensification of dwarf mistletoe infection 
in ·young western hemlock stands. Can. J. For. 
Res. 10:45:..82. 

Bolsinger, C. L. 1978. The extent of dwat"f 
mistletoe in six principal ·softwoods in 
California, Oregon and Washington as 
determined from forest survey records. Proc. 
Sympos. on dwarf mistletoe control through 
forest mana~ement. Berkeley, CA, p. 45-50. 

Cac-penter, L, R., E. E. Nelson & J. L. Stewart. 
1979. Development of dwarf mistletoe 
infections on western . hemlock in coastal 
Oregon. , For. Sci. 25:237-243. 

Childs, T. · W. & K. R. Shea. 1967. Annual 
lQ.sses from diseases in Pacific Northwest 
forests. US For. Serv. Resource Bull. PNW-20, 
l9p. 

Drummond, D. B. & F. G • . Hawksworth. 1979 . 
Dwarf mistletoe in ·western hemlock in 
southeastern Alaska. Meth. Applic. Gc-p, For; 
Insect and Dis. Managemt, US For. Serv., 
Rept. 79-6, 14p. 

Hadfield, J. S. 1979. Influence of dwat"f 
mistletoe on 40~ to 80~year-old western 
hemlock stan~s on the Washington coast. 
Proc . 27th West. Internat1. · Dis. Work Conf., 
Salem, OR, p 30-37. 

Hadfield, J. s. & K. W. Russell. 1978. Dwarf 
mistletoe management in the Pacific North -
west. · Proc. Sympos. on dwac-f mistletoe 
controi through forest management. 'Berkeley; 
CA, p 73-81 . 

Hawksworth, ·F. G. & A. A. Lusher. 1956. Dwarf 
mistletoe survey and control on the 
Mescalero-Apache Reservation , New Mexico. J. 
For. 54 :384-390. 

Laurent, T. H, 1980. Dwarf mistletoe on Pc-ince 
of Wales·Island, Ketchikan Area, Tongass 
Nation .al Forest, Biol. Eval. R-10-80 - 3, For . 

· Insect Dis. ·Kanagemt, US For. Serv . , 6p. 

Muir, J. 1983 '. Ed. Proc . Workshop on Management 
of hemlock dwarf mistletoe. B.C. Min. For . 

. Pest Kanagemt Rept. 4, 58p . 

40 

· Richardson, K. S. & B. J. Van der Kamp; 1972. 
The rate -0f upward advance and intensifica-
tion of dwarf mistletoe on immature western 
hemlock. Can. J. For . Res. 2:313-316 . , 

Russell, K. W, 1978. Improving extension and 
training programs for dwarf mistletoe 
control. Proc. Syrnpos . . on dwarf mistletoe 
control through forest management . Berkeley, 
CA, p .45-50. 

Shaw, C. G. III. 1979. Hemlock dwarf mistletoe 
and young growth management in southeastern 
Alaska~ a problem or concern? Proc. 27th 
West . Internatl. Dis. Work Conf., Salem OR, p 
21-29. . 

Shaw, C. G. III . 1982 . Development of dwarf 
mistletoe in western hemlock regeneration in 
southeastern Alaska. Can. J. For. Res. 
12:482- 48 . 

Shea, K. R. 1966. Dwarf mistletoe of coastal 
western hemlock; principles and practices · for 
control. Weyerhaeuser Forestry Pap. No. 9, 
14p. 

Shea, K. R. & J. L. Stewart. 1972. Hemlock · 
dwarf mistletoe. US For. ·serv. For. •Pest 
Lflt. 135, 6p. 

· smith, R. B. 1969 . Assessing dwarf mistletoe 
on western hemlock. For. sc·i. 16:277 - ·285 . 

Stewart, J.· L. 1976. Dwarf mistletoe infection · 
from residual western hemlock on cutover 
stands. US For. Serv. Res. Note PNW- 278, 3p. 

Thomson, A. J. & R., B. Smith . 1983. Growth 
patterns in a young western hemlock planta-
tion infested with dwarf mistletoe. Can. J. 
For. Res . ·13: 972-978 . 

Thomson, A, J . , R. B. Smith & R. I. Alfaro . 
1984, Growth patterns in immature and mature 
western hemlock stands infected with dwarf 
mistletoe. Can. J. For. Res . 14:518-522. 

Thomson, A. J., R. I. Alfaro, w. J. Bloomberg 
& R. B. Smith . 1985. Impact of · dwarf mistle -
toe on the growth of western hemlock trees 
having different patterns -0f' suppression and 
~elease. Can. J. For. Res. 15 :665- 668. 

Van Sickle, G. A. & R. B. Smith . 1978. Dwarf 
mistletoe controls in British Columbia. Proc. 
Sympos. on dwarf mistl e toe control through 
forest management . Berkeley, CA, p 106-112. 

Wellwood, R. W. 1956. Some e f fect s of dwarf 
mis tletoe on wes tern hemlock . For. Chron. 
32: 282- 296. 



34rH Annual Western 
International Forest 

Disease Work Conference 
Juneau, Alaska 

September 9-12, 1986 

l·1ENSURATIONAL AND STATISTICAL PROBLEMS IN 
· DETERMINING THE IMPACT OF DWARF t~ISTI.ETOF. 

ON VOLUME GROWTH .. 

Donald ,T. DeMars 

ABSTRACT: An adequate data base is cr.itical when 
the impact of dwarf mistletoe on stand .volume 
growth is estimated. It is recor,,.mended that 
remeasure!!1ent data from permanent plots be vsed to 
establish the needed cause-effect relc1t.ionship. 
Autocorrelation arid multicollinearity are two 
statistical problems that might be encountered in 
the cc1use-effect regression analysis. · 

IIITRODIJCTION 

.Evaluating ·the impact of dwarf mistletoe · 
(Arceuthohium sp.) on voJ.ume growth presents many 
problems not usually encountered in a s~ati~tical 
analysis of mensurational dat a . The obJective of 
most mensurational-st.atistical analyses is to 
develop a predictiv e equati.o~ wher: bY th: vc'1t1e of 
some spec1fjed dependent var1able is estimated 
e1iven iJ.alues for some set of independent 

· ~ariables. In a predictiv e equation ·; the . . 
contribution of an individual independent variable 
does not have to be separated .from the 
contribufions of other fodependen\-. variables. The 
main criterion used to evaluate the ·use fulnes s of 
a predictive equation is how well the dependent 
variable is estimated. 

DONALD J, DeMARS is a forest mensurationist at the 
Fores.try Scien ces Laboratory, Pacific Nor~hwest 
Forest Research Station 1 USDA Forest Ser-vice, . 
Juneau, Alaska. · 
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Assessing the impact of dwarf mistletoe on volume 
gr'o\Jth j.s more d:ifficult because it requires a . 

· cause-effect analysis. In a cause-effect analysis, 
the objective is to determine what portion of the 
estimated value of the dependent variable can. be 
attributed to one of the independent variables in 
the equation. Many growth variab le s--some that 
interact with dwarf mh;tlet.oe and others that do 

·not. interact--rr.u st be examfoed and their combined 
contribution to volume growth be determined before 
the .effect of dwarf mistletoe on volume growth can 
be evaluated. The enormity of this problem becomes 
apparent when a list of sane of the most irtiportant 
var.tables .ls examined. Iri table 1, the most 
L'T1portant var-fables ar_e organized into five · logical 
groups, 

Although the variables are divided into five 
groups, the groups are not independen~ from one 
another.· r,. var·iable from one group might be 
influenced not only by variables in its own group 
but also by variables from other groups. For 
example, the rate of spread· of dwarf mistletoe 
within a stand depends on the initial spatial 
dfotributJon of dwarf mistletoe within the stand, 
the spatial distribution of trees within the stand, 
the stand density, 1.Jpecies mix. in the stand, · dwarf 
mistletoe seed dispersal distance, . crown area of 
healthy .trees, the con,petative position of the 
infected trees, t.he spatial distribution of dwarf 
n i.stletoe within a tree, . and any management 
treat:.rnents · that might be applied to the stand, 

STUDY OB.TECTIVE 

Hhen the impact of dwarf mistletoe on volume. growth 
fa estimated, the impact on a stand of trees is the 
primary objective rather than the impact on · 
individual . trees because a manager usually wants to , 
estimate impact over a large land area. And even 
though the impact. c,f dwarf rni.stletoe on individual 
tree volume growth is a des ir;:ible piece of 
information, it is not as useful as knowing . the 
volume-growth response of stands to dwarf mistletoe 
infestati ons. Trees in stands compete with one 
another for nutrients, water, and light; the growth 
of an individual tree depends on its positi.on in 
t.he s tand, its vigor, and the position and vig~r of 
trees in close proximity to it.. Often, competitors 
of a tree infected with dwarf mistletoe can take . 
advantage of the reduced vigor of the infected tree . 
and incre ase the gr ·owth of wood on t heir stems. 
Thus, wbile an indivi,1mll tree in a stand might 
lose voltune e;rowth tr., dwarf mistletoe, t he 
reducUon in stand volune growth mieht be less than . 
the growth loss in the ind ividual tree, The e;rowth 
response of a competitor to r~1uced cot>":pet,it,ion 
does takes titne and occurs only af ter the dwarf 
mi.s tletoe infection i s great enough to reduce the 
gr0wtb of the fofected tree and tims change the 
tree's rel at.i ve competitive posi tion in the stand.. 

STRATEGY ClF WE STIIDY DESirn 

. The success or f.,i Lire of a d;,icirf r:•isnetoe 
volt1me-gro1ith impact st udy u} i . .:.n.ately depeuds on 
the data c1v,1i lab le for analysis . Sev,~n1l type s of 
data bases have been used in the past trJ ev2lt1ate 



TABLF.: 1--Important growth factors 

Tree variables 

1. Tree age 
2. Tree size 

a. Diameter 
b. Height 

3. Crown area 
4. Competitive position 
5. Tree form of healthy trees 
6. Species 
7, Microsite fa ctors 
8. Tree volun1e 
9, Tree volume growth 

Stand variables 

1. Site index 
2. Stand age 
3. Range of tree ages 
4. Stand density.as measured by: 

a . Number of trees per acre 
b. Basal area per acre 
c. Stand density index 
d. Crown competition factor 

the impact of ciwarf mistletoe. Stem analysis data, 
reconstructed growth data from temporary plots, 
forest inventory data from National Forests, and 
permanent plot data have all been used with limited 
success. Aft.er a review of the literature and 
several years of trying to analyze temporary plot 
data, I have concluded that permanent pl ot data 
collected over many years (ideally, the len gth of 
the rotation) offer the best chance to sort out the 
impact of dwarf mistletoe on volume growth 
(regardless of species). 

Data collection starts with establishin~ permanent 
plots in young stands where the initial spacing of 
trees is controlled. Plots are remeasured at least 
once every 5 years. 

Permanent plot data have t o be coliected for 
healthy stands as well as infested stands. If 
possible, a paired plot approach should uc used 
whereby the .characteristics of the healthy stand 
are the sarne as those of the infested stand at the 
time of the infection; the only difference between 
healthy and infested plots would be the infestation 
level of dwarf mistletoe. Enough permanent plots 
must be established to cover the ranges of site 
indices, initial tree spacings, and dwarf mistletoe 
infestations levels. · 

------ - -5..S peci-es-mi-·Y------------- - ---- -- ·· -- ·-·--- - - ----- - .. ___ ...... - ... -. .. - .. 
The number of variab les , their i_nteractions, and 
the complexities of stand growth dictate that 
management treatments not be applied durin g the 
life of a dwarf mistletoe impact study. Any 
intennediate management tr eatments make data 
analysj .s more difficult and confound the 
interpretation of result s . 

6. Spatial distribution of trees 
7. Tree mortality 
8. Stand origin 
9. Stand volume 

10 • . Stand volume growth 

Dwarf mtstletoe variables 

1, Age of tree (stand) when infection 
(infestation) started 

2. Dwarf mistletoe infection l evel 
a. Within a tree 
b. Within a stand 

3. Spatial distribution of dwarf mistletoe 
a. Within a tree 
b. Within a stand · 

4. Rate of spread of dwarf mistletoe 
a. Within a tree 
b. Within a stand 

5. Tree mortality in an infested st ,:md 
6. Tree form of infected tre es 
7. Tre e volur,1e of infected trees 
8. Dwarf mj.st.letoe seed disper:::al d i.st.ance 

Management variables 

1. Ir.iUal spacing c6ntl'Ol 
2. Intermediate treatments 

a. Thinnings 
b. Fertilizer 

3. Timing of management treatments 
4 . Rotati on age 
5. Dwarf mistletoe control measures 

Other damaging factors 

1 • Wind damage 
. 2. Other diseases 
3 , In sect damage 
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Measurement Data 

All trees 4 .5 fee t and taller located within plot 
boundaries iire measured for diameter at breast 
height, t.otaJ. height, and crown length. A dwarf 
mistletoe rating for each tree is estimated using 
Hawksworth's (1961) six-class rating system (or . 
something similar). The dwarf mistletoe ratings 
for the top, middle, and bottom crown thirds are 
recorded along with th,;, total rating for the tr ee . 
All plots are mapped for the spatial arr angement of 
trees, and other pertinent variab les (aspect, 
elevation, other damaging agents, and, othe r 
important variables) ar e mP.asured ,md recorded. 

Plot Statistics 

Sta nd statistic s (pff-acre values) for each 
remeasurement of each plot must be calc ul ated 
before a statistical an2lysis of th e impact of 
dwarf mistletoe on stand volume growth can be 
done. Most stand s tati stics are stra ightfo rward 
and easily calculated; however, estimating th e wood 
voltuoe of stands is more difficult because a tree 
volume equation is usuall y needed. Sometimes, a 
tree volume equation i s not avail able , and 
addi tiona l data on tree forr,1 has to be col lected so 
that a volume equat ion can be developed . 

In a dwarf mistletoe impact study , a separate 
volume equation might be needed for infe cted 



trees; Littl e research has been done on th e 
effects of dwarf mistletoe on tree form, but 
indications are that stem form might be different 
in infected trees. If this is true, tree volume 
of infe cted trees should be estimated by using a 
volume equation developed from infected trees; 
failure to do so will invalidate stand impact 
estimates. 

DATA ANALYSIS 

A consensus has not been reached on how to best 
analyze growth-impact data, Several methods can 
be used. One possible approach is presented in 
the following discussion, in which, it is asswned 
that the data set is of sufficient size and that 
several remeasurements have occurred on all 
plots. Simple variable names are used, but many 
variables will be transformed when equation models 
are developed. Also, the variables used in the 
discussion might or might not be part of a final 
equation model. 

Phase 1 

The objective of the first phase of the analysis . 
is to develop one equation model for vol1.111e growth 
that fits. data from both heal thy stands and 
infested stands. To do this, individual equation 
models are built for each data set and for the 
pooled set of data by using stepwise regression 
techniques ( or something similar) • Independent 
variables for dwarf mistletoe infestation levels 
are to be left out when fitting -these models. The 
equation .models thus developed are the starting 
points in developing a col!ITion equation model that 
can be used in a covariance analysis of the two 
data sets. Some of the independent vari ables that 
might be included in a cOIIJllOn model are given in 
the following equation: 

. Stand volume growth= f(site index, stand age, 
stand basal area, and 
quadractic mean diameter). 

Phase 2 

Using the conrnon equation model developed in phase 
1, conduct an analysis of covariance to test for a 
significant difference between the adjusted means 
of the two data sets, The test for significant . 
difference between adjusted means is valid only if 
the two-samples are drawn from normal populations 
with common variance and if the slopes of the two 
regression lines are parallel (that is, the 
regression coefficients are not significantly 
different). · 

Regardless of the outcome of the analys is of 
covariance of the two data sets, at least or.e 
additional analysis of covariance needs to be 
conducted. For this analysis , ·the data set of 
plots infested with dwarf mistletoe is divided 
into three groups based on the infestation level 
(light, medium, or heavy) of each plot at the most 
recent remeasurement. Using the equation model 
developed in phase 1, conduct an analysis of 

covariance and test for significant differen ces 
among the adjusted means of the four sets of data 
(data from healthy stands plus the three data 
groups from infested stands). 

Results of this analysis will indicate whether or 
not volume growth decreases as infestation levels 
increase. Also, results should give some · 
indication of what sign (plus or minus) a 
regression coefficient would have if a dwarf 
mistletoe variable was allowed to enter the 
equation -model. 

Phase 3 

Development of an equation that quantifies the 
cause-effect relation between dwarf mistletoe and 
volume growth is the last step of the analysis. 
Data sets for healthy stands and infested stands 
must be pooled for this phase. One way to build 
the cause-effect equation model is to start with · 
the equation model developed in phase 1 and add 
indeppndent varfables that pertain to dwarf 
mistletoe using stepwise regression procedures (or 
something simi lar) . Interactions between dwarf 
mistletoe variables and other independent variables 
should be investigated and appropriate terms added 
to the cause-effect _equation when needed, 

Two statistical problems .might be encountered 
during the regression analysis: autocorre lation.and 
multicolline.3 .rity. Autocorrelation occurs when the 
observations have a natural sequent ial order. 
Remeasurement data of forest stands from permanent· 
plots has this characteristic. Acccording to · 
Chatterjee and Price (1"977), 11The presence of 
autocorrelation has several effects on the 
analysis. These are sunmarized as follows: 
1 • Least square estimates are unbi ased bl1t are not 
efficient in the sense that .they no longer have 
-minimum variance, 

43 

2. · The estimate of variance and the standard 
errors of the regression coefficients may be 
seriously underst ated ; that is, from the data the 
estimated standard errors would be much smaller 
than they actually are, giving a spurious 
fo1pression of accuracy . 
3. · The confidence i.ntervals and the various tests 
of significance co1rn11only employed would no longer 
be strictly valid.-" 

Multicollinearity occurs when independent variables 
are correlated with one another. Some correlation · 
of ind.ependent variables usually exists in most 
regression applications but not enough to affect 
the analysis. A strong relation among i-ndependent 
variables typically makes results of regression 
analy sis hard to interpret. Often, estimatin g the 
effects of one independent variable on the 
dependent" variable is impossible. 

The presence of multicollinearity can be hard to 
detect in a data se t. Two indicators to lc-ok for 
nre ( 1) when independent. variables c1re .so highl y 
correlated that. one variable can be subs t.:itl1ted for 
anoth er variable in a ree;ression equ<1t.i.on with out 
affect.ing results, and (2) wh<~n an independent 
variable ent.ers a r-eere ~,tsion equation with a 



n::g.n -::;;:uur1 c..:u~r 1 J.c 1er1L e,nae, nas a ~ngn oppos1 t.e or 
what might be loeicaJly expecteJ , 

Some new statistical technjques have been 
developed to cope ,~ith mult.icoll i_nea rity 
(Chatterjee and Price 1977). Ridge regression and 
principal component regression are two of the new 
techniques that are available. These techniques 
are mentioned here because they might be needed in 
an ~malysis of dwar f mistletoe impact data . 
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For some time, we have suspected that hemlock 
dwarf mistletoe, Arceuthobium tsugense 
(Rosendahl) G. N. Jones, contains host races or 
pathotypes (Hawksworth and Wiens 1972, 1984). 
An obvious clue is its very broad host range, _ 
which not only in c ludes Tsuga, but several 
species of Pinus, Abies, and Picea as well . 

The best known segregate is the form on· shore 
pine, which is found on the San Juan Islands, 
Washington; along the east coast of Vancouver 
Island, and adjacent islands and mainland; with 
isolated localities at Terrace (east of Princ e 
Rupert), and a t Port Clements on the Queen 
Charlotte Islands (Kuijt 1963; Smith 1971 , 
1974; Smith and Wass 1976, 1979; Wass 1976) . 
Inoculation studies and field obse rvation s show 
that there is little or no cross-infection from 
western hemlock to shore pine, or vice versa. 
Wass (1976) found that dwarf mistletoe on shore 
pine flourishes on habitats separate from those 
where A. tsugense is common on western hemlock. 
Although these ho st differences were recog-
nized (Hawksworth and Wiens 1972) , both were 
considered to be A. t suge nse because no consis-
tent morpholo gical differences occurred ~etween 
populations on t he two hosts. On their princi-
pal hosts, however , Smit h and Wass (19 79) found 
a much higher rate of infection for the shore 
pine race (39 to 58%) than for the hemlock rac e 
(13-20%). The ,number of shoots per infection, 
and shoot heights, were sim il a r - for both races 
(Smith 1971, Smith and Wass 1979). 

In 19 7 6, Don Knutson and I exami ned many 
mountain hemlock, western hemlock, and mixed 
stands of both hemlocks in so uthern Oregon. We 
found no cross-infection of mistletoe between 
the two hemlo cks, which suggested that two 

Frank G. Hawksworth is Arceuthobiologist and 
Project Leader s ubsp . Emeritus, at the Rocky 
Mountain Forest and Range Experime nt Station, 
USDA Forest Service, Fort Collins, Colo. 
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races may be involved: (1) a low el _evational 
form that is prim arily parasitic on western 
hemlock and associated Abies, rarely found on 
western white pine and ""iiiountain hemlock; and 
(2) a higher elevation form that is primarily 
parasitic on mountain hemlock and western white 
pine, but rare on western hemlock and Abies. 
As in the situation .with shore pine and western 
hemlock, no consistent morphological differ-
ences occurred between the populations on 
mountain hemlock and western hemlock . Rece .nt-
ly, Dr. Bob Mathiasen, of Northern Arizona 
University, Flagstaff, confirmed our observa-
tions on the existence of putative races of A. 
tsugense on western vs. mountain hemlocks i~ 
southern Oregon. 

Hemlock dwarf mistletoe ha s been reported on 
mountain hemlock in Alaska (Shaw 1982), and in 
British Columbia (Fiddick and van Sickle 1979). 
In all cases, however , only a few infected 
mountain hemlo cks were found, and these were 
always adjacent to heavily infected western 
hemlocks, so we pre sume that these are rare 
cross-overs of the western -hemlock race. 

Thus, A. tsugense probably consists of the 
following thr 'ee host races, or pathotypes: 
(Figure 1). 

I. Western hemlock - race. This form occurs 
at relative ·ly low elevations 
(sea level to about 4,000 feet) from 
northern California to io utheast 
Alaska. Principal ho sts are Tsuga 
heterophylla, Abie s amabilis, and A. 
procera; minor hosts are Tsuga 
mertensiana, Pinus monticola, and Picea 
sitchensis. 

II. Shore pine race. This form also occurs 
at low elevations (usually 500 to 
2,500 feet) from Orcas Island, Washing-
ton, to the Queen Charlotte Island s ; in 
coastal B. C., from Vancouver to Terrace. 
Pin us contorta subsp . contorta is the 
only principal host; rare hosts are Pinus 
monticola and Tsuga heterophylla. 

III. Mountain hemlock race. This for m occurs 
at relatively hi gh elevat \ ons (4,000 to 
8,000 feet) from the central Cascades in 
Oregon to the Sier ras in ~entra l 
California. Its principal host is Tsu ga 
merte nsiana, but it is also common~ 
Pinu s monticola, P. a lb ica uli s , and Abies 
lasiocarpa; it is-rare on Picea 
engelmannii and P. breweri~ 

The taxonomic status of these host forms is 
still uncert ain, but we hope e l ec troph oret i c 
studies currently being conducted in coopera-
tion with Dr . Dan Nickrent of Ohio State 
Univer sity may clarify the relati ons hip s . Dr. 
Del Wiens and I plan to make parallel morpho -
lo gical st udi es . The combined results of these 
st udies should indicate the most app ropriate 
taxonomic status f or these forms. If no 
consistent morp holo gic .al differences are found, 
and the host relation ships described above 
hold, perh aps forma speciales, suc h as we us ed 
for host forms7£A. abietin um on white fir 



and red fir (Hawksworth and Wiens 1972) would 
also be appropriate here. On the other hand, 
if morphological differences are detected, the 
forms might best be treated as subspecies. For 
now, we suggest that, if needed, these forms be 
re'ferred to by the taxonomically non-committal 
term "race." 

Stay tuned. 
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Figure !--Distribution of hemlock dwarf 
mistletoe. The approximate limits of the three 
races are shown: western hemlock race (dark 
line), . shore pine race (dashed line), and 
mountain hemlock race (stippled area). 
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THE EFFECT OF DWARF MISTLETOE INFECTION ON 
GROWTH AND MORTALITY RATES OF PONDEROSA PINE 
GROWING IN UNEVENAGED-IRREGULAR STANDS IN 
COLORADO 

H. M. Maffei and W.R. Jacobi 

A set of equations was developed for predicting 
10-year diameter growth and mortality in 
unevenaged-irregular stands of ponderosa pine 
.infested by Arceuthobium vaginatum subsp • . 
,cryptopodum. 

Data to develop the equations were taken from 71 
temporary, fi~ed-area plots throughout the 
Colorado Front Range from Fort Collins in the 
north to the Pikes Peak region in the south. 

Plots ranged in size from .03 to 1.35 acres. 
The number of live ponderosa per plot, plot site 
index, and plot DMR, ranged from 38 to 121, 30 
to 65 feet, and Oto 5.6, respectively . 

H. M. MAFFEI and W. R. JACOBI are graduate 
·student and associate professor~ respectively, 
Department of Plant Pathology and Weed Science, 
Colorado State University. . 

Because of the wide variety of structural types 
· (tree size distribution) encompassed by the 
irregular unevenaged ponderosa pine stands of 
the Front Range (Peet 1981), 2-inch diameter 
size classes were chosen as the modeling units 
in order to describe competition in stands of 
different structures . The diameter size classes 
represented 2 to 100 individual trees. Basal 
area of the size c 1 ass and 1 arger trees ( BASL) 
represented competition on the size class. 
Sixty-seven percent of the varience in the 
average growth of uninfected size classes, with 
diameters smaller than 10 inches, was explained 
by BASL. There was no apparent relationship 
between BASL and the diameter growth of site 
classes of trees with diameters larger than 10 
inches. The lack of relationship was probably 
due to the small range of BASL encompassed by 
these size classes since they represented the 
largest trees in the stand. 

Growth of trees within size classes of 10 inches 
or less decreased in response to increasingly 
severe dwarf mistletoe infection in the absence 
of competition. As much as a 50 percent growth 
reduction was seen as trees in a size class 
became heavily · infected . · When overstory trees 
were heavily infected, their competitive effect 
was apparently · reduced. Thus, the same BASL 
associated wHh an uninfected overstory exerted 
a greater competitive effect on growth than it 
would given a heavily infected overstory. 
Potential growth of trees larger than 10 inches 
declined -steadily, beginning at an average size 
class DMR of 4, in response to increasingly 
heavy infection. · 
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The best predictors of the percent of trees 
within a diameter class dying over a 10-year 
period were: percent of severely infected 
(trees with DMRS of 5 or 6) trees in each 2-inch 
diameter class, average diameter of the size 
class and BASL. As percent of size class 

. heavily infected increased. 10-ye ar morta 1 i ty 
increased exponentiallj •. This variable alone 
accounted for 40 percent of the total varience. 
Ten-year mortality rates of heavily infected 
large. diameter trees were 1 es s than those of 
small diameter trees. For a given percent of 
the size class heavily infected, a ·higher level 
of inter-tree competition (BASL) tesulted in · 
higher mortality rates. Fifty-fiive percent of 
the total varience for trees of all sizes was 
explained using the three variables. . · 
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DYNAMICS OF DWARF .MISTLETOE INFECTED, 
IMMATURE WESTERN ,HEMLOCK STANDS 

By Bart J, van der Kamp 
Dept, Fores t Sciences, UBC 

Hemlock ·dwarf mistl etoe (Arceuthobium 
tsugense (Rosendahl) G,N, Jones) is a wide-
spread para s ite of coastal hemlock (Tsuga 
heterophylla (Raf,) Sarg,), The mere presence 
of the path ogen however, does not always mean 
that significant damage has occurred, 

To be damagin g there must be infections 
and brooms in the middle and upper cr own, 
This is often observed in old-growth stands, 
but is less common in immature stand~; and it 
is immature stands that should concern us 
most, since these are the stands that form the 
managed forest, and these are the stands in 
which we may, by various silvicultural and 
other interventions, influence and control th e 
amount of mistletoe and the damage r es ulting 
from infection, 

Damaging lev els of dwarf mistleto e inf ec-
tion in immature stands arise in two main 
ways : 

1, From tall overhead infection sources 
(either re sidua ls or stand edge s) which shower 
mist l etoe seed on the new stand, 

2, From infections surviving on small trees 
in stands in which the rate of height growth 
is equal to or less than the vertical rate of 
spread of dwarf mistletoe, Stands on very 
steep slopes form a special case in which in-
fections in the lower crown shower seed from 
above on down-slope tr ees , 

B,J, van .der Kamp is an associate prof essor of 
forest pa th ology at Univers it y of British 
Columbia, Vancouver, B,C, 

48 

The remai nder of this discussion is re-
stricted to t hose instances in which tall 
overhead sources of infection are absent, and 
th e dwarf mistletoe has survived on small 
residuals at stand r enewal, This discussion 
also i gnores damage from bole inf ec tions, In 
stands where such inf ections are common, spe -
cial treatments may be requir ed t o reduce the 
damage, 

The vertical rate of spread of dwarf 
mist leto e has been estimated i n a number of 
situations, Each of these studies however has 
used a (sometimes radically) different defini-
ti on of the he i ght of mistletoe in the stand, 
The rates of sprea d are therefore not directly 
comparable, Richardson and van der Kamp 
(1972) estimated th e vertical rate of spread 
in immature coasta l western hem1ock i n south -
ern B,C, to be 30 to 60 cm/yr; denser stands 
having the lower rate, 

Dick Parmeter (1978) presented some dia-
grams showing the various possible relation-
ships between stand h~ight growth and th e 
vertical spread of mistletoe, I believe at 
least one amendment is justified, It arises 
in those cases where at some stage in stand 
development the upper half or so of the crown 
is free of infe ct ion, In dense canopied 
stands such as those formed by western hem-
l ock , dwarf mistletoe infections will then 
produce few se eds. During such a stage of 
mistletoe and stand developm ent th e vertical 
r ate of spread will decrease until the stand 
begins to open up or the mistletoe infection 
advances into the upper crown, 09e effect of 
this pheQomenon is a dichotomy in mistletoe 
developmen t, Either (1,) Mistletoe keeps up 
with the tree he ight gro wth and may even 
reduce height growth; increment lo ss ensu es, 
(fig, 1) or (2), Mistletoe falls behind and 
is relegated to the lower crown where r educe d 
seed production and increased infection mor-
t ality slows spread and intensification even 
more (fig, 2), Sigificant increm en t losses 
probably do not occur in this si t uat ion. My 
gues timate of th e critical point dividing 
th ese two possibilities is a si te index of 
about 40 m (125 ft,) at one hundred years, 

Rates of intensific at ion based on number 
of infections per tree on young tr ees can be 
mis leadin g, The number of infections per tree 
established each year may increase rapidly, 
but such increases are in part due to in-
creas~s in tar get size and may be matched by 
increases in crown volume, so th at the net 
drain on photosynthate as a proportion of the 
total may not change very much. As s tands 
grow and the crowns clo se , intensification 
rates show a dramatic decrease , _This arises 
because sha ding redu ces seed production while 
the rapid increase in crown volume, and hence 
target area, slows and stops, Also, infection 
mortality becomes more import ant, Infe c tions 
don't la s t for eve r. Our data (Wilf ord , 1981) 
suggest a halflife of about five years for 
infecti ons . on secondary and tertiary branches 
in the l ower middle crown of dense immature 
stands, but longer for those on main bran ch 
axes or in the upper crown. Causes of death 
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STAND AGE R 

FIGURE 1, Hemlock height growth and vertical 
rate of spread of dwarf mistletoe on a poor 
site, 1 - Potential height growth; 2 - actual 
height growth; 3 - height of highest mistletoe 
infections; 4 - potential vertical rate of 
spread _of mistletoe. 

1,2 

STAND AGE R 

FIGURE 2, Hemlock height growth and vertical 
rate of spread of dwarf mistletoe on a good 
site, 1, 2 - host height growth: there is no 
reduction due to mistletoe; 3 - height of 
highest mistletoe infections; 4 - potential 
vertical rate of spread of mistletoe, 
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include suppression by shade, attack by secon-
dary organisms, mechanical damage and others. 

Infection rates (number of new infections 
per year per unit mistletoe seed source and 
target size) vary greatly in hemlock dwarf 
mistletoe. I've seen situations on southern 
Vancouver Island and on the Sechelt Peninsula 
(40 miles north of Vancouver) of very high 
rates of infection along infected stand ·edges, 
On the other hand I've inspected 30 year old 
hemlock regeneration along heavily infected 
clearcut edges near Terrace and found hardly 
any infections at all, Terry Shaw has report-
ed similar situations in Alaska, Possibly 
these differences are due to climate; cooler, 
wetter conditions being less suitable for 
mistletoe, Whatever the cause, it does appear 
that the . risk of mistletoe damage may vary 
greatly from place to place, It may be worth-
while to try to establish a risk rating system 
that identifies . high risk areas, 

The phenomenon described above, namely 
that there may be a critical rate of hemlock 
height growth above _ which no serious increment 
loss occurs, may be helpful, The risk of loss 
in any area might be described as_ that criti-
cal rate, In low risk areas the critical site 
index would be low, so that most stands would 
escape damage, In high risk areas a signifi-
cant part of the forest area might be below 
the critic-al site index, In such areas spe-
cial treatment of clearcuts to remove small 
infected residuals might be warranted, 

Intermediate cutting in infected stands is 
a controversial issue, On the one hand it is 
clear that such cutting will allow light deep 
into the canopy, thus reactivating older, dor-
mant infections, The resulting increase -in 
mistletoe seed production, as well as the 
reduced obstruction to seed flight, leads to 
higher rates of spread and intensification, 
On the other hand some of these dense immature 
hemlock stands will take several decades 
longer to reach merchantable size w)-thout an 
early spacing, This allows that much more 
time for mistletoe to build up to ~amaging 
levels, Much depends on the speed of crown 
closure following spacing, If crown ·closure 
occurs within a decade (i,e, all but the heav-
iest thinning) I believe that the advantages 
of thinning outweigh the disadvantages, A 
single treatment with ethyphion (see elsewhere 
in these proceedings), three to five years 
after thinning may prove very beneficial, 
Such a treatment would remove shoots and 
maturing seed, and effectively stop seed pro-
duction during much of the critical period 
while the crowns are closing, It is clear to 
me that we need careful monitoring in several 
locations to decide the issue, 

In summary, I've called your attention to 
four items. Firest, in dense canopied forests 
such as those formed by western hemlock there 
is a dichotomy in mistletoe development: on 
good sites mistletoe is relegated to the lower 
crown and relatively insignificant; on poor 
sites mistletoe keeps up with tree height 
growth and serious increment losses may ensue. 



Second, the rapid rate of intensification 
often observed in very young stands declines 
markedly after crown closure . Third, . the rate 
of infection appears to vary greatly over the 
geographic range of the parasite. An estimate 
of the critical site index above which serious 
damage will not develop (except if tall over-
head infection sources are present), may be a 
useful way to express the risk of damage. 
Finally the long term effect of juvenile 
spacing on dwarf mistletoe damage needs to be 
examined and monitored. 

-, 
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OPPORTUNITIES TO EVALUATE ROOT DISEASE INCIDENCE 
AND DAMAGE USING FOREST INVENTORY AND PERMANENT 
G_ROWTH PLOTS 

James W, Byler, Michael A, Marsden, and 
Susan K, Hagle 

ABSTRACT: Experiences with the use of 
compartment exam and permanent growth plot data 
to assess incidence and damage from root 
diseases are discussed, Results from a Northern 
Region compartment exam are present ed. 
Inventory data offers the potential to learn 
much about root disease damage at a reasonable 
cost if inventory crews are properly tr~ined and 
supervised. 

INTRODUCTION 

We would like to discuss a successful example of 
the use of compartm ent exam data to assess root 
disease incidenc e and damage, The use of 
inventory plot d·ata for disea se impact 
evaluation has been discussed many times, but we 
are aware of relatively few examples of 
success. Problems with sampling design and the 
quality of the disease data colle c ted by 
inad equately trained crews are common. 

James Byler and Susan Hagle are plant 
path o logists in the Coopera tive For es try and 
Pest Management Staff, USDA Forest Ser vic e , 
Northern Region, Missoula, Mont. Micha e l 
Marsden is biometrician with the Forest Pest 
Management Methods Application Group, USDA 
Forest , Service, Fort Collins, Colo. 
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Several forest inventory and exam plot types are 
established by the National Forests. Some types 
are: 

A, Forest Inventory 

I. Stand exam 
2. Compartment exam 
3. Timber inventory 

B. Permanent (remeasurement) Plots 

1 . Monitoring (required by Forest 
plans) 

2. Growth and yield 

In Region 1, forest inventory examinations are 
made at the stand and compartment level of 
sampling. The primary use of stand exams is to 
provide information for stand prescription 
writing, Compartments, usually major drainages 
comprising 2,000-8,000 acres, are sampled to 
provide information for timber sale planning. 
When compartment etams are completed on a 
substantial portion of a National Forest, they 
can be used at the Forest planning ievel, 
Permanent.growth and yield plots are now being 
established throughout . the Region , They are put 
mainly in managed young-growth stands. Most are 
in plantations and second-growth stands 
immediately following precommercial thinning, 

S~and 1exam ~nd permanent plot ~ield instruc-
tions provide for the collection of disease · 
and insect data, including root disease data 
(table 1). In some situations the insect and 
disease data is optional and left to the 
discretion of the Ranger Distric t s. The quality 
of the data is quite variable d epending on the 
level of interest, training, and experience of 
the field crews. The goal is to collect data 
that is required to meet the immediate 
objectives; i,e., stand prescription writing 
and/or timber sale planning, 

Our objective is to discuss some approaches we 
are using to evaluate root disease incidence and' 
damage using compartment exam and permanent 
growth plot data. We will present resµlts from 
the Crow Creek compartment that is on the 
Thompson Falls Ranger District, Lolo National 
Forest, 

CROW CREEK CO}fPARTMENT EXAM 

The compa.rtment exa m was an operational exam 
made by a private contractor and administered by 
the Forest. The purpose was to collect 
information to be used in timb er sale planning 
and stand prescription writing, The exam was 
the first in the North ern Regio n to supplement 
stand exam data with more detailed root disease 
data. Suppl ement a l fundin g was provided by 
Forest Pest Management for this purpose, 

1 . 
Field Instructions for Stand Examination. 

Region 1, Timber Manag ement Data Handbook. FSH 
2409.21h chapter 400. 



Table 1--Northern Region stand exam root disease 
codes for rating _ individual trees. 

Cause of damaee[death 

60 - Root disease - general 

61 - Armillaria ep, 
62 - Phellinus will 
63 - Phaeolus schweinitzii 
64 - E2Jnu annosus 
65 - Verticicladiella ep. 

1. 

2. 

3. 

Severity 

No symptoms , 
tree within 
30' of root 
disease 
symptomatic or 
killed tree. 
Root collar 
signs or 
symptoms. 
Root disease 
crown symptoms 

Methods.--Seven hundred twenty-eight variable 
plots were established in the compartment of 
about 6,000 acres. Most stands were of mixed 
species composition, 50-100 years of age. Root 
disease damage was considered moderate in the 
compartment as a whole, but some stands were 
severely affected. All plot trees were coded as 
having . root disease if symptoms or signs of root 
disease damage were .present, Quality root 
disease data were obtained by writing firm 
requirements into the contract, providing 
detailed instructions to the contractor, 
instructing crews in root disease diagnosis in 
the field, and inspecting for accuracy, Cathy 
Stewart, on the pathology staff at the time, was 
a contract inspector, 

All stands in the compartment were sampled, 
Data summary and analysis were by plot, rather 
than stands, so a direct calculation of area 
affected is not possible without taking into 
account stand area, 

Plots were classified as diseased or 
nondiseased, depending on whether any plot trees 
were coded as diseased (severity 1, 2, or 3), 
The most prevalent and damaging root pathogens 
present in the compartment appeared to be 
Annillaria ostoyae and Phellinus we.i.xii, They 
commonly infested the same stands and sometimes 
the same tree, No attempt was made in this 
analysis to separate effects of the two, 

Habitat type .--F igure 1 relates root dis ease 
incidence to habitat type. Habitat typ e is a 
l and classification system based upon potential 
climax veg eta tion (Pfister et . al . 1977), We 
grouped habitat types by climax tree species 
referred to as habitat type series. 
Twenty~thr ee percent of 727 plots (one was 
unstocked) were classified as diseased (fig, 
1). Of these, 483 were in the most pr oductive 
habitat type series--Douglas-fir, grand fir, and 
a combined cedar and hemlock series. These 
series had high incidence of root disease. 

Cuttine history,--Some stands within the 
compartment had be en cutover _in the past, The 
cuts were partial cuts, some made more than 20 
ye ars ago. The cutover plots had twice th e 
incidence of root disease of uncut stands (fig, 
2), a trend th a t he ld for each habitat typ e 
series, The se results may suggest that the 
partial cutting increased roo t di sease, 
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Observations to this effect have been made in a 
number of root-diseased stands in the past. 
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Figure 1.--Root Disease Incidence by Hobitot Type Series 

Number of Plots 

Habitat Type Series 

Figure 2.--Rool Disease Incidence 
by IJobitol Type Series ond Cutting History 

Cf C/H MH Total 

Habitat Type Ser ies 

lS'Sl Uncut 
rza Cutover 

Species compositjop,--Root disease incidence was 
greatest in plots with the high est basal area of 
Douglas-fir, grand fir, and sub&lpine fir--the 
most affected species ·; It should be noted that 
habitat type and species compos'ition are not 
independent of each other. The incidence of 
root disease was examined within eac h habit at 
type series. 

The r e l 11tic,r,i-ldp of disease and pe1c t-1•t host 
held for each habitat type series. Figure 3 
shows the rel~tion ship for all habitat type s 
combined, We interpret this t o mean we can 
influence root disease incidenc e and damage by 
keeping the major host basal area be low 40 
percent of the stand total. 

Volume l oss . -- We compared diff ere nces in volumes 
for dis ease d versus nondisea se d plot s . 
Preliminary runs indicated that volumes varied 
considerably by habitat type within a series ~nd 
by cutting history. We stratified out this 
variation by sumu>.ariidr,g volull'es for uncut 
stands by habitat type for those types with 10 
or more plots (fig. 4). Stand age and initial 
stocking density were not acco unt ed for in this 
analysis al thou gh they also related to volum e . 



figure 3.--Root Disease Incidence b(Percent Host Basal Nea 
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fHJure 4.--Volumes for Root Diseased end NoodiseQsed Plots 
by Hobitot Type (Uncut Plots in Commercial Types Only) 
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The. diseased plots have 9-27 percent len volume 
than nondiseased plots, These volume differ-
ences don't appear . particularly large, But keep 
in mind that the diseased class contains plots 
that have .yet had little root disease damage as 
-well as plots in which all of the major host 
species have been killed, We believe a . more 
precise estimate of disease effects could be 
obtained by using a root disease plot rating 
rather than recording only 4isease presence or 
absence, Hagle (1985) used such · a system and 
found it was correlated with stand density, even 
though she had relatively few plots per cla~s 
and was not able to stratify by habitat type or 
site (fig, . 5), 

. Species susceptibility,--In order to rank 
species susceptibility to root disease, we 
plotted the percentage of basal area o·f each 
species that exhibited symptoms of disease (fig. 
6). Larger trees will be weighted more heavily 
than smaller ·ones when basal area is used, . so 
absolute values given may .not be correct, But 
rankings by species are probably correct. The 
disease classes include trees that . had crown 
symptoms and/or root . collar symptoms or signs 
(severity codes 2 and 3), As expected, more 
Douglas-fir, grand fir, and subalpine fir . 
exhibited symptoms than other species. 

54 

;:: 
er 

.!!!, 
::::-·;;; 
C ., 
0 

"' C :x u 

200 

180 

110 

140 

120 

100 

80 

IO 

40 
20 

Figur(l 5.--Stocking Densities in Morie Creek Comportment · 
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We also looked at the percent of the basal area 
killed by all agents (fig, 7) •. The proportion 
of dead Douglas-fir and true fir is similar to 
the proportion of trees exhibiting symptoms, We 
believe that nearly all of this mortality was 
due to root disease, White pine blister rust 
was the presumed killer of most of the western 
white pine, The surprise here was the high 
proportion of western larch that is dead, We 
aren't sure why, but suspect it is related to 
competition and dwarf mistletoe infection, 

Habitat type,--When we looked at root disease by 
specific habitat type within the series (table 
2), we found increased variation (_fig. 8), The 
highest incidence of root disease, over 60 
percent, was in the ABGR/LIBO type, Incidence 
was below 15 percent for several other types, 
Geral McDonald (personal · communication) has · 
found variation in Armillaria incidence and 
associated mortality by habitat type. Root 
disease incidence and damage by habitat .type 
needs further investigation, · · 
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Table 2--A definition of habitat types 
represented by 30 or _more plots in the Crow 
Creek compartment exam. 

Series 

Douglas -fir 

Douglas-fir 

Grand fir 

Grand fir 

Grand fir 

Cedar/Hemlock 

Subalpine fir 

Mountain hemlock 

Mountain hemlock 

Mountain hemlock 

Habitat type 

PSME/PHMA • Douglas-fir/ 
nineb ark 

PSME/VAGL • Douglas-fir/ 
blue huckleberry 

ABGR/XETE • Grand fir/ 
beargrass 

ABGR/CLUN • grand fir/ 
queencup bea dlilly 

ABGR/LIBO • Grand fir/ 
twin flower 

THPL/CLUN • Western redcedar/ 
queencup beadlilly 

ABLA/XETE • Subalpine fir/ 
beargrass 

TSME/MEFE • . Mountain hemlock/ 
menziesia 

TSME/XETE • Mountain hemlock/ 
beargrass 

TSMA/LUHI • Mountain hemlock/ 
smooth voodrush 

PERMANENT GROWTH AND YIELD PLOTS 

We want to briefly discuss these plots because 
they present an opportunity to learn much about 
the effects of root diseases in managed stands, 
rather than the unmanaged stands we are now 
harvesting. Plots are esta blish ed in selected 
stands around the Region (and in other Regions) 
to monitor growth and yield and to obtain 
quantitative es timates of response to management 
measures such as spacing control, thinning, and 
fertilization, In the Northern Region, plots 
are estab lished by Forest and District crews 
primarily in precommercially thinned stands. 
Three 3-plot clusters are randomly placed in a 
·thinned portion of the stand. One cluster is 
placed in an unthinned portion, The one-
twentieth-acre plots are scheduled for 
remeasurement at 5-year intervals. 
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Figure 8.--:-Diseose Incidence by Habitat Type 
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Our approach has been to revisit as many of the 
plots as possible and examine both plots and 
plot t~ees for ro~t. d~sease. First priority has 
been g1ven to rey1s1t1ng precommercial stands 
that have a Douglas-fir or grand fir component 
in portions of the Region known to have root 
disease problems (northern Idaho and western 
Montana). If we get good bas eline data on root 
disease, we can use Forest and District 
remeasurement data to calculate mortality rates 
on diseased and nondiseased plots, We have 
established supplemental plots in diseased 
stands to evaluate root disease (Byler et al 
1985). • 

We'll get our first 2- to 3-year mortality rate 
estimates this winter from re-exams we've just 
completed this summer, 

DISCUSSION 

Survey data has limitations, S~pling design is 
sometimes not appropriate to answer some 
questions we would like to ask. But we believe 
that much can be learned about root disease 
incidence and effects from survey data from 
extens iv e areas. Such information can be used 
to supplement and extend the results from 
relatively small-scale research experiments, 
Survey data from a sample of subcompartments 
around the Region could be available at a 
r elatively low cost. 

Permanent growth plots offer an even greater 
opportunity to l ea rn about the effects of root 
disease in managed stands, information that will 
allow us to refine recoDll!lendations about 
planting, species composition, and precommercial 
thinning in managed stands of the future, They 
sho~ld a~so provide data for validating/ 
cal1bra~1ng the newly develop ed root disease 
models, 



Quality inventory and permanent plot data cannot 
be obtain~d without effort. Considerable 
training, inspection, and coordination is 
required at the Regional, Forest, and District 
levels. But the time invested is far less than 
doing the survey work ourselves, a luxury we can 
less and less afford. And we still badly need 
estimates of disease impact to better focus · 
research and action programs. 
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ROOT DISEASES AND. RELATED PROBLEMS 

Panel Moderator: Gregory M, Filip 

ROOT PATHOGEN IMPACT - ROW DO WE MEASURE IT? 

Greg Filip, Al Kanaskie, and Phil Ramm 

I would like to begin this panel with a look at 
root pathogen impact and how to measure it, It 
is a subject that I have stumbled over for 
several years while I was with Forest Pest 
Management, and I am sure many of you have 
faced the same problem , It is certainly 
important to the for est land manager concerned 
with timber production , Reviewing WIFDWC 
proce edings for the past ten years, I found 
non e that tackled the subject directly. At the 
1979 meeting in Salem, estimates of infection 
vs decay were discussed in two conflicting 
papers during a panel entitled "Influenc e of 
diseases on th e management of western 
hemlock . " In 1980 at Pingree Park a paper was 
pr es ented about the measuring of growth loss 
induced by Phellinus ~. In 1981 at 
Vernon, one panel was devoted to the economics 
of fore s t root disease surveys. In that panel, 
a paper was presented about e·stimation and 
prediction of losses caus ed by~. :!Le.iili, To 
my knowledge a~d apart from individual reports 
about loss e s expressed as per ce ntage of ar ea 
infe c t ed/affected or wood volume loss, the 
subject of root pathog en impact has not b ee n· 

GREG FILIP i s a resear ch plant patholo g ist at 
th e Pacific Northwest Res earch Station, USDA 
For es t Service , La Grande, Oreg on. AL KANASKIE 
is a plant pathologi s t at th e Or egon St a t e 
Fore s try Department, Salem, Oregon . PHIL HAMM 
is a plant path ologi s t at Oregon State 
University; Corvalli s , Oregon, 
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thoroughly explored, I believe that this is 
an excellent t opic to begin our panel 
discussion, 

I hope ·to wet your appetites by means of three 
short "presentations" concerning the concepts 
of 1) infection vs decay, 2) basal area killed 
vs basal area left, and 3) growth loss per 
tree vs growth loss per stand , 

In our first presentation, Joe the land 
manager has just received a report hot off the 
press from his favorite pathologist. They 
seem to have a problem concerning infection vs 
decay in their hemlo ck stand. 
Patho : Hi Joe, how's it going? 
Joe: Pretty good, how about yourself? 
Pa tho: What ya think about the report I sent? 
Joe -: Oh, you mean the one that said that my 
hemlock stand had 35% of the trees infected 
with [Qmu annosus? 
Patho : Ya. 
Joe: What doe s it mean? 
Patho: Bad news, Joe, bad news. I'd cut now 
before it's too late, 
Joe: I don't .k.now, ·my boss says we can't get 
anything for it now, The diameter is not 
there. ·What about decay? Do you think we have 
any decay? 
Patho: They're probably all decayed. Cut now 
and start over, · 
Joe : But the stand is only 40 years old! We 
can harvest it in 10 years, 
Patho: Cut it now, Joe. Bye. 

In the second presentation, Joe has received 
another report from his pathologist , His pine 
stand has Armillaria, but the question of loss 
is still a question, 
Patho: Hi Joe , Did you cut that hemlock 
stand? 
Joe : Ya, I felt real bad about it , 
Patho: Don' t worry, pay's the same , What's 
up? 
Joe : Well, I've been reading this other report 
you sent, you know the one about the 
Armillaria in my pine stand, 1 
Patho : Right on. 
Joe: Well, you say that 20% df the basal area 
has be en killed over the past 20 years . 
Patho: Right on, again. 
Joe: I still hav e a lot of good volume , My 
volume table says that the stand is ne arly 
fully stocked , Do you really think I should 
clearcut and start over? 
Patho: By all means. That infection is just 
going to spre ad. 
Joe: But I'v e looked at the differ enc e in 
basal areas between my healthy plots and 
diseased plots and it's only a 5% differ ence, 
Pa tho: 5% today, 10% tomorrow. Cut now! 

In our last present a ti on, Joe has a new rep ort 
conc ernin g gr owth loss in his Douglas - fir 
stand . Ther e see ms to be a pr oblem 
differentiatin g bet ween gr owth loss per tree 
and gro wth lo s s per stand . 
Path o : Hey Jo e , how's it go. 
Jo e: Good . 
Patho: Cut that pine stand yet ? 
Jo e : Sur e did. We didn't get much for it, 
Mos tly firew ood, 



Patho : Well, you know what they say, pay me now 
or pay me later • . What's happening? 
Joe : I read your new report. You know, the one 
about Phellinus we1r11. You said to cl earcut 
again, but that only 3% of th e trees vere 
killed. 
Patho: Ya, but another 10% are probably 
infected and losing about 13% of their volume 
growth per year. 

Joe: Well, what about the pine and larch in the 
stand? They seem to be doing well. I looked at 
some increment cores the other day, and the 
trees next to the Phellinus centers s eem to be 
growing faster now than 10 years ago? Even some 
of the firs are growing faster. 
Patho: It won't last for long. Cut the stand 
now while most of the trees are still alive. 
See you later. 

The End 
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EFFECTS OF MANAGEMENT ACTIVITIES ANO DOMINANT 
SPECIES TYPE ON ROOT DISEASE-CAUSED MORTALITY IN 
nlO OREGON FORESTS 

Oon Goheen. Craig -Schmitt. Ellen Michaels 
· Goheen.· and Susan Frankel 

Two species of · true fir are very important com-
ponents of East ·Side stands in the Pacific 
Northwest--White fir (Abies concolor) and grand 
fir (Abi es · grandi s). These species have· very · 
·similar characteristics and indeed ~onmonly 
hybridize in central Oregon where their ranges 
overlap . White and grand fir are ' fast growers. 
release well, and are prolific .seeders that . 
establish themselves naturally on all but the 
driest and coldest . sites. They are shade-toler-
ant, fire-intolerant species that have increased 
greatly at the expense of other trees in the 
last 80 years, due to fire exclusion and wide-
spre·ad selective harvest of more valuable pon-
derosa pine, western larch, and Douglas-fir. 
Unfortunately, .white and grand fir are quite 
prone to damage by forest pests. Insects such 
as Douglas- fir tussock moth and western spruce 
budworm cause per•iodic spectacular defoliation 
that ·results in growth loss. top-kill, and some 
mortality . Decay fungi (especially Indian paint 
fungus) cause substantial losses, particularly 
if many trees are injured in a stand. Also, the 
firs are susceptible to s·everal root diseases 

. and associated fir engraver beetles. · 

DONALD J . GOHEEN AND CRAIG L. SCHMITT are plant 
pathologists with Forest Pest Management, USDA 

. Forest Service, Pacific Northwest Region, 
Portland, pregon. ELLEN MICHAELS GOHEEN_ is a 
Forest Technician with Forest Pest Management, 
.USDA Forest Service, Pacific Northwest Region,. 
Portland, Oregon. SUSAN FRANKEL is a plant 
pathologi_st at Penisulab, Kingston, WA 
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There has been a strong impetus to manage tru e 
firs in the Pacific Northwest • . Some forest man-
agers are reluctant to incur the costs associated 
with regeneration harvests a·nd reestablishm ent 
of ·shade-intolerant tre e species when naturally 
established white and grand fir unde"rstories 
already exist. They frequently advocate uneven-
aged management schemes involving continued 
selective removal of overstory trees and release 
of white and grand fir understories. 

Other managers are unhappy with this approach. 
They feel that a policy of favoring true firs . 
may be very risky. They are especially concerned 
about pest problems in true fir .stands, partic-
ularly those that are frequently · entered • 

Forest Pest Management, Pacific Northwest . 
Region, is . evaluating magnitude of ttue fir 
mortality and the relationship between amount of 
mortality and ~omi nant species type· and past 
management regimes in several -East Side National 
Forests. ·Investigations have been completed on 
the Ochoco and.Fremont National Forests in 
eastern Oregon. One hundred and ninety-eight · 
stands were selected and surveyed in six stand 
composition/past .management strata ·on these 
·Forests. Results of the surveys showed that: 

1. White and grand firs suffer considerably 
more mortality than do other tree species in all 

· types of stands. 

2. · White and grand fir mortality is much 
more significant in stands that have major com-

. ponents (lO percent or more) of true fir in the 
overstory than in stands with predominantly pine 
overstories. · 

3. Magnitude of white and grand fir mor-
tality i.n stands with true fir in the overstory 
is great indeed (averaging 13 percent of the fir · 
in all such stands surveyed and ranging as high 

- as 23 percent) : . 

4. Most mortality is associated with 
infection by three roo~ pathogens--Armil-
laria obscura, Phellinus weirii, or Fomes 
aniiosus_--and associated infestation by fir 
engraver beetles, The most comnonly encountered 
pathog~n is f. annosus . 

5. There is no evidence on 'the two Forests . 
surveyed that mortality due to P. weirii. or A. 
obscura hslS been increased or decreased by past 
harvest activities. However, F. annosus is 
significantly. more damaging in-ent ered than-
unentered stands and causes the most mortality . 
in stands that have-experienced multiple harvest 
entries. · 

6. · In addition to currently observable mor-
tality, overall true fir basal area (live and 
qead) is ·4o to 50 percent less in variable 
radius plots that contain trees infected by P. 
weirii or F. annosus than in plots without · -
1nfected tree s (suggesting that tr ee killing has 
gone on for some time in areas aff ected l>y these 
root pathogens ). 



7,~ . Infection and predicted volume 1·oss- due 
to heartwood decay fungi is great is most stan4s · 
with true fir in the overstories 1 and decay 
fungi contribute to some mortality by pre-
disposing tree~ to breakage. 
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We be lfeve . that resu _l ts of . our s·urveys suggest · 
.that decisions to manage true fir. on the -Forests 
evaluated $hOu l d not be made hastily . . · 
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RESISTANCE TO LAMINATED ROOT ROT BY .WESTERN 
CONIFERS OUTPLANTED ON INFESTED SITES 

Earl E. Nelson 

ABSTRACT: Eleven species of conifers were 
outplanted 3 meters from Phellinus 
weirii-infested stumps on four sites in the 
"STtisiaw National Forest. Ten years later, 
patterns of host resistance, based on mortality 
records, are beginning to emerge. Abies grandis 
and Pseudotsuga menziesii appear to7'ethe least 
resistant species tested. Seguoiadendron 
giganteum is reported as a new host. 

INTRODUCTION 

Until 1929, when Phellinus weirii was found 
causing a root disease of Douglas-fir 
(Pseudotsu1a menziesii (Mirb. ) Franco) on 
Vancouversland, British Columbia, western 
redcedar (Thuja plicata Donn ex D. Don) was the 
only known host species. Since then, this 
destructive root pathogen has been reported on 
most coniferous species within its geographic 
range. Only hardwood species appear immune. 
Some coniferous species are clearl y more 
resistant than others to infection by P. weirii, 
some are tolerant of infection (i.e., oec~ 
infected but are .not often killed), and some 

Earl E. Nelson is a plant pathologist at the 
USDA Forest Service, Pacific Northwest Research 
Station, Forestry Sciences Laboratory, 
Corvallis, OR 97331. 
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seem nearly imm4ne--at least to the coastal form 
of the fungus.JI · 

A hierarchy of species resistance has been 
proposed {Hadfield 1985) based on 50 years of 
observations and some attempts at objective 
comparisons. Some additional information on 
species resistance has come from 

· experimentation. Wallis and Reynolds (1965) 
found no difference between Douglas-fir and 
western hemlock ~Tsugt. hereroph~l.12 {Raf.) · 
Sarg.), but foun wes ern redce ar is · 
considerably more resistant when roots are 
inoculated and growth of ectotrophic mycelium is 
measured. Other attempts at inoculating roots 
have met with little success, and artificial 
methods of inoculation to determine natural 
resistance are open to question. 

The objective of my study was to determine 
r elative resistance of selected conifers to 
P. weirii, when planted equidistantly from 
1dentified sources of infection {infested 
stumps}. Inoculum potential was assumed to be 
uniform in all directions around the stump, and 
.differences in growth rates among species would 
need to be considered in data analysis {i.e., 
some species would likely encounter inoculum 
sooner than others). 

METHODS AND MATERIALS 

Four recent ly harvested sites in the Siuslaw 
National Forest in western Oregon (lat . 4~0 

N., long. 124° w., elev. 200-400 m) were 
selected. Up to 50 stumps were chosen in each 
of the four areas. Area I (32 stumps) was 
planted in January 1972, area II (50 stumps) in 
December 1972, and areas III (28 stumps) and IV 
(31 stumps) in January 1975. Eight coniferous 
species were planted on each site around each 
stump, but species varied somewhat among sit es . 
Species used were grand fir, Abies _9!andis 
(Dougl. ex D. Don) Lindl . ; notTetir, ~s 
procera Rehd:; lodgepole pine, Pinus coritorta 
Doug1.ex Loud.; western white pine-; Pinus 
monticola Dougl. ex D. Don; ponderosapll1e, 
P1nus ponderosa Dougl. ex Laws.; Sitk• spruce, 
Picea sitchensis (Bong.) Carr . ; Dougla s-f ir; 
redwood, Se9uoia sempervirens (If. Don) Endl.; 
giant sequoia, Seguoiadendron ~~ganteum (Lindl.) 
Buchholz; western redcedar; an western 
hemlock. Species were planted in random order, 
3 meters from the stump center at 450 
intervals around the stump, beginning at a point 
due north. Seedlings not surviving the first 

JIPhellinus weirii is described as Poria 
weirii by MurfTIT(l914) based on a79TI 
col lection made by Weir in Idaho from western 
redcedar. The collections from Douglas-fir on 
Vancouver Is land in 1929 seemed to be Poria 
weirii, but sporophores were annual ratlier"than 
perennial. After comparing western redcedar and 
Douglas-fir -isolates, Mounce et al . (1940) 
decided the pathogen of Douglas-fir is the same 
species as described by Murrill. Literature of 
the era refers to coastal isolates as "annual" 
and inland isolates as "perennial" Poria weirii. 



Species I 11' III IV total 
Mortality by site 

------------------------percent---- - -----------------------
38 (8) 25 (12) 15 (13) 24 (33) Abies grandis 

Pseuaotsuga menziesii 
Sequoiadendron giganteum 
Pinus ponderosa 

6 (31) 3 (34) 23 (26) 10 (30) 10 (121) . 
0 (9) 17 (12) 10 (21) 

3 (37) 5 (19) 6 (36) 4 (92) 
. mes procera 

Pi-cea sitchensis 
is g heterophylla 

guoia sem~ervirens 
~~uja p 1 ica a 
. monticola 
Pinus contorta 

0 (26) 
0 (26) 
3 (31) 
0 (23) 
0 (23). 
0 (30) 

0 (5) 0 (18) 11 (27) 4 (76) 

0 (19) 

0 (6) 
0 (18) 

4 (23) 0 (17) 2 (66) 
0 (10) 0 (14) 1 (74) 

0 · (23) 
0 (9) 0 (3) 0 (41) 

0 . (26) 0 (25) 
0 (48) 
0 (51) 

.!/Mortality percentages are based on numbers of trees (given in parentheses) reaching or, 
for those trees killed by f.. weirii before age 10, projected to reach an actual height of 
1.3 meters in 10 years. 

growing season were replanted. Each site was 
visited annually to trim back competing brush, 
measure seedling height, and observe mortality. 
Cause of death was recorded as P. weirii or 
other based on presence or absence"otriiycelia 
with tyPical setal hyphae, 

RESULTS 

Mortality data were su11111arized for each site. 
Only those seedlings reaching a height of 1.3 
met~rs at 10 years or those killed by P. weirii . 
previously but otherwise projected to reacnTI 
meters at. age 10 were used as a base for 
determining the percentage· of. trees, by species, 
killed by P • . weirii. Statistical analysis was 
limited to-chi-square tests of .grand fir vs. 
Douglas-fir vs. ponderosa pine on sites II, III, 

.and IV combined (grand fir was not planted on 
site I). Mortality recorded for other species 
was zero, erratic, or the species occurred.on 
too few plots -in common with other species to be 
compared. 

Based on mortality rates to date, grand fir 
seemed the most susceptible of all species 
tested (table 1). Nearly 25 percent of 33 grand 
fir were killed. ·Other species were less 
affected: Douglas-fir and giant sequoia, 10 
percent; ponderosa·pine and noble fir, 4 
percent; Sitka spruce, 2 percent, a·nd western 
hemlock 1 percent. No western redcedar, western 
white pine, lodgepole pine, or redwood have been 
killed by P. weirii. Chi-square analysis showed 
significant differences (P=0.05) in resistance . 
among the_· three species tested: ponderosa pine 
appeared the most resistant, Douglas-fir 
in~~rmediate, and g_rand fir the least 
res1stant. 

DISCUSSION 

After 10 years, conifer morta 1 ity caused by 
f.. weirii has_ only begun to point to a hiera,rchy 
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of resistance among 11 western tree species 
tested. This preliminary ranking .of species 
generally fits accepted catagories of resistance 
as established by Hadfield (1985). Three of the 
four species tested that experienced no 
mortality in this test (western redcedar, 
western white pine, . and lodgepole pine) are 
considered among the most resistant species 
(Hadfield 1985). The fourth, reowood, is not 
normally considered within the geographic range 
of P. weirii. Western hemlock, Sitka spruce, 
ananooTellr, judged as intermediate in 
resistance from these preliminary results, are 
also considered intermediate by Hadfield 
(1985). Giant sequoia does not occur naturally 
within the geographic range of P. weirii, but 
has been planted· extensively as-an ornamental 
and, to some extent, as a forest tree. These 
results indicate for the first time that this · 
species is susceptible. 

For this study, I assumed all species had an 
equal chance of contacting inoculum when 
initially planted. Rates of growth among 
species and rooting habits differ, so that in 
time some species might have a better chance 
than others to encounter inoculum. f Thus, slowly 
growing trees might-appear more resistant simply 
because so few encounter inoculum in their first 
decade of growth. Faster· growing trees 
(especially Douglas-fir in this study) might 
appear more susceptible because they-are more 
likely to encounter inoculum in the first 10 
years. This possibility ·was considered, and the 
slowest growing trees were not included in these 
data; however, a large difference stilt exists 
in average tree size by species, and this factor 
deserves further consideration. A further 
complicating, and perhaps compensating, factor 
re1ated to size and growth differences is that 
faster growth rates may moderate effects of 
symptoms even though the faster growing species 
are more likely to encounter inoculum. 



Resistance to P. weirii in this study was based 
only on morta11ty data. I did not consider the 
possibility that some species might be readily 
infected but capable of tolerating that 
infection for many years. Trees in those 
species, when older, may develop root and butt 
rot that will weaken the tree structurally and 
lead to windfall but will do little harm 
physiologically. Lodgepole pine and western 
larch (Larix occidentalis Nutt.) (larch was not 
includeaTnthe study) are commonly found in 
this condition (Filip and Schmitt 1979); 
Douglas-fir, grand fir, Shasta red fir (Abies 
magnifica var. shastensis Lemm.), and mountain 
hemlock (Tsug~ mertensiana (Bong.) Carr.) -(the 
last two not included in the study) were much 
more likely to be killed. 
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ABSTRACT: ·· The application of fumigants to 
Phellinus weirii-infested Douglas-fir stumps 
will eliminate the pathogen from the stumps and 
most roots . Elimination of inoculum occurs 
directly from effects of ,the toxic fumigant and 
perhaps indirectly from effects of the fumigant 
on interactions of antagonistic microflora with 
the pathogen. Techniques are being developed 
tha_t use low dosage fumigation and i nocul at ion 
with fungal .antagonists, specifically species of 
Trichoderma, to reduce P. weirii i noculum on 
infested sites. Current research is reviewed, 
and prospects for operational use are discussed. 

INTRODUCTION 

Phellinus weirii (Murr.) Gilb., cause· of 
1 aminated root rot, infects nearly all 
commercially important conifer ~pecies in the 
.northwestern United States and southwestern 
Canada. When diseased trees die, the fungus may 
remain viable in· infested butts and large roots 
for as long as 50 years (Hansen 1979) arid in 

· relatively small diameter roots for at least 8 
years (Wallis and Reynolds 1965, Thies and 
Hansen 1985). Infection in a young stand occurs 
when roots of developing trees contact residual 
i noculum from a preceding stand (Wallis and 
Reynolds 1965). Distribution and impact of the 
disease and options for its control have been 

WALTER G. THIES and EARLE. NELSON are plant 
pathologists ·at the USDA Forest Service, Pacific 
Northwest Research Station, Forestry Sciences 
Laboratory, Corvallis, OR 97331. 
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discussed previously (Nelson et al. 1981, Thies 
1984, Hadfield 1985). Attempts at control have 
focused on changing species .composition or . 
reducing inoculum before a susceptible stand is -
regenerated. 

Fumigation is one means of reducfog inoculum of 
some root rotting fungi . Armillaria mellea 
(Yahl ex Fr.) 9uel inoculum 1s destroyed by 
chloropicrin .!. (Godfrey 1936), carbon 
disulfide (Bliss 1951), and methyl bromide 
(Rackham et al. 1968) when applied to soil . 
containinginfested root wood. Similarly, Fome.s 
annosus (Fr.) Cke. is eradicated from roots~ 
stumps of pines by methyl bromide or Yapam 
(Houston and Eno 1969). 

Fumigants may be applied directly t~ infested · 
wood. Fungi in the ·interior of Douglas-fir · · 
transnif ssion pol es are contro·ll ed .by the direct 
injection of chloropicrin, Yapam, methyl 
bromide, Yorlex, or allyl alcohol (Cooper,.19,73,. 
Graham 1975,· Graham and Corden 1980). _Direct · 
application of methyl bromide, carbon disulfide, 
Yorlex, chloropicrin, · or Vapam -to fofested ... 
stumps eliminates A. mellea (Filip and Roth 
1977). A more completeTiterature · review is_. 
presented by Fi.1 i p · ( 19~6). · 

FUMIGATION TO CONTROL LAMINATED ROOT ROT 

Successful fumigation of P. wei rii-i nfested wood 
, was fi rsj reported ·in 1975 by George . · 
Harvey.I He found that carbon di.sulfide, . . 
chloropicrin, methyl bromide, Yapam, and Yorlex 
were a 11 effective in e 1 imi nati ng P. wei r'ii froni 
5-cm cubes of infested Douglas-fi r- stump wood 
placed iri soil in plastic containers, but carbon 
disulfide was less effective than the otliers • . 
In 1978, ~llyl alcohol, chloropicrin, Y~pam and'. 

·vorlex were applied to stumps infested with 
P. weirii. One year later, the fungus had been 
eliminated from the stumps and most roots (Thies 
and Nelson 1982). A second study tested 
application techniques and dosag~s. The dose 
applied to ·each stump was based 9n estimated 
stump and root biomass (Thies and Nelson 1986). 
Either. chloropicrin or Yorlex·reduced the volume 
of roots supporting vigorous P. ·weirii to about 
7t of the· prefumigation volume. Neftlier sealing 

1/ This paper reports the results of research 
only. Mention of a pesticide does not 
constitute a recommendation for use by the U.S. 
Department of Agriculture, nor does it imply 
registration under The Federal Insecticide, 
Fungicide, and Rodenticide Act as amended. 
Also, mention of a conrnercial or proprietary 
product does not-constitute recommendation or 
endorsement by the U.S. Department of 
Agriculture. 

II Harvey, George M.: A 1 aboratory scre ening· 
test of soil fumigants for the control of 
Phellinus (Poria) ~eirii. Office report dated 
December 10~5,<illrTle at the Pacific . 
Northwest Research Station, Forestry Sciences 
Laboratory, Corva 11 is, Oregon. 



stump tops with asphalt nor applying fumigant at 
dosages higher than the lowest dosage tested • 
.(3.3 ml/kg of biomass) resulted in lower volumes 
of residual inoculum. 

INDIRECT EFFECTS OF FUMIGATION 

Elimination of the pathogen may occur directly 
from toxic effects of the fumigant and 
indirectly through the effects of fumigants on 
interactions between the pathogen and other 
microflora, particularly Trichoderma spp. 
Naturally occurring associations of 
Trichoderma spp. with other wood-inhabiting 
fungi,including tree root pathogens, are not 
uncommon and ·have·been suinnarized by Cook and 
Baker (1983). But in the presence of a 
fumigant, these associations may become more 
detrimenta 1 to the pathogen. Bliss (1951) has 
shown that if A. mellea-infested roots are 
subjected to ~suoletfial concentration of carbon 
di sulfide and 1 eft in unsterilized · s.oi 1, 
Trichoderma spp. replaced t~e pathogen. 
Replacement can.be stimulated by many physical 
or chemical agents . resulting in what has been 
termed a "stressing- effect" (Munnecke et al. · 
1981). Filip (1976) reported an increase-:-fn 
Trichoderma spp. and a concurrent reduction in 
A. mellea in fumigated pine stumps. The 
Tncreased occurrence of Trichoderma spp. in 
roots of ·fumigated Douglas-fir stumps·was noted 
during the evaluation of ·several fumigants for 
the control of laminated root rot (Thies and 
Nelson 1982). 

Our observations lead us to believe that the 
effect of stiblethal concentrations of fumigants· 
on P. weirii i.n wood may be similar to the 
effectonA. mellea. In a recent analysis of 
roots fromfum1gant-treated stumps, .221 sample 
disks were found to contain viable P. weirii: 
99 i were,confirmed ·by isolation whereas only 
33 i were confirmed by formation of a thick ·felt 
of 111YCe l i um and seta 1 hyphae of P. wei rii on the 
surface of incubated disks (Thies ancflreTson · 
1986). We interprete a lack of felt formation 
on wood containing viable P. weirii to mean that 
the fungus or the substrate was altered, 
resulting in .less vigorous fungal growth; The 
cause may be analagous to the "stressing effect" 
fumigants have on A. mellea. At a sublethal 
concentration of fumigant, P. weirii may be 
stressed so that it can be repTacedby . 
antagonists. 

The di stri buti on pattern of residual 
microorganisms in a fumigated P. weirii-infested 
stump is predictable. Wood in-the stump and the 
immediately adjacent roots is usually .sterile . 
Distal to this is a zone of root wood where 
P. weirii is absent but other organisms are 
present . Further from the ·stump t~e pathogen is 
viable but not "vigorous." The most distal 
samples sometimes yield apparently normal 
P. weiri i. · Our results show vari ab 1 e movement of fum1 gants within Douglas-fir stumps and 
roots . As a result, the size of the various . 
zones is not readily predictable. ·we feel that 
concentration of the fumigant is high enough in 
the second zone to kill the pathogen but low 
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enough to ·allow more resistant organisms to 
grow. Alternatively, the concentration of 
fumigant may have been higher but has diminished 
to a level tolerated by invading fungi. Among 
these fungi, eight species of Tri choderma have 
been identified (Nelson et_~. 1986). 

CURRENT RESEARCH 

We are developing techniques that would use 
fumigation and fungal antagonists to reduce 
P. weirii inoculum. Isolates of fungi . 
antagon1stic to p; weirii are being screened for 
those most aggressive towards the pathogen · 
(Goldfarb 1986) and most tolerant of fumigant. 
Some isolates of Trichoderma spp. have already 
been found that are more resistant to fumigant 
than the pathogen they antagonize. Four species 
of Trichoderma examined were shown to be , 
approximately two times more resistant to the 
fumigant methyl bromide than was A. mellea (Ohr 
et a 1. 1973). Ne 1 son ( unpub l i she a cfa.taTnas 
recently shown that several spedes of 
Trichoderma are more resistant to Vorlex and at 
least two times more .resistant to chloropfcrin 
than are several isolates of P. weirii. · 
Trichoderina viride Pers. :Fr. can7ieartificially 
established TnP.weirii-infested stumps (Nelson 
and Thies 1985,79-so:r:-We intend to treat 
stumps on one or more long-term field plots with 
lower dosages of fumigant than we have tested 
thus far, then inoculate the stumps with a_n . 
antagonist or allow indigenous antagonists to · 
i_nvade and displace the wea~ened pathogen. 

PROSPECTS FOR OPERATIONAL USE 

We emphasize that none of the fumigants we are 
testing has.been approved by the Environmental 
Protection Agency for treating stumps infested 
by P. weirii, and that further study may be 
necessary to register such use. In practice, 
infested stumps will most likely be treated with 
a low dosage of fumigant either by itself or 
followed later by a fungus ·antagonistic to 
P. wei ri i. In our first two studi e,s on stump 
Tumigation, viability of the pathogen was tested 
after a maximum of 20 months. Given this 
limited exposure time, we suspect that reduction 
in pathogen viability resulted mostly from the 
direct 1 etha 1 effect of the fumigant on the 
pathogen. Our sampling may have interrupted the 
natural replacement process. . Had the stumps 
remained in the soiJ, the fumigants and the · 
antagonists may have continued to advance in the 
roots, perhaps eliminating the pathogen. 

Cost of fumigation to control laminated root rot 
is an important consideration. Cost estimates 
of operational fumigation can be approximated 
based on procedures and results from our 
completed studies. The follo)'ling assumptions 
apply: ( l) A dosage of 1. 7 ml /kg of stump and 
root biomass will be effective in undisturbed 
treated stumps;· (2) mean -stump diameter is 60 · 
cm.; (3) h1oworkerscandrill andtreatlOO 
stumps in an 8-hour day;• and (4) the fumigant 
will be chloropicrin · at $7.50/ 1 ($2.05/lb). 
Recognizing that treated stumps will probably be 



in scattered groups, the cost per treated acre 
(100 stumps) will be about $480: labor $105; 
fumigant $375. Factors such as terrain, stump 
size, and choice of fumigant could change these 
costs. 

We feel that fumigants will have a place in the 
future management of P. weirii-infested sites. 
Although fumigation curre~tly costs more than 
stump removal, the difference may narrow with 
improvement in techniques or less expensive 
chemicals. If control can be achieved with 
longer exposure times using less fumigant, the 

,cost of control can be drastically reduced. 
Otherwise, fumigation will likely find its 
-greatest use on steep terrain, in areas of 
fragile soils, in the treatment of relatively 

. sma 11 areas, or in areas where site disruption 
· associated with stump removal is unacceptable. 
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ABSTRACT: Phytophthora dreschsleri was 
recovered in S,E, Alaska, Areas ·of re cove ry 
were remote and undisturbed, decreasing the 
chance of ·fungal intr oduction, This fact, plus 
additional information discussed, indicates that 
this Phytophthora is .endemic to S ,E, Alaska , 

INTRODUCTION 

Phytophthora species are well known ·as pathogens 
of many agricultural c.rops around the world but 
little is known of their behavior in native 
plant communities and their origins are largely 
speculative, Several species, including .!'..• 
cinnamononi, .!'..• palmivora and.!'..• lll'teralis ar e 
destructive in native vegetation, but the 
suscep tibility of the tree .spec ies involved~ the · 

· recent origin of epidemics and the correlation 
with humari· disturbance su·ggest ·that the fungi 
were introduced to th e areas of current 
damage, Whether a pathogen is native or 

PHILIP B. HAMM is a Senior Research Assistant 
and EVERETT M, HANSEN is an Associate Professor, 
in the .Departm en t of Botany and Pl~nt Patholog y, 
Oregon State University, Corvallis, OR P.E, 
HENNON is a Plant Pathologist, Forest Pest 
Management, Forest Service, Juneau, AK;. 
C,G, SHAW is a Principle Plant Pathologist 

··Rocky Mtn, Forest & Range Exp. Sta,, Fort 
Cdllin s, CO 

68 

introduced has practical significance to disease 
control programs, especially quarantine . 
opportunities. It is also of more fu ndamenta l 
interest in elucidation of .th e evolutionary 
history ··of pathogenic fungi and the search for 
dis ease re sis tance (Leppik 1970) . 

During an investigation of the causes of dieback 
and mortality of .Alaska yellow-cedar 
(Chamaecyparis nootkatensis (D. Don) Spach.) in 
Southeast Alaska (Sh.aw et al. 1985), we searched 
for Phytophthora as well as other potential 
pathogens. A het erothal lic Phyt ophth ora was 
recov ere d from very remote undi sturbed sites. 
Although we conclud ed that .this fungus was not 
the primary cause of cedar dieback (Hennon 
1986), its presence in this habitat i s 

. noteworthy. 

MATERIALS AND METHODS 

Isolation of Phytophthora was attempted fr om 
soil and streams in five areas of S.E. Alaska 
(Figure 1) .: Peril Strait, Helm Bay, Slocum Arm, · 
Wrange ll Island, and Prince of Wales Island. · 
Collection sites, except Wrangell and Prince of 
Wales Islands, were .in r emote undisturbed area s 

.many kilometers from any historic settlement and 
access;l.ble only by boat · or float ·plane. · 

· !!oil Sampling 

In the . summe·r of 1984 a .total of 162 soil · 
samples were collected from the 5 ·areas; during 
the sµmmer of 1985, 77 samples were colle cted in 
the Per;il Straits vicinity and 25 from the area 
of Slocum Arm. Mos·t of the samples were 
collected from beneath trees in areas of 
declining cedar, The remaining samples came 
from beneath healthy trees away . from cedar 
decline. Each sample was composi ted from 3 
subsamples collected within 1/2 m of each 
tree. The organic fraction was separated .'·from 
all samples by wet sieving {Ostrotsity e t al, 
1977) and a resulting 5 g (wet wgt) fraction was 
placed in a styrofoa m drinking cup with water, 
-The double cup baiting method (Lind e rman and 
Zeitoun 1977) with Ala ska -cedar foliage bait s 
(Ostrofsky et al. 1977) was used to trap 
Phytophthora from the soil, Baits were floated 
over the organic matter for 6 days, t hen 
tran s ferred to cornmeal agar (CMP) containing 
pimaricin (20 g/ml) and vancomycin (200 g/ml) 
in petri plates. Phytophthora colonies were 
subcultured for identification af ter 6 days. 

Stream Sampling 

In 1985, 8 streams draining into the Peril 
Straits and 2 entering Slocum Arm were also 
sampled for the presence of .Phytophthora, Seven · 
of the te n streams drained from bogs or muskegs 
with associated dead and dying ce dar. Large 
green Danjou pears were placed individually in 
nylon mesh bags which were in turn anchored 
along the st -ream courses, Pears were placed at 
10 m i ntervals in streams s tarting just above 
tidal (saltw a ter) influence. Each tributary was 
baited with two pears, one just above .the mouth, 

' . i 
' 



PRINCE Of WALES 
ISLANO 

Figure 1-~Areas sampled for Phytophthora; 1 2 

Slocum Arm, 2 = Peril Straits, 3 = Wrangell 
Island, 4 2 Prince of Wales Island, 5 = Helm Bay 

another 10 m above that, Between 33 and 41 
pears were placed in each stream system, Pears 
were removed after 4-6 days and incubated 
outdoors for 3-7 days, until distinct brown 
spots appeared, 

Pears were cut open and small portions of tissue 
were aseptically removed from the margin of 
seven brown areas/pear and transferred to CMP, 
All Phytophthora colonies were subcultured for 
identification, 

Phytophthora Identification 

Isolates were maintained on corn meal agar at 
SC. Sporangia were induced by flooding 
distilled water washed colonie .s grown 5 days in 
pea broth with soil extract water, Isolates 
were also grown on clarified V-8 agar with or 
without added cedar foliage, grass leaves, or B-
sitosterol, and on cedar extract · agar (Trione 
1974) made from Alaska yellow cedar foliage, 
Matings to induce oospore formation were made 
between Alask.an isolates and known A1 and 'Az 
mating types of!!,_ drechsleri, P, cambivora and 
p, cinnamomi on clarified V- 8 agar, 

1 
Morphological characteristics were compared with 
those described by Waterhouse (1963) for isolate 
identification, 

Electrophoretic protein patterns of Alaskan 
isolates were compared with other Phytophthora 
species found on conifers in the Northwest 
including: !'...• drechsleri, !.• cinnomomi, !'...• 
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megasperma, !'...• lateralis and .!'..• pseudotsugae. 
Protein was extracted using methods previously 
described (Hamm and Hansen 1983). Sodium 
dodecvl sulfate (SOS) polyacrylamide gels were 
used for protein separation, 

RESULTS 

Phytophthora was isolated infrequently in both 
years from the Peril Strait area. A total of 7 
isolates were obtained from 5 sites, Four soil 
samples collected in areas of cedar mortality at 
2 sites 3 km apart on either side of the Straits 
yie_lded Phytophthora, Phytophthora was not 
recovered from any soil samples in 1985, but was 
isolated from 3 pears floating in two streams 
entering the Peril Strait, One stream flowed 
through a diseased area, the other primarily 
through healthy forest, All pears in the two 
streams at Slocum Arm were eaten by bears, No 
further isolations were attempted in that area, 

All seven Phytopht .hora isolates were identified 
as P, drechsleri, Protein patterns were 
indistinguishable from those of!.• drechsleri 
isolates obtained from diseased Douglas - fir 
seedlings in Oregon and Washington nurseries, 
but were·readily separated from other species, 

DISCUSSION 

This is the first report of Phytophtora 
drechsleri from Alaska, and only the second 
report of any Phytophthora species from the 
state (P, infestans was reported on potatoes in 
Wrangell (Cash 1934)), More significant than a 
range extension, however, is the habitat in 
which the fungus was found, Phytophthoras are 
seldom recovered outside of agricultural or 
disturbed forest settings, and possibly never 
from areas beyond histo r ical human activity, 

Phytophthora drechsleri is an important pathogen 
on many crops around the world (CMI map 281), 
but has attracted little speculation about its 
origin, It was regularly recovered frpm native. 
vegetation in eastern Australia (Pratt and 
Heather 1973), prompting the suggestibn that it 
had accompanied P, cinnamomi in its migration 
from the Pacific-Islands north of Queensland 
(Shepherd 1975), In western North America, P, 
drechsleri causes root rot in conifer nurseries 
(Pratt et al, 1976) and other crops, but this is 
its first report as a forest inhabitant, 

The evidence supports the case that P. 
drechsleri is endemic in S,E, Alaska7 The 
places where P. drechsleri was found are many km 
from any roads, trails or permanent ·settlement, 
There has been very limited mineral prospecting, 
or logging activity in the area, particularly in 
the vicinity of our study areas, Some trees had 
been cut 50 years before along one stream where 
we recovered Phytophthora, but the other sites 
were well sep ·arated and in virgin forest, We 
are unaware of a Phytophthora report in any more 
remote, less . disturbed location, 

An endemic pathogen is expected to cause minimal 
damage to the plant communities in which there 
has been long association (Leppik 1970), While 

•;; 



P. drechsleri was found in areas with widespread 
mortality of Alaska yellow cedar, it was not a 
constant associate, was never isolated directly 
from dying cedar (Hennon 1986), and caused only 
limited root necrosis on AYC in pathogenicity 
tests. Epidemiological evidence suggests that 
AYC mortality is caused by complex environmental 
stresses (Hennon · l986). It seems likely that P. 
drechsleri i .s an inhabitant of the bogs common 
to this area, nibbling .on rootlets of many plant 
species, perhaps including AYC. 

P. drechsleri may, in fact, be widespread in the 
forests of northwestern North America as it is 
in eastern Australia (Pratt & Heather 1973). 
Geologicai evidence suggests a link between this 
disjunct distribution. The present west coast 
of Not"th America has been built up from the 
collision beginning sometime during the Meso.zoic 
era, of several small land masses (terranes) 
with the ancestral continent through the 
pt'ocesses of microplate tectonics (Jones et al. 
1982). Indeed, stratigraphic and 
paleontological evidence suggests that the 
Alexander and Wrangellia terran es that comprise 
much of the Peril Stt"ait .area in present day 
s.E. Alaska .originated in the South Pacific as 
parts of present day eastern .Australia and 

· · ancient island arcs (Gehrels and Saleeby 1984, 
Jones et al. 1982). Microplate tectonics 
provides explanation for a number of proble111S in 
biogeography of the Pacific reg:i.on (Nur and Ben 
Avaham 1979)·, including ·perhaps, the finding of 
P. drechsleri in remote areas of eastern 
klstralia _and s.E. Alaska. · 

Electrophoresis to compare protein banding 
patterns has been an effective tool for 
confirming the identity of Phytophthora isolates 
(Hamm & Hansen 1982) and for the recognition of 
subspecies groups of isolates within P. 
megasperma (Hansen et al . 1986). In Tact, 
protein similarity correilates strongly with 
morphological and pathological simil a rity 
(Hansen et al. 1986), and provides an important 
measure of relatedness (Hans en -et al. 1986). 
The production of ide ·ntical protein patterns by 
isolates of .!'..•· drechsleri from S.E. Alaska, 
Oregon, and Washington establishes their close 
relation ship. This is expected, particularly if 
isolates on the Pacific Coas t have a common, 
r e latively recent origin in the South Pacific. 

It is highly presum ptuous .to make a claim for 
fungal end emism based on remoteness from human 

_,disturbance in this day and ag.e. · Too much of 
history has passed without a written recor ·d to 
be sure, even in a place so far removed as S.E. 
Alaska. However, th e geological, pathological 
and electrophoric evid ences indi cate that P. 
drechseleti is inde ed . end emic to this areaof 
Alaska. Better and more· interesting evidence 
will come from . gene ti c compa ri s ons of th es e 
remote populations with isola t es from 
agricultural situations. This, in , turn, w.111 
furth er our unders t andin g of s peciation in this 
important genus (Hansen 1986) . ·. 
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34TH Annual Western 
International Forest 

Disease Work Conference 
Juneau, Alaska 

September 9-12, 1986 

FOREST PATHOLOGY TRIVIA PURSUIT 

F, G. Hawksworth, ·c. G, Shaw, . III, 
and J, S: Beatty 

This trivia quiz was presented at the WIFDWC 
banquet in Juneau, Due to popular request, we 
have included some possible answers, many of 
which were offered at the banquet. Some younger 
members ("The .Baby Boomers") thought that m~ny 
of the questions relating to Old Timers were 
unfair, and promised to come up with some more 
recent and contemporary forest pathoiogy trivia 
(pre-nostalgia?) for next year. Good luck to . 
all future Triviologists . 

1. What common tree decay fungus doesn't occur 
at the locale from where the type specimen 
was collected? (Echii,odon·t ium tinc 'torium 
was described from a log that drifted onto a 
beach on Admiralty Island, Alaska in the 
ear l y 1890's •. The fungus hasn't b~en found 
on Admiralty Island since), 

2, What states, provinces, or territories · have 
no mistletoes? (U.S.; North Dakota, South 
Dakota ., Nebraslca, Iowa, Canada; Yukon, 
Northwest Territories). 

3, By what name is . Cunnighamella meinecke ll a 
better known? (Fomes annosus, Heterobasidion 

· annosum). 

4. Who were the first non-spousal women at a 
WIFDWC? (Trudy Pentland ·and Robena 

F. G, Hawksworth and C, G. Shaw, III, are 
Research Plant Pathologists at the · Rocky 
Mountain Forest and Range Experiment Station 
USDA Forest Service, Fort Collins Colorado, · ' 
J . S. Beatty is a Pathologist with Forest Pest 
Management, Southwest .ern Region, USDA Forest 
Service, Al~uquerque, New Mexico. 
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Robinson, graduate students at University · of 
British Columbia, attended the 6th WIFDWC at 
Vancouver, B, C. , in 1958, Apparently the 
first American woman to attend was Mary Ann 
Strand of Oregon State University, at · the 
17th (1969) meeting in Olympia, Wash, 

5. What U.S. tree is para ·sitized by both 
· Arceuthobium and Phoradendron? (White fir in 

California and Arizona), 

6. Does the red b~lt fungus cause red belt 
disease? (Probably not). 

7. What western forest pathologist has a camp- · 
ground named for him? (Doc Long Picnic Ground 
in the Sandia Mountains, New Mexico, was named . 
for W. H. Long; also there is a Charles Waters 
Memorial near Stevensville, Bitterroot N.F., 
Montana). 

8 • . In what . state and/or province have the most 
WIFDWC 's been held? (British Columbia ( 7) ; 

. Oregon (5), Washington (5)), 

9. Which western states, provinces, or 
territorie~ have not hosted a WIFDWC? (U.S.; 
Utah (but planned for 1988), Nevada, Hawaii. 
Canada; Yukon and Northwest Territories), 

10 . Which forest pathologist is also an accomp-
lished Sasquatch scatologist? (Dr. Don · 
Knutson), 

11. What is the deepest isolation of a root rot 
fungus? (Armillaria sp, -from mine timbers), 

12. Which forest pathologists became Statio~ 
Directors, Regional Foresters, or USFS 
Chiefs? (Station Di-rectors - J.s; Boyce, 
E. Ross, J, Ohman; Regional Foresters - ?, 
USFS Chief - R. McArdle) 

13. Which western forest pathologist claims to 
work .on insignificant diseases of unimportant 
plants? (Dr. R. L. Gilbertson, of the 
University of Arizona). 

14 . What noted forest pathologist once claimed 
reimbursement of 5¢ for use of a: pay toilet 
and the claim went all the way to the · 
Secretary of Agriculture fot' settlement? 
(Dr. G, G, Hedgcock). 

15. What common western fungus was first 
described in a San Francisco newspaper? (The 
western gall rust fungus, Peridermi um (now 
Endocronartium) harknessii was described in 
the "Weekly Alta California" in 1876). 

16·, What WIFDWC member, present at this meeting, 
first cultured white pine blister rust .? (Dr . 
Al Harvey, Intermountain Station, Moscow, 
Idaho). 

17 . What forest pathologist quit smoking when he 
began studying the effects of smoke on fungi? 
(Dr , J, R, Parmeter, Jr.). 

18. Who was the first forest pathologist to 
become a USFS District Ranger? (We expect 
Ed Wood to attain the honor in the near 
future), 



19, What forest pathol ogist can now be trusted to 
buy a used car from? (Randy Fuller, of Fuller 
Ford, Springerville, Arizona, has a deal for 
you). 

20. What infamous Alaskan forest pathologist began 
his career as an Idaho mule skinner and 
Colorado ski ranger? (Tom Laurent). 

21. What high-flying pathologist recently 
isolated Fornes pinicola fr om in-flight bark 
beetles? (Dr. C. G. Shaw, Sr., and 
students). 

22. What western forest pathologist is capable 
of destroying the entire Russian wheat crop? 
(Dr. Walter Thies worked on wheat rust for 
the U.S. Army). 

23. What famous "brother" team studied deterior-
ation of fire-killed Douglas-fir in the 
Northwest? (Ken Wright (entomologist) and 
Ernie Wright (pathologist) in the early 
1950's) , 

24. What famous western forest pathologist 
refuses to drive through Oregon so he won't 
have to pay for a 1954 traffic ticket? (Dr. 

· J. R. Parmeter, Jr.). · 

25, What western forest pathologist published 
papers over a 55+-year span in Mycologia? 
(Dr. Ross Davidson, 1931-1987 (in press)). 

26. What mistletoe occurs farthest north in 
North America? (Arceuthobium tsugense on 
hemlock (Haines, Alaska), and A. americanum 
on jack pine (north of Lake Athabaska, 
Alberta) . both occur at about 59° 20 'N 
latitude). 

27. Who first used the pure culture method for 
isolation and identification of wood decay 
fungi? (W. H. Long, of Albuquerque, N,M., 
published on this topic in the J. Agric. 
Res . in 1918). 

28. What root disease fungu s has also been 
isolated from leaves? (Phytophthora 
lateralis, P. citri cola, Rizoclonia so lani, 
Macrophoma phaseoli, etc.). 

29. What was the first North American Forest 
Pathology . textbook? ("Outline of Forest 
Pathology," by E. E, Hubert, 1931). 

30. When did the Depar tment Minister promise to 
get the "deadw ood " out of the Canadian 
Forest Service? (Proclaimed in 1969, but 
the axe didn't fall until l970). 

31 . Who was Phellinus weirii named for? (Names 
suggested were J. R. Weir, Larry Weir, and 
Sam Phellinus). 
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UNCOVERING THE CAUSE OF FLUTING IN WESTERN 
HEMLOCK IN SOUTHEAST ALASKA 

Kent Reinhold Jul In 

ABSTRACT: This paper presents a study in. 
progress that examines fluting of western hemlock 

. ( Tsuga /Jeterop/Jyl /a (Raf.) Sarg.) growing in 
southeast Alaska. Following three years of study, 
observations Indicate that site location and type 
of stand development can account for the spatial 
discontinuities of fluted stands In southeast 
Alaska. Patterns of trans location are apparently 
the key to the development of flutes. · 

INTRODUCTION 

In the coastal forests of southeast Alaska, 
there are stands of western hemlock ( Tsuga 
/Jeterop/Jylla (Raf.) Sarg.) that are seriously 
fluted. Fluted trees have Irregular trunk shapes, 
where longitudinal ridges and grooves spiral 
upward. Trees that·have fluted stems are less 

. desirable from a timber production perspective, 
because the quality of pulp and saw logs of such 
trees is low (Harris and Farr 1974): 

Kent Reinhold Jul in Is a doctoral student In 
sil~iculture; College of Forest Resoyrces, · 
University of Washington, Seattle, Wash. . 
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The intent of this paper is to describe a portion of 
a cooperative study now being conducted by the 
University of Washington and the Pacific 
Northwest Forest and Range Experimental Station 
which examines the cause or fluting in western 
hemlock. Prior to this study, clos~ proximity to .· 
salt water was a factor common to known fluted · 
stands, and thus was considered associated with 
factors likely to be the cause of fluting. 

FLUTING vs. BUTTRESSING 

The development of buttresses Is common In 
tropical trees (Richards 1966). But unlike . 
buttressed trees wh~re eccentric trunk flanges are 
confined to the tree base, fluted trees have 
flanges that extend from the root collar upward 
Into the crown. Considering the sim1larlties 
between buttressing and fluting, the literature on 
buttressing was considered a source of Ideas from 
which a study on fluting could be Inf tfated. 

A variety of theories have been advanced to ·: 
explain why trees develop buttresses (Rf chards· 
1966). These theories Include: 1) the Strain, 2) 
the Conduction Current, 3) the Negative 
Geotroplsm, and 4) the Adaptation Theory. The 
first three theories account for the cause of 
buttressing, while the last addresses the 
functional significance of buttressing . 

The Strain Theory proposes that buttresses form · 
In direct responseto mechanical bending caused by 
the wind. The Conduction Current Theory claims . 
that restricted lateral movement of water and 
nutrients from roots results in differential 
stimulus around the tree trunk, and this results In 
buttressing. The Negative Geotropism Theory 
infers that the upper surfaces of roots are 
favorably affected by a negative geotroplc force. 
The Adaptation Theory states that buttresses · · 
serve trees In a structural capacity.by which they 
are better able to resist wind and/or gravity 
Induced stresses <Richards 1966). 

HYPOTHESES 

Based upon the literature and some general 
observations made by Jul in ( 1984), the foil owing · 
hypotheses were developed to explainthe presence 
and formation of fluting In western hemlock: 

1) A discrete pattern of translocatlon 
creates differential rates of cambial growth 
that resuts 11) fluting. . 



· 2) Fluting Is a response to wind: stress. 

3) Fluting is associated ~Ith even~aged stand 
development. 

TRANSLOCATION PATHWAYS 

Since fluted stems are lnlttal ly circular In. cross-
section and the cambium In the grooves Is alive 
<Day 1964), fluting Is probably the result of 

· differential stimulation of the cambium (Bannan 
1957, Coutts and PhUipson 1976). The factors 
that are related to this stlmulu.s of the cambium 
are most likely transported In the phloem and 
xylem. Chalk and Akpalu < 1963) demonstrated that 
buttresslno Is more common among tree species · 
with vascular systems that restrict lateral 
translocatlon. Several approaches are being used 
to describe translocatlon patterns In fluted 
hemlock. 

Patterns or translocatlon In the phloem are being . 
. analyzed using branch girdling. A lfve, functional 
branch In a fully fllumlnated portion of 120 study 
trees was girdled near the branch base. The 
exposed xylem tissue was treated with tar so that 
water loss from the newly exposed surface would 
not occur. ·The girdle restricted the downward 
flow of photosynthates and hormones from the 

. branch and Into. the stem. Thus, any reductions In 
·stem growth associated with this trea_tment could 
be attributed to localllzecl deficiencies of 

· substances transported In the phloem. 

Two years following Implementation of the 
girdling treatment, branches were still.living and . 
the branches were swollen on,the foliage side of 

· the girdle, testimony for xylem continuity and · . 
phloem discontinuity. A reduction In radial growth 
of the .stem directly beneath the point of branch . 
Insertion; Indicates that a locallzed photosynthate·. 
and hormone deficiency had occurred. A confined .. 
pattern of now in the phloem would account for 
this observation, · 

Injection of crystai violet dye Into both the mat_n · 
stem and a root Is one technique being used to . 
describe patterns of flow In the xylem. This 
technique has been used by Rudl.nsky and Vite· 
( 1959) to describe patterns or fl_ow In-several 
coniferous species. 
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A confined and winding ascent of dye Is the 
pattern exhibited by fluted hemlock. The . 
restricted lateral movement of water and ml~eral 

· nutrients, as Indicated bythese re~ults, Implies 
that concentrations of waterand nutrients In the 
xylem would vary around the stem, and thus could 
be considered as a source of differential stimulus. 
In addition to the dye Injection experiment, . 
Individual lateral roots on 120 study trees were 
cut 5 to 10 cm below the root collar. 

WIND STRESS 

· Since stands containing fluted trees are most 
frequently encouotered near coastlines, areas of 
chronic onshore winds, It Is possible that wind · 
provides the stimulus for flute f ormatlon. Fluted 
trees have also been found on a windy rldgetop 
east ofNaukatl on Prince of Wales Island. 

Methods that have been· used to evaluate the . 
Influence of wind on stem form Include:· 
1) observations of stem shape ln relation to 
prevailing wlnd_s.(Whltrord 1906, Senn 1923, 
Naves 1924), 2) mechanical bending of seedlings 
(Gilchrist 1908, Turgeon aod Webb 1971,Telewskl 
and Jaffe 1981 ), and · 3) guying (Jacobs 1953, 
Larson 1965, ·N°eel and Hartis 1971, Burton and 
Smith 1972, Wilson 1975, Fayle 1976). · 

A guying strategy Is being used In tbls study to ·. 
determine whether wind stress affects the . . . · 
expression of fluting. The guying. method uses.· 
wire restraints to prevent trees from swaying and 
the growth response ls compared against free-
standing controls. A 20-year-old stand of ... 
relatively cyllndrlcal western h_emlock located 9n 
Sarkar Point, Prince of Wales Island was sel_ected 
for the guying. A portion of the _stand wa~ · 
uniformly thinned-to Increase locpl wlndspeeds. · 

Ten trees were assigned one of the· following . . · 
treatments: •1) High Guy, 2) Low Guy, and 3) No 
Guy (30 trees total). . High Guy trees were secured 
at about 3/4 tree height, while Low Guy trees. 
were secured at breast height ( 1.4 m). Those t:ees 
without guy wires serve as a control: Three wires 
radiating at 120· angles from each tree were 
attached to the stumps remaining after thinning.·_ . · 



Hose narnesses were used at the guying height to 
mln1mize damage to bark tissues. Trees were 

. felled after two years of treatment for stem 
analysis. 

Provided that two years is sufficient time for the 
. treatment effects to manifest themselves, and 
that the wind stress hypothesis Is true, one would 
expect the No Guy trees to exhibit more pronounced 
flut Ing than the High Guy trees. The Low Guy trees 
should exhibit a growth pattern~ the guy wire 
attachments similar to that of the High Guy 
treatment; however, above the point of wire 
attachm~nts a growth pattern similar to the No 
Guy treatment should be apparent. · 

ST AND DEVELOPMENT 

Stands containing non-fluted trees do exist along · 
the coastlines of southeast Alaska; This lndlc'ates 
that a factor or set of factors In addition to the 
one associated with coastal sites (1.e., wind), 
appears to be regulating_ fluting . Both the pattern 
of ·stand development and the arnount of time · 
elapsed since· disturbance are. factors now being 

· evaluated. · . 

Fluting Is most frequently encountered in even-
aged stands that develop follow1ng windfall, fire 
and logging. Trees developing·w1thin even-:-aged 
stands are exposed to greater .wind stress, develop 
larger, longer..:11ved branches and grow more 

. quickly than trees that develop within 'uneven..:aged 
. stands. Through the guying study, stem analysis 
and stand examinations, we hope to develop 
reasoning for this association between fluting and 
the even-aged pat_tern of stand development. . 

Time is another factor that appears to tnfluence 
fluting severity. Dissections of an old-growth 
cylindrical tree found near HolJls, revealed that It 
was fluted when young, but wit!) the pass.Ing of 
time developed a cylindrical bole. Thus, stands 

.. that initiated fo.llow.lng wlndthrow centuries ago 
may not exhibit fluted characteristics today. 

CONCLUSION 

Fluting occurs frequently In the coastal stands of 
southeast Alaska. It Is evident that translocatlon 
patterns In the phloem and xylem may cause 
differential stimulus of the cambium and this 
results in fluting. The occurrence,of fiuted trees 
in areas of chronic winds, implies that trees 
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ut:v 101.1 , 1ute::; m response w wma stress. buy mg 
will hopefully elucidate the Impacts of wind on 
fluting. Since fluted stands are also stands that 
·Initiated followjng wlndthrow, fire and logging, It 
Is reasonable to suspect that the pattern-of stand · 
development may also affect fluting severity. 
Time elapsed since disturbance Is a factor that 
may mask the presence 6f fluting In older trees. 
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ABSTRACT 

Dwarf mistletoe · shoot abscission rate13 of ·74 to 
100 percent on individual infections of 
Arceuthobium americanum on Pinus contorta and A. 
vaginatum subsp. cryptopodum on!'._• ponderosa were 
consistently achieved with August applications of 
2500 ppm ethephon plus surfactant using three 
methods of application. Most shoots abscised 
from infections within 2 to 5 weeks after 
ethephon treatment . Ethephon did not kill the 
parasite's endophytic system in the host tissue. 
Therefore, new shoots began developing on· so~e 
infections 1 to 2 years after treatment. Based 
on the long . life cycles of these two species of 
dwarf mistletoe, we predict that ethephon control 
can prevent or reduce spread of infection for up 
to 4 years and possibly even longer. Ethephon 
has · controi potential especially in high value 
stands, recreation areas, seed orchards, ·and 
ornamental plantings around homes, cabins, and 
business .establishments. 
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Dwarf mistletoes, Arceuthobium spp., are 
parasitic seed plants that are reg arded as one of 
the most damaging disease agents of conifers in 
the United States. An estimated 418 million 
cubic feet of wood fiber are lost annually to 
these pathogens either throu gh growth reduction 
or tree mortality (Drummond 1982). These 
obligate parasites also lower wood quality, 'lolhile 
reducing cone and seed production of infected 
trees. 

Much successful research has been done on 
silvicultural control of dwarf mistletoes 
(Scharpf · and Parmeter, Jr. 1978). However, 
supplemental controls, i.e., chemical, would be 
useful in areas of high value trees such as in 
campgrounds and home sites. Until recently, no 
chemical control of dwarf mistletoes had been 
found to be effective (Lightle and Lampi 1973, · 
Quick 1964, Scharpf 1972). However, Livingston 
and Brenner (1983) and Livingston et al. (1985} 
tested ethephon, an ethylene-releasing plant 
growth regulator, at various concentrations with 
and without surfactants on A• pus ill um Pk. 0!1. 
black spruce, Picea mariana (Mill.) B.P.S. 
August applications of 2500 ppm ethephon ·with a 
surfac ·tant consistently resulted in a 74 to 100 

. percent li>scission of dwarf mistletoe ·shoots • . 
Most dwarf mistletoe shoots dropped off 2 t~ 3 
weeks after applic ·ation. Treatments did not 
significantly affect growth of black spruce or 
subsequent growth of dwarf •mistletoe shoots. 
Livingston et al. (1985) predicted that 
abscission of aerial dwarf mistletoe shoots can 
prevent the spread of the disease .in treated 
black spruce for at least 2 years. 

According to DeWilde (1971), ethephon i~ a safe 
growth regul .ator. It is routinely used on food 
crops to promote abscission of leaves and fruits. 
•As ethephon is · absorbed into plant tissues, 
ethylene is released causing susceptible plant 
parts to abscise. An environmental advantage in 
using ethephon is that there are no toxic 
by-products when the compound breaks down. 
Ethylene ·also exists naturally in conifers and is 
presumably responsible for natural abscission of 
aging dwarf mistletoe shoots. Apparently, 
increased levels of ethylene resulting from 
·ethephon applications stimulate piemature 
abscission of dwarf mistletoe sh~ots. Based on 
these facts and the excellent results achieved in 
Livingston's eastern dwarf mistletoe study, we 
decided ·to test ethephon on two other extremely 
damaging dwarf mistletoe species in the western 
United States. 

Our objective was to conduct some prel .iminar .y 
tests of ethephon to determine its potential as a 
control for A. americanum Nutt. ex Engelm. on 
lodgepole pine, P. contorta Dougl. and. A. 
vaginatum subsp.-cryptopodum (Engelm.) ifawksw. & 
Wiens on ponderosa pine, !'..• ponderosa Laws. 

METHODS 

We established six lodgepole pine study areas: 
five in the Fraser Experimental Forest near 
Fraser, Colorado, and the other in the Cutthroat 



Bay Campground near Grand Lake, Colorado, both in 
the Arapaho National Forest. We also set up a 
small study in ponderosa pine near Meeker Park, 
Colorado, in the Roosevelt National Forest. 

1/ ® Ethylene releasing agents, Flore!®..,.. and Ethrel , 
were applied to infected trees using three 
different spray methods: hand-held bottle 
sprayer, back pack mist blower, and 
truck-mounted hydraulic hand-jet sprayer. Two 
surfactants were used: X-77® or a combination of 
Nu-Film 17® and Spray-Aide®. 

Dwarf mistletoe infections were rated before and 
after treatment using the Dwarf Mistletoe Area 
Grid Rating System (DMAGR System) developed in 
this study. The 6-class Dwarf Mistletoe Rating 
System (DMR System) (Hawksworth 1977) was used 
for rating trees before and after treatment. 

We used the ·oMAGR System for individual 
infections that were low enough to the ground to . 
be reached and measured. We tagged individual 
male and female plants with metal tags that 
included treatment, plant number, and sex. For 
easy identification, strings were tied around the 
margins of each infection. Individual infections 
were measured for sq. inches of shoot area before 
and periodically after treatment using the 
horizontal-vertical grid of the DMAGR System 
(fig. 1) • This system was used to determine the 

. total sq. inch dwarf mistletoe shoot area for 
each treatment by adding together the sq. inch 
ratings of individual infections. For example, 
infec .tions measuring 4.0, 6.0, and 3.0 sq. inches 
for one treatment would yield a total sq. inch 
area of 13.0. To determine the change in percent 
total shoot area present from an initial reading 
to a subsequent reading, the subsequent total 
mistletoe sq. inch area result was divided by the 
initial, before spray total sq. inch area. For 
example, if the total mistletoe area 5 weeks 
after a treatment was 2. 0 sq. inches, and the 
before spray total mistletoe area was 13.0 sq. 
inches, the percent shoot area present 5 weeks 
after treatment would be 15 percent (2.0 divided 
by 13.0) or a total shoot area reduction of 85 
percent after treatment. 

Periodic measurements were made using this DMAGR 
System to determine if mistletoe shoots abscise, 
if new shoots develop, and how quickly these new 
shoots mature and produce seed. 

We used the 6-class DMR System to rate overstory 
and understory trees where individual infections 
were not or could not be tagged. This system 
divides ·the tree crown into thirds. Each third of 
crown is rated separately and given either a 0, 
1, or 2 (0 meaning no infection and 2 meaning 
over 50 percent of the branches infected). The 
ratings of the thirds are added together to 
obtain a total tree rating with 6 being _the 
highest infection rating possible. · We ioodified 

.!/The use of trade names in this publication is 
for r eader inform a tion only and does not imply 
endors ement by the U.S. Department of Agriculture 
of any product or service. 
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Figure 1. Dwarf Mistletoe Area Grid Rating System 
used to determine total sq. inch area of 
individual infections. 

this system slightly to detect only visible dwarf 
mistletoe shoots so that we could document if 
shoot abscission occurred or not. Binoculars 
were used _to detect shoots in tall trees. 

Ethephon was applied in water at various 
concentrations with and without surfactant using 
different kinds of sprayers during · the following 
tests from 1983 to 1985 in Colorado: 

1983 Treatments 

Nine different ethephon treatments were applied 
with a hand-held bottle sprayer to individual 
infections on lodgepole pine on 12 August 1983 in 
the Sage study area and on 15 August i 983 in the 
Fool study area, Fraser Experimental Forest. 
Some treatments included the addition of 1 ml of 
a surfactant and 36 ml of Dimethyl sulfoxide 
(DMS0) in a 1000 ml solution. For each 
treatment, we tried to get at least 10 male and 
10 female dwarf mistletoe plants on · two to four 
trees. The sq. inch shoot area was measured and 
compared using the DMAGR System before and after 
treatment. Infected shoots were sprayed until 
run-off about 2 weeks before berries -were 
expect ed to disseminate seed. Weather conditions 
at time of spray were recorded. Temperatures in 
both Sage and Fool areas were in the mid to high 
sixties (F) with partly cloudy skies. The Sage 
area had some rainfall roout an hour aft er 
treatment. Details of treatments follow: 



Treatment.'.Y Ethephon Surfac- DMSO No. Infections 
EEm tant Male Female 

1 500 Yes No 10 S 10 s!!1 
2 500 No No 10 S 11 S 
3 1000 Yes No 13 S 10 S 
4 2500 Yes No 11 S 10 S 

10 F 10 F 
5 2500 No No 10 S 12 S 
6 2500 Yes Yes 10 S 11 S 

16 F 4 F 
7 Control Yes No 10 S 11 S 

10 F g- F 
8 Control No No 11 S 11 S 
9 Control .Yes Yes 11 S 11 S 

10 F 12 F 

a/ - Treatments 1-9 were applied at the 9,000 ft 
elevation in the Sage study area and treatments 

.4, 6, 7, and 9 ·were . applied at the 9,400 ft 
e}evation in the Fool study 
E. s~Sage study area, F=Fool 

area. 
study area 

1984 Treatments 

Based upon excellent 1983 results, we did a test 
with ethephon on 13 August 1983 using the same 
2500 ppm ethephon concentration but using half 
the amo'unt of surfactant, or 0.5 ml per 1000 ml 
of solution. In this test, we used a back pack 
mistblowe •r to apply ethephon to 12 trees with 49 
male and 50 female infections in the Gage s.tudy 
area, Fraser Experimental Forest, Whole trees 
were sprayed where they were small (10 to 15 ft)' 
enough to be covered, and only lower branches 
were spray~d of taller trees. An application of 
water only to eight trees with 33 male and 33 
female infections served as a control, , Other 
methods were the same as those used i~ 1983, At 
the time of application, · the temperature ranged 
from the low to high sixties (F) and the skies 
were partly cloudy. · 

1985 Treatments 

In 1985, we set up three lodgepole pine study 
areas: two at the Headquarters area on the 
Fraser Experimental Forest and the other on the 

· Cutthroat Bay .Campground in the Arapaho National 
Recreati .on Area. 

Approximately 300 high value trees . in the 
Cutthroat Bay Campground were treated with 2500 
ppm ethephon with X-77 surfactant using a 
truck-mounte ·d hydraulic jet 1!and-sprayer on 12-13 
August 1985. · The tallest trees ranged from 55 to 
65 ft tall, All test trees were numbered and 
mapped, Using the OMAGR System we measured 110 
individual dwarf mistletoe infections on 17 
trees. In addition, 20 infected overstory and 15 
infected understory trees were rated using the 
6-class DMR System, An unsprayed area of the 
campground served as a control. In the control 
area, we selected 22 trees with 113 infect-ions 
for evaluation with the DMAGR System and 20 
ovetstory and 15 understory trees f9r evaluation 
with the DMR System. 

The campground was closed for -3 days and all 
picnic tables and grills were covered with · 
plastic during spray operations. The spray area 
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was divided into compartments using string to 
help make sure all trees were treated. Three 
people were requt'red to complete the spray: one 
to spray, one to make sure all _trees were 
sprayed, and one to move the spray hose around 
obstacles and to be alert for safety hazards, An 
average of 1 gallon of solution was applied to 
each tree, Trees were sprayed from two different 
sides to achieve good coverage, The ·300 trees 
were sprayed in 3 hours, At time of application, 
temperatures . ranged from 40 to 70 (F) with mstly 
sunny skies and light to gusty winds, 

To determine the effects of ethephon, if any, on 
surrounding vegetation, we set up photo points in 
treated (N=lO) and control (N=lO) areas. Timing 
of dwarf mistletoe seed dispersal and shoot 
abscission was monitored by placing 2 x 2 ft 
cloth traps on the ground under infected trees in 
treated (N=l6) and untreated (N=-15) areas. ·The 
dwarf mistletoe shoots and seeds collected on 
these traps were counted daily, except for 
weekends, from 14 August to ·20 September 1985, 

we· established a duplicate study on the Fraser 
Experimental Forest, Headquarters study area, 
Fifty individual dwarf mistletoe infections on 11 
trees and 11 infected overstory and 9 infected 
understory trees were treated with ethephon and 
rated by the two dwarf mistletoe rating · systems, 
The tallest trees ranged from about 45 to 55 ft,, 
These trees were sprayed on 8 August 1985 when: 
the weather was mstly sunny witn temperatures in 
the lower seventies (F), and light, gusty winds, · 
For a control, we measured 53 individual 
infections on 13 .trees and rated 10 overstory and. 
11 understory trees. The methods used here were 
the same as those used at the Cutthroat Bay 
Campground except that a combination of Nu-film 
17 and Spray-Aide was used as a surfactant 
inst~ad of X-77 and the control received a water · 
only spray, Seven cloth seed t ·raps were placed 
in the ethephon-treated area and eight were 
placed in the cont ·rol area, --

A smaller study was done along the Fraser 
.Experimental Forest Compound Road, Twenty-five 
trees bordering the road were .rated using the DMR 
System, A 2500 ppm ethephon concentration plus 
X-77 surfactant was applied on 13 August 1985 to 
trees by using the hydraulic hand-jet sprayer. 
Sixteen unsprayed trees served as a control. 
Temperature at time of application was in the low 
seventies F with a clear sky and light breeze, 

On 19 August 1985, we applied 2500 ppm ethephon 
containing X-77 surfactant to 41 individual A, 
vaginatum infections _on 11 Ponderosa pine in-the 
Roosevelt National Forest by using a hand-held 
bottle sprayer, Seventeen infections on five 
trees sprayed with water served as a control, 
Methods were the same as those used in 1983 
tests, Temperatures were in the mid-sixties (F) 
with cloudy skies and scattered thunderstorms in 
the area. 



RESULTS 

1983 Treatments 

We tested nine different treatments in the 9,000 
ft Sage study area. Treatment 4, (2500 ppm 
ethephon and surfactant) and treatment 6, (2500 
ppm ethephon with surfactant and DMSO) were the 
most effective (table 1, figs, 2 & 3). Many of 
the dwarf mistletoe shoots and seed capsules had 
shriveled up and fallen off infections as soon as 
2 weeks after treatment, leaving only the basal 
cups. Treatments 4 and 6 caused 74 to 100 
percent shoot abscission by 38 days after 
treatment, the same abscission rate as found in 
the Livingston et al, (1985) eastern dwarf 
mistletoe study. This was in contrast to control 
treatments 7, 8, and 9, in which the natural rate 
of shoot abscission ranged from O to 11 percent. 
The 500 and 1000 ppm ethephon concentrations 
caused some increases in shoot abscission, but 
were not as effective as the 2500 ppm 
concentration. 

In the 9,400 ft Fool study area, four different 
treatments were tested (table 1). Ethephon 
treatments 4 and 6 caused shoot abscission of 93 
to 100 percent in contrast to control treatments 
7 and 8 where abcission ranged from Oto 10 
percent of the shoots, 34 days after treatment, 

In both Sage and Fool study areas, there was a 
tendency for more -abscission to occur in male 
than female shoots and when a surfactant was 
used. The addition of DMSO had no major effect 
on shoot abscission. 

Readings of test trees on 28 September 1984 and 
12 August 1985 revealed that . some 
ethephon-treated infections had some newly 
developing shoots, mostly at the margins of 
infected tissue, but that no seed had developed, 
In the Sage area, 54 infections had complete 
abscission of dwarf mistletoe shoots. Of those, 
32 (59 percent) had newly developing shoots 2 
years later. In the Fool area, there was 
complete shoot abscission of 39 infections, and 
25 (64 percent) of those had some new shoots 2 
years later. However, no shoots were mature · 
enough to produce seed. We did not notice any 
harmful effects of ethephon on wildlife, tree . 
foliage, buds, or surrounding vegetation. 
Natural abscission continued on some control 
infections, but many original female plants 
continued to produce seed. 

1984 Treatments 

In the Gage study area, where 2500 ppm ethephon 
with surfactant was applied with a back pack mist 
blower, the total sq, inch dwarf mistletoe area 
was reduced 97 percent for female shoots, from 
248.0 to 6.3 sq. inches, and 99 percent . for male 
shoots, from 274.0 to 2.5 sq. inches, by 19 days 
after ethephon treatment (table 1). The total 
sq. inch area of control shoots decreased 62 
percent for female shoots, from 153.0 to 58.3 sq. 
inches, and 55 percent for male shoots, from 
217,0 to 97.0 sq. inches, by 19 days after 
treatment. This unexpected loss, the greatest 
from our six studies, was due to fungal parasites 
that caused abscission of many control shoots. 
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Before treatment 

3 years after treatment 

Figure 2. Ethephon control of Arceuthobium 
americanum on a lodgepole pine bole infection 
before and 3 years after an e thephon treatment 
was applied with a hand-held bottle sprayer, 
Fraser Experimental Forest, CO, 



11erore creacment _ 

~- ~eeks after. treatment 

Figure 3, Ethephon control ' •of Arceuthobium 
americanum on a lodgepole pine branch infection 
before and S weeks after .an ethephon treatment 
was · applied with a hand-he'rd bottle sprayer, 
Fraser Experimental Forest, . CO, 1983, 

We observed no damage to lodgepole pine foliage 
or surrounding vegetation in August 1984. 
Measurements ·made 1 year later, on . 12 August 
1985, showed that new _shcfots were present on some 
infections, mostly at the margins of . infected 
tissue, Of the 69 infections that had complet e 
shoot abscission, 29 (42 percent) had new shoots 
1 year later, However, no shoots were mature 
enough to produce seed, 

1985 Treatments 

In the Cutthroat Bay Campground, where 2500 ppm 
ethephon with surfactant was applied with a 
hydraulic hand-jet sprayer, the 6-class DMR 
average on ethephon-treated overstofy trees 
dropped 30 percent from 5,3 before treatment to 
3.7, by 63 days after treatment (table 2). The 
DMR average for understory trees dropped 81 
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percent from 2.6 to 0,5. The ave ra ge DMR before 
and after for control overstory and understory 
trees essentially remained the same at 5,5 and 
5,6, and 4,3 and 4,4, respectively, 

At Cutthroat Bay, the total sq, inch dwarf 
mistletoe shoot area of indivi'dual 'infections was 
reduced 78 percent for female shoots, from 170,0 
to 36,8 sq, inches, and 87 percent for male 
shoots, from 255,0 to 32.8 sq, inches, by 63 days 
after ethephon treatment (table 1), There was an 
abnormal increase in -the total sq, inch area of 
the control dwarf mistletoe shoots from the first 
reading to the last reading because two different · 
people made the re ·adings-the only tim e this was 
done during these studies , But the result still 
showed that no major shoot abcission occurred in · 
the control. 

The peak dwarf mistletoe seed dispersal season 
began 1 week after ethephon was applied , It · 
occurred from mid-August to the first week in 
September. There was no major difference in the 
number of mistletoe seeds trapped on seed traps 
between the treated (N=550) and control (N=518) 
area, probably because seed dispersal had already 
begun at the time .. of treatment, . However, there 
was a major differe .nce in the number of dwarf 
mistletoe shoots collected on traps: 811 in the 
treated area compared to 191 in the . control area. 
Ethephon ·did cause some foliage damage to most of · 
the treated lodgepole pine, It caused damage ·to 
3-, 4-, and 5-year-old foliage but with little 
damage to 2-year-old foliage ·and · no damage to 
1-year-old f()liage, · The .foliage turned brown and 
eventually fell off affected trees a few weeks 
after treatment, There was also some foliage 
damage to common juniper, . Juniperus communis L., 
subsp, alpina, in the photo po~nt plots, To 
date, losing foliage has not seemed to have 
seriously harmed affected trees, &thephon did 
not appear to have an impact on wildlife or .on 
any other vegetation in the photo _ point plots, 

Excellent control was achieved in the 
Headquarters study area on the Fraser 
Experimental Forest using 2500 ppm ethephon with 
surfactant (table 2), The. 6-class DMR average on 
overstory trees dropped 90 percent from 4.8 
befo.re treatment to 0,5, by 70 days after · 
treatment, All shoots abscissed from understory 
trees, On these tre es the 6-class PMR average 
dropped fr om 3,3 before to . 0,0 after tre .atment, 
There was little change in th e control t~ees, 
The DMR average for control overstory trees was 
5,1 before and 5,2 after treatment; for 
under sto ry trees it was 2,1 before .and 2,2 after 
treatment, 

In th e Fraser Headquarters study_ area, the total 
sq. inch dwarf mistletoe shoot area dropped 97 · 
percent for female shoots, . from 80,0 to 2,3 sq, 
inches, and 100 percent for male shoots, from 
30. 0. to O sq. inches, by· 70 days · after et hep hon 
treatment (table 1). The total sq, inch area of 
control female shoots did not decrease, ·but the 
male shoo ts decr eased 5 _percent from 73,0 to 69;o 
sq. inches, 

As in the Cutthroat Bay Campground study area, 
some older ethephon-treated · foliage on mst 
lodgepole pine turned brown in the Fraser 



Table !.~-Percent Arceuthobium americanum female and male shoot area reduction caused by ethephon .treatments on Lodgepole 
pine, Arapaho National For .est, Colorado , 1983-1985. 

STUDY AREA AND TREATIIENTS FEMALE SHOOTS MALE SHOOTS 
No. No. Before After Before After % total shoot 
of of treatment treatment treatment treatment area reduction 

female male tota l total total total 
Sa11e Treatments (1983) infections i nfections ag.in.a rea sg.in.area sg.in.area sg.in.area femal e mal e 

1 500 ppm/surfactant 10 10 20 14 20 10 30 50 
2 500 ppm 11 10 15 15 16 15 0 6 
3 1000. ppm/surfactant 10 13 23 14 18 7 39 61 
4 2500 ppm/surfac t ant 10 11 18 2 20 1 89 95 
5 2500 ppm 12 10 18 9 22 2 50 91 
6 2500 ppm/surfactant/DMSO 11 10 19 5 23 0 74 100 
7 Contro l H20/surfactant 11 10 24 23 22 20 4 9 
8 Contro l H20 10 11 14 13 18 16 7 11 
9 Contro l H20/surfactant/ 

17 5 DMSO 11 11 20 19 17 0 

Fool Tr eatments (1983) 

4 2500 ppm/surfactant 11 10 14 1 10 0 93 100 
6 2500 ppm/surfact ant/DMSO 4 16 7 0 19 0 100 100 
7 Control H20/s u rfactant 9 10 10 9 10 10 10 0 
9 Control H20/su r factant/ 12 10 12 12 10 10 0 0 

DMSO 

Gage Tr eatments (1984) 

2SOO ppm/s ur f actant 50 49 248 6. 3 274 2.5 97. 99 
Cont rol H20 33 33 153 58.3 217 97 62 5 5 

Headguartera (1985) 

2500 pp11/aurfactant 36 14 80 2.3 30 0 97 100 
Cont ro l li20 20 33 41 41 73 69 o . 5 

Cut th roat Bal!'. (19 85) 

2500 ppm/ s ur fac t ant 51 59 ·110 36.8 255 32.8 78 87 
Contr ol 62 51 122 197 111 196 0 0 

Table 2.-Percent reduction of 6- claas Dwarf Mistletoe Rating (DMR) caused by 2500 ppm et hephon treat11M!1\tl of . 
Arce ut hobium americanum on l odgepo l e pine, Arap aho Nationa l Fores t , Colorado, 1985. · 

STUOY AREA AND TREATMENT OVERSTORY TREES 
Before After 

No. t reatment treatment 
of average average 

trees DHR DHR 

Cutthroat Baz Came:ground 

2500 ppm/surfactant 20 5.3 3. 7 
Control 20 5.5 5.6 

Fraser Exe;erimenta l Forest 

Headquarters 

2500 ppm/surfactan t 11 4.8 .5 
Contro l ·(H20) 10 5. 1 5. 2 

Compound Road 

2500 ppm/surfactant 25 3. 8 1. 1 
Control 16 3.9 4.0 

Headquarters study area as did some common 
juniper foliage . Other vegetation in t he study 
area was not affected. As in Cutthroat Bay, 
there was little diff e rence in the number of 
dwarf mistletoe seeds trapped between treated 
(N=75) and control (N=l25) areas because the seed 
had already begun to disperse at the time of the 
spray . We expect a major difference between 
treated and control areas in the number 9f seeds 
trapped in 1986 . As expected, the number of 
shoots collected on seed traps was much higher in 
the treated area (N=i83) than in thw cont rol area 
(N=7 1), 

The DMR of ·the et hephon-ti- ea~e d lodgepole pi ne 
along the Fraser Experimental f orest Compound 
Road study area dropp ed 70 percent by 33 days 

UNDERSTORY TREES 
Before After 

No. treainent treatment 
% of · average average % 

reduction trees OHR DHR reduct i on 

30 
0 

90 
0 

70 
0 

8f 

15 2. 6 . 5 81 
15 4. 3 4.4 0 

9 3. 3 0 100 
11 2. 1 2.2 0 

NONE TREATED 

after treatment from 3.8 to 1,1 (table 2). The 
DMR for the con t rol essentially remained the 
sa me, 3.9 before and 4.0 after t r eat'ment, 

In the Meeker Park study area where 2500 ppm 
ethephon with s urfactant was applied with a . 
bottle sprayer to . ponderosa pine, the total sq. 
inch dwarf mistl et oe area of both male and f emale 
shoot s was redu ce d 77 percent, from 160.0 to 36.0 
sq, inches, by 59 days after ethephon treatment, 
The total sq. inch area of control shoots 
incr eased. 3 percent, from 33.0 to 34,0 sq . 
inches. No foliage damage was observed on 
ponderosa pine, although most spray was applied 
dir ect ly to individual i nfection s and only 
driftin g spray came in contact . with foliage, 



We achieved consistently good re su lts by applying 
2500 ppm eth .ephon plus surfactant in August, 
using three different kinds of spray equipment. 

··Abs.cission rates of 74 to 100 percent of 
individual infections of A. americanum ·on 
lodgepole pine and !• . vagTnatum on ponderosa pine 
were achieved. Similar results were reported by 
·Livingston et al. (1985) with!• puslllum on 
black spruce. 

As found in all studies, subsequent growth of 
dwarf mistletoe shoots remained unaffected 
because ethephon does not kill the parasite 
within infected tree tissue. Based on this fact, 
Livingston et al. (1985) predicted that 
abscission of ·dwar.f mistletoe shoots can : prevent 
the spread of!• pusillum in black spruce for 2 
years. We predict that longer control is 
possible with!• americanum and!• vaginatum . 
because of their longer life cycles. The time 
required for fruits to mature differs greatly 
among dwarf mistletoes: only 5 mohths for A. 
pusillum, a year or 100re for other taxa -
(Hawksworth and Wiens 1972). 

Our results show that new shoots develop on some 
infections 1 ·to 2 years after eth ephon-caused 
abscission. It takes up to 4 years · from the time 
first shoots develop until mature fruits are 
produced (Hawksworth and Wiens 1972). Therefore, 
with ethephon contro ·l, we expect control for at 
least 4 years and, pe_rhaps even longer. Seed 
production and dissemination will be much ·reduced 
during the time it takes for large masses of 
mature shoots to redevelop on ethephon-treated 
infections • . Also, some older ·treated infections 
may·never produce as many or any mature shoots 
again. This · is especially true of nonsystemic 
infections because :new shoots are restricted to 
the original infection area. This pr~vention or 
delay in significant _seed production will greatly 
reduce the spread and amount of infection. Even 
when -new infections begin to occur, it will take 
a -long ti~e before these infection s will produce 
seed. Hawksworth and Wiens (1972) report the 
minimum time from initial _. infection to seed 
production averages 6 years in .A. americanum and 
7 to ·8 years in!• vaginatum, but the time for 
shoot and seed production from es tablished 
endophytic systems is unknown. 

As expected, natural abscission of dwarf 
mistletoe shoots occurred, but we never obse rved 
any massive shoot abscission in control 
in .fections as occurred in et hephon-tr eate d 
inf~ctions. There have -been reports that shoots 
die after fruits mature, but Hawksworth and Wiens 
(1972) report that this is -certainly not normal. 
They observed individu al shoots of!• american um 
and!• vaginatum subsp. cryptopodum that produced 
successive crops of fruits for up to 5 years and 
were still living. To be able to remove such 
_shoots with an ethephon treatment would certa inl y 
be hel pf ul in controlling the disea se by 
preventin g the spre ad. of the par asi te within the 
tree or to nea rby · trees, Less infection will 
redu ce nutrient drain and increase .tree growth, 

We had good to excellent control in high valu e 
under s tory and overstory trees in the 
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rteadquarters area on the Fraser Experim ental 
Forest, and in understory trees in the Cutthroat 
Bay Campground. Less cont rol was achieved in the 
Cutthroat Bay Campground overstory trees probably 
bec ause the tre es were taller than those in the 
Fraser study area and this made it 100re difficult 
to get good spray coverage in upper tre e crowns, 
Preve ntion of dwarf mistletoe spread from 
overstory to understory trees would allow 
noninfected understory trees to become well 
established. This i ·s es pecially important in 
high value recreation areas where trees help 
provide asthetically pleasing landscapes or in 
high value stands where the .understory component 
is important to the future stand, It is even 
more important where there are few, if any, good 
alternative species that can be . planted on a 
'given site, · Planting susceptible trees under . an 
infected overstory may ··be possible with ethephon 
control where there are ·no suitable non-host 
alternative species available, In such cases, 

· two or three ethephon applications to infected 
trees over 10 to 20 years might provide · 
suff-icient control, along with recommended 
silvicultural controls, to prevent or ·reduce 
infection. It would also allow those trees 
already infected to outgrow dwarf mistletoe to 
the point where the · parasite would . not be a 
significant factor. · 

All three kinds of spray application equipment 
were effective. The hand-held bottle sprayer , 
worked well for treating individual infections; 
the back pack mistblower worked well for treating 
10 'to 15 ft tall tr ees. The truck-mounted · 
hydraulic hand-jet sprayer was useful in treating 
understory and overstory trees up to 55 ·ft tall. 
·some foliage ~rown:i.ng and loss occurred using 
this equipment that was not experienced with the 
other · two kinds of equipment. However, neither 
current-year growth or buds were affected on 
lodgepol e pine. The trees did not appear to be 
harmed by the premature needle loss of some of 
the older foliage, but only additional time and 
observation will confirm this. 

So far, we have not been able to identify the . 
cause of the older foliage browning and casting · 
on lodgepole pine as a result of applying 2500 
ppm ethephon plus surfactant with a hydraulic 
hand-jet sprayer ·. More volume of spray was 
applied by this method than by the · other two 
methods, and this may have led to accelerated 
abscission of needles already predispos ed to 
needle casting~ Early stages of cellular 
senescence must be reached before tissues become 
ethyle ·ne sensitive. A plant threshold must be 
reached before ·externally applied ethylene 
becomes effective. After the threshold is 
reached, leaf abscission appears to be a function 
of internal et hylene content and, as l eaves age-
progressively, less ethylene i s required to 
defo'iiate them (Doubt 1917). 

Loss of older needles could have a positive 
effect in certain s ituati ons . Griffing and Ursic 
(1977) reported loss of I - year-old need l es of 
potted lobl ol l y pine, P. taeda L., seedlings 
sprayed with 5000 ppm et hephon in water. Neit her 
survival nor ·current-year needles were affected. 
Griffing and Ursic suggested th at loss of foliage 
under field conditions could lead to a r eduction 



of evapotranspi~ation losses from southern pine 
forests to increase water yield. This could also 
conserve water for trees growing on droughty 
soils. Lodgepole and ponderosa pine are 
frequently found on _droughty soils, ~d dwarf 
mistletoe infection is often more severe on such 
sites. Water conservation through loss of older 
needles and mistletoe shoots caused by ethephon 
treatment~ might benefit tree health and growth 
under . certain conditions. 

In 1984, we sprayed 80 _containerized lodgepole 
pine seedings with 2500 ppm ethephon with 
surfactant by using a hand-held bottle sprayer. 
Eighty seedlings served as a control. There was 
no noticeable difference in height growth or 
needle retention between treated and control 
trees 9.5 weeks after treatment (Authors' 
unpublished data). 

Additional studies are needed to understand the 
long-term effects of ethephon treatments on dwarf 
mistletoes, their hosts, and surrounding 
vegetation. Meanwhile, direct application to 
individual infections using a hand-held bottle 
sprayer or to individual infected trees using a 
back pack mist blower now seems feasible once EPA 
registration is completed. Further research is 
also needed to determine the feasibility of other 
application methods including aerial application 
under forest conditions. 

CONCLUSION 

Dwarf mistletoes are a leading cause of growth 
loss and mortality on conifers in North America. 
Our studies have shown that ethephon will 
stimulate abscission of up to 100 percent of the 
dwarf mistletoe _ shoots qf two dwarf mistletoe 
species affecting lodgepole and ponderosa pines. 
We feel that ethephon control will prevent or 
reduce spread and infection for up to 4 years 
and, perhaps, longer. The development of an 
effective, safe, and _.economical pla,nt growth 
regulator co.ntrol for dwarf mistletoes would have 
immediate application and would significantly 
reduce the impact of a maj_or forest disease, 
especially in high value stands, recreational 
areas, seed orchards, and ornamental plantings 
around homes, cabins, and business 
establishments. It would also provide forest 
managers with another control option that could 
be used in conjunction with successful 
silvicultural controls currently being used. 
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Forest Decline in Europe 

P. Schutt 

Abstract 
An overview is given on the pe,cularities, 
the development and the possible causes 
of forest decline, a disease-syndrome 
which in large parts of the northern 
hemisphere seems to damage · forests as 
ecosystems •. Air pollution most probably 
belongs to the primary causes, although 
the classical components so2 and HF. can-
not explai n the phenomenon. 

Since·the beginning of the eightieth 
forest pathologists in Central Europe 
became aware that a new type of disease 
began to spread very rapidly over old-
age conifer forests of lower and medium 
elevation in several · parts of Central 
and Southern Germany, of Austria, Swi-
tzerland, of Northern Italy, and Yugos-
lavia. Old growth of European Si lver Fir 
(Abies alba .) and Norway spruce (Picea 
abies ) was most severely affected at 
first, one or two y ea rs l ater Scots Pine 
(Pinus sylvestris) and European Beech 
(Fagus sylvatica L.) followed, indica-
ting that the phenomenon was not re-
stricted to one species only but by and 
by was attacking the mos t impor tant tree 
species, broadleaved ones includ ed. 

So th e probl e m very sGon beyond the .eco-
nomic aspects rece ived a certain atten-
tion a lso by environmentalists. To ge -
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ther with foresters and biologists they 
saw a concrete danger for the continua-
tion of natural and secondary ecosystems 
and therefore alarmed the public. 
This again l ed to a very engaged pub lic 
debate. For years, acid rain, air _ pollu-
tion and forest decline were the key-
words in many discussions. Newspapers, 
radio __ and television reported daily 
about the scenery around the suffering 
forests. Since industry, administrations 
and politicians were also envolved and 
expressed their own (differing) ideas, 
opinions and hypotheses, the situation · 
became more and more confusing . In front 
of this background it became almost im-
possib le to establish a cool and objec-
tive scientific argumentation. Even now, 
after about six years of "Waldsterben"-
experiences , it is still hard to draw 
a clear picture of the present situation 
and especially of the pros and contras 
.on the causal effects. Almost every-
thing is still moving and science is far 
away from giving a precise answer on the 
question what are the causes of decline 
and how does it develop. 

1. Definitions and pecularities of 
Waldsterben 

Since the beginning tw o contrast ing de-
finitions of "Wald sterben" are given : 

1. It is understood as an outbreak of a 
number of well-·known forest diseases 
which by chance (or predisposed by 
climatic events) appear at the same 
time and at the same place. 
Consequently normal application of 
control techniques or of prophylactic 
silvicultural practices then would 
help tq solve the problem. 

2. Waldsterben has to be understood as a 
disease of forest ecosystems, caused 
by anthropogenic toxification. Not 
only trees are affected but also mi- . 
croorganisms, zoological and botanica l 
members of the system as well as its 
chemistry and physics. Tnis l e ads to 
reduced vigor of many biological com-
ponents for .. instance of trees which 
will be predisposed f~r all kinds of 
abiotic and biotic attacks. Under 
this supposition contro l measures 
would rather harm than help . 

No doubt that th~se t wo different kinds 
of background-philosophy n~cessarily 
must lead to diff e rent strategies 
of research, too . 

Unrelated to th ese more general conside-
rations we have to state why the pecula-
rities of the forest-decline-phenom e non 
justify to talk about a n e w and uniqu e 
pathological event. The following cha-
racteristics may show what is meant. 

1 . Unknown symptoms of dec line in old 



spruces appeared for the first time in 
different localities of Southern Germany. 
Lower elevations were affected earlier 
than higher ones. Within one year, forest 
damages of the same type could be ob-
served in Austria, Switzerland, Italy, 
Scandinavia, Poland and Yugoslavia. There 
was no evidence at all of a typical epi-
demilogical pattern of disease develop-
ment. 

2. Since 1980 a clear progress of decline 
intensity is to be noted. 

- Geographically: with the exception of 
Portugal, Albany, Bulgaria, Gree .ce and 
Rumania where no Waldsterben-symptoms 
have been reported yet, the' decline has 
spread all over Europe and is increa-
sing in intensity from year to year. 

- Biologically : starting with fir, 
spruce, pine and beech the syndrome in 
the meantime has reached the majority 
of native tree species, some introduced 
ones like Douglas-fir, Black Pine or 
Giant Sequoia, included. Shrubs and 
herbs begin to suffer, too. 

3. In principle forest decline is not in-
fluenced by differences in geology and 
soil. It occurs on wet and dry, on ·ac id 
and basic, on poor and fertile substra-
tes. Regional differences in climate do 
not play a role, either. 

4. Since the disease occurs the same way 
in natural reservations as well as in in-
tensely managed even-aged forests and 
since it affects mixed stands as well as 
monocultures, silvicultural practices 
obviously do not influence the outbreak 
of "Waldsterben". 

5. In a number of cases new disease-symp-
toms or symptom combinations occur. This 
is for instance true for Picea abies, 
Fagus sylvatica, Betula p e ndula, and 
Larix decidua. 

6. With respect to the primary causes · of 
forest decline we are far away from pre-
cisely pointing out one particular com-
ponent, component-combination or chain 
of different compounds which without any 
doubt originally induce t he svndrome. In-
stead of a convincing proof we have to. 
argue with probabilities. So it is al-
most generally accepted scientific opi-
nion that air pollution is responsibl e 

. for "Waldsterben". Or as I would prefer 
to say: "F orest decline probably would 
not occur without air pollution". 

So, altogether European Forestry sudden-
ly has been confro nted with an unknown 
pathological phenomenon which see ms to 
affect forests · as an ecosystem, which 

· is up to now poorly understood and which 
h as to b e ~ontrolled immediat e l y al-
though its causes are not full y known, 
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yet. 

How to recognize forest decline? 

At first sight, symptomatology of forest 
decline is heterogenous and rather com-
plicated. 
Beyond a certain interspecific variation 
which is to be expected, there are regio-
nal and local differences in the symptoms, 
however, sometimes also annual changes. 
Moreover a pronounced increase in suscep-
tibility against normal pathological 
events is <obvious for several tree spe-
cies. This i• true for insedts, fungi and 
a~iotic influences as well . . Especially a 
higher frequency of weak parasites is · 
apparent. 
These symptomatological variations are 
easier to understand if we implicate 
a primary pathological influence which 
weakens tree species (or the total ·fo-
rest ecosystem) · and consequently acts as 
a predisponsing influence for secondary 
7ven~s . These secondary events, however, 
izy.pr~nt the actual picture of symptoms, 
considerably. 

Apart . form these sometimes con·fusing de-
·tails a )'lumber of symptoms is jointly 
to be observed in most of the affected 
tree species investigated. 

- reduction of foliage 
Transparency of the crown as a result 
of reduced leaf numbers, and/or re-
duced leaf size and/or alteration of 
branching habits is common for all 
affected conifers and broadleaf-spe-
cies. ln addition in beech, maple, 
birch and ash an early autumnal disco-
loration and leaf fall (stari\:.ip ·g al-
ready in August) is typ ical for di-
se~sed trees. On the other hand, ca-
sting of green (to grayish-green) 
needles is characteristic for affected 
gymnosperms. 
These symptoms often are expl~ined as· 
a form of early senescense,.- '1:hey seem 
to be combined with disharmonies in 
th e level of growth hormone sub-
stances. 

- destruction of the fine root system. 
Numerous investigations in Norway 
spruce and Silver Fir indicate that 
the fine root system of diseased tr ees 
compared with these of healthy looking 
ones · 

- show a much higher mor ·tality 
rate 

- have a reduc ed r ep rodu c tive 
ab ility 

- are much l ess intensely my-
corrhized. 

All these d i fferent types of root damage 
oppn,te in th e same direction : they re-
duce the rate of water - and nutrient up-
take for a given s iz e of t ree crow n . 
Thus roo t destruction necessarily will 



iead to detrimental eff ec ts on the fo-
liage. On the other hand a primary da-
mage to :Jnportant physiological pro-
cesses in leaves (photosynthesis, en-
zyme-synthesis) vice versa will reduce 
the supply of the fine root system with 
primary and secondary - organic plant sub-
stances. 

That means that the question, whether the 
roots or the leaves are attacked first, 
has to be left ope ·n. . 

The cause of "Waldsterben" 
As mentioned before, the prima ·ry cause 
of forest decline ts stiil unknown. Five 
years of research activities, however, 

'brought up .. a .. number of . hypotheses -which 
in most cases attribute "Waldsterben" 
to different -components of ·air pollution. 
S.ince air pollution,however, is a ve ry 
common phenomenon in Central Europe for 
about 120 years, since - typi~al pollution · 
damages in forest trees are very well 
described · at least since 1 a·ao, the present 
decline · syridrome must be attributed · 
to other -components than the classical 
air pollutants -so 2 _and HF. 

This consideration - is at least partially 
accepted by the majority of hypotheses, 
presently under discussion: 

- O -hypothesis (Prinz, Zoettl, Zech 
eic.). Photooxidants mainly o~, cause 
leaching of nutrients from ne~dles · 
defictency of Mg, · intensified by acid · 
mist .in the higbar .elevations. 

- Acid rain-hypothesis (Ulrich and cowor-:-
kers, . Bauch). Wet depositions of aci-
dified precipitation induce exchange 

. processes in the soil in the course 
of which (1)important nutrients are 
washed out (podsol-like processes) 
and (2) phototoxic Al- and Mn-Ions are 
concentrated · in the rhizosphere. 

- Stress-hypothesis (Schlitt and cowor-
kers) .• Permanent influence of a inix-
tllre of many air pollutan _ts (aerosols I 

organic compounds, photooxidants in-
cluded) reduces primary metabolic pro-
cesses like photosynd1esis - or enzyme- · 
synthesis (hidden .. symptoms) reduced · 
yigar .::of ·.·t.rees reduced supply of 
fine root system predisposition 
for pathogenic events destabilisa- ;, 
tion of the ecosystem. -

Some more or l es s isolated ideas which 
give severe winterfrost (Rehfuess) or 
unknown microorganisms like mycoplasma 
or virus (Kandler) first rank in the 
interaction of _causal factors are not 
taken for very probable. 

All these hypotheses do have their weak 
points. Furthermore in the course of 
_time they tend to diverge that to ·con-
verge. This, by _the way, is not only 
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true for their scientific content but 
also true for the coordination of re-
search. 
So, at the moment between the different 
school.s there is not much more consen-
sus than the ,·:conv:ictibn that. notone 
single factor is r e sponsible for the 
forest ·decline syndrome but a . combina-
t -ion of primary and secondary factors. 

This is more .than meager in view of the 
threat of our forests. If we are right, 
that ·11waldsterben" is a man-made pheno-
menon then we have to react clearly and 
immediately. For the field of research 

· this means to establish at once a con-
vincing international strategy ·and this 
not only in Europ ·e. American forests of 
the Northeast ,.seem to suffer from a com-
perable event and I dare to doubt that · 
your beautiful forests along the Pacific 
Coast are really as untouched as many 
people still believe. So, better watch 
the situ ·atio ·n in Europe and join us in 
our research activities against forest 
decline. 

l 
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A VISUAL AIN'T A VISUAL IF YOU CAN'T SEE IT 

Delbert E. Thompson 

No matter how sound or important your message, if 
your v isual aids are poor, chances are you will 
not communicate with the audience. A picture 
really can be worth a thousand words. What are 
visual aids? The term includes slides, posters, 
exhibits, overheads, photographs, and drawings. 
When do you need visual aids? You need them when 
words alone do not tel l the story . My objective 
in this paper is to suggest ways to improve your 
illustrations--slides, figures for publications, 
posters, or overheads- - and to use whatever 
resources you have. 

THE BASICS 

Begin improving your visual aids by critiquing 
what you see. When you see something you like--or 
something you do not like --as k yourself why. And 
watch how other people react . You ca n learn from 
the success or failure of the illustration s ·you 
encounter every day. Why do you like what you 
see? Probably one reason you like an illustration 
is that you do not have to work hard to get its 
message. An effective visual aid does not need an 
explana tion to get its point across. Need a 
picture of a tree? Show one tree--not the forest; 
the viewer of th e whole f~st may still be able 
to get the message, but not without extra effort. 
Look at what works in visual aids, and then pull 
the best together for your own work. 

Planning good graphics--like writing a good paper 
or giving a good ta lk--requ ires taking time at the 
beginning to answer a few basic questions. Plan-
ing makes the .diff erence between great products 
and indifferent ones. 

·Delbert E. Thompson is Art Director 
for Pacifi c Northwe st Researc h Station, 
Port land, Oregon. 
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AUDIENCE 

Step one is to know your audience and its needs 
before you ever set a pencil to paper. Who are 
you talking to? How much background or knowledge 
about your subject do they have? How big is that 
audience? Where is it located? What is the 
context--formal, folksy, or somewhere in between? 

ROUGH DRAFT 

Step two--no matter what your medi\1111-•is to 
produc_e a rough draft of your artwork. The rough 
draft lets you look at ~he illustration and ask 

· yourself, what is the most important point for my 
audience to grasp? What is the next most impor-
tant point? And so on. What logical flow do you 
want? What visual flow do you see for your final 
product? 

KEEP IT SIMPLE 

Art can capture ' attention; it can also turn people 
off . Too much complexity in illustrations, like 
long-winded prose, is lik e ly to cost you your 
audience. Probably the most important guideline I 
can offer for any kind of visual aid is to keep it 
simple . Specific guidelines for how much is too 
much, which depends partly on th~ medi\1111, will be 
offered as each medi\1111 is discussed. 

KINDS OF VISUAL AIDS 

Different media--slides, figures, posters, and 
overheads--can b~ used to provide specific and 
different effects. Each medi\1111 has its own 
specia l requirements to be effective, but they 
also have some attributes in common. 

All media can communicate , whether you have a 
complete story to tell or only a fragment. 
Probably 80 percent of the effect of good 
illustration is psychological; you can relax an 
audience, command its attention, or ke~p its 
interest by being aware of the effect a balanced 
use of color, complexity, shape, and simpli c ity 
have on most people. If you want peop l e to 
receive your message , you need to pay attention.to 
how your illustration ·i s likely to . affect them_. 

SLIDES 

The principal problem in keeping slides simple is 
the overwhelming temptation to j am too much infor-
mation on a single slide. A slide should have 
onl y one message. Speakers tend to use too few 
slides, thinking that more slides dr ag out the 
presentation. But too much stuff on one slide --
besides being dull--actually increases reading 
time. For example, by the time you have oriented 
your audience to the location of the important 
ultimate value of pi: "Now, if you'll just look at 
the third number in the fourt h column he re in the 
teensy print ... ," you probably could be two or 
three slides - down· the track if you had feature d 
that impor tan t piece of information on an extra 
slide. 



THE SLIDE GRID 

Balancing the amount of information you need to 
get across to the audience with the amount that 
can be absorbed is critical. One excellent method 
for -assuring balance is to use a slide · grid, in 
which the field, or area, of the slide fs used . or 
enliq:'ged into six different-sized rectangles 
proportional to the actual slide boundaries (fig. 
1). ·. Each of these proportional units or · "fields" 
can be used as the Qoundary for your artwork. The 
field you use -depends mostly on the effect you 
want. This me thod will help you learn how much is 
too much. 

Fields provide a sense·of proportion to your 
artwork. The larger the field , the smaller 
(proportionately) a -given piece of artwcirk is 
going to loo~. The effect is like standing on a 
rock bluff in a 2-acre pasture (or "field"), 
looking across at a cantankerous longhorn bull in 
the middle of _the pasture. Double the size of ,the 
pasture .proportionately (4 acres, or ·a field of 
two) without changing the size of tlie animal, and 
he appears less significant. Double the field 

· again (8 acres, or . a field of three), and you have 
cut that critter down to a manageable size with no 
hassle at all. 

Rever ·se the process, and you' re back to a pretty 
overwhelming view. This principle ties in with 
all the 'rough-draft work you do. The important 
point is to use the slide grid to el\lphasize 
information or to keep it in the background. 
Remember.that the slide grid is a tool of . 
proportion: the visual information you put in any 
field--whether a field of one or . a field of six--
will be proportionate to that area. Using a field 
of six will not give you a , bigger bull! 

The slide . grid (fig. 2) consists of rectangles at . 
a 2:3 ratio--the ratio of a 35-mm slide . Field 
1--the actual size of the slide image area--has 
shock power . If you use typewriter type (which you 
shouldn't), field 2 is the one to use. Fields 3 
and 4 are the best . fields to work in. · Always try 
to keep your artwork within one or two 'fields. 
Use the smaller fieids only to buy attention. 

Field s 5 and 6 are usable, but proc e ed with cau-
tion. These are the spots where the bad guys want 
to put those multicolumn t ables, volumes of text, 
and type too small to read. If you do use these 
fields ·, use fat lines and big, bold typ e . Keep it · 
siinple! 

To take advantage of the fields concept, photocopy 
this grid and make. your rough draft in the field 
you want to use. See if it will fit . Do not 
reduce the size of your handwriting to force it to 
fit; the ca mera will get . back at you later. Do · 
your final slide in this same field . or rectangular 
area. When you are through , can you--at a 
glan ce--go right t o the messa ge, ,without having to 
read anything? · For slides - - as for the oth e r 
medi a- - a variety of t e chniqu es c an help you manage 
visu a l in f ormation, but you mus t keep content to a 
workable amount! . 
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WORKING WITH THE ART. STAFF 

If you have an .art staff, · avoid giving .. them too 
much material :(;or any one slide. .,Professionally 
prepared slides 'w!th too much .c~x:it_ent; !\lay end up 
worse than s_l:tdes . prepared ,by ·someone with no · 
graphics r!}sciurces beyon!l, the ability to do hand 
lettering but the goo4 se:nse .no,t · to inclu~e too • 
much. Here again is where .rough-dra ·ft work pays 
off--you get the most out. .~fyo~r· graphics 
resources by ,spec.ifying on your ·r1>Ughs exactly the 
effect you want .· . . . 

Having a competent staff or a computer to assist 
with yoµr graphics .helps·, bµ.t you need · to under-
stand how to use the ·· staff or · c'omputer and where 
·to invest your doll .ars to help them work b.est for · 
you. Special photographic effEict:s-~like super-
imposing t;i.t:les over _photo .s],ides, computer-gene-
rated effects like neon; zoonis ; and · spotlight · .. 
spins--all make effective attention-getter slides. 
Special effects cost more money, but used .sparing-
ly they can jazz up youi: presen~,1.tion. You can 
use spot art (.a simple .drawi-qg 1 like a bird or 
tree) to enhance and communic·ate. · · For ·example, if 
you are presenting data on logs; boards, · and 
chips, a drawing of a log that reports log data . 
immediately orients viewers. If · you lack art-istic 
talent, watch for appropriate dr ·awings, photocopy 
them, and save them for later use. 

VISUAL TOOLS 

Once you have identifie4 your message, you com0 

municate it to the audience with visual tools--
lines, lettering; ·artd colors . Lines can be var:j.ed 
in thi ckness, and type (dot, dash, solid) . Let-

. tering can be of various styles (hand-lettering ·, 
typeset), boldness (th _ick, thin),· shape (short, 
tall), and size (big, little). Lines and letters · 
can be black on white, white on black, shades of 
gray- -or in full color · . . 

By using these tools, you can direct vie wers' eyes 
wher e you want wi-thout written words . What the 
eye picks up is different; use one or more of the 
visual tools to make your message different and. 
thus attract attention. · ' 

For our purpose, let's assume that slides come in 
two general forms: color and bla ck and white. 
Color slides are pictures of people and scenery; 
black and whit e are the "working" slides--titles, 
gra_phs , char t s, or drawings. . · 

Color can be added to thes e "black and white " 
slides to make a point or for emphasis. Us e color 
to communicat e , but use it sparingly. A graph 
with a white ba ckground, black lines, and one red 
dot will lead ·th e audience right to the red dot. 
I~ a r e d graph with one black dot, the audience 
_sees the bla ck dot first because it's different. 
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There are three types of black and white slides--
the negative sli<;i'e'; the pos'i'tive · sli'de, ·and the 
slide with co.lor S:oded to the artwork. Of these ,, 
I like the .:negative best; ~hen the slide i,s pro 0 

jecte _d,, · the "!hite lmage on black does not have the 
backgiound glare, and color can be ' added to high~ 
light part or all of th _e slide. To add color; use 
a felt-tip highlighter, food color with a drop of 
vinegar, or slide dyes. To present progressive 
information (fig. 3), s.im,ply order lots of dupli- · 
cates and add color to highlight information on 
each slide. · This . is the least expensive slide. 
It takes only 1- .3 :hours to pro~ess at the photolab 
because it takes one less step--you use the 
negative film as the slide. Positives (black 
image on white) _cost more and take longer because 
the photo lab has an extra step to get to the 
positive-film stage; _ The art for both is handled 
the same; you can cut and paste or use white-out 
to correct mistakes, and the slide will still be 
good. If color is desired in positives, you or 
the pgoto lab can color the background. High• 
lighting with color is a problem, so use other 
visual tools; for instance, heavy or dotted lines, 
crosshatching, ·or bold type. 

Black and white slides with color added to the 
artwork cost much :more than the other two .types. 
They also take longer to produce and are harder to 
shoot. Color artwork is less forgiving: you cans 
not just white-out a flaw or paste in corrections; 
everything shows to the camera. A 2-inch white 
border (using a 2:3 format) is essential around 
color work. Use of color can easily be overdone; 
and some colors just do ·not work toge ·ther. 

Sllde 2 Slide 3 

Figure 3. When information is presented 
progressively, color (in _this illustration black 
is used to direct the viewer's attention). · 

USING COLOR 

You can use color to code your presentation by 
providing color cues for each topic. You can take 
advantage of the psychological effect of color to 
produce the effect you want. Bright colors wake 
people up; some colors relax people; others 
irritate them. Too many colors can nullify and 
confuse, so be careful! ' 
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FIGURES 

Figures .in a publication are des _igned to ·co~uni ~-
cate ad.ditional . informatJon beyoJic;i what . is in the 
text. They .need to be able to stand alone as , a. 
complete piece of information, and they have to be 
reasonably free of clutter. If they are not easy 
to understand, you lose the reader's attention. 
Figures in publications can have more information 
than in the other media because the audierice has 
more time !;,o g_rasp the message, . 

To help you get stand-alone, clutter-free figures 
' that communicate effectively, here is another 
critical tip: plan and design the figure first, 
then write the related text copy around it. By 
taking advantage of -the superior ability of 
figures to comm4nicate certain types of infor-
mation, you can .save yourself the effort of des-
cribing in text what is best conveyed through 
figures ·. People remember information if they see 
and understand it in a picture. Tests have ranked 
types of illustration in the order people retain 
them best: photos, drawing, graphs, and tables . 
Very little information apparently is retained 
from tables .. 

Keep in mind that ~ome readers look first--or 
only--at your figures . As for slides and other 
media, the best way to produce a good figure is to 
put together a rough draft first. By asking your-
self -what is the most important -point, you can 
again pare down your figure to just essentials, 
keeping the content manageable and understandable. 

POSTERS AND EXHIBITS 

Presented - posters and exhibits are important 
information-distributing media. Although both are 
often called "posters," they have different 
purposes. A presented poster is designed to be 
explained by a presenter. Text is minimal; key 
points are highlighted and designed to spur the - . 
viewer to ask questions. Exhibits, on the other 
hand, are meant to be unattended. The .text will 
still be fairly short but needs to be self-
explanatory. It is likely t _o be somewhat long er 
than for a presented poster . Sometimes - you may be 
asked to present a poster that will also be dis-
played unattended; this double u~e requires a bit 
of juggling to meet both needs. 

PLANNING A POSTER 

Step one in planning a poster or exhibit is to 
find out the sponsor's requirements. How big can 
the poster be? How will you transport it? (A 
40-foot by 60-inch display will not fit into a 
small airplane or _ car .) What kind of display 
space will house the exhibits? You also need - to 
answer the following--by now farniliar--questions: 
Who is the audience? How far away will they be? 
What is ·the context for this presentation- -formal 
or friendly? What are the most important poin ts? 
How can you us e the visual flow of the design to 
enhance the . logical f low of the content? 



·-----';--

Figure 4. Rough layout for a six-paneled poster. 

Rough Layout 

Most posters and displays will be viewed from 
about 6 to 10 feet, which you need to ke·ep in mind 
when you construct your rough draft. Before put-
ting the draft together, gather clean, uncluttered 
photographs, artwork, graphics, and maps. Write 
your text around them. On a regular size piece of 
paper do a scaled-down version of your poster 
(fig. 4). 

· Generally, guidelines for successful posters 
require that you use: 

• No more than seven words in the title; 

• No more than 25 words in figure captions; 

• No more than 50 words of text in one place; 

• An attention-getter near the · title. It should 
be the element with the most visual impact of the 
whole poster. The first panel should contain only 
thetitle, author information, introduction, and 
attention getter. What stops the passerby can be 
a photo, map, drawing, graph, or the title. 

When doing your rough layout, look at all the 
illustrations carefully. Do not use one 8- by 
10-inch closeup photo and the rest 8- by 10-inch 
far-off shots; the closeup will pull the viewer's 
eye to its location on the poster. The smallest · 
type on the poster should be at least one-fourth 
inch tall. 

Mix drawings, photos, graphs, and text to help 
prevent big blocks of text and to make the poster 
more interesting. If you have only ,Photos and 
text, some spot art helps break the mechanical 
appearance. 

Design your poster in panels or components of 
manageable size. Long, narrow panels (40 inches 
by 18-22 inches) are the the best design I have 
found. 

Keep the subject to no more than three or four 
- points; do not crowd the information; create 

logical flow. The poster should contain title, 
introduction, methods,. results, and conclusion--
but not usually so labeled. 
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Do not use lots of colors; use them sparingly to 
aid viewers or complement your poster. Do not use 
a bright color as background. 

Making a Poster 

After you have made your rough layout and the copy 
is written, photos have been selected and illus-
trations made, what's next? .You need supplies. 
First, backing material. Poster board will work, 
but one-eighth-inch foam board is better and 
cheaper; it comes in 30-inch by 40-inch and 
40-inch by 60-inch sheets. 

You also need large sheets of colored (not bright 
colors) paper, 68-80-lb cover, enough to cover 
the full size of your poster. Cut ~he foam board 
into panels the sizes you need (round the corners 
so they do not dog-ear easy) with rubber cement or 
spray glue. Glue the paper to the panels. 

All photographs, illustrations, and type should be 
mounted individually--or grouped to make a com, 
plete message--on foam core and then glued to the 
paper-covered panels (hot glue works best). Keep 
everything as large as possible. You can get type ' 
from a typesetter or use press-on sheets of type. 
You can buy typeset copy smaller than its final 
size and enlarge it on a photocopier to save 
money. The finished poster in figure 5 has a good 

'balance of type, photographs, and drawings. 

When you are at the poster session, learn from 
others' successes and failures. Was the type too 
small? Too much text? The color confusing? 
Could you see the message? Didn't get your 
interest? Why? Why not? 



Figure 5. Finished posters based on the rough 
layouts in figure 4. 

CONCLUSION 

To get good visuals, use any of the tools I have 
mentioned to direct attention to your message. We 
all like to be entertained; visual _s that work best 
are entertaining--which makes getting the message 
easy . Watch for new and better ways to capture 
audience inteest and to entertain. And don't be 
afraid to use humor! 

In summary, critique -what you see, do a rough 
draft and keep it simple! 
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ANIMAL VECTORS OF ARCEUTHOBIUM AMERICANUM ON 
lpDGEPQJ.,E PINE 

Thomas H. Nicholls," Frank G. Hawksworth, and 
Leanne Egeland 

Dwarf mistletoe, Arceuthobium americanum, is a 
destructive parasitic plant on lodgepole pine. 
It adversely affects wood quality while reducing 
seed production in infected trees. Many 
infected trees eventually die prematurely. An 
understanding of how dwarf mistletoes are spread 
is critical 'to their effective control~ Local 
seed· dispersal of dwarf mistleto ·e via .their 
explosive fruits has been studied in detail, but 

· little is known of its long range dispersal. The 
establishment of dwarf mistletoes beyond the 
range of their explosive fruits suggests · ve.ctor 
involvement. Our objectlve was to determine if 
birds and mammals are vectors of .A. americanum 
dwarf mistletoe on lodgepole pine7 The research 
was done from 1982. to 1986 on the Fraser 
Experimental Forest in Colorado. 

A total of 721 birds (including retrap _s = IRT) of 
31 species were trapped and examined for dwarf· 
mistletoe seed. Fifty-two seeds were found on 46 
birds and 10 bird species were identified as 
vecto ·rs • The most important bfrd vectors were 
the gray jay, Steller's jay, gray-headed junco, 
Audubon's warbler, and the mountain chickadee. A 
total of 301 mammals (IRT) of four species were 
trapped. All four mammal species were identified 
as vectors with the least chipmunk being the most 
important. Twenty-nine seeds were found ori 29 
trapped mammals (IRT). Results show that 
establishment of dwarf mistletoe on lodgepole 
pine beyond the range of its explosive fruits can 
be explained .by vector dissemination of seed. 

THOMAS H. NICHOLLS is a Re~earch Plant 
Pathologist and LEANNE EGELAND is a For .estry 

· Technician at the North Central Forest Experiment 
Station, USDA Forest Service, St; Paul, Minn. 
55108. FRANK G. HAWKSWORTH is a Research Plant 
P_athologlst at the Rocky Mountain Forest and 
Range Experiment Station, USDA Forest Service, 
Ft. Collins, Col. 80526. 
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DISEASE CYCLE OF LIRULA ABIETIS-CONCOLORIS ON 
WHITE FIRS IN ·cALIFORNIA. 

Robert F. Scharpf 

Lirula abietis~concoloris is an endemic fungus 
in Wes-tern . North America that causes ·· a · f oliage · 
disease of true firs (Abies) • . In California 
white fir (A; concolor) occasionally becomes' 
severely diseased. And for growers of white fir 
Christmas trees, ·losses can be heavy. To control 
the disease and reduce losses,, knowledge of . the . 
disease cycle is essential, especially as to 
timing of p·reventative fungicidal sprays. 
Research has clarified the variou _s stages in the 
disease cycle that helps in diagnosis and 
control. · 

Fruiting bodies mature · and -spores of · the fungus · 
are released in spring when the new foliage of · 
white fir emerges. Rain triggers -the opening 
of fruiting bodies along a longitudinal slit, 
and ascospores are shot out of . small tubes - called 
"asci" . The sticky sp·ores are deposited. on · 
young needles, _germinate, and form an appres-
sorium that pene ·trates and infects th e host. 
After infection, th ·e fungus grows· within the 
needle tissue _until the following summer without 
showing visible dis .ease symptoms •. · First · symptoms 
appear as a. yellowing or · chlorsis oC the previo us 
years foliage. In lat e -summer, .longitudinal, · 
black bands .or dark mottling ·appears in the 
chlorotic foliage. B·y winter, a single- -black 
hysterothecium develops on . the lower · surface, 
and a less conspicuous brown asexual fruting 
body develops on the upper surface of : infected 
needles. However, hyst erothecia do not -·-mature 
and release ascospores until spring when warm 
rains occur and new foliage has deve lop ed. -
Because spring rains do not . alwa_ys coincide with 
new foliage growth, -the disease occurs . 
sporatically . Th_er.efore., knowledge of . the 
disease cycle and the weath er · conditions that 
regulate fnfection -is necessar y .. f.or · fungicidal 
control of 1_. abietis-concoloris, 

ROBERT F. SCHARPF is a plant . pathologist at the 
Pacific Southwest Forest and Range Experiment 
Station, USDA Forest Service, Berkeley,' CA 



FIELD TRIP--Glaciers, Spruce Brooms & Flutes 

Paul Hennon 

September 10, 1986: 1pm - 5pm: 

Some 80 WIFDWCers and spouses were treated to 
an uncharacteristically dry day in September 
during the field trip to view local sites and 
disease situations. Transportation consisted 
of two buses, generously supplied by R-10 
Forest Pest Management, with local and 
knowledgeable drivers.Each bus driver briefly 
described the history of Juneau as they toured 
through downtown and past the Governor's 
Mansion. 

We then headed north along Egan Expressway 
towards the Mendenhall Valley. Paul Hennon , 
and Terry Shaw pointed out some rather large 
Sitka spruce trees in an newly constructed 
industrial park that were dying from apparent 
damage to their root systems. Spruce trees are 
shallow rooted and do not tolerate anaerobic 
soil conditions that result from soil 
compaction or the piling of soil around their 
root collars. 

The next stop was Mendenhall Glacier, where 
field trippers got up close and personal with 
a quietly receeding glacier. While not the 
largest glacier in Alaska, Mendenhall is the 
most visited and photographed; it is one of 
two "drive-in" glaciers in the state. 

Spruce needle . rust was the topic of the next 
stop. The rust was sporulating both on spruce 
and the alternate host, Labrador-tea, in a 
muskeg. Paul Hennon explained the . biology and 
apparent impact that this rust has on spruce 
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trees. _Paul, however, had no explanation for 
how participants were supposed to navigate the 
one-way, dead-end boardwalk trail he had 
constructed. Rhytisma sp . and Melampsora 
epitea also were viewed on willow leaves. 

The next stop was at Terry Shaw's former house 
in Juneau. After a brief, albeit 
unsuccessful, sales pitch, Terry showed 
participants hemlock dwarf mistletoe in the 
heavily infected old-growth forest. Terry was 
uncharacteristically speechless when he found 
previously unrecorded "brooms" on spruce in 
his own front yard! 

Participants then piled back in the buses and 
headed north with panoramic views of Lynn 
Canal and the distant Chilkat Range. Kent 
Julin briefly explained hemlock fluting at the 
next stop near Eagle Beach. 

Some participants were then driven to the 
Eagle River Methodist Camp for relaxation and 
refreshments; others hiked up a short trail to 
an area where Bill Farr (PNW Research 
Silviculturist) described his work with 
thinning and manipulation of stand density . 
Porcupine damage and some Fornes annosus 
stump-inoculations were viewed and the . 
possible effects of this root . disease on plans 
for second-growth management were discussed. 

_ Once all partcipants had been returned to the 
Eagle River camp and properly refreshed, most 
opted for a brief walk on the beach at the 
Eagle River picnic area--ending the "formal" 
portion of the field trip. 

After returning to Juneau, most WIFDWCers were 
taken to the Gold Creek Salmon Bake for a 
feast on king salmon barbequed on an open, 
alder-wood, fire. Nobody went hungry and few, 
if any, left thirsty. 

I 



BUSINESS MEETING MINUTES 

Sally J. Cooley 

The business meeting was called to order by 
Kenelm Russell, Chairman, at 11:00 am on 
September 12, 1986. Appreciation was 
expressed to John Laut for the successful 
program. Thanks were given to the people in 
Alaska who were responsible for .the local 
arrangements and field trip: Juneau Ranger 
District, Juneau Forest Pest Management, 
Centennial Hall people (Dorothy Osborne, in 
particular). Special thanks were given to 
Paul Hennon and Elaine Loopstra for the time 
and effort they gave to making 1986 WIFDWC a 
very enjoyable and efficiently run meeting . 

OLD BUSINESS 

The minutes and treasurer's report from the 
1985 conference were approved as printed in 
the 1985 proceedings. 

Thanks were given to Walt Thies, 1985 WIFDWC 
Secretary, for the timely and excellent job of 
putting out the 1985 Proceedings. 

1987 WIFDWC Information. The 1987 meeting 
will be held in Nanaimo, British Columbia, 
August 18 to 21; at the Inn at Sea Resort 25 
km south of Nanaimo on the east coast of' 
Vancouver Island. The planning and 
organizational commmittee is as follows: 

J. Beale: Vancouver (604) 660-7646 
K. Fink: Victoria (604) 727-6639 
D. Hudson: Gold River (604) 283-7213 
J. .Kumi: Nanaimo (604) 753 -111 2 
P. Morris: Vancouver (604) 224-3221 

The 1987 APS meeting will be in Cincinatti, 
Ohio, August 2 to 6, so there will be no 
conflict with WIFDWC. 

-1986 APS Meeting Report. Dave Johnson 
reported on the meeting of the Forest . 
Pathology Committee at 1986 APS meeting in 
Orlando this August. Art Kehlman has prepared 
an editorial for Plant Disease concerning the 
declining state of forest pathology personnel, 
research and funding in the US and Canada . 
The question was raised as to whether or not 
WIFDWC should support or endorse this 
editoria l. Discussion followed. Ed Wood: 
reductions in n~bers of pathologists is much 
less than reductions in other staff groups at 
Di s trict and Forest levels. Ed Wicker: 
concurs with Ed Wood; we will neeg better 
management to better utilize existing 
resources and personnel. Jim Stewart: Forest 
Service Chief is inter ested in practical 
research whi ch will benefit the land manager. 
We should be focusing on the program rather ~ 
than the budget; i.e., what can we do with 
what we have? Bart Van der Camp: We should 
not be comparing current conditions with 
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personnel and budget levels in the 1970's; the 
peak in numbers and $'s occurred in 1979. We 
should perhaps be comparing cu rrent levels 
with levels in the 1950's; when we do that, 
1980's look good. Ed Wicker: not concerned 
about age class skewing, but he is concerned 
about what it implies; i.e., we are ·not 
bringing in new employees with new ideas, 
current education, etc. We need to be able to 
wrap-up projects that have been going on a 
long time and from which sufficient 
information has been collected and go on to 
new, pertinent projects ("leave dead dogs 
lie"). He feels that plant (forest) 
pathologists should be paying more attention 
to some new, less traditional areas such as 
air pollution problems (since atmospheric, 
aquatic and terrestrial ecosystems are closely 
tied) and transport of pests with the 
transporting of wood products (we need to be 
responsible for export of high quality 
product _s, especially to the European economic 
community) . 

New Honorary Life Members. The following 
1985-86 retirees were given Honorary Life 
Member status: 

Oscar Dooling, -retired from Forest Pest 
Mgmt, Region 1, Missoula 

Jerry Riffle, retired from Rocky Mtn. 
Exp . Stn., Region 2, Lincoln 

Jim Trappe, retired from PNW Exp. Stn . , 
Region 6, Corvallis 

John Woo, re .tired from Intermtn. Exp. 
Stn. , Region 1, Moscow 

Committee Reports. Committee reports were made 
by John Laut, Mistletoe Committee Chairman; 
Ken Russell, Disease Control Committee 
Chairman; and Rich Hunt, Rust Committee 
Chairman. Greg Filip, Root Rot Committee 
Chairman, was not present to give his report. 

·written reports from committees appear 
elsewhere in proceedings as colllljlittee reports 
or as individual papers. _ John Laut announced 
his resignation as chairman and appointed John 
Muir as new chairman (the Mistletoe committee 
formed in 1956; .Fr ank Hawksworth was chairman 
1956 to 1971; John Laut was chairman . from 1971 
to 1986). 

Conference Format. Conference format was 
discussed. Panels with open dis cussion wer e 
successful and most agreed that they enjoyed 
this type of format . A suggestion was made 
that, in the futur e , handouts containing hard 
data or pertinen t information might accompany 
thes e "loose" discussions. 

NEW BUSINESS 

WIFDWC recognized Jim Stewart and his new 
yosit ion as Director of Forest Insect and 

-- Disease Research (formerly Dire cto r of Forest 
Pest Management), USDA, Forest Service, 
Washingt on, DC. 



1987 Executive Committee. The 1987 executive 
committee was nominated (by Bob Gilbertson, 
Reed Miller and Dave Johnson) and unanimously 
approved: John Muir, Chairman, and Greg 
D~Nitto, Secretary-Treasurer, Chairman Muir 
subs~quently appointed Jerry Beatty as Program 
Chairman. 

1988 WIFDWC Location . Park City (or somewhere 
in the near vicinity), Utah was proposed by 
Fred Baker as the location for the 1988 
WIFDWC; the Utah location was unanimously 
approved. 

Meeting Announcement. Pritam Singh announced 
the Joint Meeting of the Canadian 
Phytopathology Society and the American 
Myco~ogical Society, June 21 to 25, 1987. 
There will be two forest pathology sessions: a 
symposium on June 24 and a session of 
contributed papers in forest pa_thology. The 
announcement for this meeting will be in the 
Phytopathology Newsletter and CPS News~etter. 

SAF C.E. Credits. A motion was -made to have 
the - program chairman responsible for sending 
the WIFDWC program to SAF in order to obtain 
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SAF Continuing Education credits for 
attendance. The motion was carried and 
approved. 

·Honorariums and Awards. A motion was made to 
~llow the executive committee, after 
consulting with a reasonable number of 
members, to award honorariums to non-member 
WIFDWC speakers. The amount of the honorarium 
will depend on the funds available and will be 
at the discretion of the executive committee. 
The motion was carried and approved. 

A motion was made to consider for further 
discussion graduate student awards, 
professional achievement awards and the future 
of the social achievement award. 

Miscellaneous. WIFDWC mementos, such as hats, 
cups, T-shirts, etc, were generally liked. It 
was agreed that local arrangement people can 
use money from the treasury to purchase the 
items, ·which will be sold during the · 
con"rerence. 

Pete Angwin voiced his appreciation of the 
reduced . graduate student registration fee. 



INTERIM PROGRAM CHAIRPERSON'S REPORT 

Jerome S. Beatty 

The following are topics for panels and papers 
that were suggested in Juneau for the 1987 
WIFDWC in NanaJmo, B.C. 

Suggested Topics for Panel Discussions: 

1. Root diseases; Have a panel with members 
representing different geographical areas; it 
is important to compare . and contrast root 
disease prevalence and management in the 
West. Information to be covered or questions 
to be answered: 

a. What are the major root diseases? 
b. Species impacted? 
c. Type of impact: mortality, wind-

throw, decay? Include recreation 
areas. 

d. Stand conditions under which disease 
occurs? 

e. Unique aspects of etiology or 
epidemiology? 

f. Controls recommended: experimental or 
operational? 

g. Control efficacy? 
h. How are controls used? ie. standard 

procedure, special areas only? 

2 . Impact and control of Annosus root disease 
(butt rot) in western hemlock forests: 

a. Impacts-are there any? 
b. Efficacy of control(s) - any needed? 
c. Stand risk ratings ·, environmental 

influences? · 

3. Impact and control of Armillaria root 
disease(sY: 

a. Coastal and inland forests. 
b. Effects of logging and other 

disturbances on disease severity. 
c. Detection and appraisal methods. 
d. Disease occurrence: ubiquitous stress 

vs. foci. 

4. Pinewood nematode situation:. surveys, 
research, quarantine info. 

5. How to improve transfer of research 
results and how to stimulate research on 
important practical problems: a panel of 
regional views including Province, State, 
Federal, University, and Industry. 

6. Damage appraisa l (effects on growth and 
yield, stocking standards) for: 

a. Dwarf mistletoes-new models? , 
- substantiation? 
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b . Root diseases. 
c. Stem rusts and cankers. 

7. How can forest planning models incorporate 
pest considerat ion s or impacts? (Reid and 

Errico, Univ. of Victoria). 

8. Use of biotechnology in forest disease 
research: 

a. Isozymes. 
b. Tissue culture. 
c. Molecular biology. 

1 . DNA sequencing. 
2 . Protein focusing. 

9. Use of "chemicals" in forest disease 
control. 

10 . Why is forest disease research in the 
western U.S . in a state of decline? 

11. Why aren't we getting more forest 
pathol6gy results (publications) from the 
western USDA-Forest Service Experiment. 
Stations? 

12. Explore the use and misuse of analytical 
tools such as RMYLD and the PROGNOSIS root 
disease model in integrating forest pathology 
with silviculture. 

13. Atmospheric deposition. 

14. International transfers of pest organisms. 

Suggested Topic for Workshop: : 

1. Al Funk should be invited to present a 
pre-WIFDWC workshop on canker disease fungi 
found on western conifers. Region 6 USDA FS 
would be willing to pay tuition. 

Suggested Topics for Poster Session: 

1. British Columbia regional problems and 
programs in forest pathology. 

2. Textbooks, teaching aids, course packages, 
modules, etc. for Pacific tree diseases. 

Other Suggestions: 

1. Repeat/maintain program format as 
established in Juneau. 

2. Stream line institution reports on new and 
old projects . 

3. Enforce "no smoking" rule in the meeting 
rooms. 



TREASURER'S REPORT, THIRTY-FOURTH WIFDWC 

Balance on hand at close of thirty-second meeting 

Adjustment for final 1985 (33rd) Proceedings printing 
estimate (original estimate $850.00; actual $1056.00) 

Interest paid July 1, 1985 through June 30, 1986 

Miscellaneous proceedings sales (30) 1/1/86 to 12/31/86 

Common Names book sales@ $1.00 ea. (5) 1/1/86 to 12/31/86 

Exchange charge for discount on Canadian check 

Sub-total 

Thirty-fourth WIFDWC s.tatement from Juneau meeting 

Receipts: 

Regular · par .ticipants 
Students 
Honorary life members 
Spouses 
Total registration 

(61@ $33) 
( 2 @ $20) 
( 4 @ $ 0) 
(13 @ .$ 5) 
(80) 

Banquet (76@ $20) 
Refund from Centennial.Hall 

Sub-total 

Expenses: 

Rental of Centennial Hall 
Field trip transportation 
Banquet 
Banquet entertainment 
Rental of Eagle River Lodge , 
Monday night appetizers and drink 
.Refreshments during meeting breaks 
Hospitality room drinks : . 
Award to Peter Schutt 
Proceedings . printing estimate 

{adjustment will be made next year) 

Sub total 

Balance at close of thirty-fourth meeting 

$2118.00 

1520.00 
21,71 

3659 .7~ 

NC 
NC 

1540,00 
150.00 

50.00 
343.95 
321.00 
104.44 
300,00 

1150.00 

3959 .39 

$il40.37 

(206,00) 

108, .12 

181.00 

5,00 

(15,50) · 

1212,99 

. , 

913,31 

Continuous account number 936258 held at the Washington State Empl9yee's Credit Union. PO Box WSE.C_U, Olympia, 
WA 98507 '. PhQne (206) 943-79 _1_1• 

Official signatures for withdrawing _funds are Walt Thies, Ken Russell and Fields C~bb, 

Ken Russell, December 31, 1986 
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·34TH Annual Western 
· international Forest 

Disease Work Conference 
Juneau, Alaska 

September 9-12, 1986 

Western International 
Forest Disease Work Conference 

Mistletoe Carmittee Report 

1986 Highlights 

John G. Laut, Chainnan 

I, Taxonomy, Hosts, Distribution 

A. 'lhe follooing i;aper has been 
published "Exotic pines infected by 
two d-rarf mistletoes in southern 
cal.ifornia." (Robert F. Scharpf and 
Frank G, Ha-,l<sworth. Plant Disease. 
February, 1986) 

B. .Happenings on the International 
Arceuthobiurn front: A new species 
has been reported fran Northern 
Pakistan on Pinus wallichiana and 
also an undescribed species has been 
collected in Pinus herrerai in 
Sonora, Mexico. 'lhe mistletoe on 
Podoca,:pus in CUba described as 
Arceuthobiurn cubense has been found 
to be not a d-rarf mistletoe, but 
bendro,phthora cupressoides. CF. G. 
Hawksworth, RM Station) 

C. 'lhe ponderosa pine d-rarf mistletoe, 
Arceuthobiurn vaginatum suoopecies 
ccypto.,podom. was collected for the 
first time in northwestern Arizona; 

· at Mt. Trl.Jllbull and the Virgin 
Mountains. '!be gap between this 
mistletoe and A, cal1l?{lopodun on 
ponderosa pine near Las Vegas, Nevada 
has been narrwed to about 100 miles. 
(F. G. Hawksworth, C, G. Shaw, B, 
Geils, RM Station; J . Beatty, &I 
Region) 
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D, studies in isozyme analysis of 6 
members of the Arceuthobiurn 
c;anwlo_podtnn group are underway to 
help determine their taxonanic 
status. Mistletoes being studied are 
those on hard pines CA. caumlo_podurn, 
& occidentale. and a population on 
knobcone pine in northern California 
and southern Oregon) and the hanlock 
mistletoe (western hemlock, mountain 
hanlock, and shore pine races.) (Dan 
Nickrent, University of Illinois, F. 
G, Hawskworth, RM Station) 

II. Pl¥siology - Anatoiey 

A. Grwth readings are being taken this 
sunmer on d-rarf mistletoe infected, 
yomg red firs fertilized with 200 
lbs. N per acre in 1983. Effect of N 
on grooth of toth host and parasite 
will be evaluated, CR. F. Scharpf 
PS-1) 

III. Life Q{qle studies 

IV. 

v. 

A. A i;aper on p::,llination ecology of 
black spruce dwarf mistletoe was 
published iri the canadian Journal of 
Forest Research (Vol. 15:708-714), 
and a i;aper on seed dispersal 
a:i;:peared in GJFR Vol. 15:1-5, 
concluding these studies. CF. Baker 
and D. w. French . University of 
Minnesota) 

Host - Parasite Relations 

A, A study has been initiated to develop 
a rapid method -for screening Jeffrey 
pines for resistance to d-rarf 
mistletoe. Objectives are to extend 
existing greenhouse screening methoos 
to tissue cultured Jeffrey pine 
material and to streamline and 
imprwe deteonination of d-rarf 
mistletoe resistance . De\Telop .in 
.aitu methods of co-cultivation of 
d-rarf mistletoe and Jeffrey pine 
callus in order to examine cellular 
mechanisns for resistance. This 
research will be conducted at the 
Institute of Forest Genetics, 
Placerville, cal.ifornia and the 
disease laboratory, PSW Berkeley . 
CR. F. Scharpf, PS-1; Ann Stanp, North 
Carolina State university) 

Effects on Hosts 

A. '!be manuscript "Infection of 
tbderstory Jeffrey Pine Seedlings by 
Western Dwarf Mistletoe," by Robert 
F. Scharpf and Detlev Vogler is in 
print. Research note PSW 386, July 
1986. 

B, Five year grwth and mortality data 
are being taken this year on se<1eral 
thinned, d-/arf mistletoe infected red 
fir plots. (R. Scharpf P&W> 



.c. Arceuthobium arnericanum apr-ears to 
stress jack pines to the degree that 
they becx:me attractive to Ceramcycid 
beetles, which in turn can:y the pine 
wood nematode. 'Ihe nematode and the 
Cer~ci~ were found only in 
declining or dead trees. 'Ihe d,,,arf 
mistletoe appeared to be the primacy 
cause cif mrtality. 'Ibis study was 
published in Forest Science 
31:866-870 (F. Baker, T. Burries, M. 
Wingfield, university of Minnesota; 
and K. Knowles and Y. Beaubien, 
Manitoba Depu:trnent of Natural · 
Resources) 

D. A set of nonlinear mdels based on 5 
an dianeter (dl:xl) classes were 
develoi:ed for predicting ten year 
dianeter grCMth and mortality in 
W1evenaged stands of p,nderosa pine 
infested l::?i' Aroeuthobium yaginatum 
sul:ep. cryoto.podum. Growth of 
uninfected and infected trees was 
reduced lbased _9Il severity infection 
and intertree oomi:etition) fran a 
potential growth based on site. 'Ihe 
intertree competition effect was best 
described l::?i': basal area of the dbh 
class and larger trees (BASL) ; size 
class dbh to average st,and dbh ratio; 
and the level of infection caused 
wer ~0% decrease fran potential 
grCMth. When trees were heavily 
infected, their cani:etitive effect 
was reduced. 'Ihe best predictors of . 
the i:ercent trees within a dbh class · 
dying dier a ten-:year i:eriod ·were: 
i:ercent of severely infected trees in 
each dh . clas ·s, size class dl::h, and 
BASL. · (H. M. Maffei, F. G. 
Hawksworth, w. R. Jaoobi, CSU & RMS) 

VI. F.cology 

A. Abstract of an abstract of a . PhD 
thesis fran Portland State University 
by Jaoos L. Wanner entitled "Effects 
on Infection by ·rwarf Mistletoe 
(Arceuthobium arnericanum). on. the 
Rlpulation [¥narnics of Ioogepole Pine 
<Pinus ·contorta. "> This study 
danonstrates that the negative . 
short-term .effects of i:arasitisn are 
offset by long-teon adjustments in 

. host i;:oµ.uation dynamics therel::?i' 
prwiding a stable ccmnuni.ty 
structure. Arceuthobium arnericanum 
pranotes a disturbance regime that 
fcr-,ors the regeneration of L 
contorta. This contributes to the 
i:eri:etuation of the host which is 
essential for stable host-parasite 
coexistence (sutmitted . l::?i' F. G. 
Hawksworth) • 

VII. Control - Cllanical 

A. A study .was initiated in 1986 to 
evalQate the imJ;act on growth of 
aeriai applications of an et.1¥lene 
'releasing agent on jack pines 
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infested with Arceuthobium 
americanum. Aerial applications were 
c'bne in August.. We are also · 
evaluating treatrnent effects on the 
levels of wa11rothie11a arceuthobii. 
as there is a severe infestation in 
one of the treatment areas. (F. 
Baker, Utah State University; D. w. 
French, University of Minnesota; K • 
. Knowles and Y. Beaubien, Manitoba 
nei;artment of Natural Resources) 

B. J:Marf mistletoe shoot al:ecission 
rates of 74 to 100 percent on 
individual infections of Arceuthobium 
arnericanun on Pious oontorta and Aa. · 
yaginatlJil · sul:ep. ccyptopodllil on ....P.. 
ponderosa were_ consistently achieved 
with August applications of 2500 ppn · 
ethefi}on plus surfactant using three 
inethods of application. l-bst shoots 
al:ecised fran infection within two to 
five weeks after ethefi}on treatment. 
_Ethei:non did riot kill the i;:arasite' .s 
enc'b~tic system in the host tissue. 
'Iherefore, new shoots began 
develo .ping on sane infections one to 
two years after treatment . Based on 
th~ lengt}¥ life <:::(cl.es of ·these two 
i;;i;:ecies of d,,,arf nu.stletoe, it is · 
predicted that ethefi}on control can 
teni;:orarily I:X"event or reduce spread 
of infection for up to four years and 
i;:ossibly prwide sane degree of 
control even longer. Ethefi}on has 
control i;:otential esi:ecially · in high 
value stands, recreation areas, seed 
orchards, and ornamental plantings 
around banes, cabins, and business 
establishments. (T. H. Nicholls, L. 
Egeland, NC sta,tioo; F. G. 
Hawksworth, m Station; and D. w. 
Johnson, Fl?M-R-2) 

VIII. Control - Biological 

'Ihe follt:Ming manuscripts have recently 
been published: 

A. Destruction of shoots, flowers, and 
fruits of d..tarf mistletoe ):r:l 
gr~shogiers in California. (R. F. 
S<h,arpf and T. W. Koerber • . cana~an 
Journ.µ of Forestry Research, 1986) 

B. J:Marf mistletoe as a host for brown 
felt blight in California. (R. F. 
Scharpf. Plant 'Disease; August 1986) 

C. Spiders of 10 families, 18 genera, 
and 22 si:ecies were associated with 
Pa yaginatum. A, ·eyanocam,nn and Aa. 
arnericarnJ]} in northern Colorado. 
Spider si:ecies cx:xnposition varied 
anong cwarf mistl~t,oe Sp;!_cies. 'I.wO 
indices of similarity indicated that 
spidei; faunas of A, cyanocaqx,J1J1 and 
A, vaginatum were dissimilar. N:>ne 
of the . spiders are restricted to 
d,,,arf mistletoes; habitat 
associations includes nunerous 
conifers. Spirer-mistletoe 



relationships are discussed and 
mistletoe-pollen vector cy spiders is 
recx:>rood for the first time. Fran 
manuscript to be sul::rnitted to 
Southwestern · Naturalist. CD. 
Jennings, NE Station; R. Penfield, F. 
Hawksworth, and R. stevens, RM 
Station) 

IX. Control - Silvicultural 

'ille follCMing manuscripts are in the 
publication process: 

A. Pruning cwarf mistletoe broans 
reduces stress on Jeffrey pines, 
Cleveland National Forest, 
california . (Robert F. Scharpf, 
Richard S. Snith, and Detlev Vogler. 
Station Research Paper, !S'l) 

B. Managanent of Western Dwarf Mistletoe 
in Ponoorosa and Jeffrf:¥ Pines in 
Forest Recreation Area. (Robert F. 
Scharpf, Ridlard s. Snith, and Detlev 
Vogler. Station Research Paper, PSW) 

C. An interactive c0tputer model is 
being developed to aid forest 
managers in making oocisions on how 
to manage cwarf mistletoe infected, 
high value ponderosa and Jeffrey pine 
on recreation sites . (R. F. Scharpf, 
Dave Azuna, pSW) 

D. Dwarf mistletoe suppression projects 
were oonducted cner 3,681 acres on 15 
National Forests or Bureau of Land 
Management Areas in the Intermountain 
Region during 1986. (Hoffman & 
'l'kae2, USFS, Region 4) 

E. In caJ.ifornia: (1) n.o recreational 
areas, having a oonbired total of 264 
canping units, on the Lake Tahoe 
Basin Management Unit were treated 
using tree ranwal and pruning to 
oontrol western cwarf mistletoe of 
Jeffr(¥ pine, (2) infected residµal 
Ollerstory pines were ranwed f ran the 
peri:E:hex:y of an 81-acre Jeffrey pine 
plantation . (J. Pronos, R-5) 

F. Re-eXcllli.nations of 37 plots in young 
mistletoe-infested lodgepole pine 
stands sanitized and thinned 21 years 
acp were mare. 'ille results will be 
sunmarized this winter. (F. G. 
Hawksworth and B. Geils, RM Station; 
D. w. Johnson, Region 2) 

G. A sunmary manuscript on the biology, 
ecology, and p:tthology of lodgepole 
pine cwarf mistletoe and its 
silvicultural oontrol is canpleted 
and in review . (F. G. 8awksworth, RM 
Station; D. w. Johnson, Region 2) 

H. At the request of the Mexican 
g:>Verrment, we spent three weeks in 
central Mexioo discussing survey 
techniques and silvicultural oontrol 
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of cwarf mistletoes. r-t>re than 350 
foresters attended our 15 sessions in 
the states of Puebla, Tlaxcala, 
Mexico, Micboacan, zacatecas, 
Durang:>, and Jalisoo. (F. G. 
H<lYksworth, RM Station; J. Beatty, 
FPM, Region 3) 

I. Data have been oollected for a 
20-year study of the effects of cwarf 
mistletoe control in a yomg mixed 
conifer stand at Gronoon, Washington, 
Col ville National Forest. Forty 
quarter acre quadrants were used in a 
split plot resign . of n.o replications 
of five thinning levels on four 
mistletoe eradication levels. 'ille 
effects measured on cap trees of 
western land and Douglas-fir were 
dianeter and height gr<Mth and 
mistletoe intensification. 
Preliminax:y analysis of dianeter and 
height gri'.Mth failed to ootect a 
significant treabrent effect due to 
large variation ben.een the 
replicates. ~..dditional analysis is 
planned and a report will be written 
this year . (E. Wicker, and B. w. 
Geils; RM Station) 

J. 'lbe last of a series of plots has 
been raneasured in a • 30-year study on 
the effects of cwarf mistletoe 
control in Soutiwestern ponderosa 
pine on the Mescalero Indian 
Reservation, Na.1 Mexico. 'llle oontrol 
strategy examired was pruning or 
ran011ing injected trees in n.o or 
three cleanings. Plots varied cy 
initial stand age, stocking and 
nunber of cleanings . Early results 
an:E:hasize the value of follow-up 
cleanings in retarding subsequent 
mistletoe intensification . A sunmax:y 
p:tper is planned to doclll\ent the 
unique developnent of eadl study 
plot. (F. G. Hcl\'ksworth, B. w. 
Geils, RM Station) 

K. An examination has been oondlcted for 
a series of cwarf mistletoe infested 
lodgepole pine stand3 near Pingree 
Park, Colorado. One stand was left 
unthinned; the other stands were 
thinned in 1939 to a 12-foot, 
10-foot, 8-foot, or 6-foot sp:tcing. 
Data fran these plots will be used to 
validate and imprOlle yield models . 
CF. G. Hawksworth, B. w. Geils, m 
Station) 

L. Plans are to treat 2,410 acres of 
cwarf mistletoe infested stands on 
the Arap:lho and Roosevelt; Grand 
Mesa, Uncanpahgre, and Gunnison; 
Medicine BON; Pike and San Isabel; Rio Granoo; Routt; Sloshone, and 
White River National Forests. (D. 
Johnson, USFS, R-2) 



x. Surveys 

A. Presuppression surveys for 
Arceuthobium arnericamnn. A-
douglasii, and A· canwlo_podum were 
oonducted on wer 65,000 acres of 
carmercial. timber land in the 
Intermountain Region. '!he data, 
collected in oonj unction with stand 
examination surveys, will prc,,,ide 
disease information for silvicultural 
prescriptions. In addition, the 
surveys prc,,,ide a basis for 
detecnining future &arf mistletoe 
S\Wression projects. (Hoffman & 
Tkacz, USFS, Region 4) 

B. 'lhe Pllll\as National Forest, in 
northern California, surveyed 2600 
acres of mixed conifer type. 'lhe 
objective was to gather data on 
western a,,arf mistletoe that oould be 
used with an eastside pine version 
(for SE OL"egon and NE california) of 
moora;rs to develop stam specific 
silvicultural prescriptions. 'Ihls is 
new for California. '!he 
presuppression survey was canpleted 
orl ninety acres, that included 
dispersed recreation areas and two 
campgrounds on the Angeles National 
Forest. (J. Pronos; R-5) 

c. A 837 km roadside survey for 
lodgepole pine d-Tarf mistletoe was 
ronpleted in Januacy to Mardi, 1986 
at Prince Ge_orge. Percentage of 
staoos .infected, based on l0Om road 
units, ranged fran 8 to ·as. Grcwth 
im{::act on the net, -operable, 
land-base with suscep5ble stands was 
estimated at 174,000 m per · 
year. Further work is l.Ulderwa_y to 
refine these growth im:i;act estimates. 
(J. Muir, Victoria and K. Uwis, 
Prince George) 

A stand-specific survey. for lodge!X)le 
pine &arf mistletoe in mature stands 
is being conducted in the Kamloop:; 

.- Forest District , under the supervision 
of H. Merl er, Regional Forest 
Pathologist. Strip:; are run 100m 
a:i;art with an estimate of pro!X)rtion 
of trees infected at 50m intervals 
and .a tree tally with infection 
raings on a circular pl ot at 200m 
intervals. Data will be useful to 

. prioritize stands for harvesting . CH. 
Merler, Kamloop:;) · 

D. Presuppres sion surveys for <i,,arf 
mistletoe s are planned for 23,090 
acres on the Pike and San Isabel, Rio 
Grande, .and Routt National Forests. 
·(D. Joonson, USFS, R-2) 
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XI. Miscellane ous 

A. A publication is in pre ss des cribin g 
the henl ock Qolarf mistletoe 
denonstration area recently 
established at '!horne Ba_y, Prince of 
Wales Island, Alaska. CC. G. Shaw, 
RM Station; P. Hennon, Region 10, 
Juneau) 

B. Proceedings on a hanlock o,,arf 
mistletoe workshop held August, 1983 
at Burnal:!{, B. c. are available as 
Pest Management Report No. 4, 1985, 
fran B.C. Forest Service, Protection 
Branch. Papers on biology, damage 
aH;Caisal, surveys, simulation model 
and discussions are included. CJ. 
Muir, Victoria) 

C. Eleven years is eoough. . '!he current 
diainnan of this cannittee, named by 
his predecessor, Fil Wicker in 1975, 

·has resigned, and has appointed Jcbn 
Muir to carcy on (J . G. I.aut, C:lFS) • 
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H Annual Western 

International Forest 
Disease Work Conference 

Juneau, Alaska 
September 9-12, 1986 
DISEASE CONTROL COMMITTEE 

1986 INVESTIGATIONS 

Kenelm Russell, Chairman 

For several years now the nursery pathologists 
have been having a quiet little conference here 
and there around the West. About 20 to 30 people 
have been attending. The mini conference has no 
proceedings or written papers • . Discussions are 
informal. There is space here to report some of 
the items of general interest. 

In early 1986 we met in Olympia. The noteworthy 
accomplishment there was to standardize the soil 
disease assays for Pythiums and Fusariums th at 
many of us have been doing over the years. We 
took the best parts of everyone's favorite recipe 
and came up with what we feel is the best. Now 
propagule counts are more similar no matter where 
they are done. The recipes are available. 

In December 1986 a slightly larger gro up met im 
McKinleyville, California at the Humboldt Nursery . 
We had in-depth discussions on the increasing use 
of Basamid for disease corttrol. Basamid i s 
effective under some condition s for controlling 
parasitic nematodes and other diseases. It could 
be very useful in nurseries where nearby 
residences cou ld be endangered from an accident 
with methyl bromide. 

Sally Cooley prepared a comprehensive packet of 
material on the various fungicides and adjuvants 
u se d today. It goes into much greater detail than 
many similar lists. Formulations, target 
organisms, application meth ods , activi ty against 
organisms, solubility and movement in so il and 
effect of so il properties are listed . The 
material wil be very useful. 
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A preliminary table of contents has been prepared 
for a "Fores t Nursery Disease and Insect.Manage-
ment Guide for Pac.Hie Northwest Nurseries . " 
Authors for the various segments have been 
selected. 

There are several papers that you might want t o 
secure that may go unnoticed because they are 
published in the Western Forest Nursery Council 
Proceedings from their conference held in Olympia 
in August, 1986. See Tanaka, Russell and 
Linderman in the projects li'sting that follows 
here on mycorrhizae recovery and disease 
development after fumigation. We found some 
significant relationships that dispel some myths 
about mycorrhizal recovery. Another version of 
this paper is being ·published in the Canadian 
Journal of Forest Research. In the Nursery 
proceedings check out Phil Hamm's excellent story 
about the Top Blight Complex. Alan Kanaskie 
followed with its mana_gement. 

I came back with an expanded paper on watering to 
reduce summer Fusarium · problems. Everett Hanson 
and Sally Cooley covered Phytophthora and Bob 
James the Fusarium problems on tree seed from 
northern Rockies nurseries. 

Don't forget to include your project descriptions 
here in 1987! Good pest management is undergoing 
a real awakening_on the managers' side. It is up 
to us to keep them supplied with technology. 

_SEEDLING DISEASES - NURSERIES 

1. Marssonina Leaf Spot 
Host: Aspen 
Causa l Organism: Marssonina populi 
Control: Chemical 
Development Stage: In Vitro - Greenhouse 

We have started in vitro and greenhouse 
studies to determine what fungicides are 
effective in preventing the disease. No 
results are available at this ~ime. 

(William R. Jacobi, Colorado State University) 

2. Phomopsis Blight 
Host : 2-0 Douglas-fir 
Causal Organism: Phomopsis occulta 
Cont rol : Chemical · 
Development Stage: Field Trial 

Five fungicides gave significantly better 
con trol than no treatment. Dinicona zo l e · 

. (SpotlessR) and chlorothalonii (Bravo sooR) 
wer e more ·efficacious (1.9% and 2. ·17. infec-
tion, respectively) than the registered 
fungicide benomyl (BenlateR) (4 . 0% infection) . 

(J. Kliejunas, A. McCai n - Forest Servi~e -
FPM PSW Reg ion, U.C., Berkeley) 



3. Fusarium hypocotyl rot, upper stem canker 
Host: Douglas-fir seed ling s 
Causal Organism: Fusarium oxysporum, 

Phana sp p. 
Control: Chemical 
Development Stage: Field Trial 

Purpose was to compare amount of disease in 
seedlings fertilized with different forms of 
N and at different times during first grow-
ing season. Data to be collected Fall '86. 

(S. Cooley , A. Kanaskie - Fore s t Service -
FPM-Region 6, Portland and Oregon State 
Department of Forestry, Salem, OR) 

4. Damping Off/Hypocotyl Rot 
Host: Conifer seedlings 
Causal Organism: Fusarium spp. 

Pythium spp., weeds 
Control: Chemical 
Development Stage: Field Trial 

Test comparing metam-sodium (BaramidR), Vapam 
(Soil PrepR) to methyl bromide- ch lor opicr in 
and no treatment at 2 nurseries (Bend Nursery 
and J. Herbert ·stone Nursery). Data collected, 
report forthcoming , 

(Sally . Cooley - Forest Service - FPM 
Porti"and, OR) 

5, Nursery problems 
Host: eastern red cedar 
Causal Organism: Parasitic nematodes 
Control: Chemical 
Development Stage: Field Trial 

Comparing Basamid granular, Methyl bromide/ 
chloropicrin, and solar heating for control 
of nematodes, Pythium and Fusarium spp. at 
Bessey Nursery. Treatment completed summer 
1987 for fall-sown eastern red cedar, 
Nematode data still being processed, Will 
observe (seedling) surviva l dat a next year . 

(Diane Hildebrand, Forest Service - FPM 
Rocky Mt. Region, Lakewood, CO) 

6. Nursery seedlings 
Rost: Douglas-fir 
Causal Organism: Mycorrhi _za l Fungi, 

Pythium and Fusa rium 
spp . 

Control: Chemical 
Development Stage: Field Trial 

Soils were treated with methyl bromide/ 
chloropicrin (MBC) at 360 and 7,20 lb s/A 
and Basamid at 350 lbs/A in two bare -
root Douglas-fir nurseries near Olympia, 
Washington in 1984-85 . Repults showed 
that fumigation (1) increased fall 1+0 
seedling count, (2) caused no 1+0 stunt-
ing or growth loss, (3) did not hinder 
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formation of mycorrhizae, (4) supp r essed and 
maintained low soilborne pathogen populations 
and (5) suppressed root infections by Fusarium 
spp, but not Pythium spp. (Compl ete paper 
available from Russell.) 

(Y. Tanaka, K. Russell, R, Linderman, 
Weyerhaeuser Co,, Washington State DNR, and 
USDA-Agricultural Research Service) 

FOLIAGE 

1 . Lirula Needle Cast 
Host: Abies concolor 
Causal Organism: Lirula abietis-concoloris 
Control: Chemical __ _ 
Development Stage: Field Trial 

A number of systemic and contact fungicides 
were sprayed on the new growth in spring Of 
1986. The grower sprinkled-irrigated to 
enhance infection. Monitored spore release 
was high fol lowi ng irrigation, 

(R,F. Scharpf and A.H. McCain, PSW Exp. Sta. 
and U,C., Berkeley) 

2. Elytroderma Disease 
Host: Pinus jeffreyi 
Causal Organi-sm: Elytroderma 

deformans 
Contro l: Chemical 
Development Stage: Field Trial 

Trees with infections were pr essure -
injected with solutions of thiabendazole 
(Arbotect) and imazali (Fungaflor). Up-
take was slow but good using 40-60 psi . 
Shoots will be sampled and assayed for 
fungicide. 

(R.F. Scharf & A.H. McCain, PSW Exp, Sta, 
and u.c., Berkeley) 

DWARF MISTLETOE 

1 , Western Dwarf Mistletoe 
Host: Pinus jeffreyi 

{ 

Causal Organism: Arceuthobium campylopodum 
Control: Silvicu ltur al 
Development Stage: Full operational 

Two campgrounds in California are being 
silviculturally treated through tree removal 
and pruning to r educe dwarf mistletoe, 

(Gregg DeNitto, Tom Hinds - Forest Service, 
FPM Region 5, San Francisco and LTBMU) 



2. Western Dwarf Mistletoe 
Host: Ponderosa Pine and 

Douglas-fir 
Causal Organism: Arceuthobium 

campylopodum 
Control: Silvicultural 
Development State: Full Operational 

Remeasured 30 dwarf mistletoe control plots 
in eastern Washington that were established 
in 1969-70. Third remeasurement at 15+ 
years shows that early dwarf mistletoe con-
trol in young stands is very successful if 
done correctly. A complete report will be 
ready by 1987 conference. 

(K. Russell, DNR Olympia, WA) 

ROOT DISEASES 

1. Laminated Root Rot 
Host: Coastal Douglas-fir 
Causal Organism: Phellinus Weirii 
Control: Chemical 
Development Stage: Field Trial 

Glyphosate applied to healthy and infected 
40-year Douglas~fir at two dosages. Varia-
bles measured are 1) glyphosate transloca-
tion in roots, 2) decomposition in healthy 
roots, 3) fungus viability in roots in 
progress. 

(W.J. Bloomberg, G. Fraser - Canadian Forestry 
Service -_ - CIP Ltd) 

2 . Laminated Root Rot 
Host: Douglas-fir 
Causal Organism: ~hellinus weirii 
Control: Silvicultural ---
Development Stage: Full Operational 

After nine growing seasons, 67 Douglas-fir 
seedlings on four acres with stumps pushed 
were killed by root rot vs. 118 seedlings 
on 4 acres without pushing. A short 
report is available. 

(K. Russell, DNR, Olympia, WA) 

3. Laminated Root Rot 
Host: Coastal Douglas-fir . 
Causal Organism: Phillinus weirii 
Control: Silvicultural 
Development Stage: Field T_rial 

Test of 3 stump extraction machines - larg e 
backhoe, small backhoe, D7 Cat. Large back-
hoe left least root material, caused least 
soil disturbance; small -backhoe ca'used most . 

(W.J. Bloomberg, Canadian Forestry Service) 
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4. Laminated Root Rot 
Host: Douglas-fir 
-Causal Organism: Phellinus weirii 
Control: Chemical 
Development Stage: Pilot Operational 

We feel that we know enough about fumigating 
to recommend treatment of infected stumps t o 
reduce Phellinus inoculum on the site. 

(W.G. Thies, E.E. Nelson - USDA Forest 
Service, PNW Station) 



PROJECTS 

A. Forest Disease Surveys - General 

71-A-4 

71-A-5 

71-A-7 

73-A-4 

74-A-1 

79-A-1 

80-A-1 

81-A-6 

82-A- 3 

85-A-1 

85-A-2 

85-A-4 

85-A-5 

85-A-6 

86-A-1 

86-A-2 

Appraisal of damage caused by. forest 
pests in British Columbia (R. Alfaro). 

Forest insect and disease survey 
(G. Van Sickle). 

Forest insect and disease survey in the 
prairie Provinces, and Northwest 
Territories . (Y. Hiratsuka, H. Wong, 
H. Cerezke, B. Moody). 

Forest disease: .diagnostic and taxonomic 
services and research (J. Hopkins). 

Disease (and insect) detection , surveys 
in Colorado forests . (J •. Laut, M. ._.. 
Schomaker). · · · .,,_ 

DISACC: a computerized access and 
analysfs system for forest tree -
problems (A. ·Partridge). . 

Standard damage estimating· .procedures 
· for major disease and insect problems 
in the inland Northwest · (A. 
Partridge). 

Mortality.of Chamaecyparis nootkatensis 
· in southeast .Alaska (T. Shaw, P. 

Hennon). 
Disease and insect impact on 

young-growth, mixed conifer stands in 
California (J. Pronos, L. Dolph). 

Pest Impact Assessment Methodology-Fomes 
annosus (Parmeter, Slaughter, 
Otrosina). . 

Evaluation of seed tree mortality on the 
Powell Ranger District, Clearwater · 

·National Forest, Idaho (C. Stewart). 
Disease sampling in Douglas-fir 

plantations (W. J. Bloomberg). 
· Pathological _aspects in the management 

of Alaska-cedar for timber · production 
(T. Shaw). . 

Survey to describe the extent and ,impact 
of major root diseases on non-federal 
timbertands in Oregon (A. Kanaskie) . 

Estimating extent and distribution of 
black stain root disease on state 
lands in Oregon (A. - Kanaskie). 

-Black stain root disease survey, Oregon . 
and Washington (W. Littke). 

Surveys of pest incidence and damage in 
young plantations ( 3. Muir). · 

B. Non-infectious Diseases 

80-B-2 

86-B-1 

86-B-2 

Trend of ozone injury to conifers in the 
southern Sierra Nevada · (J . Pronos). 

Ozone in Puget Sound forests (R. 
Edmonds). 

_Acid fog in the Cascades (~. Edmonds). 

c. Cone, seed; and Seedling Diseases _ 

76-C-1 

81-C-15 

Diseases of .seeds and cone~ PC-54-07 
· ( J ;'. Sutherland). . . • . 
Pathogenicities and mod~s of ~nfecJion _ .. · 
. of : some fungi isolat ed· from · seeds 'and · 

symptomatic seedlings of conifers (A. 
Partridge, s. Minggao). 

83-C-2 

83-C- 3 

83-C-7 

84-C-1 

84- C-3 

84-C-4 

84-C-5 

85-C-1 

85-C-2 

85-C-7 

· - 85-C-8 

:. ... 
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85-C-16 

86-C-1 

86-C-2 

86-C-3 

86-C-4 

86-C-5 

86-C-6 

86-C-7 

86-C-8 

86-"c-9 · 

Assessment of new chemicals· to control 
Botrytis blight in nurseries (R. 
James) . 

Fungi associated with pine seedlings tip 
blight in Northern Rocky Mountain 
nurseries (R. James). 

Western gall rust, Endocronartium 
harknessii, inoculation trials on jack 
pine seedlings to select resistance 
(Y. Beaubien, K. Knowles, s. Segaran, · 
D. Gillis, G. Falk). 

The effect of inoculum density of 
Macrophomina phaseolina on conifer 
nursery production (A. McCain). . . 

Studies of Fusarium-associated diseases 
of conifer seedlings at northern Rocky 
Mountain nurseries (James and 
Gilligan). 

Characteristics and identification of 
Phoma spp. associated with conifer 
seedling diseas _es (James). 

Evaluation of conifer seedling mortality 
caused by Diplodia pinea in northern 
Rocky Mountain nurseries (James). · 

Control of Phomopsis blight of 
Dougl,as-fir and western hemlock at 
Humboldt Nursery (J . Kliejunas, J. 
.Allison, A. McCain). 

Evaluation of metam-_sodium, dazomet, 
and methyl-bromide-chloropicriri ·son 
treatments for disease and weed .. 
control (S. Cooley)'. . · · 

Pathogenicity of five ·Phytophthora 
species on 12° conifer seedling hosts 
(S. Cooley, P. Hamm). 

Biological and chemical control of soil 
. borne fungi in forest tree nurseries 

(R. Blanchette). . 
Interactions between cover crops, · 

fumigation, nitrogen availability, and 
soil-borne pathogens _in nurseries (E. 
Hansen) . 

Effect of nitrogen fertili .zation on 
disease . in bareroot 1-0 Douglas-fir 
seedlings (S. Cooley, A. Kanaskie). 

Pathogenicity of Fusarium acuminatum to 
Russian olive (D. Hildebrand). 

Comparison of solar heating, basamid with 
polyethylene seal,Basamid with water 

· seal, and methyl bromide : chloropicrin 
for.control of soil-borne pests in 
fall-sown Eastern red cedar at Bessey 
Nursery (D. Hildebrand). · 

Influence of pre-sow phospho~us 
fertilization on incidence or stunting 
in bareroot Douglas-fir seedlings (A. 
Kanaskie). 

Effect of Douglas-fir cone ·storage 
· method on seed yield, viability, . and 

occurrence of · Fusarium spp. (A. 
Kanaskie). 

Impact of seed-borne pathogens on 
seedling performance (W. Littke), 

Cone and seed treatments to increase seed 
extractability, quality, and 
performance (W. Littke). . 

Impact of Fusa~ium and other pathogens 
duril)g cold sto~age on ~eed+ing 
quality. (W, l1ttke). · 

Measurement of Fusarium populations over 
entire crop cycle (W. Littke). 



D. Root and Soil Diseases or Relationships 
(Including Mycorrhizae) 

71-D-3 Relative species susceptibility to 
Phellinus weirii infection (E. 
Nelson). ---

71-D-2 Phellinus weirii root rot : epidemiology 
and control\W . J. Bloomberg). 

71-D-3 Fomes annosus root and butt rot: 
~demiology and control (D. Morrison). 

71.-D-11 Effects of nitrogen fert _ilization and 
interplanting red alder on root 

-disease development in a thinned 
Douglas-fir plantation (E, Nelson) . 

72-D-2 Annillaria root disease: epidemiology 
and . development and testing of stand 
management guidelines (D. Morrison) . 

73-D-1 Tes .ting native conifer plantings for 
resistance to Phellinus weirii (K. 
Russell) . ---

73-D-2 Testing red alder plantings to reduce 
Phellinus weirii development (K. 
Russell). ---

73-D-3 Alnus rubra as a biological control . 
·agentfor Phellinu ·s. weiri1 (E. · 

Han·sen, E. Nelson). ·---
75-D-1 Stump pushing in eastern Washington to 

· control rhellinus · weiri1 and 
i,ubsequent perfonnanceof six planted . 
conifers (K. Russell) . 

76-D-ll Simulation ·of root rot impact 1n 
second --wth coastal Douglas-fir 
stands . (W. Bloomberg}. 

76-D.:5 Fertilization and root disruption to 
control laminated root rot of 
Douglas-ii~ (w·. Thies, E. Nelso .n) . 

77-D-15 Stump pushing in western Was)lington to 
control Phellinus weir11 and -. 

. 'subsequent perfonnanceof planted 
Douglas-fir and western hemlock (K . 
Russell). 

78-P-7 Growth loss of Douglas-fir infected · by 
Phellinus weiri1 · (W. Thies). 

78-D-8 Chemical control.of Armillaria root rot 
near , Glenwood, Washington (K. ' 
Russeli) . 

79-D-1 surveys of · .root diseases in managed 
conifer stands in R-2 (D. Johnson, E. 
Sharon). 

79-D-3 Verticicladiella ·wageneri · on pinyon at . 
Mesa Verde National Park: di s ease 
sprea<! .ctiaracterist .ics (D. Johnson, . 
K. Lister, E. Sharon). 

79~D-5 Spr ead .of Annillaria spp. dis ease 
centers in managed pine st ands (D. 
Johnson, E. Sharon). · · 

79-D-9 Evaluation of effects of prec ommerci al 
· thirµiing in lO- to 20-year-old 

Douglas-fir . plantations infected with 
Annillaria root rot in Oregon and 
Was hington (G. Fil i p). 

79-D-15 Infe ction .of Sitka s pruce and wes tern 
hemlock thinn i ng stumps by r oot 
di ·sease Tungi in s outh eas t · Alas ka (T· 
Shaw). 

79-D-16 Relativ e abundance of conidi a and 
basidi ospor es of Fomes annosus in 
airborn e i noculum 7f: .. Shaw, E; 
Floran ce) . 

· 79-D-17 Eva luation of the incidence and ~mpact 
of Fomes annosus in Calif ornia fir 
stands (G. Slaughte r , J, Parmeter). 
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79-D-18 Evaluation of borax stump treatment for 
control of Fomes annosus in Califo r nia 
fir st ands ~Shultz, G. Slaughter, 
J. Parmeter). 

79-D-23 Susceptibility of Pacific Northwest 
conifers to laminat ed root rot (W. 
Thies, E, Nel son) ; 

79-D-211 Conifer culture with roots in nutrient 
mist ( N. Hartin) • 

79-D-25 Spat i al relations of tr ee s peci es in 
root disease areas (N. Hartin) •. 

79-D-26 Fungi and insects associated with and 
causing black stain root disease in 
Idaho (A, Partridg e , C. Bertagnole). 

79-D-29 Evaluation of selected mycorrhizal fungi 
for improving the survival and· growth 
of co.ntaincr .:gr own Sitka spru ce . i n 
southeast Alaska (T. Shaw). 

80-D-2 Epidemiology and management of black . 
stain ro ot disease of western North 
America conifers · (F . Cobb) . · 

80-D-3 Distribut i on and acti vi'ty of conifer 
mycorrhizae in Rocky Mountain forest 
ecosystems : impacts of disturbance, 

• species, : ·and age (A, Harvey). · 
80-D-ll Effects of fire management and intensive 

forest utilization on soil nitrogen . 
status .in northern RocJcy Mountain 
timber types : (M. Jurgensen :, A. 
Harvey). . · 

80-D-5 Evaluation of effects of precommercial 
thinning in 10 to 20-year~old red fir 
plantations infec t ed with Annillaria 
root rot · i ·n southern Oregon (G. · 
f'ilip) . 

80-D-9 Biology and management of Phellinus 
· weiri1 -(E. 'Hansen) . · · 

80-D- t3 Systems of organisms causing black , s t a~n 
in pin e roots (A. Partridge). 

81-D-11 Monitoring root diseases in commercially 
thinned north ern · Idah o forests . .. (J. 
Schwandt). 

81-D- 12 Hyl_urg ops poro:iu s as a possible carrier 
of Verti6icladiella s pp. (C. 

· Bertagnole, A. Partridge). 
81-D-15 Insect attractants · pr oduced, by ,some·. 

Verticicladiena · spp . an? 'pine -h6s t s 
(c. Bertagn ole, A. Part r id ge) . 

81-D- 16 Root disease agents as s ociat 'ed· with 
subalpine fir mortali t y · in central and 
south e rn Utah (B. Tkacz) . 

81-D-17 Identification of ro ot pathoge ns and 
·development of root di se ase management 
str at egi es i n sout hern Utah spru ce 
f ore s t s (B. Tkacz). 

81-D-20 Infection, de_velopme.nt, and s urvival -of 
Fomes annosus in lar ge hemlock stumps 
creat ed by cl earc ut ting (B. Van 'der 
Kamp). . 

81-D- 21 Role of mycor'rh i zae in plan t suc cess i on 
'i n t he Mourit St . Hele ns devas tat io n 
zone (J . °Trappe ). 

82-D~1 The appli cation of chl orop icri n · and/o r 
methyl i soth i ocyanat e t o liv e tr ees t o 
cont r ol la mi nat ed r oot r ot (ca use d by 
Phel l i nus weir ii) (W. Thie s ). 



control methods (S. Hagle, R. Becker). 
82-D-5 Ass essment of root disease development 

in young managed stands and 
plantation s (J. Byler, R. James). 

82-D-7 Armillaria root rot of young intensively 
managed lodgepole pine stands of 
Alberta (Y. Hiratsuka, P. Blenis). 

82-D-8 Resistance screening of Port~Orford 
cedar to Phy.tophthora lateralis root 
rot (E. Hansen, P, Hamm, L. Roth). 

83-D-5 Intensificaton of mortality from 
Armillaria following 
sanitation/salvage _- (S. Hagle, R. 
Becker). 

83-D-7 Longevity and spread of annosus root 
disease in ponderosa pine plantations 
(J. Marshall). 

83-D-9 Volume losses in Gold Creek root disease 
center (J, Byler, C. Stewart) , 

_83-D-10 Root disease impact on precommercially 
thinned stands (J, Byler, C. Stewart). 

83-D-12 Ecology of mycorrhizae in Douglas-fir: 
uptake of nitrogen, particularly 
organic forms (Bledsoe, Zasoski, R. 

·Edmonds). 
83-D-18 Spread of Armillaria mellea in pine 

plantations (K. Knowles, Y. Beaubien). 
83-D-19 Mycorrhizal fungi associated with 

decayed logs in old-growth and young 
forests (J. Trappe). 

84-D-2. Trichoderma species as~ociated with 
Douglas-fir roots colonized by ' 
Phellinus weirii . (E. Nelson, B. 
Goldfarb, W. Thies). 

. 84-D-4 Mycorrhizae and soil borne pathogens 
recover after -fumigation of nursery 
soils (K. Russell, Y. Tanaka) 

84-D-5 Natural occurrence of Trichoderma 
species on roots of recent and • . 
10-year-old stumps of Douglas-fir 
infested with Phellinus .weirii 
(B.Goldfarb, E • . Nelson, E. Hansen). 

85-D-1 - .Evaluation of the association between 
endemic mountain pine beetle 
po·pulations and Annillaria root 
disease of lodgepole pine in Utah and 
Wyoming (B. Tkacz, R. Schmitz). 

85-D-2 · Evaluation of root disease-~b~rk beetle 
associations in spruce stands in _Utah 
and Wyoming (B. Tkacz) . 

85-D-4 Development of a method for rating 
stands of Blue and Engelmann spruce in 
susceptibility to losses caused by 
Inonotus tomentosus root disease (F. 
Baker, B. Tkacz). . 

85-D-5 Incompatability reactions, cytology, and 
population biology of Phellinu s weirii 
and Phytophthora ·species (E. Hansen). 

· 85-D-7 Epidemiology and management of Fomes 
annosus (Heterobasidion annosum in 

· western forests (F. Cobb). 
85-D-8 Effects on windthrow of thinning in root 

disease centers (R. Harvey). 
85-D-9 Ecologi-cal implications of Armillaria 

occurrence and damage in inland 
forests of the Pacific Northwest (G. 
1·. McDonald, N.. Martin). 
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Pacific Northwest inland fore sts (N. 
Marti n, G. I. McDonald). 

85-D-11 Pathogenicity of Armillaria genotypes on 
native conifers of the Pacific 
Northwest inland forests · (N. Martin). 

85-D-12 Effects of site preparation on 
mycorrhization and growth of planted 
north Idaho conifers (A. Harvey; M. 
Jurgensen, R. Graham). 

85-D-13 Effect of natural ·soil fumigation on 
microbial populations and growth of 
planted north Idaho conifers (A. 
Harvey, R. Graham, M. Jurgensen). 

85-D-14 Genetic variability and host specificity 
in Fomes annosus (W. Otrosina). 

85-D-15 Root distribution and infection by Fomes 
arlnosus in young mixed conifer and 
true fir stands (J. Panneter, W. 
Otrosina, G, Slaughter). 

85-D-16 Host specificity of P. tomentosus - of 
central British Columbia conifers (B. 
J. Van der Kamp; J; Schul ting). 

85-D- 17 Annillaria root rot spread plots 
·· (M. Sharon, D. Johnson). 

85-D-18 Blackstain root disease-chemical and 
mechanical treatments (M. Sharon, D. 
Johns~n) . 

85-D-19 Effects of fumigating -natural forest 
soils ·on regeneration (A. Harvey, M. 
Jurgensen, R. Grah~m) • . 

85-D-20 Determination of structural differences 
between conidiospores and 
basidiospores of . Fomes ·annosus (T. 
Shaw). 

85-D-21 Development of~ annosus root and 
butt rot after -thinning young~growth 
stands of Sitka spruce and "western . 
hemlock in southeast Alaska (T. Shaw). 

85-D-22 Susceptibility of conifers (Grand ·fir, 
Englemann spruce, Douglas-fir, Western 
larch, and Ponderosa pine) to . 
laminated root rot (A, Kanaskie). 

85-D-23 Effects of microsite microbes and 
organic matter manipulation on. 
regeneration (A. Harvey, M. 
Jurgenson, R. Graham). 

85-D-24 Incidence of root pathogens in residual 
trees and stumps in thinned mixed 
conifer stands attacked by insects 
(G. Filip). ' 

85-D-25 Fire and root rot (A. Parrridge, 
L. Nuenschwander). 

85-D-27 Phellinus weirii epidemiology and 
control ~loomberg). 

85-D-29 Nodule-mycorrhizal intera ct ions in Alnus 
rubra with special reference to 
nitrogen fixation and cycling in 
Douglas-fir forests (R, Molina, J. 
Trappe, S. Miller). 

85-D-30 The role of -ericaceous plants in 
maintaining diversity of conifer 
mycorrhizal fungi (R, Molina, J. 
Amaranthus, D. Perry). 

85-D-31 The ability of different ·conifer species 
to share mycorrhizal fungi via fungus 
connections (R. Molina, M, 
Castellano). 

85-D-32 Fall fumigation com_bined with spring 
benOlilyl to control antagonists against 
in oculated mycorrhizal fungi (R. 
Crawford). 



85-D-33 Hypogeous fungi of southwestern Oregon 
and northern California compared with 
those of .Spain for .nursery 

85-D-35 
inoculation. (J. Trappe). 

Role of soil aluminum in Annillaria 
disease incidence (R. Edmonds). 

85-D-36 Development of Annillaria in shelterwood 
cut of 50-year-old white pine . (G. 
McDonald, N. Martin). 

85-D-37 

85-D-38 

86-D-1 

86-D-2 

86-D-3 

86-D-4 

86-D-5 

86-D-6 

86-D-7 

86-D-8 

86-D-9 

86-D-10 

86-D-11 

86-D-12 

86-D-13 

Occurrence and characterization of 
biologic species of Annillaria complex 
in western National . Forests (G. 
McDonald, N. Martin, A. Harvey) . 

Stress, adaptational ecophysiology and 
susceptibility of Pacific Northwest 
conifers to the Annillaria compi'ex 
(G. McDonald, G. Rehfeldt, A. Harvey). 

Genetic variabil-ity in Fomes annosus 
(R. Edmonds). 

Fomes annosus 20 years after pre-
commercial thinning in hemlock (R. 
Edmonds). 

Pathogenicity .of Annillaria spp • . on 
artificially defoliated grand fir 
seedlings (G. Filip). 

Decomposition of logging· re ·sidues 
(R. Edmonds, K. Vogt). 

Annosus root rot in the Northern 
Region (S. Hagle, et al.). 

Site and tree ris~ factors in black 
stain root disease (E. Hansen). 

_Stump treatments to reduce black 
stain spread - rate/vector . 
attractiveness in high value stands 
(W. Littke). 

Long-range effects of, precommercial 
thinning on Fomes annosus in western 

·hemlock -stands°7W. Littke). 
Interactions of ·Armillaria and 

herbicides that are used to manage 
forest vegetation (N. Martin): 

De-stumping trials for tomentosus root 
disease (J. Muir). 

Evaluation of root removal -by mechanical 
de-stumping in interior areas ( J. · 
Muir). 

Evaluation of root diseases in interior 
backlog -.areas (G. A. Van· Sickle, W. 
Bloomberg). 

Problem analysis . of root diseases in 
coastal b_acklog areas (G. A. Van 
Sickle, W. Bloomberg). 

Survey of wood chips for pinewood 
nematode in British Columbia (J. · 
Muir) . 

86-D-14 Lethal .effects of chloropicrin on 
Phellinus weirii in culture tubes in 
stumps (E. Nelson). 

86-D-15 Rate of damage by Phellinus weirii in 
Douglas-fir stands (E. Nelson). 

86-D-16 Variability in Verticicladiella 
wagnerii (W. Otrosina). 

86-D-17 Monitoring root dtsease in thi1:med 
ponderosa pine plantations in northern 
Idaho (J. Schwandt). 

86-D~28 Carbohydrate reserves and ,maintenance 
respirations: controls of mycorrhizal 
turnover in ponderosa pine (R. 
Molina, J . Trappe). 
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E. Foliage Diseases 

74-E-1 Inheritance of resistantce to 
Rhabdocline pseudotsugae in 
Douglas-fir (G. McDonald,· G. 
Rehfeldt). 

77-E-1 Dothistro~a pini resistance in ponderosa 
pine (G. Peterson). · 

77-E-2 Inheritance of . resistance to Dothistroma 
pini -in Austrian pine (G. Peterson, 
D. Van Haverbeke). 

77-E-4 Resistance to Phomopsis juniperovora in 
geographic sources of Juniperus 
virginiana · and i!_. s copulorum (G. 
Peterson). . · . 

81-E-7 Growth of germ tubes positively directed 
toward stcmates--is this a common 
phenomenon of fungi infecting plant 
foliage? (G. Peterson). 

82-E-1 Hehcopter fungicide applictions to 
control Swiss needle cast in 8-12 
year-old Douglas-fir forest plantings 
(K. Ru13sell). 

82-E-3 · Dothistroma pi _ni of ponderosa pine ln 
northern Idaho (R. James). 

83-E-3 · Swi,ss needle c.ast ecology and impact in 
northern Montana Christmas trees (S. 
Hagle). · · . 

85-E-1 Biology of the needl .eciast fungi 
Hendersonia pinicola and Dothistroma 
septospora · (J. Rogers, S. Stahl). 

86-E-1 Effect _of fertilization and fungicides 
. on Stdss needlecast . (W. Littke). 

86-E-1 Needlecasts :of Soots pine 
Christm~s trees in Montana .. (S. Hagle) ·. 

86-E-2 Role of Swiss . needlecast in . negative 
fertilizer interaction on · coastal 
soils low in phosphorus (W. Littke) . 

F. Stem Diseases: Malformqtions, Witch's-
Brooms, Dwarf Mistletoe, . Etc •. 

62-F-4 

63-F-1 

69-F-1 

71-F-1 

76-F-4 

78-F-2 

78-F-3 

78-F-4 

Taxonomy,_ .nos ts, and distribution of 
· Arceut·hobium (F. Hawksworth ; ·_D. 

Wiens). ·· . . ... . . 
Spread and intensification ·.of dwarf 

. mistletoe in ponderosa and Jeffrey 
pines in California · cR. Scharpf, J. 
Panneter) . . 

Effectiveness of dwarf mi stletoe control 
following special DM-precommercial 
thinnings . in pondersoa pine and 
Douglas-fir (K. Russell) •. 

Growth impact, associated mortality; and 
spread and intensification of dwarf 
mistletoe in stands of Douglas-fir, 
and lodgepole pine (0 . Dooling). 

Inoculation studies to 'determine the 
host ranges of Arceuthobium 
campylopodium and A. occidentale in 
California (W. Mark, R. Scharpf, F. 
Hawksworth) . 

Control of dwarf mistletoe-caused losses 
in young true .fir stands by thinning 
(R. Smith, R. Scharpf, D. Vogler). 

Population dynamics of dwarf mistletoe 
on true firs in ·California (R. 
Scharpf, J . Panneter); 

The effect of dwarf mistletoe on 
mortality and volume loss in released 
true fir stands (R. Scharpf) . 



78-F-5 

79-F-11 

79-F-7 

81-F-1 

81-F-11 

82-F-11 

83-F-1 

83-F-11 

83-F-5 . 

84-F-2 

85-F-1 

85-F-2 -

85-F-3 

85-F-li 

85-F-6 

85-F-7 

85-F-8 

86-F-1 

Reduction of dwarf mistletoe~caused 
mortality of Jeffrey pines by broom 
pruning (R. Smith, R. Scharpf). 

Dwarf mistletoe infection in inoculated 
young-growth western hemlock (T. 
Shaw) . 

Growth loss in managed, - even-aged, dwarf 
mistletoe-infested stands of Ponderosa 
pine in the Pacific Northwest (E. 

·Nelson, R. Harvey) .• 
Resist~nce.of Jeffrey pine to dwarf 

mistletoe, Arceuthobium campylopodium 
(R. Scharpf, B. Kinlock, J. Jenkinson). 

Development of hemlock ·dwarf mistletoe 
follCMing precommerical thiMing of 
infected young stands in southeast 
Alaska (T. Shaw, P. Hennon). 

Dwarf mistletoe-related mortality of 
ponderosa and J -effrey pines in 
campgrounds in California (D. Vogler, 
R. Scharpf), 

Thinning demonstration of dwarf 
mistletoe-infected lodgepole pine on 
the Targhee National Forest, Idaho 
(J. Hoffman). 

Rate of spread ·, volume loss and 
management strategies for Arceuthobium 
americanl.EI on jack pine and 
Arceuthobil.EI pusilum and white ·spruce 
(K~ Knowles, Y. Beaubien, D~ French, 
F . Baker). 

Effect of N.:fertilization on growth and 
development of dwarf mistletoe on red 
fir (R. F. Scharpf). 

Field testing of .dwarf mistletoe 
resistant Jeffrey pine seedlings (R. 
F, Scharpf, R~ S. Smith), . 

The response of infected lodgepole pine 
to variations in available soil water 
(L. Kirkpatrick). 

The effect of dwarf mistletoe -on the 
response of Douglas.:fir to thiMing 
(B. Tinnin, D. Knutson). 

The effects ·of dwarf mistletoe on the 
response of young Douglas-fir to 
thiMing (B. TiMin). 

The effects of dwarf mistletoe on seed 
production and population dynamics of 
lodgepole pine ( J •. Wanner). 

Silvicultural control of dwarf mistletoe 
in young lodgepole pine stands . (D. 
Johnson, F. Hawksworth). 

Dwarf ·.mistletoe infection by - seeds 
placed on · western hemlock ·regeneration 
in coastal Alaska (T. Shaw)~ 

Impact of Arceuthobium americanum in 
jack pine stands (F. Baker, D. 
French, K.' Knowles). 

Incidence of attack by dwarf mistletoe 
and :·western spruce budworm on 
Douglas-fir (G. Filip). 

Evaluation of ethephon as a control of 
dwarf mistletoes in high use 
recreation forests (T. Nichoils, F. 
Ha~ksworth, D. Johnson). 
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u . ~tem u1seases: ~ta1ns ano uecay~ 

79 - G-5 Decays and cavity nesting birds in•the-
Pacific Northwest (A. Partridge, E. 
Bull). 

82-G-1 Bioactive metabolites of forest tree 
pathogens--Germmeniella abientina, 
blue stain ·fungi associated with 
mountain pine beetle; Condrostererum 
purpureum Verticicladiella spp. (Y. 
Hiratsuka, W. Ayer). · 

85-G-1 Deterioration of mountain pine beetle 
killed lodgepole pine in northeastern 
Oregon (R. Harvey). 

85-G-li Sexuality, genetics, and biology of 
-Echinodontium tinctorium (J. Rogers · 
D. Wilson, O. C. Maloy). 

85-G-5 Effects _ of thnning on tree wound 
respons _e in western conifers attacked 
by insects (G. Filip). 

86-G-1 Interactions of pine bark beetles, their 
fungus associates, and their hosts 
(D_. Wood, J. Panneter _). · 

H. Stem Diseases.: Rusts and Cankers · 

66-H-f 

67-H-2 

69-H-1 

71-H-3 

74-H-i 

74-H - 6 

77-H-2 

80-H-li 

80-H- 5 

80-H-7 

80-H-8 

81-H-1 

81-H-3 

81-ll-5 

81-H-6 

82-H-3 

Comparative physiology of varieties of 
- western white pine • with respect to 

their reaction to the blister rust 
fungus (R, Hoff). · 

Field level _ of bli _ster rust infection in 
.early generation, partially resistant, 
western . white pine stock ( R. Hoff). 

ThiMing and pruning western white pine 
to control the blister rust dise~se 
(J, Byler, N, Hartin). . 

Forest tree r .usts of western North _ 
·America (Y. Hiratsuka), 

Rust fungi of Cupressaceae .and Taxaceae: 
taxonomy and life histories - (R. 

Peterson). 
Seed production areas for obtaining _ 

western white pine that is . genetically 
improved for resistance to blister 
rust (R ... off, G, McDonald). 

White pine blister rust pathology 
(R.Hunt). 

Genetic variation of gall frequency in 
lodgepole and· Ponderosa pine seedlings 
inoculated wi_th western , gall rust _ (R. 
Hoff). 

Inheritance of horizontal resistance 
mechanisms in western white pine to 
blister rust (R. Hoff). 

Pruning white pine £or blister rust 
control (K. Russell). 

Growth of Cronartium coleosporoides in 
tissue of Pinus contorta (T. Beard, 
N. Martin)-.--

Biology, cytology, and _systematics of 
Xylaria (J. Rogers, B. Callan). 

The etiology of Thyronectria canker on 
Colorado honeylocusts (W. Jaco .bi). 

Biology and control of stem rusts of 
hard pines (R. Blanchette,.D. French). 

Wood deterioration by canker-rot fungi · 
(R. Blanchette). 

Guid e lines for maJlagement of western 
white pine in the Northern Region (S. 
Hagle, G. McDonald, G. Norby). 



82-H-4 

83-H-i 

83-H-8 . 

85-H-1 

85-H-2 

85-H-4 

85-H-S 

85-H-6 

85-H-7 

85-H-8 

85-H-9 

85-H-1O 

85-H-11 

85-H-12 

85-H-13 

85-H-14 

85-H-15 

85-H-16 

85-H-17 

85-H-18 

85-H-19 

Western gull rust studies in relation to 
the genetic improvement program of 
lodgepole pine (Y. Hiratsuka, P. 
Blenis). 

Hazard rating and ecology of comandra 
blister rust in . the Rocky Mountain 
Region (W. Jacobi). 

Distribution and parentage association 
of western gall rust infection in four 
ponderosa pine seed orchards (J. 
Hoffman, J. Marshall). 

Epidemiology and management of western 
conifer : rusts (especially western gall 
rust and white .pine blister rust) (F. 
Cobb). 

Tuberculina maxima .inoculation as an aid 
to biological control of white pine 
blister rust (R. Harvey). 

Aspen an~ willow . cankers--cause, 
biology, and ·control (D. French, J. 
Juzwik). 

Inheritance or resistance or lodgepole 
pine to western gall rust · (B. J. Van 
der Kamp, M. Curran, H. O. Kojwong). 

Evaluation of d~age and reco111Dendations 
for · control of comandra rust in 
lodgepole pine (B. Giles, p. Johnson, 
F. Hawksworth). 

Rating the severity of limb rust in 
ponderosa pine stands (F. Baker, B. 
Tkacz). . 

Biology of limb rust on Ponderosa Pine 
(F. Baker). 

Epidemiology of western gull rust (P. 
Blenis, Y~ Hiratsuka) . 

Pathogenicity of Cytospora sp. on 
thin-leaf alder, cottonwood, and 
·w111CM in eastern Oregon riparian 
. zones (G. Filip). . 

Definition of mechanisms of re .sistance 
to Cronartium ribicola in · Pinus 
lambertiana (G. HcDonald)-.--

Progress and speed of natural selection 
in blister rust infected western white 
pine (G. McDonald, R. Hoff). 

Evaluation of unifonn-spare-distribution 
chambers for .inoculating Ribes and 
Pinus with Cronartium ribioola 
aeciospores and basidiospores (G. 
McDonald). · 

Field level of blister rust infection in 
early-generation, partially resista ·nt 

, western white pine stock (G. 
McDonald, R. Hoff) . 

Seed production areas for obtaining 
western white pine that is genetically 
improved for resistan ce to blister 
rust (R. Hoff, G. McDonald). 

Geographic variation of Cronartium 
ribicola on Ribes and western white 
pine (G. McDonald). , 

Modeling mortality •of blister rust 
infected with pine (G. McDonald, N. 
Martin, R. Hungerford, W. Wykoff) . 

Development of a pred icti ve blist er rust 
epidemic model (G. McDonald). 

Inheritance of horizontal resistance 
mechanism (G. McDonald). 
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85-H-2O l sozyme characterization of Champion 
Mine strain of Cronartium ribicola 
(G, McDonald). 

85-H-21 Resistance of lodgepole pine to western 
gall rust (R. Hoff). 

85-H-22 Resistance of ponderosa pine to western 
gall rust (R ... off). 

86-H-1 Blister rust incidence and impact in 
young sugar pine plantations, central 
Sierra Nevada (G •. DeNitto). 

86-H-2 Biological .and economical feasibility 
of pruning and canker excision to 
control white pine blister rust (S. 
Hagle) . 

86-H-3 Evaluating perfonnance of blister-rust 
resistant white pine stock in the 
coast range of Oregon (A. Kanaskie). 

I. Wilt and Blight Diseases 

71-1- .1 Dutch elm disease dete .ction surveys in 
alf municipalities in Colorado (J. 
Laut,~. Schomaker). 

77-1-3 Piplodia pinea tip blight on pines: 
. eq.ology and stem infections (G. · 
·p eterson) • 

79-1-2 Resistance to Cercospora sequoia 
var . Juniper! in ·geographic sources of 
Juniperus viginiana · and J. scopulorum 
(G. Peterson). -

85-1-1 Oak wilt--control strategies 
(D. French) • 

85-1-2 Dutch elm disease--control strategies 
(D. French) • 

J. Defects and Decays of Forest Products 

58-J-1 

76-J-1 

79-J-1 
85-J-1 

Deterioratfon of beetle-killed Englemann 
spruce in Colorado (T. Hinds). 

Microdistribution and efficacy of 
preservatives in treated wood·and 
their effects on microorganisms . (W. 
Wilcox). 

Diagnosis of wood decay (W. Wilcox). 
Role of heartwood microflora in the 

breakdown of thujapli di n in western 
red cedar heartwood · (B. Van der Kamp). 

K. Miscellaneous Studies 

58-K-1 

73-K-3 
78-K-1 

79-K-1 

79-K-2 

79-K-3 

Taxonomic studies of forest fungi 
(A. Funk). 

Fungi of Washington State (J. Rogers). 
Effect of thinnings on the incidence and 

impact of Cystospora canker, fir 
engraver beetle, and Fomes annosus in 
white fir stands on the7ast -si de 
Sierra Nevada (G. Ferrell, R. 
Scharpf, J. Parm.et er). 

Use of the Shigometer for assessment of 
tree vigor and growth in 25- to 
1OO-year-old Sitka spruce and wester n 
hemlock (T. Shaw). 

Morta lity ·of Douglas-fir: biotic system s 
and impacts (A. Partridge) j 

Management alternatives in forests with 
Douglas- fir mortality centers (A. 
Partridge). 



80-K-3 Interactions among the pine wood 
nematode, fungi, and bark beetles in 
th e Midwest (P. Bedker, R. 
Blanchette). 

80-K-6 Cc:rnputer programs to analyze street tree 
inv entory data in urban areas of 
Idaho (J . Schwandt). 

81-K-1 Comparative roles for saprophytic and 
pathogenic decays in Rocky Mountain 
forest soils: impacts of disturbance 
on regeneration and . growth (A. 
Harvey; M. Larsen) . 

81-K-2 Life histori es and anamorphs of 
ligni colous Pyrenomycetes (J. Rogers) . 

81-K-4 Reestablishment of vegetation on Mount 
St. Helens-created debris flow: an 
unusua l "pathological" event (K. 
Russell). 

82-K-1 Ccmprehensive pest management policies 
for Washington State (within DNR's 
Forest Land Management Plan) (K. 

83-K-2 

83-K-4 

84-K-1 

Russell). 
.T~ee diseases and t .heir effects in 

recreational ar .eas (E. Sharon). 
Mistletoe and root disease control 

demonstration areas (J, Muir). 
Evaluation of pests associated with 

underburning .mixed conifer stands for 
fuel reduction (J. Pronos). 

85-K-1 Use Qf remote sensing techniques for the 
detection, survey, and damage 
appraisal of root diseases (J. Y. 
Lee, W. J. Bloomberg). 

85-K-2 Potential of Beauveria bassiana for 
direct control . of bark beet les (H. S. 
Whitney). 

85-K-3 Interactions among forest tree diseases, 
insects, hosts, and humans (F. Cobb). 

85-K-4 Effects of decomposition of wood on 
regeneration of eastern cascade slope 
sites (C. Driver). 

85-K-5 Isolation and characterization of 
selective lignin-degrading fungi with 
potential industrial application (R. 
Blanchette). 

85-K-6 Ultrastructure . of wood decompostion by 
Basidiomycetes ·(R. Blanchette). 

85-K-7 Survey of condition and vigor of 
Rocky Mountain aspen sprout stands 
(T. Hinds, W. 0, Shepperd, G. L. 
Crouch). 

85-K-8 Occurrence, anatomy, cause and early 
detection of fluted hemlock in 
southeast Alaska (T. Shaw). 

85-K-9 Computer Programs for dissemination of 
pest information (F. Baker). 

85-K-10 Nutrient dynamics in decomposing 
Douglas -fir and red alder logging 
residue (K. Vogt, R. Edmonds). 

86-K- 1 Biocontrol of forest weeds (C. 
·Dorworth) . 

86-K-2 Field guide to fore~t pests in 
Montana and Idaho ·cs. Hagle, S. 
Tunnock). 

86-K-2 Development of tree health mgmt; 
series (THMS) for recreational and 
urban and community 
f orestry-multivo lume slide/ vid eo tape 
(M. Sharon) • 
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