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- FOREWORD

The ancient city of Santa Fe, New Mexico, with its splendor of charm
and atmosphere provided the historic environ for our Fifteenth Western Inter-
national Forest Disease Work Conference held September 11-15, 1967. The '
Desert Inn Motel served as headquarters for registration, lodging, and per-
sonality adjustments. The meetings were held in the auditorium of the State
Land Office Building., Attendance was excellent, although unfortumately,
members and guests from Mexico were unable to attend, .

Chairman -Alex Molnar formally opened the meeting with an acknowledge-
ment of officers; welcome to members, guests, and visitors; and a resume of
the program: A welcoming address emphasizing -forest disease problems in
the Rocky Mountains was presented by Lloyd Hayes., Another welcoming address
- by Roy Bond on behalf of Region 3 related the importance of forest disease
- problems relative to land management. in New Mexico and Arizona. The mayor
of Santa Fe was unable to attend the opening of the Conference, but the fine
cooperation, services, and information provided by the Santa Fe Chamber of .
Commerce effected a very cordial welcome. In keeping with.Conference .
traditions, excellence and. authority were inherent in the four panel pre=
sentations. This can only reflect favorably on the splendid efforts of the
program chairman and his committee, The five special.papers were both
interesting and informative. _— ;

As usual the field trip was an enJoyable aspect of the meeting. The .
visit at Los Alamos Scientific Laboratory was exciting and inspiring.  The
dwarf mistletoe control studies at Bandelier National Monument were informa-
tive and stimulating, and the aesthetics of the museum and cliff dwellings
were: enjoyed and frequently photographed by all attending. The banquet . .
terminated the field trip. Following the dinner of prime roast beef,

Dr, Albert Schroeder Archeologist of the U, S. Park Service, presented an-
exquisite resume’ of the past culture of some of the historic Indian tribes
of the Southwestern United States, -

The membership- accepted Dr. C. D. Leaphart & invitation to reconvene in
Coeur d'Alene, Idaho or vicinity, in 1968. Having achieved a successful
climax, the Conference adjourned the afternoon of September 15, 1967. It .
will long be remembered for its excellence of quality.

Executive Comgittee" : . - B L' N V'Progrem Committee
A. C. Molnar, Chairman | L. C. Weir, Chairman
E. F, Wicker, Secretary-Treasurer. . . . R. §. Smith_

H. H. Bynum
Local Arrangements .

P. C. Lightle, Chairman
E, H. Lampi

J. Riffle

M, Weiss



PAUL D, KEENER
1908-1966

Dr., Paul D, Keener died unexpectedly on August 6, 1966, in Tucson,
Arizona of a heart attack., He is survived by his widow and by two sisters,
Miss Jane D. Keener of Washington Grove, Maryland, and Miss Ruth D. Keener
of New York City. L :

~ Professor Keener was born November 4, 1908, in Lawrenceville, New
Jersey, where he attended local grade and high schools prior to enrolling
at the Pennsylvania State College (now University). He was graduated with
honors in 1932, having a senatorial scholarship during his junior and
senior years as a botany major., He continued as a graduate stipend scholar
and received his Master of Scilence from the same institution in 1934,
Following service first as a field agent in the barberry eradication
program of the U,S. Department of Agriculture from 1935 to 1939, and later
with the Boyce Thompson Institute for Plant Research from 1939 to 1941,
he enrolled in the doctorate program in mycology at the University of
Pennsylvania. He received his Doctor of Philosophy degree in 1945,
having held successively a scholarship from the George Leib Harrison Fund.

After joining the staff of the Department of Plant Pathology at the
University of Arizona in 1945 as an Assistant Professor and Assistant
Plant Pathologist, he advanced through the ranks, attaining his professor=-
ship in 1959. Although trained primarily as a mycologist and forest
pathologist, he adapted readily to solving both basic and applied problems
of significance to Arizona's agricultural industry. As forest pathologist,
he made many contributions to our knowledge of the needle cast and rust
fungi of Arizona's coniferous spe¢ies., Under his curatorial direction
the mycological herbarium of the Agricultural Experiment Station develope
into one of the best reference collections in the Southwest. :

Paul Xeener devoted his life to scholarly pursuits and sexvice to
others. His research was characterized by meticulous attention to
detail, A similar degree of thoroughness was apparent in his teaching,
and the high standards he set for himself were expected of his students
and colleagues, ' :

He was active in the local affairs of Sigma Xi and Phi Kappa Phi,
and was Iinstrumental in organizing the Arizona Chapter of Gamma Sigme
Delta and served as its first president in 1958.

In the death of Paul D. Keener we have lost a true friend and loyal
colleague. He will be deeply missed by us all.

Paul C. Lightle



JOHN ERTEL BIER

Forest pathologists throughout the world were deeply saddened by the
untimely death on January 24, 1967 of Dr. J. E, Bier., This loss was felt
in full measure by members of the Western International Forast Disease Work
Conference as Dr. Bier was not only an active participant and former Secre-
tary and Chairman of the Conference, but was also a primary instigator of
action- #hich led to its formation,

Dr. Bier, Jack to those of us who were privileged to regard him as a
personal friend as well as professional colleague, received his B,.S.F,, M.A.,
and Ph,D, from the University of Toronto in 1932, 1936, and 1938 respectively.
He joined the then Division of Botany and Plant Pathology, Canadian Depart-
ment of Agriculture, in 1935 and up to 1940 directed most of his attention
to canker diseases of hardwoods and provided noteworthy contributions to a
better understanding and'control of Hypoxylon and Septoria of aspens in the
prairie region. 1In 1940 he established the Forest Pathology Laboratory in
Victoria, B, C., the first Regional Forest Pathology Laboratory in Canada,
and up to 1947 developed the program at this centre to a high level of
contribution. Beyond directing the program over a wide range of activities,
he made noteworthy personal contributions in the fields of nursery diseases,
root rot of Douglas-fir, and cull surveys. In 1947 he transferred to
Ontario and opened another Regional Laboratory for the then Forest Biology
Division of the Department of Agriculture, developing program and staff
over a broad field of activity; including pathology, mycology, and .
physiology.  Between 1951 and 1956 he served as Associate Chief of the
Forest Biology Division in Ottawa, and provided leadership and guidance to
the Forest Pathology program throughout Canada., In 1957 he accepted the
chair in Forest Pathology with the Department of Biology and Botany,
University of British Columbia, He held dual professorships in the Depart-
ment of Botany and the Faculty of Forestry until 1965, at which time his
discipline came to rest within the Faculty of Forestry. '

Throughout his professional career, but particularly during the past
ten years, Jack was instrumental in encouraging a number of competent under-
graduates to develop careers in Forest Pathology and in guiding graduate
and post-graduate students in their research programs. During this period
he carried out a program of perscnally conducted research, latterly stress-
ing tree physiology and microbiology in relation to forest disease control.
He approached this field with the vigour and enthusiasm which marked his
entire career and did much to illustrate the complex interactions between

vhost pathogens,and the naturally occurring microflora. -

Dr, Bier was an active member of numerous regional, national, and inter-
national organizations, including the Canadian:Institute of Forestry,
Canadian Phytopathological Society, Michigan Academy of Sciences,

Assoclation of B.C. Registered Foresters, International Congress of Botany,
and W,I,F,D.W.C, He was particularly active in the International Union of
Forest Research Organizations, serving as chairman of two working groups

and as a member of three others over a period of more than twenty years, - His
wide range of participation illustrated his broad training and interest as
well as his stature in the scientific community.

Dr. Bier is survived by lis wife and son, residing in Vancouver,

R, E, Foster
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OPENING REMARKS

Ghairman Alex C. Molnar

Ladiea and gentlemen, colleagues and_ h0noured guests, 1 take pleasure
in calling to order the 15th Annual Meeting of the Western International
Forest Dieease Work Conference. . . o

Mbst of you are aware that a highly valued colleague friend, and
charter member of this Conference, Dr, Jack Bier, passed away in January.
Jack continued to expound the principles of forest pathology to the end==
and he continued his research with enthusiasm., He was. at once a sage old
teacher and a keen student, We shall miss him, but he left us a fine Iegacy
of ideas--we could not ask for wore ., 1 ask you to join me for a,moment 8
glilencé in his memory. o B o ' :

This fifteenth meeting of our Conference is dedicated to honour the
‘memory of Dr. Paul Keener, a staunch supporter of our group for many years,
whose untimely-passing saddened us last year, He" often urged us’'to meet in
his beloved. Southwest and 1 am sure he would be pleased he . got “us. here with-
out a_Chamber of Commerce. sales pitch;,. We are sorry that Betty Keener ‘
could not be with us today but- you may be assured that her thoughts are with
us. Paul's old student and long time friend, Dr. Paul Lightle, will make
the dedicatiOn speech following the Welcoming Addresaes.;_ :

On behalf of the 0ld Handa, 1 welcome into our. midat new members, some
of whom perhaps: only recently embarked on a career in forest pathology. 1
highly recommend that they:use.this organization as an important touchstone
throughout their careers., .We'do mot have a complicated initiation ceremony ;
all we ask is that you pitch right in and participate vigorously in all
phases of our Procéedings. . :

. For some time I have’ been looking forward to the pleasure of welcoming
our colleagues. from Mexico.and Guatemala. Apparently, 1 am to be denied
this pleasure. ‘I am sure you join with me when I say that we are all. truly
sorry they were not able to join us, . Perhaps some future chairman will .
have the pleasure of welcoming them. : n

As your Chairman, my - Job has been to get. the wheels rolling; having
done so early in the year, the main burden of hammering out the meeting fell
on your Local Arrangements. Chairman, Paul Lightle; Program Chairman, Larry

_Weir; and your Secretary-Treasurer, Ed Wicker; whose blood, sweat, and
tears will go:on for some time, I wish to extend my grateful thanks to
these gentlemen and: their hardworking committees, I believe your program,
which takes advantage of theé .locale to familiarize you with forest disease
problems of the Southwest and Mexico, will also provide stimulus for
thoughtful and vigorous discusaion on three important topics: Silvicultural
Control of Forest Disease, the Team Approach to the Solution of Forest
Disease Problems and Host Response to Injury by Pathogens. We are pleased
- with our choice of assembled panelists who will provide the framework for
discussion. ‘It will be up to you to flesh out the framework.

I would like now to introduce Lloyd Hayes, Chief of the Division of

Timber Management and Forest Protection Research of the Rocky Mountain
Forest and Range Experiment Station, who will deliver the Welcoming Address.
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Until now, we have had very little data 'on the organisms that cause

- cull in our stands of mixed conifers. Last July I started a study, in
cooperation with Timber Management of Region 3, that should shed some light
on this. The Region is destructively sampling some of their inventory

" plots., These represent about a 0.0l percent sample of the acres of com-
mercial forest in Arizona and New Mexico, The Region 1s taking all the
measurements and collecting samples from the rot columns they find., I am
culturing the rot and isolating the organisms. e developed our methods
on the Lincoln National Forest in southern New Mexico this year, and the
next few years should provide a ‘lot of data on the damage caused by the
various organisms, - R RS

Although red rot is the primary cause of defect, the major cause of
mortality and growth loss is dwarf mistletoe. Andrews and Daniels estimate
that this parasite is present on at least 2.5 million acres of ponderosa
pine and an additional 275,000 acres of Douglas fir are infected in
Arizona and New Mexico. They further éstimate that annudl mortality losses
alone total 55 to 75 million board feet in thé-ponderosa pine of this
Region with an additional 20 to 27 million board feet 'in Douglas fir. All
coniferous species are attacked by either mistletoe or dwarf mistletoe.

Our Arizona cypress, juniper, and even white fir are susceptible to.
Phorodendron, Pinyon, ponderosa; lodgepole, Douglas fir, true ‘fir, spruce,
and all minor species of hard and soft pines aré ravaged by Arceuthobium.
Thus, we probably have more mistletoe species and foims on more tree
species than any other area in the Unitéd States, - : : -

~ The magnitude ‘of the dwarf mistletoe problem in this Region was
-recognized soor after the turn of this century-and research: of sorts-began
as early as 1910, It has continued ever since, first by C. F. Korstian
and then by W. H. Long, Ira Hatfield, Lake Gill, and now by Frank
. Hawksworth, “At the present time basic research on. the dwarf mistletoes
is Prank's responsibility. However, due to the importanceof the parasite
" in Arizona and New Mexico, and because long term experiments on control
have been established here since 1933, investigations on silvicultural
control are conducted herée. Close liaison is maintained between the two
projects and practically no overlapping in effort exists. ~Frank will tell
you about his work later this afternoon. : SR :

. Interim results from the control plots established by Hatfield in-
1933, augmented by other findings from experiments in the Fort Valley .
Experimental Forest, suggested certain practical aspects of control that
have served as guides in several ddministrative operations,.- The first was
a control project on the South :Rim of Grand Canyon:which began in 1950.
This was what I'call a noncommercial operation because the idea was to
"save as many trees as possible by pruning. Pruning, I'm sure you
realize, 1s an expensive dwarf mistletoe control method, and is impractical
where timber values alone are involved. e ‘

‘Soon ‘after completion of initial control at the Grand Canyon in

1952 a similar large-scale operation began on 13,000 gross acres on the
Mescalero Apache Indian Reservation.. -This was what I term a comgercial
operation ‘because all infected overstory trees of merchantable size were
hatvested, Infected understory and submerchantable trees were felled and
left in place because, at that time, there was no market fo; pulpwood or
other small diameter wood, Very few trees were pruned, Pruning was done
only on trees with infections more than 18 inches from the bole and then

-8~

































Little research on the mistletoes is being conducted in Mexico although
Rudolfo Salinas,. of the-Instituto Nacional de. Investigaciones Forestales is
doing some work on the dwarf mistletoes that occur near Mexico City. Riba .
(1963) recently published some general notes on the mistletoe family in
Mexico. Roldan (1924) first called attention to the damage caused by dwarf
mistletoes in Mexico-and Sosa (1939) discussed. the seriousness of A.
vaginatum in one aréa in the state of Tlaxcala., Valdivia (1964) reported
on the hosts and abundance of A. globosum in the State of Michoacan. De la
Puente (1966) recorded observations on natural resistance of some species of
plnes in central Mexico. : :

To give an unbiased opinion, I'd say that mistletoes seem to be the
number 1 forest disease problem in Mexico. But we should bear in mind that
other factors besides diseases are considered more damaging to forest pro-
duction in Mexico..- For example, Garduno and Sierra (1962) in the proceedings
of the Seattle World Forestry Congress list thne follow1ng causes of forest
destruction. in Mexico in this order 3 -

Fire

Clearjng of forest land for agricultural purposes
‘Uncontrolled grazing '

Insects and diseases

[N SR PR L
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The most damaging MExican mistietoes on conifers are Arceuthobium,
but in addition there is:

1. Psittacanbﬁus on pines and Abies4-veryitommon in centralxﬁb$ico.

2. Phoradendron velutinum on pines~~infrequent.

3. Phoradendron bolleanum subsp. pauciflbrum--common in Bajé
California on whlte fir. '

4. Phoradéndron junlperinum subsp. libocedri--common in Ba;a
_.California on Incense Cedar.

Arceuthobium is highly developed in Mexico; and at least 14 dwarf
mistletoes occur there, eight of which are endemic. The dwarf mistletoe
epicenter of the universe seems to be in the Sierra Madre Occidental in
the state of Durango where four: species that are known from nowhere else
are to be found (Hawksworth and Wiens 1965).

Eight dwarf mistletoes ocour here in the Southwest, including five

that also occur in Mexico--A. .vaginatum subsp. Exgtogodum, A. douglasii,

A. gillii, and A. camgzlogodum formae blumeri and d1var1catum. Also the
coastal pOnderosa pine  species-~(A. campylopodum £. campy Lopodum) occurs

in Baja California on Jeffrey and Coulter pines (Hawksworth, Lightle, and
Scharpf--in press). It is .possible that the sugar pine mistletoe may also
show up ‘in Baja: California because.it has recently been found in San Diego
County, California, only about 25 miles north of the: International Boundary,

Most of the- MExican dwarf mlstletoes (12 species) attack pines . but oné
occurs on Pseudotsuga menziesii (A. douglasii) and one on Abies spp.

-19~ SJ & Jessie E. Quinney
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(A. abietis-religiosae). At least 24 pines are known to be attacked in
Mexico (Table I) and further study will undoubtedly extend the host list
considerably. One tree, Pinus engelmannif is attacked by 6 dwarf m1st1etoes.

Table 1. Pines attacked by dwarf mistletoes in Mexico
(Hawkswotth ‘and Wiens 1965), Hawksworth, Lightle, and Scharpf in
press Va1d1v1a 1964) '

Dwarf Mistletoe ' " Ppine Hosts_
1. A, verticilliflorum cooperi, engelmannii
2. A. gillii subsp. gillii v leiophylla, chihuahuana,
. lumholtzii, ponderosa, arizonica
3, A. gillii subsp. nigzrum leidbthTé, chihuahuana
lumholtzii, teocote, montezumae
4, 'A;'globbéﬁm o : v lawsonii, tenuifolia,.
pseudotstrobus, montezumae,
hartwegii, rudis, cooperi,
michoacana, rarizonica,
durangensis, gngelmannii,
pringlei, douglasiana
5. A, vaginatum subsp. vaginatum mdﬁtézﬁmae:vﬁartwegii, rudis,
’ cooperi, michoacana, ponderosa,
EE&EQHL&E __wgglmannll, culminicola
6. A. vaginatum subsp..cgzgtogodum pOnderosa ‘arizonica, arizonica
' var, stormiae, engelmannii
7. Aa.Vaginatum subsp. duréngense moﬁtezumaé; duréggensis"
8. A. rubrum ‘ " teocoté, cooperi, durangensis,
engelmannii
9. A. strictum . . ~chihuahuana, teocote, engelmannii
10. A, campylopodum f.;campylopodﬁm jeffrevi, coulteri
11. A, campylopodum £. blumeri '~ strobiformis
12, A, campylopodum £. divaricatum ~ quadrifolia

Some Mexican dwarf mistletoes are unique, and even bizarre. For
example, one species (A. globosum) does not form witches' brooms. It has
a broad host range that includes at least 15 species of pines., Another
species (A. verticilliflorum) has deciduous staminate shoots but perennial
pistillate shoots. Also this species has fruits up to nearly 1,5 cm long
(the seeds of this species are larger than the fruits of any of our species,
thus hard hats are in order for work in these forests during the firing

-20-



period). Another 5pecies (A. strictum) is unique in that the staminate
shoots are unbranched. ~Some .of the'giant" dwarf mistletoes (A. globosum
and A. vaginatum subsp. vaginatum and durangense) have shoots up to two
feet high and nearly two inches in diameter,

Although the dwarf mistletoes seem to be the primary forest disease
problem in Mexico, ‘the amount of damage caused by them appears to be much-
less than in our Southwestern pine forests. The main form of loss is in
growth reduction although we did observe mistletoe-caused mortality in
many parts of the Sierra Madre Occidental in the States of Chihuahua and
Durango, 1ln general, damage seems to decrease (as rowing conditions for
for pines improve) as one proceeds southward toward Mexico City. Perhaps
the lesser damage in Mexican pine forests is.due to the generally better
moisture conditions (as compared to our southwestern pine forests). Also
" in many Mexican pine stands, fires are more frequent than in the Southwest
and this has tended to inhibit the development of dense understory stands
that characterize many of our southwestern pine forests.

“In spite of these differences, the Mexlcan plne forests, part1cu1ar1y
the northern ones, are generally compardble to those of the Southwest and
much -of what we 1earn about control of dwarf m1st1etoe here will also be
applicable 1n Mexico, :
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- remains a major problem. Our approach to this problem is to develop an
extensive collection of cultures from identified sporophores and compare
the cultural characteristics of the fungi grown in standard environments.
Pantidou (8) has reported that some mycorrhizal fungi show sufficiently
distinct combinations of characters in pure culture to facilitate eventual
construction of. species keys for given cultural conditions (15), "Detailed
descriptions of the colonies and hyphae, reactions.to various chemicals,
‘and growth rates on nutrient media at various temperatures are necessary
to make this identification technique a success. I have isolated Suillus
granulatus from mycorrhizal rootlets, but the identity of the majority of
fungil is not known, I would welcome and appreciate suggestions from any
of you on other approaches to use to identify these fungi.

One of the most indisputable means for confirming a mycorrhizal
association is by using Melin's (6) technique, with various adaptations
by other investigators (2, 5, and 7), of synthesizing mycorrhizae between
fungi and tree roots in pure culture. I have used this technique and
synthesized mycorrhizae on ponderosa pine with Suillus granulatus, but
the results have:been negative with other fungi tested, TIwo factors that
have been troublesome in these experiments are insufficient light gquantity
and high substrate temperature. I hope these problems have been resolved
with the recent purchase of a _growth chamber whlch will allow control of
. temperature and light.

An interesting aspect of the mycorrhizal investigations has been
the effect of mycophagous nematodes on the growth and viability of
mycorrhizal fungi. These nematodes have been isolated from mycorrhizal
rootlets collected from w1de1y separated low elevation stands in central
New Mexico..

Laboratory studies have been undertaken to determlne if these
nematodes could reduce the growth and viability of mycorrhizal fungi
common to central New Mexico as well as similar fungi found in ‘other areas
.of the United States.

Forty fungi, representinng orders, 17 families, and 31 genera of
basidiomycetes, and one imperfect fungus, were seélected for the investi-
gation.. Eleven of .these fungi, namely Boletus edulis,. Suillus granulatus,
Leccinum scabrum, Xerocomus chrysenteron, Lactarius uv1dus, Clltocvbe_
crassa, GC. multiceps, Flammulina velutipes, Pnoliota squarrosa,
Cantharellus cibarius, and Russula aurantialutea, were obtained from
mixed conifer stands in central New Mexico, The remaining 29 fungi were
obtained from forest research colleagues of the U, S. Forest Service.

A suspension of 200 nematodes (an undescribed species of

Aphelenchoides) was added to 5 cultures of each fungus, and 5 other
cultures of each fungus were not inoculated and served as controls,
These fungi were grown on potato dextrose agar. The experiment was con-
tinued for 40 days after the nematodes were added, and then a small piece
of mycelium from each culture was transferred to PDA to determlne if the
fungi had been killed by the nematodes,

Reduction in linear growth of most fungi was first apparent after
the nematodes had fed 8 to 12 days, and reduction was quite distinct
after 16 to 20 days. After 40 days of feeding, the nematodes had little
or no effect on the linear growth of 19 fungi, their growth being 75 to
100% of their respective controls. Growth of 13 other fungl was reduced
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fungl and other fungi that were little affected in linear growth and
fungus viability produced substances that were toxic to the nematodes,
Marx (4) has found that Leucopaxillus cerealis var. piceina secretes an
antibiotic, diatretyne nitrile, that, besides being fungitoxic to
zoospores of Puaytophthora cinnamoni at low concentrations, also had
adverse effects on spiral nematodes, Another species of Leucopaxillus,

- L. albissima, was used in this study. and 1its linear growth and v1ab111ty
were not reduced by the nenatodes.

The results of this investigation have revealed that the
Apiielenchoides species reduced the growth and viability of some
mycorrhizal fungi whereas other fungl were not affected at all, Of the
11 New Mexico fungl tested, the linear growth of 2 was reduced to 337
or less of their respective contxols, growch of 4 was reduced to 590
to 75%, and growth of 5 was slightly affected or not affected at all,
Viability of 7 of these fungi was not affected, viability of 3 fungl was
partially affected, and 1 fungus was killed by nematode feeding., Since
this nematode has been found in widely separated low.elevation ponderosa
pine stands in central New Mexico, it is hypothesized that it may have
a role in the prematuxe mortality of ponderosa pine by suppressing the
development of its mycorrhizae which in turn may result in reduced tree
vigor and exposure of vulnerable tissue to attack by various root
pathogens,

-Studies are now necessary, however, to deteimine the 51gnif1cance
of mycophagous nematodes on the development of mycorrhizae of south-
western tree species., With an understanding. of the effects of these
nematodes on the development of mycorrhizae énd on the growth and
viability of root-pathogenic fungi, tine significance of these organisms
in the decline of tree vigor and premature mortality of southwestern
tree species may be clarified,
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PANEL II. -- DISEASE CONTROL: SILVICULTURE AND FOREST MANAGEMENT
or
DISEASE CONTROL BY ENVIRONMENTAL MANIPULATION

" Benton Howard, Panel Moderqﬁdt'

'INTRODUGTION BY MODERATOR
I can't resist the changing of titles; hence, the subtitle given above,

This illustrious panel will present to you the very basis of forest )
pathology; the guts of the situation; disease control through silviculture
and forest management, or environmental manipulation.

Evefything we do, eVeijthiﬁg'that'haé been given befoie in this session,
and everything yet to come in some way or another relates to the environment,

Now I have f0ur panelists, all of whom are erudite, sikillful,
knowledgeable, witty, and best of all, articulate., My problem, of course,
was how to handle such a "fearsome foursome," Well, just let them run wild.

They will start from the stone age of forest pathology and one by one
lead us to outer space, From voodoo to to the computor! Let's start the
count down and away we go!

Don Leaphart. You all know him so why spend time in reviewing his
illustrious career. He will build us a launching platform blended of fairy
tales, medieval magic, folklore, and fact, Don, please take over.

HISTORY OF FOREST DISEASE CONIROL THROUGH
SILVICULIURE AND FOREST MANAGEMENI

Charles D. Leaphart

Modern practices in control of tree diseases probably had their origin.
in the 18th Century. Then people emphasized individual trees, as did
J. C. Riedel in his Garden Lexicon in 1751, where he recommended a remedy
for cankers by cutting out diseased parts and coating with grafting wax.
However, perhaps influenced by their medical contemporaries, they also
suggested bleeding by boring holes and splitting roots, presumably to rid the
tree of causative spirits, Not until a century later were the relationships
between diseases and their causes understood, thus providing the basis by
which controls could be practically and effectively formulated and applied
through silvicultural measures,

Robert Hartig, considered by most foresters and pathologists to be the
father of modern Forest Pathology, worked out many of these relationships and
consequently provided the impetus for expanded study of Forest Pathology the
world over., Hartig actually credited M, Willkomm with stimulating interest
in diseases of forest trees through his investigations reported in 1866,
primarily on the larch canker which he misidentified. I doubt that Willkomm
should be criticized for this oversight because 100 years later the
mycologists still haggle over the nomenclature of the genus.
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Interestingly, Hartig's philosophy was strikingly similar to some. -
modern pathologists'. As editor of Sommerville's (1894) translation of
Hartig's (1882) text, Marshall Ward commented in the preface of the trans-
lation about the foresters' criticism of Hartig that too little information
wae provided relative to details of combative or therapeutic treatment of
special diseases, Because I think the comments are partly applicable to
the present day, I quote part of Ward's response to criticism of Hartig's
text, '"To this'(i.e., the criticism) the obvious reply -is that .it is not
necessarily the duty of the scientific pathelogist to devise the particular
mode of attack to be employed in special cases-~these .plans of remedial -
treatment involve the outlay of money, labour, etc., which vary in different
countries and in different cases, and enough has been done by the investi-
gator who indicates the factors imnvolved, Special works must be consulted
regarding the details of treatment, though it seems to me the author, while
'clearly recognizing this, goes even out of his way to give practical hints
as to treatment, and has in many cases- put the principal factors.con-
cerned in the treatment so clearly that every thinking practical:man'cangdo
‘the rest himself, No better illustration of the thoroughly practical:
nature of his writings could be selected than his recommendations for the
treatment of dry-rot," -

Most notable among the early workers of the late 19th Century and
contemporaries of Hartig were Rostrup in Denmark, Tubeuf in Germany, and
Ward 'in England, Many of our present concepts in control of.diseases through
silvicultural manipulation had their origin with these-men. For example;
from their writings came:the following recommendations which.-I believeiyou
will recognize in modified form in today 6 practices. . ;

" 1, Eradication of A, mellea and F, annosus from plantations
by trenching and destroying affected portions of trees,
In older forests, the same procedure could be used to
limit destruction. :

2, Recognized spores as a danger source, but considered that
they (quoting from Ward, 1909) '"Need be by no means so much
so where knowledge is intelligently applied in removing.
young fructifications.'" Thus, the concept of forest sani-
tation was coming into béing as Hartig some years earlier
had recognized in comparing the low incidence: ‘of foliage -
diseases in stands where forest litter ‘had been cleaned to
the high incidence in others where the litter was’ allowed to
accumulate, .

3. Avoidance of certain sites for certain species as-for example,

' larch with respect to the larch canker and Scotch pine with
L. pinastri. The value of mixtures of species where larch
canker prevailed and of altérnating species or using more
resistant species where the needle cast was severe was also
pointed out to the foresters of that day.

4, Mistletoes, including dwarf mistletoes, were treated by
" pruning infected branches so as to remove the infection
source, Pruning, its timing, and follow-up coating treatment
were considered as general preventive measures for other
diseases, e.g., heartwood decays, in addition to providing
a clean bole, illumination for the undergrowth, and a product
for utilization,



Coincident with these silviculturally oriented recommendations, others
that have certain similarities to present~day management practices were:

1. From the recognition of the alternate hosts and life cycle of
Peridermium pini came the recommendation that seedbeds and nurseries be
kept clean of alternate hosts., Mentioned at this time also were C, ribicola
and its alternating host cycle., Consequently, the groundwork was at least
laid for the recommendations that later followed for the massive ribes
eradication programs to control blister rust. -

2. Damping-off fungi were handled in the pre-chemical days by alter-
ing the environmental factors favorable to spread, alternating seedbeds, and
sanitation, However; knowledge of the fungi and related recommendations on
sanitation at that time probably had little influence in reducing the
hazards from these fungil.

3. Avoidance of wounding and treatment of wounds.

. 4. Recognition of seed source, seed size, and planting stock size for
regeneration., Hartig (1894) qualifyingly stated that transmission of
resistant :or susceptible characters was not possible from parent to
progenies. It has remained to the relatively modern workers in forest
pathology to clarify and utilize resistance traits for forest management .
‘purposes,

5. Recognition of man's involvement in spread of diseases, even though
quarantine laws were to be established later. The first generally effec-
tive national enactment did not come until 1912 when the United States
passed its National Quarantine Act, However, the Act was: too late for the
chestnut blight and blister rust and not comprehensive enough to exclude.
the Dutch elm disease, . :

When one reviews the more modern American treatments on forest pathology
(Baxter 1943, 1952; Boyce 1938, 1948, 1961; and Hubert 1931) to which should
be added foreign works, not all were personally reviewed (Nager 1924;

Orlos 1951; Peace 1962; Roll-Hansen 1958; Schwerdtfeger 1957), he finds

that the principles of disease control have not varjed greatly from the
original concepts. One could philosophize that the early workers had a

wide open field in which they could let their imagination run., Nevertheless,
this imagination was well organized and based on astute observation in a

" day when knowledge was limited and modern research equipment, techniques,

and facilities were non-existent:

Whether the silviculturist and forest manager presently react as they
did in Hartig's day to.a lack of control measures for specific problems is
a moot question. From the origin of forest pathology to present, -both the
forest pathologist and silviculturist have had to work with a complex
environment interaction within an exceedingly restrictive economic frame-
work., Now as then, our attention needs focusing on intercommunication
about our knowledge of specific problems and integration of control measures
into the objectives of management. Our current treatises, e.g., Boyce 1961,
attest to considerable: improvement of the principles of disease control;
and our state of knowledge has been considerably broadened, for which many
people, some here, deserve considerable mention. The latter will be
summarized by Larry Weir,
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To me at least, discouraging as it is to find no better recommendations
for control of some diseases than came with the origin of our profession,
it is equally disappointing to find that our management people have been
unable to make more advantageous use of new information as it came along
than they have to date. For example, how long was it before management
utilized the concepts developed by J. R. Weir (no relation to Larry) in
1916 for dwarf mistletoe control? Equally at fault, the manager and path-
ologist might be condemned for not implementing a program that Carl Hartley
proposed in 1927 for developing resistant progenies as a means of con~
bating blister rust. Our current rust resistance program 40 years later is
considerably late and but little more polished, But while history provides
us with critical hindsight, it alternatively gives us, with judicious
appraisal, leads which our.'crystal-ballers,” Harold Offord and Chuck
Wellner, can imaginatively apply to the future, Oné¢ thing is certain to me,
i.e., history demonstrates that we silviculturists, managers, and path- °
ologists must turn .the wheels together if progress is to be .mutually
enjoyed in control of diseases on wild or managed forested.lands.
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, Moderator - Larry weir 18 one of those delightfully witty Canadians, He
is my neighbor to the North, so frequently I have an opportunity -to visit
with him, Those of you who only see him occasionally are in for a real
treat, .Among his wmany talénts: a distinguished scientist, a puckish
sense of humor, and a great deal of common sense. -He will nowready
. the rocket for its _Bpace venture. '

My friend colleagua, and delightful personality -=
THE PRESENT STATUS OF SILVICULTURE AND FOREST MANAGEMENT N
' AS it RELATES To DISEASE CONTROL

L. C Weir

The present status of silviculture and forest management aa they
relate to disease control is, from the standpoint of an increasé in our

knowledge, quite advanced, The literature abounds with reports of trials j;'

and recomméndations as to what can be done with silviculturé and man-
-agement:-to combat forest tree discases. As to what is. accepted by for-

- est managers and silviculturists, the 185ue except in & few instances, is
somewhat in doubt.'

- Much of what has been done has been summerized by Hartley (1950),
Hepting (1959), and Kuntz (1964), with abbreviated additions supplied in
the Reports of the Working Groups in Forest Insécts.and Diseases since
.its inauguration somé 6 years ago,. One might.best .proceed by dividing up
diseases for which silviculture has been recommended as a tool in disease
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control into § groups, namely dwérf mistletoeq, stem rots, root and butt
rots, cankers, rusts, and a miscellancous group.  Thus they can be dealt
with one at .a time. . o R : A S

.. The dwarf mistletoes have received a great deal of attention from
researchers with regard .to silvicultural control,-. The reports of Childs
(1963), Flora (1966), Gill (1957), Gill and Andrews (1942), Gill and -
Hawksworth (1964), Hawksworth.and Andrews (1961), Hawksworth and Johnson
(1961), Kimmey (1957), and Parker (1942), all attest to the.value of con-

" trolling mistletoe -infections through silviculture. There is even evidence
-to. indicate that forest management is interested enough to do- something. .

A number of field trips taken in.the past by this group. have been based .

on work done in the study. of mistletoe control. Even in British Columhia
‘where it .appears that the terms silviculture and disease control are.
“matually antagonistic to a large extent, sales of forest land for logging
‘purposes have been made with the specific objective of cleaning up mistle~
_toe-infected areas. Studies on the spread and degrees of thinning have
also been instigated,.so some effort is being made,  As a sort.of culmina-
‘tion to illustrate the degree of interest that is being shown by mapage- -

-+~ “ment,. the Canadian Rocky Mountain National Parks have initiated a program

designed to.eliminate dwarf mistletoe, and this from a group of guiding..
- hands.who in the. past have not been noted for their readiness to acecept the

. recommendations of mere foresters and even'erer forest pathologists, . Con=-

sequently; I am inclined toward the belief that when the.Parks administra-
tion acquiesces, then the strongest bastion of resistance hés-fallen,ithe
wall has been breached, and all is a downhill pull for future recommenda=
tions. 'The reports presented by Flora typify to me the type of study,
"'based on some extrapolation of fundamental research, that is nacessary
because it puts control in.terms of .dollars and cents which are the main-

' 'stays of forest managers. - In some ways, although not entirely of their own
making, forest managers are reminiscent of Missouri mules that you have to
stun with @ 2 x 4 first to get their attention, That attention is best -
obtained when it can be illustrated in terms like "how do you spell cat?"
that the pocketbook will suffer if they don't do something yesterday., -

' Gradually, with the mistletoes, the idea is getting across., -

- The story is somewhat different when one looks at stem rots. Andrews
"(1954) pointed out' the advisability and the advantages to be gained by
‘pruning ponderosa pine under the age of 60 to reduce.loss from western.red
~rot, S5leeth and Bidwell (1936),. Hepting (1942), and others have made rec-
ommendations. about reducing decay.in the eastern hardwoods. Baxter (1954),
Maloy (1963),-Meinecke (1916), and Weir (1923), have observed and reported
on what silviculture could do in western forests, and yet I suspect that
not many of these recommendations have been liatened to and acted: upon by
forest managers. . That last statement is open to alteration. from more: upe
' to-date information supplied by you if you would be so kind,, The problems

of butt rot, with a view toward preventative weasures largely silvicultural
in nature, have been analyzed and presented by Negruckij.-(1960), Peace ..
.(1938), Rohmeder (1937), and Sinclair (1964), and many others, While some
of thege rélate in part to logging and fire damage that results in, butt
rot, some specifically, like those of Driver (1965) recommending changes
“in ‘time of cutting to lessen loss.from Fomes annosus, relate pilviculture
"to disease control. A similar situation exists with regard to work done.
- on canker diseases such as that done by Grant and Childs (1940), Hepting
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(1940), and Roth and Hepting (1954). Recommendations were made that would
lower losses if followed but I suspect that action taken has been limited
if in faet it exists at all, - S :

With the rusta, particularly white pine blister ruat emphasis has
been laid on the problem of Ribes eradication. Here the reports of Davis
and Moss (1940), Martin (1939), Moss: and Wellner (1953), Offord et al

. (1952), and Quick (1954), and a host of others have given forest manage-

- ment something to work on and for the most part a great deal of effort has
‘been expended. Unfortunately, because of inherent difficulties in eradi-
.cation and rising costs, the program is being terminated in Idaho, Montana,'
. dnd eastern Washington (Borigbérg 1967) and ‘id being ‘replacéd by the

" emphasis to be placéd on management of commercially valuable trees such

a8 larch and fir that normally form part of the forest ‘cover in the white
pine forest type. However, eradication of Ribes 1e being continued pend-
dng analyeis of effect in Oregon,’ California, the Lake States, and the
Northeastern States. In Canada the Ribes eradication program is limited

to Ontario where work is continuing under the auspices of the provincial
goVernment in conjunction with the federal body. Pruning has been reported
to be effective in white pine by Weber (1964) énd in slash pine by Harms
(1961). It appears probable to me that this form of action has more
promise when applied to plantationa than to natural stends. In soma cases
1like the sweetfern rust of hard pines, control is probably limited to the
thinning out of digeased trees (Anderson - 1963).' In connection with

- blister rust and other ruats, one must mention the immense amount of work

" that is being done in genetics and the breeding of resistant species,
because here also the degree of emphasis will be increased. Adequate cov-
erage of what has been and what is being done’ has been summarized by
Clapper (1952) in relation to diseases in general anduyou are all familiar
-with the limitations of breeding as expressed by Boyce (1957) . The studies
of individuale like Bingham.must be mentioned because they are well worthy
of note. : : :

Root rots present a particular problem to disease control through

" 8ilviculture at the moment. Poria weirii and Armillaria are ¢ases in
point, Sanitation fellings and/oxr clear-cuts do 1little to aid the. ’
situation because of the continued presence of viable inoculum, Here is
.also’ the added hazard (Hallis -1954) of blow~down of résiduals that were -
infected and apparently without symptoms. Without wanting to tread ‘into
territory to be covered by the next speskers, I should like to point’ out
that with the- root-rots, much work has to be done very shortly._~ L

. dith ‘the miscellaneous group sore work has also been done. ‘The use
of fire to control the brown-spot disease of lougleaf pine is perhaps

~ the most outstanding example of success while the sanitation and pruning
.treatments for control of oak wilt and Dutch elm diaease have been leaa
evidently successful in’ total. - : . L .

“In effect the prevailing feeling one gets in perusing, the litera-—
_ture is that a great deal dof work has been done to illustrate to the
silviculturist and the forest manager the value of ‘coordinated’ effort
"in obtaining successful control of diseases while’ simultaneously achiev~
" ing the aims of a purely forestry point of view. As Macon (1967) points
_out, one might decry the lack of response from the forest menager but
still must admit that there are frequently bases for the lack. Those on
whose shoulders rests the responsibility for practicing forestry in the
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field have in truth been doing much of what has been recommended although
their motives for so doing are not those we emphasize. For example,

when marking crews are sent out to prepare an area for a thinning operatiom,
they automatlcally remove trees that fail to conform to the standards set
up for crop trees, . Consequently much of what is to be removed also fits
because of disease conditions to the pathologlst s ideas, ' I think we
might have a legitimate complaint that they are not taking what is
essentially good forestry far enough in that their marklng rarely extends
beyond the boundaries of the area to be thinned and, as a result, ‘inoculum
in almost every conceivable form is present to wreak havoc in ‘the residual
crop trees.

' I have given a few of the many examples available to illustrate the
appllcatlon of silviculture and forest management as it ‘presently is being
employed in disease control, There is much that I have misséd and for that
I tender my apologies. That I am not completely alone is illustrated
by the fact ‘that I made application to International Forest Tree Disease
Register for all 11terature from all countries and all hosts related to
control of disease through silviculture, I did this with some fear and
trepidation expecting to be inundated, I received in a remarkably short
time the imposing list of 19 titles. My own list is roughly four times
that size and I felt it was inadequate. However, the next speakers. to
whom.I now give the floor need only worry about their imaginations and
holding them in check for I feel, on the basis of what I have read that
-their talks should be entitled "Opportunities Unlimited." :
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Moderator--Now count down time and all systems go -~ AOK,. viuere we will
end up I don't know, but I do know this launching von't abort! Not with
hall Offord and Chuck Wellner as the astronauts.

Harold Offord--urbane, suave, debonair man about town, unreliable--
says so himself, connoisseur of good food and liquor, and noted pathologist.
A vivid imagination and most -skillful in communicating his concepts to us
lesser mortals. ’ : S T

Hall take us to the bright and shining future,

THE FUTURE OF FOREST DISEASE CONTROL IN FOREST MANAGEMENT:
THE SPLIT-LEVEL FOREST :PATHOLOGIST

H. R, Offord

 Leaphart-and Weir have brilliantly summarized what has.been done and
what is being done in silviculture and forest pathology, Later we will
hear a stimulating and’ informative report by Wellner giving the silvi-
culturist's viewpoint on today's problems and tomorrow's plans for forest
management, Tinese three papers.meet the ‘high standards of WIFDUC for logic,
scientific narration, and scholarly references to past and current accom-
plishments. I propose to avoid a pragmatic pessimism about current prob-
lems and to take a fanciful look at what lies ahead on the heavenly course
of those twin stars of the forestry universe--pathology and silviculture.
They have been, are, and will be ‘'doppelgangers’ in both fact and fancy.
Thus, much of what I have to say about pathology will be an extrapolation
of the objectives and new techniques of the silviculturist. -

- Disease problems that plague foresters have thelr origins in

(1) native pathogens that we generally understand but which in a man-changed
environment may take on new and undesirable behavior patterns. And--(2)
exotic or foreign pathogens that are.introduced into new hosts and into
new environments. . . oo : ‘

Both classes of pathogens will have to be studied in relation to a
dynamic biological environment-and in the light of shifting priorities made
by inqreased populations needing the products and services of forest stands,
These are complex jobs in applied ecology that will have to be tackled in
his share of the job by the split-level forest pathologist. Fortunately
new tools will simplify these Herculean tasks. - -

Forest pathologists will share with forest managers in the faster,
more reliable and more productive ways of performing work. . Truly if the
mountain won't come to Mohammed we can now move the mountain. No question
that we will be doing a better physical job of site preparation, planning,
pruning, thinning, and harvesting. And by the same token much of the
prescribed forest protection will be done more rapidly and effectively.
With these physical improvements will come biologically better seed and
improved lines of planting stock for pest resistance and hardiness to
extremes: of moistuyre and temperature. When energy becomes less costly, as
it surely will, we can afford to water, fertilize, modify light and tempera-
ture, and eliminate forest trash, thus minimizing many diseases associated
with low vigor of crop plant.
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A considerable amount of nonproject research also is conducted and
supervised by these same individuals. A project is not set up unless the
problem being investigated requires upwards of 10% of the principal
invegtigator's time.

Eight of the nine individuals located at Pullman have fractions of
their time assigned to teaching. These fractions, in my opinion, are
unrealistically low. Supposedly they provide for all formal instruction
. and all thesis résearch. Those graduate students who are also research
assistants normally write theses in connection with some aspect of the
project to which they are assigned However, a number of graduate students
perform thesis research on subjects that are not the basis of experiment
station projects. While the student has the primary responsibility for
investigating a thesis problem, one faculty member always serves in an
advisory capacity, or, depending upon the student's capability, in a more
or less supervisory capacity. Two or ‘three other professors serve on the
thesis committee. Again the question arises, does one graduate student
devoting approximately one~third of his total effort to a particular proj-
ect and one faculty member devoting a small percentage of his time and the
occasional adVice of two or three other individuals constitute a research
team? :

One might at this point ‘conclude ‘there ‘is little team research in
universities and that administrators play a minor role in determining what
projects will be activated and the comstitution of the teams that work on
these projects. Actually, the point I've tried to make is that in most
instances our teams are small and understaffed,

There is no way to avoid having each member of a university faculty
responsible for several projects. Each professional scientist can con-
tribute to, and supervise, the work of two or three projects provided he
has enough hands to work with him, This is the area in which research .
teams are weak at universities, A well-trained and experienced professional
man should be able to supervise three or four individuals. Included in the
individuals working with each professional should be technical aides (1-3),
research assistants (up to 3 or 4), and several part-time employees. There
‘Just isn't enough money to build such teams on. state ‘allocated funds alonme.
However, with upwards of one-third of a university's total funds now
coming from grants, there is increasing opportunity for each individual
research worker, primarily through his own efforts,to build the team he
needs to handle the projects for which he is re5p0n61ble.

1 do not want to leave an’ entirely negative impression of research
teams in universities. In addition to the main’ campus of Washington State
University there are four major research centers located elsewhere. in the
- state. Each of these is staffed with 30-40 professional men and, sur-
prisingly, more subprofessional positions per professional are available
than at the main research center. Scientists at these research centers
are assigned 100% to research. They do not have an assigned teaching or
extension responsibility, although many do undertake such responsibilities
voluntarily, - )

Certainly within Washington State University the best development of
the team approach to research is to be found in these branch stations,
Several of our pathologists, for example, head teans of 3-5 individuals
all working on. a single or, at most, two related prOJects.
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“'PANEL 1V. -~ HOST RESPONSE TO INJURY BY PATHOGENS =

Robert V. Bega, Moderator’

) CULTURE OF BLISTER RUST INFECTED WESTERN
' R WHITE PINE TISSUE

A E Harvey

Use of the plant tissue culture method as .a tool for. phytopathological
research is relatively new, ‘Although the technique is still in its infancy,
it represents one” of the most potent tools currently available to- basic:
plant research. In my opinion, ‘this technique will be particularly useful
for the investigation of culture methods and: the host-parasite physiology
of obligate parasites.

, Theoretically, tiSSue culture technology provrdes the researcher with
an opportunity to study the host, the parasite, or the host-parasite
system where it can be manipulated under controlled conditions, .to
satisfy research objectives. Potentially, this is an ideal system for
investigating pathological and host response physiology of plant pathogenic
organisms. Progress made toward these ends on’ the study of white pine

- blister rust serve as an example.' : .

Cambial explants of western white. pine, infected with blister rust
can ‘bé cultured on a medium. containing glucose, calcium nitrate, magnesium
sulfate, potassium phosphate (monobasic), ammonium sulfate, ferric Sulfate,
. maganese sulfate, and one of three auxins--IAA NAA, or 2; 4-D

Invasion of newly formed callus “tigsue by the rust fungus is gen~
erally slow., Frequently dense, felt-like,-aerial mycelia with clamp con=-
nections are produced: Intercellular mycelia'and haustoria- are typical
 and direct attachments to the aerial mycelia are frequently observed.
Occasionally mycelia invaded the medium, but showed no. tendency to become
independent of the host. Production of pycnial and aecial sori occurs. in

many cultures. Aecia sori form immediately following maturation of
' ycnia and frequently have deposits: of pycnial fluid containing spores on
their peridium. Thus far, aecial sori have not produced 8pores,. ... .

Host tissue, when proliferating at the maximum rate, is able to pre-
vent the rust fungus from inhibiting growth significantly. However, host
tissue generally grows in a cyclic pattern-and during the slow:(dormant)
periods the rust can gain sufficient advantage to completely take over the
callus, :

This proliferation by the rust inevitably results in the death of
both organisms. In order to sporulate, the rust must gain a strong foot-
hold in the callus tissue, Sporulation will not occur until the host
tissue has begun to decline as a result of the rust infectiomn.
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Precisely what occurs, at the biochemical level, resulting in the
decline of the host tissue 1s not yet known, However, it is felt that the
tissue’ culture method described presents an unusual opportunity for the
study of host responses to the blister rust organism,

CHANGES IN WOOD. PROFERTIES AT THE BOUNDARY OF
POLYPORUS AMARUS DECAY POCKETS

W. Wayne-Wilcox and Baxter J, Garcia
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Abstract .

Incense cedar heartwood. infected by the pocket rot fungus Polxgorua
amarus was subjected to micro-tensile testing and microscopical examina-
‘tion to determine the effects of the presence of this fungus upon wood sub-
stance outside of advanced decay pockets. There was a general tendency
for the springwood of the annual ring nearest the decay pocket to have a
slightly lower tensile strength than springwood from the same ring but at .
a distance from the pocket,: However, the variability within specimens and
between similar specimens appeared as great as the effect being measured,
Microscopical examination revealed the presence of small, sparse bore
holes and hyphae in approximately the sameé numbers inside and outside of
advanced-decay pockets, and in discolored regions considered incipient
decay. .A few bore holes and hyphae were found in specimens from what was
- macroscopically considered to.be sound wood. Polarized illumination gave. .
no evidence of the diffusion of cellulolytic enzymes from the hyphae in
regions other than within advanced decay pockets, but the small numbers of
hyphae and bore holes observed in decay pockets -indicated that considerable
enzyme diffusion might be necessary for decay to proceed. The data suggest
that possible alteration of physical, wmechanical and chemical properties
in wood substance surrounding decay pockets need not be a significant
factor for consideration in utilization of this material,

Introduction

Incense cedar (Libocedrus decurremns Torrey), while a minor coniferous
species in terms of total volume, is destined to increase in importance as
management of. California forest land intensifies, .This prediction is based
upon this species' rapid growth rate,-ease of establishment and abundance of
regeneration, high decay resistance of. the heartwood and favorable physical
and mechanical properties, similar in many. respects to those of redwood.
Before intensive management of incense .cedar is feasible the standing
volume of mature and overmature trees must be utilized, Much of the volume
of such trees is cull: as high a proportion as 1/3 to 3/4 of the total
volume has been estimated (Wagener and Bega, 1958; Kimmey, 1950). Almost
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all of this loss is due to pecky rot caused:by Polyporus amarus Hedgcock
(Boyce, 1930; Wagener and Bega, 1958). ‘It has been estimated that .75

to 100 per cent of the mature incense cedar trees -are affected (Meinecke,
1914). To facilitaté effieient: utilization of the timber extensively .
affected by this fungus, knowledge is necessary of the changes it produces
in the attacked wood, The tissue adjacent to decay. pockets presently is
being utilized in the manufacture of pencil slats and as a fiber source;
However, it is not known whethér the properties of this tissue differ from
thosé of wood some distance from the visible degradation.

Microscope technology has advancéd considerably since the last de-~
tailed studies of the effects that P, amarus infection has upon the
structure and composition of incense cedar cell walls. Furtheriiore, tech-
niques have been devised for testing certain mechanical properties of small
 quantities of wood tissue. This study was undertaken to apply some of
‘these techniques to incense cedar heartwood infected with P.. amarus in
order to increase the knowledge about this material which is necessary for

its efficient utilization. SRR T I

Literature Review

P. amarus is one of a small group of decay fungi which produce their -
deterioration in discrete pockets, . Little is known about the mechanism by .
‘which such pockets are delinéated, It has been hypothesized that the
~ limitation of decay to pockets by P. adarus might be due to the .sparse
“ distribution of ‘hyphde between pockets (Hubert,: 1931) or variation im ...

chemical or physical properties of the wood or the fungus (Boyce, '1920;
_von Schrenk, 1900). -~ = = Lo o B R

. Reported observations appear to have considered each decay pocket ‘as
"a separate entity, rather than as a portion of ‘a typical heartrot columh.

The boundary between decay and sound wood appeared very sharp and without

‘gradation (Wagener and Bega, 1958; Boyce, 1920; von Schrenk;,::1900; -
Hdrkness, '1879). Hyphae were common within the pockets: but weré rare . -
‘outside. the pockets (Hubert, 1931; Boyce, 1920; Hdrkness, 1879). Some+
times hyphae were rare both -in advanced ‘pockets and in the wood.surround-
ing the pockets (Boyce, 19203 von Schrenk, 1900), ‘or abundant ‘only in.
slightly decayed wood and its surrounding tissue (Boyce, -1920). e

"~ The incipient stage of decay has been described as a.faint yellowish-
brown discoloration occurring in patches but with the woéd remaining firm
(Wagener. and Bega, 1958; Boyce, 1930). The ‘color gradually deepened and
the wood became soft (Wagener and Bega, 1958; Boyce, :1930; Boyce, 1920).

Microscopical investigations revealed that, in advanced stages of.
decay, cellulose had been decomposed while lignin remained in the wall
" structure (Boyce; 1920; von Schremk, 1900). Wood in advanced stages of
decay, while lacking in hyphae, had numerous bore holes indicating that
"hyphae had-been abundant (von -Schrenk, 1900). Slightly decayed. wood .and
surrounding tissues contained abundant hyphae (Boyce, 1920). However,
Harkness (1879) found no microscopic evidence of the passage of hyphae
through the apparently sound wood between decay pockets, and’'Boyce. (1920)
and Hubert (1931) found hyphae to be very sparse in this region. Hyphae
exhibited no preference for pits in their passage from cell to cell
(von Schrenk, 1900; Boyce, 1920), and foxmed bore holes in all directions,
in either springwood ox summé rwood  (Boyce, 1920); - Hyphae were rare in
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ray cells and did not f£ill the ‘lumina of the tracheids which they occupied
(Boyce, 1920). Hubert (1931) found hyphae to be rare-in all areas of wood
tissye, The hyphae often were constricted when passing through the cell
walls and bore holes were emall’ (quce 1920; hubert 1931).

Materials and Methods

Properties of the wood tissue adJacent to decay pockets were studied
in two ways: micro-tensile testing and microscopzcal examination using
various optical systems. Sound and decayed samples of freshly felled and
sawn incense cedar heartwood were treated with about 10 ml formalin inm a
plastic bag for transport and then were kept in frozen storage at about -
-18°C until ready for use,

7 For micro-tensile testing the samples were thawed and sawn tangentially
until small pockets were encountered which had curvature sufficient that
test strips could be obtained with the center span closer to the pocket
‘than either of the gripping ends, Blocks then were sawn approximately 1/2
inch wide in the tangential plane,. 1-1/2 inches deep radially and 2 inches
along the grain, A similar black was prepared from wood 2 to 3 inches tan-
gentially distant from the decay sample and including the same  annual rings.
Rectangular test speciméns were prepared and tested, following essentially
the procedures of Ifju (Wilson and Ifju, 1963),. with nominal diménsions of
003 x 1 x 1,75 in. Actual width was measured mlcroscopically .and actual
thickness was measured with.a micrometer designed by Schniewind (1959).

The samples were tested green on & table model Instrom with a gage length
of 1.15 in., and a cross head speed of. 0.0l in. per min. . Constant gripping
pressure of 25 p,s,i. was applied by means of rubber-faced, pneumatic grips
in order to minimize grip failures. The moisture content of .the _samples .
was maintained by transferring water from an eyedropper-to them by means

of surface. tension. Because of the thinness of the summerwood in incense
cedar it was excluded from the sample sections. The springwood samples were
identified by a percentage scale with reference to their jposition within .
the springwood portion of the ring only, with 0 beginning at the. boundary
between the springwood and the previous year's sumperwood and 100 occurring
at the transition to summerwood within the same- ring. Tensile strength was
expressed as the maximum load to fallure in pounds per square inch of
cross~sectional area. :

Samples for microscopical examination were thawed and sawn to a - .
thickness approximately 1/4-inch along the grain. Blocks approximately
1/8-inch square were carefully split from the boundary of ‘advanced decay
pockets, from within yellowish mottled areas presumed to be incipient
pockets and from apparently sound wood taken from specimens which contained
no decay pockets, The small blocks were fixed in FAA (Sass, 1958) and
embedded in celloidin (Wilcox, 1964a). The embedded blocks were microtome-
sectioned at a tﬁickness of 41, Sections were mounted unstained. or after
staining with safranin and fast green (Wilcox, 19a4a). They were examined
microscopically using bright field, phase contrast, and polarized illumi-
nation systems, -

Results
The results of micro-tensile tests on 6 pairs of samples are shown

in Figs. 1~6{ slides]. In general, at least in the springwood of the
annual ring nearest the decay pocket there was a slight tendency for the

«“f3-



wood tissue: near. the decay pocket to be, lower in temnsile strength than -
wood from the same annual ring but tangentlally distant from the pocket,
‘However, a great deal of variability also was apparent, A test of the -
significance of the difference between the members of each pair of curves
indicated that the differences in all but six of the pairs of curyes were
significantly different at the 1% level, ‘Those in which the difference

was not significant were Fig. 1, Ring 1; Fig. 2, Ring 2; Fig. 3, Ring 3;
Fig. 4, Rings 1 and 2; Fig. 6, Ring 3 leides] However, it also is
apparent that the difference in level from ring to ring was comsiderable
and in some cases the strength in the decayed portion of the ring was
greater than that of the sound portion. Grip failures occurred in 33 per
cent of the sound samples and 48 per cent of the decay samples In only
several of the tests, however, did failure ‘4t the grips appear to have any
effect upon the maximum load valiies; therefore” all but these few values were
retained in.the data, In Figs. 1 and 3 lexdes] ‘the pocket 'was nearest the
high end of.the gurves while in ‘the other figures it was nearest the low
end, :

The results of microscopical examinations are: shown in Figures 7-17
[slides). 1In pockets with an advanced stage of decay, bore holes were
. very small and sparse; hyphae were rare (Fig. 7). Bore holes and hyphae
also were found in the boundary zome (Fig. 8) and the tissue surrounding
advanced -pockets (Fig. 9). Bore holes, in fact, were more. frequent in
these regions than in material withim the pocket, probably because they
were easier to see due to. the fact that the cell walls in the decayed
tissue had undergone considerable distortion and structural collapse,

‘Most hyphae observed were approximately uJ to 2u in dlameter (Figs. 7~
9) while some were as small as 0.5u (Fig. 10). yphae in a malt agar
culture of P. amarus reached a diameter .of 3 to 41, Most bore holes were
approxlmately 24 in diameter. (Fig. 11) reaching a maximum of 3 to Gu
- (Fig. 12). - Their small size made bore holes very dlffioult to locate by .
techniques other than phase contrast illumination, The walls of cells
in advanced pockets. lacked birefringence (they appeared dark between crossed
polarizing filters while the walls of cells in sound wood appeared bright),
~1indicating that the crystalllne cellulose had been disrupted or destroyed
by the decay process, The boundaries of advanced pockets, while appearing
very abrupt macroscopically, were found to include a zone of about 10 to
20 cells in which polarized light revealed a progressive loss of crystalline
cellulose (Fig. 13). The boundaries of some pockets contained groups of
cells which still retained some degree of birefringence surrounded by
tissue which had lost all birefringence (Fig. 14). Bore holes appeared to
run tangentially about as frequently as. they ran radially, except that
definite preferences for one direction or the other were apparent in differ-
ent areas, Hyphae also were found running longitudinally within the cell
lumina, but they were not numerous. either. Bore holes appeared about as
frequently in springwood as in: summerwood but they were easier to locate
in the summerwood due to the thickness of the secondary walls and smaller
size of the cells, The hyphae appeared to have no preference for pits in
their passage through the cell walls (Fig. 11).

Wood which contained no advanced pockets but had irregular yellowish,
mottled regions was sectioned and examined, This material corresponded to
descriptions in the literature of the early stages of pocket formation. °
However, because the discoloration often was irregular and not confined
to discrete zomes, it seemed doubtful that this could, in fact, be the
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irregularities in staining properties, when treated with safranin and fast
green, which were similar to those of tissue from the-boundary of ad~

vanced pockéts and similar to changes ob&erved in- incipient brown rot in
earlier studies (Wilcox; 1964P), This involved a greater tendency for

the red to show in the secondary wall, turnihg the green to gray-green.

Bore holes’ and hyphae were found and weré similar in size and number to
those in tissue surrounding advanced pockets, i.e,, they were small and
sparse (Fig. 15). Although hyphae and bore holes were as prevalent in

this tisste as in the area 'of advanced pockets, there was no apparent change
-in birefringénce of the cell walls, indicating that apprecilable attack upon

the crystalline cellulose had not yet begin; -

Sections of sound wood, material without yellow mottling and some dis-
 tance from any advanced pockets, contained almost as many bore holes as-
were present in the samples of early stages of decay (Fig. 16). When bore
holes and hyphae were found in tissué other than that in advanced stages

of decay there was no evidence;  under polarized-light, of any’ loss of bi=
refringence in the material surrounding them (Fig. 17).- « - - SfL iR

Discussion - - /% ¢

The ‘accuracy of micro-tensile’ testing 15 questionable, according to
the procedures used in this’ study, in determining the effects of the:
presence: of ‘a‘decay pocket upon the properties of ‘the wood substance
adjacent' to the pocket, Apparently the variability é&ncotintered, with -
respect to the testing methods and even between différent specimens of -
wood, may be greater than the changes under observation. Examination of
decay pocket boundaries under polarized light revealed & zone' bf prog-
ressive cellulose decomposition at the pocket boundary. ' Since tensile-

" strength, .as determined by micro-tensile tests, is very ‘sensitive to cellu-
- ‘lose content and‘‘chain length ‘(Ifju, 1964; Kennedy and 1fju, 1962) it was
presumed that-a striking difference in tensile strength could be detected
‘in"the region near decay pockets.. This was eéxpected to be particularly
true in springwood tissue since Ifju (1964) found that the relative loss -
in tensile strength due to. céllulosé degradation was greater in‘ springwood
than summerwood. - In general, these data are ¢onsistent with such a
~-hypothesis-as far ‘as the springwood band nearest the- pocket 1is-éoncerned.-
According to‘ the information obtained from examination in polarized light,
that is as far as it would be expected that an effect on' strength could be
 measured, However, it would also’be -expected that a considerably greater
effect would be noted, within a single springwood band; in‘“the portiom of
the ring nearest the pocket. Such an effect is not apparent in these data.
Furthermore, the range of differences betwéen test and control values in
second and third rings away from the pocket, is similar in magnitude to the
difference between test and contiol values in first rings which yielded -
the expected results. 1In several samples the "decay" values even were con-
sistently higher than the "sound' values. Another possible factor which may
have beén involved is that- in moving tangentially away from the decay.
pocket to obtain the control sample, even though the Same’ annual rings were
sampled, the wood properties may have varied considerably,

The proportion of grip failures in this experimentation is considered
too high. Wilson and Ifju (1965) reported a grip failure rate of less than
10 per cent. In preliminary tests the pneumatic grips, which allowed each
specimen to be gripped with exactly the same force and without flexure
during assembly, appreciably reduced the proportion of failures at the edge
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of the grip faces rather than-at the mid-span of the. specimen, It was still

not possible, however, to refine the techniques to the extent that could
produce . on acceptable level of grip failure. Nevertheless, the range and
variability of most of the values where grip failures had. occurred appeared
so similar to those mid-span failures that the grip failure data were re~
tained as valid, The fact that grip failures were 1 1/2 times as frequent
in the decayed specimens as in the socnd nay be significant in itself.

Although "necked-down" specimens (Schniewind 1959) might have
lowered'the proportion of grip failures,: rectangular specimens are con-
siderably easier to work with and Ifju (Wilson and Ifju, 1965) found that
rectangular specimens provided results which were more satisfactory than
those from '‘necked~down’ specimens without increasing the grip failure rate
appreciably.1

The mdctéscoPical results confirm that the yellOW1sh mottled areas in
incense ‘cedar heartwood can be considered incipient ‘decay. . However, _
apparently hyphae also may bé present, ‘and. therefore’ incipient decay, where
there is no macraoscopical evidence of their presence, "asg- indicated by the
presence of hyphae in the ‘samples. selected' as sound controls;’ But, the
lack of ‘any detectable effect :upon,the’ crystaliine ceilulose of the cell
walls outside of the actual: decayed tissue: in advanced pbckets 1s evidence
that the difficulty in locating incipient: decay should have 1ittle conse-
quence in the utilization of incense cedar he&rtuood. Apparently, if cellu-
lose decomposition had taken place at all, as’ th& slight changes in .
staining properties -suggested, it involved mainly,the amorphous fraction,

In addition to the lack of evidence of significant celluloytic activity
around hyphae outside of advanced pockets, ‘there was no evidence of the
action of celluloytic enzymes. upon cell wall material immediately surround-
ing bore holes, This suggests that there was little tendency for cellu-
loytic enzymes to diffuse laterally from the " penetrating hyphae. Con~ .
versely, however, the very . small number of ‘pore "holes'and hyphae in wood in
any stage of decay, including advanced pockets, suggests that the decay .
process must be significantly dependent upon diffusion of cellulolytic
enzymes to relatively great distances from the hyphae.  This, along with
the apparent widespread, :although. sparse, - -distribution of hyphae, would sug=
gest that the mechanism of pocket’ delineation might involve, rather than a
physical or'ehemical exclusion of hyphae from certain areas,. an action .
which affects enzyme diffusion or activity. .These two lines of evzdence, at
this point appear contradictory. e
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REACTION OF LODGEPOLE PLME TO BARK BEETIES AND
_OTHER INJURIOUS AGENTS" -

D. M. Shrimpton

Blue stain fungi are inoculated into lodgepole pine (Pinus contorta
Dougl, var. latifolia Engelm.) by the bark beetle (Dendroctonus ponderosae
Hopkins). The complex of blue stain fungi has been described (Robinson
1962), The total picture--insect, blue stain, tree interrelationships--has
also been prevrously described (Reid and Whitney 1965), (Reid, Whitrey, and
Watson 1967). In this paper the response of lodgepole pine to inoculation
with one of the blue stain complex - (Euroghium sp.) will be described. 1t
must be remembered throughOut that the condition where the tree is fully
resistant, in which ‘neither insects nor fungi can become established, inter-
grades continuously with thet nonresistant condition 'in which the insects
become established and produce  a-brood and the blue stain fungi extensively
colonize the sapwood of the tree. :
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Response by Resistant Trees

' Resistance of lodgepole pine to invasion by blue stain fungi is
effected by an initial flow of primary resin.(oleoresin) followed by a
gradual imprégnation of the sapwood and inner bark adjacent to. the wound
with resinous substances. The zone of sapwood and inner bark impregnated
with resins is termed the resistant reactipn. The total process-oleoresin
flow and then development of the reaction area and subseéquent consolida-
tion in“the sapwood area--is termed the resistant response,

The reaction of resistant trees to inoculation with Europhium.sp. is
at a maxXimum from about 6 - 20 ft. above ground level, ' As this is the
area usually attacked by bark beétles there is some advantage here for the
tree, But the total response decreases in July, usually ‘around the time
bark beetles attack, .This decrease in response occurs at approximately
the same time as tip elongation ceases and just before the starch content

of the stem decreases.’

The "form of 'thé resistant reaction to inoculation with Europhium sp.
has been described for trees 65-years of age and older (Reid, Whitney, .
and Watson 1967), The same reaction pattern occurs in trees approximately
15 years-of- age and younger, This pattern is évident even in portions of
such trées having ‘a single growth ring. It is also seen- im 4- to 6-year-
old seedlings, o e : .

After inoculation with Europhium sp. the fungus can be isolated from
the region of the resistant reaction immediately adjacent to the inocu-
‘lation ‘and o¢casionally about half way to the margin of this reaction.

Two years after inoculation, however, no fungus could be récévered from
any part qflthe‘;esistant_reactipn.“

- Extrdacts from both the resistant reaction and normal sapwood inhibited
growth of :Ceratocystis montia and caused a delay in the commencement of
growth ‘of Europhium sp.. These effects upon the growth of each fungus were
due to volatile components in the extract, the majority of which are
terpenes. o : : : -

The only significant difference observed to date between primary resin
and secondary resin is. in a somewhat greater percentage composition of ter-
penes and resin acids in the primary resin. Both types of resin contain
a complete spectrum of heartwood substances. The resistant reaction is a
zone of sapwood that has become impregnated with heartwood substances
(secondary resin) including terpenes, resin acids, aromatics and waxes.
The;cqmposigionugf heartwood substances in the reaction does not change
with aqghangé,ingthg,fungps used to inoculate the tree, but the rate of
production alters with a change in fungal stimulant. * Co

Resgoﬁae of Nonresistant Trees and'Sbme-.f: :

Differences from the Resistant Situation ..

‘In contrast to the resistant:situation fungi can be readily isclated
" from’any part of the nonresistant reaction aréa. The fungi rapidly over-
grow the reaction area, colonize large sections of the sapwood and the
tree quickly dies, In spite of this very obvious contrast, the .difference
between the resistant and the so called nonresistant response is in degree
only. Thus the nonresistant response is in point of fact an insufficiently
intense response by the tree. ‘ - o
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All lodgepole pines studied to date responded to Europhium sp. :
inoculation with an initial flow of primary resin but, in the case of non-
resistant trees, this resin flow is negligible. All of these trees then
deposit heartwood substances~-secondary resin--in the tissues adjacent to -
the wound. The rate at which the nonresistant reaction develops is,
however, much less than the rate of deve lopment of the resistant reactiom.
Also the concentration of -heartwqod substances in"thé¢ nonresistant reaction
is lower than in the resistant reaction. I am not yet sure whether some
of the observed differences in percentage composition are significant
differences in tree response or are due to’ fungal actrvxty. )
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. APPENDIX III. -- NEW OR MODIFIED TECHNIQUES -

shalt . Y o

TISSUE CULTURE -~ A TOOL FOR PHYTOPATHOLOGICAL RE SEARCH

Alan E. Harvey

Tne tissue culture technique represents one of the most potent tools
available to basic plant research today. Theoretically, tissue culture
provides the plant pathologist an opportunity to study the host, the para-
site, or the host-parasite system under conditions designed to satisfy
specific research objectives. Potentially, tuls is an ideal system for
investigating pathological and host response physiology of plant parasitic
organisms. :

This technique will be particularly useful in the investigation of
culture methods and host-parasite physiology of obligate parasites sucii
as forest tree rustsx’, New information concerning the biochemical inter-

relationships of these rusts will, hopefully, render them controllable via
artificial means.

1/ '
— Harvey, A, E, 1967, Tissue culture of Pinus monticola Dougl, on
a chemically defined medium. Canad. J. Bot. 45: 1783-~1787.

Harvey, A. E, 1967. Axenic culture of white pine cambial explants
infected with blister rust. (Abstr.) Phytopathology 57: 10.

Harvey, A. E. 1967. Culture of blister rust infected western white
pine tissue. Report for Western International Forest Disease Work Con-
ference, Sept. 1967,
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6.

Conference Proceedings

Discussion on changes in Conference Proceedings was tabled by
Chairman. Continue in present manner,

Chairman Molnar -appointed Ken Russell as chairman of a standing

committee. ‘Ken-read the proposal and ‘moved for adoption. Bob

3.

Bega seconded. Carried by voice vote,

“"A committee has been proposed to present -annually to WIFDWC
members, the results of all Forest Dlsease Control Tests con-
~ducteéd by the Conference-membership,

"Forest Disease Control Tests would be reported in three
categories: :

"1, Chemical
2, Biological
3., Silvicultural

"This standing committee would operate similarly to -the
Committee on-Status:and Needs of Rgséarch%pn'Dwarfmistletoes.

- "It is proposed that .the first report be made to the member-
ship at the 1958 meeting. The first report could include
results of Forest Disease Control Tests from as much as five
years back., Succeeding reports would be on an anmual
basis,

"This committee will not include results of dwarfmistletoe
control, Refer to the annual Dwarfmistletoe Committee report
for dwarfmistletoe control results,

"The term of the committee chairman will be two years.
""Current members of the committee for 1967-68 are:

Ken Russell, Chairman’
Al Tegethoff

James L, Stewart

Hart Bynum

Larry Jdeir

Harvey Toko',

1368 Meeting

C. D. Leaphart invited the group to meet in Coeur d'Alene, Idaho,
with a second alternative in the Moscow-Pullman area.

R. V. Bega invited the group to meet at the University of Hawaii,
Honolulu,

Leaphart's invitation was accepted for Coeur d'Alene, Idaho;
R. V. Bega only exception.
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