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FOREWORD 

Bend, Oregon was the setting for our Fourtee .nth Western Inter-
national Forest Disease Work Conference . held September 6-10, 1966. 
Seventy-four members and guests were present. Th_e River .side Motel . 
served as registration and lodging headquarters. Meetings were held 
at the Copper Room. 

Following opening remarks by Conference ·chairman Don Leaphart, a 
welcoming address was. given by Mr. J. Herbert Stone, Regional Forester, 
U.S. Forest Service, Pacific Northwest Region, Portland, Oregon. 
Numerous comments were overheard on the excellence of .the four panel 
presentations and subsequent dis .cussions that took place over the 
three days . . On Thm;sday afternoon, two special-invited papers were 
given--one by Mr . . C. c .. Carlson, Regional Attorney, Office of General 
Counsel, Portland, .Oregon, on legal as _pects of cases arising from 
disease-related problems and hazards in recreatlonal areas, and the 
other by .Dr. W.R. Phelps, North C~ntral Forest Experiment Station, 
Rhinelander, Wisconsin, on effectiveness of chemicals for control of 
blister rust cankers on eastern white pine. 

The banquet, held Thursday evening at the Copper Room, was at-
tended by 78 members and guests. However; only 76 meals were disposed 
of at the banquet. Number .77 remained uneaten because of one member's 
attendance at two social .hours prior to the offi~ial one. Number 76 
was consumed afier the banquet because its recipient, C. Gardener Shaw, 
was busy earning the social achievement award. 

Conclusion o"f the formal (but yet informal) sessions occurred 
Friday evening. 

Some 55 persons .stayed over and attended the Saturday field trip 
on t;he Deschutes National Forest .. Visited and observed were Lew Roth's 
studies on population dynamics and resistance work in ponderosa pine 
dwarfmistletoe at Pringle Falls Experimental Forest, Toby Child's stud-
ies on dwarfmistletoe impact and disease progress following various 
degrees of sanitation, and operational control procedures in dwarfmis-
tletoe of ponderosa pine as carried out on the Deschutes National 
Forest. Assistance by National Forest personnel helped make the field 
trip successful, entertaining, and an informative one . 

Executive Connnittee 

C. D. Leaphart, Chairman 
D. P. Graham, Secretary-Treasurer 

Program Committee 

G. D. Pentland, Chairman 
K. R. Shea 
R. G. krebill 

Local Arrangements 

D. P. Graham 
J. H. Thompson 

H. H. Bynum 
Deschutes N.F. 



JOHN C. GYNN 
1909-1965 

John C. Gynn passed away in Livingston, Montana, on August 5, 
1965, after a short illnesa, He is survived by his widow, Rosalie, 
and two daughters. 

Mr. Gynn was bo;n in Puyallup, Washington, November 6, 1909. 
After completing .his BA in Business Administration in 1931 at the Col-
lege of Puget Sound, he continued on to fulfill the requirements for 
the State of Washington Teaching Certificate for Secondary Schools in 
1932. 

He· joined the _Bu·reau of Entomology and Plant Quarandt).e in 1933, 
working in white pine bli-ster rust .control throughout the northern 
Rockies. · Starting in 1946, he provided the technical direction and co-
ordination of the Bureau ·of Entomology and Plant Quarantine blister rust 
program in Mt : Rainier, Glacier, Yellows ·tone, Grand Teton, and Rocky 
Mountain National Parks. This work continued following his transfer to 
th e U.S. Forest Service in 1954. He transferred to the National Park 
Service in 1962 but continued his work with blister rust and also as-
sisted in planning .and organizing ins ect control projects . 

Mr. Gynn was very dedicated and aggressive in his work. His ef- -
forts were recognized by .the National Park Service in 1965 when he was 
pr e sented with a Superior Performance Award for his outstanding sup er-
vi s ion and execution of the white pin e blister rust c·ontrol program in 
Yellowstone, Glaci er, Rocky, and Grand Teton National Parks. A posthu-
mous pr e sentation of Meritorious Servic e Award gave an additional 
r ecognition ~f his 32 years of servic e in th e fi e ld of forest conserva ~ 
tion and the best production record ever achi eved in the bli s ter rust 
control program for the ~idwest Region of th e Nation a l Park Service. 
He will be gr ea tly missed by his many fri ends and collea gues . 

H. V. Toko 
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OPENING REMARKS 

Chairman Don Leaph art 

WE~COME, Ladies and Gentl emen, to the Fourteenth Western Inter-
national Forest Disease Work Conference. For those of you who haven't 
met the local Chamber of Connnerce yet, you are assemb led in the heart 
of one of the best ponderosa pine growing regions in western North 
America. I hope that thos e of you who ar e not acquainted with this 
species and its disease problems will tak e advantage of our field trip 
arrang ed by Don Graham to orient you. 

To each of us, our Work Conference has different meanings. As one 
of those who was fortunate to be a part of its inception, I am pleased 
to note that its purpose in origin still persists, its worthiness in-
creases annually, and its notoriety never diminishes. All this has 
been accomplished by active participation and lively discussion on and 
off the playing field . That which you will carry away from here to 
further your job ahead will, by no means, be limited to the pap ers and 
panel discussions you will hear in th e next thr ee days. 

To interject a somber note for a moment--for those of you unaware 
of the occurrence, Paul Keener died suddenly of a hea rt atta ck one 
month ago yesterday. A letter was written to me by Mrs. Keener th e day 
after his dea th. (Excerpts of this letter were read and were filed 
with Conference correspond ence . ) Also, unknown to most of you, Johnny 
Gynn died of canc e r a month prior to last year's meeting. Johnny, as 
a member of the National Park Servic e , attended many of our meetings 
and usually registered as a guest. In memory of Dr. Paul D. Keener and 
Mr. John C. Gynn, may we have a moment of silence. 

Much diligent work has gone into th e pro gram ahead of us. Miss 
Trudy Pentland, having been on both the pres entat ion and assembly end 
of the line, finally f~und out what it t akes to · ramr od th e show . I am 
sure you will appreciate her efforts and those of her committe e , Dick 
Krebill and Keith Shea. 

Don Graham has served double duty this trip, as both your Secre-
tary-Treasurer and Chairman of th e local arrangements. After much hot ·· 
footing around th e countryside, Don ·an d his helpers (Hart Bynum and 
Jack Thompson) have, I'm sur e you will find, served you well and the 
best is yet to come. 

Because everyone e lse has done all th e work, I am here to ~et the 
show on the road . I very much welcom e th e opportunity to pr esen t to 
you our guest and introductory speaker. He is no strang er to us in the 
West and particularly , you people from th e Pacific Northw e st. I sus: 
pect some of us might classify him as _an oldtimer havi ng spent the past 

-3-



39 years in the Government service, the . last 1.5 of these :i.n his present 
position in Portland. It is my pleasure to introduce Mr. J. Herbert 
Stone, Regional Forester, Region 6, U.S. Forest Service. 

-4-



WELCOMING ADDRE~S 

J. Herbert Stone 

Mr. Chairman, Ladies and Gentlemen: 

I want to welcome you to the Pacific Northwest Region and its 
prod .uctive National Forests. I am glad that you have chosen our area 
for your Conference, for we have gi-eat need for the skill which your 
profession has in the management of the .forest land resources of Wash-
ington and Oregon. · 

Nature of Our Region 

The National Forests of this Region cqver 24,000,000 acres and 
support more timber than the National Forests of any other Region in 
this Country. This resource is inseparably interrelated with many 
other resources of the fo'rest community. As you know, we are blessed 
with abund.a.nt · rainfall which, in our mountain areas, leads · to the green . 
verdure of our forested slopes. The ruggen mo~ntain peaks rising above 
the verdant forested slopes, the high mountain meadows and lakes, pro-
vide outstanding scenery which people in increasing numbers are coming 
to our area to enjoy. In .our streams we hav:e an ariadromous fishery of 
widespread and significant importance, not only to the economic wel-
fare of distant areas, but also to the recreation afforded in the 
Region. 

The National Forests lying on the slopes of the Cascades, the 
Coast ranges, the Blue Mountains , and the Wallowas are well watered as 
the Pacific winds hit these slopes and release their moisture . This 
water is the life blood of many communities, providing irrigation water 
on the east side and even in the Willamette Valley and also water for 
domestic and industrial uses throughout the Region. Water is particu -
larly significant as a recreational asset and attracts people wherever 
it occurs, for fishing, boating, water skiing, or simply scenic beauty. 

The forests of these mountain areas support wildlife and provide 
hunting opportunity for big game animals, such as elk, deer, bear and 
mountain goats. The mourttain m~ad.ows provide forage for domestic ani-
mals, as well as for wildl.ife and the livest ·ock of recreationists. The 
high country with its deep snows and excellent skiing slopes attracts 
thousands of people each year to enjoy winter sports. 

All of these resources make up the forest community and their use 
is growing at a rapid rate, as our · areas become accessible with the 
road systems which are being built. Annually in this Region we build 
or improve about 2,000 miles of road largely in connection with the 
timber harvesting program. 

-s-



More people than ever before have an interest in the resources, 
their use and management. Timber industries are concerned with timber 
supply, recreationists with the availability of wilderness areas and 
with developed campgrounds . Some people want trails for motor bikes; 
others, trails reserved for hikers. There are increasing amounts of 
hiking, camping, as well as fishing and hunting, so that more and more 
people have a personal interest, either from a monetary angle .or from 
a hobby point of view. · 

They are concerned not only with how we manage these areas but how 
they are protected and managed. Each group wants its interest protect-
ed and often the opportunity for its -use enlarged. There is not enough 
to provide for these demands by dedicating a piece of land for·eac h use. 
Nor do the ecological relationships support such management. We must 
carefully . plan for the integrated use o_f all resources ;i.n a harmonious, 
ecolog"ically sound combination -- this we call multiple use. 

Timber Supply Situation 

In this Region we are now cutting at the full allowable cut in 
most of our working circles'. Last calendar year we sold about 4-1/2 
billion feet of timber from the National Forests and cut over 5 billion 
feet. Our allowable . cut is about 4.3 bfllion. Timber supplies on pri-
vate lands are in some cases exhausted. In other cases, they are held 
by large comp~nies who use them in their own manufacturing processes. 
Consequently, increasing numbers of industries and communities are de-
pendent, in whole or in part, upon the timb er supplies from public 
land s . This leads to a tight timb er supp l y situation, pending the tim e 
when some of this cutover land begins to again produce forested crops. 
Limited timber supply causes strong competitive bidding and increased 
prices for available raw material supplies. This situation leads to 
pressures to raise allowable cuts · to provide additional raw material 
supplies with the consequent impacts on all other resources. 

I am doubtful ·of the wisdom of accelerating cut of old-growth tim-
ber beyond our present calculated allowable cuts. On the other hand, I 
think there is real possibilit y for h~lping supply additional demands 
for timber from intensive management. We have some young-growth forests 
which can be thinned. In fact, we are already starting the thinning of 
some of the plantations planted in the late twenties and early thirties . 
There will be more of this opportunity as time goes along. There is a 
growing market for additional cuttings, for better utilization on our 
ex isting cuttings, and for improvement cuttings in forests to harvest 
trees which would otherwise be lo st. This kind of treatment can lead 
to healthier fo rests and to reduction of losses from insects and 
disease. 

In spite of th e measures we ar e able to t ake , ther e will st ill be 
substantial loss es from dis eas es which cannot be utili zed and ha rvested . 
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Here is wheir,e yl')u •can !fi>e o!f considera 'ble ·he'l:p ii:n advising us with re-
spect to measures ,to ir:educe disease losses and to improve the intensive 
management needed d:n -t'he future. Our management practices may be a 
means of disease control or prevention. I know that there are exciting 
new methods of detecting diseases and treating diseases of the forest, 
I have heard that infra-red heat-sensing equipment is being used to de-
tec ·t differences in temperature set up in trees as a result of insect -
infestation. Perhaps there is something in the disease field which may 
permit the use of similar equipment to inventory our cJJseases and · 
better identify and plan the measures necessary to cope with them . . 

In any event, I am sure that the things you men can learn .and the 
advice that you can contri-bute t_o the manager will be of considerable 
help in reducing disease losses and ·in contributing to the timber sup -
ply. Your efforts can help us better to meet the economic needs of 
communities and the timber industry. 

Diseases also take their toll of many plants besides trees. 
Bitterbrush, for example, we need in growing abundance as food for deer 
and domestic livestock . The demand for wildlife for hunting and scen-
ery is great and growing. We must manage our forest community so it . 
can support an optimum population of animals properly balanced with 
habitat and other uses. We need to understand better the place of 
plant diseases in the ecological development and management of our 
forests and rangelands. · 

Your Mission 

So you see, we managers must look to you men for expert advice in 
your field. This is necessary to enable us to do properly our job of 
managing these resources. I am sure that our management will be a 
means of helping with the solution of disease problems ,· Control mea-
sures for epidemi _c diseases must be considered in relation to their im-
pact on soil, water, forage, wildlife, scenery, as well 'as timber. I 
am sure you must be aware of multiple use and of its meaning arid signi-
ficance if you are to do your job properly. 

I hope that this meeting will be a fruitful one for you with the 
opportunity it affords to exchange ideas. If you go to the poker table 
some may end up richer . and others poorer, but if you attend a meeting 
such as this, everyone benefits. · You come with your own ideas and go -
away with those plus the ones you get from listening to the experience 
and research of others. Such conferences are indeed a source of oppor-
tunity for progress in any professional field. · 1n the long run, there-
fore, it will be the forests of western United States and Canada which 
will benefit, and so will the people of America and of Canada. 
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PANEL I . -- ECOLOGY AND FOREST DISEASE 

Richard B. Smith, Moderator 

INTRODUCTION BY MODERATOR 

This is probably the mystery panel of the Conference because no 
titles were submitted . to the Program Chairman, and because the overall 
title 'is relatively vague. · The title is vague in its use of the term, 
"ecology," which as you know has fairly broad definitions and even . 
broader interpretations . Let's take the definition as "studies involv-

. ing organisms, their homes, and their relationships with each other." 
We could present under the panel title almost any investigation in 
forest pathology~ most have some if not considerable ecological con-

. tent. However; the purpose of the , panel would not be served by this . 
Instead, by giving a few examples, an attempt will be made to show that 

· while it is necessary to separate components in studyingbiological 
systems, sight of the whole system must never be lost. The speakers • 
will, in order, present a system representative of the type confronting 
forest pathologists, suggest approaches to solving problems posed by 
similarsystems, and point out problems in integrating forest pathology 
investigations with overall systems analyses. 

AN ECOSYSTEM APPROACH TO 
FOREST DISEASE PRESCRIPTION 

Lewis F. Roth 

Two decades ago there existed little question in the minds of in-
vestigators in the applied plant sciences or of their administrators as 
to the identity and validity of their objectives . Such things-sin-
creased yield, improved marketability, lengthened storage life or 
disease control were clearly definable and worthy targets of scientists 

. in agriculture and forestry . The research goal was interpretable in · 
·terms of human values and administrative justification was a fair re -
turn on the dollar invested . 

Today we find ourselves strongly subject oriented . The experiment 
conunonly replaces the problem as the .objective of research and "basic 
research" requires . little or no practical administrative jus tificat ·, on. 
There are among us those filling their job descriptions with distinc-
tion who have not the slightest concern whether or not the results of 
their work ever will find applications in the . forest . Certainly we, as 
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research workers, are not a coherent group . Our own diversity , how-
ever, scarcely matches that of our subject matter . 

Fundamental research, for example in mycology, has been so promi -
nent in forest pathology that we have often been criticized for our 
impracticality. Our list of comprehensive pathology monographs is -
disproportionately lim;ited; and today, as we are beginning better to 
see o~r disease ~roblems in their broad biological context and to re~ 
late our understanding more closely to forest practice, we suddenly 
find ourselves thrust into an explosion of new facts and techniques in 
biology and all science which is of great and increasing diversity. 

As subject matter research -expands, its contributions to know-
ledge, · however great, tend to become more remote from . the problems in 
which it was first conceived and the fragments are ever more widely 
scattered and distantly related. 

One can scarcely question the philosophic justification of this 
swell of intellectual activity and knowledge, regardless of its wide 
dispersal and often apparent lack of unity. However, it would seem_ 
that if we are to marshall the force of this expanding knowledge to 
bring it to focus on the largely unsolved problems that have given it 
birth, and to prevent its becoming .an economic iiability on the 
resource that has sustained it, some ,set of unifying concepts is re-
quired. Some attention must be given to selecting and relating this 
knowiedge in terms of the forest. A systems approach appears to be a 
promising avenue of approach to this interpretive and unifying frame-
work . Cons'ideration of ecosystems seems highly appropriate for the 
forest pathologist . 

Before pursuing this matter further, however, let us briefly con-
sider our final objective as forest pathologists. While there are many 
specialized scientists among us, I hope there remain enough traditional-
ists · to support me in the premise that the ultimate objective of forest 
pathology is -improved forest management. I am sure today's enlightened 
forest manager will concur that the forest confronted with sizable un-
controlled or ·unanticipated disease outbreaks cannot be a fully managed 
unit. 

Our responsibiiity is to relate a modern, sophist;icated, but badly 
fr,;tctionated science to forest management, an area of endeavor that · 

. . . , - I· 

also ts undergoing ~is~ificant philosophic and technologic change. 
Toward a~complishme:n,t' of this . objective I . suggest consideration of the 
disease prescriptio~. As I discuss . it here the disease prescription is 
a plan of action, with appropriate alternatives, for minimizing disease 
losses for the longest possible period, preferably the rotation. It is 
characterized by positive planning, employing the fullest information 
available, and it should be sufficiently flexible to accommodate new 
knowledge at any point. Such disease prescriptions would contrast 
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sharply with customary disease control recornmendations which histori-
cally have left much to be desired. Too often the latter have been 
offered in emergencies, sometimes by scientists perhaps too stimulated 
by new discoveries, to forest managers innocent of the technicalities 
and consequences, and overly anxious for aid with a difficult . or danger-
<;>us. situation. Almost always combat has been engaged clefensively rather 
than . offensively. Brief · reexamination of our principal efforts for 
forest disease control will emphasize this point. 

It would seem that long-term prescriptions might be developed if 
we can achieve a sufficiently inti.mate understanding of the structure 
and function of the forest community challenged by disease, what it is, 
how it relates to its physical environment and its course of evolution 
to its present · state. Clav~" (1) considered that "a forest is not, as 
is often supposed, a simple collection of trees succeeding each other 
in long perspective, without bond of union and capable of isolation 
from each other; it is on the contrary, a whole the different parts of 
which are interdependent upon each other and it constitutes, so to 
speak, a true individuality . " In this same vein Lutz~) observed that 
'.'a result of co-existence of living beings in some kinds of grouping or 
community is that their lives become intricately linked and interwoven. 
Plant inter - relationships may range all the way from commensalism, 
through various degrees of competition; to symbiosis and to parasitism . " 

Disease then in one of its many manifestations is to be expected 
as a natural component of the forest community and as such is liable to, 
indeed demands, the same types of study and interpretation that are 
applicable to ecological investigations. "A natural forest community 
represents, at the least, a population or plants and animals whose re-
quirements, or tolerances, coincide with the environmental complex of 
the area occupied. These requirements and tolerances are basically de -
termined by the genetic constitution of the organisms. No species 
(host or pathogen) can maintain membership in a community unless it is 
provided ·wi.th at least its minimum requirements on the one hand and 
provided that its tolP.rances are not exceeded on the other."~) 

Those of you who are strongly basic science oriented or minutely 
s~ecialized, please do not believe that ~y invitation to an apparently 

·holistic approach to investigation of forest disease will degrade your 
scientific ideals simply because the ecosystem approach as it has been 
most widely considered deals with nature at the organism level of biol-
ogical organization, rather than perchance the organic, cellular or 
smaller level . The interplay among the species of .the community, the 
heart of the ecosystem, appears as subtile as among the components of 
any other biological system, organs, cells or molecules. The relat i on 
between the organisms and the environment is less than adequately de-
scribed while that among the organisms . is even less well known and we 
are just at the surface of understanding the nature of their media of 
interaction. 

-10-
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As emphasized earlier the concept of ecosystem includes popula -
tions of different kinds of organisms mutually interacting under the 
influence of the physical environment. Each species, pathogen as well 
as host, autotroph or heterotrophic associate presumably -occupies a 
niche determined by its interactions with its associates, its physical 
environment and by its energy relationships. "An ecosystem may, in a 
sense be regarded as a collection of niches, each occupied by a single 
species. The study of such a system has as one purpose, the discovery 
of the constraints in its organization to determine any restrictive as-
sociations or correlations which exist among the species and between 
the species and the environment, in other words to examine the rela-
tionship of niches."~) When these relationships are understood we 

. . have a basis for projections into the future which, as they relate to 
p~thogens and hosts may be stated in the form of disease prescriptions. 

A final significant characteristic of the ecosystem that I shall 
mention · is its existence in a state of dynamic equilibrium in which it 
is liable to change. Amelioration of the ecosystem as discussed by 
Lutz~) is one possible form of change. Where such amelioration re-
lates to disease, control results . 

Literature Cited 
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T~E INFLUENCILOF ENVIRONMENTAL FACTORS ON DISEASE 
ASSOCIATED ORGANISMS - - Fornes annosus, feniophora 

gigantea and Trichoderma il· -- IN PINE STUMPS 

Chas. H. Driver 

Fornes annosus (Fr.) Cke. expresses such a wide range of pathogenic 
abilities on forest trees it challenges the abilities of pathologists. 
One such challenge is to describe the various ecological facets of this 
organism. Various investigators, Rishbeth (2), Yde-Anderson (2), 
Sinclair(]_), Driver(].) and others, have sought to elucidate various 
aspects expressing significance on the abilities of l• annosus to in-
fect pine stumps in intensively _ managed _ forests. 

I will present the results of my investigations concerning the 
apilities of~ annosus to infect southern pine (Pinus elliottii) stumps 
in association with Peniophora gigantea and Trichoderma .fil?.· These in-
vestigat:f.ons · took place at Bainbridge, Georgia during the period of 
1964 through 1965. 

The series of investigations consisted of the following approaches: 

1. The determination of a minimum period for evaluation of 
infection by l• annosus when fresh stumps are inoculated 
under field conditions with conidia of this organism. 

2. The investigation of effects of climate on the associa-
tion of l· annosus with g. gigantea, Trichoderma ~· and 
other fungi. 

3. The evaluation of a fungal toxic chemical such as borax 
on the association between these fungi. 

·, 

4 .. The interpretation of the results of these investigations 
with respect to the development of a practical control 
program to prevent the occurrence of!· annosus root-rot 
following thinning of southern pine plantations. 

These approaches were accomplished by studying the fungal associa-
tions in slash pine stumps exposed at 15-day intervals throughout the 
2-year period . The period of exposure before evaluation was de-termined 
to be 12 weeks from date of cutting. The chip-culture technique on 
malt extract agar was used to evaluate the occurrence of the various 
groups of organisms. 

To summarize the results of my investigations, the various figures 
illustrate the trends of association of the organisms of concern found 
throughout the 2-year period, as demonstrated by th ~ methods employed. 
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Figure 1 represents the occurrence of the fungus population in the 
pine stumps receiving no treatment following felling of the trees. 
This was considered the untreated check treatment (UT) . 

Note the relatively low occurrence of .E• annosus, as well as the 
limited period of occurrence to September through January. In addition, 
note the natural prevalence of Peniophora; especially the significant 
reduction in occurrence of this organism after February . Note also, 
the increased trend of occurrence in Trichoderma · between February and 
July. These relati9nships will be of significance in .the interpreta-
tion of the following figures. 

Figure 2 presents fungal associations developing when stumps were 
only inoculated with an aqueous suspension of conidia off. annosus 
immediately following felling of the trees (UTI) ; 

Note the prominence of E· annosus during the period of September 
through February, and the lack of occurrence during the remainder of 
the year. Recall that this same trend, although to a relatively lower 
degree, was evident in untreated check (UT) data represented in 
Figure 1. · · 

The associations indicated by the occurrence of Peniophora and 
Trichoderma are.of special interest in Figure 2. Peniophoraappears 
to continue its prominence in relation to the •time of ye·ar and the oc-
currence of Trichoderma. Also, the rel~tive trend that this fungus 
association to function as a prevention of pine stump colonization by 
.E• annosus is evident, but apparently not prominent enough throughout 
the year to be effective . 

Figure 3 demonstrates the fungal associations developed after the 
stumps were inoculated with an aqueous suspension of oidia off. 
gigantea immediately following felling of the trees and inoculated one 

. hour later with an aqueous suspension of conidia of£ . annosus . 

Note the continued trend in the associations between Peniophora 
and Trichoderma even though the stumps were inoculated with the former 
fungus. The conspicuous lack of£. annosus evidently is due to the 
competitive abilities of Peniophora similar to that reported by 
Rishbeth (§.). 

Figure 4 illustrates the effects on fungal populations when dry 
borax is applied to stumps immediately following felling of the trees. 

The data represented in this figure show that borax was res ponsi-
ble for the changing of the flora component and did not induce a 
sterilizing action as some workers assumed. In this respect, note the 
prominence of the miscellaneous fungi class in this figure. This ac-
tion was. further substantiated by demonstrating that borax-treated 
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stumps decreased in specific gravity at a rate similar to that of un-
treated check stumps . 

· From the fungal association standpoint, an · .interesting point is 
the continued prominence of Trichoderma in the same period of the year 
as observed in the other figures. Conversely, the significant reduc-

"tion of PenioEhora evidently is a result of the chemical treatment. 
Similarly, the absence of!. • annosus during the period of September 
through February is thought to be the function of the selec~ively toxic 
act ion of the boron in borax ·. 

At this point a logical concern would be -- how does environment 
fit •into this picture? Inspection of data on the climate during the 
period of these studies indicates that temperature appears to be the 
most limiting factor r.elated to the fungal associations observed. 

When the curve · of temper _ature is plotted over · the st4mp · infection 
period by E• annosus (Figure 5), certain relationships become apparent. 

1. The major · portion of the environment favorable for stump 
infection by the pathogen was found - to exhibit a mean air 
temperatur~ below 70°F ·. Moisture in the form of rainfall 
did not appear to have this 9bvious correlation. 

2. Major Peniophora associations appear to dev el op just 
above the critical temperature - favorable for infection .by 
X.• annosus. 

3. Trichoderma appears to be more favored by the tempeta ture 
regime that is somewhat higher than that favorable for 
Peniophora. 

These apparent temperature relationships appear to be supported by 
the more precise experimental work of Boyce (1) with Peniophora and F. 
annosus and Persson-Ruppel (!t) with Trichoderma an d .I, annosus. In ad-
dition, Cowling and Kelman (1) showed that tempera tures up to 28°c did 
not prevent the growth of X.• annosus. · 

With these relationships in mirid, it is hypothesized that tempera-
ture is a pertinent factor in controlling the competitive abilities of 
I· annosus during initial infection of pine stumps. 

Such an hypothesis appears to be compatible with the findings of 
Yde-Anderson (i) on seasonal infection by I· annosus of Norway spruce 
stumps in Denmark, and Stambaugh, e t al (.§) on infection by this f:ungFs 
in white pine stumps in Pennsylvania. 

In addition, it may be conc lud ed that borax can be used to supple-
ment the effe ct s of t emperature as a prevention of infection of pine 

-18-
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stumps at the time of' cutting in the Golf Coast States without the 
threat of inhibiting the rate of stump deterioration. Thusly, a prac-
tical control has been demon_strated for Fornes. annosus root-rot during 
the course of intensive management of southern pine plantations. 

"NOW FOR INTENSIVE MANAGEMENT OF YOUNG STANDS OF WESTERN 
HEMLOCK AND DOUGLAS FIR -- A SOMEWHAT DIFFEREN'r PICTURE 
WITH Fornes annosus?" 

Boyce, J. 
1963. 
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AN ECOLOGICAL PERSPECTIVE OF FOREST DISEASE 

R. G. McMinn 

-Ecology has acquired many connotations since its definition by _ 
Haeckel in 1886 as ' "the study of the reciprocal relations between · organ-
isms and their -environment.If _ A simple phrase, which I llope will convey 

· much of what I mean, is that ecology is the study of !'how populations •. 
grow." - Applied ecology is the study of "how .to grow populations ." This 
latter term (applied ecology) would be · superfluous as long as pract -i-, 
tioners under the more traditional labels of foresters, farmers, or 
fishermen are overly conscious that they are ecologists as well as the 

· harvesters of the renew.able resources upon which man is ultimately 
· · dependent~ 

. . 

. A·more elegant phrase t;han "how populations grow" is _ "popµlat:ion 
·dynamics," ateri:n more · fainiHar to zoologists, but one nevertheless ac;. 
ceptable _ to those of us who work principally with plant populations . 
While emphasis rightly bas be:en placed on the fact that population be .. 
havior is the"· behavior ':of indiyiduals, riot-average behavior, .it should 

:be kept clearly invfew that there is no such thing as the independent 
individual. We might momentarily think that the plant in the gtowth 
chamber is an ind _ividual i,rtclep(:!ildent of other organisms; it is in .fact 
dependent on that ubiquitous organism, man. Although ecology recognizes 
that organisms grow in an integrated _system of animate and inanimate · 
components, the facts of most situations are very incompletely under-
stood and we should be .continually alert that the relevant information 
is being incorporated into our systems . 

I should like to illustrate by two examples the way in which host 
population dynamics may be relevant to forest disease. 

Poria Root Rot 

As pathologists, most of you will be aware that Poria root rot 
passes from "tree to tree when roots contact, the causal organism being _ 
a root inhabiting fungus essentially unable to spread through soils in-
habited by normal populations of microorganisms . Moreover, since fruit-
body development on Douglas-fir is uncommon, spore infections . are · 
unlikely to be a significant means of disease intensification . Perhaps 
spores chiefly serve to spread Poria from locality to locality at rare 
intervals. 

The principal way Poria passes -from generation to generation of 
Douglas-fir is by roots contacting a source of innoculum remaining in 
stumps from the previous stand. · When Douglas-fir succeeds Douglas -:-fir, 
as it can in the Douglas-fir zone of the Interior of British Columbia 
or following logging in Co~stal forests, conditions are favorable for 
roots to contact a source or innoculum and Poria thrives on the new 
substrate . 
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In the Interior Hemlock Zone of British Columbia (the Southern 
Interior wet belt), although Douglas-fir is common in immature stands, 
Poria foci are noL The occasional occurrence of Poria foci indicates, 
however, that conditions do not preclude its presence . A plausible 
explanation for the infrequency of foci may lie in the population dy-
namics of Douglas-fir. Douglas-fir is a pioneer tree which, although 
established quite abundantly in the Hemlock Zone after fire, has a max-
imum life expectancy of some 250 years. Most overmature stands consist 
almost .exclusively of hemlock and cedar which may persist for several 
hundred .years after the last Douglas-fir has died. During this period 
any Poria that was present in immature stands may disappear because all 
suitable substrate is exhausted before any fresh material becomes 
available through new contacts. 

If, under management, rotations are reduced and clearcutting al-
lows ·Douglas-fir to follow Douglas-fir, conditions for the buildup of 
Poria popula _tions in Douglas-fir root s may be established. Poria root 
rot thus may become a more prevalent hazard . Its frequency will not 
necessarily be the same. as in the Douglas-fir zone, because although 
the fungus is root inhabiting, spread is facilitated by surface myce-
11.um which may be responsive to soil conditions and soil microflora. 

Pole Blight of White Pine 

My second example speculat es on one as pect of th e population dy-
namics of white pine in relation to pole blight. In British Columbia, 
stands with a high incidence o f pole blight generally had numerous pine 
per acre, while pole blight was disproportionately less frequent where 
pine populations were small. In addition to differences in the type 
and amount of seed available at the time stands were established, seed-
bed conditions may be another factor contributing to _such differences. 
Possibly under some conditions almost any genotype can germinate and 
gr ow, while in others all but a few ge notypes are eliminated. When pine 
is infrequent, which genotypes succumb? For various reasons, l think it 
plausible that many of the genotypes e liminat ed at the seedling sta ge 
may have bee n those - which l ate r might hav e been susceptible to pole 
blight had they survived the seedling stage. 

I do not suggest that this hypothesis applies to all situations or 
even that it is the predominant factor in any one situation. It does , 
however, touch on an interestin g area for speculation concerning disease 
incidence and forest management. Sinc e seed is expensive, foresters 
want maximum survival · in the nurs ery and maximum outplanting success. 
Perhaps we should at l east consider manipulating conditions in the nurs-
ery to select seedlings adapted to th e hazards inh erent in 80 years 
growth on the sidehill - not just any s id ehill but the spec ifi c side-
hill that the seedling is destined for . 
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The high incidence of seedbeds favorable for the establishment of 
large pine pdpulations on sites conducive to pole blight is probably 
not fortuitously related. · In British Columbia, pole blight was preva-
lent on sites which may be droughty ·- sites where surface soils are 

·underlain b;Y-grayel.9r c·oarse sand, sites in which seepage .water may be 
· interrupted dur ·ing pt'olon:ged or severe droughts, and on sites on . south-

facing slopes. s't:an·ds on such sites are more likely to . have suffered 
severe burns ··th~µ·· stands on less droughty sites. In the Interior Hem-
lock Zotfe of ,.ijr-i_t:ish Columbia, which cornpri&es much of .the . white plne 
type, heavily bui: ·ned sites seem to · produce a greater density -'of pine 
regeneration thati light burns where hemlock regenerates niore. :r·eadily . 
This may be a significant facet of the relation between pole · blight and 
site. 

Inferences 

The forego _ing examples illustrate that the population dynamics of 
the host could .be a per .tinent factor in the · solution qf disease prob-
lems. . fores ·t · pathologists, however, I. believe face a dilemma •. :If their 
investigations - ari conf'iried to the _ more obvious ·aspects of ho.st ecology, 
physiology; or · genet _ic _s and readily measured environm ental i>arameter s , 
forest disease probleiris may not be resolved. On the other hand, if th e 
forest pathologis .t brartches out too widely, he is likely to dissipat e 
his time and mental energy on "do-it-yours e lf" pursuits that at best he 
can handle with .the expertise o·f an amateur. 

An integrated, interdisciplinary approach would seem one answ e r to 
this dilemma. Soil scientists are · likely to most readily brin g the 
ne cessary depth of understandin g to the soils component of a problem 
(and which root-rot problem has no soils component?); the climatolo gi cal 
component of a nee dle-blight problem might bes t be handl e d by a ''pr o-
fessional" me teorologist; af!.d which host doe s not hav e gen e tic or phy-
siological variation which could best be untangled by a geneticist or 
physiologist. The _ pathologi .st may well sneer at the amateur concepts 
of pathology held by an ecologist, and it would only be poetic just ice 
for the ecologis ·t to reciprocat e - but would it be productive . A point 
I wish to stress, -·howeve r, is that any investigat'ion, not just a cr as h 
program on a particular problem, is likely to be th e most producti ve if 
its compon ent aspects ·· wer .e s tudi ed by specialist s ("prof essi on als" no t • 
"amat eurs") who were ·wfllin g to work on th e same problem. 

The willingn ess to work tog e·ther toward a ·common objective a nd t he 
capacity to inte gritt e r~sults is, of cours e , a key fac tor in t he produc-
tive interdisciplinary study. How can interdisciplinary' studies be 
developed? Much of the · answ e r l;i.es with th a t most bas ic qu es t ion, 
"what's in it for me?" When individu a l sci enti sts s ee th a t th e bene-
fits de riv e d from honin g th e ir minds on th e whetstones of ot h er minds 
outweigh th e adv anta ges of self-sufficiency and ind e pend ence , th e y will 
be in c l ined to int eg r a te their pur s ui ts. Moreover, "money talks. " If 
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judgments are made regarding the most promisin g and necessary areas of 
forest research and most of the available funds are concentrated on 
these, even forest science could bring together "critical masses" of 
minds which I believe would produce a chain reaction of results surpass-
ing the individual efforts of all but the most outstanding scientists . 

Computer Languages 

. When we took our graduate degrees we had to pass a language re-
quirement. Since that time, a . language has developed which is still 
strange to most . of us . Let Irie explain by quoting from Watt (Computers 
and Evolution ·of Resource Management Strategies . Amer. Sci. 52: 408-
418): 

The people who construct computer programs . think and write 
about then) .. in terms of. computer · languages, s1,1ch _as FORTRAN. 
In fact, ·the complexity of many models, due to their dynamic · 
charcicter:, con.strain.ts, and iunnensely complex interacting 
systems would m;ike descripH01;1 of the systems difficult .or 
impossible in any other matµematic ,al language. This point 
may have the implication that FORTRAN Qr ALGOL will become 
the Esperanto or Interlinguia of s··cience •· 

. . . 

Computer i'a~guages, then could become ari increasingly useful means · 
of i ntegrating the components of the systems we study. Watt, howeve r, 
conc ludes his remarks: 

Matters such as these are dea lt with . fn a new.branch of math -
ematics called dynl;lmic programing, which is . one of a whole 
new group of mathematical . disciplines ·iticlU:ded under the 
general heading of operations research , .· IJ.ere is the terribl e 
point however: t_o my knowledge nq f9ie~ters, biologists, 
botanists, zoologists, epidemiolog(i:d::s , · etit ·orilologists ,: fish-
eries biologists, range managers, or .. a_gr _on~mists ·anywhere in 
the world are exp.osed . to thes e subjec't~ ' a$ .part of their re-
quired university tra.iniU:g progr~m; y~t these subjects, lik e 
FORTRAN, are obviously .of enormous p9t:.E~titi .~l value in resourc e 
management, which is how a lot of tq.ese p~~ple earn their 
living. May I respectfully submit ·that thi .~ is a problem 
worthy of serious · consideration by the a·c~~emic cormnunit y. 
Clearly, there is urgent need for -~ ·eompl ~;~e revitali za tion 
of teaching programs in resource inani~eni.ent, so th a t relevant 
new tr .ends are included in the curric qi~ ; 

Is this 1964 quotation out of dat e? 

Nevertheless, soon er or lat e r, resource managers wiJ 1 be requirin g 
r esults expre ss ed or expres sa bl e in the language of syst ems aaal ysis 
and operations r ese arch. If f orest path ol ogists fail to p -rov id .::: t he 
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neces sa ry input da ta fo r r esou r ce managemcmt dec isions, these data wi ll 
be invented by others with no pro _fessionat unders tcandin g of th e way in. 
which particular diseases act . While~ may recognize that all root 
rots, like peas in a pod, are not th e same, others may not. Fores t 
pathologists may shrug their shoulders when for e st managers ge t garbage 
out when they put garbage in - but is this the way to fulfill profes-
sional opportunities and responsibilities. 

I should like to summarize my r emar ks by re emphasizing these 
points: 

1. Knowledge of the ecology of hosts is one of the indispen-
sabl e factors in the resolution of forest disease problems . 

2 . Forest disease systems can be analysed most effectively 
by integrated, interdisciplinary studies. 

3. Computer langu~ges are one means of integrating inter-
disciplinary studies and results ex pressable in such 
languag es will be required for ope rations r es earch to 
deve lop forest re sourc e mana gement strategies. 
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PANEL II. -- PROBLEMS WITH INTRODUCED OR PREVIOUSLY 
UNIMPORTANT DISEASES 

J. R. Parmeter, Jr., Moderator 

WESTERN DISEASE INTRODUCTIONS 
WITH EMPHASIS ON VICTORIA CASE HISTORIES 

A. C. Molnar 

Introduction 

I have tried to make the following list of introduced diseases as 
complete as possible but I ·should be surprised and eve n disappointed if 
more reports do not arise through our discussions . Not all of these 
diseases constitute a threat to forest values. That some do not is 
good luck, not good management. All those traced to source came into 
t he region the same way, on cheap nursery or ornamental stock. Other 
undocumented arrivals likely entered in the same or similar ways. 
Modern rapid transport, separating continents only by hours, makes the 
exc lusion of unwanted foreign pests increasingly more difficult; so 
much so that many experts consider it onl y a matter of time before we 
shall have to play "host" to all pathogens th a t find our environm ent 
_congenial. · But so far we have not plugged th e holes app ar ent nearly a 
ce ntury ago. 

The information I have here i s common knowledg e to forest patholo-
gists. I attempt only to swnmarize briefly th e known fact .s on source, 
mode of introduction, subsequent spr ea d and significance of some diseas e 
agents introduced into the West as a reminder that they keep coming. 

Reco rd s of Wes t ern Int roductio ns 

Whit e Pin e Blist er · Rust (Cronartium ribicola J.C. Fisch. ex Rab.) 

Originating on Swiss stone pine in Asia this disease spread to 
Europe around 1854 on eastern white pine. By the turn of the century 
it was widespread in north er n and western Europe. 

The ru s t was discov er ed on Rib es sp. in 1906 at Geneva, New York, 
but it is believed to have appeared in th e north ern sta tes several 
yea rs earlier. It was fir st r epo rt ed on eas t ern white pin e in 190 9 . 
Apparently the rust was introduced with infected pine from German and 
French nur se rie ; on several occasion s. 
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Cronartium ribicola was separat e ly introduced into the Pacific 
Northwest at Vancouver, ~ British Columbia, in 1910 in a single shipment 
of eastern white pine transplants but was not discovered until 1921 on 
the less resistant western white pine. 

In the East it is now widespread in New England , west into Minne -
sota and Iowa, and south into North Carolina. In the West it occurs 
throughout the range of western white pine and into northern California 
on sugar pine, attacking all five-needle pines. 

The economic significance of the introduction of this disease is 
beyond estimation both in terms of costs in research and control as 
well as in terms of wood loss . 

Some measure of control has been achieved at great cost by silvi-
cultural means on limited areas. Effective control by antibiotic 
sprays is stUl a question mark . Greatest hope still remains in breed-
ing disease-resistant · stock, which is now approaching the operational 
stage in the United States. 

Phytophthora Root Rot (Phytophthora cinnamomi Rands) 

Although the original description of this fungus comes from 
Sumatra, its origin is not clearly defined. It has-been widely associ-
ated throughout the world with both agricultural crops as well as · 
forest trees and has an ever in~reasing host range. The · fungus para-
sitizes angiosperm and gymnosperm alike, including certain species of 
the Ericaceae, and of Taxus, Chamaecyparis, Pinus and Pseudotsuga. The 
latter has not been found -infected in the natural state. It has been 
associated with avocado root rot in California as well as the little 
leaf disease of pine in the southern states . 

The fungus was first observed in Oregon in 1951 at Salem inan orna-
me.ntal planting and soon after in commercial nurseries. It was isolated 

· from root-rotted Lawson cypress in the Vancouver area for the first 
time in 1952 and the Victoria area in 1953. Ornamental nursery stock 
appears to be the source of its introduction both in the United States 
and Canada. 

In Oregon and Washington the fungus has become destructive in the 
nursery industry .along with Phytophthora lateralis Tucker and J. A. 
Milbrath ·. In British Columbia, R_. cinnamomi is much less frequently 
found in nurseries than f . lateralis. f. cinnamomi has not been found 
in forests in either region . 

In regard to forestry, the significance off. cinnamomi stems from 
its potential threat to the highly susceptible Douglas-fir. I would 
refer discussion in this connection to some of our members intimately 
associated with this problem, particularl y Dr . Lew Roth . 
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It may be argued that f. lateralis, a fungus of uµknown origin, 
discovered in th e vicinity of Portland, Oregon in 1938, should be 
classed among our introductions. There is littl e doubt that this fun-
gus, highly destructive to ornamentals as well as Lawson cypress in 
fo r est stands, would fill th e bill in many respects. I'll commend it 
to th e discu~sion period. 

Willow Blight (Pollaccia saliciperd a (Alle sc h. and Tub.) v. Arx 
(= Fusicladium saliciperdum (Allesch. and Tub.) Lindau) and Physalospora 
miya,beana Fukushi) 

This destructive diseas e of willow was apparently introduced into 
Canada from Europe. It was first observed in Prince Edward Island and 
Quebec in 1925, spreading from the Maritim e Provinces into New England 
and has since spread into most of the Eastern States; 

There is not complete agreement on th e role of the two fungi, both 
of which are apparently capable of causing the characteristic symptoms. 

In the West it was found at Abbotsford, British Columbia in 1941. 
fou r infected trees found were dest roy ed at the tim e and a search 

0 f the Fraser Valley turned up no further infected material. In 1958, 
however, the disease again appeared in British Columbia, in the U.B.C. 
Arbor et um in Vancouver, infecting Sa lix amygdalina L. va r. fragilis L . 
and 1· alba L. var. vitellina (L.) Stokes and 1· X frutico sa Doell. 
Pollaccia saliciperda was the only fungus identified with th e diseas e 
at that tim e . Subsequently int ensiv e surveys by the Victoria Labora-
tory found th e dis ease widely distributed in th e Fraser Valley on 
go lden willow (Salix alba .var . v itellina) an d weeping willow~-
babylonica L.). Both these hosts we·r e commonly regarded as resistant 
hut hi gh susceptibility was indicat e d by our observations .. The di sease 
was not turned up elsewhere in British Columbia. 

S~nce wil low has little significance except as an ornamental in 
the Northwest, and since er adication would be out of th e questi on, a.t-
tempts a t control did not go beyo nd a dvising sanitation and chemical 
c ontrols to owners of orn amenta ls. 

Dothichiza Canker (Dothichi za popul ea Sacc. and Briard) 

This fungus has been known as a serious pathogen of poplars in 
Europe since 1903. · rt was found in eas tern Unit ed States in 1916 and 
was considered introduc ed but not rec ently. In Canada it was reported 
shortly th ereafter . In North America it has be en considered pr.imarily 
a disease of nurseri~s and plantations. 

This fungus appears to be a ve ry new r ec ord in th e West . It was 
found by Kenelm W. Russ e ll , Forest Pathologist, Sta t e of Washington, 
De partment of Natural Resourc es, during th e past yea r . It was discov-
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ered infectingLombardy poplar in the L . T . "Mike" Webster Forest Nurs-
ery :in .Q.Jyitipfa·, · Waihington. Russe 11 sent us a report and samples early 
enough th~s spring to include a search for the disease in our survey 
program • . To . 'dat~ the ,disease has not turned up in British Columbia, 
but it is i>i"obably only a question of time. We shall continue to watch 
for it, · :particularly in plantations of introduced poplars. 

With the ·evei;-increasing plantation of exotic poplars in this 
country ~e cannot treat lightly the appearance of this pathogen in our 
region: · .. While eastern experience suggests it will not become the seri-
ous probieriir~ported in .Europe - it could give us appreciable trouble in 
our nurseries and plantations . Though we have only one record to date, 
eradicati .on is unlikety and sanitation procedures will be in order. 

Treli'~s Rust (Gyrnnosporangium fuscum Hedw. f. in DC.) 

This cH~ease has been known for centuries. I ts previously recog,-
nized di .stribution was limited to Europe, Asia Minor and North Africa . 

. 'the · fungus was ·almost simultaneously found in two widely separated 
areas of the Pacific Coast in 1960, in Victoria, British Columbia by 
W. G. Ziller and in Lafayette, California by Arthur H. McCain and 
Dan Y. Rosenberg . . I shall . treat these two introductions separately, 
although they have much in common. 

The . British Columbia situation suggests that the fungus was intro-
duced on ~rnamental -juniper (Juniperus sabina L. vars.) some 15 years 
previou~ .ly '·but its aecial form on pear leaves was confused with 
Gyrnnospotangium clavariiforme (Pers.) DC. The rust on juniper was 
overlooked until 1961. Subsequent surveys showed the fungus to have 
spread some seven miles from the original introduction site. 

The disease was picked up in Chilliwack, on the mainland, last 
year, apparently arising from a separate introduction under similar 
circumstances. 

- -Attempts ·at ~ontrol in British Columbia have been aimed at the 
er~ _di _<;.!l.tiO~ ·of ._pb~as~d junipers · or infected parts there9f. · The Pro-
•vinctal- '.Plant ·Pathologist . ·feels confident _that complete eradication may 

. . .• / . • i - ._. - ·· .). . . :" . ·, .. : •' ~ : . • • . . 

· be __ -~C'.1ri¢ved,:.1(i_';:~ few year-s with the annual control operations now 
c·a.trt~q ·,·9it < '; illo.weV:e·r~ - unless art embargo is placed on ornamentals com-

. ing .ii, :pr .)t,f :1~.a:sf _c;1n ·effective post-entry q~arantine instit1,1fed, 
cotitr61. , ¢:ffoi-tij ~re likely wasted. . . -: . ~- . . . 

:,:-:"/ ±n'.\~~~~;J:~-ili? the rust · was discovered infecting pear leaves and 
, ne~tby jun,ipef (J.unipe :rus chinensis L. var . pfitzeriana Spaeth. and ;J_ • 
. sabi;rta"·-::~ars';-} •1ti ··the Lafayette area. About four square miles were 

involved in the infected area. It was not considered practical to at-
tempt control by eradication but rather chemical sprays with ziram we re 
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applied and other measu~es were taken. I would refer you to Arthur 
McCain for details of the ·status of Trellis rust in California. 

The importanc .e of imported ornamentals as the mode of entry of 
serious ·pathogens is ernphas.ized here again. The fact that in some 
cases these turn out not to be serious economic threats is luck, not 
management. 

From a forestry standpoint there is in fact no serious threat im-
plied by Trellis . rust~ The poss!~ility of its spread into the Okanagan 
pear orchards and those . in California can be taken less lightly, how-
·ever. Again, I would leave the evaluation of its economic significance 
to McCain. 

European Mistletoe . (Viscum album L. )· . ( . 

Viscum album is believeq ·to have been introduced to Sebastopol, 
Califo .rnia over 60 years ago qn apple nursery stqck. Apparently it was 
discovered ar6und 1920 but was misidentified as Phorodendron. It was 
rediscovere.d by J T .. ·1fowell in 1966 .• 

The parasit .e now occurs over a five square mile area on some nin e 
angiosperm species, iricluding appl~ and broadleaf maple. It is reported 
to be highly value 'd by local residents as an ornamental and traditional 
Christmas decoration. 

The parasite is not considered to be a threat to forest sp ec ies 
since it is thought to be a physiological race of Viscum which is con-
fined to broad-leafed species. Its limited spread, restricted to angio-
sperms, after .such long tenancy would tend to support this contention 
by circumstantial evidence. Nonetheless, we should sit up and take 
notice. 

Conclusion 

The first step in dealing with introduced diseases is to recognize 
them as such as early a~ possible aft~r introduction and the second step 
is to determine their life history and capabilities against our native 
hosts. From scratch, this can be a very .time-consuming business; so 
much so that .the pattle is lost . pefor«? it starts. And this is the sad 
story of in .troquced 4t~eases in NClr.th Alperica .. ~he previous speakers 
on this parie1 hcive : referred to these 'problenis and pointed up some ap-
proaches to . solving them. :r wouid iike to stress particularly the 
importance of international cooperation as developed through agencies 
like :Lu.F',R.,O. We c~n gain one to several years head start on an L .·· 
traduced . di~ease problem if we don't have to start from first principles. 
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Adequate regulat ·ory legislation to provide effective quarantine 
and eradication procedures is another serious failure in dealing with 
introductions. I cannot add to or improve on Mr. McCain's excellent 
coverage of this topic. I can only stress our important role in voic-
ing the requirements here in the strongest of terms. 

INDIGENOUS DISEASES AS POTENTIAL PROBLEMS 
(OR POTENTIAL DISEASES AS INDIGENOUS PROBLEMS) 

Frank G. Hawksworth 

The broad and elusive subject--indigenous diseases as potential 
problems--was the topic assigned. In discussing the potential of na-

•tive diseases, I think that for practical purposes this boils down to 
how man has affected them or might affect them. To' be sure~ other fac-
tors a~e jlso involved--such as long-term climatic or possibly genetic 
changes. George Hepting (1963) has adequately covered the climatic 
factor, so my discussion today will be concerned with man effects. 

The relative importance of native diseases may change under many 
conditions, most of which I won't attempt to cover h~re. Some such 
conditions that I'll mention only briefly in passing are: 

When views change as to the importance of a particular forest type 
or tree, the relative "importance" of · its diseases obviously changes 
also . . We can all think of several examples in this category. One of 
which comes to mind in our area is pinyon. Since the tre _e is of no 
importance for timber production, little attention has been paid to its 
pathology. However, many National Park -Service campgrounds are in this 
type and diseases, particularly dwarfmistletoe, are emerging as serious 
management problems. · 

Another example ·is juniper mortality in the Southwest. When 
Wally Eslyn began his researches into this problem in the late fifties, 
he .was, 1.ike all good pathologists, concern ed with the welfare of th e 

' tree and was interested in determining the cause of the condition as a 
possible means of arresting the mortality. However, to cattlemen., 
junipers are nuisance species occupying space that could be growing 
grass . Thus, r~search on juniper mortality, while no less important to 
them, is viewed in quite a different light. 

An additional aspect of this problem which may or may not be in my 
province to_day is the developm ent of "indigeno1.1s disea ses " on tr ee B 
gro"111 ou·tstde their natural range. We are all familiar with numerou s 
·examples in this · category. Suffice it to say that ran ge exte nsions 
should be done ~autiously with the full r ealization that disaster may 
_resu_it. 
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But, so much for talk of things that I won't talk about. I presume 
that what your di s tin gui shed panel moderator wished from me was a pro-
found discussion of the future potential of native disease s in na tiv e 
species. In lieu of this, I offer the following. 

In an attempt to see how much man has affected wes tern tre e dis-
eases, I hav e compared th ose li sted in Meinecke's 1914 "Fores t tree 
di seases conunon in Cali fo rni a and Nevada" with the latest information 
from Reed Miller's 1965 California forest dise ase survey. What chang es 
do the last 50 years indicate?-~very few. The disea ses lis te d i n 1914 
are, with very few exceptions, those that are serious now. Of course, 
Meinecke 's critical ey e preceded white pine blister rust and X- di sea se, 
but he did devote a full pa ge (albeit small) to Fornes anno s us with the 
prophetic statement that it "may prove to be more pr eva l ent." 

Thus, I believe th a t man has had relative ly litt i.e influen ce on 
· the kinds of indigenou s dis eas es present in our western fore s t s, but 
how has he affected th ei r abundan ce and ·relative importanc e ? The fol • 
.lowing tabulation is an effort to relate th e influence of man on 
va r io us types of forest dis eases. 

MAN.INTENSITY 

Man-made 

Man - marked e ffect 

EXAMPLES 

X-disease of ponderosa pi ne 
Spokane fluorine blight 

Fornes anno s us 
Port Orford ced ar blight 

------------------~------,,--- --.--· 
Man - moderat e eff ec t 

Man - little e ffect 

No man ef fe ct 

Dwarfmistleto e 
Decays 
Aspen cank ers 

Needl e casts 

? 

Dis e ases ran ge from completely man-mad e (fo r example, X-di sease 0r 
ozon e damage on ponde rosa· pi ne , or mor e eup hon iou sly · tl1e "Cr es tl ine 
crud") to th ose hi wh:i.ch man has perhaps had little i.nfluence. 
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I. Man-made. 

Strictly other "man-made" diseases that come to mind are sulphur 
dioxide injury and the box elder blight of the northern Great Plains 
which is caused by drift of weed killers (Phipps 1964). 

II. Man - marked effect. 

As ·examples of diseases which have been markedly affected by man, 
I have listed Fornes annosus and Port Orford cedar Phytophthora blight. 
In Fornes annosus, man has, through cutting, provided optimum infection 
courts for spread of the disease, while for cedar blight man provided 
the actual means of dispersal. 

III. Man - moderate effect. 

I have listed several diseases in which I'd guess that man has had 
a moderate effect--dwarJmistletoes, ·decays, and cankers . 

Dwarfmistletoes have greatly intensified under the guidance of 
man. Past selection cuttings which left scattered infected trees pro-
vided ideal conditions for spread of these parasites . . Fortunately, I . 
think that we can see the end of mistletoe-propagation cuttings, but we 
still have the legacy of millions of acres in which mistletoes are a 
problem mainly becau .se of our past cutting practices. 

Logging has undoubtedly had an affect on decays, but the extent of 
it is difficult to assess. Logging wounds on residual trees are associ-
ated with decay in several species. The leaving of decayed residuals 
and the buildup of decay fungi in slash have probably increased the 
inoculum and thus the hazard to adjacent stands . Perhaps the best docu-
mented example of this is for western red rot (Polyporus anceps) in the 
Black Hills of South Dakota. Stuart Andrews (1955) found that decay 
has . increased in the past 70 to 80 years since . logging began, presumably 
because of the buildup of inoculum from fruiting bodies that develop on 
logging slash. 

Many types of cankers that are associated with wounding may also 
· increase following logging or other disturbances. 

IV. Man - little effect. 

As an ·example of the kinds of diseases which man's activities have 
probably had little effect on, I have chosen the foliage diseases--such 
as needlecasts. Pre ·sumably foliage diseases show some increase follow-
ing cutting because t,he regeneration results in more foliage in the 
higher humidity .zone nearer ground level . 
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V. No man effect. 

I was hard put to think of some diseases which man has had no ef-
fect. In spite of the offer of a substantial reward (candy bar)-,-no 
candidates were nominated by several pathologists consulted. Perhaps 
the closest would be some diseases associ;lted with climatic diseases--
frost , injury, winter drying, hail damage. But who is to say that man 
hasn't even influenced these? 

i 'm sure th~t none of you will agree with my placement of various 
diseases in the different categories. However, I think that the point 
is obvious that man has had ·much more influence on son1e diseases than 
on others. 

. . . 

So much for the situation to date. What of the future? As I see 
it, some potential problem areas are: 

Fire .protection of the la:st half century has had a profound effect 
on certain diseases. For exarqple, in the Southwest, reduction of fires 
has resulted in dense stands of ponderosa pine saplings that are surely 
en abling dwarfmistletoe to intensify much more rapidly at present than 
in the past. A similar situation exists in lodgepole pine and other 
forest types elsewhere in the West . 

Site preparation . In many areas in the West intensive site prepa-
ration is . now standard procedure. In our area multi-ton choppers are 
run over the debris and residual trees left after clearcutting lodge-
pole pine. Although the chopped slash will presumably decay more 
rapid.ly than untreated slash, what other problems may we be encouraging 
by such practices? \.lill root rots or other diseases increase? I think 
that we ought to know. 

Grazing. Some time ago Jim Mielke (1956) presented the interest-:-
ing hypothesis that comandra rust might be increasing dtie to the in-
crease in the alternate host plant comandra following overgrazing. 
While recent studies . by Roger Peterson and Dick Krebill (Krebill 1965) 
have not confirmed this, the . point is still valid that man's influence · 
on a seemingly unrelated resource may have a direct effect on tree 
growth. 

Planting; I had planned to discuss t .he disease problems associ-
ated with planting trees on sites to which they are not suited, but 
Toby Childs has spoken so eloquently on this topic that I think that no 
further words of warning are needed . 

Road building. Rock.)' Mountain foresters have noted that many fine 
aspen stands tend to "go to pot" (not the Berkeley type) once a road 
has been built through them . Tommy Hinds, of our Station, has discov - · 
ered that this is due to buildup of cankers following wounds resulting 
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from the road-building activities. The sooty-bark canker (caused by 
Cenegium singulare) is notably rampant in such instances, but Cerato-
cystis ~anker also acts the same way~ In many cases, populations of 
the sooty-bark canker build up in such proportions that the zone of 
damage extends for several chains from the road. 

Campgrounds. The problems noted above in road buildings through 
aspen also . apply to campgrounds in this type. We .have seen seve ·ral ex-
amples where the original aspen cover has been completely eliminated 
in campgrounds. Similarly opening up of stands for campgrounds in 
mistletoe-infected lodgepole pine often results in nearly pine-free 
areas because of the greatly accelerated mortality. · Lee Paine (1966) 
has recently noted an example in hazard potential in California lodge-
pole pine recreational areas. He found that hazard was directly 
related to the intensity of use by man. 

While I have cited several examples in which diseases have been 
increased by man's activities, I'd like to close with an optimistic 
note. We have also learned much from our past mistakes--we have 
learned how not to do it in many instances. Many foresters are becom-
ing much more aware of forest dise .ases and how they can be alleviated 
by management. AnYmanagement procedures may affect the course of 
diseases, and we should be alert to advise forest managers what might 
happen. Often we can do no better than give an "educated guess" but 
hopefully ·, with intensified research, we will be able to provide some 
of the answers before the questions ar e asked . 
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PANEL III. - - COMMUNICATIONS AND TERMINOLOGY 
IN FOREST PATHOLOGY 

Ed F. Wicker, Moderator 

INT.RO DUCT ION 
}· 

This item appeared in a . Navy Bureau of Ships . information le 'ttet'. 
This article told of a particular office where some concern · existed 
about official correspondence which was going out to the field and 
being misinterpreted. This was obvious · by the answers they were re-
ceiving back at the office. 

So the Navy officer-in-charge circulated an article to all per-
sons responsible for originating correspqndence . This article, titled 
"Proper ·Selection of Words Insures Accurate Understanding," was as 

' follows: 

A plumber wrote to the Bureau of ·ships · ex.plaining that 
he had found hydrochloric ·acid good for cleaning out clogged 
drains. 

The Bureau replied : 'The efficacy of hydrochloric acid 
is indisputable, but the corrosive residue is incompatible 
with metalli~ permanence . ' 

The plumber wrote back that he was glad the Bureau 
agreed with him. 

To which the Bureau respond ed: . 'We cannot assume respon-
sibility for the prod4ction of toxic and noxious residue with 
hydrochloric acid and suggest you use an alternative proce-
dure.' 

By return mail the . plumber wrote he was. glad the govern -
ment thought his idea OK. 

Finally realizing its failure to get the intended 
information across, the Bureau wrote: 'Don't use hydrochloric 
acid. It eats hell out of the pipes!' 

Trimble, R. W. (Education Speci a list, Great Lakes Naval Station) 
1963 . Basic principles for the effective production and use of 

visuals •• 1963 Nat. Safety Congress Tran . 12: 47-48. 

(Contribut ed by Wayne Wilcox . ) 
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COMMUNICATIONS AND TERMINOLOGY 
AMONG RESEARCH SCIENTISTS 

John C. Hopkins 

· The subject of communications has received increasing · attention in · 
recent years as the existing systems reveal their inadequacies under 
modern stresses. Indications of the concern aroused occur in numbers of 
editorials and articles in the general scientific press on such topics 
as the information explosion, complaints by editors of shoddy manu-
scripts, criticisms of organized issuing of preprints, and proposals . 

. for communication networks and computerized information retrieval sys-
tems. In the following review I will present a brief, inexpert, and 
very subjective account of the factors contributing to the present 
state of affairs together with a look in the crystal ball at some fu-
ture developments. 

CommunicatJon problems within any one country appear to have been 
insignificant in the early days of scientific endeavor . The few scien-
tists in England during the early 17th century, when the Royal Society 
of London was ·formed, met quite frequently to discuss their work; the 
members were broadly educated and could understand each other . Since 
then there has been an · increase in the number of scientists which has 
been dramatic over the last few decades·. This rapid growth rate has 
aroused considerable apprehension as to the communication failures 
which can be expected if this curve is continued for several more dec-
ades. However, the assumption that the recent r~te of an approximate 
doubling of the number of scientific papers published every ten years 
will continue for much longer in the western world can be seriously 
doubted. The paper productivity of individual research workers has not 
changed significantly since the time the Royal Society was formed and 
it is very doubtful whether western socieites can or will continue much 
longer to increase the proportions of their members who will become re-
search workers . For these reasons I would expect the curve to level 
off relatively soon. 

The other major factor contributing to communications problems is 
tQe increasing specialization of research workers arising from the 
continued growth and increasing complexity of scientific knowledge. 
Unfortunately, this trend to greater specialization appears likely to 
go on iricreasing. Pathologists are in a particularly difficult situ-
ation -in this respect since understanding of disease.problems involves 
utilizing information from many disciplines in c luding ecology, clima-
tology, histology, physiology, and others, apart from practical 
forestry. At present, it is very difficult for the normal individual 
to be fully competent in.two such disciplines and even this may become 
impossible in the future. This situation encourages the development 
of team approaches to general disease problems but the specialists re-
quired are often not available. And members of a te am require a high 
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level of basic education in common for intelligent "cross-talk" to 
occur. 

It is increasingly true to state that specialists employ their 
own languages, and since these special languages convey information in 
a fairly pre .cise and concise · form, this trend . is unlikely to diminish . 
These languages are dynamic structures with changes reflecting the 
changing concepts of the discipline. · 

One aspect of the increasing specialization, which adds consid-
erably to general communication problems, is the tendency for the 
"frontie ·rs of research" to be carried out by small groups of advanced 
specialists. The members of these groups are of necessity primarily 
concerned with communicating with one another rather than with the 
larger group .of scientists who could understand them if both groups 
wished to inter-communicate. As these "in-groups" arise naturally in 
response to the ·need for advanced workers to know, with as little delay 
as possible,what the others most active in their fields are doing, there 
is every likelihood that such "in-groups" will become more numerous in 
the future. Fortunately, some advanced workers can and do present 
periodic critical reviews of their work in journals and in language 
suitable for · communicating with a wider audience. Few pathologists can 
work at the frontiers of the contributory specialist disciplines al-
though many are advanced at the application of these disciplines to . 
disease problems. 

The scientific paper is an essential means for dissemination and 
retrieval of research results for most, if not all, research patholo-
gists despite its shortcomings. The lengthy delay between submission 
of a manuscrip •t and its publication, which quite frequently amounts to 
18 months, .and occasionally over two years, minimizes the usefulness of 
the scientific paper in a rapidly changing field. Also, there is an 
increasing tendency to undue brevity arising p~rtly from an intention 
to write only to other advanced specialists, partly from journals be ing 
subject to severe financial pressures, and partly perhaps in over-
compensation to criticism for verbosity . This quite often results in 
methodological descriptions too brief to be meaningful to any other 
than those active in the same field. The results section quite often 
contains only a selection of the complete data, the remainder being ob-
tainable after correspondence with the author or a central data bank. 
The discussion section often contains only ultra-cautious speculations. 
~egative results, failures, and blind alleys encountered during the 
investigation are rarely mentioned. 

Many of the disadvantages inherent in reliance on the published 
paper can be overcome by direct communication and attendance at s ci en-
tific meetings provid

0

es the main opportunity to do this. Indeed, it is 
a common belief that the only scientific value · arising from many lar ge 
meetings lies in the opportunity for personal co):ltacts. Several 11 1-n-
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groups" in a variety of disciplines have att empted to overcome the 
weaknesses of the scientific paper by circulating preprints on an or-
ganized basis to one another. These preprints consist of uncriticized 
manuscripts which can be issued within a few weeks. This practice has 
been at -tacked in the general scientific press but it has arisen natur-
ally and seems likely to increase unless some of the shortcomings of 
the scientific paper can be remedied . 

Another criticism of the scientific paper which is of much less 
significance 'to research workers is the criticism that the traditional 
format misrepresents the thought processes which gave rise to the paper. 
The traditional format supports the Baco nian view of r ese arch as a pro-
cess of fact gathering from which conclusions are then drawn. A related 
criticism involves the ·impersonal and unemotional style adopted despite 
the fact that research workers ar e persons and do become emotionally 
involved with their work. Some developments in an investigation are 
pleasant surprises; other dev e lopments are severe disappointments. 

Terminology is, in the broad sense, a comple _x subjec ·t involving 
lin guistics which I have neither the competence nor the tim e to deal 
w:i.th. It has beert claimed that it should be part of the training of 
all biologists as too naive a use of langua ge can expose us to many 
pitfalls. In a narrower sense, t e rminology is concerned with establish-
in g definitions of terms in accordance with current usage by a majority 
of workers at the time they are .drawn up. Complete and univ ersa l 
agreement can rarely be expected but once established authoritatively, 
good usa ge r e quir es acceptance of the limits proposed in the defini-
tion . Special usag e may be warranted occasionally provided the author 
makes his meaning explicit. As our understanding of phenomena in-
creases, and concepts change, the · definition of th e _t erms involv ed 
requires revision . Lists of definitions of pathological terms have 
been issued by phytopathological societies and new li sts may be added. 

Seve ral recent or probable forthcoming developments in the f i e ld 
of communications appea r lik ely to affect research workers .in th e fu-
ture. However , th ei r impact will va ry ac cording to the typ e and stage 
of the research program concerned with the greatest impac t occurring 
where information retrieval is important. The INTREDIS system of lit -
erature retrieval is .now operative and an eventual extension of this 
type of system to all other biological fields can be anticipated. The 
formation of a few .large information centres equipped with large elec-
tronic memories containing classified references to many subject 's and 
connected via rapid transmis sio n facilities to a larg e network of 
libraries appears hi ghly probable. The libraries will be equipped with 
instrum ents providing television-like displays of the transmitted 
information and equipped ·,with fast teleprinters to provide copies. 
However, the realization of these and other dreams, althoug h techni-
cally feasible now, will r equire large sums of money and the cooper-
ation of many authorit ies , which may well delay them for a considerable 
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time. Also, it is worth noting that computeriz ed information retrieval 
systems depend on the user knowing what information is required and on 
the information falling within a recognized category . For these and 
other reasons, browsing will not be entirely displaced. And the recent 
experience with machine tr _anslation 9f languages which, a few- years 

·ago, was predicted as forthcoming within a few years but has since be-
come bogged down in the complexities of natural language, suggests 
caution in predicting the rapidity of developments not yet technically 
feasible. 

1. 

2. 

3. 

Anonymous-
- 1963. 
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COMMUNICATIONS AND TERMINOLOGY IN FOREST PATHOLOGY 
BETWEEN FORESTERS AND SCIENTISTS 

Alfred ·c. Tegethoff 

I thank you - t'm very pleased to be able to talk to you about 
this field. There are very few people in the pest control field in my 
position and there is a fantastic amount of work that needs to be done 
and we've really just started. 

Let me give you a little of my background and experience. I 
sta:rted with the Forest Service at Northeastern Forest Experiment Sta-
tion and then wertt to Region 7 as the Zone Pathologist ·in New England. 
There I worked in the Division of State and Private Forestry. In this 
position I had responsibility for seven states plus two National Forests 
and all other Federal . lands in this area. Working ~nder those condi-
tions I got quite an education, particularly working with the states . 
I don't want to go into personalities ot specific problems but one of 
the things that you learn very quickly in this job is that you can't 
just be a patho1ogis ·t alone, you have to be a diplomat, a personnel 
manager, in other words you have to get along with people besides try-
ing diplomatically to get across .the forest pathologist's ideas of 
pest control ; !worked there for four years and then transferred to 
Region 4 just a little over a year ago where I work almost entirely on 
Federal lands. Region 4 has 18 National Forests, approximately 120 
Ranger Districts and each Ranger District has a District Ranger, As-
sistant Ranger, arid generally one or two junior foresters. Then there 
are the timber s-taff people at the Forest Supervisors 1. Offices. Also, 

. I'm supposed to work with the states, Bureau of Land Management, Park 
Service, and the Indian Service . So. I have to meet and deal with a 
tremendous number of people who are relatively untrained in forest 
pathology. It' _s an extremely interesting job and I enjoy my work very . 
much. I might just make a note to the graduate students who are here 
today, that there is quite an opportunity in this field for people who 
are stopping their schooling at the Master's level. Again I must point 
out that you have to be able to meet and get along with people and 
that an outgoing personality is a very important asset. 

I have divided the topic assigned me into two parts: 

1. Terminology 
2. Conununications 

Terminology I've defined as technical nomenclature and terms that 
we use in our conununicatiqns with these people. I have further brok en 
terminology down into wr~tten and spoken. One of my responsibilities 
is to write handbooks, handbook amendments,and items such as these on 
disease control. These, of necessity, are rather technical and yet 
they must be used by field p.ersonnel; that I s why it is imperative that 
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a glossary of technical _terms ·be included in all manuals and handbooks. 
Another very interesting and important part of the job is answers to 
c,ur form 5200-1, the Forest Pest Detection Field Report. A District . 
Ranger or on:e of his foresters may notice an irregularity in the woods. 
He then might · collect a specimen and upon returning to his office, 
fill out ·this form, which is rather general, and applies to both path-
~logy and entomology. He then mails it to us with the specimen. I 
have to provide an answer to the sender very quickly, in language that 
he can understand, '.!'his gen~rally doesn't present a problem but every 
once in a while it does.- In .many cases I end up going out into the 
field myself and· ·looking the problem over and then we discuss & solu -
tion .. · The most important underlying · factor of this whole talk I'm giv- · 
ing is that I feel that our foresters should be better educated in 
forest pathology. This is probably the greatest stumbling block that I 
have to put up with when I work in the field. In speaking with these 
various people I have to use nontechnical terms or if I do use techni-
cal terms I must define them. I d·on I t . see how you really ·can get around 
not using technical · terms. I had a 'very interesting experience which 
illustrates this point. · We had a pe-st control meeting with the State 
of Rhode Island foresters. In New England, Fornes annosus is an ex-
tremely serious problem . I was standing in front of a group and men-
tioned something about the mycelium of the fungus and iniinediately got a 
reac ·tiori from the audience. I stopped and thought, "What · did I say?" 
.I then realized I'd used the word mycelium. So ·I backed up and gave a 
brief description of ·what I was talking about . This to me is a perfect 
example of what the problems - are. These people didn't even know what 
mycelium meant and yet this is _one of the most basic tissues that we 
deal with. I hope that this serves as an example of what I'm getting 
at. I've had experience with a number of universities in the East who 
graduate foresters. It is always of interest to me to note that forest 
pathology, at least in three or four o-f ·them, was included in one 
course known as Forest Protection, and this course, in one semester, 
covere ·d Forest Pathology, Forest Entomology, and Forest Fire Pro -tection ·. 
Now-you can all imagine how much of a background a man could get in a 
one semester course which covers these three fields. When I went to 
Syracuse they required two semesters of pathology and two semesters of 
entomology. Their graduates have a pretty good background, even at the 
B.S. level,of entomology and pathology and an understanding of the 
technical terms that are used. · 

Turning . now to communications, when I_ write or send technical 
papers to a District Ranger I may experience difficulty because these 
men don't have a glossary of mycology . I attempt to write in as simple 
a language as possible but technical papers contain technical terms. 
Of course, this is assuming that they read th ese pape rs and many times 
they don I t. I found . this out after I I d send Frank Hawksworth' s USDA 
Handbook #1246 out to all the forests and when I visited the various 
forests it immediat e ly beca me obvious, from the questions asked that it 
hadn't been read or eve n referr ed to. So I have to point out in some-
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what more precise terms that there is a wealth of information in this 
publication if they would only read it. Another problem that I have 
myself is getting papers. I then have to ~nter~ret the results and get 
them out to the field. If I don't have a copy, I can sometimes borrow 
one and get it xeroxed and then send them out but the question always 
arises if I do send a paper out to the District R~riger or his assistant 
or the timber staff people, do they understand or can they interpret 
the technical portions. Again here, schooling is very important. 
Another vital factor is interest. Every once in a while I meet a Dis-
trict Ranger who is quite interested in pathology and if the interest 
is. there then he has a good idea of what his problems are . I just ran 
across such a man recently on the Challis National Forest. I just hap-
pened to be . passing the ranger station and thought I'd drop in and 
introduce myself and let them know I was in the Region. To my surprise 
he was very knowledgeable in pathology. He knew all his problems, he 
knew what caused them and he knew what the control methods were if they 
existed. It is quite gratifying once in a while to r:un into somebody 
who does have an interest in pathology at the Ranger level and under-
stands what I'm talking about. · 

The most important connnunication method is actually the spoken 
word to the man in the field . You have to realize that I'm spread very 
thin in this Region because it covers a vast area and I r.an't get to 
every person every year. I wish I could because I feel I would do a 
lot better job. I'm the only pathologist in the entire Region. Region 
4 incidentally, if you're not familiar with it, covers all of Utah, 
Nevada, Wyoming west of the Continental Divide, Idaho, up to the Salmon 
River, a small portion of Colorado, ,and a small corner of California. 
I'm responsible for all federal land within those .boundaries. Conse-
quently a lot of my time is spent just traveling and this also cuts 
down on the amount of time I can connnunicate with these people in the 
field. I'm also bound by the Forest Service Handbook which more or 
less defines how I will go about these jobs and what I will say. Ther e 
are very few control recommendations in the Forest Service Handbook. 
We all know that we have very few actual control methods and so in that 
respect I'm not too tightly restricted in what I can say. One of our 
biggest problems is developing control methods for our diseases. I'm 
sort of a middleman between research and the fieldman. I just started 
writing the amendment to the handbook on mistl e toe control and then sub-
mitted it to the gentlemen at Mbscow for criticism. I was very pleased 
wit .h the comments I got. It was interesting to note from the comments 
the differences in attitudes between the pure researcher and the field 
or practicing pathologist. 

Some of my problems have arisen due to a l ack of understandin g o .. 
the field of forest path~logy by my superiors. I 1m not saying this in 
a derogatory sense but rather that these people are timber managers, 
primarily, and just not trained in pathology. The problems in this 
fi.eld are very specialized and due to a lack of 1md0 rstanding we, at 
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times, have had differences of opinion which have had to be resolved . 
I must .s.ay that out here in the West, we have been very successful in 
solving these problems. For example _: I feel that one of my responsi-
bilities is to take research results and apply them in the field. Such 
applied research · is not the resp:onsibility of the Experiment Stations. 
However, it was the opinion of .my superior that such work should be 
done by the Experiment Station . This was a grey area in which respon-
sibilities were not clearly defined. The problem .was finally resolved 
by a meeting with the Assistant Director of the Experiment . Station and 
my superiors. We now know how far we can go in field testing of re-
search results. A direct result of this understanding was a field test 
of an alleged systemic insecticide which was supposed to control dwarf-
mistletoe. · 

One of our greatest problems is .the closed mind and I have encoun-
tered this condition everywhere I Ive worked. How to solve this problem 

· eludes me although occasionally I have solved it by presenting over-
wh~lming evidence. The one characteristic which these people all seem 
to have in connnon is that they all think that the forest is a static 
situation and that because something was not a problem 30 years ago it 
can't be a problem today . Well, as practicing scientists we know that 
no biological conununity is static and with increasing intensity of for-
est management new problems are bound to arise since we are changing 
the variables; witness the Fornes annosus problem . The severity of this 
disease is directly related to our expanding management programs . 

The most effective method of connnunication betw een myself and 
field personnel occurs when I go .into the field on a problem with the 
timber staff people~ the District _Forest Ranger and his assistant. 
Under. these conditions a mutual understanding of the problem and its 
control, if known, is readily achi eved. In the last two months I spent 
a week on the Toi ya be and the Dix.ie National Forests looking for I. 
annosus infection areas in company with the timber staff people. The 
dis ea se was readily found on both Forests and in the course of the ex-
aminations the men became very familiar with I· annosus symptoms and 
signs. In the future I will have no doubts about report s I receive 
from these people concerning this probl em. I should at this time give 
credit to a number of our timber staff people on various Forests for 
some of the excellent mistletoe control work that they have done with-
out any direction from me.. This was accomplished by their own initia-
tive and understanding of the biology of th e or ganism. We are now 
developing a mistletoe survey technique. I understand from other 
people that this has been tried and dropped as their initial reconnais-
sa nce and marking techniques became more sophisticat ed. · 

Finally I am required to hold training session on th e Forest s but 
due to the little tim e allotted, can hold a half-day session on a For es t 
every four years. This is by far not enough. (Sinc e the meeti ng this 
problem has been somewhat alleviated; we now train for a half-d ay per 
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third year). During this half-day session I can reach all the Dis-
trict Forest Rangers and their assistants plus the timber staff people. 
I can present my su,bject .to such a group either in the field or office, 
as they desire. I point out to them, at this time, that I am the only 
forest pathologist in th-e Region and need their assistance in locating 
disease problems. 

I would .also lt~e jt,rf trdn myself both formally and informally. 
We in the Federal S,ep,:~;e;~ pave the opportunity to do so due to the Fed-
eral Employees Tra~p ~~~ ~ct. I was pleased to hear Charley Driver tell 
of training men who,w. ~W p.c.1Hed "Forest Protectionists" because we do 
need people in this n.e~,9 and they are extremely hard to find . I would 
once more like to p,o; .. pt:-out that one de als, in this work, with people 
of varying backgro _t,w,q,s q.p..d training, and that there is more to being a 
practicing field P,athp ~_ogi.st than being able to recognize a disease. 
Diplomacy and underst:-~r-dtr-g of t he other man's views, needs, and weak-
nes~es are absoluteJr ~s,s~µtial, . 

~Q~ICATION BETWEEN SCIENTISTS 
/\ND THE GENERAL PUBLIC 

Keith R. Shea 

Introduction 

Have you ever bee n as ked to speak to th e local garden club, to an 
advisory group, to a civic organiz a tion, or to write an article for -a 
trade journal or the local newspap e r? When this happen ed, you were 
confronted with a problem in communications. You may have found it 
necess~ry to use approaches differing from th e accepted styles f6r pro-
fessional mee tings or for scientific journals. If you did not, you 
probably failed and may have rationali ze d, "They ju s t don't under s tand." 

I do not int end to provide a panacea for communications with th e 
general public . We haven't the _time for a short course, nor am I qual-
ified to give one. I do plan, howev er, to pr e sent a few comments on 
the problem and provide some helpful referenc es. 

Types of Re ports 

Scientist s are r es ponsible for initi a tin g , conducting, and report-
ing research. Report s for which we may be responsible may be oral or 
written, and are of three, main typ es (Park 1946): 

1. Technical--primarily by and for scientists. 

-46-

' ,, I 

l' 1.: ,., 



---
2_. Semitechnical--addressed to educated persons who, never-

theless, are without sophisticated knowledge of the 
subject discussed. 

3. Nontechnical or popular--directed to the general public 
by translating facts of science in terms of their limited 
scientific background. 

Each of these types differs in the manner of presentation. The· 
nontechnical, or popular communication with which we are concerned 
here should be based on reception by an elementary school graduate. 
Have you ever tried to explain your research to your young son or . 
daughter? If you have, you faced a problem in communications closely 
akin to that with the general public. 

Challenge to Scientists 

The challenge to scientists is ·to present scientific information 
to the public without explicitly recognizing their probable lack of ori-
entation in Scientific methods and expression . Diplomatic phrasing is 
the key. By comparisons, allusions, reminders or parenthetical expres-
sions, the skilled speaker or writer can refer to ''facts" which he dare 
not take for granted and at the same time compliment the aµdience on 
their assum~d familiarity. 

Three Main Issues 

Analysis of the communications problem centers around three main 
issues (Souther 1957): 

1. Purpose of the communication--what is to be accomplished. 

2. Role of the communication--how it will be used. 

3. Audience for the communication--who will use it. 

Each attempt to communicate should be analyzed in light of these 
three issues. We fail in communications because we ignore the composi-
tion of the audience, the use to be made of the report, or the purpose. 
The purpose should always be clearly in mind (Souther 1957). Is it to 
inform, to initiate action, to co9rdinate efforts, to recommend, or to 
provide a record? Once these three main issues have been properly de-
fined, preparation for the report be.comes a matter of following accepted 
guide lines . 

Oral Communications 

Oral communications are perhaps easiest. If initial prepi:-ation 
has been sound, we usually can sense when we are not "getting across" 
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and --c-an explain terms or the approach to suit immediate needs. Ge ner-
ally, we can relate to the experience of the audience. 

Often our failures result from an attempt to adapt "canned" profes -
sional talks to a nonprofessional audience. How diligently we slave 
(or should) to prepare a talk for a national meeting--we labor over our 
slides; we develop exquisite tables and graphs often callt°ng for ser-
vices of professional illustrators. What do we do for the public? We 
give oU.r talks "off the ·cuff" with little or no preparation; we use 
illustrations designed for professional meetings; we use technical, 
multisyllable words; and while we may impress some of the audience, we 
don't inform. No wonder Mr. Average Citizen throws up his hands, closes 
his mind to our pearls of wisdom ; and patiently admires the blonde in · 
the front row until his ordeal is over . 

Written Communications 

Written communications to the publi .c are perhaps our most difficult 
assignment. It is difficult to define th e audience; and once the paper 
is published, there is no opportunity to readjust it to suit their 
background . Furthermore, we must capture our reader's attention in the 
first sentence or he will read no further. The f6rmat and structure of 
the report must not overwhelm him·. 

Harrison (1949) has suggested seven approaches for eyecatching 
opening sentences. Sentences suggested include : (a) pro vocative que s-
tions - . "Do.you know that ..• ," (b) newspaper .openings covering who, 
what, when, where, and why~ "John Blowh.:,trd, forest fungologist at the 
Mud low Laboratories r ecently dev e loped a new method . • . et c. , 11 and (c) 
problem opening - "Logging on steep slopes using pr ese nt me.thods cuts 
into profits. The Highball Logging Company headed py Buck Rodge rs has 
adapted rockets to, . . etc." Additional examples cover most situation s 
found in writing for the public _. · 

Following these openings, what was done, what happened, or what is 
wanted should be explained in simple terms, When unavoidable technical 
terms are used, they must be well defined. Explanations must be de-
tailed and figures and tables simplified. For certain purposes, line 
drawings are better than photographs. 

Howell (1960) states that the body of a report to the public should 
contain .not over 4 to 5 main ideas, preferably only 2 or 3. Sentences 
and paragraphs must be short and precise - long, complicat ed sentences 
or ~aragr~phs frighten the reader away. ~old headings set off para -
graphs and provide eye appeal .. Exce llent examp l es can be found in 
Popular Mechanics and Popular Electronics . 

• Tabl es and Graphs 

Tables and graphs designed for professional audiences may not be 
suitable for public consumption. They should be obvious, straight-
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forward, and all extraneous material removed. Pie charts and symbolic 
graphs and _tables such as those encountered in U.S. News and World 
Report, Time, or newspapers are examples of effective methods for pre-
senting data to the public. 

Titles 

Titles should be brief, problem oriented, and have eye appeal. For 
example, a few years ago I submitted an article to Forest Industries 
entitled, " Diameter increment in old - growth Douglas-fir infected by 
dwarfmistletoe." The much abbreviated article as edited appeared as 
"Marking guide evolved for mistletoe-hit Douglas - fir. " The ed i tor ' s 
intrusions into the sanctities of research were resented at the time. 
In retrospect, I am sure his changes resulted in greater reader acc.ept-
ance for the particular audience as borne out by the number of requests 
for more information and explanation. The editor had put the message 
across which was the purpose I had intended to fulfil l . 

-Cone lu .s ions 

As scientists, we are not doing our job of informing the public. 
We cannot expect public relations experts to do this for us. We must 
assume some of the responsibility. Usefu l guides and suggestions can 
be found in the books listed at the end of this paper. 

We can do a better job of informing John Q. Public if we keep in 
mind: 

1. The purpose of the report. 
2. How it will be us e d. 
3. Who will us e it. 

Also, we must spend the time necessary to prepare for reporting to 
the public as we would for a scientific journal or a national meeting. 

When we a .ttempt to communicat e with the public and we receive no 
response - we have f a iled. When we hear our words coming .back later, 
when we see a new finding become operational, or when research receives 
increased recognition and financial support - we have succeeded . The 
problem of communicating with the public is ours; we must solve it. 
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COMMUNICATIONS AND TERMINOLOGY IN FOREST PATHOLOGY 
BETWEEN SCIENTISTS AND ADMINISTRATORS 

C. Gardner Shaw 

A number of years ago my good coll ea gue, Dr . Roderick Sprague, 
stated that, "If you want your collea gues to read and understand your 
publications , th ey should be written so that a twe lve year-old child 
can understand them . " This advice - so simil ar to that recommended by 
previous speakers on this pan e l - is also the best advice I .can giv e to 
any of you attempting to communicate with administrators. Kee p your 
communications, whether written or ·oral, brief and concis e. Even 
though your administrators very likely were previously research workers, 
you must realize that ev e ry year each of them continues a s a department 
chairman, director, or dean, he is just that much further removed from 
his own research efforts. Each .of you, I'm certain, find it difficult 
to keep abreast of the ever-increasing flood of literature dealing with 
your own special interests. It is a hopeless task for an administrator 
to keep abreast of the current research in all of the areas for which 
he may have administrative responsibility . 

I have found that one of the best ways to keep informed on current 
research is to act as editor for the department . Althou gh it is a 
time-consuming job, I re dd carefully ev ery publication, re search and 
popular in nature, prepared by th e 60 odd res earch pa th o lo g ists and 
graduate students at WSU. Oftenti mes, what seems most clear to the au-
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thor, because of his familiarity with both the literature and his own 
research, is prepared for publication with so many omiss1ons that it 
cannot be interpreted accurately by an administrator or even by others 
involved in similar research. · 

To the frustration of many research workers most administrators do 
require written reports at periodic intervais. Some investigators con-
sider preparation of reports as an interruptiorr of their research and 
even a waste of time. A better and more productive attitude is to con-
sider them as valuable adjuncts to research. They provide -administra-
tors with specific statements of work underway and of progress made. 
Such information not only justifies funds already expended but is the 
basis for requests for new and increased allocations. When required 
and made regularly, reports en~ourage an investigator to analyze his 
results at reasonable intervals. Reports provide the research worker 
with a basis for the scientific papers he wishes to publish. ;r£ the 
write-up of results is postponed for weeks, months, or years, many im-

. portant details may be forgotten or .subordinated to new, "hot" issues. 
The value derived from the research in any event is reduced. Annual 
reports provide both the investigator and the administrator with a sum-
mary of his entire research program at le ast once a year. They are 
also a basis for revision and modification of current projects. 

The aim of any report is to inform the reader. Clarity , brevity, 
and accuracy are the three main requirements of any r eport . 

Clarity is accomplished only through the proper balance of unity, 
coherence, and emphasis. Use languag e which not ·only gives information 
but also gives it so clearly that it cannot be misunderstood . Every 
word, sentence, and paragraph in a report needs careful and repeated 
considerat -ion if the report as a whole is to tell the exact truth . Ask 
yourselves ___ _: ___ .:__ will . your report convey the same meaning to all 
who read it as it does to you? As I shall point out later, there are 
innumberable loopholes constantly operating that prevent the conveyance 
of your precise meaning. The report should be complete, or at least as 
complete as possible. It needs limitation and qualification--science 
itself is an eternal qualification . Its order must be logical and move 
convincingly toward the final conclusions presented. 

Brevity is equally important, but diam e trically opposed to clarity. 
One must always compromise between the two. ·Reports to admin;lstrators 
are seldom judged by their length but rath e r by the information they 
convey, the amount of well-directed and well-digested work they repre-
sent, and by the discrimination shown in distinguishing between the 
important and the relatively unimportant . The essential features must 
be presented concisely . The more .definitely a fact has be en estab-
lished, the more dire'ctly and simply it can be presented . It is the 
doubtful results which have to be hed ged with explanations; qualifica-
tions, an d cautions. 
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Accuracy is the final requisite of reporting . An investigator who 
is careless in -reporting his work lays himself open to suspicion that 
he ~ay also have been careless in his experiments, in taking data, and 
even in thinking about them. 

Here are some suggestions on the preparation of a new research 
proposal that is to be forward ed to administrators for review and ap-
proval. These suggestions, with slight modifications, are equally 
applicable to periodic reports. In so far as · possibl e, dE:·scribe the 
work to be do·ne as precisely as possible. For example, entitle your 
project, "The Control of White Pine Blister Rust by Antibiotics" -- not 
merely, "The Control of Forest Tree Diseases." In justifying your work, 
describe the problem to be worked on. Tell how serious it is, what can 
be done about it, and why it is necessary to dci it. Indicate the value 
of the work to fellow scientists ·, to industry, and to society. What 
are the reasons for you or, you and your colleagues doing this particu-
lar piec ·e of research · rather than someone else? State frankly how well 
or inadequately you and your organization are .equipped to engage in 
this particular research. Your statement of justification should make 
it obvious that the proposed research is worth the nece ssa ry investment 
of time and money. Be concise but convincing in your narrative state-
ments. 

It is also essential to provide information available from other 
sources that bear on a problem. Are there special techniques deve loped 
by others which can be used either with or without modification? Are 
there important voids in our knowl e dge th at will be filled by this 
study? Has the work reported by others suggested new hypotheses that 
need to be tested? Do not cite numerous articles in r elated areas of 
work unless each .:,f them provides some addi tional useful information. 
The s ection summarizing available information should strengthen the 
reasons given .for doing the work and should tie the known to the un-
known. Statements to the effect that John Doe has summar.ized a ll per-
tinent information in a r ecen t r ev i ew article are of .n9 v~lue to an 
administrat .or. He hasn't time to obtain and r ead the ,rev;i,ew. 

The objectives of a project should be clearly spelled out. What 
information is being sought? Are you attempting to ascertain the rea-
son a .natural phenomenon occurs, th e nature of a r eac tion, th e behav ior 
of a substance, or to describe an organism or its behavior? 

In describing the procedure, explain how eac h objective is to be 
achieved, what materials and facilities will be needed, and where each 
phase of the work is to be done (whether in the field, in t .he labora-
tory, or in th e greenhouse, or at one or more geographica l lo cations) 
Give enough details to indicat e th e logic of the suggested approach. 
Indicate ~hat, in the pla~ning for the research, githering statistical 
data and analyzing it, the advice an d help of a s t ation statistician 
and computer scientist will be so ught. Indi c.!1e how ~ 11 the work en-
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visioned in the course of the project's active life will be accom-
plished and . that complete accomplishment of the stated objectives is 
not unreasonable within the indicated duration of the project. 

Just as the original project outline tells what, why, how, where, 
and when you intend to do the work, so a progress report should tell 
what has actually been accomplished and its significance. The progress 
report provides justification for continuation of t _he project; it may 
indicate - the need for revision or even termination. On a continuing 
project, a work plan for the next reporting period is usually required. 
This should spell out more precisely than was possible in the original 
outline what lines of investigation will be emphasized next. A good 
work plan will correlate the original objectives, past accomplishments, 
and future plans into a coherent whole. 

The criticism of any project or report by well-informed colleagues 
is just as essential as is review of a manuscript. While the reviewer 
should be well-informed, he probably can do a better job of critical 
analysis if he is an individual not too intimately associated with the 
work being reported. Omissions of items essential to complete compre-
hension are mor·e easily spotted by a pe rson not familiar with the 
research being reported. 

Many of the suggestions made by th e three previous speakers on 
this panel are equally applicable to communications between research 
scientists and administrators. Some of my suggest-ions, I hope , have 
application to communication between scientists and their colleagues, 
the general public, and even foresters ... This completes my formal 
presentation but I'd like to take time to indicate some of the reasons 
for problems in communication by a few examples. 

One of the best examples of how difficult it is to convey precise 
meanings between individuals is the we.rd, . "Mother . " All of us inst ant-
ly recognize the . general meaning of the word; yet simultaneously we 
never hear the word without it bringing · to mind our own Mother. The 
word thus simultaneously has both very general and very specific conno-
tations. Indeed even to siblings th e word has different total meaning 

'since each has shared individual as well as mutual experiences with his 
Mother. The same is true of technical words no matter how precise we 
attempt to make them. Every reader defines terms on the basis of his 
own past experiences. 

Many scientific terms having precise meanings for research workers 
in a given field have either much more general meaning or a quite dif-
ferent meaning in another discipline. A good example here is th e term 
"species." As biologists we consider the term ours and certainly ea ch 
of us thinks we know what the term means -- even though probably no two 
of us would define it independently in exac tly the same way . But, re-
fer to an unabridged dictionary; the term is employed in chemistry, 
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medicine, and commerce as well as in biology. Such terms may convey 
either an entirely erroneous concept, or no meaning at all to an admin-
istrator unless they are defined. 

It must also constantly be kept in mind that the same experience 
shared by different individuals may result in entirely different 
impressions for each of them. Take the simple act of walking down the 
main street of your hometown. A young man, footloose and fancy-free, 
may devote all his attention to the young lass walking ahead of him. 
The person needing to cash a check pays no attentio~ whatsoever to the 
young lady, but immediately spots a sfgn indicating the location of a 
bank. A third person, late for an appointment, ignores both the ob-
jects observed by the other two individuals and notes only the clock 
projecting below the bank sign. 

The last example I wish to cite emphas:i,zes the difference between 
conversation and written communications. 

Jo e : 

Mike: 

Joe: 

Mike: 

Jo e : 

Mike : 

Joe: 

Mike: 

Joe: 

Mike :· 

111 have a pet at home. 11 

"What kind of a pet?" 

· 111t is a dog." 

"What kind of a dog?" 

"It is a Saint Bernard." 

"Grownup or a puppy?" 

"It is full grown." 

"What color is . it?" 

"It is brown and whit e. " 

"Why didn't you say yo"u had a full-grown, , brown and 
white, Saint Bernard as a pet at home, in the first 
place?" 

The point, of course, is that in a written communique the r eci pi-
ent has no immediate opportunity to ask the questions. You must, 
therefore, anticipate logical questions and provide essential answers 
in your original communication ·. For if you do not, in att empting to 
fill in the blanks you have not provided for, he ~ay reach entirely 
erroneous conclusions. 

In summation, several points need emphas i s. These apply eq ual l y 
well to communication among r esearch sc i entists, be t ween scient i sts and 
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foresters, between scientists and the general public, and between 
scientists·and administrators. One, the ability to connnunicate is not 
something we are born w~th. We all have to learn it - often the hard 
way. If he considers the matter unimportant, your correspondent won't 
take the time to seek clarification and, hence, may miss the import of 
your message; if he believes he must have the information you omitted, 
his displeasure at having to take additional time-consuming steps to 
procure may be _ obvious. Two, whenever we talk or write about anything, 
we are attempting to convey an experience that has happened to us or to 
someone else. We must do everything possible to provide our correspond-
ent our perspective, to put him in our shoes, and direct his eyes to the 
star of all those in the universe that we are looking at . Three, .j_f we 
experience difficulty in making ourselves understood, we have probably 
ignored some· part of .the communication process. 

Fina+ly, when you find that you have been misunderstood, you 
. might just as well blame yourself! Eve-ryone else certainly will! 
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PANEL IV. -- ECOLOGY OF FUNGI ON TREE SEEDLINGS 

R. S. Smith, Moderator 

ECOLOGY OF NURSERY SEEDLING MYCORRHIZAL ASSOCIATIONS 

B. Zak 

Today the fungus root we call mycorrhiza is vie~ed as a normal and 
usually necessary root structure of forest trees and other plants. The 
importance of mycorrhizae for tree growth and even survival is best il-
lustrated by the many failures throughout the world to plant mycorrhiza-
less seedlings •in soil lacking ap·propriate fungal symbionts and by the 
successes following artificial inoculation. The attempt to introduce 
pines in Puerto Rico provides a striking example (.§) . 

From 1932 to 1952 the U. S~ F6rest Service made 93 plantings in 
Puerto Rico, including 27 pine species nati~e .to North and Central 
America, the West Indies, Europe, · and southeastern Asia. All were 
rais ed in local nurseri es. Soil s ranged · from heavy plastic clays to 
very light sandy loams on dry, moist, ~nd wet sites at hi gh an~ low el-
evat ions. Bare-root seedlings and seedlings in containers were planted 
both in shade and in full sun. Some plantings were left untend ed , 
others were intensiv e ly cleaned. · Various fertilizer treatments were 
applied both in th e nurs ery and in the field, includ i ng nitrogen alo ne, 
nitrogen-phosphorus, minor e lements, and complete fertilizers. Al-
though adequate seedlings were raised in the nursery, a ll outplantings, 
involving over 30,000 trees, failed completely. 

Then, because of successes reported from other parts of the world, 
pine mycorrhizal fungi were introduc ed to Puerto Rican soil by import-
in g duff and su_rface soil from loblolly and shortleaf pine stands in 
North Carolina and from a Virginia pine stand in Maryl and, These mate-
rials were fncorporated into nursery beds and in soil around outplanted 
seedlings. Also, one-year-old slash pine seedlings raised in a Missis-
sippi nursery were brought in and outplanted. Results were remarkable--
seedlings survived well and since have grown exce llently . Today most 
trees are exceptionally vigorous. They bear well-developed mycorrhiza e 
and several known rnycorrhizal fungi, includin g Thelephora terrestris, 
never befor e seen in Pu·erto Rico, produce sporocarps benec:!th inoculated 
trees. 

From . experiences such as these, as we·ll as from r esults of other 
intensive research, mycorrhizae ar e general ly conceded to benefit the 
tree and eve n to determine its surv i val under natura l conditions, al-
though we still do not fully understand why. But what of the seedling 
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in the nursery, grown under intensive cultivation? Are mycorrhizae 
necessary for its growth and survival? Before attempting to answer 
this question, I should like to first generally discuss mycotrophy in 
the nursery, including fungi involved, development of mycorrhizae on 
roots of the new seedlings, types of mycorrhizae encountered, fact .ors 
affecting mycorrhizal formation, and methods of introducing fungal sym-
bionts into nursery soil . 

Mycorrhizal Fungi in Nursery Soils 

The typical forest tree nursery differs markedly from the forest 
as a habitat for tree growth; we may, therefore, expect different 
states of mycorrhization on roots, Often the nursery is on nonforest 
1and, the choice being based on soil texture and quality, topography, 
and nearness to a water source. The soil is int:ensively _"cultivated, 
fertiiizers and organic residues added, and optimum moisture maintained 
by irrigation. Single species tree crops may be grown for one or two 
years followed often by fallowing, and/or cover cropping. Soils may be 
partially sterilized by application of toxic drenches, gases, and other 
chemicals to control root pathogens and destroy weed seeds, and may re• 
ceive residues of fungicides and insecticides applied to seedling tops . 
In strong contrast to forest soil, the average nursery soil is rela-
tively homogenous in physical, chemical and biological makeup. 

Lacking the variety of habitats of forest soil, nurs ery soil usu-
ally contains relatively few species of mycorrhizal fungi. This · 

. conclusion is bas ed both on the usually small number, often - just one or 
two, of mycorrhizal species fruiting in the nursery and also on the few 
kinds of mycorrhizae• borne on seedling roots. For example; in a bed of • 
4-month-old slash pine in a Georgia nursery sporophores of only one 
mycorrhizal fungus, Thelephora terrestris, were noted- -a ll mycorrhizae 
were of the same type and yielded isolates of! • terrestris (1§_). 

· . Very few reports on species of mycorrhizal fungi in forest nur-
series have been published, id entification bein g usually based on 
sporophor es . In Italy, Fassi and Vecchi(§) not ed six species associ-:-
ated with eastern white pine: Amphinema byssoides, Hebeloma hiemale, 
Suillus luteus, _[. granulatus, _[. bovinus, and . Tuber maculatum. Sporo-
phores of.§_. granulatus and Rhizopogon luteolus have been found in 
Australian coniferous nurseries ill,12.), Bloomberg(~) has observed 
sporophores of H. sordidulum, a probable mycorrhiza-former, in Douglas-
fir beds at the Duncan nursery in British CollUl_lbia following applica-
tion of mushroom manure. Dr. Trappe inf ormed me that -he has found 
sporophores of the following mycorrhizal fungi at th e Canby nurs ery in 
Oregon; in Douglas-fir beds: Thelephora terrestris, Laccaria laccata, 
Inocybe lac era, H. crustuliniform e , and a Cortinarius sp .; and, in 
nobl e fir beds: L. 1accata, .l· l ace r a , and]!. crus t uliniform e. At the 
Wind Rive r Nursery in Washington, he· found .l· lace:ra and Endo gone 
lactiflua with Douglas-fir and several unid ent ifi ed Suillus species 
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with ponderosa and western white pine, In Georgia, !_. terrestris and 
R. roseolus were reported in slash pine beds <ll..,1§). 

Cenococcum graniforme, which forms the characteristic j et- bl ack 
mycorrhizae with roots of most conifers and many hardwood species in 
forests throughout the world, appears to be a stranger in the nursery . 
Wright (]1) briefly mentions the presence of mycorrhizae of this fungus 
on roots of Douglas-fir seedlings in Oregon. And, Dr. Trappe informed 
me that he has found a few myco rrhizae at the Wind River Nursery in 
Washington but he believes the seedlings were growing close to the 
edge of the surrounding forest. The absence of this fungus in most 
nursery · soils may 9e explained by its suggested preference for less 
fertile and drier forest soils. 

In sharp contrast to Cenococcum graniforme, the fungus reported 
by Mikola (22) and Laiho (17) to be associated with ectendotrophic 
mycorrhizae-;-f pine seedlings appears to be strictly a nurser y soil 
inhabitant. The myco:rrhiza has . rarely been found in the forest and 
then .only on roots of very young seedlings. In the nursery, however, 
it seems to be very common and, according to Mikola, it often is the 
exc lu s ive form. Laiho recently surveyed 12 nur ser i es in th e United 
States, Puerto Rico, England, and Germany and found this mycorrhiza 
on roots of var i ous pine species i n 9 nur se ri es . Mikola ear li er 
reported it common in Finnish nur se ri es, espec i al ly older ones; pin e 
seedlings in nurseries newly estab lish ed on forest so il generally had 
typical ectotrophic forms. 

Mikola isol ate d the fungus from surface-sterilized mycorrhizae, 
obtaining over 150 strains. All were morphologically identica l but 
they varied great ly in rate of growth on agar medium. Thirteen 
strains isolated by La iho from pine mycorrhizae in Oregon were judged 
to be the same fungus as Miko la's. 

The fungus is as yet unidentified si nce no sporophores or other 
reproductive st ructur es have been fo und . On Hagem medium it produces 
a coarse, li ght-brown growth. Hyphae are septate and those submerge d 
bear clamydospore-like swellings; clamp connections are absen t. 

In fect i on of Roots by Mycorrhi za l Fungi 

Mycorrhi zae first appear on roots of th e seed lin g 2 or 3 months 
after emergence when the first l e aves or primary needles, in the case 
of pines and other conifers, are fully expanded (14,1]) . This stage 
of develo pment co i .ncides · with increased photosynthetic rates and 
hi gher sugar content of roots. Reduced li ght intensity, as when ln d ::; 
are shaded, may delay ons~t of firstmycorrhizal formation . 

First infection of short roots by mycorrhizal fung i occurs 
directly from t he soi l so, as Harley (14) points out, mycorrhizal 
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development along the root system may be spotty. Short roots formed 
subsequently may be infected - in this manner as well as by fungi which 
originally penetrated the cortex of the long root, advancing just back 
of the tip (Q). Renewed root growth from ends of mycorrhizae may be 
accompanied by the initial fungal symbiont or a new symbiont may enter. 
Such replacement of one fungus by another is more common in the forest 
where the variety of suitable fungi is greater · and soil properties 
vary more frequently and drastically. 

Types of .Mycorrhizae in Nurseries 

· Depending on the tree species, we may encounter three basic mor-
phological forms of mycorrhizae in western nurseries. Douglas-fir, 
true firs, spruces, and pines commonly have ectotrophic mycorrhizae, 
characterized by a relatively thick, variable . colored fungal mantle, or 
sheath, and a well-developed Hartig net of hyphae surrounding hypertro-
phied cortical cells. Intracellular penetration is absent, or very 
rare. On the other hand, species such as redwood and the cedars have 
endotrophic mycorrhizae which, in contrast to the ectotrophic form, 
la~k a fungal mantle and exhibit intracellular penetration of epidermal 
and cortical cells by the fungus ; A third type, the ectendotrophic 
mycorrhiza, little studied until recently and probably often errone-
ously reported in the past as a pseudomycorrhiza, appears to be 
typically~ nursery form. It is intermediate betw ee n the ectotrophic 
and endotrophic mycorrhizae, having chracteristics of both, It ·may or 
may not have a fungal mantle which, if present, _is usually very thin, 
only one or two cells thick. A Hartig net is formed but it generally 
is weakly developed. And, in common with the endotrophic mycorrhiza, 
the fungus penetrates the cortical cell cavity. 

Factors Affecting Mycorrhizal Formation 

Assuming that one or more fungal symbionts are present in th e 
soil, degree of mycorrhiza formation on seedling roots will dep end up-
on (1) the chemical and physical condition of the soil, including soil 
nutrient level and balance, reaction, temperature, moisture, and 
aeration; (2) the physiological state of the seedling; (3) biocidal 
treatment of soil prior to sowing, and application of fungicide s and 
insecticides after seedling emergence; and (4) antagonism and competi-
tion by other soil organisms . 

High levels of nutrients, especially nitrogen and phosphorus, 
inhibit mycorrhizal development while moderately low levels stimulate 
it. However, in very infertile soils mycorrhizae may be lacking 
because of inadequate growth of both fungus and tree . 

• Two recent studies confirm the re sults of earlier experiments. 
Fowells and Krauss (1), using the sand culture techniqu e , found that 
a constant supply of from 25 to 100 ppm nitrogen produced best growth 
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of loblolly and Virginia pines and that 1 ppm phosphorus was adequate 
for both species. However, mycorrhiza e were completely absent at the 
25 to 100 ppm nitrogen level but were abundant at · l and 5 ppm levels. 
Phosphorus at 5 ppm or more suppressed mycorrhiza formation but good 
deve1opment occurred at levels below 1 ppm. The authors indicate, 
therefore, that over fertilization in the nursery may produce undesir-
ably top-heavy trees devoid· of mycorrhizae. · 

Also, Hacskaylo and Snow Ul.) found that increas in ·g the nutrient 
content of a sandy loam soil reduc ·ed mycorrhizae on roots of loblolly, 
Virginia, and eastern white pine seedlings. However, dilution of this 
natural soil with 9 parts of quartz sand without additioh of nutrients-
also cause a reductiori in mycorrhizae. 

Organic amendments in the form of sawdust, ground bark, forest 
litter of various ·sorts, and other materials, as well as plowing in of 
herba~eoµs cover crops may or may not aid mycorrhizal formation. Infor-
mation ori the effect of such treatments · ii;; scarce. We may reasonably 
expect that 'the increase in soil organic matter . itself favors rn:ycorrhiza-
tion of seedling roots but other organisms thus possibly introdµced or 
sti mulated may, in turn, suppress mycorrhizal fungi or may prevent my-
corrhizal formation by infecting and destr oying root s . 

Most myco"rrhizal fungi of forest trees require a substrat e of pH 
4.0 to 5.5 for maximum growth. Thus, best development of mycorrhizae 
occurs in fairly acid nursery soils. However, th e aC!idity required for 
maximum growth of the tree when associated with a specific fungal sym-
biont is yet little understood . In one pure culture _study @), slash 
pine seedlings grown with Cenococcum graniforme grew much. better at pH 
4.0 and 4.6 than at pH 5.6 and 6.6. A. similar result was obtained with 
Suillus luteus and .slash pin e. However, s lash pine with Laccaria 
laccata irew equally well at pH 4 .0 and 6.6. · 

In ' the temper ate zone, soil temperatures from 18°c to 25°c prob-
ably favor mycorrhizal development. However , optimum temperature will 
vary considerably depending upon th e specific fun gus - tree association 
and also . upon the genetic strain of each par~ner. Marx (1.2), using the 
pure culture technique found that Leucopa x illus cerealis formed my- · 
corrhizae with roots 'of s.hortleaf pine at 18 to 21°c but not at 27 to 
39°c . However, Pisolithus tinctorius formed abundant mycorrhizae with 
lobloll y and shortleaf pine at 27 to _39°C but only few at lower temper-
atures; _Laccaria laccata and Suillus - luteus were not te s t ed at the . 
lower temperatures but formed mycorrhi zae at the h~gher temperatures. 

A soil at or near field moi s ture capacity and well ." aerated i s 
ideal both for root grow~h and for mycorrhizal formation. However, 
some fungi may form mycorrhizae more ·readily in lo w moisture soils. 
Cenococcum graniforme, for example, commonly forms mycorrhizae in 
drier soils and is considered more drought -r esistant than other mycor-
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· rhizal fungi . In some sand soils, such as those ·of the dunes along the 
Oregon Coast, it ~ay be. the only mycorrhizal fungus~). 

Several experiments ill,1!) have clearly shown that light inten-
sity is important in mycorrhiza formation. Seedlings of several 
species grown under heavy shade developed few, if any, mycorrhizae, 
·while those _in full sunlight, or :1,n light optimum for photosynthesis, .. 
haq .ibundan.t mycorrhizae. AccQrding to Bjorkman (l), trees under opt:1,-
mum light accumulate surplus · soluble carbohydrates in roots . stimulating 
entry of the fungus to initiate the mycorrhizal state. 

. . . 

Various biocides are now used in nurseries for control of diseases 
and insects and .for suppression of weeds. Since many of . these are 
fungicidal, it is imp0rtant to know how they . affect mycorrhizal fungi 
anl mycorrhiz!li formatiqn. To summarize the results of several recent . 
studies (l,.1,l.,12 ·,'18,24,1Q.,~,33,34) examin-ing this problem, most 
chemicals . currently used in ·forest nurseries have little or no effect 
on. mycorrhizal de.velopment · when applied in recommended dosages. 
Formaldehyde, allyl alcohol, PCNB, Z_ineb, ethylene di bromide, Nemagon, 
Chlordane, Thiosan,Aldrin, and Dieldrin did not suppress mycorrhizae. 
Vapam, Bedrench, and methyl bromide c·aused some reduction but their 
effect disapp:eared the second . season with return of normal mycorrhiza-
tion. 

To cite a specific : study, Hacskaylo and Palmer <11.) grew Virginia 
and .slash pine seedlings in soil ·treated prior to sowing with standard 
dosages of ethylene dibromide, Vapam, Bedrench, and Nemagon. Methyl 
bromide was also tested but at a higher level than normally recommended 

· for soil fumigation. Vapam and Bedrench caused some reduction of my.cor.,-
rhizae of both tree species but ethylene dihromide and Nemagon had no 
effect. The higher-than-normal dosage of methyl bromide completely 
suppressed ·mycorrhiza formation of both Virginia andslash · pine. A 
follow-up study of this test after the second season by Palmer and 
Hacskaylo (li) disclosed normal mycorrhizal development of .both species 
in all treated soils. Despite the complete lack of mycorrhizae during 
the first season ., Virginia pine and slash pine seedlings in methyl 
bromide~treated soil were the tallest and most vigorous. 

We may, therefore, conclude that normal applicatio~ of biocides 
presently used in the nursery will usually affect mycorrhizal develop -
ment negligibly. In some soils; ·however, as Wallis (]Q) has point ed 
out, some of these chemicals may accumulate a short distance beneath 
the surface and suppress root growth. 

Since the ectendotrophic mycorrhiza appears to be a common 
nursery form, we may ft this point briefly examine some factors affect-
ing its development, as reported by Mikola (ll). He found that light 
intensity was not critical. Equally good infection and mycorrhizal 
formation occurred at 60 and at 20 percent of full light . Even at a 
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light intensity of 2 percent of full light some mycorrhizae were 
formed. And, soil pH had little effect; good development of mycorrhi-
zae occurred from a very acid pH 3.9 to an alkaline pH 8.0. ·Likewise, 
a unifo -rm response was obtained over a wide range of soil fertility. 
It appears, therefore, that the ectendotrophic fungus is able to grow 
and infect roots under a wide range of conditions. Its absence in 

· forest soil is attributed by Mikola . to a lack of competitive ability 
with the natural microflora. 

Inoculation of Soil with Mycorrhizal Fungi 

Soils lacking mycorrhizal fungi, such as in nurs ·eries newly estab-
lished on nonforest land or in nurseries where cultural treatments have 
reduced or eliminated the symbionts, ca:n be inoculated in several ways. 

· The simplest and easiest method i .s to collect surface soil and duff 
from a nearby healthy stand of the same ·species being propagated and 
incorporate _ a small - amount into thei nursery soil. The efficacy of such · 
procedure has been demonstrated in various parts of the world {i,1§.,li) . 
However, this method has two important di ·sadvantages. First~ other 
microorganisms are also introduced, including possible pathogens which 
could multiply and . spread and create new problems. And, second, the 
identity of mycorrhizal fungi introduced is unknown. 

Another method is to spot plant healthy mycorrhizal seedlings from· 
another nursery into seeded beds. Or, mycorrhizal roots may be chopped 
into pieces and added to soil. Compared to inoculation with forest · 
soil and litter, these methods are slower and less successful. Al-
though the danger of introducing pathogens is lessened, we still lack 
identity of thea.dded fungal symbionts. 

The ideal way is to inoculate soil with a pure, or relatively 
pure, culture or tissue of one known niycorrhizal fungus or a mixture 
of several . . We thus eliminate - the danager of bringing in p~thogenic 
fungi.and nematodes .and can employ species and strains of symbionts 
which may be better than others for growth of the tree either in the 
nursery or at a particular outplanting site. At present, however, we 
know very little of such difference. 

Various forms of inoculum have been tried. Gilmour (11) in New 
Zealand applied a water suspension of macerated sp9rophore;-of known 
fungi to outplartted Douglas-fir seedlings . Rayner @) also reported 
that sporophores were used to successfully inoculate Monterey pine 
seedbeds in New Zealand . Sporophores may be washed and lightly surface 
sterilized prior to use to rid them of adher .ing micro flora. · However , 
it may be difficult to find sporophores of desired fungi and in quan-
tity when needed . 

A more practical and reliable-approach would be to grow the fungus 
on an artificial or natural medium for inoculum. While we are yet 
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unable to grow many mycorrhizal species in the laboratory, enough can 
be cultured to provide a wide selection. Thus, Moser (ll) successfully 
inocuhted sprt,1ce and larch beds -with mycorrhizal fungi grown in peat. 
In Russia, Gendina UQ) reported success by treating pine seed with a 
water suspension of fungal hyphae before sowing. Sobotka Cl§.) grew my-
corrhizal fungi on nutrient agar, _freed the mats from the medium, and 
mixed these with a small volume of soil. _This inoculum together with 
pine seed was. applied to rows in the nursery bed. He also coated 

· moistened acorns with a similar soil inoculum prior to plant .ing. 

Despite some reported successes, pure culture inocula .tion of 
nursery soil with mycorrhizal fungi is yet an unproven techniqu,e. 
Results are at best erratic. Since competition and rejection by the 
already existing balanced microflora present the 'primary obstacle, a 
probable solution of this problem is suppression and modification of 
that microflora to al.low the introduced fungus to become established 
and integrated within the soil microconnnunity. Such an approach is 
indicated by the work of Theodorou who, according to Bowen (1), has 
consistently successfully introduced pure culture of Rhizopogon 
luteolus and Suillus granulatus into Monterey pine nursery beds by 
first partial.ly sterilizing the soil with methyl bromide. 

Functions of Mycorrhizae 

Many experiments have clearly demonstrated that the mycorrhizal 
root system is better able to absorb nutrients from soil than the 
nonmycorrhizal system. Part of this benefit is attributed to the con-
siderably larger absorbing surface of the mycorrhiza, including the 
attached mycelial network ramifying through the soil. And, apart from 
the increased surface area, the mycorrhiza is a more efficient absorber 
of nutrients than the uninfected short root for reasons not yet .clear. 

A second function of the rnycorrhiza, largely ignored in the past, 
is protection of delicate absorbing root tissue from damaging agencies 
in the soil, especially parasitic fungi. This feature may operate in 
several ways (12..): (1) the mycorrhiza.1 fungus may utilize surplus 
carbohydrates · and thus reduce attractiveness of the root to pathogens; 
(2) the fungal mantle encasing root tissue may serve as a mechanical 
barrier; (3) .the fungus partner may secrete antibiotics which may sup-
press or kill likely invaders; (4) the rnycorrhizal fungus together with 
the root attracts ·a distinctive rhizosphere population which may itself 
block entrance to a root paras:tte; and _(5) as Marx <.!2) has suggested, 
the fungus may stimulate root tissue to produce inhibitors which not 
only serve to maintain symbiosis on the part of the fungus, but also 
may repel pathogens • 

• Two recent experiments lend support to this second role of the my-
corrhiza. Marx <.!2) found that Leucopaxillus cerealis var . piceina, 
mycorrhizal with shortleaf pin~, secreted a potent antibiotic, 
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dlatretyne nitrile. Concentrations from 50 to 70 ppb were fungistatic, 
and 2 ppm were'fungitoxic to zoospores of Phytophthora cinnamomi. 
Extracts from pure culture shortleaf pine--L. cerealis var. piceina 
niycorrhizae and their rhizospheres- - coritained this antibiotic. Fur-
ther, these as well as mycorrhizae synthesized on shortleaf .and lob-
.lolly .. pine roots with Laccaria laccata, Pisolithus tine torius, and 
.Suillus luteus were exposed to P . •cinnamomi zoospores . Infection of 
short roots and long-root tips of nonmycorrhizal control seedlings was 
100 percent; in contrast, all mycorrhizae proved highly resistant .. to 
pathogen entry. Shortleaf pine mycorrhizae formed with L . cerealis 
var. piceina, L. laccat:a, and.§.. luteus were uninfected while only 19 
percent ·of those formed with.!'_. tinctorius were infected. Also, non-
mycorrhizal short roots along laterals bearing mycorrhizae apparently 
acquired a resistance to infection by E.. cinnamomi; those assoc _iated -
with L. cerealis var. piceina mycorrhizae had 25 percent and those -with 
.§., luteus mycorrhizae, 77 percent infection. Nonmycorrhizal shor .t 
roots in the L, laccata and P. tinctorius tests were all infected. · . And, 
all lateral r;ot tips of myc;rrhizal seedlings were infepted. · '.fhe re-
sponse for loblolly pine was -_similar . 

In the second experiment (36) the role of the mycorrhizal fungus, 
Corticium bicolor, in protecting Douglas-fir roots from attack by an 
unidentified Pythium sp. isolated from forest soil was e:rnmined. 
Shortly after aseptically germinated seed were planted in a vermi-
culite-peat mixture wetted with nutrient solution in 2-liter flasks, 
inoculum of£., bicolor was added to 1 of 2 series. Several months 
later, when seedlings were about 7 cm tall, both ser .ies were inoculated 
with the Pythium isolate. __ Six months following this inoculation all · 
seedlings were removed arid examined . Those grown with the Pythium 
alone had one-third of their roots decayed, including short roots and 
tips of laterals, However, roots of seedlings first inoculated with 
£.. bicolor and later with the Pythium were healthy and free of damage, 
Even tips of lateral roots · were normal. Many short roots were mycor-
rhizal, The pathogen was readily reisolated from medium of both series, 

Significance of Nursery Mycorrhizae 

Thus, in both nursery and field, the nonmycorrhizal seedling 
should survive and thrive much as in liquid or sand culture if soil 
fertility is high and root-damaging agencies are absent or suppressed, 
In the nursery .we can easily s1,1pplemertt soil nutrients ·and effectively 
reduce or eliminate root pathogens to produce vigorous seedlings free, 
or practically free, of mycorrhizae. But, will seedlings without 
tnycorrhizae survive outplanting in relatively infertile soil that prob -
ably contains root pathogens? If suitable mycorrhizal fungi are 
already present, in my oginion, yes. 

I believe the only advantage in having mycorrhizae on roots of the 
transplant is when they serve as inoculum to infect so~ls l a cking or 
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deficient in symbiotic fungi. I doubt that nursery mycorrhizae--those 
that survive lifting, sorting, and planting--contribute greatly to 
absorption of water and salts by the transplant. Successful initial 
establishment is far more dependent upon the water relations of the 
seed.ling in terms of favorable environmental conditions, a good 
top/root ratio and rapid growth of new roots. 

Eventually, when we better understand the microbiology of nursery 
soil .and can ltlanipulate the . micropopulation by changing the soil 
environment, we shall dispen ·se with fumigation and other chemical 
treatments now used to check root pathogens. We may do this mo·re ef-
fectively, more cheaply, and produce better stock. We may introduce 
or encourage microorganisms antagonistic to root parasites, . and we may 
inoculate soil with specific mycorrhizal fungi that stimulate seedling 
growth and _protect roots better than others. Or we may Und that in 
somen~rseries it may be more advantageous to maintain a .variety of 
symbiotic fungi, as in the forest, encompassing a wide range of physio-
logical attributes. Then, regardless o'f fluctuation in the nursery 
soil environment, some syrnbionts will always be active and ready. to 
infect and protect newly formed absorbing rootlets. 
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ECOLOGY OF .ROOT FUNGI ON OUTPLANTED SEEDLINGS 

Richard S. Smith, Jr. 

We have been considering some of the impor·tant asp~cts of . f1,1ngus 
ecology on the roots of tree seedlings while in the for .es ·t nursery. 

·But, these seedlings will eventually be · transplanted out into the 
forest. · At this time of outplanting they will be carrying on their 
roots a · fu~l complement of root and rhiz .osphere fungi from the source 
nur:sery' s soils. So, .our interest in nursery root fungi cannot end at 

. the nursery but must continue out into the . outplanting site. What. 
happens to these root and 'rhizosphere fungi in ·kinds and numbers after 
outplanting? We are especially interested in the fate of root patho-
gens. These pathogens may be completely suppressed by their new envi-
ronment, may remain active only long enough to · kill tpeir immediate 
host, or may find the environm ent favorable and spread out into the 

. surrounding vegetation. It is only through studies on the reaction of 
nursery root fungi to new forest environments that we may eventually be 
able to recognize and predict those nursery root diseases which may be 
a hazard after outplanting. 

If it is the dif _fer ences - in the .forest environment which restrict 
these root fungi, how does the forest environment differ from that of 
the nursery? In respect to soil fungi the broad areas of difference 
are climatfc, biologic, and edaphic. We are most familiar with the 
climatic differences such as temperature and moisture. In general, we 
find the forest soil temperatures to be cooler, but there is great 
variation from plan .tation to plantation depending on the area, eleva-
tion, slope, overstory, etc. Except for the north coastal areas, soil 
mo:i,.sture differs mainly in a summer deficit in the forest . A restric-
tion may also result from an interplay between soil moisture and soil 
temperature. 

The biologic influences of interest to us here are mainly those 
resulting from an interaction bet wee n so il microorganisms. That 
forest soils possess a different microflora than nursery soils is we ll 
known, but how this microflora may affect nursery root fungi after out-
planting is not at all clear . The laboratory reports of parasitism, 
antagonism, and competition are generally accepted as occurring in 
nature but are often difficult to relate to field soils under field 
cond it fons • 

. The last area of difference, the edaphic, is the subject I wish to 
touch on in this paper. Forest soils differ from nursery soils in 
many ways. Generally th e forest soil is lower in nutrients, is more 
acidic, posses ·ses a "{ell developed profile, has a _conc entrati on of 
organic residues on the soil surface, has a higher COz content in the 
soil air, and has other differences resulting from its lack of · 
cultivation. 
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Our interest, in fungus survival after outplanting, began with the 
concern that sbme nursery root pathogens carried on transplants might 
pose a threat to our forests. Our concern was supst antiated by some 
observations made at the Frog Rock Plantation, Plu _mas Co., in the 
northern Sierra Nevada. This plantation was planted in May of 1960. 
In July of 1960, after noting several dead and dying seedlings in the 
plantation, we dug a sample of both nursery transplants and natural 
seedling1, for laboratory analysis and comparison of the root flora. We 
found 48 percent of the root samples from the nursery transplants 
yielded one or more colonies of Fusarium oxysporum and 30 percent of 
these samples yielded - one or more colonies of Macrophomina phaseoli 
(Table 1). Neither of these fungi could be found on any of the root 
samples from the native seedlings. Since .both of these fungi were 
common pathogens in the source nursery it was concluded that they had 
come in on the roots of the transplant stock. The root isolations -also 
showed that the root flora of native seedlings differed significantly 
from that of nursery seedlings. The most striking difference .being the 
complete lack of not only Fusariuril oxysp .orum but all Fusaria except an 
occasional !· roseum. 

Table 1.--Isolations from sugar pine .seedling roots 

Frog -Rock Plantation, July 1960 

Seedling 
type 

1-0 Nursery 
transplants -:'k 

Native seedlings 

Root samples yielding 
Fusarium 
oxysporum · 

Macrophomina 
phaseoli 

- - Percent - -

48 30 

0 0 

* Two months after transplanting. 

These observations led to the questions of what happens to F. 
oxysporum populations on a transplanted seedling's roots and why-is a 
cosmopolitan soil fungus such as!· oxysporum absent from the rhizo-
sphere of the native seedlings. Would the!· oxysporum remain a 
permanent part of the transplant's root flora or would it die out? Was 
the absence of F, oxysporum from the native seedling's rhizosphere due 
to the lack of past introduction or was the environment playing a 
restrictive role? 

In an effort to help answer these questions, in the spring · of 1962 
we set out a field experiment in a mixed conifer stand of the 
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Stanislaus · Experimental Forest. We selected a small opening in a sugar 
pine-white · fir stand and into this area transplanted nursery-grown 1-0 
sugar pine, direct seeded stratified . sugar pine seed, and selected 
several natural sugar pine seedlings for future analysis. At the time 
of transplanting a sample of transplanted and natural seedling _s was 
selected for root and rhizosphere isolations. That fall and each year 
the -reafter the roots and the rhizospheres of the transplanted, seeded, 
and natural seedlings were analyzed for the presence of!_. oxysporum. 

The results of these is~lations over a 4-year period are presented 
in Ta,ble 2. No F. · oxysporum was- found on · the roots of any of the seeded 
or natural seedlings. Whereas, at the time of planting, 90 percent of 
the root - samples from transplanted nursery seedlings ha:d one or more 
propagules off. oxysporum. In the fall of the first year, 1962, the!_. 
oxysporum population was still quite high. Thereafter · the population 
began to decline, reaching 10 percent in 1964 and O percent in 1965. 
Again in 1966 no f. oxysporum could be detected on the roots of the 
transplants. · 

Table 2.--Comparison of Fusarium oxysporum populations 
on roots of transplanted, seeded 1 and 
natural pines over 4 years 

Seedling Root samples yielding Fusarium oxysporum 
May Oct. : July - Oct. : Oct . type 1962 1962 1963 1964 1965 

- Percent -
Transplanted 90 89 39 10 0 
Direct seeded 0 0- 0 0 
Natural 0 0 0 0 0 

The following experimental work of which I will talk was a cooper-
ati:ve effort between Dr. Walter Menzinger from Hanover, Germany; Dr. 
T~ A. Toussoun from the University of California, Berkeley; and myself. 
Dr. Menzinger, who i.s the principal investigator, deserves the lion's 
share of credit for this work. I had hoped that he would have been 
able to give this paper here at WIFDWC, but, unfortunately, he was not 
able to extend his stay and has returned to Germany . 

From the foregoing observations it was apparent that .I· oxysporum 
was absent from the forest soils in at least two locations in the 
Sierra Nevada. In an effort to determine how widespread this phenome-
non was and in what vegetation types it occurred, a series of paired 
soi ·l samples were taken from several locations in t _he Sierra Nevada and 
southern Cascade Mountains. In each location a sample of a con i.fer-
supporting soil and a'nonconifer soil was collected. These samples 
were collected within 50 feet of one another so as to minimize any 
differences in parent material and local climate, 
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Table 3 indicates · the areas and soil types of the !samples. 

Table 3.--Areas and cover types from which paired soil 

collections were made for Fusarium oxysporum 

determination 

Area 

Blacks Mountain, Lassen N.F. 
Blacks Mountain, Lassen N.F. 
Bucks Lake, Plumas N.F. 
Bucks Lake, Plumas N.F. 
Placerville, IFG 
Pinecrest, Stanislaus N.F. 
Pinecrest, Stanislaus N.F. 

. .. . . Paired cover types 

Pine 111 and grass 
Pine #2 and brush 
Pine iln,d grass 
Fir and grass 
Pine and nursery 
Pine and grass 
Pine and brush 

A dilution series of these soils were planted out onto a Fusarium 
selective agar (Snyder & Nash) and plate counts were made. No I· oxy-
sporum or K· solani was found in the conifer soils. All grass soils 
and the nursery soil were found to contain a high I· oxysporum popula-
tion. The brush soils were intermediate, supporting low to moderate 
numbers of F. oxysporum. 

These observations, the disappearance of£. oxysporum from the 
rhizosphere of t-ransplanted pines and its absence from conifer soils, 
but presence in adjacent grass soils indicated that the environment 
was· playing a restrictive role and that this restriction from forest 
soils was not due to the . local climate or general soil type . The most 
conspicuous difference between grass soils and pine soils is the kind 
and amounts of the organic soil fraction. The pine soils were charac-
terized by a thick surface layer of litter and duff. Following along 
lines of thought that this thick duff layer may be playing a major role 
in restricting I· oxysporum we decided to test the effects of aqueous 
litter extracts on the formation and ge·rmination of chlamydospores, the 
resting and survival structures of K· oxysporum. 

Our first thought was that pine litter extracts could lower the 
Fusarium population -by inhibiting the formation of chlamydospores. · A 
population can be maintained over long periods only by chlamydospores, 
the ·survival and resting stage, and under normal conditions macrospores 
and mycelium in the soil will produce these chlamydospores. To test 
the effects of duff extracts on chlamydospore formation we suspended 
macrospores -of K· .oxysporum in duff extracts in cavity slides and 
watched the activity of these spores under the microscope. We found 
that no chlamydospores were formed in the distilled water checks, but 
abundant chlamydospore formation occurred in the duff extract. Our 
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.observations indicated that rather than inhibitin g formation these 
extracts stimulated chlamydospore formation. 

We then decided to test the effect of these extracts on chlarnydo-
spore germination. Macrospores .of F. oxysporum were added to a weak 
duff extract. The chlamydospores which formed were removed, washed 
in distilled water, and added to duff extracts and distilled water . 
Table 4 shows the results after 17 to 20 hours. 

Table 4.--Germination of chlamydospores of Fusarium 

oxysporum .E.!E.! in duff extracts 

Duff - extract 

Abies concolor 
Pinus ponderosa 
Pinus lambertiana 
Sequoia sempervirens 
Distilled water 

Germinated 
chlamydospores 

Percent 

97 
98 
96 
98 
30 

In all coniferous duff extracts there was a marked stimulation of 
chlamydospore germination. Almost all chlamydospores in the duff 
extracts germinated while only 30 percent of those in distilled water 
germinated. 

It has been shown that the germination of!• oxvsporum chlamydo-
spores in live agricultural soil can be stimulated by the . addition of 
nutrients, but in these cases a germination of 30 perc ·ent to 50 percent 
is .considered to be very high . To test the effect of duff extracts on 
chlamydospore germination in live soil and to compare the effect of 
·extracts with the effect of nutrients the following test was conducted. 
Macrospores of!• oxysporum of pine were added to four soils, two pine 
soils and two agricultural soils . After eight days with the completion 
of convetsion of macrospores to chlamydospores each soil was divided 
into four lots . To one lot of each soil, a pine duff extract, a 
sucrose solution, an asparagus solution, or distilled water was added. 
The results of this test are shown in Table 5 . 

The pine duff extract stimulated the highest percentage of germi-
nation in all soils . The stimulation by nutrients was more effecti ve 
in the forest soils than in the agricultural soils. Little germin a tion 
occurred in the dist~l1ed water checks. During the spore counts of 
this test an extremely interesting and important observation was made 
concerning the effect of pine duff extracts and nutrients on ge rm tube 
formation during chlamydospore germination. The ge rm tubes which 

- 73-

,. 
i 



developed in the presence of duff extracts were small in diameter and 
started to lyse a few to several hours after germinatiqn and most 
important they failed to form any new spore types. Whereas, the germ 
tubes formed in the soils to which nutrients we·re added were larger, 
healthy, and they went on to produce new macrospores and chlamydospore~. 

Table 5.--Germination of chlamydospores of Fusarium oxysporum .PM .in 

Ponderosa 
Ponderosa 
Bean soil 

four different soils as a reaction to pine duff . extract and 

nutrients ; Given in percent of germinated chlamydospores. 

Ponderosa . 1% .25% Distilled pine duff 
extract sucrose asparagin water 

pine (1) 98 63 72 5 
pine (2) 95 62 80 2 

85 19 7 3 
Cotton soil 94 21 28 2 

From these investigations it is evident that weak extracts from 
pine duff can have a marked influence on the life cycle of F. oxyspo~ 
rum. Most interesting is the fact that thes e ext racts are able to 
induce the germin ·ation of · more than 95 percent of the chlamydospores in 
forest soil. Since the germ tubes of _these chlamydospores treated with 
duff extracts are lysed before producing _i new propagule the population 
is reduced by 95 percent, a rather s ignificant r eduction in anr popula-
tion. 

All these data were obtained in the laboratory, but there is no 
reason to assume that the same reactions could not occur in natural 
forest ·soils. Tests in the s•oil under labor ato ry conditions showed 
that the extract is active in a wide range of concentrations. The nor-
mal extract which was obtained by placing . 100 gm of litter in 1 liter 
of water could be diluted or concentrated by a factor of 10 and still 
maintain activity. In the forest soil in the Sierra Nevada the duff 
layer is kept wet under the snowpack over much of the winter and 
spring. During this period and during snowmelt in the spring the 
active compound woul d be leached out of the duff in concentrations 
comparable to . those used in the laboratory test . The se tests and ob -
servations suggest · that the reduction of I· oxysporum populations on 
the roots of transplants and its absence from forest soil is the result 
of the activities of aqueous duff extracts on chlamydospores of this 
fungus. 
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ECOLOGY OF SEEDLING FUNGI* 

W. J. Bloomberg 

Seedling fungi are defined as those which interact with seedlings, 
examples of interactions being stimulation of spore germination, change 
from saprophytic to parasitic stage, or morphogensis. These inter-
actions _are measurable; e.g., as population changesin .· the presence of 
seedlings, growth rates, production of reproductive and resting struc-
tures, and disease expression. 

We can postulate that fungus interaction with seedlings ranges 
from complete indifference to being affected only when in close proxim-
ity to the seedling (most rhizosphere fungi), to being strongly 
seedling-oriented (primary pathogens , mycorrhizal fungi). 

Fungi may respond to the direct or indirect influence of the seed-
ling. The spermosp .here, rhizosphere ·, and phyllosphere--comprising 
gradients of nutrient, moisture, pH, gas concintration~-exert direct 
effects on fungus behavior. The presence of microflora populations in 
the spermosphere, rhizoplane, rhizosphere, and possibly within the 
seedling create indirect effects on the fungi in the vicinity of the 
seedling. · 

Pathogenic and resistance mechanisms range from direct selective 
stimulation, (or inhibition) of pathogen propagules by ro .ot extracts to 
incitement from avirulence to virulence, (and vice versa) to a complex 
chain of events in which antagonism is induced by rhizosphere metabo-
lites. 

The importance of understanding these processes ·is · emphasized by 
the frequency with which anomalous results are obtained in chemical 
control of plant diseases. A treatment which would be effective in a 
situation where the fungus-host interact is simple and direct, may be 
useless or harmful where the relationship is complex. Selection and 
recolonization in the soil following fumigation, the .effects of seed 
treatment on the saprophytes of the seed coat, and the consequence of 
disease buildup under monoculture practice are some important consider-
ations. 

* A resume"by author of talk given at the Work Conference. 
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SPECIAL INVITED PAPERS 

LEGAL ASPECTS OF CASES ARisrNG FROM DISEASE-RELATED 
PROBLEMS AND HAZARD.S IN RECREATIONAL AREAS 

C. C. Carlson* 

I appreciate very much the invitation to talk briefly with you on 
some of the legal aspects inherent in the administration and manage,ment _ 
of the National Forests and resources with particular emphasis on 
campgrounds and recreation areas. And while you, as scientists oi; 
speciaHsts, may not ,be directly engaged in the actual . administration 
or management ·phases, you will, I am sure, _ because of your superior 
scientific knowledge and skills, be called upon by the administrators 
and managers to render valuable -assistance to them so that the duty and · 
obligation of the Government to protect the public may be properly met 
and discharged. Furthermore, I think that all of us in Government 
se rvice should be vitally concerned with the protection of the public 
and the efficient management of the natural resources. 

I observed from ·reading the proce edings of some of your oth er 
meetings that you are (and rightly so) very concerned about various . 

· conditions which may exist in campgrounds and recreation areas. i 
noticed . references · in these reports to the effect that "hazardous trees 
in campgrounds" were of "great concern ·to forest pathologists," and 
also . to studies on the "impact of decay and disease on the longevity 
and stability of forest trees." 

Mr. Graham, in his invitation to me, suggested that my brief re-
marks be directed to giving -you some background information on the 
legal aspects of tort cases arising from tr ee diseas e -relat ed problems 
and hazards therefrom in r e creational areas, and what is expected from 
you as disease specialists in evaluating potential ha zards. In the 
short ttme allotted to me, I will, of course, only be able to touch on 
a few of the highlights of such a broad and complex subject. Possibly 
the best way to start on the assigned subject is to discuss one or two 
related court cases where certain general principles and guidelines 
have been set forth. First, however, let me quote from the Federal 
Tort Claims Act with which, I .am sure , you are all generally familiar. 
This Act was enacted in 1946 and was the outgrowth of many years of 
dissatisfaction on the part of Congress and the public in not bein g 
able to secure redress from the Government through the courts f or 

* Regional Attorney, Offic e of General Couns e l, Portland , Oreg on . 
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negligent acts of agents and employees of the Government. The Act in 
pertinent part provides that the Government will be liable "for injury 
or loss of property, or personal injury or death caused by the negli-
gent or wrongful act or omission of any employee of the Government 
while acting within the scope of his office or employment, under 

-circumstances where the United States, if a private person, would be 
liable to the claimant in accordance with the law of the place where 
the act or omission occurred." 

You will observe that this Act makes the Government liable for 
injury or damage caused by the "negligent or wrongful act or omission'' 

· of an employee of the Government "while acting within the scope of . his 
office or employment." Further, it must also be "under circumstances" 
where the Government, '' if a private person, would be liable .•• in ac-
cordance with the law of the place where the act or omission occur!ed," 

In other words, to make the Government liable there must ,be a 
• . positive act of negligence by a Government employee or a failure to act 

when_ a duty to act exists within the scope of his employment. (The 
Tort Claims Act sets out several exceptions to this general rule, but 
time will not perm_it us to go into them, and these exceptions probably 
would not have any direct bearing on the general subject which we have 
before us.) 

Negligence (and that is the essence of the Tort Claims Act) can 
broadly be defined as a failure to use that degree of care which an 
ordinarily or reasonably careful person would use under the same or 
similar circumstances. If one is to recover da1J1ages from the Govern -
ment under the Tort Claims Act, he must prove negligence, and in 
proving this he . must show: (1) A duty on the part of the Government to 
protect the claimant from the injuries suffered, (2) failure - on the 
part of the Government to perform that duty, and (3) injury or damage 
to the claimant proximately caused by that failure. 

Since liability of the Government landowner is primarily predi-
cated upon a violation of a duty, it is of paramount importance to 
ascertain the duty owed and the degree of care required by the Govern.; 
ment landowner to those injured while upon Government property. 
Basically, this degree of care or duty depends upon the status of the 
injured person at the time of the accident; i;e . , whether he was an 
invitee, some type of licensee, a trespasser, or even a child of tender 
years, and then whether or not the Government under all of the circum-
stances acted reasonably and prudently. In 'discussing the "status" of 
a particular individual who comes upon Government property, I should 
point out that the Tort Claims Act from which I have quoted specifi-
cally states that . lic¼bility to a claimant is determined "in accordance 

. with the law of the place where the act or omission occurred." ·where 
the legal aspects of this subject becomes quite complex is in defining 
the terms, ''invitee", "1 icensee", 11 trespasser", etc., and the duty 
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owed to each. The state courts are by no means uniform in their hold-
ings and as the Federal Tort Claims Act provides, it is the law of the 
particular state where the act or omission occurred which will be ap-
plied by the Federal Court. Under a specific set of facts one court 
might hold • the . individual on Government property to be an invitee 
while another state court on the same facts might hold him to be a 
mere licensee and, also, the state courts are not uniform in their 
decisions on the degree of care or duty owed by the landowner to the 
various classes of individuals I have mentioned, · nor are the courts in 
harmony when it comes to determining what constitutes acts . done within 
the scope or course of employment. I could go into various state court 
distinctions and definitions, the minority and majority court rules, 
but we do not have time for this. I believe, as I previously stated, 
that for our purposes today we can discuss only certain broad general 
principles and one or two cases which will be illustrative of these 
principles. If you are confronted with a specific case at anytime or 
desire an advanced opinion on the law as it pertains to your particular 
state, I . strongly recommend that you contact your legal office for . . 
counsel and advice. 

Applying the general legal principles I have outlined to camp-
grounds and recreation areas and the Government's legal responsibil-
ities in connection therewith, it has been stated that as a general 
rule "A visitor is an invitee if the premises are thrown open to the 
public and he enters pursuant to the purposes for which they are thrown 
open , ••. However, it is essential to create the status of invitee 
that the visitor enter the premises under such circumstances as to 
give him reason to believe that the place has been made safe to receive 
him. When~ premises are open to the public, such an assurance is 
ordinarily given." 65 C.J.S. 719 . And further from the same page of 
this treatise, "A governmental entity which extends an invitation to 
the public to make use of its facilities for educational or recrea-
tional purposes~~ duty of reasonable and ordinary care against 
known or foreseeable dangers. If the owner of property, 
governmental or private, deems it advisable to open it to the public, 
such owner must see to it that the property does not subject those 
invited to foreseeable harm or danger." (Underscoring added.) · Let me 
again emphasize that this is the "general" rule, and may not neces-

. -sari ly be the same in each state. · · 

It would seem, therefore, from this general rule that those per-
sons who rightfully use Government campgrounds and recreation areas are 
to be considered in the status of an invitee, and the Government owes 
them a duty of reasonable and ordinary care not only regarding known 
dangers but those dangers which by the exercise of reasonable care 

· should be known. As 'you ,will recall the Federal Tort .Claims Act makes 
the Government liable for an act of negligence or the failure J:2,. act 
when there is a duty to do so. · 
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Let me state that as a general legal concept negligence is normal-
ly a factual (rather than legal) question, and in those cases brought 
against the Government under the Tort Claims Act the court will make 
the factual determinations from the evidence presented. There may, 
however, arise the question whether the facts in a particular case dis-
close a duty owned to the plaintiff by the defendant and this in the 
first instance may be a question of law. 

O'ne · of the two cases I would like to touch upon and which I think 
is illustrative of some of the general principles I have mentioned is 
a 1953 California case entitled Smith, et al v. United- ,States, 117 F. 
Supp. 525. This case expresses the law of CalifornU -~_on some of the 
things we are discussing. Action was brought against ·the United 
States for injuries . suffered by a fifteen-ye~r old boy .who was camping 
with relatives in a campground owned and mai~tained by the Government. 
This camp area contained about twenty-five campsites and campers were 
permitted to select one of the available campsites for use but were not 
permitted to camp out . of the specified camping area. · Water, stoves and 
benches were provided in the area. The plaintiff was sleeping in one 
of the campsites in a sleeping bag when a_ limb of a tree fell upon him 
seriously injuring his leg. As a result action was brought against the 
Government for damages. The court in allowing recovery, · among other 
things, stated that the evidence showed that there was an express invi-
tation to the .public to use these campsites and referred to a booklet 
issued by the Government specifically saying that "public use" was . 
"invited." The court th en went on to state the duty of car e the 
Government landowner owed to the plaintiff-invitee. On page 527 the 
court said: 

(6) The duty of care owed an invitee was described as fol-
lows by the California Supreme Court: 'An owner owes no duty 
to*** an invitee to keep his premises in a cond~tion of 
absolute safety and is not bouncl to discover def.ectjs which 
reasonable inspection would not disclose. (Cases cited . ) 
But he is required to have a superior knowledge of 'dangers 
which would not be obvious to the (invitee) if such dangers 
are discoverable in the exe rcise of due care.' Mondine v. 
Sarlin, 1938, 11 Cal.2d 593, 91 P.2d 903, . 904. See the Re-
statement of Torts, §344. (Underscoring added.) 

On the same page the court went on to say that the Government appeared 
to recognize that it had a duty of reasonable and ordinary care to the 
persons visiting the campsites since the Ranger in charge · of tha ·t par-
ticular camp testified that one of his duties was to •iinspect the camp-
site for any dangers or hazards th a t might be present and to remove 
such hazards." It shpuld be noted that the Ranger further "testified 
that he made an inspection in the campsite area for dead snags, dead 
limbs, or anything that might be a hazard, so that they could be elimi-
nated 'as soon as we can.'" The District Ranger testified to the same 
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effect. They also testified that they had inspected the campsite about 
one month prior to th e accident but saw no dead tre es in th e campsite 
where the plaintiff was injured. According to the court, the evidence 
showed that the limb which fell on the plaintiff fell on a calm day and 
that it was, according to the plaintiff's witnesses, "visibly rotten." 
There was also evidence that the limb was "in an advanced state of 

. decay." In summing up the question of liability the court stated: 

Under the evidence it would appear that the defendant's 
employees were under a duty .of ordinary care to eliminate 
dangerous conditions in the campsite area. The testimony of 
these employees indicated that they recognized that duty and 
purported . to perform it . It further appears that by reason 
of their experience they were in a position to .have superior 
knowledge of the conditions and they either failed to use 
ordinary car~ in ascertaining the dangerous condition of the 
campsite area or failed ·to use ordinary in removing such 
dangerous condition. (Underscoring added.) 

As you hav e probably already noted from what I have said and 
quoted, the Smith case applies some of th e general l ega l principl e s I 
mentioned at th e outset in def ining negligence. The court de termined 
the "status" of the plaintiff at the tim e of the injury and found him 
to be an invite e . It th en set forth the duty which under Ca lifornia 
law the landown er owed to . an invit ee , and concluded that reasonable or 
ordinary care under the circumstanc e s of the case had not bee n exer-
cised by th e landown er; that reasonable and or dinary care under th e 
circumstanc es r equired the Government to hav e "superior" knowledge of 
dan gers not obv i.ous to an invitee, and furth er to hav e knowledg e of 
thos e dan ge rs "dis<;ov era bl e in th e exercise of due care. 11 

It is interestin g to not e that a California Supr eme Court case 
deci ded as recently a s Jun e 6, 1966, quo te d with approval the Smit h 
cas e in ho lding th at under California la w a camper using a public camp-
ground in a Nationa .l Forest was an invitee. O'Keef e v. South End 
Rowing Club, 414 P . 2d 830,636. I perhaps should state that this case 
(O'Kee fe v. South End Rowing Club) was not a camper case but rather an 
action for injuri es sustained by a boy in divin g from a pi er. ' 

Whil e it doe s not involv e a recreation area or campground, let me 
just quickly touch upon another-c ase which does, however, deal with th e 
questi on o f ne gligenc e and the duty of care as pertains to decay ed, 
dead or di sease d trees. Thi s cas e is O' Bri en v. Unit ed St ates, 166 F. 
Supp.231 (Oregon 1958) . This was a lso an action under th e Fe der al Tor t 
Claims Act f or injuries sustai ned by th e plaintiff when a tree which 
appare ntly had bee n dea d ,"for some time " broke and fell across the 
adjacent highway and str uck a vehicle in which the plaintiff was riding. 
This occ urr ed in Oregon. The tree whi ch fe ll had be en on Gove rnment-
owned land. The Di strict Court commented upon the fact that t he 
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particular forest from which the tree fell contained more than 
one million six hundred thousand acres of forest lands "in their natu-
ral state." Plaintiff contended that the United States as a property 
owner was negligent in failing to make periodic inspections of its 
forest lands in order to discover potential dangers to the traveling 
public. The court said that "whether such failure constitutes negli-
gence must be decided in accordance with Oregon law," and, after 
discussing other cases . dealing with this subject, said: "The economy 
of Oregon is largely dependent upon the lumber industry. Millions of 
acres of land are in natural forests . It is unthinkable that the 
Oregon courts would impose upon the owners of forest lands, adjacent to 
iittle used roads in spars e ly-settled areas; the duty to inspect and 
remove trees which are likely to fall . because of natural decay." 
(Underscoring added.) Judgment was entered in favor of the Government 
in this case. On appeal the judgement was affirmed by the United States 
Circuit Court of Appeals for the Ninth Circuit February 24, 1960, 27 5 
F., 2d 696. The Circuit Court of Appeals specifically stated that 
"under the facts of the case" the Government .owed no duty to inspect 
its forest property: 

-You should note particularly that in the O'Brien case the tree 
which fell was "adjacent to little used roads • in sparsely -.settled 
areas, . . . " (Underscoring added .-)--

As you will observe in the Smith case the Government was held li -
able, but not in the O'Brien case. Both of these cases, however, 
discuss . the matter of negligence, the duty of care owed to the plain-
tiff, and in this connection the extent of inspection required in a 
particular case in order to absolve the Government landowner from 
liability for negligence. In each of the cases the accepted test for 
negligence was applied; i .e ., whether or not the Government la .ndowner 
acted reasonably under all the circumstances, and with due r ega rd to 
the status of the plaintiff. Since, as I stated earlfer, negligence is 
ge~erally a question of fact for the court to decide, t~king into con-
sideration all the circumstances, one can see where the court on the 
different facts presented in these two cases arrived at different 
conclusions. 

I know these two cases and my short presentation will not aniwer 
all of your questions ~articularly as to the extent and frequency of 
inspections which the courts will require, and by whom they should be 
made. Will the courts require an inspection by forest pathologists in 
all campgrounds, recreation areas and other heavily used areas, and if 
so, how often, or will it be sufficient if the "managers" of thes e 
areas with less knowledge in the field of forest pathology make the 
inspections to the be.st of their abilities. The answer to th ese ques-
tions is not an easy one and since it is primarily a factual question, 
it will be difficult to say what a particular court might decide. But 
looking at the Tort Claims Act and the cas es we ha ve discussed, I 
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believe we can conclude th~t in at least a majority of the states visi-
tors rightfully in Government campgrounds and recreation areas will be 
usually regarded as invitees. As such the Government owes them the 
duty of ordinary care to eliminate known dangerous conditions in the 
campground and recreation areas and to "discover defects which reason-
able inspection" would disclose . What is "reasonable-" depends as 
stated in the Tort Claims Act and the cases are determined by all the 
circumstances of a particular case and the law of the state where the 
accident occurred . With the rapidly growing field of recreation in our 
forests and campgrounds, the courts will probably hold that a very high 
degree of care will be required of the Government . landowner if it is to . 
discharge its duty to those rightfully using the areas in response to · 
either an express or implied ••invitation. 

· 1n closing let -me admonish all 6f you of the necessity for con-
stant vigilance and care in connection with our campgrounds and recre-
ation areas or any other Government-owned areas which are used by the 
publ~c. I believe that the skills of forest pathologists and disease 
control specialists will be more and more in demand with the constantly 
increasing use of these areas. 

If time will permit, I will be happy to endeavor to answer any 
questions which you may have. Thank you! 
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THE EFFECTIVENESS OF CHEMICALS FOR CONTROL OF BLISTER 
,") 

. RUST CANKERS ON EASTERN WHITE PINE 

William R. Phelps and Ray Weber* 

The North Central States Forest Experiment Station has established 
5 separate chemical tests for control of blister rust cankers on · 
eastern white pine since 1963 on approximately 3,000 plantation-grown 
eastern white pine ranging in age from 24 to 32 years, The trees ranged 
in height from 9 to 38 feet and 4 to 7 inches d,b.h. Treatments were 
applied basally to scarified and nonscarified trunks with pressurized 
sprayers and paint brushes. Various carriers for these chemicals have 
also been tested. These include dimethylsulfoxide -(DMSO), /fi2 fuel oil, 

· vegetable oil, xylene, Mobil · sol L, Rhoplex, petroleum jelly, 'Mobil 
paste, and lanolin paste . Some 55 chemicals were tested in concentra -
tions ranging from 200 ppm to 20,000 ppm. Selected chemicals inc.luded 
growth regulating compounds, organic chemicals, and conventional fungi-
cides. The antibiotics cycloheximide (Actidione), phytoactin, and 
murventin were also included in the tests. The.se chemical tests are 

.purely preliminary investigations. Further experimentation should be 
carried out with these materials. 

Data were recorded jus ·t prior to treatment and annually there-
after. Tree data included height, crown class, and d,b .h.; canker 
data included location on the tree, sporulation, extent of girdling, 
vertical length, and activity scale . 

Experimental Results 

Basal Stem Applications Without Scarification 

Three tests were established using the basal stem method of chemi -
cal application. One test was established in August 1963, -one test in 
June 1964, and one test in . June 1965, Chemicals were applied in 112 
fuel oil, water, or dimethylsulfoxide. Isopropanol was used to first 
dissolve chemicals which were insoluble in the above carriers . Approx-
imately 1 quart of solution was applied to the bottom 6 feet of each 
trunk and the first 18 inches of each branch in that area . Data were 
recorde<l from -directly treated cankers, as well as from those above the 
treated areas. 

Preliminary results from th ese basal stem tests indicated that the 
following chemicals were better or as good as Actidione for direct 

. * Plant Pathologist and Research Technician, respectively, North 
Central Forest Experiment Station, Forest Service, United States De-
partment of Agriculture, Rhin e lander, Wisconsin. 
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canker treatm ent: Merbam (phenyl mercury dimethyl dithiocarbamate). 
Difolatan (N- 1; 1, 2-tetrachloroethylsulfenyl-cis-4 cyclohexene-1, 2 
dicarboximide). Phaltan (N-trichloromethyl thiophthalimide); 2 ,4,5, 
trichlorophenol, biphenyl, pentachlorophenol, and benzoic acid. There 
was no apparent systemic activity noted for any of the above chemicals 
tested, Again results indicated . that although some individual cankers 
were suppressed or apparently inactivated by the chemicals other cank-
ers in the same treatment were still aliv e and active. It is quite 
evident that there is a wide variation in blister rust cankers and 
their reaction to chemical treatment. 

Results also showed that dimethylsulfoxide was not as an effective 
fungicide carrier as #2 fuel oil when applied to cankers. 

Basal Stem Applications with Scarification 

Two tests were established where the cankers were scarified just 
prior to chemical application. One test was established in June 1964 
and the other established in September 1965. 

The most promising chemicals in th e 1963 tests were applied in 
various carriers. Applications we,.re made with pressurized sprayers and 
3-inch paint brushes. Tree branches were cut from the cankered area 
previous to scarification . Cankers which were scarified were cut with 
vertical scratches made with a modified and sharpened hand cultivator 
just prior to tr eatm ent application. The scarification extended 4 
inches beyond the visible margin coloration or pitching area in addi-
tion to the cankered ar ea its e lf. Depth of scarification was 3 to 5 nun 
through the outer and inner bark into the xylem tissue. The vertical 
cuts were 3/4 inches apart. 

Preliminary results indicated that canker scarification .prior to 
dir ect treatment - shows the most promise for suppressing canker growth 

. and activity. Actidion e applied in Mobil Sol L, Xylene, #2 fu e l oil, 
petroleum jelly or lanolin past e was quite effective in reducing activ-
ity and ·growth in scarified cankers. Merbam, biphenyl, pentachioro-
phenol, Phaitan, Difolatan, diphenylamine, and trichlorophenol also 
were effective. However, the carriers Mobil Sol L, Xylene, #2 fuel 
oil, and vegetable oil alone were very effective in reducing canker 
growth when compared to untreat ed control cank ers. Dimethylsulfoxide 
was perhaps the least effective of all the carriers tested. Mobil Sol 
Land Xylene were especially effective in killing bark tissue. 

Results agai n indicat ed that th e most ef f ective treatm ents for 
suppressing and inact iva ting cankers were thos e which kill bark ti s$ue . 
Penetration of an effect ive treatm ent into the outer and inner bark is 
probably th e most important aspect for e f fect ive canker control. A 
fungicide or antibiot i c may not eve ri. be necessary as pene trating 
carriers such as Mobil Sol L, Xylene, and #2 fuel oil can kill enough 
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bark tissue if it is properly scarified to suppress cank er deve lopment . 
This is dependent upon the size and activity of the canker . treated, 
however. It is probable that any chemical which kills ba rk would suf-
fice; as the principal of chemical excision is no doubt being employed 
here. It is still our opinion that the effective treatments are those 
which are tissue killers; chemicals may not be selectively killing the 
blister rust mycelium. The canker mycelium is killed when the host 
cells ~tis infecting are killed. The reason canker scarification is 
so effective is that the scarification enhartces the penetration of .the 
applied chemical since most of these are not systemic. However, ex-
treme care must be taken to see that the area around the canker margin 
is sufficiently scarified to allow penetration of the applied treatment. 

· . Chemical exc ·ision is an expensive type of blister rust canker 
control. However, where high valued infected S-needled pines are in -
volved such as in parks~ roadside and recreational areas~ resorts, or 
in a homeowner's yard the cost of saving these trees is quite small. 
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SPECIAL REPORTS 

SPREAD AND BUILDUP OF DWARFMISTLETOE IN A 
22-YEAR-OLD PLANTATION OF ~FFREY PINE IN CALIFORNIA 

Robert F. Scharpf and J. R. Parmeter, Jr. 

In California in the past, plantations of Jeffrey and ponderosa 
pine were occasionally established in old burns or brush fields con -
taining scattered ~esidual old-growth pines that were heavily infected 
by dwarfmiatletoe. Subsequent infection of the plantations over the 
years, although of doubtful benefit to the young trees, has provided 
useful areas ·1n which to study the spread and buildup of dwarfmistletoe . 
The report today deals with the spread and buildup of dwarfrnistletoe in 
a 22-year-old plantation of J e ffrey pine in the southern Cascades near 
Lassen National Park. 

Spread from isolated overstory trees to surrounding understor y was 
recor .ded on five plots. Of 630 plantation trees examin ed 16 percent 
bore one or more infections. Number of individual infections per in-
fect ed tree rqng ed from 1 to 33 with an averag e of 2.4 infections pe r 
tree record ed. Number of tr ee s inf ected and int ensity of in fe ction was 
c los e ly corr e lated to tr ee he i ght, Vigorous dominant trees in th e 
plant a tion were more fr equently inf ect ed and bor e a gr eat e r number of 
infec ·tions per tr ee than suppr e ss ed trees. Dwar fmistl e to e see ds 
trapped at varying int ervals from the ove r s tory source of inf ection 
showed a logarithmic inv erse relationship be tween number of seeds 
trapp ed and distance from th e overstory . Very f ew see ds wer e tr apped 
at a distance of 100 feet from the overstory. Percentage of tre es in -
fected at va rying int e rvals was less clo se ly relat ed to dist ance from 
overstory. Presumably localiz ed spr ead and buildup within th e pl anta-
tion trees th emse lves was responsibl e for a fairly high perc entag e of 
tre e s inf ect ed at gr eat e r dist ance. 

In · general, it was found that overall infec t ion in the plantation 
by dwarfmistl e toe from overstory trees was fairl y li ght and not causing 
serious damage to tree s. The rate of buildup and impact in the area 
over the next 20 years r emain s to be examined, however, and possibly 
th e pa rasite could re ach a damag in g l evel of int ensity . 
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DOUGLAS-FIR SEEDLING STUNTING 

Kenelm W. Russell 

For the past several years patches 
fir seedlings have been observed in the 
Forest Nursery at Olympia, Washington. 
ily increasing in both size and number. 

of stunted, chlorotic Douglas-
L. T. "Mike" Webster State 
These patches have been stead .-

The nursery produces about 18 MM seedlings and 8 l'1M transplants 
·annually on 180 acres of land. Species in order of production are 
Douglas-fir, Scotch pine, ponderosa pine, true firs (shasta, noble ·and 
grand), and Sitka and Morway spruce . 

Symptoms appeared in the form of stunted, chlorotic seedlings 
that showed little growth beyond the cotyledon leaves as 1-0 stock and 
only slightly more development at the 2-0 stage. Little tree mortal-
ity was observed and in some cas es a slight recovery, at least in 
improved co lor and some new root deveiopment, could be noted; however, 
all affected seed lin gs were culls. 

The roots of affected trees showed little or no lateral develop-
ment. The root tip area was frequently black and s·wollen. Affected 
seedlings had a fine mat of root hairs that appeared to be more dense 
than those on trees showing no symptoms. 

These seedlings showed an absence of the white, vigorous mycorrhi-
zal fungi typically found in great abundance at Webster Nursery . 

. Nursery personnel have term ed the stunte •d seedlings "c arrot root-
ing." Soon after the patches of carrot rooted seedlings became 
apparent, investigations were conducted to check for harmful nematodes 
or nutri ent deficiencies. 

Excessively high ~oil ph (above 7) has indirectly caused symptoms 
on red pine seedlings in Michigan exactly lik e thos e seen at Webster 
Nursery on Douglas-fir <!!_). Preliminary investigation of soil ac idit y 
and other factors failed to reveal the causal agent. A fungus or 
fungus nematode complex was the last suspect. 

At a tim e ly suggestion by Dr. Driver, a series of soil samples and · 
trees were sent to Dr. W. A. Campbell, Principal Pathologist at the 
Forestry Sciences Lab, Athens, Georgia. The l ab is routinely screenin g 
forest soils for Pythium and Phytophthora species. 

Dr. Campbell's &nalysis revealed that the soil samples and tr ee 
roots contained a large population of Pythium species. The fungi i so-
lated belonged, in general, to the Pythium debaryanum-irregulare -
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ultimum complex. One species, a new one, was identified as Pythium 
sylvaticum. 

Dr. John Ruehle, Nematologist at the same lab, made a nematode 
count that showed a high enough population -of a dagger nematode, 
Xiphinema bakeri, to be a suspect of some concern. The data were not 
consistent, however, _Spiral nematodes were also present but of no 
consequence . (Table 1). . 

Cul tu .res of root segments from three · samples yielded Pythium spp. 
as follows: Only 3 out of 20 segments of healthy roots; 9 out of 20 
segments of the first unhealthy root sample; and 12 out of 20 segments · 
from the second group of unhealthy roots. Isolations from healthy and 
unhealthy soils · showed a remarkable increase of Pythium species in the 
latter soil (Table 2). · 

It is apparent from these data that Pythium species are present to 
some. degree, even in soils producing . heal thy 'trees .• It has been demon-
strated that Pythium species can restrict root development _in southern 
nurseries .l/ 

Control of Pythiurn species is by so.il fumigation. Complete con-
trol can be achieved with a chloropicrin (1/3) methyl bromide (2/3) 
mixture at about 350 pounds per acre. Several other fumigants may also 
be used successfully to lower this pest to tolerable levels. 

As most soil fumigation is costly $200-$500/acre) a survey of 
nursery soils will be conducted in order to avoid unnecessary fumiga-
tion of possible disease-free blocks. Fumigation will be done by 
blocks instead of spot treatments. Just prior to fumigation nine 
pounds per acre of Dexon will be applied to provide a longer lasting 
contro1.l/ · 

Several authors (1,1,1&) have demonstrat ed that population 
levels of Pythium species can be determined by isolating the fungus 

· from the soil and. relating the cultures of Pythium obtained back to 
units of soil. In this manner a year-to-year survey could help in mak-
ing the decision to fumigate a particular nursery block. Increasing 
Pythium populations will be detected before they become high enough to 
influence tree growth. 

1/ Campbell, W. A. 1966. Personal correspondence. 

lf Recoilllllended by Dr. W. Haglund, Washington Department of Agri-
culture, Northw es t Washington Resear ch and Extension Unit , Mt. Vernon, 
Wash. 
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It is important to determine if the fungus is _present in a given 
area .before seed is sown. By developing a routine Pythium survey, dis -
ease losses can be kept low and savings realized by fumigating only 
where seedling growth is hampered by high Pythium populations • 

• Table 1.--Nematode assay 2-0 ·Douglas-fir, Webster Nursery, 
Olympia, Wash. Counts are based on one pint of 

soil. Count ·s by Dr. John L. Ruehle, Nematolo-
gist, Southeastern Forest Experiment Station • 

.. : . . · Root 
Soil 1/ Root rinse ]j Sample examin-

ation 1/ 

#1 - Good growth, block 6 Dagge.r - 151 fi/ Dagger-104 0 
Spiral- 33 ii Spiral-123 

#2 - Poor growth, block 6 bagger-114 · Dagger-232 0 
Spiral- 5 Spiral- 14 

#3 - Poor growth, block 6 Dagger - 24 Dagger - 123 0 
Spiral- 9 

1/ Soil assay - 100 cc of soil processed, then count estimated per 
pint of soil. 

2/ Root rinse - Total rinse of roots processed, then estimated per 
pint ;f soil. 

11 Root examination - Roots placed in mist extraction chamber for 
48· hours and run off water examined. 

!± I Dagger - Xiphinema bakeri. 

ii Spiral - Specimens too poor for species ·determination. 
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Table 2.--Soil as say results using Hendrix and Kuhlman's modifi-

cation of Kerr's Pyth-ium medium. Webster Nursery, 

Plate counts 1.1 
Soil sample 

1 2 3 4 5 6 7 8 9 10 

Healthy 411 -3 4 3 3 3 4 6 3 3 3 
seedlings 
block 6 

Diseased 412 18 27 13 33 8 14 13 28 33 12 
seedlings 
block 6 

Diseased 413 69 66 75 44 26 61 48 75 58 
seedlings 
block 6 

1/ Probably all Pythium spp. None appeared to be Phytophthoras. 
These results show a remarkable spread between the Pythiums where the 
trees are healthy and the areas where the trees are di sease d . . Plate 
counts are number of colonies per Petri dish . 

Soil Sampling in the Fi el d 

31 

. A pe.rmanent $ampling system will J:>e used in order to measure the 
relative change in Pythium population from year _to year. Each seedling 
producing block will be surveyed. From this we would hope to learn how 
often we may need to fumigate. 

Cultur e Methods 

The _ dilution plate method, as developed by Hendrix and Kuhlman (V, 
will be used. Soil samples will be diluted 1:2 in 0.5 percent WA and 
1 ml seeded onto a Petri dish containing a solidified Pythium agar, as 
desc ribed by Hendri x and Kuhlman (2). This agar contains the antibi-
otic Nystatin, as described by Eckert and Tsao (1). Plates will be 
read 24-72 hours later. 

Recommendations for soil fumigation will then be made to the 
nurser y manager. We also plan to test several fumigants fo r most eco-
nomical and complete control of Pythium. 
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SCIRRHIA PINI IN CALIFORNIA: 
DISTRIBUTION AND DISEASE CYCLE 

Fields W. Cobb, Jr. and Douglas R. Miller 

Scirrhia pini (Dothistroma pini), the cause .of red band needle 
blight, was identified in California for the first time in January 
1966. The fungus was found in a young plantation of Pinus radiata 
about two miles south of Klamath, Del Norte County. It was first de-
tected on 6-12 saplings by foresters of the Simpson Timber Company in 
October 1965. In Apr{l, the fungus was found on 100 to 150 trees in 
the plantation as well as in two plantations on the Redwood Experimen- · 
tal Forest two to three miles to the north, 

The incidence of disease and pattern of spread within these plan-
tations suggest a recent introduction of .§_. pini. Since the fungus had 
not been reported in California previously, the question arose as to 
whe ther the fungus was introduced by man or wind-borne spores from · 
northern sources, or whether it had been naturally endemic in the State 
and had become epiphytotic only when!_. radiata was plant ed north of 
i t::'. natural range. Thus, a survey to determine the occurrence of .§_. 
pini was made during the summer and fall of 1966 in cooperation with 
federal, state and private agencies . 

Three hundred seven survey r eports were submitted by December 1966; 
89, 46, and 172 reports were from nurs eri es , natural stands, and plant-
in gs , respectively. The number of reports was conse ·rvative in relation 
to the actual number of examinations, especia ll y in the case of natural 
stands. Except for nursery investigations, the survey was conducted 
primarily in the coastal counties from Oregon to Monterey. 

Seven infection centers, includin g the plant at ions where S. p1n1 
was originally found, have been discovered. Five of these centers are 
in the vicinity of Klamath on the coast about 30 miles south of the 
Oregon line . Another is located _nea r Trinidad (Humbol dt Co.) about 35 
miles south of Klamath. The most southern infe ction ce nter is about 15 
miles inland from Fort Bragg (Mendocino Co.) . . 

Thus far, all confirmed infection centers are in plantations or _ 
ornamental plantings . _Species inf ec ted in the Klamath area are 4 
to 7-year old!_. radiata, !'..• attenuata, P. radiata x at tenuata, and P. 
contorta (Shore pine) . . Both the Trinidad and th e Fort Bragg infection 
centers are in P. radiata plantation s approximately 15 years old. Two 
of the plantations in · the Klamath area are severely infected with some 
mortality occurrin g in 1966. The remaining three are lightly infec tc:;'-' 
probably as a r~ sult of spr ead in 1965 and 1966. Inf ec tion in the 
Trinidad plantation is moderately severe with defo liation in some tr ee s 
to a he ight of 20 to 30 fe e t. The plantation nea r Fort Bragg is 
seve rel y inf ected with nea rly complete de foliation of some trees 50 to 
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60 feet tall. 

The preliminary conclusions bas ·ed on the survey results are as fol-
lows: (1) ~- pini is, at present, not widespread in California; (2) ~-
pini may be rare or absent in natural pi~e stands . along the coast and 
does not occur in most f_. radiata plantings even though these plantings 
may· be near natural stands of other pine species; (3) there is no evi-
dence that ~ -. pini is native in the natural f. radiata stands or 
elsewhere in the State; (4) there is, as yet, no evidence to show that 
the fungus was introduced into the infected areas on seedlings; (5) 
based on the stage of the epiphytotics, ~- pini ma~ have been intro-. 
duced into California on at least two occasions, first at Fort Bragg 
several years before 1964, and more recently at Klamath and Trinidad; 
(6) S. pini may have been introduced as wind-borne spates from Oregon 
or elsewhere; and (7) damage to f. radiata plantations in the high 
rainfall areas of north coastal California is likely to be severe. 

Observations . on the epiphytology and disease cycle of §_. pini in 
California were begun in January 1966. Periodic examinations of .the 
fruiting structures indicate that mature pycnidia with viable conidia 
may be present throughout the year and that spread and infection may 
occur at any time when weather conditions are favorable. The perfect 
stage has been found on two occasions, once in August when it appeared 
to be relatively rare, and again in December when it was observed more 
frequently. Mature ascospores were pres .ent both times. 

Infection of 1966 foliage occurred in the Klamath area soon after 
budbreak in March or early April. Symptoms appeared 3 to 8 weeks after 
infection, and mature pycnidia developed in the lesions within 10 to 12 
weeks . Little or no infection occurred during the dry summer months. 
However,severe infection occurred in October. Very little infection 
of the 1966 foliage occurred in the Fort Bragg . plantation until October 
or November presumably because of the low amount of rainfall during 
spring. 

Symptom development and spread appear to be rapid under northern 
California cond.itions, resembling in many respects that observed in 
Kenya on P. radiata. The time interval between initial infection and 
almost co°iiiplete defoliation of saplings 10 feet tall may be only one 
year. 

Another · interesting factor concerning the ~- pini in California 
involves size of the conidia . Conidia from both . the Klamath l!,nd Fort 
Bragg areas averaged more than 50 u · in length with a range of 25 to 
85 x 1.6 to 3.0 u in comparison to the measurements 31.9 (23-42) x 
2.4 (1.8-2 . 9) u for the West Coast variety in Washington and Idah o. 
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APPENDIX I. NEW PROJECTS 

A. Forest Disease Surveys 

66-A·l 

66-A-2 

Development of statewide surveys to determine the impact 
of forest disease in Washington. (K. w. Russell) 

White pine blister rust incidence survey, (H. V. Toko 
and D. A. Graham) 

Objective: To · determin _e the incidence of white pine • 
blister rust infections in young stands of white pine 
(age 4 to 20 years); to determine the effect of Ribes 
eradication on the incidence of infection in these 
stands ·. · ·· 

B. Noninfectious Diseases 

66-B-l Susceptibility of western conifers to air pollution. 
(R. V. Bega) 

Objective: To determine the patterns of susceptibility of 
important western conifers to air pollutants and the 
importance of environmental interactions. 

C. Cone, Seed, and Seedling Diseases 
I 

None. 

D. Root and Soil Diseases or Relationships 

66-P-l 

66-D-2 

66-D-3 

66-D-4 

Investigations on the occurrence and control of Fornes 
-nnosus butt- and root-rot of intensively man~ged stands 
of young-growth western hemlock and Douglas-fir . 
(C. H. Driver) 

Studies on the cytology and genetics of Fornes annosus. 
(C.H. Driver) 

Studies on the effects of site treatments (slash burning , 
fertilization, mechanical soil disturbance, etc.) on 
limiting the abilities of Poria weirii to infect the re-
generating stand. (C.H. Driver) 

Assessm~nt ·of root pathogens for the nitrate-reduct as e 
enzyme system. (K. C. Lu, J . M. Trappe, C. Y. Li, and 
W. B. Bollen) 
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66-D-5 

Objectiv e: To determine the ability of pathogens · to as-
similate nitrate nitrogen . 

Comparison of .rhizosphere microorganisms _of mycorrhizal 
and nori-mycorrhizal roots of red alder and Douglas-fir. 
(K. C. Lu, J.M. Trappe, J. L. Neal _, and W. B. Bollen) 

Objective: To develop basic information on ecology of 
rhizosphere organisms with special reference to antago-
nists against Poria weirii. 

66-D-6 Nutrient supplying potential o_f freshly fallen litter from 
alder, conife ·r, and al _der-conifer . stands . (K. G. Lu and 
W, B. Bollen) 

66-D..;7 

66-D-8 

, 66-D-9 

Objective: To examine effects of the different kinds of 
litter on seedling growth and soil microorganisms. 

Comparison of Poria weirii survival . in soil of a pure 
conifer stand to that of a mixed alder-conifer stand. 
(E. E. Nelson) 

Objective : To determine if effects of red alder on soil 
affect survival ability of f . we.irii. 

Effect of nitrogen fertilizers on Poria weirii survival 
and populations of antagonistic microorganisms. 
(E. E. Ne lson) 

Objectiv e: To compare nitrate and ammonium forms of 
nitrogen fertilizer on f . weirii and it s antagonists in 
forest soil. 

Seasonal distribution of fungi in a Douglas-fir forest 
soil. (E. E. Nelson) 

Objective: To determine seasonal variation in kinds and 
numbers of fungi in forest soil, with special reference to 
antagonists of and competitors with f. weirii. 

66-D-10 Secondary metabolic products of mycorrhizal fungi . 
(J . M. Trappe and P. Catalfomo) 

Objective: To examine production of biologically active 
compounds in selected mycorrhizal fungi, with special 
emphasis on.biochemical sources of antagonism against 
pathogens. 
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66-D-ll Characterization and classification of ~ycorrhizae of 
Douglas-fir and other nothwestern conifers . (B. Zak) 

Objective: To devise a basic morphological classifi-
cation for use in studies comparing effectiveness of 
different kinds of mycorrhizal fungi in , protecting root 
tips from attack by pathogens, nematodes, and insec~s. 

66-D-12 Fungi associated with deterioration of unsuberized ropts 
of forest-grown Douglas-fir. (B. Zak) 

Objective: To determine the extent and causal organisms 
of fine-root mortality in the forest. 

66-D-13 Field trials to test effects of thinning on spread and 
intensification o·f Armillaria root rot in young 
ponderosa .pine. (U. S. Forest Service, Region 6, 
Portland, Oregon) · 

Objective: To measure spread and intensification of 
Armillaria mellea in young ponderosa pine following pre-· 

. commercial thinning versus no thinning. 

E. Foliage Diseases 

66-E-l A study of moisture and temperature relationships govern-
ing the establishment of pathogenic conifer foliage fungi . 
(A cooperative project between the Rocky Mountain Forest 
~nd Range Experiment Station and Colorado State Univer-
sity, Department of Botany and Plant Pathology under 
direction of Dr. Nagayoshi Oshima . ) 

F. Stem Diseases - Malformations, Witches-Brooms, Dwarfmistletoe, etc. 

66-F-1 Field tests on cultural control of dwarfmistletoe by 
understory destruction and by species manipulation. 
(B. Howard, J . H. Thompson, and D. P. Graham) 

Objective: To observe and record over a period of years 
three .methods for treating a stand of ponderosa pine and 
associated Douglas-fir that are infected with dwarfmistle-
toe. The three treatments . are: 

1. Standard treatment, that is, removal of all overwood 
with sanitation of existing understory . 

• 2. Wipe out of infected understory leaving shelterwood 
overstory of infected trees which will be removed 
as soon as new regeneration is established. 

l 
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3. Removal of Douglas-fir overstory, thin and sanitize 
understory to leave Douglas-fir only; retain ponderosa 
pine overstory. · 

G. Stem Diseases - Stains and Decays 

66-G-1 The effect of extracellular enzymes of lodgepole pine 
heartwood inhabiting fungi on the molecular structures of 
the fungitoxic stibenes pinosylvin and pinosylvinmono-
rnethylether, and of t-he flavanones pinobanksi.n and 
pinocembrin~ (A, A. Loman) 

Objective: To determine whether fungitoxic components of 
heartwood are detoxified by extracellular enzymes of the 
precursors to the main stem decay organism, Fornes pini 
(Thore) Lloyd . It is hoped · that some aspects of fungus 
succession in lodgepole pine heartwood, culminating in 
advanced decay caused by E· pini (There) Lloyd will be 
explained in some detail. 

66-G-2 Hazard in red fir on federal recreational lands in 
California. (L.A. Paine) 

Objective: To investigate the types, frequencies, and 
distributions of defects in California red fir as an aid 
in the control of hazard on recreational sites. 

H. Stem Diseases - Rusts and Cankers 

66-H-l 

66-H-2 

66-H-3 

Feasibility of establishing white pine tissue explants 
and/or subcultures infected with Cronartium ribicola in 
axenic culture. (A. E. Harvey) 

Objective: To establish infected white pine tissue in 
axenic culture for use both as a tool to investigate the 
host - parasite relationships and also as a bridge to aid in 
establishing the rust fungus in axenic culture. 

Nutritional and environmental requirements of axenically 
cultured western white pine tissue. (A. E. Harvey) 

Objective: Self-explanatory. 

Comparative physiology of varieties of western white pine 
with respect to their reaction to the blister rust fungus . 
(R. J. Hoff~ 

Objective: To investigate the relationship of natural 
toxic metabolites, phenols, tannins, glucose, dry weight, 
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66-H-4 

66-H-5 

66-H-6 

66-H-7 

66-H-8 

and other physiological phenomena of resistant and 
susceptible western white pine. 

Level and trend of natural inactivation of blister rust 
cankers. (R. D. Hungerford and C. D. Leaphart) 

Objective: To determine annually (1) the incidence of 
complete, natural inactivation of blister rust cankers on 
white pine crop trees in stands 10 to 40 years of age, and 
(2) the mortality rate of cro ·p trees lethally infected 
with blister rust . 

Persistance of natural inactivation of blister rust cank-
ers. (R. D. Hungerford and C. D. Leaphart) 

Objective: To determine (1) the probabilities of various 
lethal cankers (a) remaining totally inactive, (b) be -
coming partly active, or (c) becoming totally active after 
once becoming macroscopically inactive; and (2) the .signi-
ficance of la, b, and c in relation to life expectancy of 
their host trees. 

Numbers and kinds of resistance - genes and their relation 
to rust symptomatology. (G. I. McDonald) 

Objective : Self - explanatory . · 

Precise estimates of he r itability and combining ab i lity of 
rµst resistance. (G. I. McDonald) 

Objective : Self-explanatory. 

Development and pathogenicity of Hypoxylon fuse -um on 
northwestern species of alder (Alnus). (J. · D. Rogers) 

Objective: (1) To establish, by appropriate inoculation 
procedures, whether!!• fuscum is capable of invading and 
killing alder trees . (2) To clarify, by pine culture 
techniques and by microscopic study of invaded alder 
tissue, the developmental life history of .!!• fuscum in the 
tissues of alder. 

I . Wilt and Blight Diseases 

None . 
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J. Defects and Decays of Forest Products 

66-J-l 

66-J-2 

66-J-3 

Effectiveness of Boron diffusion tre a tment vs. a dvance of 
heartrots in stored unseasoned lumber . (J . W. Roff) 

Object .ive: To observe fungal development including brown 
and white rots introduced into center of wood blocks which 
are subsequently diffusion-treated after infection in the 
laboratory. 

Interaction of fungi and chemical preventi ves. 
(J. W. Roff) 

Objective: To study growth r eact ions of fungi and their 
capacity to degrade chemical preven~ives. 

Microbiology and pathology of wetwood in Calirornfa firs. 
(W. W. Wilcox) 

Objective: To determin e: (a) The extent of similarity 
between the excessive ly wet condition of portion s of the 
heartwood of many California fir trees (Abi es spp.) and 
the pathological condition "wet wood" observed principally 
in hardwood s but also in some conifers. (b) The et iolo gy 
and epidemiology of the - disease, including the role of 
associated microorganisms in the initiation and develop-
ment of the wet hea rtwood condition in fir. (c) The ef- · 
fects of excessively wet heartwood and associated micro-
organisms upon the prop ert ies of fir wood and possible 
means o_f mitigatin g tho se effects which may l ead to econ-
omic lo ss dur i ng lumber production. 

K. Miscellaneous Studies 

66-K- l The isolation, puri f icat io n, and measurement _ of the 
ant ibiotic, phytoactin, or it s derivatives fro m treated 

66-K-2 

· plant tissues. (S. 0. Graham, C. G. Shaw, an d M. Stoner) 

Objective: (1) To develop qualita tiv e and quantitative 
ch emical, biological, or serolog ical assay procedures for 
phytoactin concentrations i n treated plant tissues. (2) 
To measure the efficacy of phy toactin uptake, di stribu-
tion, and acc umul ation in plant tissues in relation to 
environmental and physiological condition s. 

Physiologicql impact of treatment of western white pin e 
see dlin gs with phytoactin. (A. E. Harvey, cooperative 
st udy with Washington State University, Pul lman) 
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66-K-3 

66-K-4 

Objective: To investigate the mode of action of phyto-
actin via the alteration of protein metabolism in the host 
(as a result of treatment) which might establish unfavor -
able nutritional conditions for the blister rust fungus. 

Effect of phytoactin on several Basidio~ycetes in culture. 
(0. K. Miller, Jr., and J. W. Koenigs) 

Objective: To measure the responses of several fungi, 
Armillaria mellea and Fornes annosus, and certain mycorrhi-
zal formers to different c;:oncentrations of phytoactin. 

Investigations of cultural probleins in the production of 
Christmas trees from natural stands. (J. P. · Nagle , 
R. W. Dingle, J. D. Rogers~ E. P. Breakey, D. 0. Turner, 
and B. Jones) 

Objective: 

1. Foliage color: To study foliage color patterns and 
determine to what extent they are: (a) Environmen-
tally controlled. (b) Genetically controlled. 

2. Diseases: To determine what diseases are potentially 
important and what control methods may be practical. 

3. Insects: To determine what insects are impor .tant, the 
conditions under which they thrive and practical mea-
sures for their control. 

4. Cultural treatments: To measure the effect of cul-
tural treatments such as basal pruning, scarring, and 
fertilization and similar or substitute practice ·s on 
growth and other characteristics of treated t~ees. 

5. Brush control : To prepare a review of literature on 
experience in work done to control the principal 
genera and species which are important in this area 
and to write recommendations based on this experience 
and reinforced by local testing where necessary. 

6. Economic considerations: To measure effect of treat-
ments recommended on market . value and margin for 
profit trees produced . 
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66-K-5 

66-K-6 

66-K-7 

·,:' 
~· 

Investigation of nuclear phenomena in selected 
Ascomycetes. (J. D. Rogers, C. G. Shaw, R. Duran, and 
Shung -Chang Jong) 

Objective: To obtain photomicrographic and illustrative 
documentation of nuclear phenomena, especially chromosomal 
behavior, in the hyphae, sex organs, and sexual products 
of selected Ascomycetes and to relat e the evidence · to the 
clarification of sexual patterns and taxonomic problems in 
the group'. 

Biologic control of western white pine blister ·rust. 
(C. G. Shaw, C. D. Leaphart, E. F. Wicker, and R. Williams.) 

Objective: 

1. To collect, identify, and if possible, isolate and 
grow in pine culture, the microorganisms found associ-
ated with living and dead cankers of Cronartium 
ribicola. 

2. To ino cu lat e active cankers of the blister rust with 
these fungi. 

3. To determine the subsequent effects of such inocula-
tion on bl ister rust fungus. 

4. To treat active cankers of~ - ribicola with metabo-
lites extracted from a s sociated fungi after growth in 
culture. 

Fungus flora of the State of Washington and th e Pacific 
Northwest. (C. G. Shaw and L. Grand) 

Objective: 

1. To collect, identify, describe, classify and perma-
nently preserve representative specimens of the fungi, 
both parasitic a.nd saprophytic, of the State .of Wash-
ington and the Pacific Nor.thwest. 

2. To maintain the necessary indices to the Mycological 
Herbarium of Washington State University and to the 
mycological literature, particularly that dealing with 
the host and geographical distribution and taxonom y of 
fungi oqcurring in the Pacific Northwest. · 
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66-K-8 

66-l(-9 

3. To publish the results of the study of the fungi 
of the State of Washington in the form of short 
papers and indices . 

Ecology of Tuberculina maxima. (E. F. Wicker) 

Objective: To evaluate the effects of environmental 
factors (light, temperatµre, and pH) on growth, sporula-
tion, viability, and pathogenicity · of !.· maxima. 

In vitro reaction of Tuberculina maxima to•cycloheximide 
and phytoactin. (E. F. Wicker) 

Objective: Self-explanatory. 

66-K-10 Nutritional requirements of Tuberculina maxima. 
(E. _ F. Wicker) 

Objective: _To establish the nutritional requirements of 
T. ma~ima in vitro and its growth responses to required 
and other organic and inorganic chemicals. -

66-K-ll Overwintering capabilities of Tuberculina maxima on white · 
pine blister rust cankers. (E. F. Wicker) 

Objective: To find if spores of!.· maxima -will remain 
viable under natural conditions over winter and if t ·he 
mycelial stage of the fungus overwinters in blister rust 
cankers. 
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APPENDIX II, -- TERMINATED PROJECTS 

56-H-1 Testing sequential sampling techniques for surveys of ribes 
populations and rust damage. (H. R. Offord) 

63-2H Differentiation of live from dead hyphae of Cronartium ribicola , 
III, Respiration in the host - parasite complex. (W. T . Collins) 

63-H Differentiation of live from dead hyphae of Cronartium ribicola. 
IV. Fluorescence microscopy . (0. K. Miller, Jr.) 

63-G-2 The biology and physiology of Polyporus vulvatus Peck . 
(C. G. Shaw and H. M. Waldron, Jr . ) 

Objective: 

1 . . To study spore dissemination, transmission and the environ-
mental factors favoring infection by Polyporus volvatus; to 
ascertain the r ·ole, if any, therein of insects. 

2 . To determine the rate of spread of the decay and the amount 
of decay developing from the time infection occurs until 
appearance of the fruiting bodies. 

3 . To determine the sequence and frequency of occurrence of 
Polyporus volvatus and other fungi, particularly stain 
fungi, · inhabiting the sapwood of logs; to ascertain if by 
other signs, symptoms, or the use of biological stains, the 
presence of these fungi can be demonstrated in the absence 
of conks. 

Accomplishments: Polyporus volvatus causes a soft spongy rot 
• of dead . coniferous sapwood. By insect exclosures on dead 
standing trees it has been demonstrated that if invasion by 
insects is prevented, the fungus is also excluded ~nd no decay 
is initiated. Unscreened trees killed by girdling did not be-
come infected during the 12-month period following girdling, 
even though inoculated twice with spores of the fungus. This 
suggests that the fungus is incapable of attacking sapwood 
until the latter becomes nonfunctional. In experiments to 
determine optimal humidity and moisture content for growth of 
Polyporus volvatus in wooden blocks growth occurred only at 
100 percent relative humidity . Cardinal temperatures for 
growth of the fungus in culture are: optimum 25- 30°c, maximur:; 
35°c. The optima.l pH is 5.4 with almost no growth occurring at 
pH 6. Growth of the fungus causes a shift of the pH of the 
medium towards pH 4. 8. Spores from .fresh conks gave 7 5 percent 
germination on malt agar after dry stora ge at 3°C for 4- 1/2 
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months. However, spores stored dry at 5, 10, and 1soc did not 
germinate after 4- 1/2 months. · Spores stored for 4-1/2 months 
in sterile distilled water at s 0 c germinated at the end of the 
storage period when placed on malt agar at 22°c . Large numbers 
of insects are attracted to the fruiting bodies of Polyporus 
volvatus. Some species lay their eggs therein. Larvae are 
connnon in both mature and disintegrating sporophores. That 
insects from sporulating conks can transmit the fungus is indi-
cated by the successful establishment of cultures on malt agar 
over which insects have walked. Among the bark beetles found 
to occur in _the fruiting bodies of Polyporus volvatus is one 
belonging to Cisidae that is capable of completing its life 
cycle either in the fungus or in the bark of c·oniferous trees. 

· By means of screened exclosures it has been demonstrated that 
the ostiole of the volva of Polyporus volvatus forms naturally 
and not as a result of insect activity. 

Terminated, but not previously reported as active projects. 

Hazard in California lodgepole pirie on recreational areas. 
(L.A. Paine) 

Interaction of brown mould (Cephaloascus _gagrans) to chemical 
preventives . (J . W. Roff) 

Dryocoetes-Leptographium complex on Alpine fir . (A. C. Molnar) 
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APPENDIX IV, -- PUBLICATIONS 

Aho, P. E. 
1966. Defect estima,tion for grand fir, engelmann spruce, Douglas-

fir, and western larch in the Blue Mountains of Oregon and 
Washington. U.S _. Forest Serv., Pacific N.W. Forest & Range 
Expt, Sta. Misc. Pub., 26 pp. 

Baranyay, J. A. 
1966 •. Fungi - from dwarf mistletoe infections in western hemlock. 

Can. Joµr. Bot. 44: 597. 

--.--- , and Y. Hiratsuka 
1966. Id~ntification and distribution of Ciborinia whetzelii 

(Seaver) Seaver in western Canada. Can. Jour. Bot. (In 
press). 

-----...,' and R. E. Stevenson 
1966, Forest insect and disease survey, Alberta-Northwest Terri-

tories-Yukon Region. ln Ann. Rept . . of the For. Ins. and 
Dis. Survey, 1965. Can. Dept. Forestry 

Bega, R. V., D. Dotta, D. R. Miller, and R. S. Smith, Jr. 
1966, Root disease survey at Boggs Mountain State . Forest, Califor-

nia. Plant Dis, Rptr. 50(6): 439-440. ____ , 
1966. 

and J.C. Tarry 
Influence of pine root oleoresins on Fornes annosus . 
path . 56(8): 870 (Abs.) 

Bingham, R. T. 

Phyto-

1966. Seedmovement in the Douglas-fir region. (Symposium summary 
and recommendations) pp. 30-34. In Proc . West . Forest 
Genetics Assn. 1965: 71 pp. 

Bloomberg, W. J. 
1965. The effect of chemical sterilization on the fungus popula-

tion of soil in relation to root disease of Douglas-fir 
seedlings. Forestry Chron. 41(2): 182-187 . 

. 1966. The occurrence of endophytic fungi in Douglas-fir seedlings 
and seeds. Can. ~our. Bot. 44: 413-420. 
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Bollen, W. B., and K. C. Lu 
1966 . ."Sour" sawdust mulch may damage ornamentals. Oreg . Ornamen-

tal & Nursery Digest 10(1): 2. 

Childs, T. W,, and E. R. Wilcox 
1966. Dwarf mistletoe effects in mature ponderosa pine forests in 

south-ceritral Oregon. Jour. Forestry 64: 246-250. 

Dahms, W. G. 
1965. Rust cankers--a threat to central Oregon lodgepole pine? 

U.S. Forest Serv., Pacific N.W. Forest & Range Expt. Sta. 
Res. Note PNW-20, 3 pp. 

Dubin, H., and J. M. Staley 
1966. Dothistroma pinion Pinus radiata in Chile. Plant Dis. · 

Rptr. 50(4): 280. 

Farris, S. H. 
1966. A staining method for mycelium of Rhabdocline Douglas-fir 

needles. Can. Jour. Bot. 44: 1106-1107. 

Flora, D. F. 
1966. A method of forecasting returns from ponderosa pine dwarf-

mistletoe control : U.S. Forest Serv., Pacific N.W. Forest 
& Range Expt . Sta. Res. Paper PNW~32, 17 pp. 

1966. Economic guides for ponderosa pine dwarfmistletoe control in 
young stands of the Pacific Northwest . U.S. Forest Serv., 
Pac. N.W. Forest & Range Expt. Sta. Res. Paper PNW-29, 16 pp . 

Funk, A. 
1965. A new parasite of spruce from British C~lumbia. Can. Jour. 

Bot. 43: 45-48. 

1966. Ascoconidium tsugae n.sp. associated with bark diseases of 
western hemlock in British Columbia. Can. Jour. Bot. 44: 
219-222. 

1966. The type species of Ascoconidium. Can. Jour . Bot. 44: 39-
41. 

and A. K. Parker 
1966. Scirrhia pini .n.sp., the perfect state of Dothistroma pini 

Hubary. Can. Jour. Bot. 44: 1171-1176. 
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Gordon, C. C. 
1966. Ascocarpic centrum ontogeny of species of Hypodermataceae of 

conifers. Amer. Jour. Bot. 53(4): 319-327. , 

Greenham, C. G., and F. G. Hawksworth 
1966. Known and potential hazards to forest production by the 

mistletoes and dwarfmistletoes. FAO/IUFRO Symposium on 
Internationally Dangerous Forest . Diseas ·es & Insects. 
Oxford. 11 pp. 

Hanover, J. w. 
1966. Genetics of terpenes. I. Gene control of monoterpene levels 

in . Pinus monticola Dougl. Heredity 21(1): 73-84. 

1966. Studies on the nature of resistance of Pinus monticola 
DougL infection by Cronartium ribicola Fischer . pp. 165-
177 In Breeding Pest Resistant Trees, Gerhold, H. D., E~ J. 
Schreiner, R. E. McDermott, and J; A; Winieski (Eds.). 
Pergamon Press: Oxford, 505 pp. 

1966. Tree improvement for disease resistance in western United 
States and Canada. pp. 53-56 In Breeding Pest Resistant 
Trees, Gerhold, H. D., E. J. Schreiner, R. E. McDermott, and 
J. A. Winieski (Eds.). Pergamon Press: Oxford, 505 pp. ____ , 

1966. 
and R. J. Hoff 
A comparison of phenolic constituents of Pinus monticola 
resistant and susceptible to Cronartium ribicola . · 
~hysiologia Plant. 19(2): 554-562 

Hansbrough, J. R . 
. 1965. Biological control of forest tree diseases. Jour. Wash. 

Acad. Sci . 55: 41-44. 

· Harvey, A. E. 
1966~ Translocation of the antibiotic phytoactin in western white 

pine seedlings. Phytopath. 56(3): 373-374. ____ , 
196.5. 

and S. 0. Graham 
Separation and purification of fermentive concentrates con-
taining the antibiotic phytoactin. Phytopath . 55(12): 
1366-1367. 

____ , ____ , ~- D. Becker, and. D. H. Brown 
1966. Translocation and persistence of the antibiotic phytoactin 

in Pinus albicaulis. (Abs.) Phytopath. 56(2) : 148 . 
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Harvey, G. M. 
1966. An evaluation of the basal stem application of Acti-dione 

and phytoactin for _ control of white pine blister rust in 
Oregon and California. Plant Dis; Rptr. 50: 554-556. 

Hinds, T. E., and F. G. Hawksworth 
1966. Indicators and associate _d decay of Engelmann spruce in Colo-

rado. U.S. Forest se ·rv. , Rocky Mtn. Forest & Range Expt. 
Sta . Res . Paper _RM-25, 15 pp. 

and R. S. Peterson 
1966. Antibiotic tests on western gall rust and aspen cankers. 

Plant Dis. Rptr. 50{10): 741-744. 

Hiratsuka, ·Y., and E, J. Gautreal!-
1966. · Occu'rrence of Cronartium compton -iae in Alberta and the 

Northwest Territories. Plant Dis. Rptr: 50: 419. 

Hoff, R. J. 
1966. Blister rust resistance in western white pine. pp. 119-124 

In Breeding Pest Resistant Trees, Gerhold, H. D., E. J. 
Schreiner, R. E. McDermott; and J. A. Winieski (Eds.). 
Pergamon Pr e ss: Oxford, 505 pp. 

Kendrick, 
1965. 

W. B., and A. C. Molnar 
A new Ceratocystis and its Verticicladiella imperfect .state 
associates · with a bark beetle, Dryoc e tes confusus on Abies 
lasiocarpa. Can. Jour. Bot. 43: 39-43. 

Koenigs, J. W. 
1966. An evaluation of antibiotics for control of comandra rust on 

lodgepole pine. Plant Dis. Rptr. 50(7): 528-531. 

1966. Intracellular localization of individual dehydrogenases in 
frozen plant tissues by means of sp ecific substrates and 
coenzymes. Stain Tech. 41(1): 1-7. 

Kreb ill, R. G. 
1965. Comandra rust outbreaks in lodgepole pine. Jour. Forestry 

63: 519-522. 

Krugman, S. L., E. C. Stone, and R. V. Bega 
1965. The effects of soil fumigation and lifting date on the root-

regenerating potential of Monterey pine plantin g stock. 
Jour. Forestr1 63(2): 114-119. Illus. 
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Leaphart, 
1966. 

C. D. , and E. F. Wicker 
Explanation of pole blight from responses of seedlin .gs 
grown in modified environments . Can. Jour. Bot. 44(2): 
121-137. 

Lightle, ·P. C. 
1966. t>warf mistletoe red~ces basal area growth of pondero$a pine 

in the southwest. Phytopath. 56: 886-,887. (Abs.) 

.Menzinger, 
1966. 

W., T. A. Toussoun, and R. S. Smith 
Reduction of Fusarium oxysporum ·population i~ soil by 
aque ·ou~ extracts of pine duff. Phytopath. 56(8): 889. 
(Abs.) · 

Miller, D. R., and H. H. Bynum 
1965. Dwarfmistletoe found on foxtail pine in California. Plant 

Dis. Rptr. 49(8): 647. 

Miller, 0. K., Jr. 
1966. Three new species of 'lignicolous agarics in the 

Tric .holomataceae. Mycologia 57 (6): 933-945. 

Molnar, A. · c. 
1965. Pathogenic fungi associated with a bark beetle on alpine fir. 

Can. Jour . Bot . 43: 563-570. 

Neal, J. L., Jr., K. C. Lu, W. B. Bollen, and J.M. Trappe 
1966. Apparatus for rapid replica plating in rhizosphere studies . 

Appl. Microbiol. 14(4): 695-696 . 

---- , J.M. Trappe , and W. B. Bollen 
1966. Rhizosphere microbial activity of mycorrhizal and nonmycor-

rhizal roots of Douglas fir and red alder . Bacteriol . Proc . 
1966: AlO. 

Nelson, E . . E. 
1966 . Factors affecting survival of Poria weirii in small, buri ed 

cubes of Douglas-fir. Phytopath. 56: 892. 

Offord, H. R. 
1966. Sequential sampling o.f ribes populations. U.S. Forest Ser v. , 

Pacific S .W. Forest & Range Expt. Sta: Res. Note (In pres s ) . 

Paine, L.A. 
1966. Butt rot defect and potential hazard in lodgepole pine on 

selected qalifornia r ecreational areas. U. S. Forest Ser v., 
Pacific S.W. Forest & Range Expt-. Sta . Res. Note PSW-106, 
7 pp . Illus. 
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Parker, A. K., and D. G. Collis 
1966. Oothistroma needle blight of pines · in British Columbia, 

Forestry Chron. 42: 160-161. 

Partridge, A. R. 
1966. Cytospora canker of planted poplars. Univ. Idaho, Col. 

Forestry, Wildlife, & Range Sci. Sta. note 4, 2 pp. 

1966. Some effects of cycloheximide on selected forest fungL 
Plant Dis. Rptr. 50(8). 

1966. Tip dieback of young grand fir caused by -Cytospora canker. 
Univ. Idaho, Col. Forestry, Wildlife, & Range Sci. Sta. -note 
5, 2pp. 

Peterson, G. W. 
1966. Penetration and infection -o·f Austri _an and ponderosa pines by 

Dothistroma pini. · Phytopath. 56: 894-895 . (Abs . ) 

Peterson, R. S. 
1965 . Notes on western rust fungi. . IV. Mycologia 57: 465-471. 

I 

1966. Cronartium mycelium paras .itizing gymnosperm and angiosperm 
tissues simultaneously. Mycologia 58: 474~477. 

1966. Limb rust damage to pine. U.S. Forest Serv., Intermountain 
Forest & Range Expt. Sta. ·Res. Paper INT-31, 1.0 pp. 

1966. On sweetfern blister rust. Plant Dis . Rptr . 50(10): 744-
746. 

____ , and R. G. Shurtleff, Jr. 
1965. Mycelium of limb rust fungi. Amer. Jour . Bot. 52: 519-525. 

Powell, J.M. 
1965. Annual and seasonal temperature and precipitation trends in 

British Columbia since 1890. Can. Dept. Transport, Met. 
Br., Cir. 4296, Cli. 34, 70 pp. 

1966 . A white spored, ·Peridermium stalactiforme in Alberta. Plant 
Dis. Rptr. 50: 144 . 
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Powe 11 , J . M. 
1966. Distribution and outbreaks ofDendroctonus ,Eonderosae Hopk. 

in forests of western Canada. Can. Dept. Fqrestry, Forest 
Res. Lab., Calgary Alta . Inf. Rpt, A-X-2 , 19 pp . . 

Quick, C.R. 
1966. Ex-perimental inoculation of ponderosa pine with western gall 

rust. Plant Dis. Rptr. 50(8)~ (In press) 

Regiske, J. H;, and K. R. Shea 
· 1965. Loss of Douglas-fir seed viability during cone storage . 

F~rest Scir 11: 463-472. 

and A. Funk Reid, J., 
1966. The genus Atropellis and a new genus of the Helotiales asso-

ciated with branch cankers of western hemlock. Mycologia 
58: 417-439. 

Riffle, J. W., and D. D. Lucht 
1966. Root-knot nematode on ponderosa pine in New Mexico. Plant 

Dis. Rptr. 50: 126. 

Rogers, J. D. 
1965 . Hypoxylon fuscum. I. Cytology of the ascus. Mycologia 57: 

789-803. 

1965. The conidial stage of Coniochaeta ligniaria: morphology and 
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1966 . 
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Mycologia 

Phytopath . 
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resistance to dwarf mistletoe. In Breeding Pest-Resist an t 
Trees. 241-228 . Oxford. 
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reprint. 

1965. Path grafting dwarf mistletoe - infected ponderosa pine 
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Chron. 42: 395-401. 

1966. Time of germination of hemlock dwarf mistletoe seeds. Can. 
Dept. & Rural Dev . , Bi - Monthly; Res . Notes 22(5): 5-6. 
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APPENDIX V. -- MINUTES OF THE BUSINESS MEETING 

The business meeting was called to order by Chairman Don Leaphart 
at 3:00 p.m. 6n Thursday, Septemb~r 8. 

I . Secretary's Report (Don Graham) 

Minutes of the 13th meeting were adopted as they appeared in 
the Proceedings. 

The financial report is as follows : 

Balance from 13th Work Conference 

Registration (59 people@ $1 each) 

Collected for banquet (78 people@ 

Coffee and room rental 

Banquet expense 

Paul Keener fund 

Miscellaneous 

$4 each) 

Total . . .. . . . . . 

Credit Debit 

250.22 

59.00 

312 . 00 

93.00 

312 . 00 

25.00 

45.25 

$621. 22 $475 . 25 

Balance to incoming secretary -
treasurer, Ed Wicker . .. .. 
Wells Fargo Bank, Berkeley, Calif. 

$145.97 

II. Committee Reports 

Joe ·Baranyay reported for Dwarfniistletoe Committee, Bob Scharpf 
(re. Lee Paine) for Recreation Committee, and Dick Parmeter for 
Interim Program Committee . These reports, as transmitted to 
secretary, are given in Appendix VI. 

III. Old and New Business 

1. Joint M~eting with Insect Work Conference 

Don Leaphart made the following recommendation: 
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That the WIFDWC keep the offer of a joint conference open, 
but that it continue , as in the past, to meet its objec-
tive as a work conference for pathologists of western 
North America by scheduling its programs, meeting dates, 
and mee ting places independently of related actions by th e 
Western Forest Insect Work Conference, Furth er, that the 
most probable product o·f a joint conference; i.e., com-
munications on problems cif common interest, be achieved 
through panels on special problems, such as successfully 
presented at the 13th Conference, when the need arises. 

Leaphart's recommendation was adopted by a voice vote. 

2. New and Terminated Projects 

Don Leaphart brought up the subject of new and terminated projects. 
Following discussion, it was decided that an up~to-date digest of 
all active, new and terminated projects should be made. Leaphart 
offered to take the leadership in · getting the job done . His offer 
was accepted, procedures ·of getting the job done to be sent to 
membership with the 1966 Proceedings and the full digest to appear 
in 1967 Proceedings. 

3. Membership 

It was agreed that a list of honorary life members should be main-
tained and kept up to date·. Honorary life members recognized in 
the 13th Proceedings were: Dr. Lowell J. Farmer, Mr. Harold R. 
Offord; Dr. William G. Solheim, Dr. Willis W. Wagener, and Dr , 
Ernest Wright~ those added to the list in 14th Proceedings were : 
Dr . Jess L. Bedwell, Dr ; Lake S. Gill, Mr. Homer J. Hartman, Dr . 
James W. Kimmey, Dr. James L. Mielke, Mr. Virgil D. Moss, Mr. · 
Conrad P . Wessela, and Mr. Warren V. Benedict . Removed were 
Lowell Farmer and William Solheim as they are still more or less 
employed full time in pathology work . Ross Davidson? Don't any 
of the Canadians ever retire? 

Don Leaphart made a plea for everyone to keep the secretary in-
formed so that an up-to-date membership list and addresses can be 
main·tained. 

4. In Memorium 

Members present approved that a memoriurn in honor of John C. Gynn 
app ear in the 14th Conference Proceedin gs . This has bee n done . 

Seve ral possibilities were discussed re garding proper honor and 
memoriurn for Dr . Paul D. Kee ner. It wa s ded .ded that the 1967 
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Executive Corrnnittee and Local Arrangements Corrnnittee explor e and 
·follow tnrough as deemed desirable. 

Moved and seconded that $25 in name of WIFDWC be sent to University 
of Arizona for the Dr. Paul D. Keener memorial student loan fund . 
Motion passed. 

5. Historical Records 

Dr. Gordon Wallis reconunended in absence of Dr . Ray Foster that 
all past proceedings be bound into a permanent volume set .- Recom-
mendation adopted with the 1967 Executive Corrnnittee to dete"rmine 

., .. : -· format and number of sets to be bound, -Gordy stated that Ray 
wished to be relieved of his duties as Conference Historian. 
Ray's request was accepted. Dr. Wallis elected as new Conferen _ce 
Historian. 

! 

6. Conference Proceedings 

Brought up for discus.sion was the possiblity of abstracting the 
proceedings each year . It was decided that proceedings should 
continue to be issued as in the pas _t because their· high value more 
than offseti the cost and work load involved. 

It was reconunended that moderator surrnnarize the highlights of the 
discussion and comments that follow formal presentations by panel 
speakers, that these highlights be reviewed and approved by the 
individual speakers and be included in the proceedings. Following 
discussion, it was decided that this recommendation should be 
further explored by the 1967 Executive Committee and at meeting of 
1967 Conference. 

7 . Chemical Control (Testing) 

Studies and results on chemical control have been reported twice 
by the Conference, once in 1955 (dwarfmistletoe only) and again in 
1962 (all forest diseases). In lieu of doing this at periodic 
intervals, Don Graham proposed that a standing committee on chemi -
cal testing for control of western forest diseases be established 
to operate and report annually in a-manner similar to the Dwarf-
mistletoe Conunittee . A motion was made and seconded to this effect. 
The motion was approved for action by the 1967 Conference Chairman . 

8 . 1967 Meeting 

Frank Hawksworth tnvited the group to meet in the Southwest in 
1967. He suggested Santa Fe, New Mexico, about the second or 
third week in September as probably the be st pos sibility. Frank ' s 
invitation was accepted. 
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9. Election of Officers 

Alex Molnar was elected chairman and Ed Wicker as secretary-
treasurer of the 15th Conference to be held in 1967. 

10. Commendation 

Lew Roth moved that "In the absence of Miss Trudy Pentland, the 
14th WIFDWC connnends her for her perfection and excellence in 
formulating a very superior program and that · this connnendation 
appear in the Proceedings;" Motion seconded and approved . 
Trudy, you are hereby commended and we thank you very much. 
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APPENDIX VI. -- COMMITTEE REPORTS 

COMMITTEE ON STATUS AND NEEDS OF RESEARCH ON.DWARFMISTLETOES 

F. G. Hawksworth, J . R. Parmeter, K. R. Shea, 
and · J . A. Baranyay, Chairman 

Report to the 14th Annual Work Coqference 
on Highlights of 1966 Research 

I. · Taxonomy, hosts, and distribution 

a. Sitka spruce was found to be infected by dw?rfmistletoe for the 
first time. _A single infected spruce sapling was discovered in 
a western hemlock stand heavily attacked by!:_. campylopodum f. 
tsugensis at Basket Bay, Chichago .f Island, Alaska . A note on: 
this is being prepared for the Plant Disease . Reporter. 
(Laurent, USFS, Juneau) · 

b. Pinus strobus and P . strobiformis were found to be susceptible 
to the limber pine mist le toe, Arceuthobium campylopodum f. · 
cyanocarpum ; in greenhouse inoculat.ions. The infection of 
Pinus strobiformis is of interest ·because this tree , although 
exposed to this • mistletoe, is . not attacked under natural con~ 
ditions. This emphasizes that conclusions on susceptibility 
based on greenhouse conditions must be viewed with caution. 
(Hawksworth, USFS , Fort _ Collins} 

c. Evidence is mounting that th ere are two hard pine "campylopo -
. dum" dwarfmistletoes in California. One occurs principally on 
Pinus ponderosa and R· jeffreyi. The other on! · · radiata, R· 
sabiniana, and P. muricata. Each mistletoe will not attack the 
hosts of the other. Pinus coulteri and!· attenuata occupy an 
interesting intermediate position in that they may be attacked 
by either mistletoe .depending on the locality where they grow; 
In addition t~host differences~ the two mistletoes differ 

· morphologically and in time of flowering and seed dispersal. 
(Hawksworth, USFS, Fort Collins; and Wiens, Univ . Utah) 

d. The long - lost J . R. Weir mistletoe collections were discovered 
at the University of Illinois. These 1,000 plus specim ens are 
now on loan t'o the Rocky Mountain Station for annotation. 
After removal of SO years' accumulation of dust, it was found 
that the collection contains many specimens of unusual inter -
est; e.g. , !:_. campylopodum f. laricis on alpine larch, !:_. 
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campylopodum f. tsugensis on western hemlock from the Inland 
Empire, and several new host-parasite combinations in Phorandendron . 
The collection also contains materials used in and resulting from 
Weir's intensive inoculation studies in Arceuthobium which were 
published in the Botanical Gazette in 1918. (Hawksworth, USFS, 
Fort Collins) 

e. Pinyon dwarfmistletoe ~. campylopodum f. divaricatum) was found 
for the first time on Mexican pinyon, Pinus cembroides. Collec-
tions were obtained from the Davis Mountains of western Texas. 
The pinyon dwarfmistletoe is now known on all four Unlted States 
pinyons--R_. edulis, R_. monophylla, P. guadrifolia, and P . · 
cembroides--and is the only dwarfmistletoe known to attack this 
group of pines. (Hawksworth, USFS, Fort Collins) 

f, Two "new" state dwarfmistletoe records came to light during the 
year: (1) A· campylopodum f. abietinum on whit'e ffr in southern 
Utah. Several previous reports of this mistletoe in that State 
were found to .be crossovers of A; douglasH (collected by D. Wiens, 
University of Utah), and (2) the sugar ptne dwarfmistletoe (!. 
campylopodum f. blumeri) in southern Oregon. It has been collected 
there on both Pinus lambertiana and .E_. monticola (coliections by 
P . A. Theisen and J. R. Weir). (Hawksworth, USFS, Fort Collins) 

g. Successful greenhouse inoculations not reported last year were: 
A. campylopodum f. tsugensis (from hemlock) on Picea abies and on 
Pinus sylvestris. 

Plantation inoculations have resulted in the following interesting 
combinations. 

A. campylopodum f. tsugensis (from hemlock) on Picea engelmannii 

!_. campylopodum f. tsugensis (from hemlock) on Pinus ponderosa 

A. campylopodum f. tsugensis (from coastal lodgepole pine) 
on Pinus . ponderosa 

A. campylopodum f . laricis (from interior lodgepole pine) 
on Larix occidentalis 

A. americanum (from interior lodgepole pine) o.n Pinus ponderosa 
(Smith, Victoria) 

h. A report of A. douglasii on Douglas-fir by Insect and Survey Ranger , 
J. Grant, 3 miles south of Sicamous was confirmed. Thus, this . is 
th e most northerly known distribution of A· douglasii. It is hoped 
that an ecological study of this isolation group of infected trees 
can be initiated next year . (Smith, Vic~oria) 
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11, Physiology and anatomy 

No reports. 

111. Life cycle studies (seeds, infection, endophytic system, pollin-
ation, flo~ering, etc.) 

EL As reported previously, seed trapping is be.ing carried on 
around a single, isolated, infection, western hemlock and 
a western larch tree. Estimated number of dwarfmfstletoe 
seeds propelled from the trees in 1965 were -41,950 for the 
hemlock and 2,700 for the larch. - Seeds reached surrounding 
areas of 5,800 and 2,200 square feet respectively. (Smith, 
Victoria) 

b. Three years I examination of seeds of! • campylopodum f . 
tsugensis in the field on Vancouver Island, _ indicated that 
emergence of radicles began in early February and that more 
than 95 percent of the seeds were germinated by late May. In 
a few instances, radicles had burrowed directly info the 
epidermal and outer corky layers in February, however, forma-
tion of holdfasts at leaf axils was rarely observed until 
late April. (Smith, Victoria) 

c. Studies of population dynamics of dwarfmistletoe on red firs 
in California are continuing . Preliminary results from 
studies in 1965 indicate that in the presence of heavily 
infected overstory practically no infection occurs in fir 
regeneration less than 20 years old and less than 3 feet in 
height. Understory trees greater than 10 feet in height, 
however, are nearly 100 percent infected. As expected, num-
ber of infections per tree is dfrectly proportional to tree 
age and height. Nearly all. (90 percent) of the dwarfmistle -
toe plants examined penetrated and infected branches 10 years 
old or younger.- -. Similarly about 90 percent of all infections 

.were less than 10 years old suggesting a recent buildup of 
dwarfmistletoe in the understory or possibly dying out of 
older infections. Of over 1,000 infections examined only 
4 percent had ente _red the bole ·. (Scharpf, USFS, Berkeley) 

d, Ni~urally dispersed and artifi~ially plac~d seeds of Arceu-
thobium americanum have ·been tagged for observations on 
infection and subsequent development on lodgepole pine, white 
spruce susceptible and resistant to mistletoe infection, and 
Douglas-fir. (Muir, Calgary) 
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IV. Host-parasite relations 

a. Two cases of an abnormal reaction of lodgepole pine to infec-
tion by ArceuthobiL1m americanum were · observed in 1965. Pene-
tration of A.americanum sinkers into the host tissues appeared 
to inhibit the growth of annual wood rings, thus resulting in 
flattened o_r sunken areas instead of the 1,1sual localized swell~ 
ings. The two dwarfmistletoe plants appear to have grown much 
slower than u.sual through the host bark, and in contrast to 
the luxuriant shoot growth typical of nearby plants of approx-
imately . the same age, only a few small aerial shoots had 
developed from each infection. The characteristics · of these · 
plants and their occurrence on one tree which had many other 
apparently normal infection~ suggested that the ·two plants 
were unable to parasitize the host _tree successfully and · 
induce the usual pathogenic effects , Vadations in . the path-
ogenicity a,nd parasitic ability of dwarfmistletoe, perhaps 
because of int~rnal factors and/or hos .t resistance, thus may 
be a factor · in the deve1opment of dwarfmistletoe epidemics. 
(Muir, Calgary) · 

V. Effects on hosts (damage, mortality) 

a. "Dwarfniistletoe effects in mature ponderosa pirte forests in 
south-central Oregon'" PY T. w. Childs and Earle R. Wilcox' 
was published in Journal of Forestry 64: 246-250, 1966. 

"Dwarfmistletoe effects on ponderosa pine height growth and 
trunk form," by T. W. Childs and J. W. Edgren, is in final 
editing and almost ready for publication. (Mistletoe reduces 
height .growth even more than d . b.h. growth, but otherwise has 
little or no effect on form. (Childs, USFS, Portland) 

b. Dwarfmistletoe was found to have spread from naturally infect-
ed adjacent overstory trees into a 22-year-old plantation of 
ponderosa pine at the Institute of Forest Genetics, Placer-
ville, California. Ma:idmum distance of spread was about 125-
145 from the overstory, or equal to a horizontal distance of 
about twice the height of the infection in the overstory. For 
the most part infection was light -in plantation trees and 
impact from dwarfmistletoe appeared negligible. (Scharpf, 
USFS, Berkeley; and Parmeter, Univ. Calif.) 

c. We hope to complete field work this summer on a study to eval -
uate mortality and growth reduction in Rocky Mountain ponde r c::a 
pine due to Arc~uthopium vaginatum f. cryptopodum. The study 
covers Arizona, New Mexico, and southern Colorado. Already 
complete are Colorado and most of New Mexico. The study is 
similar to the one already completed and published by 
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Hawksworth on lodgepole pine. (Lightle, USFS, Albuquerque; 
andHawksworth, USFS, Fort Coll _ins) · 

VI. Ecology 

a. The highest known alti,tudinal limits for several southwestern 
dwarfmistletoes are, for some as yet unexplained .reason, 
attained in the San ~teo Mountains of Socorro County, New 
Mexico. Highest limits noted include: 

A. campylopodum f. divaricatum 
on Pinus e·dulis 

f!· vaginatum subsp, crypt'opodum 
on Pinus ponderosa 

A. campylopodum f. blumeri -on 
Pinus strobiformis 

A. douglasij, on Psetidotsuga 
menziesii 

· 8,900 feet 

9,700 feet 

9,800 feet 

9,900 ·feet 

In all cases except the first, the upper limits of the host 
were considerably above those of its parasite (Hawksworth, 
USFS, Fort Colli~s; Lightle, USFS, Albuquerque) 

b. Another case of dwarfrnistletoe successfully established out -
side its natural range--Arceuthobium vaginatumsubsp. 
cryptopodum was found in ponderosa pine irt a golf course in 
Denver, Colorado. Infected trees were presumably transplant -
ed from the nearby foothills about 30 years ago . By 1965 the 
infestation had spread so that the removal of many trees was 
necessary . (Hawksworth, USFS, Fort Collins) 

_c. An early fall freeze materially decreased seed production in 
Arceuthobium douglasii, A._ americanum, and A· campylopodurn f. 
laricis in a widespread area around Missoula, Montana. At 
the •time of the freeze, only an estimated 20 percent of the 

· total seeds produced had been discharged . . In all remaining 
fruits examined, the pericarp - ruptured a_nd the subsequent · 
oozing of the viscin cells and "seed" preven .ted effective 
dispersal. (Toko, USFS, Missoula) 

VII. Control - Chemical 

a. The chemic~l 2,4,5-TB that was most effective in Quick's 
California studies was tested on A. americanum in Colorado. 
The tests are too recent to provide reliable information on 
control, but preliminary indications are that this chemical 
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at 2 percent in fuel oil will be effective. (Hinds, USFS, 
Fort Collins; and Hawksworth, USFS, Fort Collins) 

b. The systemic insecticides, Meta-sys to and Di-sys ton, which · 
have shown promise in controlling Arceuthobium in California 
pines, were tested in ' Colorado on A. americanum and A . 

. vag.inatumcryptopodum. The Colorado tests are too r;cent to 
provide any information on how effective they might be. 
(Hinds, USFS, Fort Collins; and Hawksworth, USFS, Fort 
Collins) 

c. During October 1965, Bandelier National Monument, New Mexico, 
treated dwarfmistleto~, Arceuthobium vaginatum (Wille 1.) 
Presl., infections on ¼32 ponderosa pines, Pinus ponderosa 
scopulorum, Engelm., with herbici~es in a test to determine 
if chemicals can provide control of parasitic dwarfmistle-
toe · in aesthetically valuable trees. on soluble amine and 
the butoxyethonal ester of 2,4,5 ·trichlor6phenoxy butyric 
acid at various ae percentages in a No. 1 stove oil carrier 
was applied directly to every visible dwarfmistletoe infec-
tion on each tr ee and to the bark surrounding the infected 
area for a distance of · l2 inche s above and below (di st ally 
and basipetally) the suspected limits of the infections. · 
Documentation of the test prior to and during · treatm ent 
included a ·characterization of the size and vigor of each 
tree, the classification of ·tree infections based on Hawks-
worth's 6-point rating system, and recording of the treat-
ment typ e accorded each tree. Post treatment documentation 
of the t e st will be annual for a period of five years using 
Quick's 5-point scale on ·herbicide damage to host and 
Quick's 5-point scal e of treatment effectiveness on the 
parasite . (Lampi, NPS, Santa Fe) 

VIII . . Control - Biological 

a. A summary of the hosts, life history and ranges of Callo-
phrys (Mitoura) spinetorum and_£. Qi.) johnsonii was 
published recently by Oakley Schields (Journal of Research 
on the Lepidoptera 4(4): 233-250, 1965). The larvae of 
these butterfli e s feed only on Arceuthobium. Known hosts 
for.£. spinetorum are P:_. americanum, A. vaginatum cryptopo-
dum, A. globosum, and P:_. campylopodum formae campylopodum 
divaricatum , abietinum, blumeri, laricis, and cyanocarpum. 
It rang es from British Co_lumbia to central Mexico. _£. 
johnsonii is known only on A. campylop odum f. tsugensis and 
ranges from British Columbia to central California. 
(Hawksworth, tlSFS, Fort Collins) 

b. Cytospora abietis was found to be more preval ent than 
expected in branch es of r ed fir inf ec ted by dwarfmistletoe. 
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. Isolations made from living dwarfmistletoe-infected red fir 
branches showed Cytospora to be present in 13-38 percent of 
the cases. It appears_ this fungus has a marked influence on 
dwarfmistletoe popubtions by acting as a natural biol.ogical 
contro 1 agent. (Scharpf, USFS, Berkeley; Smith, USFS, 
Berkeley) 

c. · Colletotrichum gloeosporioides was found on Arceuthobium 
americanum on lodgepole pi -rie in British Columbia and Alberta; · 
on jack pine in .A1berta and Saskatchewan; oq white spruce in 
Alberta; and . on!, douglasii on Douglas-fir in British 
Columbia. _£. gloeosporioides had been collected as ea ·rly ·as 
1953 in Alberta, · but was mis ·identified as ·septogloeum gillii. 
As a result, .§_. gillii now appears to be more restricted in 
known distr .ibution in Canada than reported previously ·· (Kt!ijt, 
1963. Natl. Mus. C~nada Bull. 186: 134-148) ancl .£~ gloeo-
sporioides appears to · be quit e widespread. (Muir, Ca1gary) 

IX. Control - Silvicultural · 

a. An administrative study to test several methods of silvicul-
tural control is being installed on the Ochoc·o National Forest, 
central Oregon. · Three treatments will be tried. 

1. Standard treatment. Overstory will be 100 percent re-
moved; infected ponderosa pine · sapling understory will be 
precommercially thinned and sanitized. 

2. Shelterwood treatment in heavily infected centers. A 
shelterwood cut will be made in ponderosa pine overstory; 
existing heavily infected understory will be destroyed. 
As soon as new regeneration is established shelterwood 
will be removed. 

3. Treatment by species manipulation . Make partial cut in 
mixed Douglas-fir - ponderosa pine overstory. Marking rule 
will depend upon dwarfmistletoe intensity and species 
composition relations between over-an-understory. Destroy 
the species not wanted in understory; thin and sani~ize 
in other tree species. (Graham, USFS, Porthnd; Howard, 
USFS, Portland) 

b. A total of 37 half-acre plots was established in a coopera-
tive study between Pest Control (_Region 2) and the Rocky 
Mountain Station to determine the feasibility of sanitation in 
young lodgepole pine stands. Most of the plots are on tl1e 
Routt National Forest, Colorado . Stands of various ages (from 
15 to 40 years) and degrees of inf ection (ranging from a trace 
to about 75 . percent of the trees infected) were sanitized. All 
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visibly infected trees were cut; no pruning was attempted . Re-
cleaning and thinning are planned in about 5 years. Several 
plots were left untreated to gauge the effectiveness of control 
and to provide information on relative yields in treated and 
untreated stands. (Stewart, USFS, Denver; Hinds, USFS, Fort 
Collins; and Hawksworth, USFS, Fort Collins) 

c. "In connection with the start of recleaning the Grand Canyon 
Dwarfmistletoe Controi Area, the check plots have _already been 
reexamined. The control plots will be re .examined either ·this 
fall or next summer, depending on how far the control crew gets 
this year. (Lightle, USFS, Albuquerque) 

X. Surveys 

a. A dwarfmistletoe-infected lodgepole pine stand was photographed 
in the Lake Louise area using tr-i X Pan, H. S. Infrared, Ekta-
chrome Aero and Ektachrome Infrared films to investigate the use 
of ae-rial photography in · detecting dwarfmistletoe infection. 
Preliminary comparisons of the different films indicate that 
the expected shade variation between infected and healthy trees 
does not show up on the infrared film ;_ Certain discoloration 
was evident on the color and Ektachrome Infrared film, but this 
is probably visible to the naked eye and not related to any 
anatomical change of the needles caused by dwarfmistletoe. 
(Baranyay, Calgary) 

b. Near Mt. St. Helens in southwe s t Washington, a study was con -
ducted to show how dwarfmistletoe-infected .hemlock see d trees 
serve as a source of infection to regeneration in a 15-20 year 
old cutover . Many cutover hemlock stand s consisting of low 
quality "whips" and "muletails" were left after log gin g, par ti-
cularly during early utilization of hemlock. These remaining 
dwarfmistletoe-infee,ted culls effectively blanket the a rea with 
dwarfmistl e toe seed. Foresters must be convinced to "cleancut" 
not _ clearcut in these infected stands. It is hoped that this 
study will provide the necessary evidence. Also from this work 
a disease survey method will evolv e that foresters can use to 
measure incidence of dwarfrnistletoe that warrants silvicultural 
control. Dwarfmistletoe of hemlock can be reduced to a toler-
able level due to the even age nature of management. Prop er 
methods of survey, therefore, can help in determining if 
control is necessary . (Russell , State of Wash , , Olympia) 

-127-



-.~ . . 

XI. Miscellaneous - Epidemiology 

Studies of the development of Arceuthobiurn americanum epidemics in 
young lodgepole pine stands in Alberta were continued. Results to 
date suggest that the number of dwarfm.istletoe plants established 
per year has increased at a uniform, logarithmic rate. It appears 
possible that the logarithmic rate could be used to compare epi-
demics and infei: which environmental factors may be important in 
the development of epidemics. (Muir, Calgary) · 

Needed Research 

Effect.s on hosts (damage, mortality) 

Research data is needed on the growth impact of -varying degrees of 
dwarfmistletoe infection in larch, ·lodgepole pine, and Douglas-fir . . 
The rate of loss in increment and mortality which occurs at . vary-
ing · infection levels in different age classes shou.ld also be 
investigated. (Toko, USFS, Missoula) 

Surveys 

Develop statistically sound survey methods for determining the 
intensity and d_istribution of dwarfmistletoe within stands of 
timber. In most instances the use of 1/4-chain strips is not ah 
economically sound method, especiall y where reproduction is pres-
ent under a scattered infected overstory .. (Toko, PSFS, Missoula) 
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FOREST DISEASE RECREATION COMMITTEE 

G. W. Wallis, H. R. Offord, 
and L, A. · Paine, Chairman 

Report to the 14th Annual Work Conference 

Changing Emphasis 

Interest of forest management in the field of forest disease- ·rec-
reation continues to grow out of all proportion to the amount of work 
being carried on in the field. Now that use-fees are charged for most 
Federal campgrounds, greatly increased a .tteI).tion is b.eing · given to the 
pbnning and ma.intenance of recreational a·reas. And specific · question~ 
arise more frequently on control and eradication of unsightly and 
damaging .diseases. · · 

With the advent of use-fees, the public not only expects mo·re 
pleasant and convenient acconnnodations, but a higher level of hazard 
control. The collection of a fee for campground use implies an in-
creased responsibility on the part of the forest agency, and this 
responsibility will undoubtedly be reflected in the settlement of 
cla~ms resulting from accidents in campgrounds and similar recreational 
sites. 

Studies 

No figures have been available on accidents and losses resulting 
from tree failure on campgrounds. Since some estimate of the size of 
the problem is needed, a study has been undertaken by the Pacific 
Southwest Forest and Range Experiment Station of tree failure • accidents 
on California Federal recreational sites. This study will attempt to 
reflect not only the number of accidents and losses involved, but the 
type of tree failure, tree species, and other pertinent data. Without 
going into detail, a total of 16 injuries and deaths over the last 
8 years has been reported for the above sites. 

A study has been completed on potential hazard in lodgepole and 
another is underway for California red fir . There have been numerous 
requests for a study in the oak region in California, but current acci-
dent reports suggest that oaks, while frequently defective, are seldom 
responsible for accidents. 

Future Development 

Conversations in the field suggest that hazard evaluation often 
proves to be a difficult and frustrating task for local personnel with 



inadequate time or training. Perhaps we may see the development of 
hazard evaluation teams specialized for this task in the future: 

Campground management 1s aiming toward the control and mainte-
nance of continued cover of the desired nature, approaching the status 
of a designed park. With this shift in emphasis from the forest to a 
tree comes a change in interest fr _om stand disease · problems to indivi -
dual tree health and treatment--a problem that the local forester often 
is not qualified to handle. · A few years may well bring the tree 
service specialist into the forest disease-recreation field, either 
under contract ·or as an agency specialist. 

_ For the present, the Connnittee will welcome reports of problems 
arising in th _e field of forest disease-recreation, and of allied in- . 
vestigations, as well as of general connnent. Further, your Committee 
reconmiends your examination of the local · status of this problem and 
the planning of current studies to meet the rapidly developing needs in 
this field. 

INTERIM PROGRAM CHAIRMAN'S REPORT 

J. R. Parmeter, Jr. 

The following s~ggestions for future WIFDWC programs were 
deciphered from an accumulation of notes apparently written on napkins 
with burnt match heads by left-handed spastics. Your Interim Chair-
man has also drawn on vague recollections of attempted verbal communi-
cation by a number of members, none of whom were coherent at the time . 

I. Suggestions regarding Conference mechanics 

a . Tha.'t the field trip be held at some time in the middle of 
the meetings, rath er than at . the end. 

b. That meeting dates be conveyed to the membership at the 
earliest possible date. 

c. That an outdoor, barbecue -ty pe banquet be ·considered. 

II. Suggestions for subject matter of future meetings 

a. Hyperparasitism . 

b. Resins and other def ense mechanisms . 
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c. Biochemistry of fungicides, including effects on fungi 
and biodegradation. 

d. Remote sensing, with one or two guest speakers. 

e. · Relationship of root dis 'eases and bark beet-les. 

f. _Overcoming administration objections to the team approach. 

g. Historical contributions - of pioneer forest pathologists ·in 
western North America. 

i. Developments in general 9r ornamental pathology as they 
relate to forest pathology, 

j. Hazard reduction on r~creatio .nal areas. 

k. : Disease control. 

· 1. Foliage diseases. 

m. Root rots (as per Jackson meeting). 

n. Systems ecology . 
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