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Foreword 
The Thirtieth Annual Western International Forest Disease Work Conference 

was held September 12-16, 1982, at the Stanford Sierra Lodge, Fallen Leaf Lake, 
California. A fine meeting was organized by the local arrangement group. The 
formal program had very informative panel discussions, special papers, work-
shops, a fine-rainy-cold field trip, reports on new and modified projects, t he 
banquet and a business meeting. Posters were a great addition to this year's 
meeting and we hope to see more at the next WIFDWC. 

Seventy-nine registered for the conference with twenty-two guests and 
spouses and four children. 

Officers for the 30th Conference were: 

Bill Bloomberg 
Bill Jacobi 
Everett Hansen 
Greg Denitto 
Bob Scharpf 
Dick Parmeter 
Fields Cobb 
Dick Parmeter 
Bob Scharpf 

Chairman 
Secretary-Treasurer 
Program Chairman 
Local Arrangements 

Field Trip 
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Western International ForestDis ease Work Conference 

1982 

Welcoming Address 

W.J. Bloomberg, Chairman 

Welcome to the 30th Annual Meeting of WIFDWC in beautiful 
Lake Tahoe. So WIFDWC is 30 years old - not a bad age to be. It 
implies that the foolishness of youth has passed, yet the stodginess 
of middle age has not set in . Searching past proceedings for some 
guide to chairmen's remarks, I noted that at the Vernon meeting 
last year, Chairman Larry Weir "found an increasing disregard for 
publishing the deathless prose expounded by conference chairmen". 
At Pingree Park, 1980, Bob Gilbertson's comments were considered 
too unimportant to be included in the proceedings, also the fate 
of Tom Laurent's "deathless prose 11 at the 1979 Salem meeting. In 
1978, while pl audits were given to several sterling organizing 
efforts, including Mrs. Gilbertson's shopping tour, Chairman Dick 
Smith's utterances, if any, were roundly expunged from the record. 
I suggest therefore, that the crucial question for WIFDWC is not 

.which geographical region has the honor of giving ri se to the 
Missis sippi River, nor even whether forks should be held in the 
left or right hand, but whether WIFDWC really needs a chairman. 

Hurrying on before some.one attempts to answer the question, 
I am going to ask your indulgence if I break with tradition and make 
a few remarks about the past year in which I have been chairman. 
For most fores:ry professionals, it has not been a good one, and 
forest pathology has more than it s share of walking wounded. Since 
the only thing to do about a bad experience is to learn fro~ it, I 

. look critically at my profession. I look at my fellow professionals 
and see devoted workers. Enthusiastic, certainly. Will in~, almo~t 
to a fault, to cooperate with other profession~ls in ta ckling complex 
problems. Seldom do they become exercised about claiming recognition 
for their contribution to the solutions. In brief, good fellows all; 
but as a profession, rather naive, one might say . 

Comparing the self-image of the profession with those of 
other forestry professions, one is struck by a lack of 11cuttir, g edge". 
By this I mean the lack of distin ct territorial expertise and pro-
fessional '1as sertiveness 11

• To assert the importance of one's profe ss ion 
is not distasteful; in today I s admi ni strati ona 1 hurl y-burl y, it is 
esse ntial. To claim an area of expertise in the for estr y domain i s 
an obligation to our profession. Perhaps because the discipline of 
forest pathology becomes often entwined with those of genetics, ecology 
and physiology in the solution of complex problems, pathological aspects 
become diffused . This has never det erred forest pathologists from 
collaborating •with great gusto, but they owe it to their profession to 
extol the importance of the di sc ipline in the solution of forestry 
probl ems. They owe it to the great for est patho logis ts who preceded 
us and to those who yet hope to make their careers in forest pathology. 

1 n 
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· PROGRAM 

JQth ANNUAL WIFDWC 

1982 

Sunday, September 12 

3:00 p.m.: Registration and check-in 
6:00 p.m.: B-B-Q Western style 
Later: Conviviality, etc. 

Monday, September 13 
8:30 a.rn.: Welcome - Bill Bloomberg 

Keynote: Glen Sm.1th, Planni~g Coorqinator, Lake Tahoe Management 
Unit, USDA Forest Service 

Project Status 
J:30 p.m.: Panel-------Stress and Plant Disease 

Terry Shaw, PNW, Juneau, Moderator 
Rex Cates, Univ. New Mexico 
Phil Wargo, NE Experiment Station 
Walt Thies, PNW, Corvallis 
BiU Farr, PNW, Juneau 

Special Papers 
J. Pronos - USFS, R-5 Trends in Ozone Injury to Pines in 

The Sierra Nevada of California. 
D. Volger - USFS, R-5 --- Ozone Injury Symptoms and Height 

Growth of Planted Ponderosa Pine. 
W. G. Thies & E. E. Nelson - USFS, PNW ---

Survival of Douglas-fir Injected with the 
Fumigants Chloropicrin or Methylisothiocyanate. 

7:30 p.m.: Workshop - Identification and Taxonomy of Wood Destroying Basidiomycetes. 
Bob Gilbertson, Univ. Arizona. 
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Tuesday, September 14 

8:30 a.m.: Panel - The Future of Forest Pathology. 
Everett Hansen, Oregon State Univ., Moderator 
Bob Loomis, FPM, Washington, D.C. 
Earl Nelson, PNW, Corvallis 
Roy Whitney, Canadian Forestry Service, Ontario 
Dave Adams, California Department of Forestry . 

Special Papers 

M. Wingfield, Univ. Minn. --- Insect Associates of the Pine Wood 
Nematode in Minnesota. 

'- W. H. Livingston & M. L. Brenner, Univ. Minn. --- Response of Eastern 
Dwarf Mistle~oe Infections to Applications of a 
Plant Growth Regulator. 

J. Worrall, J. R. Parmeter, Jr., and F. w. Cobb, Univ. Calif. -
Host Preference in Fornes annosus. 

1:30 p.m.: Panel - Who are the players in 1PM, and is it something that new. 
Fields Cobb, UC Berkeley, Moderator. 
Mark Edwards, Woodland SErvices, Ukiah, Calif. 
Bob Heald, U.C. Blodgett Forest, Georgetown, Calif. 
Jerry Koenigs, International Paper, Research Triangle, N.C. 
An Entomologist 

Special Papers 

E. Michaels & G. Chastagner, WSU. --- Conditions which influence 
ascospore release in Swiss Needle Cast of 
Douglas-fir. 

R. Edmonds, C. Driver, K. Leslie, R. Hu, S. Frankel & T. Jordan, Univ. Wash. 
- Overview of control and impaC!:t of · 
Heterobasidion annosum in Western Hemlock. 

6:00 p.m.: Banquet 

Wednesday, September 15 
8:45 a.m.: All day field trip. Pathology in high use recreation areas. 

Thursday, September 16 
8:30 a.m.: Panel - Cry Wolf -- The consequences of. conflicting or erroneous 

information . 

13 



Greg Filip, FPM, Po'rtland, Moderat or 
Craig Schmidt, FPM, Portland 
Borys Tkacz, FPM, Ogden 

. Randy Fuller, FPM, Denver. 
11:00 a.m.: Business Meeting 
12:00 noon: Lunch and Adjournment. 

14 
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Panel: Stress and Plant Disease 

INITIAL TESTING OF THE SHIGCMETER IN HEALTHY EVEN-AGED STANDS 

OF WESTERN HEMLOCK AND SITKA SPROCE IN SOUTHEAST ALASKA 

w ilbur A. Farr and Charles G. Shaw IIIY 

Introduction 

Is the ShigometerY a useful tool for detecting internal decay in trees 
or for measuring tree vigor? This question has no doubt been asked by many 
researchers since the instrument was introduced in the early 1970' s. Even 
though some workers are convinced that the Shigometer is a useful diagnostic 
tool, nany others remain skeptical. 

The Shigometer is an in -strument that measures electrical resistance (ER) 
in thousands of ohms (Kohms). , For use on trees it has two different 
attachments. One is a 15-cm long probe (Shigo and Shigo 1974) that can be 
inserted into a drilled hole to measure internal resistance within living 
trees or utility poles, The other, a needle probe (Shigo, Blanchard, and 
Smith 1975; Wargo and Skutt 19!75;), has two stain .less steel needles that can 
be pushed through bark and cambium of a tree to measure electrical resistance 
within the cambial region. The former is used to detect internal decay, the 
latter for other uses, including studies of tree vigor. 

Over 20 articles have been publisheq on the use of the Shigometer. They 
include studies to detect internal decay in trees and utility poles (Shigo and 
Shigo 1974, Shortle 1982, Shortle and others 1978, Skutt and others 1972, 
•ratter and others 1972, Tatter and others 1974), to detect wound areas (McNiel 

· and Hensley 1980 , Shortle and others 1977, Sylvia and Tatter- 1978), to rronitor 
water potential (Dixon and others 1978), to develop hazard rating systems 
(Davis and others 1980), to indicate phloem thickness (Carter and Blanchard 

_1978, Cole 1980, Cole and Jensen 1980), to _ measure growth ·and stress in trees 
( Kostka and Sherald 1982; Schaeffer and others;Y Shigo and others 1975; 

Shortle and others 1977, 1979; Smith and others 1976; Wargo 1977; Wargo an~ 
Skutt 1975), and to select trees to be thinned in uneven-aged stands (Shortle 
and others 1979). Interest in the instrument continues and sever .al more -
articles are being prepared. 

Y~ilbur A. Farr is a mensurationist and ctlarles G. Shaw III is a 
pathologist with the USDA Forest Service, Pacific Northwest Forest and Range 
Experiment Station, Forestry Sciences Laboratory, Juneau, Alaska. 

YMention of a product is for information only and should not be considered 
an endorse ·ment by the U,S. Department of Agriculture or Forest Service , 

Yschaeffer, Bruce, Frank G. Hawksworth, and Paul Beemsterboer. Effects of 
dwarf mistletoe and vigor classes on e l ectrical resistance in lodgepole pin e . 
( For, Sci,, in press). 
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The Shigometer was initially developed as a diagnostic tool to detect 
internal decay in trees. More recent efforts have included its use to detect 
stress in trees as a result of insect or disease problems. We are aware of 
only one attempt to use it to aid in the selection of trees to be removed by 
t hinning (Shortle and others 1979). In one other instance the Shigometer was 
used in healthy stands to assess electrical resistance following thinning and 
fertilization (Smith and others 1976). 

In 1979 we initiated a study on the use of the Shigometer to assess tree 
vigor in healthy, natural, even-aged stands of western hemlock (Tsuga 
heterophylla (Raf.) Sarg.) and Sitka spruce (Picea sitchensis (Bong .) Carr.) 
in southeast Alaska. The objectivr of the study was to determine if 
electrical resistance in the cambial region of young-growth western hemlock 
and Sitka spruce was correlated with various tree parameters (i.e., species , 
crown class, diameter, height, and diameter growth), site, or time of 
meas~rement. This report summar izes work to date and outlines plans for 
continuing work over the next few years • 

. Basic data 

In 1974 we began a study of the effects of stand density on the growth 
and yield of hemlock and spruce growing in mixed, even-aged stands • .!/ Since 
then about 55 installations have been established in stands covering ages from 
·10 to 100 years and the range of sites conuoonly found on commercial forest 
land. An installation typically contains four 1-acre plots, including one 
unthinned control acre and three lev e ls of thinning. Growth measurements are 
regularly taken · on trees within a s ·quare 1/5-acre plot located in the center 
of each acre plot. 

In 13 o f these installations, we measured ER f or all trees on thinned 
plots, and roost or all trees on control plots. Meas urements of ER were 
obtained by .inserting the double needle moisture probe through the bark and 
cambial zone just above breast height (1.3 m). The needles were inserted 
vertically and three readings were taken per tree at approximately 120-degree 
intervals around the stem. Additional readi ·ngs were r ecorded if a highly 
deviant ER was obtained. 

Electrical resistance was measured in the spring and fall of 1979 and in 
the summer of 1982. Measurements of diameter, diameter growth, crown class , 
tree condition, site, age, a nd other variables were obtained from data files 
maintained in connection with the stand density study. 

YFarr, Wilbur A. The effects of stand density upon growth and yield of 
hemlock-spruce stands in coastal Alaska. Study plan FS-PN>l-1652: S-8; 1973 
(revised 1976). 22 p. On file at Forestry Sciences Laboratory, P.O . Box 909, 
Juneau, Alaska 99802. 
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Hypothetical relationships between electrical resistance, diameter, and 
diameter growth 

Figures la, 2a, and 3a show ·hypothetical relationships between ER, tree 
diameter, and diameter growth for well-stocked, even-aged stands, We believe 
that ER should be relatively high for understory trees and lower for overst or y 
trees (fig. la), The relationship should be curvilinear in form. 

We also hypothosize that the relationship between diameter incre me nt and 
ER is also curvilinear in form for well-stocked, even-aged stands jfig, 2a), 
Overstory trees should, on the average, have higher diameter incre ment and 
lower ER than understory trees, 

-- -·---- ----- ·- .. - ·- ·- -- ·- -----

The relationship between diameter increment and diameter shoul d generally 
be linear in form for well-stocked stands (fig. 3a), 

Actual relationships between electrical resistance, · tree diameter, and 
d'iameter increment 

Scatter grams were prepared for the relationships: ER over diz,meter, 
diameter increment over ER, and diameter increment over diamete r , These were 
examined for both hemlock and spruce on all plots each time ER was measured, 

Only one of over 100 sets of scattergrams is shown (fig, lb, 2b, and 3b), 
but from these it is apparent that the hypothetical curves fit the basic data 
well if there is a wide enough range of tree diameters and crown classes 
present. 

It is noteworthy, however, that if we had fit a mathematical curve 
through the data points in each figure, there would still remain considerable 
unexplained variation in all three relationships. For some plots there was no 
correlation between ER and diameter or between diameter increment and ER, For 
others these correlations were highly significant. 

Other problems of differences between species, plots, and time of year 

Hemlock has higher ER readings than did spruce for trees o f similar 
sizes, This was consistent for all plots and tin~s of sampling, Similar 
differences occur for other species (Davis and others 1979). 

The scattergrams clearly indicate that ER has to be evaluated on a 
plot-by-plot basis because significant differences in ER occurred between some 
plots that could not be explained by differences in site, soil, or other stand 
characteristics, If relationships do vary over short distances within stands 
that appear to be on uniform sites, then the development of useful 
relationships becomes difficult. In contrast, ot;her stands showed little 
difference in the relationships from one plot to the next. 
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Time of year measurements are taken is also important. Ele c trical 
resistance was lower in summer (during the active part of the growing season) 
than in the spring or fall (before or - after the growing season). Similar 
effects of seasonal changes have been reported for red oak, red maple, and 
white pine (Davis and others 1979), 

In all, there are several sources of variation, some easily accounted fo r 
and other not easily accounted for, Users of the Shig o meter should expect 
considerable variation in ER readings both within and among tre e s and plots, 
even aroong a population of supposedly healthy individuals. 

What has the data shown so far? 

Analysis of these data indicate that the hypothetical relationships 
(fig , la, 2a, and 3a ·) fit most data sets reasonably well, There i s , however, 
considerable variation in the degree of fit for some plots, 

The scattergrams have proven very useful for detecting obv i ous outliers 
in the data sets, Invariably these outliers represent · measurem e nt errors or 
trees under severe stress resulting from excessive lean or poor crown 
development, 

Trees with much higher-than-average ER typically have poor growth rates 
and . are usually in the intermediate or suppressed crown classes, This is not 
always true, however, because even after the obviously poor producers are 
eliminated, there remains considerable variation in the relationship between 
ER and diameter. This variation can be seen in figures lb and 2b where trees 
with lower-than-average ER cover a wide range of dia ·meters and diameter 
increment . 

Most of the poor producers can probably be identified by careful 
observation in the field or simply by rem:>ving all suppressed and intermediate 
trees from the analysis, The poor producers are usually overtopp e d, have 
relatively poor crowns, broken tops, damaged roots, or other problems. The 
irrq:iortant point is that even though there may be a good correlation betwee n ER 
and diameter, the information may add very little to what we already know, or 
can be easily obtain elsewhere, In the case of selection for thinning, it is 
the trees in the upper crown classes with no apparent problems we are roost 
concerned about, 

In the next phase of this study we will identify all trees on the 
scattergrams for several plots by tree number, and then revisit them in the 
field in an attempt to evaluate the overstory trees, in light of knowing their 
ER readings and growth rates, We hope to gain insight into what character iz es 
relatively good producers versus poor producers in thinned and unthinned 
stands, From these examinations we may be able to improve the guidelines f or 
selecting leave trees during thinning, 

18 



Conclusions 

SJ & Jessie E. Quinney 
Natural Resources 
Research Library 

l. The Shigometer does provid e a relative meas ure of t ree vigor in 
even-aged stands of weste rn hemlock a nd Sitka s pru ce in sou th east Al as ka, but 
the re is often co ns iderab l e v ari ation in readings of electr i cal resistance 
with in and among trees. 

2. To be most us efu l, electrical resistance over diameter relationships 
should be plotted in the field. Tre es having higher-than-aver age e l ectrica l 
resistance for their dia me ter s houl d be care full y examined f or characteristics 
possibly res p onsibie for the high read ing s. 

3. Additional research is ne eded t o ev alu a t e how u sef ul the Shigometer 
may be in assessing tree vigor in healthy, even-aged stands and how the 
instrument migh t b e used to select l eave t ree s in thinning operations. 

Future efforts in sou thea s t Alaska 

We will continue to use the Shigometer. Our principal effort wi ll be to 
determine if the in strument can pro v ide mea ni ngful information that we do not 
al ready know about the 13 installations, or can easily l earn from direct 
obse rvati on. 

We believe th e Shigometet' s gr ea test utility may be in thinning rese arch , 
especially if ~se of the instrument cou ld easily identify the bes t trees to be 
left during thi nning. 
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GROWTH LOSS AS A MEASURE OF STRESS IN SECOND-GROWTH 
DOUGLAS-FIR INFECTED BY PHELLINUS WEIRII 

Walter G. Thies! 

Phellinus weirii (Murr.) Gilb., the cause of laminated root r ot , can 
infe ct nearly a ll commercially important coniferous spec i es in Western 
United States and Canada; it probably causes the greatest loss and has been 
most intensively studied in stands of second-growth Douglas-fir [Pseudotsuga 
menziesii (Mirb.) Franco]. When infected tree s die, the pathogen persists 
saprophytically in dead roots. Infection begins in young conifers when 
roots ·contact infected, livin g root systems or infested roots from killed or 
harvested trees. The infection spreads between living trees vi a root 
contact _(Wallis and Reynolds 1965). As the fungus advances along a tree 's 
roots, roots distal to the fungus are killed, denyin g the tree water and 
nutrients necessary for growth. Crown symptoms may appear 5 to 15 years 
following initial infection (Wallis 1976). As r oots decay, structural 
support declines. Eventually, the tree may be wind~hrown. 

Although losses to P. weirii are most conspicuous as mortality, a tree 
may also suffer reduced-height or diameter growth for seve ral years before 
death (Gillette 1975 , Ford 1977, Bloomberg and· Wallis 1979). Significant 
growth loss (volume) was associated with P. weirii infected Douglas-fir from 
a stand in the Oregon Coast Ranges (Thies-1980). 

I will present a summary of methods and re sults from an ongoing study. 
The data are from a study to measure the growth reduction induced by 
P. weirii in second-growth Douglas-fir. 

METHODS 

The study area is on the west slope of the Cascade Range near Foster, 
Oregon, on a nearly flat Saturn gravel alluvium at an elevation of 400 m. 
The s tudy area · classified as site II (Mc Ard le and others 1949) occupies 
a~proximately 2.7 ha in a naturally · regenerated 60-year-old stand. In 1980 , 
stand den s ity was 485 tre es/ ha, of which 93 percent were Douglas-fir, 4 
percent were western hemlock (Tsuga heterophylla), and 3 percent were 
hardwoods. Total basal area was 23,6 m2/ha. 

Within the study area, each tree 12.7-cm d.b.h. or larger was numbered, 
its d.b.h. recorded, and its location plotted on a grid map (Thies and 
Hoopes ·1979). Dead trees were included if all growth rings at breast height 
were distinct. After the area was mapped, 15 circular 0.04 -h a plots were 
placed at random on the study area with the provisions that th ey not overlap 
nor be closer than 12 m from the study area boundary. Trees within 
plots were termed plot trees while all other trees in the study ar ea were 
termed border trees. All trees in the study area were felled in April 1980. 
Each tree was measured for total height and height of primary nodes from 

!Re sea rch Plant Pathologis ·t with Forestry Sciences Laboratory, USDA, 
Forest Service, Pacific Northwest Forest and Range Experiment Stat.ion, 
Corva lli s, Ore gon 97331. 
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the tip along the stem to the point where nodal location became indistinct, 
usually between the 25th and 45th node. Stem age at nbdes was verified by 
counting annual rings at log ends and then sectioning as needed to locate 
missed nodes. A cross-section 5-cm thick was removed from each plot tree 
at the stump height of 1.4 m and at each 4-m interval thereafter for the 
length of the stem to a IO-cm-diameter (inside bark) top. ·one additional 
disk was removed midway between the 10-cm top disk and the _tip. The height 
of each disk was recorded. From each of the border trees, ·. a 
cross-sectional disk was removed at breast height only. Bark thickness and 
diameter outside bark were recorded for each disk . Each disk was labeled 
with tree number, disk nu~ber, and north point, placed in a plastic bag, 
and stored at -18oc. 

Fach stump top was examined for typical stain or advanced decay from 
P. weirii infection (Wallis 1976). When. P. weirii symptoms were found, 
infection was verified by culturing from the s_tained or decayed areas. 
P. weirii was identified from morphological features of the colony (Nelson 
1975). 

l 

The stump and ~oots from each plot tree were bulldo~ed · from the soil, 
cleaned, and examined in August 1980. The presence of decay or ectotrophic 
mycelium of f · wei,rii ( Buckland and others 1954 ). was recorded. 

Sequential radial growth (SRG) measurements were recorded , to the 
nearest 0.25 mm along three radii of each disk at azimuths -of oo, 1200, 

.and 2400. The SRG measurements for each radius were reproportioned so 
that the length of radius equaled the mean disk radius. .Mean disk radius 
was determined by subtracting mean bark thickness from half the disk 
diameter as measured with a diameter tape outside the bark. Data were 
combined for each disk to provide average radial growth. These data were 
used to calculate basal area and volume, and to produce stem .profiles 
(Herman and others 1975). Stem profiles provide a v_isual edit of SRG data. 

Tree volume was calculated for each year represented by an annual ring 
on the lowest (stump) disk. The segments cut from each tree were 
classified by origin as stump, lower bole, upper bole, or top. Volume at 
any y.ear was found by summing the total volume calculated for each segment 
for that year. 

Volumes of stem segments were calculated as follows. The stump was 
treated as a cylinder equal in height and diameter to the top or · the lowest 
(stump) disk. Sections partly or wholly within the first 20 percent of 
total height (for trees over 7.6 m tall) were designated "lower bole" and 
were treated as the frustum of a cone. The upper 80 percent of a tree 
exclusive of tip and the entire bole except stump and tip of trees under 
7.6 m tall were designated "upper bole" and were treated as the frustum of 
a paraboloid (Smalian formula). The top segment, from the top disk to the 
tr .ee tip, was treated as a cone. 

Arney's (1973) competitive stress index (CS!) was computed for each 
pl ot tree at specified years during stand development. This index 
represents a quintification of the relative stress placed on a tree by its 
neighbors. It does not attempt to identify the source of stress (e.g., 
competition for light, nutrients, moisture) but only to quantify relative 
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levels of competition for growing space (crown overlap). The degree of 
stress exerted on a tree is assumed to be directly proportional to the area 
of its growing space that is overlapped by that of neighboring trees. 
Computing the index requires data on diameter breast height outside bark 
and distances between trees in the study area. Appropriate data were 
collected from all border trees and plot trees. Western hemlock was 
treated as Douglas-fir for calculating CSI contributions. The hemlocks 
were small and scattered, so this treatment i8 assumed to have added little 
error to the total CSI of any plot tree, 

Data from healthy plot trees were used to establish a regression 
equation defining the final 10 year (1970-80) volume growth based on volume 
growth during the preceding 10 years (1960-70). With this regressi on 
equation, the final 10 years of growth of each infected tree was predicted 
from its growth during the preceding 10 years. The difference between 
predicted and actual growth of infected trees is assumed to be a reasonable 
estimate of the growth lost due to the disease. A paired t-test was used 
to eval~ate differences between predicted and actual volume increases for 
infected trees for the decade 1970-80. Selection of 10 years as the 
predictive period was a compromise between retaining a high correlation 
coefficient and prediicting growth for the , longest possible final period. 

A preliminary determination of the impact of the disease on height 
growth was made by comparing the height growth of 75 randomly selected 
infected with noninfected plot trees. Each infected tree was paired with 
the most similar noninfected tree based on their CSI in 1980 (CSI 80) and 
their heights in 1960. A paired t-test was used to evaluate differences in 
height growth between infected and noninfected pair~d trees for the period 
1960-80. 

All statistical tests were made at the .05 (significant) or ,01 (highly 
significant) probability levels using the standard statistical procedures 
(Snedecor and Cochran 1967). 

RESULTS 

There were significant differences between regression-predicted volume 
growth and actual growth of infected plot trees. The mean growth loss of 
all infected plot trees was 2.1 percent of their predicted harve s t volume 
and 8.3 percent of their predicted final 10-year volume growth. 

Of 111 live infected plot trees, 13 were found to have a hollow stump. 
Highly significant differences were found between predicted volume and 
actual volume of hollow, infected trees. The mean growth of hollow 
infected trees was found to be 3,3 percent more than their predicted 
harvest volume and 16,2 percent more than their predicted volume growth in 
the final .10 years. Additionally, none of the hollow trees exhibited the 
crown symptoms typical of advanced stages of the disease, and it was not 
possible to isolate P, weirii from wood collected more than a few 
millimeters beyond the limit of the hollow, All hollow stumps were 
associated with p, weirii infections. 

Final 10-year growth volumes for infected trees were predicted using a 
linear regression equation determined from noninfected tree growth and CSI 
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data: Volume 1970-80 (m3) ·= o.008456 + l.i4297 volume 1960-70 (m3) -
0.0001207 CSI 80. The sample number (n) was 159, the standard . error of the 
estimate (Sy.x) was 0.0452219, and the coefficient of determination 
(R2) was 0_.93. A multiple regression analysis ~f v9lu[!le 1970~80 on 
volume 1960-70 and CSI 80 yielded a highly significant R2, with volume 
being a highly significant independent variable and CSI 80 being a · 
Significant independetlt variable. 

There was~ significant difference in the mean height growth of paired 
infected and noninfected trees. Although the mean heights of paired 
infected and nonintected trees (21.15 m and 21.21 m, respectively) were 
similar in 1960, by 1980 the mean height of infected trees was less than 
that of the noninfecte<l' trees (26.21 m and 26.79 m, respectively). 

Of the l, 299 trees examined on the study . area, · 36 were hardwoods while 
1,263 were trees susceptible to P. weirii (1,215 Douglas-fir, 56 western 
hemlocks). Of the 1,263 susceptible trees on· the study area, ·544 (43.l 
percent) wer~ found to be infected by P. weirii. Of the 235 dead 

·susceptible trees on _.the study area, 195 (83.0 percent) were found to be 
infected by E· weirii,. in 1980, 15.4 percent of the susceptible trees h;3.d 
been infected by E• weirii and were dead. 

DISCUSSION 

This study demonstrated that P. weirii can induce a volume growth loss 
in Douglas-fir in a stand on the west slope of the Cascade Range; however, 
tha _t loss· appears to be very small. The mean growth loss of infected trees 
was 2 percent of their predicted harvest volume and 8' percent of their 
predicted volume growth in the .final 10 years. This comparison includes 
all plot trees identified as infected .(including those on .which only one 
root was infected,but little if any of the root system destroyed) but 
excludes dead infected trees. Loss in height growth paralleled the loss in 
volume growth. 

The growth loss reported for this stand in the Cascade Range is less 
than that reported .from a similar study of Douglas-fir in a s,tand in-the 
Oregon Coast Ranges ·(Thies 1980). In the earlier study, growth loss ·or 
live infected trees was found to be 6 percent of the predicted harvest 
volume and 12 percent of the predicted volume growth in the final 10 years 
(Thies 1980). · · 

·Two patterns of stump-top-stain were associated with p. weirii 
infection. Usually the stain was located near the sapwood-heartwood 
interface; in early stages the stain appears as spots or cr 'escents. Later I 

a complete or nearly complete ring of stain forms and is indicative of a . 
highly stressed tree~ A second pattern occ1.1rs wher~ the stain and adv~nced 
decay are limited to the center of the tree and always ·within the 
heartwood. In advanced stages, the tree will be hollow at the stump, but 
the hollow seldom extends as far as breast height. Statistically 
significant differences were found between predicted volume and actual 
volume of hollow-stumped infected trees. The me·an growth or hollow-stumped 
infected trees was found to be 3 percent~ than their predicted harvest 

· volume and 16 percent more than their predicted volume growth in the final 
10 year$. The observat'Ion that some of the infected trees · were associated 
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with both faster than expected growth and an apparent limitation of the 
fungus suggests the possibility of an active defense mechanism. An 
alternative explanation is that the hollow is the result qf the site . and 
method of attack by the fungus. Often the only infected root associated 
with a hollow stump ~ill be small and originating from the bottom of the 
stump • . The mechanism by which the fungus is apparently limited in its 
attack on the tree is worthy of additional study. 

Losses to P. weirii on this study area from mortality were far more 
important than losses were from growth slbwdown. Approximately 15 percent 
of the susceptible trees in the study area (approximating 15 percent of the 
stand volume) were killed by P. weirii, while growth loss amounted to 2 
percent of the harvest volume-of 43 percent . of the trees. Thus unrecovered 
mortality, caused by P. weirii, will likely represent a much larger loss - to 
the land manager than-will growth loss induced by P. weirii. 
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DEFOLIATION-INDUCED CHANGES IN TREE ROOTS. 
FAVOR INFECTION BY ARMILLAIUA MELLIA 

Philip M. Wargo 
Research Plant Pathologist 

USDA Forest Service 
Northeastern Forest Exper iment · Station 

51 Mill Pond Road 
Hamden, CT 06514 

In the deciduous forests of northeastern United States, Armillaria mellea 
(Vahl. ex Fr.) Kummer (Armillariella mellea ex Fr. Karst) would be of little 
consequence were it not for stresses such as defoliation and drought. The 
fungus would function mostly as a decay organism because it apparently lacks 
the ability to infect and colonize roots of unstressed trees even though rhizo-
morphs of!· mellea colonize the outer bark of most tree roots . This external 
colonization of the roots by rhizomorphs seems to be the rule rather th an the 
exception for most tree species and on .most sites in the Northeast. 

Colonization of the roots by rhizomorphs of A. mellea places the fungus 
in a position to take advantage of changes induced by stress; changes that 
stimulate vigorous hyphal growth and changes that re duce the ability of root 
tissues to respond and resist aggressive fungal growth. I P.ropo se that many 
of the chemical changes induced by defoliation (and other stress 'es) meet the 
physiological requirements of Armillaria mellea and that this interaction 
results in diseased roots. 

The Interactions 

Carbohydrates - The dominant changes in the roots induced by defoliation 
occur among the carbohydrates (Parker and Houston 1971, Wargo 1972, Wargo 
et .al. 1972). Starch content is lowered substantially and in many trees that 
are defoliated completely and refoliate, starch content is depleted ,. Cor-
responding to this decrease in starch is a decrease in s ucrose levels in the 
bark and outerwood of the roots . In contrast, levels of glucose and fructose 
increase, especially in the outerwood-cambial zone. Concentrations can be 4 
to 5 times higher than the seasonal high that occurs normally in the roots in 
the spring when carbohydrates are mobilized for growth (Wargo 1971). The 
increase in glucose in the roots of defoliated- ,trees is important to Armillaria 
mellea, because this fungus .is a glucose fungus (Garraway 1974). Although it 
can grow on many carbon sources, its growth on glucose or polym ers of glucose, 
like maltose and starch, can be 1.5 to 3 times higher than growth on other 
sources (Wargo 1981a) . · The enhancement of .growth .of A. iµellea on ex tracts 
from roots of defoliated trees is attributable to hi gher glucose levels 
(Wargo 1972) . 

Glucose not only stimulates rapid growth of!• mellea but also enables 
the fungus to grow in the presence of inhibitory phenols such as gallic acid 
(Wargo 1980). Gallic acid , released when bark tannins are hydrolyzed, can 
inhibit and sometimes kill isolates ·of A. mellea. However when more glucose 
is available the fun gus can not only overcome the inhibition by ga llic acid 
but even use the oxidized phenol as an additional carbon so urce and grow more 
vigorously th an on glucose alone (Wargo 1980, 1981b). This also occurswith 
other phenol compounds. 
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Nitrogen - . Defoliation alters nitrogen metabolism and the levels of 
various amino acids. Alanine, asparagine, cysteine, histidine, leucine, 
isoleucine, proline, theronine, and tyrosine increase in the bark and wood 
of roots of defoliated trees and seedlings (Wargo 1972, Parker and Patton 1975). 
Of this group alanine and asparagine were shown (individually) to be very sa tis-
factory and leucine moderately satisfactory for growth of A. mellea (Weinhold 

· and Garraway 1966). The best nitrogen source in vitro was-casein hydrolys a te, 
which is a mixture of all the common protein amino acids. The fungus responds 
to the overall increase in amino nitro gen. Defoliation, like dr ought , another 
stress that predisposes trees to attack by A. mellea, causes in creases in the 
overall level of amino nitrogen (Parker and-Patton 1975). 

In current studies of the growth of A. mellea on extracts from the bark of 
oak roots, supplemental nitrogen is criti~al for the oxidation of phenolics in 
the extract. Without supplemental nitrogen (asparagine), oxidation of the · 
phenols, as indicated by an increased level of "brown ed" compounds (absorbance 
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450 A), is limited and so is growth. Additional growth and eventual utili za -
tion of the oxidized phenolics as carbon sources depends on supplements of 
both nitrogen and glucose. Growth in the extracts in the presence of gluco se 
and asparagine was 3 .to 4 times as great as with either alone. Growth in the 
presence of phenolics in the extract appeared to be a two-phase reaction, 
first the oxidation of the phenols; then the utilization of the oxidized phenols 
as energy sources. 

Successful colonization of root tissue may depend on the fungus's ability 
to oxidize phenols, and high concentrations of phenol s would make th e tissues 
more resistant to colonization. Defoliation can decrease certain phenolics in 
root tissue (Parker and Patton 1975). Also the general lev el of phenolic com-
pounds available for mobilization against fungal attack may be reduced by de-
foliation. In oaks, phenolics or their precursors are produced i n th e leav es 
and tran s located to the lower portions of the tree (Hathaway 1958). When 
leaves are removed by defoliating insects the source of phenols is also removed. 

Lytic Enzymes - Defoliation also affects activities .of enzymes that are 
capable of ly si ng polymers of chitin and glucans (Wargo 197 6). Since the 
hyphal walls of A. mellea contain chitin and Bl, 3-glucan, they are vulner able 
to the lytic action of these enzymes in the root tissues. Indeed, enzymes 
with activities for chitin and laminarin (B-1, 3-glucan) extracted from oak 
and maple ti ss ues were able to dis s olve prepared cell wall of A. mellea 
(Wargo 1975), 

While the role of these enzymes in resistance to diseases ca used by 
aggressive primary parasites, such as in Verticillium wilt of tomatoes, is 
doubtful (Pegg 1977) they could function in healthy tissue against weakly 
pathogenic agents (Wargo 1976). 

Ethanol - Defoliation may result in ethanol pro duction in the root~. 
Removal of leaves reduces water loss from th e soil throu gh transpiration and 
this, coupled with heavy or frequent rains during defoliation, cou l _d result 
in temporary anaerobic conditions on certain sites. Our studies with nat-
urally defoliated trees and artificially defoliated seedlings confirm that 
ethanol is produced in roots of defoliated trees under anaerobic soi l con- . 
dit ions . Our studies also confirm that e th ano l concentrations tend to be 
hi ghe r in root s of defoliated seedlings. Because water is not be ing tran-
spired, et hanol is not car ri ed away from th e root s by t he sapstream . 
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Like glucose, ethanol enables A. mellea to grow rapidly in the pres-
ence of potentially inhibitory compounds (Wargo 1980), and it also increases 
the ability of the fungus to use carbon sources other than glucose for growth 
(Garraway 1974) . 

The production of ethanol in roots of defoliated trees ha s an additional 
effect. The tree's ability to survive anaerdbiosis may depend on the amount 
of food reserv es present . Since defoliation reduces the stored reserves, · 
roots of defoliated trees are more vulnerable to the adverse effects of 
anaerobic conditions. Their deaths could provide A. mellea with initial 
entrance points from which the fungus could readily spread into still living 
but stressed tissues (Wargo 1981c) . 

Strain of fungus - A final consideration and perhaps most import ant in 
this "stress-attack" interaction is the strain or biological species of the 
fungus we call Armillaria mellea. There are at least ten . reproductive ly 
distinct groups of A. mellea in North America and these are th e equivalent 
of biological species (Anderson and Ullrich 1979). Within each of these 
species several clones can exist with as many as six in close proximity to 
one another (Ullrich and Anderson 1978). The larger number of clones is 
characteristic of the eastern deciduous forests in contrast to the wes tern 
conifer forests (Anderson et al. 1979). This genetic diversity can result 
in diverse pathogenicity with some "species" being more pathogenic and/or 
more virulent than others (Rishbeth 1982). This explains why some "isolate s" 
of A. mellea can be primary pathogens oh pine (Shaw 1977) and why other 
"isolates" are secondary pathogens that attack trees only after th ey are 
defoliated (Wargo 1977, Wargo and Houston 1974). 

Isolates are also distinct physiologically, as indicated by their dif-
ferent abilities to metabolize phenolic compounds (Wargo 1980, 1981b). 
These metabolic differences certainly become involved in the s tre ss -change-
fungus interaction. The genetic and consequently the physiological diversity 
of A. mellea helps to explain why in the Northeast mortality caused by the 
fungus can be localized when the stress has been widespread, why different 
species are attacked preferentially, and why stress is needed to initiate 
attack. 

Hypothesis 

Rhizomorphs of Armillaria mellea are on the surface of the root's bark. 
At many places among the rhizomorph network, hyphae penetrate the outer bark 
and "challenge" the inner tissues. Lytic enzymes continually dissolve the 
invading hyphal tips. The glucose level of the tissue is not high enough 
nor is enough nitrogen present in a form readily utilized for vigorou s fungal 
growth. Tannins and other phenols in the bark inhibit further growth of the 
fungus. Phenol oxidase production by the fungus is low and any phenols that 
are oxidized are quickly reduced back to the phenolic state. The health y 
tree resists invasion by A. mellea. Then the tree is stressE:d; changes occur 
in the roots that adversely affect the host's enzyme defense mechanisms , 
increas .e the energy available to the fungus, and enable it to alter and 
metabolize inhibitory compounds; then colonization takes place. 
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Panel: The Future of Forest Pathology 

Introductory Remarks 

THE FUTURE OF FOREST PATHOLOGY 
Everett Hansen - Moderator 

In true scholarly fashion, I want to statt this morning's discussion on the 
future by looking to the past. I'm always surprised at how much fun it is to 
read old WIFDWC's. There . seems to be no s~bject immune to the pa thologist's 
wit - except the future; there pathos seems to rule. Just last year Norm 
Alexander, in his keynote address, admonished "Doni t huddle about in da.rk 
caves asking your fellow caveman if it's worth it!" We are a paranoid bunch 
when it comes to the future. WIFDWC proceedings ar e full of such musings. 

In 1972, my first WIFDWC, Gus Loman addressed this same topic. Speaking of 
the future role of universities, he predicted "The basic function of univers i-
ties ••••• will be teaching and research aimed at training students in scien-
tific investigation. The publish or perish syndrome will be removed from the . 
career development of university teachers." 

So much for predicting the future! With that lesson, I haven't even put a 
university representative on the panel. Given the proclivity of professors to 
talk, I'm sure they' 11 get their licks in one way or another. 

I tried to share my concerns about the future of forest pathology at the 
recent APS meeting in Salt Lake City. I didn't get much sympathy from anyone, 
but several comments were particularly galling, A forest · pathologist from 
Florida accused me of regional paranoia. It seems that things have never been 
better in the South, despite the recent Forest Service RIF. An assistant 
director at a Forest Service Experiment Station asserted that f o rest patholo gy 
has never been healthier. "Witness the constantly increasing number of pap ers 
in forest path sessions at the APS meetings." I didn't believe him at first, 
but a quick count seems to support his point. 

APS Meeting Total Papers Forest .Path Pap e rs 

1971 Philadelphia 218 18 (8%) 

1974 Vancouver, B.C. 442 38 ( 9%) 

1980 Minneapolis 552 68 (12%) 

1982 Salt Lake City 653 71 (11%) 
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Is our western plight just a demographic quirk? Although most of the forests 
are in the West, most forest pathologists are in the East, and both are moving 
South. There is more than that. My friends have lost their j obs; in the 
South as well as the Northwest, and the process has been going on for a long 
time. My A.D. friend ensured my anger with his next, off-hand comment, "This 
is only a temporary slump in Forest Disease Research. Another 10 or 20 years 
and we'll be right back where we were!" 

Great! I have asked our panel members to assess where we are today , and 
where we are going. They represent the various branches of Forest Pathology 
endeavor in the United States and Canada. Their remarks will trig ge r, I am 
sure, a wide open discussion amoung the audience. 
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THE FUTURE OF FOREST PATHOLOGY 
David Adams 

It is difficult at best to look into the future. I have found however, that 
looking into the future can be made somewhat easier if one first looks into 
the past. The past can act as a guide in pointing out possible directions the 
future may take. We as a people, and forest pathology as a science, are in 
a time of great and immediate change. We·must understand what is happening 
about us so that we can make the necessary cha~ges in our traditional thinking 
style. 

Predicting the future of forest pathology seems to me to be particularly diffi-
cult, as it is tied into political whims a s well as real needs. The following 
bit of verse seems to represent my feelings: 

Said a point being approached by a locus; . 
I consider this sheer hocus-pocus. 
What good will it do me if it never gets to me? 
Will someone please tell i t to focus? 

Conrad Patter Aiken 
A Seizure of Limericks, 1964 

Nevertheless, I have turned to a recent book by Alvin Toffler, "The Third 
Wave" 1/ for inspiration and guidance. Toffler brings the future into focus 
through concentrating on the past and present happenings in this ver y complex 
world in which we live and work. · 

Let me make clear at the outset that I am not especially knowledgeable in this 
area, and therefore, don't necessarily follow Toffler's thinking . He has th e 
advantage of many years of research behind him. He is also . the author of 
"Future Shock", and "The Eco-Spasm Report". But, in any event his arguments 
are very interesting, and I believe carry a strong note of truth. You will 
have to form your own opinion, if you care to. 

Toffler traces the development of man in society from earliest times to · 
present day. Early man wandered about to find his food. Some ten thousand 
years ago, man first learned to till the soil to provide food for his needs. 
This was the agrarian revolution, or the first wave . This wave is still 
developing in some parts of the world today. 

Some three hundred years ago an industrial revolution, the second wave, began 
and ultimately changed consumer first wave society into a producer society. 
Our Civil War in 1861 was based on this change taking place. 

Now, Toffler sees a new change is taking place all over the world. This is 
his "Third Wave" . Whereas, the first wave lasted ten thousaqd years, the 
second wave has been with us some three hundred years, th e third wave will 
displace the second in only twen'ty to thirty years. 
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Toffler believes that t hi rd wave changes are r eflecte d in our work, family 
life, life- s tyles and political acts . He claims that most of us , whether 
we r ea liz e it or not, are either of the second wave committed t o maintain-
ing th at situation, or third wave, or s ome totally confused self - ca nceling 
combination of th e two. It appears that as path ologi s t s , many of us are no t 
·prepared t o become part of the third wave; our philosophies are firmly rooted 
in secon d wave th i nking. To be competitive in these times, one must compete 
for s upport not on ly on the scientific level, but al so in th e political arena. 

For th e s ake of illustrating my th eme, which is that fores t p,est control must 
be plainly visible to th ose we se rve, both scientifically and politically, 
I will make a compar isi on. This comparison is for illu s trati on purposes on iy . 
The underly ing prin ciples, not the ove rall comparison, is what I'm looking at . 

In the broad science of "For est Protection," noti ce I did not say "Forest 
Pest Prote ctio n," we find two major areas: forest fire con tr ol (and related 
activities) and fore st pest co ntrol. The California Department of Fore stry 
has re spo ns ibility for protection against fire and f orest tr ee pests over 
so me 8.5 mi-llio n acres . Fire control, in cl uding fire · prev enti on has a very 
larg e share of our budget, while pe s t prote c tion r ece iv es much l ess. 

Let's examine for a momen t why fire control assumes the monetary importance 
that it does. Fir e control people are ve ry much under pres sure t o do "more 
with l ess ," so it isn't a matt e r of f undin g to suit their wishes. Obvi ously , 
forest fire has a hi gh visibility impact: life and property ar e th r eatened . 
. Can we say that about for es t pes ts? Occa sio nally we can, but not very dramat-
icall y . Insect damage be comes quite apparent during drought years; disease 
ge ts at tent io n when the wind "blows ove r'' a (r oot - rot t ed) tree onto someone ' s 
house . Really, where do es di sease enter publi c awaren ess? Would th e publi c 
know a dis ease d tree if they saw one? Or eve n wha t disease i s? I f you as 
a fo re s t pa tholo gist were to be th e recipient bf a game of "Twenty Ques tion s, " 
do you think your questi onee r s could guess your occ upation : I think not!! 
Upon learn ing of my profe ss ion, sev e ral people have thought that I stu di ed 
dead bodies (human!!) in the forest. They were amazed , and r ight l y so , how 
anyone could earn a li ving th at way_. 

I t is easy to _ blam e th e "econo my" for la ck of forest pest monies with whi ch 
t o fund research and other po s ition s . In good part this is tru e , but not 
compl ete ly so. Certainly, all governmental for e.s t r e l a ted activities h ave 
less money to work with t han they had a fe w yea r s ago. Fire contro l is no 
exceptio n. However, as their funds have b ee n r educed , th e ir publi c awar e -
ness re la tions hip s have been i nt ensif i ed. What have we , as pathologists, 
been doing to enh ance our public image and importa nce? 

Wh_a t s hould be obvious t o eve n the most cas ual observer i s that forest pest 
contr ol (n ot t o mention forest pa th ol ogy) as a science has and continues 
to have a severe i dentit y pr ob l em. We know who we are, bu t who e l se does? 

·Whil e annual board foo t · los ses may b e high, who sees it? Let a lon e who knows 
that there i s a profession compose d of scientists who know how to do some-
thing about r ed ucing th ose lo sses? 

37 



While the to .pie of this panel is to discuss the "future of Forest Pathology, 11 

I really perceive it to mean the "Future of Research in Forest Pathology" 
for research is fundamental to all aspects of our profession. Without con-
tinued research forest pathology as a science would stagnate, and soon be come 
outmoded, 

There are very few, if any here who do not conduct research as part of their 
job. My assignment, however, is not one of research (though I do sneak a 
little in now and then under some guise) but really one of practicing extension 
work in forest pest control. From ·my point ·of view then, if you will permit me, 
I feel that the days of pathological research in the strict or historical sense 
of the word, are nearly over. The word I get from industry and my own CDF 
people is that research is fine (and we'll help), but don't let it interfere with 
our production goals. In other words, research, if you would call • it -that, 
must become a part of the production process and becomes not only cost effi-
cient, but of practical application as well. The term "applied research" comes 
as close as any to describing the situation. For example, we are attempting 
to reduce incidence of Fusarium hypocotyl rot in true firs and sugar pine in 
a CDF nursery. Trials may go on, but production isn't allowed to be reduced 
because of our work. This type of study isn't new, but in these _days when 
budgets are looked over very carefully, we can't let ourwork in pathology 
stand in the way of production. 

From the standpoint of my work as a state forest pathologist, the form of 
my output must be service, and the product of output must lead to increased 
production for the grower. It is simple, he has less money to spend to 
produce more product~ I can't interfere with that through my aid to him. 
We are in one of those "vicious cycles." Present intensive forest manage-
ment requires more research, more research requires more money, etc. We will 
not get more money until we make ourselves known. 

My own work in the Department of Forestry encompasses all areas of forest 
tree production from nursery to harvest, Christmas trees, hazardous tree 
evaluation, urban forestry, in addiiton to forest management plan preparation. 
In these times, the pathologist cannot hide under the shell of his/her know-
ledge of forest pathology, but he/she must be capable of considering pathology 
not as a discreet entity, but as a part o~ the whole ecosystem. It is, I 
believe, through the broadening of our concept of pathology that we will once 
again receive our due of respect and money for research and practice. 

The future of forest pathology as I see it, depends upon the interest of some 
very diverse groups. On the one hand we have researchers who are the backbone 
of our science. At the other extreme we find a group of people who, for the 
most part, have no knowledge of what our life's work is all about. However, 
the latter group, being duly elected officials of our State and Federal Govern-
ments control our future through control of our funding. Obviously then, our 
future lies not in enlightening ourselves about what we do, but in bringing 
out to the public our message. It is through public concern and demand that 
our science will continue. 
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The 1PM (integrated pest management, not increase~ political meddling) concept 
that many of us have been involved with, either directly or indirectly, is our 
most viable approach to public awareness. However, adoption of the 1PM concept 
brings us into another cycle in which we need funding to fully develop our IPM 
programs in forest pest management. 

Very few would argue against the benefits to be derived from a well managed 
1PM approach to disease and insect control. To develop and maintain a reason-
able IPM program takes a totally committed effort by all of us, even if it 
means redirecting our own present efforts. Each pest situation needs to be 
looked at from a variety of control methods to eval~ate which 'method(s) · 
work best under the given circumstances. For some pest situations this has 
been done, for others very little has been done. Much research, compiling 
of data, and trial and error application is yet 'to be done. Public aware-
ness needs cannot b ·e over emphasized. Fully implementing an 1PM · program will 
be expensive, and that brings us back to why this panel was called into existence. 

Forest pest control is in a transition period. Where we will go from h~re no 
one knows, But one thing is certain to me; the trend is towards direct results 
of applied control methods. I expect this to be the area of emphasis for many 
years to come. We all must be a part of this trend if we are to go on from 
here .. 
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THE FUTURE OF FOREST ~ATHOLOGY 

Vision of what the future holds for forest pathology is not any clearer for 
us than for anyone in this room. However, since we in Forest Pest 
Management (FPM) are routinely asked to predict future trends and 
consequences of insect and disease pests, not only months, but years in 
advance, we have grown accustomed to the uneasy feeling which accompanies 
these sometimes incompletely supported predictions. So, with this in mind, · 
I have consulted the FP~1 crystal ball and, without fear or trepidation, will 
briefly review what FPM is and does; what personnel, budget, and program 
changes have taken place over the past 12 years or so; and then finally ., 
offer a few observations about where we may be headed in the future. 

The FPM staff groups nationwide are responsible for leadership, 
consultation, and support in forest pest management and.pesticide-use 
management and coordination activities within the Forest Service. These 

- responsib·ilities are unique ... __ They not only tnclude direct. technical support _ 
of Forest Service and other Federal agency resource management activities 
but al so the cooperative aspects of the Forest Pest Action Program and 
cooperative pest suppression projects with those States participating in 
this part of the Forest Service's State and Private Forestry program. 

On National Forest and other Federal lands, FPM staffs provide technical 
support to resource managers by detecting and evaluating potentially 
damaging pest outbreaks to determine (1) nature and extent, (2) biological, 
economic, and environmental consequences, and (3) availabl~ prevention or 
suppression strategy alternatives. 

Reco111Tiendations are made to resource managers, who ultimately select the 
final course of action from a variety of alternatives and who conduct the 
operational aspects of most pest prevention and suppression activities. FPM 
staffs also provide direction and coordination for pesticide use on Federal 
forests and rangelands as well as conduct special pest loss assessment 
projects and ·other pilot and demonstration projects to test and demonstrate 
promising technology. 

The Cooperative Forest Pest Action Program is designed to assist States in 
financing the recurrent phases of forest insect and disease management such 
as prevention, detection, evaluation, and technical assistance. This 
program is authorized by the Cooperative Forestry Assistance Act of 1978, 
which recognizes both the need for close Federal-State-private cooperation 
in reducing forest insect- and disease-caused losses and for Federal -

Summary prepared by Robert C. Loomis, Staff Plant Pathologist, USDA Forest 
Service, Forest Pest Management, Washington, DC, for presentation at the 
30th Annual Western International Forest Disease Work Conference, South Lake 
Tahoe, California, September 12-16, 1982. 
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coordination and financial assistance when widespread, damaging outbreaks 
exceed State and local capabilities to deal with them. The Cooperative 
Forest Pest Action Program helps insure that State forest pest mdMgement 
specialists are available to assist State and private resource managers in '--
preventing losses and dealing with emergency outbreak situations. Technical 
and financial assistance is provided to States for these intermittent, 
damaging pest outbreaks through cooperative suppression projects which are 
also authorized by the Cooperative Forestry .Assistance Act of 1978. · 

This briefly outlines much of what FPM is and does. The organization has 
changed over the last 12 or so years, and by examining these personnel, 
budget, and program changes, some insight to the future may be gained. 

Personnel Changes 
In 1970, FPM was called Forest Pest Control and had 94 staff professionals: 
25 percent were pathologists, 63 percent were entomologists, and 12 percent 
of the professionals represented other disciplines . By latest count, we now 
have about 165 staff professionals--a 75 percent increase. ·The distribution 
by discipline remains very similar to what it was 12 years ago. That is, 28 
percent pathologists, 57 percent entomologists, and 15 percent professionals 
from other disciplines. 0uring this same period, the Forest Service as a 
who 1 e increased by about 20 percent. 

Viewed another way, pathologists have increased by about 95 percent, 
entomologists by 60 percent, and other disciplines by almost 120 percent . 
The 11other 11 category has not only increased greatly on· a percentage basis, 
but it has also undergone significant changes in its makeup. In 1970, this 
group was composed largely of personnel with general forestry backgrounds. 
In recent years , biometricians, economists, chemists ; ecologists, 
statisticians, and computer progarrmers have made up the bulk of this group. 
We should also recognize that, as this "other 11 group incr~ased, there was a 
6 percent decrease in entomologists. It was at the expense of this group 
that some of the diversified staffing needs were ·met. This relatively 
modest drop in overall entomologists percentage masks that as many as 
one-fifth of this _group spend a 11 or a large percentage of their ti me on 
pesticide-use coordination and environmentally related administrative tasks. 
This further reduces the number of entomologists .available for on-the-ground 
entomology. In contrast to this, the pathology group has not been tapped as 
much for these other duties. 

Budget Changes 

Since fiscal year 1972, the total annual forest pest management expenditures 
have increased from about $9 million to about $25 million in fiscal year 
1981. This represents a 177 percent increase over the last 9 years. In 
real dollar value terms, however, the increase represents less than 
one-fourth of that or about a 42 percent increase. The relationship between 
our two major work categori es--survey /program management acti vi ti es and 
suppression- -has fluctuated somewhat over the years but was almost identical 
in 1972 and 1981, with about 40 percent going to suppression and 60 percent 
going to survey and program activities. The Federal share of the 
Cooperative Forest Pest Action Program and pest su~pression projects is 
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included in each category. The Cooperative Forest Pest Action Program 
expenditure has grown from about $435,000 with 29 Stat es partic ipating in 
1971 to about $2 million with 44 States participating in 1981. 

Program Changes 

A si gni fi cant change in pest management phi l.osophy . has evo 1 ved over the past 
decade. This change, represented in its simplest form, is a change from 
reliance on direct supp·ression to a recognition that the most eff ective 
results can be obtained by preventing and reducing damage of outbreaks by 
applying integrated pest management (IPM) principl es in forest resource 
management activities. 

During the late 1960s and early 1970s, forest pest management and fire 
management were viewed in much the same context. When the seerni ng 
inevitable insect and disease or fire outbreaks occurred; it was then time 
to gear up and put them out. Too often, important pest .considerations were 
omitted from routine resource management decisions. Entomologists and 

. pathologists were not ye_t part of the resotJrce management team. 

Encouragement to use ·prevention and pract i ce IPM did not develop overnight. 
For one thing, not m~ny opportunities existed for applying IPM principles 
where little or no silvicultural manipulation was done. For many years, we 
have been dealing with "unmanaged" stands. ·In recent years, more inten~ive 
forest management has been practiced on an ever-increasing number of forest 
acres and more opportunities are available for practicing IPM. 

Another force which helped push this change along has been the passage of 
several Federal laws which required both Federal resource managers and · 
managers of programs and projects supported by Federa 1 funds to respond 
differently to the rising clamor of voices expressing divergent vie~s of how 
the Nation's forest resources should be managed. For example, the National 
Environmental Policy Act of 1969 (NEPA), the Forest and Rangeland Renewable 
Resources Planning Act of 1974 (RPA) and the National Forest Management Act 
of 1976 (NFMA) require public participation in the decisionmaking process as 
well as thorough assessment of alternative management actions to facilitate 
balanced approaches to resource protection and development. The tJFMA, in 
particular, requires the use of sound management practices which apply the 
principles of IPM to prevent excessive losses due to pests . In total, this 
and other le•gislation have more specifically outlined requirements of the 
resource management decisionmaking process and have required resource 
managers to better define and consider the biological, economic, and 
environmental aspects of major decisions. These two things--more intensive 
forest management and recent Federal legislation--have helped focus 
attention and provide the opportunity for more completely incorpor ating IPM 
principles in the resource management process. 

The Future Outlook 

In the short term, we expect a continuation of currently tight or reduced 
budgets. For example, the fiscal year 1983 budget battle continues between 
th e Administration and Congress. The President's budget request represents 
a one-third cut from the fiscal year 1982 FPM appropriations. If passed, 
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this would significantly change the program as it is today. We understand 
some congressmen dB agree with the proposed budget and may work to res tore 
it at least to the current level. In any event, adjustments which may be 
made include reoucing the Federal cost-share for suppression projects on 
State and private lands, or limiting the cooperative suppression ~"e do 
undertake, to Federal lands and to State and pri"vate lands intermingled with 
Federal lands. · 

Other savings may have to be made by reducing FPM staffing levels and by 
further .reducing our involvement in loss assessment, pilot, and 
demonstration projects. Available professional expertise will be stretched 
by turning much more of the routine pest-related surveys and evaluations 
over to forest management personnel. This can be accomplished in part by 
better incorporating pest considerations into the resource evaluations that 

· are al ready being done. 

The Cooperative Forest Pest Action Program remains a key link in fosteri .ng 
the Federal-State-private coordination needed to deal with widespread 
outbreaks. With this in mind and in spite of possible reduced budgets, we 
hope to update the present program and increase the Federal contribution to 
States to better reflect today's increased cost of doing business. 

In the longer term, we will continue to emphasize the need to incorporate 
1PM principles into all forest management decisions. We know that many 
management decisions will be made with pest management considerations 
omitted or included only as an afterthought. This is partly because many of 
the forestry graduates of today receive little or no pest management 
education. It will be our job to somehow provide this basic education and 
supplemental training. Another reason why pest management is not adequately 
considered is because our message has not been convincing enough. Getting 
more consistent application of IPM principles will require both increased 
profess i ona 1 credi bi 1 i ty with resource managers and well -supported 
recommendations. Professional credibility requires that we be knowledgeable 
both in our field of special expertise and in forest resource management. 
In addition, to be more persuasive, future recomrnendati ons wi 11 _have t~ 
better recognize the interaction of pests as faced by ·resource managers and 
will have to predict with much more accuracy the biological, economic, and 
environmental consequences of alternative courses of action. We simply must 
continue to make progress in more accurately predicting outbreak 
consequences with and without control and in describing the benefits and 
costs of proposed pest-related activities. 

In a11 likelihood , the professional makeup of qur organization will continue 
to change. The "other" category wi 11 continue to grow as the need for 
special expertise grows. Also, an effort will be made to get pest 
management out closer to where the resource management decisions are 
made-~at the Forest or District level. This could open up a number of ~ew 
opportunities and will greatly affect how we interact with and provide 
technical assistance to Forests and Districts. 
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Finally, the currently tight budgets and proposed additional cuts in both 
Research and FPM budgets raise some serious questions . What organizations 
will pick up the slack? How will the quality ·and quantity of pest -:-related 
research be affected? With our reordered priori ti es, who wil 1 carry out 
pilot testing of promising research results? 

Well, that is what FPM is and does, how we have changed over the past 
decade, and some questions to think about for the future. We must remember 
that even though change is unsettling for all of us, it is inevitable. · It 
is through change that many of the improvements we take for granted have 
come about. Individuals and organizations which can foresee and understand 
future problems and take steps in advance to develop contingency strategies 
to deal positively with them will grow and· prosper. We know that change , 
will occur and that it is in our power to accept as we 11 as to reject the 
opportunities the future holds. Which shall we choose? 
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The Future of Forest Disease Research in the Forest Service 

Earl E. Nelsqn 

Topics like this are frustrating because no matter how thoroughly one reviews 
the past or how hard one scrutinizes the present, the future remains clouded. 
Yet the future is closely tied to the past, and by taking some time to examine 
past events we can perhaps better understand why we are where we are today, 
and what to do to get where we want to be tomorrow. 

Forest pathology research in the United States Department of Agriculture 
(USDA) grew out of early work at the Mississippi Valley laboratory existing 
1899-1907. Initially, much of the early work was. on fru,it tree diseases , but 
in later years emphasis turned to forest pathology. In 1907, the concern over 
chestnut blight was largely responsible for the formation of the Division of 
Forest Pathology within the USDA in Washington, D.C., and the transfer of 
forest pathologists to that Division. 

Although there was a close working relationship between pathologists and the 
U.S. Forest Service (indeed, pathologists were stationed.at Forest Service 
Experiment Stations in the l ate 1920's), the Division of Forest Pathology was 
not brought into the Forest Service until 1954. Forest pathology _continued to 
grow in the Forest Service, along with economic prosperity and national 
emphasis on sciende, peaking about 1970 when more than 75 scientist-years 
(SY's) of research were accomplished. This compares to the past fiscal year 
when 61.5 SY's of research were accomplished. 

At the turn of the century, forest pathology was a tiny organization, but 
early pathologists such as Von Schrenk, Hedgcock, and Spaulding had the 
determination and energy to make the profession grow. The intr oduction of 
white pine blister rust, as well as chestnut blight, substantially prodded 
that growth. Rapid spread of these highly visible diseases in such valuable 
timber species was alarming. Later, introduction of Dutch elm disease and 
phloem necrosis of elm again prompted increased research efforts (Hartly, 
1980) . 

Forest Disease Research (FDR) can trace its roots, then, back some 80 years 
and in that time we can site a large number of successes: among them, the 
control of damping off and fusiform rust in nurseries; control of brown spot 
of longleaf pine, dw~rf mistletoe of western conifers~ annosus root rot of 
southern pines; and control of numerous foliage diseases of special i~portance 
to the ornamentals and Christmas tree industries . 

But these examples are only a few of those diseases of major importance in our 
forests. Control of forest diseases is not always practical. Much of our 
rese arch today looks not toward total control, but toward management of 
diseased forests to minimize losses. Successes here are more difficult to 
demonstrate and harder still to sell to politicians, high level 
administrators, and even to forest managers who are often looking for 
easy-to-apply cures. We have a l ot of work left t6 do both in finding 
solutions to disease problems and doing our best to see that these solutions 
are implamented . 
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There is presently in FDR a growing uncertainty of the future. I have asked 
FDR project leaders and Washington Office Staff for their thoughts on the 
health of our organization and their insight on what we can do to strengthen 
FDR in the future. I would like to share some of their ideas with ypu. 

Recent reductions in funding are certainly not unique to FDR. They are signs 
of economic trends in general and of current philosophy of reducing spending 
in government. Proposed reductions for Forest Insect and Disease Research 
(FIDR) for 1983 are about 11 percent below 1982. · I do not know how much of 
the total reduction will fall upon FDR but projected reductions are 
substantial. Reductions in FIDR will be painful because so much of FIDR's 
funding is tied up in salary. Wicker (1980) stated that FIDR had the lowest 
average operating funds/SY at $45,000. The average for all of Forest Service 
Research (FSR) was $69,000; a difference of $24,000. Schipper (personal 
communication) found for the period 1969- 1982 that FDR was funded at levels 
below FSR in general on a per SY basis. In Fiscal Year 1982, this difference 
amounted to over $21,000. 

There are several reasons why FDR is hurting for lack of research funds. With 
few exceptions, diseases are not ·highly visible ~nd, therefore, do not attract 
wide attention. Because of their insidious nature, not only are losses 
unapparent to most people, but in many cases we, as forest pathologists , have 
only hazy ideas of how much loss diseases cause. ' This lack of disease impact 
data has been a stumbling block to increased funding for as long as I can 
remember. If we cannot demonstrate significant disease impacts, we cannot 
justify working on disease problems at all, Cost/bepefit ratios certainly 
cannot be determined using costs alone. 

The remedy for this problem would seem to be to collect necessary data to make 
the needed realistic estimates of disease loss. In many cases, however, 
techniques for doing this are too crude to make it an attractive proposition 
for Forest Pest Management (FPM) or other agencies responsible for measuring · 
impact. · The beginning of a solution to this problem may lie in the 
establishment of a multidisciplinary project to develop technology to better 
quantify insect and disease impacts. This is presently being ·seriously 
considered by the Washington Office of FIDR. But developing better techniques 
could take years and the need for impact data is now. Until new technology is 
developed to provide a means of acquiring data supporting the need for forest 
disease research, some of the more workable techniques now at our disposal 
should be used to gather broad-based impact data for at least some of the more 
important diseases. 

All of the woes of FDR c;rnnot be blamed on world economics, lack of disease 
visibility, or lack of good impact data. We have been guilty of poor 
salesmanship in getting into practice some of the gains we have made toward 
solution of important disease problems. We need to sell ourselves to users of 
research information, to the public, and to politicians. We need their 
collective support if we are going to ·be funded to continue producing salable 
knowledge. 
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Is FDR a productive organization? I believe it has been and that it will be 
in spite of some of the problems that face us today. Budget reductions and 
personnel ceilings (problems in themselves) have led, first, to an undesirable 
age stratification among FDR scientists and, more recently, to a sharp 
reductidn in numbers of research scientists. It is pretty obvious that with 
fewer dollars and fewer people we cannot accomplish as much as an organization 
as we once did. But, perhaps of even more importance to our long term 
productivity is the absence of new staff--the fresh ideas, concepts, and 
stimulation provided by young scientists. We could all profit by having a few 
bright, ambitious, young people "nipping at our mental heels," A better 
balance of age in our organization would also provide continuity in tending 
long term research projects, so often a major part of FDR programs . 

Another problem we often face is the paradox between primary research 
responsibility and reward for accomplishmeht. Problem solving research 
requires an analysis of the problem, separating its components, and solving 
all subproblems to arrive at the final solution before new problems are · 
tackled. Some of the subproblems may require a substantial amount of time and 
resources. Problem solving research is encouraged by research administrators 
and only makes good sense if, indeed, we exist to help forest managers solve 
their disease problems. Reward for accomplishment, however, is too often 
based on numbers of publications (too often aimed at ourselves) when we are 
evaluated by our supervisors or, for that matter, by our peers. Perhaps we 
have yielded too often to the temptations of' reward and have not done our best 
to truly solve management problems. 

There is strong feeling among many forest pathologists that the future .of FDR 
lies with how well we approach and solve disease problems. There is a true 
need to work closely with forest manag·ers, to understand their problems, and 
to attack those problems in a way that leads most directly to their overall 
solution, In so doing, we will often need to work with scientists of other 
disciplines, and where expertise is lacking within FSR to cooperate with 
universities or other research organizations. Perhaps today's emphasis on 
integrated pest management will make this easier to accomplish. 

There is no easy solution to the problems we face today. The way ·out of our 
predicament is the reverse of the way_in, . Some of our problems are beyond our 
power to solve, but there is much we can do towafd splving the others. If the 
world economic situation does not improve, we must do the job with fewer 
resources. If our numbers grow smaller, we must further focus our efforts to 
make meaningful contributions in some problem areas. If we lack visible 
evidence of disease-caused forest devastation to impress congressmen, we must 
press for the statistics to do so. If we cannot hire young scientists, we 
must seek out those desi~able interactions with them, perhaps with increased 
efforts to support graduate study. If we feel unjustly rewarded for pursuing 
research in a problem solving mode, we must convince those who judge us of the 
system's unfairness. 

Forest disease research may suffer additional setbacks in future years befor·e 
we are again firmly back on our feet. We cannot predict the future. But, as 
long as we believe in ourselves, the future is in good hands. 
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Future of Forest Pathology in Canada 

by 

R.D. WHITNEY, R.S. HUNT and J.A. MUNRO 

If Paul's Motor Inn in Victoria had exploded betw ee n April 13 and 16 
this year, all but two research forest pathologists in the Canadian For estry 
Service could have been wiped out. Dr. C.E. Dorworth was on sabbatica l in 
Italy and Dr. J.T. Basham was in England because of family illnes s . Otherwise 
they too would hav e been attending the Forest Pathology Workshop to which all 
CFS patholo gists and almost all from universities and provincial government s 
were in att endance. This Workshop was convened to review, discuss and revise 
a working paper on Canadian Forest Pathology--why it is need ed, what is has 
contributed and what it can contribute to better forest management in Canada 
in the foreseeable future. 

A Review of Forest Pathology research in the CFS. has been undertaken by 
a committee of three appointed by the Director-General of Research and Tech-
nical Services, in the CFS of Environment Canada. The terms of reference 
indicated that the committee would gather information, chiefly through cor-
respondence and from reports, on tree disease problems and r esea rch opportu-
niti es and priorities with a view to ensuring that for es t pathology resear ch 
was not ne glected in future CFS Research Programs. 

The committee spent 4 months gathering information and preparing a 119 
page report which was the background paper for a 4-day Workshop which refin ed 
the report, proposed research needs and finalized recommendation s . The nut s 
and bolts of it were that the committee of three took information and comments 
from the workshop and incorporated them into a revised r epo rt which was only 
s ubmitted to the Director General September 10. This r ep ort with its recom-
mendations is to be considered by the Committee of Establishment Directors at 
their meeting September 21. 

Understandably, we are not at liberty to discuss matters of a controver-
sial nature contained in the report or the recommendations prior to them hav-
ing be en seen by those authorizing th e revi ew. Information on tre e diseases 
in Canada contained in the report i s mostly published and can be freely used . 
Much of what we ha ve to s ay are our impressions of forest patholo gy in Canada 
gained from being involved with the forest patholo gy review. 

Forest pathology in Canada grew up around mycolog ic al studies and decay 
studies. Pathologists worked on individual fungi and the hand f ul of diseases 
that were known to be important such as white pine blister rust, Dutch elm 
disease, birch dieback, pole blight and dwarf mistle toe s . Decay studies 
resulted in better ne t volume estimates in s tandin g timber. 

Impact of Tree Diseases 

In Canada the forest products industry contributed $22 billion to th e 
economy in 1980 acco untin g fo r one dollar in eyery seven of manufacturing 
s hipments (3). Forest products r es ult ed in a positive balance of trade of 
$12 billion which was more than any ot her sector including agriculture and 
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mining. This high productivity has been maintained for some decades and 
probably will continue for a few more years. 

Actually you might say there has been little or no effect of tree diseases 
on Canada's economy or standard of living of its citizens. The cost of wood 
and of Christmas trees may be somewhat higher as a result of measures being 
applied for control of nursery diseases and Dutch elm disease may have in-
directly reduced some property values and necessitated the use of some other 
species for furniture stock. The great reduction in the annual white pine 
cut from the early part of this century to the present is due less to white 
pine blister rust than to lack of reforestation. Decay, which reportedly de-
stroys some 25 mm m of wood per year in standing timber in Canada, does not 
prevent our mills from running at full capacity. Other factors might and do. 
Armillaria mellea kills about 2% of stems per year in conifer plantations in 
Ontario but if final stocking is affected at 60 or 70 years of age in spruce 
or pine stands this is not known or heeded at present. 

In a recent estimate, total annual losses or consumption by diseases ex-
ceed 65 mm m 3 of timber in all of Canada (2). Disea ses and insects have 
been getting a large share of the forest estate for a long time and they will 
continue to do so as long as people are satisfied with the share they are get-
ting. On a Canada-wide basis diseases account for more than 1/3 as much timber 
as is harvested annually. It should be remembered that for the entire country 
only about 75% of the economically accessible allowable cut is harvested (3) . 
However, the excess of growth over cut is all concentrated in only 4 provinces 
and it is only marginally economic. Regional shortages are already being ex-
perienced as was indicated in a recent federal forestry sector strategy paper. 
Tight regional wood supply problems could possibly be alleviated by reducing 
current losses to diseases, insects and fire. Reduction in disease losse s of 
about 30% would make available an additional 20 mm m 3 per year and this would 
be most advantageous if concentrated regionally where the wood shortages 'existe<l. 

Two aspects of the above statements are pertinent .to disease considerations. 
The first is that the consumption of trees by.diseases will eventually be felt 
by wood-working industries and at that time controls or some means of reducing 
the effects of diseases wi ll be wanted in a hurry. This will likely . occur when 
the old growth timber is used up. The second is, what are th e volumes being 
consumed on a specific watershed, leased area, stand or hectare of land? 1bis 
was the most sought after information by forest industrialists and provincial 
forest managers irt answer to solicitations concerning important diseases in 
their jurisdiction. How much of a disease problem do I have? What effect will 
diseases have on future stocking, yield, stand composition and seed production 
in my stands--10, 20 or 50 years hence? Most forest managers are unaware of 
the losses diseases are causing in the forest, and unless they are catastrophic 
many diseases may not be noticed at all. We as pathologists aren't able to 
give all the answers either. 

This leads to a topic considered to be of utmost importance at the Victoria 
Workshop--that . of Loss Assessment or Damage Appraisal . Horsfall and Cowling 
in the first Vol. of their book (5) p.· 8, state the most urgent need in forest 
pathology today (1977) is improved understanding of the magnitude of losses. 
It is no easy matter. Damage by diseases consists of a variety of effects --
mortality, growth reduction, decay; deformation, predisposition to windfall 
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or other pests including other diseases and pollution. In long-lived plants 
like trees all of these can be. present until mortality occurs. Measurement 
of these damage facto .rs are difficult enough but attributing economic loss 
to them is · even more difficult. · Loss ·es from nursery diseases for example, 
can be determined with a high degree of accuracy because damage can be easily 
tallied, cost of new seed and seeding operations are definable, and most of 
land, and other material and labor can be found. The only difficult problem 
with estimating losses from nursery diseases is costs resulting from adjusting 
planting programs if the seedlings are not available . . But, for other diseases 
not only are damage factors such as growth reduction, more difficult to 
measure and isolate, but ultimate economic losses to productivity such as 
from liquidating a stand prior to maturity for a lower value product, must be 
taken into account. 

Research managers are reluctant to assign scarcer and scarcer research 
resources to study of a disease problem until the economic importance of the 
disease has been shown. This often cannot be done due to the above difficul-
ties. Furthermore, researchers have been reluctant to -work on damage or loss 
aspects of diseases when both their training and inclination lean more to 
solving the problem. In the absence of good damage and loss appraisals, justi-
fication and hence support for disease research have declined steadily since 
the .disposition of research resources has been called into question . 

Lack of support for disease research was further aggravated by inability 
of researchers to develop directly applicable controls. · Where direct controls 
could not be found, silvicultural or indirect methods of reducing losses were 
resorted to and developed for many diseases. These methods included such pro-
cedures as altering stand composition, re4ucing logging injuries, reducing 
rotation ages, eliminating cull or diseased trees or parts of trees, ·or avoid-
ing silvicultural practices that increase disease susceptibility. Since levels 
of forest management in Canada were .such that most of these silvicultural 
techniques were not used, such disease control was held in abeyance until 
forest management practice intensified. 

Not all the disease control recommendations were impractical, however. 

Forecast Forest Management Problems and Disease Implications 

Forest Management will probably become a reality in Canada in the 1980's 
with an increase in intensity beyond th .at. During the last five years there 
has been a very noticeable increase of public and political aw~reness of the 
importance of forests ·and of their problems. A prominent silviculture re-
searcher in Canada, W. M. Stiell, stated in .1976 "The intensification of 
forest management is inevitably accompanied by a sharper awareness of forest 
enemies ... " Their impact often looms most prominently in plantations, where 
it is readily perceived and where the costs of stand establishment are best 
appreciated. 

In Canada only 200,000 ha/yr. are reforested while the annual area of 
cutover is 800,000 ha. An additional 200-300,000 regenerate naturally (3). 
There are signs already that reforestation will increase dramatically to try 
and bridge this gap and reforest the backlog of unforested cutover land. 
Seed orchards, seed and seedling storage, and nursery production, each with 
known disease problems are being increased. The application of · selected 
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mycorrhizae to stimulate. seedling grow:th a.nd confer other desirable character-
istics to trees may come. into general practice .. This will necessitate the 
development of a mycorrhiza technology. 

With liquidation of old-growth forests and bringing on stream of new 
forests, rotation ages will decrease and stem decay will be very much reduced. -
In the immediate future trees forme ·rly considered as weed species such as 
aspen, red alder and balsam fir, will be utilized, necessitating more intensive 
study of their pests including diseases. Intensive management has begun with 
site preparation, pre-connnercial thinning and fertilization. In addition, tree 
improvement and selection, pruning and commercial thinning will start. 

A pathological benefit accompanying thinnings or tree improv ement cuts 
is that an opportunity is provided to remove diseased trees or those of low 
vigour that are prone to disease. At the same time, however, stand improvement 
with machinery inevitably results in wounds to residual trees which can be 
ideal entrance courts for disease fungi and log degrade through deformation. 
Treatments or refinements of methods will have to be de"veloped where these · 
procedures come into use. Dead root material may also provide unwanted 
inoculum of some parasites. 

· scarification procedures conducted to prepare sites for conifer regenera-
tion frequently do not kill, but only badly damage poplar, birch, alder, etc., 
that continue to form crop trees. Unless these damaging procedures are 
altered, the diseases resulting will have to be dealt with. 

The application of fertilizers, while increasing tree growth, can result 
in more disease, and faster-growing black sprQce on upland sites have been 
found to have much more root and butt rot than slower-growing ones on the same 
sites . These facts should be taken into account before extensive fertilizing 
is conducted. 

As mentioned earlier, information on the losses caused by diseases be-
comes increasingly important · as silviculture intensifies. The effects of 
formerly weak parasites may be vastly different in younger stands grown under 
different conditions. More intensive disease surveys and better damage 
information will be required. 

In the future there will have to .. be more pathology input in forest plan-
ning for seed production, raising of seedlings, selection of planting sites, 
tending of stands and harvest and utilization of trees . Lack of pathology 
input at the planning stage has resulted in silviculture ·failures · in nurseries 
and planting programs. Before investing scarce resources in large-scale 
planting programs, forest managers must be shown how to assess pathological 
consequences of various silviculture options . 

Present Pathology Program in CFS 

Present research is largely conceived by regional establishments in con-
sultation with provinciai resource managers. From 1968 to 1979, the Canadian 
Forestry Service research personpower was reduced from 2181 to 1063, a re-

. duction of 51 percent . At the same time professional pathologists were 
reduced from 54 to 25, a 54% reduction. Of these 25, 8 are in survey work, 
leaving 17 person-years in research. 
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The Paci:f;ic and Great Lakes Regions are best represented with forest 
pathology sta:f;f, with the other four Regions below the critical mass or ef-
fective working level (4, 9). 

Good biological information has been obtained on many of our important 
disease problems such as decay, stem rusts, root r ·ots, fume damage, Dutch elm 
disease, stem rusts, mistletoes, nursery diseases, cankers, pole blight, birch , 
maple and ash dieback, and mycorrhizae, Research results have been incorpo~ 
rated into forest management plans where appropriate , but some recommendations 
were impractical because of the low level of forest management as indicated 
above. At present, root diseases employ the highest number of professionals 
4.3 (26%) followed by studies on Scleroderris canker (17%), DED (15%), and 
stem decay and deterioration (10%). Rust studies and technology tr ansfer 
employ 6% and 5% of the person-years and other disease problems employ 1-4%. 

The number one disease problem for both provincial and industrial fo .r-
esters, root diseases, is in fact receiving the most research resources (26%) 
by the CFS. Two of the other three research areas receiving large proportions 
of the research effort, Scleroderris Canker and Technology Transfer, also 
rated high or moderately high as problems for provincial or industrial forest 
managers. Dutch elm disease research, receiving 15% of CFS pathology research 
resources, was rated as moderately important by provincial forest managers 
and as unimportant by indus~rial foresters. However, DED is a major concern 
of municipal authorities who were not solicited in t he survey. 

Strengths in the CFS pathology research program are the fund of basic 
information on many diseases built up over the years and in expertise in the 
various regions. A strong diagnostic capability has been developed and per-
specti ,ves bave been established on a large number of relatively less important• 
disease agents. Studies of several unsolved diseases such as birch dieback 
and pole blight, while not resulting in specific controls, have contributed 
substantially to the understanding of the ecology of the trees concerned. 

Weaknesses in the program to-date have included inappropriate or im-
practical recommendations for disease control and inadequate explanation or 
transfer of control information to forest managers. Lack of a sound relation-
ship with other disciplines at conceptual and planning stages of research work 
on diseases has been another weakness. There has been a serious lack of 
reliable es .timates of damage or losses from specific diseases. This has not 
only frustrated control procedures, but has failed to provide the necessary 
justification for badly needed research on many diseases. 

Future of Forest Pathology in Canada 

I cannot say what the future will bring for forest pathology in Canada. 
I can indicate what I hope will happen and ,what I hope will not happen. 

First, what I hope will not happen is a continued retrenchment and cut-
ting back in forest pathology research in Canada. I think I was expected to 
bring a ray of sunshine to this panel so I won't dwell on this . But the sun 
has definitely gone behind a cloud because the Dutch Elm Disease research 
project at the Great Lakes Forest Research Centre was terminated in August 
this year! 

53 



As silviculture conies of age in Canada anything interferring with tree 
growth will also become important.and T hope the development of disease man-
agement will follow. With the rising value of forest products there will be 
a general improvement in the economic climate for investment in good forest 
management in general, and better pest management in particular. A declining 
land base will force the forest manager to maximize his yield of usable product 
by whatever means available to him, including pest control. Forest managers 
are becoming aware of the other managers of the forest--insects, diseases and 
environmental co~ditions. These other managers have always been there. If 
man, the intruder, wants a larger slice of the pie, he must recognize this 
and learn to better compete with those having nature on their side. 

Timber and forest products in British Columbia, are of the utmost impor-
tance, and the B;C, Ministry of Forests, in recognition of an expected serious 
shortfall in forest yield in some districts, is developing a vigorous pest 
(especially disease) management program. A Forest Pest Management Section has 
been established (presently 52 person-years) by the BCMF which is dependent 
mainly on the Pacific Forest Research Centre for pest ·control information. 
Currently emphasis is being placed on reduction of root rot and mistletoes, 
which combined were estimated to result in losses of 6-5 billion m3 of timber 
in Brttish Columbia in 1978 (1). Additional information on these pests will 
be required for implementing a disease management program that is effective 
and economical. 

Two aspects of Canadian Forest Pathology must 
of the innnediate future is to be made. ' These are: 
that diseases are important and should be studied. 
new approaches. 

be addressed if an analysis 
1. _Convincing management 
2. Combating the diseases--

Earlier in this report the inadequacies of damage appraisal and disease 
loss estimates were pointed out . Managers, not only of the forest, but of 
Research also, must be shown the importance of diseases to their operation. 
National average damage or loss estimates are of little use when trying to 
estimate yields on a specific property. Site characteristics and other en-
vironmental factors affecting tree quality are not described in national or 
provincial loss estimates, and sampling on the specific property by stand 
types is required _to get accurate estimates of current disease or insect 
losses. Making for·est managers aware of tree disease in their area and what 
they should be looking for is a current technology transfer challenge. This 
challenge is beginning to be met by such mechanisms as root rot workshops for 
forest managers in British Columbia (8). Being aware of diseases is not the 
whole answer of course, but knowing their presence and potential for damage 
can help considerably in management planning. Disease awareness among forest 
managers is _where the impetus for research must originate, but this awareness 
must be fostered by pathologists. Most forest pathologists that I know would · 
rather work on a pesky disease problem than try to convince a busy management 
forester of the importance of diseases. But it is largely up to us as the 
only body of people knowledgeable of tree diseases to show foresters and 
research managers what diseases are doing . 

Another attack on this job of technology transfer could be made through 
our educational institutions. Lack of knowledge about tree diseases among 
forest managers is partly due to forest pathology being taught chiefly in 
isolation and in an atmosphere of research rather than as an integral part of 

54 



fores.t manageme~t. rorest pathology and entomology and fire control and use, 
should always be taught in the context of forest management and tree physiology. 
Curriculae on forest management should recognize that diseases ar e a part of 
nature and we must assume they will be there unless preventive steps are taken 
at appropriate times in management planning and during the life of a stand. 

When the forester does decide that disease control or minimization of 
diseases is a worthwhile silvicultural option, pathology expertise and control 
techniques often must be incorporated early in the life of a stand as they are 
designed to prevent diseases from developing . Preventive disease management 
can only be practiced if knowledge of tree diseases is utilized during forest 
management planning. If the lush looking seedlings a forester gets from the 
nursery have hockey-stick roots from nursery transplanting, or the roots are 
dry and moldy from improper storage, they must be rejected. · Otherwise pro blems 
of root rot, premature windfall, and disease associated with low vigor tree s 
will develop later on. If the area being planted is sandy and rapidly drain ed 
he must insist on a species s1.,1ch as jack pine that will survive and grow there. 
Spruce will most likely survive poorly and those that do survive will become 
chlorotic and many will contract root rot and die. If only spruce is avail-
able, the planting must be postponed until the desired species is available. 
Perhaps the forester should insist on mycorrhizal seedings--up to a certain 
mycorrhizal standard, or even specify the mycorrhizal species. Our technolo gy 
on mycorrhizae is certainly not developed to that level in Canada, but re-
generation problems are paramount in parts of the country, and maybe mycorrhizae 
could help. Here we need more knowledge. 

Of course diseases develop later on in the life of a stand as well, and 
unexpected diseases occur. Many of these are with us now--white pine blister 
rust, Phellinus root rot, birch dieback, etc. 

Innovative ideas and procedures will have to be developed for disease 
reduction and control. Genes controlling virulence in pathogens and resis-
tance in host trees should be investigated. Use of the fused cell technique 
for hybrid production in biotechnology, if applicable to forest trees, could 
ultimately lead to plants with greater disease resistance; Direct control of 
forest pathogens involving the use of virus-lik e agents as in hypovirulence 
in the chestnut blight fungus, should be tried on more diseases. Biotechnology, 
still in its infancy, requires an in--depth sub cellular scientific base. This 
usually means amalgamation of expertise from several institutions, but the 
ultimate payoff in tree disease control could be great. 

The incorporation of disease information into stand models and simulation 
techniques can help to ensure use of tree disease technology, as well as point 
out the gaps in information that exist. The use of these techniqu es could be 
much more widely applied in Canada. 

As in human medicine, emphasis should be placed primarily on the preven-
tive rather than the corrective approach to disease management.. Under s tanding 
the ecosystem in which the trees grow is essential if trees are to be grown 
under conditions where prevention can be practiced. Biological control is an 
ideal method of control where environmental conditions are manipulated so a 
third organism or entity works against the pathogen or disease agent, bu t 
not the host. Biological control of plant diseases has not been a roarin g 

55 

,, ' '1· i. 
••~l j 



success in North America, hut one of the two commercially available biocontrol 
ag~nts for plant diseas ·es in the United States is for a tr ee disease--
Annosus · root rot. Other examples, as with Trichoderma vi ride parasitizing 
Armillaria mellea and mycorrhizae protecting against Phytophthora cinnamomi, 
seem to indicate promise in this field. But unless you have a lot of luck, 

biological control entails a detailed knowled ge of lar ge numbers of inter-
acting factors and is a tremendously large undertaking. 

We hope that a new era is dawning where di seases will be studied in con -
cert with insect attack and adverse environmental factors. Too often in the 
past one of the three above aspects of a problem only has bee n addressed. 
Ther e are some notable exceptions. Long-liv ed perennial plants (trees) can 
be expe c ted to have combinations of problem s acting t oge th er in a disease 
syndrome. In volume 5 of their treati se , Horsfall and Cowling (6) state 
"rarely is disea se caused by a single agent; · cau se is complex, and i ts study 
is just as complex .•.• " Probabl y rese arch on most di seases would be more 
successful if expertise from several other disciplines were also brou ght t o 
bear on the problem. Examples of where this had happ ened in Canada are th e 
blue stain bark beetle complex of lod gepo le pine and white spruce, Dutch elm 
disease and nursery diseases. 

Tree stress is probably a ba s ic cause of a tree succumbing to many di s-
eases. Shigo (7) recently pointed out that if sufficient energy flows are 
present in a tree, that many infections that occur are walled off and the tree 
survives.· This cannot happen if energy is low . The part that predisposing 
stress factors play in pathogen infection and disease development is complex 
but is basic to understanding tr ee dis eases. Even if all the intrica te stress 
relationships are not clarified, at least what the stress factor s are should 
be defined. 

During the recent review exercise pathologists in each of the six regions 
of Canada were ask ed to priorize important diseases in their re gion . Armillaria 
root rot was in the top 6 important di se ases in all r eg ion s. Stem decay and 
dete rioration studies and white pine blister rust were included in th e first 
10 important diseases in all regions but one. Scleroderris canker was rat ed 
in the top 3 diseases in a:11 but the two wes tern ,-region s . Damage appraisal 
or impact studies were indicated as a requirement for most diseases. 

To sum up let me sa y: 1. It is not easy to build a case for tree di s-
ease re sea rch when fore s t management is at a low level or is non-existant. 
2. In Canada accurate loss s tatements from tree disea ses by land jurisdiction 
are probably the most urgent requirem ent as an impetus to disea se re sea rch. 
3. Aside from nursery disea ses, controls for di seases of commercia l trees 
have been unspe cta cular. The greatest patho~ogy contr ib utions have been in 
inv entory improvement throu gh estimates of cull. Our two most importa nt 
di se ases (by volume) - -stem decay and mistletoes, are being greatly reduced 
throu gh reduction of r~tation age and sanitation--not through any control 
breakthrough. 4 . A breakthrough in controlling important diseases such as 
pine stem rusts, root rots or mistletoes in young stands i s badly ne ede d. 
5. Disease prevention throu gh application of sound knowledge abou t diseases 
to forest management is ultimately th e best control. Let's hope that research 
on tree diseases does not di sappea r because of unspectacular cures. 6. Better 
knowledge about tr ee disease among practicing for esters so they ca n appreciate 
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the ef;fect o,l; di .s:eas.e..s: on fo"):'est m.anagell_lent, should be an aim of our forestry 
education ins :titutiorn;;-. 
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Panel: Who Are The Players fn 1PM, 
And Is It Something That New ? 

Fields W. Cobb - Moderator 

Much has been said about IPM during the past several years, and two years ago we had a 
lively discussion on the subject at Pingree Park, CO, which was very ably led by Dick 
Parmeter. Hence, we do not wish to belabor the subject . Rath er, we'd like to try to 
answer a couple of questions that we think are important. Most likely, you will find that 
there is not complete unanimity even among the panel. 

The answer to the first question, "Is it really new?" depends upon one's view or definition 
of 1PM. The terminology is new; entomologists came up with it to replace another of 
their terms, "integrated control." IPM is an expanded ·concept of integrated control, and 

· there are many entomologists who claim both concepts as theirs. As for the 1PM concept, 
I contend that plant pathologists have been practicing much of that ever since our tr.iad 
concept (host-pathogen-environment) replaced the old germ concept several decades ago. 
This is especially true with respect to forest pathology, particularly because we could not 
justify the costs of multiple applications of fungicides over a 50-100 year rotation . 

However, that is not to say that there is nothing new within IPM. There certainly is. For 
example, 1PM has a very strong economic component, one that often necessitates the 
inclusion of economists on an IPM implementation team. In turn, the economists are 
going to need much better quantitative data from us on the effects of disease alone and in 
combination with other pests. 

IPM also demands a strong input concerning the requirements, physiology and growth of 
the host plants. · If we are truly interested in integrating the management of pests, it 
means that we and the entomologists are going to have to communicate with each other 
more effectively. And, in spite of all the negative reactions, we must learn to make 
computers and their programmers work for us. A fully-integrated pest management plan 
should include inputs from many disciplines. To integrate those inputs into predictive 
models, we must use the computer and the mathematical models that are being developed. 
This again brings us to the need for good, quantitative data. The data must come from 
surveys and other studies that are well-conceived to give the types of data (input) needed. 
Used correctly, the computers and models can assist us greatly in identifying gaps in our 
knowledge that need filling before we can develop sound plans. 

Is 1PM new? Frankly, my opinion is, "no." Most of us have been practicing it in a some-
what crude form all along. However, we now have a new generation of tools and a 
broader recognition of how we should be working together for the common goal--
optimization of forest yields in the long term. 

Which brings me to the . second question, "Who are the players?" To me, this is a very 
important concern. Often, we've heard people speak as though IPM exclusively, or at 
least primarily, involved pathologists and entomologists. Others might add weed Control 
specialists. Sometimes, we might even include the silviculturist, which is certainly a 
move in the right direction. However, as in our discussion of "who is our audience," we 
have often excluded the "bottom line ." The bottom line is, of course, the forester--the 
man or (more and more) the woman who must recognize the value of our knowledge and 
put it to good use. If the forester does not see the value of our input, it won't matter how 
much the public on the streets of San Francisco may like the pictures in our public at ions. 
If we do not include the forester in our 1PM team from the very beginning, we ar e making 
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' a big gamble that our efforts will be overlooked once again in the management of for est 
resources . Maybe the term "IPM" should now be discarded in favor of the old "forest 
resource management." That is where our ultimate goals are and that is where we have 
been for decades, except for short lapses when we may have forgotten those goals. 
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IFM, NOT IPM 

Oscar J. Dooling.!/ 

What we're really talking about is integrated forest management (IFM), 
not integrated pest management (IPM). 

The manage r is constantly bombarded from all sides with advice; 
pathology is only a small part of it. If you can prove your advice 
is important, the manager will listen. But r emember--ev en though 
the manage r understands the probl em and wo·uld like to follow your 
advice; there may be other factors that you aren't aware of th at 
take precedence over any~hing you say: esthetics, water shed , soils , 
or wildlife. Politics can be either external (public) or in t ernal.-
Policy is also important--what you suggest may be 180 degr ees out 
of phase with organizational policy. 

Your part of IFM is to help the manager underst and the tradeoffs 
by playing the pathology game of "If you do thi s, then you can 
expect ••. "; but be ready to play the management game of "But I 
can't because .• .• " 

1./ Plant Pathologist, Cooperative Forestry and Pest Management, 
USDA Forest Service, Missoula, Montana. 
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WHO ARE THE PLAYERS IN IPM--IS IT SOMETHING NEW? 

C. S . Koeh ler, Entomologist 
Cooperative Extension 

University of California, Berkeley 

From the perspective of an .entomologist more acquainted with urban 
forestry and agriculture than commercial forestry, there are t hree points I 
wish t o make: 

(1) On the question of whether IPM i s something new, we must go back, in the 
West, to about 1950 when th e term supervised control was coined. Thi s 
described an agricultural system involving grower employment of an entomologist 
to sa mple h is acreage for pest and beneficia l insects and to advise on the 
need for tr eatme nt. In the early 1960' s a new term, integrated control , was 
coined. This involved a more deliberate attempt, on the part of the c rop 
protection entomologi .st, to integrate various components of inse ct control 
practices--usually chemical and biological contr o l. in the earl~ 197~ 's a 
new t ~m emerged, integrated pest management (1PM), which describe d an 
integration of all the crop protection disciplines into a unified and compatible 
protection system. IPM ~as an image-building term, 'one designed to imply that 
we had left the dark ages of pe st control and entered a new and enlightened era. 

Each of the fi rst-named systems lasted about 10-1 2 years each. On that 
basis, we may be approaching the end of the natural life of IPM. It is lik ely 
to be r ep la ced by a term emphasizing integration of all the essential components 
of an entir e cropping sys tem. Already in agriculture there are s ign s that 
such a new philosophy is emerging. 

The leadership of each of these successor systems has been provide d by 
entomolog ist s , and each system has been inflicted upon counterpa r ts in the 
other plant protection disciplines. Where are the spokespersons who will assure 
that plant (forest) pathology will get its proper billing in whatever succeeds 
IPM? 

(2) The future of traditional forest 1PM is cause for concern. You are 
attempting to provide protection of a crop with a 40- 80 year harvest cyc le 
while dealing with the vagaries an d realities of 2-5 year funding cy c les. 
Superimposed on this climate are the uncertainties of housing starts . Finally, 
U.S. Congressional reapportionment has st ripped the vote from th e rural sector 
and given it to the urb an sector--to fol ks who see our for es ts more as 
r ecreational lands than as timber production areas . 

Consider exploiting the phenomenon called urban forestry. I n today ' s 
climate it appears to be one of the few growth areas for forestr y and forest 
protection, at l eas t in the shor t term. Much of the research reported at this 
Workship could have been conducted und er the umbr el la . of urban f?restry_. So 
long as the publi c sector is likely to remain a ma1or sponsor of forest IPM, 
consider taking advantage of what urban forestry has to offer. 

( 3) In the real world of urban forestry, the probable inevitabl e establishment 
of inse ct s such as the gypsy moth are like ly to afford new challenges to forest 
IPM~ In 1982 gypsy moth was discovered in 14 Cali fornia counties, and in 
about 12 counties collectively in Oregon and Washington . From the Eastern 
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experience it is well known that several consecutive years of defoliation of 
broadleaved trees, and a single year of defoliation of conifers, results in 
stressed trees and in increases in pathogen incidence sufficient to kill such 
trees. If or when the gypsy moth succeeds in becoming established in the 
West, and if the insect performs here as it does in the East, we will confront 
a problem quite unlike anything we've had to deal with in the Western urban 
forest . 

/ 
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IPM -- THE PLAYERS, AND NOVELTY -- AN INDUSTRIAL PATHOLOGIST'S VIEW 

Jerry Koenigs · 
International · Paper Co. 

I approach this topic with both enthusiasm and trepidation. Enthusiasm 
because, although I was hired by Internatjonal Paper Company to develop a 
plan of basic research in the area of pest protection, I soon realized that 
a good deal of pest research had not been applied. Consequently, I tailored 
a series of management recommendations for major southern pests to satisfy 

· IP's specific objectives and constraints. Out of this activity an IPM pro-
gram was born and adopted by our Land & Timber Business Division. Besides 
some research projects that I conduct, my efforts still focus heavily on 
aspects of pest management particularly in the areas of hazard rating and 
computerized mapping for fusiform rust and annosus root-rot. I feel partic-
ularly fortunate in being able to wear the two hats of .researcher and pest 
manager because of the insight this provides as to the intimate interdependency 
between research .and pest management. Although I researched at the Inter-
mountain Forest & Range Experiment Station in 1961-1965, my apprehension , 
initially arose from my feeling of ignorance of the current status of forestry 
management, forest pest research, and pest management practice in the West. 
Also some of my comments may appear to be arbitrary and critical of pest 
research and researchers and to overlook much of the good research, but I 
offer them in good faith and with some awareness of the dynamic research 
underway. Pleasfr realize that I feel equally vulnerable to such criticism 
because of some of my past attitudes while I was purely a researcher. 

Who are the players in IPM? Most obvious is the pest manager. He is 
the technologist who applies knowledge about the pest in order to reduce 
losses and control costs. Less obvious is the researcher who supplies the 
basic biological and ecological knowledge to the pest manager. Without him 
there would be no technology -- technology being simply applied science. 
Least obvious, especially to some researchers, is the forest manager -- the 
player with the pest problem. I consider him a. if not the principal member 
of the IPM team. He is a forest pest researcher's and pest manager's "reason 
for being". Without him there is no need for us. Furthermore, if we can't 
convince him to use our research or accept our recommendations, what have we 
accomplished? Additional members of a pest management team may at times 
include economists, statisticians, growth and yield specialists, silvicul-
turists, and eventually geneticists, meteorologists and soil scientists. 

As to the second part of the . panel topic -- is IPM new? If your view of 
1PM is that it is a loose system for managing pests by coordinating control 
options -- usually silvicultural measures -- into a coherent plan, then, no, 
1PM isn't all that new. You may also believe that view is sufficiently com-
prehensive or dismiss 1PM as a vague program based on glittering generalities. 
For the researcher, pest manager or forest manag~r with these beliefs, I 
suggest that some changes are necessary in your thinking if forest productivity 
is to be increased through pest management. · 
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What are some of these changes? First, lets change the name of the 
game -- from IPM to IFPM. You guessed it, the "F" is for "Forest" . This is 

· more than an academic issue . or a psychological ploy associated with buzzwords. 
Nor was it meant to differentiate the pest management of forests vs. agron-
omic crops. It was done to introduce a concept of scale, to change our focus 
from tree pathology to forest pathology . It's the difference between autecol-
ogy and synecology -- the difference between studying the effect of environment 
and man on the pest in single trees or perhaps a part of a stand to one of pop-
ulations of pests in populations of trees within stands, and of stands within 
forests or over a region. This perspective is required for acquiring pest 
information on a stale that permits estimating impact and development of man-
agement strategies at the regional level as well as at the individual stand 
level. Basically, it describes the epidemiological · approach to fore st pest 
research and pest management. 

Epidemiological studies involve four general a:ctivities: (l) developing 
disease progress curves along with a knowledge of the biological and ecological 
factors affecting rates of change, (2) developing incidence - impact curves, 
(3) rating , monitoring, mapping and forecasting hazard and (4) evaluating 
the effectiveness of various pest control measures under varing environmental 
conditions and levels of hazard. · The flow of epidemiological knowledge from 
research to pest management takes the form of hazard evaluation and control 
effectiveness. I do not undervalue the importance of basi~ research on basic 
biology and ecology of the pathogen, host and the disease, but I do ·stress 
that this iriformation be acquired with an understanding of the epid•emiological 
framework 1into which it should eventualJy be fitted if it is to be ultimately 
worthwhile to the pest manager and forest manager. 

The 11Forest" concept .in IFPM requires determining the probability distri-
bution of pest impact or hazard zones and probability estimates of the effec-
tiveness of the individual ·control options over a broad range of environmental 
conditions at different levels of hazard. Probability estimates of both hazard 
and control effectiveness are required for calculating the cost effectiveness 
of management options and for integrating options into a final pest management 
plan. The ''Forest" perspective also provides insight for developing new re-
search and management tactics and strategies at the regional scale, strategies 
such as genetic and functional diversity -- that would not present themselves 
when considering pest dynamics at the single tree or single stand level. 

What are some of the changes necessary if IFPM is going to contribute to 
increased forest productivity? Regarding "Integration", the researcher needs 
to plan his research so that results can be integrated with the objectives and 
constraints of the forest manager. Questions he needs to ask are: Who is the 
forest manager that will be using his information - - a small landowner, or a 
public or private forester? What is the product -- pulpwood, sawlogs and veneer 
or some multiple resource? What are the forest management variables -- the 
stocking density, rotation age, thinning schedules, silvics of the host, silvi-
cultural practices, etc.? The researcher should clearly understand the sepa-
rate but interdependent roles of himself, the pest manager and the forest man-
ager but adopt the attitude that his main function •is to assist the forest 
manager in increasing productivity by helping him meet his objectives within 
his constraints. 
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The pest manager must evaluate pest management recommendations for -single 
pests, and for multiple pest, host and disease combinations. He must resolv e 
conflicts between recommendations and make the recommendations for each pest 
enhance one another. He must pilot-test control recommendations, determine 
there effectiveness and calculate costs~ The pest manager must integrate and 
assign control recommendations into a pest management system according to levels 
of hazard, and their cost-effectiveness. He must integrate pest management 
recommendations with the objectives of the forest manager. 

The forest manager needs to list his objectives and constraints. He needs 
to supply information on the value of his product or product mixture so that 
the economic threshold and hazard zones can be established and that the bene-
fits and cost elements of the benefits/cost ratio can be calculated . He also 
must evaluate pest management recommendations and integrate them with hi s 
forest management objectives and constraints. 

Changes are needed in our view of "Pests 11
• The researther and pest man-

·ager must remember that a pest only becomes a pest when impact reaches or 
exceeds some specified economic threshold. Depending on his valuation of ben-
efits and control costs and his economic threshold the definition of 11pest 11 

will vary among forest managers. Up to the limit of his own economic threshold, 
the forest manager can tolerate some level of pest loss. Si~ilarly, control 
measures need not be 100% effective. They simply have to reduce impact to a 

. level somewhat below the economic threshold. 

Researchers need to understand the importance of the incidence - impact 
curve because impact represents one cost element in benefit/cost analyses and 
it, plus a risk factor, is the basis for establishing hazard levels . Hazard 
rating and forecasting enhance the economics of control by allowing the ' pest 
manager to apply control measures only when and where impact is or will be 
significant and to forget about them elsewhere . Impact estimates should in-
clude losses from mortality, growth and yield, product devaluation, non~timber 
resource devaluation and costs of changes in the forest manager1 s scheduling 
a~d operations . Impact should be evaluated at the tree, stand, and forest 
level. Even the geometry of impact needs to be considered. For example, the 
effect of tree mortality on stand yield for ·a disease like Phellinus or anhOsus, 
which kill trees in groups to produce nonproductive holes, will be much greater 
than one like the blister rusts which kill more randomly and act as a thinning 
agent. The pest management recommendations especially in plantations must 
consider the differing effects on stand productivity of the two types of dis-
ease. Appropriate stand and regional, impact and decision models need to be 
constructed for the major pests. 

In relation to the 11Management11 aspects of IFPM, the researcher should 
furnish probability estimates of the effectiveness of control options over the 
range of hazard. Such estimates are required for evaluating economic risks 
and by the pest manager for coordinating an integrated management plan. When 
an economic analysis of a pest management decision is not possible, the re-
searcher should understand that his perception ,of ris~ in decision-making may 
not be the same as the forest managers. The researcher may require confidence 
limits of 95 or 99% in his experiments. The forest manager, operatin g in the 
absence of good pest information, may be happy with 55% correct decisions. 
If the researche r ahd the pest manager cooperate to improve th is level to ·75%, 
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they have made a valuable contribution . Researchers need to use imagination 
in devising and testing new control tactics and strategies. For example, what 
are the opportunities for employing silvicultural practices such as site prep-
aration, genetics, fertilization, prescribed burning and thinning. The· pest 
manager should explore systems analysis procedures and computer technology i n 
evaluating impact, mapping hazard, and calc~lating the cost effectiveness and 
applying management recommendations at the stand and regional levels. The 
forest manager should be willing to incorporate pest management recommendations 
into his forest management operations when they are shown to increase produc-
tivity. 

Intensive forest management has created pest problems at a rate beyond 
.our capacity to cope using past research approaches. Tree improvement programs, 
seed orchard and genetic engineering technologies promise to accelerate the 
pace. The need and opportunities for pest research and pest management are 
greater than ever. Epidemiology and IFPM represent reasonable, realistic 
approaches to pest research and pest management if forest managers, pest ·man-
agers, and researchers each understnad their separate bu't interdependent 
roles and work together toward a common goal of increasing fore st productivit y . 
This will involve forest managers stating their objectives and constraints, 
and furnishing realistii economic valuations of all the resources to be 
protected. Re~earchers will have to acknowledge that their function is to 
develop the basic biological and ecological pest knowledge from an epidemi-
ological orientation . The pest managers can then apply this knowledge to 
evaluate and forecast hazard and assign control options on the bases of their 
cost-effectiveness and suitability in meeting the objectives of the forest 
manager. The bottom line for al l of us is increasingly going to be an economic 
one. If IFPM is not new, I believe it is time to acknowledge that it will have 
to be viewed differently than in the past if it i s to effectively increase 
forest productivity. 
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Crying Wolf and the Consequences of Giving 
Conflicting and Erroneous Information to 

Land Managers 

Panel Members: Greg Filip, Borys Tkacz, Randy Fuller, Craig Schmitt, and Bill 
Livingston 

OPENING REMARKS: 

This panel will be quite different from most anY,thing presented at other 
work conferences. We will give no papers. We will present no new data. We 
won't even present old data and make you think it's new data. · Instead, we 
would like to explore the consequences of giving erroneous and conf l icting ad-
vice from pathologists to the forest land manager . As professionals, we will 
always have slightly different opinions about exact causes of disease and man-
agement reconnnendations. But how is this perceived by the land - manager who 
often wants a quick solution to his problem? How does he view so-called 
"friendly differences" in interpretations between pathologists? We would like 
to further explore this subject with your help. The main idea for this panel 
originated with Jim Hadfield, who, unfortunately, could not be here . I'm not 
sure if this was unintentional or by design. Jim may have been inspired by . 
Bill Bloomberg's presentation last year concerning the consequences of failing 
to conduct surveys. 

We would first like to present five situations that Joe, the Land Manager, 
has to face when managing for disease on his working circle. I have distrib-
uted a suunnary of these five situations for you to use as a reference for the 
spirited discussion that will follow. As you view these situations, don' .t be 
embarrassed if you can identify with one or more of the cases. You are cer-
tainly not alone. We all may be guilty of some of these mistakes at some time 
in our careers. Hopefully, they were or will be much less flagrant than the 
situations that will b~ presetited here. , 

The main purpose of our presentation will be to serve as a stimulus for 
discussion. Hopefully, you may see and discuss other situations of a similar 
nature that may occur between the pathologist and the land manager. Also, I 
hope · that we can discuss ways of minimizing the inevitable disagreements .that 
arise between pathologists so as to avoid the subsequent proplems for the land 
manager when attempting to make management decisions. · 
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SCENE 1 

Slide #1 - Title, Christmas Tree Plantation 

Narrator: Our first scene opens at the Christmas tree plantation operated 
by Joe, the Land Manager. Now this is the first time that Joe 
·has grown Christmas trees on this · portion of recently cutover 
land. He has a root rot problem and has decided to consult a 
pathologist. 

Enter Pathologist and Joe, the Land Manager. 

Slide #2 - Douglas-fir Plantation 

Pathologist (shaking hands with Joe): Hello, my name is Randy, the Pathologist. 
You must be Joe, the Land Manager? 

Joe: That's right. I'm sure glad you could make it. I've been 
tearing my hair out worryi.ng about what to do with my trees. 

Pathologist: Well, it looks pretty bad, but let's take a closer look, and 
we'll see what you have . 

Slide #3 - Swiss needle cast 

Pathologist: Lqok here at these needles. See these lit~le spots. , These are 
caused by a fungus, Phaeocryptopus gaumanni . That's Swahili. 
Anyway, it causes a disease called Swiss needle cast. Infections 
occur in the spring at budbreak during wet years. I suggest you 
spray once with chlorothalonil at budbreak. Here's a card from 
a local chemical representative. Get in touch with him. He'll 
set you up. 

Joe: You think that's all it is? 

Pathologist: No doubt about it. 

Joe: 
hands). 

Well, I sure appreciate your help. See you later (shaking 

Exit Pathologist . 

Slide #4- Spray operation 

Joe (talking to audience): Well, I'm sure glad I consulted a professional . 
This spraying is expensive, but it will be worth it if I can sell 
decent-looking trees. 
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SCENE 2 

Slide #1 Title, Weather Damage 

Narrator: Our second scene opens in another part of J ·oe 's management area. 
Joe has had some cold weather this winter, causing a lot · of 
frost damage in his pine plantation. Our seen~ begins with Joe 
talking to his technician. · 

Enter Joe and Technician. 

Slide #2 - Weather damage 

Technician: 

Joe: 

What are we going to do about this damage, Joe? · Maybe we should 
consult a pathologist? 

Not after the last episode I .had with one. Chlorothalonil didn't 
work very well for root rot. 

Slide #3 - Pest Alert 

Joe: I received ·this Pest Alert in the mail last week. Maybe this is 
what we have. Most mortality is usually caused by .· some kind of 
root rot, anyway. 

Slide #4 - Borax treatment 

Joe: Borax sure is cheap and easy to apply. And it's got to be much 
better than treating Armillaria with chlorothalonil. 
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SCENE 3 

Slide #1 - Title slide 

Narrator: The third scene opens in a part of Joe's mixed-conifer stand 
where laminated root rot is causing unacceptable mortality. Joe 
decides to consult two pathologists this time and get indepen-
dent diagnoses. 

Enter Pathologist 1 and Joe 

Slide #2 - Grand fir mortality 

Pathologist 1: (shaking hands with Joe): Hello, Joe. Good to see you again. 

Joe: Yeah, I hope we can do something about this mortality, Randy. 
You're not going to recommend chlorothalonil sprays again? 

Pathologist 1: Sorry about that. · I think we can do a better job this time. 
I'm more used to working in older stands, anyway. 

Joe: Well, what have we got, Doc.? 

Pathologist 1: Well, I'm pretty sure that what's killing your firs are en-
graver beetles, Scolytus ventralis. 

Joe: How can you tell? 

Slide #3 - Engraver galleries 

Pathologist 1: See these galleries under the bark. They're caused by fir en-
graver larvae. The bug causes substantial damage, generally 
in weakened fir. I think if you salvage the dead . and dying 
trees and thin the remainder to improve vigor, you should do 
alright. 

Joe: No chlorothalonil sprays? 

Pathologist 1: Not this time, Joe, just a sharp chai'nsa\!r. 

Joe: Well, I hope you're right. See you soon (shaking hands) . 

Exit Pathologist 1 

Slide #4 - Title - One Week Later 

Enter Pathologist 2 

Slide #5 - Grand fir mortality, same stand 

Pathologist 2: (shaking hands with Joe): Hi, I'm Craig, the Pathologist. 

Joe : 

You must be Joe? 

That's right. I'm sure glad you could come. Here's our prob-
lem . What do you think is happening? 
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Pathologist 2: The problem _with the larch is the severe dwarf mistletoe infec-
tions. · These really drain the life out of a tree, · I'd salvage 
all the infected larch before they die and at the same time · 
prevent infection in the _larch ·regeneration . 

Joe: What about the dying fir? 

Pathologist 2: · I wouldn't worry about the fir. If you take care of the larch 
and open up the stand, the fir should do alright . 

Joe: Well, sounds good to me. Thanks for the advice (shaking hands). 

Exit Pathologist 2 

Joe (talking to audience): What am I to do? Two different opinions, and I 
don't iike either one • . 

Slide# 6 - Clearcut 

Joe (talking · to' audience): I guess I'll just harvest the sucker and start over 
with a new stand of fir. 
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SCENE 4 

Slide #1 - Title, DF Root Rot 

Narrator: Joe is really skeptical of pathologi sts now. But he still has 
root rot problems in another part of his forest. Reluctantly, 
he decides to consult two pathologists again. 

Enter Pathologist land Joe 

Slide #2 - DF root rot 

Pathologist 1: (shaking hands with Joe) : Hi, Joe. Good to be back her e again. 
Root rot problems, again? 

Joe: I think so. 

Pathologist 1: Let's take a look. 

Slide#~ - Laminated decay 

Pathologist 1: Yes, it's laminated root rot. See the typical laminat ed decay 
caused by the fungus. It's diagnostic for Phellinus and 
Phellinus a lone. 

Joe: What should I do, use a sharp chainsaw again? 

Pathologist 1: You'll need to do more than that. The fun gus lives in the 
stumps many years after stand harvest, so you'll need to treat 
the stumps after harvesting. I suggest you evacuate all the 
stumps with a bulldozer before you plant. 

Joe: I don't know, Randy. That ground is pretty steep. I don't 
think I can get an evacuator in here. 

Pathologist 1: Well, Joe, if you don't get rid of these stumps, you won't be 
able to grow fir again. 

Joe: Well, thanks for your help. I'll see what I can do (shaking 
hands). 

Exit Pathologist 1 

Slid e #4 - Title, One Week Later 

Enter Pathologist 2 

Slide #5 - DF root rot, same stand 

Patholo gist 2: (shaking hands with Joe): Hi, Joe. Good to see you again. 
I hope I can give you some better advice this time. 

Jo e: I hope so, too. 

Pathologist 2: Let's see what you have. 

Slide #6 Armillaria mycelial fans 
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Pathologist 2: 

Joo: 

Looks like Armillaria is killing your trees, Joe. See these 
mycelial fans Beneath the bark. They're diagnostic for Armil -
laria. I'd recommend harvesting the stand and planting vigor-
ous fir stock to get the stand into a ·healthy condition again. 
Your stand has stagnated, that's all. 

Well, Craig, thanks for the advice. I'll contact the Logging 
De~artment as soon as possible. See you later (shaking hands). 

Exit Pathologist 2 

Slide #7 - Clearcut 

Joe (talking to audience): I'm sure glad I consulted two pathologists. At 
least, I now have a choice of what to do. Removing stumps 
would have been impossible on that ground. 
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SCENE 5 

Slide #1 - Title, DM in pine 

Narrator: The last scene opens in Joe's pine plantation. By now, he's 
convinced that all pathologists are charlatans. Jo e has some 
dwarf mistletoe in his pine and would like to treat it. He 
knows he's got mistletoe. He can see the plants. However, he 
decides to consult a pathologist and test him a little. 

Enter Pathologist 1 and Joe 

Slide #2 - DM infected stand 

Pathologist 1: (shaking hands with Joe): Good to see you again, Joe . What 
can I do to help? 

Joe~ What do you think about this stand, Randy? 

Pathologist 1: Dwarf mistletoe, no doubt about it, 

Slide #3 - DM plants 

Pathologist 1: See these plants, they contain the mistletoe saeds; deadly 
on healthy branches. 

Joe: What's your advice? 

Pathologist 1: I'd destroy the stand and start over. Infections are only going 
to intensify . 

Joe: OK, Randy. I'll get on it as soon as possible. See you later 
(shaking hands). 

Exit Pathologist 1 

Slide #4 - Destroyed stand 

Joe (talking to audience): I hope he was right. I hate to destroy these 
stands. They're so hard to establish. 

Slide #5 - Title, One Year Later 

Narrator: Joe has done a lot of stand burning in the name of dwarf mis-
tletoe. About a year later, Joe decides that ther e must be a 
better way. He consults another pathologist. 

Enter Pathologist 2 

Slide #6 - Similar pine stand 

Pathologist 2: (shaking hands with Joe): How goes it, Joe. How can I ·help? 
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Joe: What can I do with these stands ? I hate to destr oy them, 
they're so hard to get started again . But these mis tleto e in-
fections really worry me. 

Pathologist 2: I wouldn't worry about stands like these . The latest informa-
tion says that light-to-moderate amounts of dwarf mistletoe 

THE END 

in thinned pine stands cause practically no growth loss. I 
wouldn't be concerned at this point. It's too bad you destroyed 
those other stands . 
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Spee; al Papers 
TRENDS IN OZONE INJURY TO PINES IN THE SIER.RA NEVADA 

John Pronos 

USDA Forest Service, Forest Pest Management, San Francisco , CA 

Background Information 

Air pollution was identified as causing a decline of pines in the San 
Bernardino Mountains of southern California in 1962. It was not until 1971 
that symptoms of ozone injury were first detected on pines in the Si err a 
Nevada of northern California. The location of this first report was 50 
mil es east of Fresno on the Hume Lake Ranger District of Sequoia Nation al · 
Forest and near the Grant Grove area of Kings Canyon National Park . 

The Forest Pest Management (FPM) Staff began to document_ additional loca-
tions of injury in the southern Sierra in 1974 and by 1977 completed an 
extensive ground survey on the Sierra and Sequoia National Forests. During 
this survey 242 plots were evaluated for air pollution injury and 52 of 
those plots have since been revisited to assess annual trends in injury . 
The rating system used to evaluate injury was based on the amount of chlor-
otic mottle found on ponderosa and Jeffrey pine foliage. 

Also, FPM has monitored ambient ozone levels at numerous sites i n the 
Sierra using Dasibi Ozone Analyzers . One site - Whitaker Forest - has been 
monitored every yea·r since 1976. This forest is east of Fresno in the same 
area where chlorotic mottle symptoms on pines were first detect ed in 1971. 

Results 

Table 1 compares the amount of ozone injury in 52 trend plots evaluated 
between 1977 and 1980/81. Table 2 shows how the injury levels in these 
plots have changed during this time period . · 

Table 1. NUMBER OF INJURY TREND PLOTS BY RATING CLASS IN 1977 AND 1980/81 

NUMBER OF PLOTS 
RATING CLASS 1977 . 1980/81 

Very Severe 0 0 

Severe .. 0 7 

Moderate 11 11 

Slight 20 25 

No Symptoms 21 9 

Total: 52 52 
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Table 2. CHANGES IN OZONE INJURY BETWEEN 1977 AND 1980/81 TREND PLOTS 

STATUS.OF INJURY 

Increased Injury 

No Change 

Decreased Injury 

Total : 

NUMBER OF PLOTS 
1980/81 

35 ( 15) * 
10 

* 7 (O) 

52 

* Number in parentheses equals plots with signifi-
cant change at P = 0.05. 

The ozone monitori~g results for Whitaker Forest are summarized in Table 3. 

Table 3. NUMBER OF H_OURS DURING WHICH THE FEDERAL OZONE STANDARD ( 12 PPHM) 
AND CALIFORNIA STATE OZONE STANDARD (10 PPHM) WERE VIOLATED AT WHITAKER 

FOREST, JUNE-SEPTEMBER, 1977 THRU 1981 

YEAR 

1977 
1978 
1979 
1980 
1981 

Conclusions 

NUMBER OF HOURS 
FEDERAL STANDARD STATE STANDARD 

42 
35 
16 
14 
12 

561 
390 
389 
223 
343 

FPM air pollution work in the Sierra Nevada has concluded the following: 

1. Ozone symptoms are conmon and widespread in the areas surveyed. 

2. Ozone injury on pines has increased annual l_y while ambient concentra-
tions of ozone have fluctuated . 

3. Federal and State Ozone Standards are frequently exceeded at many 
sites . 

4. No tree mortality to date has been attributed to ozone. 

5. Sensitive pines .will continue to decline as ozone moves into the Sierra 
Nevada each year. 
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OZONE INJURY AND HEIGHT GROWTH CF PLANTED PONDEROSA PINES 

IN THE SOUTHERN SIERRA NEVADA OF CALIFORNIA 

Detlev R. Vogler 

U. S. D. A., Forest Service, Forest Pest Management, 
Pacific Southwest Region, San Francisco , CA 

ABSTRACT 

Ozone injury to ponderosa and Jeffrey pines was fi rs .t discovered in the 
southern Sierra Nevada in 1970. Symptoms are now widespread on the 
Sierra and Sequoia National Forests, yet little is known about ozone's 
effects - at present injury levels. To determine whether height growth of 
young ponderosa pines is related to severity of symptoms, I surveyed 
five plantations on the Hume Lake Ranger District of the · Sequoia 
National Forest in 1978. Ozone had been monitored at nearby Whitaker 
Forest since 1976, and reached the highest levels to date in the year 
before the survey . 

Nearly one-half of the trees in the plantations had ozone injury 
symptoms, and some 15% were injured . on second-year needles; symptoms on 
current-year needles were very rare, however. I examined two commonly-
used ozone injury rating systems, and found that the severity of needle 
symptoms was unrelated to height growth at present injury levels. Al -
though the pines declined in height growth in 1977 and 1978, the 1976-77 
drought, brush competition, and insect injury probably masked whatever 
effects ozone may have had. 

At current pollutant levels in the southern Sierra, ozone does not 
appear to be an ·overriding concern in young plantations. However, these ' 
pines have been exposed to excess ozone for a few years only, · and the 
long-term effects of this exposure are still not known. Continued 
monitoring of symptom development and the possible delayed effects of 
visible injury are essential. 
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SURVIVAL OF DOUGLAS-FIR INJECTED WITH FUMIGANTS CHLOROPICRIN 
OR METHYLISOTHIOCYANATE 

by 
W.G. Thies and E. E. Nelson 

ABSTRACT 

Douglas-fir trees in a 45-year-old stand in northwestern Oregon were 
classified as infected, probably infected, and noninfected according to 
infection by Phellinus weirii. Trees in each infection class were treated 
with chloropicrin or methylisothiocyanate at one of three dosage rates or 
left untreated. The amount applied to each tree was proportional tc its 
estimated biomass. The .highest dosage used has been shown to kill f. weirii 
in stumps. Five months after treatment all treated trees were alive. 
Chloropicrin-treated trees show the most severe symptoms of chemical 
toxicity. Toxicity symptoms are more severe on noninfected trees than on 
infected trees and are more severe with increasing dosage of the chemical. 
The fumigants appear to be at higher concentrations in the sapwood than in 
the heartwood at 1, 2, and 3 m above stump height. · An unidentif~ed 
volatile, fungistatic compound appears to be present in higher 
concentrations in the sapwood than in the heartwood in all trees sampled. 

INTRODUCTION 

Phellinus weirii (Murr.) Gilb, cause of lamimated root rot, infects 
nearly all commercially important conifer species in western U. S. and 
Canada. It reduces forest productivity in Western North America annually by 
about 4. 4 million m3 ( Nelson et al. 1981), with O. 9 million m3 of loss 
in western Oregon and Washington Douglas-fir (Childs _and Shea 1967). 

When infected trees die, the pathogen can continue to live 
saprophytically in dead roots for 50 years or more (Childs 1963, Hansen 
1979). Infection in a young stand begins when developing roots .of young 
trees contact residual, infested stumps and roots from the preceding stand. 
The infection spreads between living trees via root contact (Wallis and 
Reynoids 1965). As the fungus advances along a tree's roots, the roots 
distal to the fungus are killed, denying the tree water and nutrients 
necessary for growth. As roots decay, a tree is robbed of str 'uctural 
support and, eventually, can be windthrown. 

Immediate replanting with Douglas-fir on a site infested with f• weirii 
usually results in continuation of the disease and subsequent lo sses in the 
new stand. Strategies for control of laminated root rot currently being 
tested include inoculum removal, high nitrogen fertilization, chemical 
agents, biological agents, and species manipulation (Thies 1981). Control 
of this disease in living infected trees has not been reported as yet. 

Extensive stain on freshly cut stumps typically indicates a spongy or 
_hollow area of advanced decay in the root collar contiguous with advanc ed 
decay and stained wood in the major roots. The presence of this "duct work" 
of advanced decay .suggests that injection of fumigant s into stumps may 
effectively kill f• weirii and eliminate these sources of inoculum. 

Several soil fumigants have been reported to eradicate pathogenic fungi 
from infested wood buried in soil in cluding chloropicrin (trichloronitro-
methane) (Godfrey 1936), carbon disulfide (Bliss 1951), methyl bromide 
(Rackham et al. 1968), and Vapam (sodium N-methyldithi oca rbamate, ai 32.7%) 
(Houston and Eno 1969). Decay fungi were effectively eliminated from power 
transmission poles inj ected with chloropicrin, Vapam, methyl br omide , or 

80 



Vorlex (20% methylisothiocyanate, C3 chlorinated hydrocarbons) and the decay 
was controlled for at lea st 10 years (Graham 1975, Graham and Corden 
1980). Armillariella mellea was effectively eradicated from inf ec t ed 
ponderosa pine stumps injected with methyl bromide, carbon di su l fide , 
Vorlex, chloropicrin, or Vapam (Filip and Roth 1977). Allyl alcohol, 
chloropicrin, Vapam, and Vorlex eradicated P. weirii from infested 
Douglas-fir stumps within 1 year (Thies and-Nelson 1982). 

In "a recent study, eight live Douglas-fir trees from 47- to 73-cm 
diameter breast high (d.b.h.) injected with chloropicrin (125 to 500 
ml/tree) were alive and appeared healthy 3 years l ater (personal 
communications B. G. Goodell and G. G. Helsing, August 1982, Oregon State 
University, Corvallis, Oregon). 

The discoveries that chloropicrin could be used to er ad icate f· weirii 
from infested stumps and roots and that tfees can survive inject ion with 
this fumigant suggested · the possibility of therapeutic appiicatior '1 of 
fumigants to Douglas-fir infected by I· weirii. 

In this pap er we r eport · on the survival of liv e Douglas-fir 5 months 
after injection of chloropicrin !/ or methylisothiocyanate (MIT) above the 
root collar, . and results of our attempt to trace the activity of the 
fumigants in the trees~ We feel these interim results, though not 
statistically based, suggest some interesting possibiliti es worthy of 
discussion at this conference. 

MATERIALS AND METHODS 

Suqject trees 
The study area, in the Oregon Coast Ranges near Apiary, Oregon, supports 

a 45-year-old . stand of predominantly Douglas-fir. Candidate Douglas-firs 
were selected · near the periphery of a 3-ha clearcut, around open in gs · created 
by f• weirii, and along roads, thus providing good opportunities to observe 
crowns • . Each tree was examined for pos itive signs or ~ymptoms of inf ect i on 
by f· weirii. The root collar and several major roots were examined for the 
presence of typical P. weirii ectotrophic mycelium; however, cutting int o 
major roots .was avoided. Increment cores were taken from each tr ee as 
needed to determine if decay typical of P. weirii was present in major roots 
or at the root collar. -Each resulting hole was plugged with 10- cm length of 
hemlock dowel. Each tree examined was measured (d.b.h.), numbered, marked 
with two identical aluminum tags at groundline, and classified int o one of 
three infection classes: 

I--f· weirii infected; 
II--Probable f· weirii infection, reduced leader and need l e growth or a 

positive inoculum source within 5 m of the subject tr ee , but 
f• weirii n6t identified on the subject tree; 

III--Noninfected, crowns appeared healthy, no identified inoculum sou rce 
within 17 m of the subject tree. 

!/ This paper r epo rts the results of r esearch only. Mention of a 
pesticide does not constitute a recommendation for use by the U.S. 
Department of Agriculture, nor does it imply registration under F'IFRA as 
amended. Also, mention of a commercial or proprietary produ ct does not 
constitute r eco mmenda tion or endorsement by the u.s. Departme nt of 
Agriculture. 
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Photo points were established as needed to obtain a reasonably 
unobstructed view of the upper crown of each candidate tree. At least one 
picture was taken of the crown of each candidate tree. 

The trees in each infection class were separated into five groups of nine 
similar trees based on · tree diameter, crown condition, and location. Each 
treatment was assigned to one tree within each group. Treatments within a 
group were randomly assigned. 

Treatments 
Two fumigants were tested in this study: chloropicrin and MIT. Both 

Chloropicrin and Vorlex have been shown to be effective in eradicating 
f.· weirii from infested stumps (Thies and Nelson 1982). Vorlex is MIT (20%) 
and chlorinated C3 hydrocarbons including dichloropropenes, dichloropropane, 
and related chlorinated hydrocarbons. Pure MIT is an amorphous "solid" at 
rooin temperature. If effective, · it would be more aavantageous to use MIT than 
Vorlex: less weight to carry, safer and easier to use t 'han a liquid, . and use 
of toxic chlorinated hydrocarbons would be avoided. 

There were nine treatments planne _d: chloropicrin--applied ·at each of four 
dosage rates, MIT--applied at each of four dosage rates, and check--no 
treatment applied. 

Application 
A torque conve .rter and chuck mounted on _a chainsaw motor were used to 

drill 3.18-cm-diameter holes in treatment trees. Holes were drilled at 
approximately a 45~degree angle below the horizontal plane and extended past 
the center of the tree. For the lowest dosage the holes were equally spaced 
around the tree and approximately 30 cm above the soil line. For the other 
dosages the holes ·were drilled 15 cm apart on a spiral that started 
approximately 15 cm above the soil line and moved approximately 30 cm up the 
bole with each turn around the tree. After fumigant had been placed in the 
holes, they were plugged with a 12.5-cm-long by 3-33-cm-diameter hemlock dowel 
leaving 1 cm exposed to aid in relocating the treatment hoies. Plugs were 
prepared by_ beveling one end of each dowel and dipping it . in resorcinol glue 
to form an impermeable cap. 

Chloropicrin was applied as a liquid and MIT as a solid. To reduce 
handling, MIT was premeasured in units of 58 g each into polyethylene sacks . 

Fumigant dosage 
We interpreted results from our stump fumigation study to indicate that. 

the effective dosage increased with increasing stump size (Thies and Nelson 
1982). Based on fumigant movement in poles (Graham and Cordon 1980) a t wood 
moisture contents of about 30 to 40 % which is typical of heartwood of living 
Douglas-fir trees, we assumed that fumigant vapors would diffuse almost 2.4 m 
above the root collar. 

For this study we calculated dosage as though we were only treating the 
stump, roots and first 2.4 m of the stem; and we assumed that the effective 
dosage for each tree would increase linearly with an increase of the estimated 
treated biomass. We estimated treated biomass (2.4 m of bole and major roots 
to 1-cm diameter) for each 2.5-cm - d.b.h. class. Example values are listed in 
Table 1 and were derived from the following relationships: 

1. Stem Biomass (to 2.4-m height)--Y = 0.0007128 + 0.0002716 X. 
Where, Y = Stem volume in cubic meters, 

X = Basal area in square centimeters (n = 47, r2 = .993, 
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Sample trees ranged from 17.0- to 61.7-cm d.b.h.). Data 
were from Douglas-fir in a single stand in the Coast Ranges 
near Apiary, Oregon, (Thies unpublished data). Wood 
density was assumed to be 0.44 g/cm3. 

2. Below Ground Biomass--ln Y = -4.6961 + 2.6929 ln X. 
Where, Y = below ground biomass in kg, X = d.b.h. in cm, ln = 
logarithms to the base e, (n = 26, r2 = .9 6. Trees rang ed from 
2.3- to 23.0-cm d.b.h. and from 94- to 135-cm d.b.h.). Data were 
from two stands on the west slope of the Cascade Range (Gholz et al. . 
1979). 

In our stump fumigation study, 1000 ml of either chloropicrin or Vorlex 
poured into stumps was found to eradicate all P. weirii from stumps le ss than 
48-cm diameter. We .will assume that 1000 ml applied to a 48-cm diameter stump 
is the minimum effective dosage required to eradicate P. we'irii. We estimated 
the mass of a 48-cm-diameter stump to be 156 kg. Thus, we will assume that 10 
ml/1.5 kg of biomass is an approximation of ,the minimum effective dosage. 
Since 10 ml of' Vorlex contains 2.3 g of MIT, a standard dose of MIT will be 
2.3 g/1.5 kg of stump and root biomass. For ease of application, the dosages 
were rounded up to be the equivalent of the next quarter liter of chloropicrin 
or Vorlex (58 g of MIT). In treating living trees to 2.4-m-bole height, a 
standard dose (D) of chloropicrin or of MIT will mean a dose as listed on 
Table 1 based on the tree's d.b.h. Stated in terms of the standard dosages, 
the nine planned treatments are as follows: 

chloropicrin ·at 2D, 1D, 0.5D, and 0.25D; 
MIT at 2D, 1D, 0.5D, and 0.25D; 
check--holes were neither drilled nor was fumigant applied. 

Each of nine treatments were to be applied to five trees in each of the three 
infection classes. Treatments were applied in March of 1982; but for various 
reasons, we decided to defer the 2D treatments until after we determined if 
the live trees could survive lesser dosages • 

. Data collection 
In mid-August 1982, the study trees were visited to observe toxicity 

symptoms and to collect samples for an exploratory study of fumigant movement 
within the boles of treated trees. 

Each study tree crown was examined and . notes were made of needle loss, 
stunting, yellowing, browning, or drooping of new growth. Additionally, 
pictures were taken .from the established photo points of the crowns of trees 
in "the first two replicates. A 10-point symptom-severity (S-S) scale was 
established and used to rate each tree from dead (0) to no apparent effect 
(10). 

We used a closed-tube bioassay (Scheffer and Graham 1975) to determine the 
distribution of fungitoxic levels of fumigant wi.thin the bole of selected 
trees. Earlier reports indicate that the fumigants may remain in wood for a 
considerable period of time (Thies and Nelson 1982, Graham and Gorden 1980). 
Tube slants of malt agar were prepared in 15- by 100-mm screw-top tubes and 
inoculated with a 3.5-mm-diameter plug cut from the margin of a young colony 
of Poria placenta. After 3 day's incubation at room temperature, the tubes 
were inverted, placed in a cooler, and taken to the field. 

Samples were collected from six trees of one replicate: trees from the 
extreme infection classes (!--infected, III--noninfected) treated with the 
highest dosage (D) of each chemical, and the checks. A 4-mm-diameter increment 
core was taken from each tree at 1, 2, and 3m above the highest treatment 
hol -e. Two, 2.5-cm samples were cut from the indrement core: sapwood -- the 
first 2.5-cm segment beneath the bark; heartwood--the second 2.5-cm segment 
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into the heartwood. Each core segment was placed in a still inverted test 
tube, the screw-top lid replaced, and the tube numbered and marked to indicate 
current colony margin of the test fungus ·. Notes were made for each core 
segment as to tree number, height of collection, and type of wood. After the 
tubes were incubated for 5 days at 27°c, colony extension, since the core 
segment was put into the tube, was measured. Extension of the fungus in tubes 
over core segments from fumigated trees was compared with that in tubes with 
core segments from check trees and in tubes without core segments. Retarded 
growth was taken to indicate the presence of fungitoxic vapor. The magnitude 
of retardation was taken as a reflection of the relative amount of vapor 
contributed by the core ·segment. Previous work has shown f· placenta to be 
very sensitive to the presence of trace quantities of either chloropicrin or 
MIT and thus a useful bioassay organism (Scheffer and Graham 1975). 

A variation of the above test using P. weir.ii as the test organism was 
performed using a second increment core collected 2 cm below the first. 

RESULTS 

Of the 105 trees included in the study, none were dead 5 months after the 
study was installed. The general condition of nontreated trees (checks) was 
unchanged. Of the 45 trees treated with MIT, 34 were given a S-S rating of 
10. The average S-S rating for all MIT treated trees was 9.4. One 
MIT-treated tree was seen to have some branches with all brown needles. These 
brown branches were scattered in the area of mid-crown. Toxicity symptoms on 
most MIT-treated trees were limited to needle loss and s tunti ng in the upper 
crown. 

Of th~ 45 trees .treated with chloropicrin, 2 were given a S-S rating of 
10. The average rating of all chloropicrin treated trees was 6.5. One tre e 
appeared near death with only a few green needles left on a few branches. 
Twelve trees had symptoms of severe browning with entire branches having al.1 
needles _ exhibiting a redd~sh-brown color suggesting a quick death. The br own 
branches typically were located in mid-crown. Such tr ees often had some 
stunting and needle loss but ample green needles in the upper crown, branches 
of brown needle s in mid-crown, and branches appearing near normal in the l ower 
crown. 

Toxicity symptoms increased in severity with increa si ng dosage and with 
increasing apparent . health of the trees (Figure 1). The noninfected trees 
appeared to be more adversely affected by the fumig ants than were the infected 
trees. 

In the closed-tube bioassays, colonies of P. placenta grew slig htiy s lower 
(15%) than f• weirii; but their relative growths over similar sample cores 
were parallel. To simplify further comparisons, measurements of colony 
ext ensio n over comparable core segments were averaged for the two organisms. 
Colony extension in five tubes of each test fungus without core segments was 
measur ed in . the same manner as tubes with . the core segments. The mean growth 
in these 10 tubes was tak en as the "expected" extension of the colonies. 
Extension of colonies over the _core segments is stated as a percent of t he 
growth of colonies without core segments (Figure 2). 

With one exception, for every increment core tested colony extensio n was 
l ess over a core segment from the sapwood than over a core segment from the 
heartwood. The exce ption was the core collected 1 meter above the last 
treatment hole in th e chloropicrin-treated noninfected tree in which case 
growth of the fungi was compl ete ly stopped over core segments from both the 
sapwood and the heartwood. In that particular tree, growth over sapwood core 
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segments was drastically reduced for sample~ collected at all three heights in 
the tree. 

DISCUSSION 

It is gratifying that 5 months after placing two highly toxic soil 
fumigants into live Douglas-firs that none of the treated trees have died 
although one chloropicrin-treated tree appears nea r death. It is important to 
keep in mind, however, that the primary purpose of our study is to find a 
control that will kill P. weirii and not kill the tree. Even though we know 
that the applied dosage-was adequate to kill the fungus in stumps we do not 
know if the chemicals have affected the fungus in the trees . This is an 
important point since survival of the tree is only part of our objective. 

Chloropicrin is causing more severe toxic symptoms in the trees than MIT. 
We do not have a good explanation for the apparent se ver e mid-crown symptoms 
best seen in -chloropicrin-treated t rees. We speculate that chloropicrin may 
not hav e migrated much past the mid-6rown level and simply had a more toxic 
effect on the rapidly growing branches and foliag e of mid-crown than on the 
more senescent lower crown. 

The observation that higher dosages of the fumigant cause more severe 
toxic symptoms was expected and requires no further comment. 

That infected trees show fewer toxic symptoms than noninfected trees fits 
a basic assumption made when we proposed the treatments--that the rot cc lumn 
would absorb or channel away most of the fumigant from living tree tissue. 

For every increment core tested, the test fungi grew sl ower in the 
closed-tube assay over a core segment taken from the sapwood than over a 
similar core segment taken from th e heartwood. The core s egments were not in 
contact with the agar. We speculate that a volatile material, released in a 
larger quantity from the sapwood than from the heartwood, caused a reduction 
in the growth of the test fungi. Looking at data fro m the non-treated trees, 
we found more of a depression of colony extension in sampl es from noninfected 
trees than from infected trees. 

At least two obvious (and very speculative) possible explanations 
immediately come to mind: 

1. The disease, working on the roots and st re ssing the tree, caused a 
shift in the tree's physiology resultin g in a reduction in the amount 
of fungistatic material produced. 

2. If there is natural variability of production of the fungistatic 
material in sapwood perhaps the noninfected tree remains disease free 
because of an adequate production of the fungistatic principal . Even 
if a higher than normal production of the fungistatic principal does 
not prove to be an absolute defense against f· weirii, it may serve 
to slowdown the advance of the fungus and provide that tree with a 
survival advantage. We speculate that if such a fungistatic 
principal proves to be real it may be the basis for genetic selection 
of Douglas-fir resi stant to laminated root rot. 

Examination of the closed-tube assay data from the chloropicrin-treated 
trees indicates that the chloropicrin is moving up the tree to a greater 
extent in the noninfe cted tree than in the infect ed tree. These data are 
consistent with the development of crown symptoms and l end weight to the 
speculation th at the fumigant is being kept low in the infected tree possibly 
concentrating in the ducts created by P. weirii. 

We attempted to place the fumigants in the heartwood and anticipated that 
the fumigant would have more of a tendency to move in the heartwood than in 
the sapwood. Our data appear to support the conclusions that the fumigants 
are moving up the trees larg e ly in the sapwood. Data from the 
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chloropicrin-treated noninfected trees seem to -show that the · chloropicrin is 
_causing a reduction in colony extension over samples . of sapwood collected 3 
meters above the highest treatment hole. There was, at time of sampling, 
apparently some fumigant in the heartwood samples but clearly not to the same 
extent or concentration as in the sapwood samples. A similar conclusion could 
be drawn from the 1-meter sample from both the chloropicrin and MIT-treated 
infected trees. · 

Otlce again, let us stress that our conca.usions regarding the presence of a 
volatile fungistatic principal should be taken as preliminary and 
speculative. At this time our data base is small and needs to be augmented by 
additional tests. 
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15.0 24 . 25 58 
. 30. 0 170 1. 25 290 

45.0 448 3.00 696 
60,0 898 6.00 1392 

Table 1. Example dosages for 
fumigan _ts applied to live trees. 
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Figure 2 . Colony extension in presence of sample core 
as a percent of extension in absence of a sample core. 
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The pine wood nematode, . Bursaphelenchus xylophilus in Minnesota and 
Wisconsin: Insect associate~ and transmission studies. 

M.J. WINGFIELD, and R.A. BLANCHETTE, Department of Plant Pathology, 
University of Minnesota, St. Paul 55108. 

ABSTRACT 

The pine wood nematode, Bursaphelenchus xylophilus, was most commonly 
extracted from Cerambycidae emerging from nematode infested pines in 
Minnesota and Wisconsin during 1981 and 1982~ The highest number of 
nematodes were extracted from Monochamus scutellatus and M. carolinensis. 
Low numbers of B. xylophi lus were found in · some buprestid but not in 
curculionid and scolytid beetles examined. Two species of Cerambycidae, .t!· 
marmorator and !:!• scutellatus were associated with ~- xylophilus from balsam 
fir in Minnesota.~- xylophilus from insects associated with balsam fir were 
morphologically different to those from insects associated with pine. Dauer 
larvae of B. xylophilus were concentrated in the thoracic seg _meni:. of !i· 
scutellatus and!:!· mutator examined. In preliminary transmission itudies, ~-
xylophi lus was transmitted to twigs during maturation feeding and to logs 
during oviposition of!:!· carolinensis. 

The pine wood nematode, Bursaphelenchus xylophilus Steiner and Buhrer 
(Nickle) is the primary cause of a severe wilt disease of native pines 
(Pinus thunberghii · Parl. and . f• densiflora Sieb et Zucc.) in Japan (Marni.ya, 
1976; Mamiya and_ Enda, 1972). In Japan, ~- xy lophilus is vectored primat'i. l.y 
by cerambycid beetles (Coleoptera:Cerambycidae) (Mamiya and Enda, 1972; 
Morimoto and Iwasaki, 1972). The dauer larvae (transmission stage larvae) of 
~- xylophilus enter the spiracles of the vectors befo re they emerge and are 
carried to young shoots of healthy trees on which the Cerambycidae undergo 
maturation feeding. Nematodes moult to the adult stage and enter the resin 
canals of host trees which exhibit rapid wilt symptoms and die within three 
months (Ishibashi and Kondo 1977, Mamiya, 1976). Symptoms and development of 
pine wilt disease · in Japan have been discussed in detai l in a number of 
review articles (Dropkin et al., 1981, Mamiya 1972, Mamiya_ 1976, Wingfield 
etal.,1982a). ---

Bursaphelenchus xylophilus was first found in the United States in 1929 
(Steiner and Buhrer, 1934) at which time it was not recognized as a pathogen 
(Nickle et al., 1980). The nematode was more recently found in this country 
in 1979 (Dropkin and Foudin, 1979) · and has subsequently been reported 
widespre _ad throughout the United States on a wide range of conifer hosts, 
primardy Pinus spp. (Dropkin et al., 1981; Wingfield et al., 1982a). The 
association of~- xylophilus with dying trees in the United States has led 
to speculation that it ma.y be . the - primary --cause -of --mor-t-a-lity - of native 
conifer species in this country (Dropkin et al., 1981). 

In Japan, Monochamus alternatus Hops. is the most important vector of 
~- xylophilus (Mamiya and Enda, 1972; Morimoto and Iwasaki, 1972) . 
Preliminary investigations identifying insect associates of~- xylophilus in 
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the United States have been reported from Missouri (Dropkin et a 1., 1981; 
Dropkin et al., 1982; Lin it et al., 1982), and Florida (Luzzi and Tarjan, 
1982). This investi gation was i ntended to iden tif y the insect species most 
commonly carrying ~- xylophilus in Minnesota and Wisconsin, The results of 
preliminary transmission studies With Monochanus carolinensis are also 
discussed. 

MATERIALS AND METHODS 

Insect associates of a. xylophilus. Insects were collected from 
Austrian pine (.!'._. nigra Arnold), jack pine (P. banksiana Lamb), ponderosa 
pine (.!'._. ponderosa Laws.), red pine (.!'._. resinosa Ait,), white pine (_!:_. 
strobus L.) and balsam fir (Abies balsamea (L.) Mill.) wood using emergence 
traps; during the spring and summer of 19 81 and from the wood of Austrian 
pine, jack pine and red pine du rin g the spring arid summer of 1982. Wood 
bolts placed in emergence t raps were collected from recently killed trees 
from various locations in Minnesota and Wisconsin (Table 1). Subsamples o: 
wood (70 gm fresh weight) from bo lts were placed in Baermann funnels 
(Dropkin, 1980) to ascertain that~- xylophilus was present in the trees . 

Wood bolts placed in emergence tra ps included branches (1.5 - 8 . 0 cm 
diam.) and sections from the main bole of trees (8 - 23 cm diam . ). Insec t s 
emerging from red pine collected in Spring Green, Wisconsin were supplied by 
D, Hall, -Forest Entomologist, Wisconsin Department of Natural Resources. In 
addition to wood samples from dead trees, bolts of Austrian pine cut from 
healthy, nematode free trees and subsequently infested wit h cerambycid 
beetles and ~- xylophil~s as reported in a previous investigation 

- (Wingfield, 1982) were also placed in emergence traps. 

Insects emerging from caged wood were ~ollected daily. Sub-samples of 
Cerambycidae of unknown identification were retained and sent to Dr. D.C.L. 
Gosling, White Pig ·eon, Michigan, for identification. During 1981, insects 
collected ~•ere ind{vidual ly placed in 100 ml of water in a Waring ble nder · 
and macerated for 1 minute. Macerated insects were placed in Baerman funnels 
and nematodes were extracted after 24 hrs. Insects collected during 1982 
were lightly · macerated in 100 ml of water using a mortar and pestle and 
nematodes were extracted by placing the macerated insects in a double layer 
of Kimwipe tissue in plastic weighing boats. Weighing boats were inverted 
over the boats containing the macerated insects to reduce .evaporation. 

Field collected Hylobius pales, Pachylobius picivorus and Pissodes 
approximatus were trap ped associated with ~- xylophilus infested Austrian 
pine in Zimmerman, Minnesota by placing freshly cut discs of white pine 
under dying trees. In addition, Chalcophora spp; resting on J?.· xylophilus 
infested red pine in Black River Falls, Wisconsin were hand caught. These 
insects were macerated and examined for the presence of ~- xylophilus in the 
same way as insects caught in emergence traps during the 1982 investigation. 

Nematodes extracted from i nsects were concentrated in 8 ml of water, 
placed in line-marked plastic culture dishes and counted under a dissection 
micros~ope. When nematode numbers wer~ high, , samples wpre di\uted i n water 
and two 8 ml subsamples were counted after thorough mi~ in g. After counting, · 
dauer larvae of nematodes extracted from the first 10 insects of any i nsec t 
species collected were concentrated in a swing bucket, clinical centrifuge 
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using 10 ml conicil centrifuge tub~s. These dauer larvae were then placed on 
the mycelium of Botrytis cinerea Pers. ex Fr . growing on Difeo potato 
dextrose agar in 125 ml erlenmeyer flasks. After three weeks, nematodes were 
extracted from cultures using Baerman funnels and adult male and female 
nematodes examined microscopically and confirmed to be those of B. 
xylophilus . 

During 1982, 30 Monochamus scutellatus from Austrian pine wood and 
eight M. mutator from red pine wood were divided into head ( includin g 
antenna-;), thorax ( including legs and wings) and abdominal se gments. These 
parts were macerated separately using a mortar and pestle and nemato d es were 
extracted in plastic weighing boats as described above . 

Nematode transmission. A single M. scutellatus beetle from Austri a n 
pine was placed in each of four screen cov~red cages containin g a 
two-year-old re ·d pine, white pine, balsam fir and black spruce . (P icea 
mariana Mill. B.S.P.) seedling to test whether this beetle s pecies fee ds 
preferentially on any of these trees. After one week, beetles were removed 
and seedlings observed for two months ·for symptom development. ln addition, 
three M. carolinensis beetles were placed in single screened ca ges 
containing 3-year-old red pine seedlings · and allowed to maturation fee d. 
After 15 days beetles were removed, macerated and placed in plactic wei ghin g 
boats to · extract _ nematodes which were counted. Red pine seedlings were 
observed for symptom development. 

Adult male and female M. carolinensis emerging from Aus t rian pine logs 
from Zill).merman, Minnesota were placed in pairs in screen ca ges with white 
pine twigs in water and with a 12 cm long pine bolt (3 -9 cm diam.) taken 
from healthy, nematode free Austrian pine . Beetles were al lowed t o 
matu _ration feed on twigs and oviposit in the logs. Log s and twi g s were 
replaced at -weekly intervals for between five and eight weeks. At weekly 
intervals, parts of the white pine . twigs damage d by bee t l e matur a tion 
feeding and one cm pieces of bark and cambium surrounding al 1 ovi posi t ion 
niches · were removed and nematodes were extracted in p lactic we ig hin g boats. 
After eight weeks or when mortality of either beetle was o bserved, bee t les 
were removed, macerated and nematodes were extracted usin g pl a stic wei gh i n g 
boats and counted • 

. RESULTS 

Insect associates of B. xylophilus. Insects collected . emer g in g from 
pine and balsam fir bolts durin g 1981 and 1982 and the number of nematodes 
extracted from these insects are presented in Tables 1 and 2. D\i.uer la 1rvae 
extracted from Cerambycidae and Buprestidae were confirmed as those of .!?_. 
xYlophilus after moulting to the adult stage on Botrytis cinerea. Nemato d es 
extracted from grandicollis, Hylobius pale\, ahd Pachylobius piciv.orus 
were not!• xylophilus and were not identifi~d. Species of Cera mbyci d ae were 
the most frequently collected insects from emergence traps and most commonly 
contained ~- xylophilus. Monochamus spp. were the most commonly collected 
cerambycid species emer g ing from pine bolts an d with the exception of 
Xylotrechus saggitatus, Monochamus spp. we~e the largest insects col l ect e d 
and contained the highest number of nematodes. Xylotrechus saggi t atus and 
the smaller Cerambycidae such as Amniscus sexg u ttatus and Neocanthoc. i nu s 
pusilus, contained few~- xylophilus (Tables 1 and 2). 
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The maximu~ number of nematodes extracted from a single beetle durin g 
the two collection seasons was 65039 from~- scute l lat us from Austr i an p in e . 
Monochamus carolinensis from red pine in Wisconsin also conta i ned relativel y 
high numbers of~- xylophilus (Tables 1 and 2). 

Tails of female B. xylophilus extracted from M. marmorator and M. 
scutellatus emer g in g from balsam fir logs were mucronate and unl ik e the mor e 
rounded tails of female~- xylophilus associa t e d wi t h insects fro m pine . The 
maximum number of nema t odes recorded from a single M. scu te l latus and M. 
marmorator from balsam fir were approximately the - sa me. Thes e max imum 
number~ of nematodes were lower than t he maximum number of ne matodes 
ex t racted from any sin g le insect from pine. 

~- xyloph i lus were present in head, thorax an d abdominal se gment s of~ -
scutellatus and~- mutator (Table 3). The highest number of nema to des . were 

. always present in the thoracic region of insects examined. 

Nematode transmission. M. scutel latus showe d no preference f or 
maturation feedin g on red pine, white pine , balsam fir and spr uce see dl i ngs 
in ca _ges. No mortality of seedlin gs on ·which beetles fed for one week was 
observed and maturation feedin g wounds were over grown by callu s t issue . Four 
M. carolinensis allowed to maturation feed on red pi ne see d lin gs a ll 
contained ~- xylophilus after 15 .- days. The · average number of nemato des 
extracted from these beetles was 5872 . The four red pine seedlin gs on which 
these beetles had fed were all girdled by . maturation feedin g damage an d 
died. 

B. ~lophilus was transmitted by M. carolinesis dur i ng mat ura t ion 
feeding and oviposition (Table 4). Nematodes were more commonly t rans mit t ed 
to logs during oviposition than to twi gs durin g maturat i on feedin g . 
Transmission of .nematodes did not occur during the first t wo weeks of 
feeding and oviposition. Only 7. 3 percent of 316 oviposition nic hes e xam.ined · 
during the eight week period contained nematodes and the number of ne ma t odes 
extracted from a single oviposition niche did not exceed 64 . ~- xylophilu s 
was transmitted during maturation feedin g by only one of the three pairs of 
insects examined. This transmission occurred dur i n g the fourth and fi ft h 
weeks of feeding while oviposition transmission occurred durin g t he fourth, 
fifth and sixth week of oviposition by the same beet l es. At t he en d of the 
eight week period two of the three female beetles contained B. xylop hilus 
while male beetles did not contain nematodes ( Ta ble 5). 

DISCUSSION 

Results of this investigation confirm tha t insects in t he famil y 
Cerambycida•~ are most commonly associated with ~ - xylo philus in Minnesota 
and Wisconsin. This observation is consistent with repor t s from other 
regions of the United States (Linit et al., 1982) and Japa n (Mami ya and 
Enda, 1972; Morimoto and , Iwasaki, 1972). In Japan, ~ • xyloph i lus was 
reported only associated with Cerambycidae. The nemat ode ha s been re ported, 
associated with Hylobius . pales an d Pis'sodes approx imatus ( Co l eop t era : -
Curculionidae ) in the United States (L i n i t e t al., 1982) but was no t 
extracted from these spec i es and t he related PacJrylob i us picivoru ·s here. 
Although certain species o f weevi l s such as !! · pa les under go ma t urat i on 
fee din g (Baker, 1972) an d would have the capacity t o t ransmi t~ - xylophilu s , 
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they apparently seldom carry the nematode (Linit et al., 1982°; Mamiya and 
Enda, 1972) and probably do not serve as common vectors of!!, xylophilus. Of 
the Buprestidae examined in this study, only a single insect contained B, 
xylophilus, Buprestidae have been reported as associates of!!· xylophilus in 
the United States (Linit et al., 1982) but we are not aware of a report of 
the nematode carried by Buprestidae in Japan. 

This is the first report of Monochamus marmorator, M. mutator, 
Neocanthocinus pusilus and Xylotrechus saggitatus carrying ~- xylophilus. 
The absence of B. xylophilus from grandicollis is consistent with 
reports that !!· xylophilus is not carried by Scolytidae (Mamiya and Enda, 
1972; Dropkinet al., 1982). 

Monochamus alternatus is the primary vector of!!• xylophilus in Japan 
and a . single beetle can carry up to 175,000 ·dauer larvae of the nematode 
(Mamiya and Enda, .. 1972). Monochamus scutellatus and !:!• carolinensis from 
various pine species in this study were found · to c·arry the highest · number of 
nematodes, a.l though these maxima were considerably lower than those reported 
from M, alternatus in Japan. The maximum number of nematodes and the mean 
number . per insect for M, scutellatus and M. carolinens{s in this study are 
similar to those from H, carolinensis in Missouri (Linit et al., .~1982).The 
lower numbers of nematodes extracted from these species in 19$2 may have 
been due to lower numbers of nematodes in the wood from which beetles were 
collected, ~- xylophilus fee<::ls on fungi (Dozono and Yoshida, 1974; Kobayashi 
et~., 1974; Kiyohara, 1976; Kiyohara and Tokushigi, 1971) and probably 
survives on fungi in dead wood after tree death. Various factors including 
the amount of blue stain due to certain fungi in dead pines, would influence 
the number of . nematodes in logs and consequently the· numbers of dauer larvae 
in beetles emerging from these logs. The third Monochamus sp .• , t!· mutator 
trapped from pine in this investigation carried less nematodes than did M. 
scuteilatus and M, carolinensis, The number of beetles of this species 
trapped were low. However, the number of nematodes extracted from this 
species ~hen comparing nematode numbers in various body parts (Table 1) . was 
comparable to those extracted from !:'!• scutella:tus in the same study. For 
this reason, we would expect that M. mutator would be an equally good vector 
of B. x:Ylophilus as M. caroline~s.is and M, scutellatus in Minnesota and 
Wisconsin, 

The concentration of ~- xylophilus dauer larvae in the throacic region 
of M. scutellatus and M, mutator in this study is similar to observations on 

· M. -altermatus in Jap~n (Mamiya and Enda, 1982) and M, carolinensis in 
Missouri (Linit et al., 1982). Linit et al., 1982 have shown that B. 
xylophilus is most highly concentrated in the metathoracic re g ion and that 
they are also carried iri beetle appendages of M, carolinensis , Although 
results presented here are similar to those of p°'i-evious investigators, it 
should be noted that parts of the tracheae associated with the third 
thoracic spiracle are located in the anterior portion of the first ab dominal 
segment and that nematodes extracted from abdominal parts may have 
originated from the metathoracic tracheal system . 

This paper represents the first report of insects associa t ed with ~-
xylophilus from a non-pine host. Balsam fir wood sampled in Minnesota has 
yielded low numbers (less than 10 adults/60 gm fresh weight of wood) of~-
xylophilus in comparison to the numbers of this nematode commonly extracted 
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from pines (Authors, unpublished) . This may explain the fact that nemato d e 
numbers extracted from M, scutellatus from balsam fir were comparativ e ly 
lower than those extract;d from pine, The lower numbers of B. xy l ophilus in 
balsam fir is thought to be related to the limited occurrence of blue sta i n 
fungi in fir as compared with pine. In addition, balsa m fir does not have 
resin canals in which~· xylophilus are reported to develop an d move in pi n e 
(Mamiya 1972; Mamiya, 1976). 

The mucronate tail of female~- xyloph ~lus from inse~ts emer g in g from 
balsam fir wood was similar to those observed on adult fe males extracted 
from balsam fir wood in Minnesota, An isolate of these ne matodes was 
pathogenic on balsam fir seedlin g s but not on pine s e edlin gs and was ·1e ss 
well adapted to feed on certain fungi common on pine than~- xylophil u s .:f ro m 
pine (Wingfield, et al., 1982c). Balsam fir is the exclusive hos t of }:. 
marmorator (Baker,1972) whereas M. scutellatus is found on many conif;r 
species including Larix spp., · Picea- spp., · Abies spp . and Pi nus sp p . ( Wilson, 
1962), The strain-;r-~; xyloph[i7is from balsa m Hr may therefore not b e 
restricted to balsam fir by means of vector and specialization may rathei b e 
based on other host factors. It is, however, possible tha:t ~- scutellat u s 
from balsam fir is not able to oviposit and develop successfully in p ine a nd 
vice yersa. 

The presente of B. xyl6philus in beetl~s emer g in g from bolts used ' in a 
previous . study to show that ~· xylophilus is transmitted · t o cut timber 
(Wingfield, 1982) proves that . ~• xylophilus ' can survive in cu t timber for a 
season, · The nematodes apparently feed on stain fungi and emer ge from these 
bolts with cerambycid beetles, By this meah's, _ cut ti mber would serve as a 
reservoir for the pine wood · nematode as well as the associa t ed ceram by ci d 
vectors . and illustrates a life cycle for the pine wood ne matode in the 
absence 6£ apparently susceptible host species. Forestr y prac t ices reducin g 
the amount of cut timber and dying trees to reduce bark beetle populations 
should also serve to reduce populations of Cerambycidae and~- xyiophil us. 

Monochamus scutellatus did not exhibit selective . feedin g on p ine, 
spruce and balsam fir in this study. This may have been due to unnatural 
circumstances where beetles were caged and confronted with seedlin g s on _ 
which they may not feed in nature, Dropkin et al., 1982 report that M. 
carolinensis does not feed selectively on various pine specie s althou gh the 
studies were also conducted using seedlings in cages. Mamiya a nd Enda, 197 2 
present evidence showing a dramatic decrease in numbers of~- xyloph i lus in 
Monochamus alternatus from time of emergence to the onse t of egg layin g . In 
this investigation, M, carolinensis . allowed to feed on red pi.ne seedlin g s 
for 15 days (a ti-;e period sufficiently lon g to inclu de the firs t 
oviposition activity) contained a higher average number of nemato de s t han M. 
alternatus at the time of egg laying in Japan. This data is however base d on 
a small number of beetles and may be misleading • 

. Transmission of~- xylophilus to cut timber and girdled trees has be e n 
discussed previously (Win gfielo, 1982). Althou gh the means o f tr a nsm i ssion 
was not known~ it was sug gested that vectors transmit~- xylo phil us durin g 
oviposition on the logs and stressed trees, Preliminary t rans mis s ion studies 
presented here confirm that ~- xylophilus is commonly t ransmi t ted durin ;~ 
vector oviposition and is consistent · with similar results f rom Fl orida 
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(Luzzi and Tarjan, 1982). In this investigation, transmission of B. 
xylophilus was more common during oviposition than durin g maturation 
feeding. The fact that two out of three female beetles contained some 
nematodes at the ,end of the eight week period and that no transmission of 
any kind occurred during the last two weeks in any one cage suggests that 
transmission of~- xylophilus by its vectors is innefficient. However, once 
nematodes are established on a log or susceptible tree, they are able to 
reproduce extremely fast (Kiyohara and Suzuki, 1978; Mamiya 1972; Mamiya, 
1976) and their numbers would increase dramatically. 

The number of nematodes in beetles would undoubtedly affect the success 
of transmission during oviposition and maturation feeding. Although this 
investigation has shown that between 79 and 90 percent of all M. 
carolinensis emerging from Austrian pine logs are infested with B. 
xylophilus and that beetles carry a relatively hi gh number of nematodes, it 
is impossible to know whether beetles used in transmission studies are 
carrying nematodes or how many nematodes they might contain, For this 
reason, additional transmission studies with higher numbers of beetles are 
required to better understand the patterns of transmission of~- xylophilus. 
In addition, transmission studies using seedlings and trees under field 
conditions are required to ascertain whether B·. xylop h ilus can be 
transmitted and kill seedlings and trees. Preliminary studies of this nature 
have been reported from other parts o·f the United States (Linit et al., 
1982; Luzzi and Tarjan, 1982). 

Cerambycidae are attracted to, and oviposit in dead and dying trees and 
cut timber (Baker, 1972; Ikeda et al., 1980; Ikeda et al., 1981). 
Transmission of~- xylophilus at this stage in the life cycle of the vector 
will result in the pine wood nematode being present in conifers dying as a 
result of any biotic or abiotic cause. This roay explain the association of 
B. xylophilus with trees in Minnesota, Iowa and Wisconsin which were 
stressed by various forest pathogens and insects and in which~- xylophilus 
appeared to be a secondary component of the disease complex (Win g field 
et: aL, 1982b). 

The role of ~- xylophilus as a primary pathogen of conifers in the 
United States is unknown. Serious losses of pines primarily attributable to 
infection by _!!. xylophilus have been . reported fro~ Illinois (Green 1982, 
Malek and McClary, 1982). In addition, Scots pine in Missouri (Dropkin 
et al., 1981; Dropkin et al., 1982), Japanese black pine in Delaware (Adams 
and Morehart, .1981) and Japanese· black pine and · Scots pine in Maryland 
(Nickle, 1982) are thought to be dying as a result of _!!. xylophilus 
infection. Although ~- xylophilus has been shown to kill many species of 
pine seedling , in greenhouse inoculations (Dropkin et al., 1981; . Dropkin 
et a 1., 1982) inoculation . and subsequent death of trees in the field have 
~-t-been reported. Luzzi and .Tarjan (1982), reporte ·d unsuccessful 
inoculations on branches of 10-yr-old Pinus taeda L. yet obtained branch 
mortality by allowing nematode-infested ~ch~ titillator to maturation 
feed on similar branches. The pathogenicity of B, xylophilus on pine 
seedlings and on mature trees in Japan present us with sufficient reason t o 
carefully study~- xylophilus as a potentially important forest pathogen in 
the United States. Careful observations ensuting the absence o f all bibtic 
and abiotic factors capable of stressing trees are, however, necessary to 
ascertain that B. xylophilus was not transmitted to stressed t rees dur i n g 
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vector oviposition and that the nematode was the primary cause of tree 
death. 
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Table 4. Transmission of Bursa2helenchus ~lo2hilus by three pairs of Monochamus carolinensis during maturation 
feeding and oviposition over an eight week period.!!/ 

Number of OViposition Niches Number of! • ~loEhilus in 

Cage Week Maturation Feeding Sites 
Numher Number Examined With!• ~loEhilus Oviposition Nichea!?-1 (Combined) 

I 0 0 

2 0 0 

3 0 0 

4 13 7 5.1 (2-11) 53 

5 24 5 3.0 (1-7) 2 

6 20 6 4.8 (1-12) 0 

7 20 0 0 

8 29 0 0 

II 0 0 0 

2 15 0 0 

3 3 0 0 

4 9 3 27.3 (8-64) 0 

5 21 0 0 

6 23 0 0 

7 29 0 0 
- ~-----

8 25 0 u 

III 0 0 

2 0 0 

3 4 2 29 (22-36) 0 

4 21 0 

5 31 0 

6 19 0 

7 5 0 

8 0 0 0 

!!I Beetles from Austrian pine, Zimmerman, MN allowed to maturation fe ed on white pine twigs and oviposit in 

Austrian pine logs . 

p_/ Number of nematodes in oviposition niches represent a mean followed by range in parentheses. 
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Table 5, Numbers of Bursaphelenchus xylophilus extracted from Monochamus 

Cage 

Number 

Cage I 

Cage II 

Cage III 

a/ carolinensis after maturation feeding and oviposition for eight weeks,-

Number qf B, xylophilus 

Male Beetle Female Beetle 

0 33 

0 14 

0 0 

~/ Beetles examined were those used in transmission studies presented in .Table 4 . 
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Ethephon, a plant growth regulator, stimulates abscission of eastern dwarf 
mistletoe (Arceuthobium pusillum) aerial shoots on black spruce (Picea 
mariana) 

W.H. LIVINGSTON, Graduate Research Assistant, Department of Plant 
Pathology and M.L. BRENNER, Professor, Department of Horticultural Science 
and Landscape Architecture, University of Minnesota, St. Paul, MN 55108. 

Prepared for the Western International Forest Disease Work Conference, 
South Lake Tahoe, CA 12-16 September 1982. 

ABSTRACT 

Ethephon, an ethylene releasing agent, was sprayed at 1250i 2500, an d 
5000 ppm on black spruce branches infected with eastern dwarf mistletoe. At 
the two highest concentrations, the number of seeds and aerial shoots on 
infected branches were reduced 90-100 %. Ethephon treatment res ul ted in 
partial dieback of dwarf mistletoe brooms . 

Control of dwarf mist letoe (Arceuthobium spp.) with chemicals has been 
r~ _stricted to tests us •ing herbicides (F.A. Baker, unpublished PhD Thesis, 
Univ. of Minn., St_. Paul; 7 ,8). Ethylene releasing agents have not b_een 
tested. E_thylene iS a gro wth re gulator that promotes abscission of plant 
parts (6). If ethylene could stimulate dwarf mistletoe seed capsules or 
shoots to abscise before maturit y when the seeds are not viab le , a new 
method of dwarf mistletoe control would be real ,ized. Ethephon ((2-chloro-
ethyl)¥lJosphonic acid, also cited as 2- chloroethane phosphonic acid, CEPA, 
ETHREL ) is a ~hemical that releases ethylene within plant tissues and is 
routinely used in . agricultural sciences t o promote abscission of leaves and 
·fruit (2). °This paper reports ·t he results of et}:lephon sprayed on eastern 
dwarf mistletoe (A· pusillum Peck) infecting black spruce (Picea mariana 
(Mil l.) B.S.P.). . . 

MATERIALS AND METHODS 

Three black spruce, 6-20 cm dia 1.4 m above ground, loca ted in Carlton 
Co., MN, were used for testing ethephon. Four separate brooms bearing dwarf 
mistlet oe seeds were locat ed on each tree. Within each broom, th ree . branch 

This work was supported in part by a grant from the Blandin Foundation, 
Bland in Paper Co., Grand Rapids, MN 55744. 

Mention of a trademark or proprietary pro!:luct does no t constitute a 
guarantee or warranty of the product by the Univ. of Minn. and does not 
imply its approval to the exclusion of other products . that may a lso be 
suitable. 
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segments having the largest number of seed-bearing dwarf mistletoe shoat 's 
were tagged and the number of dwarf mistletoe shoots counted. All newly 
formed dwarf mistletoe shoots (in contrast to the seed bearing shoots which 
were · 1 yr old) were counted on branch segments arising from the tagged 
branch segments.TQn 28 August 1981, distilled water (used as a control) and 
ethephon (ETHREL , AMCHEM Prod. Inc . , Ambler, PA) in distilled water at 
three concentrations (1250, 2500, 5000 ppm) were sprayed on tagged brooms 
~elected at random on each tree. A hand-held aspirator was used to spray th~ 
dwarf mistletoe plants to the point of run-off . After 11 days, the number of 
1 yr old and newly formed dwarf mistletoe shoots were counted on each tagged 
branch. Temperature at the time of treatment was 20°C, 

RESULTS AND DISCUSSION 

Within 11 days of treatment, ethephon sprayed at 2500 and 5000 ppm 
stimulated the abscission of most (90-100%) eastern dwarf mist le toe shoots, 
newly formed and 1 year old (Table 1). Basal cups ~emained on the stem whi le 
dwarf mistletoe shoots and seed capsules had shrivelled and fallen from the 
branch. Ethephon prevented seed dispersal of eastern dwarf mistletoe on 
black spruce. · 

No visible effects of ethephon on black spruce were observed until . 1 
mo. after spraying. At this time, 2-4 year old needles began to yellow on 
branches sprayed with ethephon. By June 1982, some of the infected ti.ssue 
treated with ethephon had died . The percentage of dead buds on the tagged 
braoches were 3. 2 - 27~~ for the control, 11 - 25% for tissue treated wi : h 
1250 ppm ethephon, 35 - 60% for 2500 ppm, and 74 - 75°/,, for 5000 ppm. In 
previous tests (1,3,4,10), similar ethephon treatments did not cause stem 
death on healthy conifer seedlings grown in the greenhouse nor · on seed 
orchard trees. The treatments induced bud dormancy, decreased shoot 
elongation, and reduced the number of lateral branches on seedlings. These 
ethephon mediated effects differ from the effects of dwarf mistletoe 
infections on conifers, i,e, proliferation and elongat i on of tree shoots 
(5,9). The iffects of ethephon spraying on dwarf mistletoe infections 
involves more than abscission of aerial shoots. Additional studies are 
underway to ascertain how ethephon mediates changes on the growth habit of 
infected and uninfected host tissue. 

Ethephon tr~atment has potential for ~reventing seed dispersal of dwarf 
mistletoe. This would be useful 1n protecting conifer seedlings from dwarf 
mistletoe infection that spreads from a seed tree or ~helterwood overstory. 
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Host Specialization in Heterobasidion annosum 

Jim Worrall, John Parmeter, Jr ., and Fields Cobb, Jr. 

In many root disease centers caused by Heterobasidion annosum ( Fornes annosus) in 
true fir in California, pines are present but apparently unaffected. Possible host 
specialization among isolates from fir and pine was tested by cross inoculations in the 
greenhouse. 

Some isolates were from the collection of Bob James, and others were freshly 
collected. Most were from diseased trees, but some were from stumps and may represent 
stump colonization after felling. In two experiments, a total of 30 isolates were grown on 
wood wedges and inserted into incisions on the lower stems of 2-0 seedlings (28-30 
seedlings of each host per isolate) of white fir and ponderosa pine. Seedlings were 
harvested when advanced symptoms developed , and experiments were terminated when 

· any isolates killed all of one. host. Three controls died in the 1st experiment and one in the 
2~. . . 

The ANOV A shows highly significant isolate group-host interaction for both 
· experiments, indicating that the two isolate groups differ significantly in relative 
· virulence on the two hosts. Isolates from one host were more virulent to that host than 

isolates from the other host. In Experiment 1,fir isolates were almost as virulent as pine 
isolates to pine, but were significantly more virulent to fir than pine isolates. , In 
Experiment 2, fir isolates were much less virulent than pine isolates to pine and were only 
slightly more virulent than pine isolates to fir. The higher ambient temperatures of 
Experiment 2 may have selectively reduced virulence of fir isolates, which in nature cause 
disease at sites characterized by lower temperatures. 

,; 

In view of these results, it may be desirable to test replanting of severely infested . 
stands with several species where feasible. 

ANOVA % MORTALITY 

Exet 1 Exet 2 Exet 1 Exet 2 
F p F p Pine Fir Pine 

Host 4.1 0.01 15.8 0.01 Pine Isolates 80 IT Tl 
Isolate 4.5 0.05 7.7 0.01 Fir Isolates 71 48 27 
Host x Iso. 9.3 0.01 11.1 0.01 
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Michaels, E. and G. A Chastagner. 1982. Conditions which influence release 
of Phaeocryptopus gaeumannii ascospores. Western Washington Research and 

. Extension Center, Washington State University, Puyallup, WA 98371. 

Swiss needle-cast, caused by Phaeocryptopus gaeumannii (Rohde} Petrak, is 
common in Douglas-fir Christmas tree plantations throughout western Washing-
ton and Oregon. To effectively develop chemical control measures a complete 
understanding of the infection process is necessary. Investigations were 
conducted to determine the period of as cos-pore availability and condi"ti ons 
which influence release of ascospores from pseudothecia. Using infected nee-
dles collected from the field, it was found that pseudothecia have the poten-
tial to release ascospores from late Aprfl through September. Maximum num-
bers of ascospores were released during June and July. This would agree 
with work previously done in other parts of the U.~ .• rather than a 19?8 
study conducted in western Washington which indicated peak spore release in 
May and October. Fewer ascospores are avaflable from two-year-old infected 
needles than from one-year-old infected needle·s. With a single misting, 
pseudothecia release all avai1abl~ ascospores within ·four ho~rs, 75% of these 
within the first 20 minutes. Ascospore release occurred at temperatures 
ranging from 5-25°C with an optimum at 20°C. No spores were released at 
35°C. Ascospore rel ea_se was greater wlien needles were incubated under fl uo-
re.s.cent or ultra-violet Hghting than under dark incubation. Envfronm'ental 
conditions comparable to laboratory conditions fa~ori~g ascospore release 
would be expected to be present throughout the year in western Washington. 
Fungicidal control experiments have shown that infection takes place only 
after bud break during shoot elongation . These findings apparently indicate 
that changes in host susceptibfl Hy rather than inoculum availabfl Hy deter-
mine the infection period. 
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AN OVERVIEW OF RECENT FOMES ANNOSUS (HETEROBASIDION ANNOSUM) 
RESEARCH AT THE UNIVERSITY OF WASHINGTON 

Robert L. Edmonds 
, Charles H. Driver 

Kelly Leslie 
Rosalind Hu 

Susan Frankel 
and 

Terry Jordan 

College of Forest ' Resources 
University of Washington 

Seattle, WA 98195 

Recent . research has focussed on (1) chemical stump treatment control, (2) 
patterns of deposition and release of airborne spor .es, (3) effects of H. annosum 
on physical, chemical and pulping properties of western hemlock wood, and (4) 
variation in decay rates of western U. S. isolates of!!.· annosum. 

We have determined that; (1) typical agricultural fungicides (Ridomil, 
Benl,ate, Captan, Ferbam, Thiram, and Daconil) are ineffective against H. annosum 
and are not as good as Zncl 2 or borax. Wear~ continuing to test other chemicals 
including wood preservatives and more soluble forms of _ borax; (2) spore dep·os-
ition peaks do not occur at any specific hour of the day or night. Seasonally 
greatest numbers of spores are deposited in the fall with l~!es: n~mbers in 
late spring or summer. Highest values were 38,2~4 ~£ores m h lat a Cascade 
Mountain site in Washington and 36,260 spores m h at a coastal Washington · 
site . Using a Gelman filter sampler and a scanning electron microscope we 
determined that 20% of the spores deposited at the coastal Washington site 
in October were conidia and 80% were basidiospores . Regional spore deposition 
patterns in coastal Oregon and Washington indicate that more spores -;,_were depos-
ited in precommercially thinned stands than commercially thinned stands ; (3) 
there is little effect at the incipient decay stage on wood physical properties 
(Modulus of Rupture and Modulus of Elasticity), but there is an effect at the 
advanced decay stage. However, total pulp yield is reduced by 2.5 % using 
incipiently decayed wood and is reduced by .8% by using advanced decayed wood; 
and (4) soil block decay tests have indicated variability of western U. S. 
isolates of H. annosum to decay western hemlock wood. 
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Poster Abs tra eta 
WHITE-POCKET ROT BY 

PHELLINUS PINI IN CONIFERS 
Robert A, Blanchette 

Department _of Plant Pathology 
University of Minne sota 

St , Paul, Minnesota 55108 

Phellinus (Fornes) pin-i (Thore ex Fr.) A, Ames. is one of the most 
destructive decay causing organisms of livin g trees. Decay caused by -f, pini 
i.s typically a white-pocket rot. This type of decay is characterized by 
spindle-shaped zones of white fibers surrounded by appa ren tly sound wood. A 
three dimensional view of decayed wood, obtained from a composite of 
micrographs using scanning electron microscopy and histological techniques, 
is present to demonstrate why f• pini causes a white-pocket rot. 

White -pock et material from black spruce, · Douglas-fir, jack pine, 
Western larch , and Wester n white pine indicate: 

1. White pockets contain delignified tracheids (3.1% ligni n· and 78.0 % 
total sugars whereas wood surrounding the ~vhite pockets contained 
29.6 % lignin and 66.9% t otal sugars). 

2. Latewood tracheids are preferentially degraded. 
3, The middle lamella between tracheids is completely decomposed. 
4. Cell walls are delignified revealing the macrofibrillar structure of 

. cellulose in the remaining cell wall. 
5 . Ray parenchyma cel ls are completely removed. 

Wood between the white pockets was nondecayed. The morphological and 
chemical barriers to delignification consist of: 

1, Earlywood tracheids 
2. Resin ducts 
3. Resin-filled ray parenchyma and tracheids 
Investigations involving P. pini, one of the most common and 

devastat in g heart rot organisms, will not only help to elucidate the decay 
process within living ·trees but wi ll also provide needed information 
concerning biological delignification which could be of ~reat economic 
importance to man. 

REFERENCES 
Blanchette, R,A. 1980. Wood decomposition by Phellinus (Fornes) pini: a 

scanning electron microscopy study. Can. J. Bot. 58:1496-1 503. 
Blanchette, R,A. 1980. Wood decay: A submicroscopic view. J. for. 

7 8 : 7 34- 73 7 • 

Blanchette, R,A. 1982. Phellinus (Fornes) p1n1 decay associated with 
sweetfern rust in sapwood of jack pine. Can. J. For . Res. 12:304-310, 

Blanchette, R.A. 1982, New technique to measure tree defect usin g an image 
analyzer. Plant Dis, 66:394-397. 
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FORMATION OF WHITE POCKETS IN OAK CAUSED BY 
Inonotus (Polyporus) dryophilus 

Lewis Otjen and Robert A, Blanchette 
Department of Plant Pathology 

University of Minnesota, St. Paul, MN 55108 

INTRODUCTION 
Inonotus (Polyporus) dryophilus causes a white pocket rot in the 

heartwoo d of living oaks, White pocket decay is characterize d by the 
presence of apparently sound wood existing between localized areas · or 
pockets of degradation. Within the pockets l· dryophilus was found to 
select"ively remove lignin leavin g only the white cellulosic macrofibrils of 
the cell walls. Chemical analyses have shown these delignified tissues to be 
composed of 93.5% total sugars and 2,6% lignin, whereas sound oak heartwood 
had 64.5% total sugars and 25,0 % lignin (Otjen, 1982). Organisms with the 
ability to selectively remove lignin from wood are o~ potential importance 
in application to biopulping processes. Other potential uses include the 
cleanup of pulping mill effluent, biobleaching of wood pul p , or releasin g 
wood s~gars for ethanol productiori, or use as a carbohydrate for ruminant 
animals~ Before white pocket rot fungj. could ever be used for such purposes 
i't is important to determine what restricts them from delignifying all of 
the wood uniformly . The major objective of this study was to elucida t e the 
factors responsible for the formation of white pockets by I. dryophilus in 
the heartwood of living oaks. 

MATERIALS AND METHODS 

Four bur oaks · (Quercus macroc~rpa Michx . ) and one white oak (Quercus 
alba L,) ap~roximately 50-75 years old with conks of l· dryophilus were cut 
in Anoka and Dakota counties, Minnesota. Trees were cut into 30 crri bolts 
above and below the sporophore beyond any evident discoloration or decay. 

Radial and tangential sections of wood were cut from all representative 
areas of affected wood~ Unfixed specimens were dried in a dissicator, and 
coated with 40% gold and 60% paladium in a Kinney KSE- 2A-M vacuum 
evaporator. Specimens ~ere observed and photographed with a Philips scannin ~ 
electron microscope at 12 kV. 

Radial, tangential, and .transverse 
obtained using a Tissue Tek II Cryostat 
stained with safianin-fast green. 

RESULTS 

sections 13-15 µm thick, 
cooled to -20°C . Sections 

were 
we1:e 

Selective delignification occurred in axial parenchyma cells 
surrounding vessels of earlywood and latewood. Flame-shaped tracts of 
vessels with accompanying axial parenchyma, present throughout the latewood, 
provided avenues for radial movement of l· dryophilus, Dense groups of 
latewood fibers were not degraded. Inonotus dryophilus did not deli gnify ray 
parenchyma, instead, a typical white rot occurred, differentiated micro-
scopically by a shot-hole appearance. Tyloses did not restrict! · dryophilus 
movement in heartwood vessels of living oaks . Occluded latewood fibers an d 
medullary rays were often left intact forming borders between white pockets . 
The reason l· dryophilus causes a white pocket rot in oak is clearl y rela t ed 
to the anatomy of its host , 
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Histopathology of Verticicladiella wagenerii in Douglas-fir 

Paul Hessburg and Everett M. Hansen. Department of Botany and Plant Path-
ology, Oregon State University, Corvallis, Oregon 97331 

INTRODUCTION 

Verticicladiella (Ceratocystis) wagenerii Kendrick causes a vascular wilt 
disease of Douglas-fir Pseudotsuga menziesii and other western conifers. 
Foliar symptoms are similar to those caused by other root pathogens of 
Douglas-fir. There is a progressive reduction in the length of needles and 
internodes, followed by chlorosis, loss of older needles, and distress cone 
crops (Fig. 1). Finally the needles turn orange-red and fall to the ground 
(Fig. 2). New infections are presumably initiated in healthy roots either 
by insect vectors or by root to root transmission, but infection courts 
have not been experimentally demonstrated. Colonization of the host is 
accomplished solely by hyphal growth, and branching is · restricted to 
sapwood tracheids (Phytopathology 57: 935-938, PDR 45: 831-835). This work 
was designed to examine histologically the colonization biology of V. 
wagenerii in Douglas-fir roots to•aid in characterizing infection sites and 
the infection process. 

BASIC PATTERN OF SECONDARY XYLEM COLONiiATION 

·'Y_:_ wagenerii imparts a dark amber to olive-brown stain to infected Douglas-
fir sapwood. Factors contributing to this "black-stain" include: · 

1. melanized hyphal walls, 
2. : amber~brown hyphal sheath, 
3. · discoiored tracheid walls adjacent 

to hyphae, 

4. gum-plugging of ray tracheids, 
S. infrequent tyloses, 
6. resin soaking of colonized 

xylem · 

Hyphae in longitudinal (axial) tracheids are serpentine to helicoid and 
contact many border pit-pairs on radial walls. Sequential invasion of 
tracheids longitudinally is through bordered pit-pairs on their tapered 
ends. Hyphae reduce their diameter when passing through .bordered pits. 
The torus is pushed out of position by the hyphae and is ;Left partially 
attached to the margo. Bordered pits are completely occluded by passage of 
hyphae. Earlywood tends to be preferentially invaded over latewood 
probably due to the larger lumen and pit-aperture sizes. When colonized, 
latewood tracheids tend to be more intensively ramified by comparison since 
the last formed axial tracheids of the latewood have bordered pits on both 
radial and tangential walls. 

RADIAL AND CIRCUMFERENTIAL COLONIZATION 

Lateral (circumferential) colonization occurs via bordered pits on radial 
walls of longitudinal tracheids. Radial colonization happens in one of 
three ways: 
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1. Along ray tracheids, 

2 . Through bordered pit-pairs on tangential walls of the 4-10 last formed 
longitudinal tracheids, or 

3 . During circumferential growth between laterally adjacent pa i rs of axial . 
tracheids. 

The vertical declination of a radial file of longitudinal tracbeids 
produced by the same fusiform initial is roughly constant. The axes of two 
laterally adjacent tracheids produced by adjacent fusiform initials may be 
different. It is this difference that accounts for most of the radial 
growth of I_:_ wagenerii in Douglas - fir. 

Hyphal development in ray tracheids is infrequent and appears to be limited 
by small lumen and pit-aperture sizes. Frequently uniseriate and fusiform 
(those containing resin canals) rays act as an impediment . to circumfer-
ential development of the fungus . Three reasons are important: 

1. Most ray cells are parenchymatous, 

2. wagenerii hyphae do not penetrate the piceoid simple pit-pairs or 
half bordered pits of the ray cross-fields, and 

3. Most ray tracheids occupy terminal or near terminal positions in the 
ray. 

IMPLICATIONS OF COLONIZATION BIOLOGY 

The rate of radial colonization in vivo is slow and is determined by the 
rate of longitudinal colonization. Observations of growth rate of the 
fungus within the optimum range of temperature for growth indicate that in 
seedlings, axial colonization occurs at the rate of 2.0-2 . 5 mm/day. Cir-
cumfer 'ential and radial colonization proceeds at rates of 0.15--0.25 mm/day 
and 0.02--0.03 mm/day, respectively. These factors help to account for the 
characterisitc crescent - shaped pattern of staining that so contrasts I_:_ 
wagenerii with other sapstaining members of its telomorphic genus 
Ceratocystis. 
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Field Trip Notes 
September 15, 1982 

A fine, cool, rainy day was used to entice members to observe pathological 
problems in the Lake Tahoe area. Several fine examples of sick trees were 
viewed and grand explanations of past and future problems given. Great examples 
of Fornes root rot, western gall rust, stalactiform rust, Elytroderma needle cast, 
salt damage, bug damage and dwarf mistletoes were found. 
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Pre WIFDWC Field Trip Notes 
30th WIFDWC Dwarf Mistletoe field 'l'rip--
Or how to eat your way across the State. 

Bob Scharpf 

Seventeen enthusiastic WIFDWC members and guests gathered at the 
Institute of Forest Genetics at noon on Saturday, September 11 for the 
beginning of the dwarf Mistletoe field trip. Our first order of business was 
to consume our bag lunches including various pot luqk dishes and a freshly 
baked chocolate cake provided by Carol Alosi--ali washed down with an abundant 
supply of beer and soft drinks provided by local atrangem ents. 

After our multicourse feast, those who were abie to get on th e ir feet 
walked to the southeast corner of the institute grounds to look a t 40 ye a r ol d 
Jeffrey pines naturally infected by western dwarf mistletoe. Differences in 
resistance among several altitudinal collections of Jeffrey pines were 
observed and discussed. By this time, lunch was partially digested, we had 
finished our discussion, and all participants managed to make it back up the 
hill and to our vehicles for the next stop on the trip. 

At Camino, a few miles east of the institute, we stopped to look at a 
series of recent inoculations in a young plantation to test the resistance of 
different seed sources of Jeffrey pines to dwarf mistletoe. These controlled 
inocu .lations were made as a follow up to the natu ,rally infected Je ffr ey pines 
observed at the institute . Lunch was nearly digested so we headed east on 

.highway 50 toward the pass (Echo summit) to see mature red fir stands infested 
with dwarf mistletoe and Cytospora canker. At Sierra Ski Ranch near the 
summit, Dick Parmeter showed the group large trunk sw3llings caused by dwarf 
mistletoe and set up a demonstra .tion with dissected portions of trunk : 
swellings. Enthusiasm reined for almost an hour until the group suddenly 
realized the sun was low in the sky and they were getting hungry, and most of 
all thirsty again. With little dissention in the ranks, we headed f or our 
prearranged lodging in South Lake Tahoe . 

On Sunday morning · (I will dispense with any descriptions of the nights 
activities) we gathered our forces, including our wounded-like (Te rry Shaw), 
and proceeded on to Nevada Beach Campground where we were met by several. more 
WIFDWC ers who were either too poor (or were not on expenses) to stay in our 
Motel. At Nevada Beach, Det Vogler discussed the project he ha d underway 
there, involving the problems of dwarf mistletoe in a high use recreational 
area. By mid morning, Terry was feeling much better s o we headed toward our 

. next stop, Truckee, via the beautiful east shore of Lake Tahoe. By the time 
we arrived at Truckee the group was hungry again, so we stormed t he towns ' 
testaurants for lunches that ranged from dining in an elegant old Victorian 
house to grabbing a beer and pizza in one of the local saloons. 

With our energy and enthusiasm back to par we headed north of Truckee on 
hwy. 89 to see and discuss control of dwarf mistletoe in young true firs by 
thinning. A dusty 7 mile side road off 89 did not deter our determination 
because we knew that this was the last stop of the trip. After we absorbed 
all knowledge about fir dwarf mistletoe, the group proceeded back along the 
west shore of Lake Tahoe to the WIFDWC Conference Center at Fallen Leaf Lake 
just in time for the evening happy hour and dinner . A good time was had by 
all. 
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Committee Reports 
WESTERN INTERNATIONAL FOREST DISEASE 

WORK CONFERENCE 
MISTLETOE COMMITTEE REPORT 

1982 HIGHLIGHTS 

John G. Laut, Chairman 

I Taxonomy, Hosts and Distribution 

A. A certain dwarf mistletoe monograph listed corkbark fir as a 
secondary host for Arceuthobium douglasii . However, more detailed 
examinations of many mixed Douglas-fir/corkbark fir stands in 

. Arizona and New Mexico have shown that corkbark fir is less 
susceptible and should more appropriately be classed as an 
"occasional II host. Not only are fewer corkbark firs infected 
in mixed stands but infection intensity is consistently lower 
in corkbark than in associated Douglas-fir . A ma~uscript has 
been prepared on the infection of southwestern true firs (white 
fir, corkbark fir, subalpine fir) to dwarf mistletoe for publi-
cation as a research note by Northern Arizona University . (R .. L.. 
Mathiasen, NAU; F. G. flawksworth, RM Sta.} 

B. Arceuthobium divaricatum was collected for the first time. (on 
Pin us eduHs} in the Guada 1 upe Mountatns tn southern New Mexico. · 
This locality fills a gap of about 100 miles in the previously 
known range of pinyon dwarf mistletoe. Additional pinyon hosts 
for A. divaricatum not listed in our 1972 monograph are Pinus 
discolor in New Mexico and P. edulis var . fallax in Arizona. 
(F. G. Hawk.sworth, RM Sta . ) . 

II Physiology and Anatomy 

A. Studies of the isozymes of Arceuthobium were continued. Preliminary 
w6rk with several specfes 'collected fn 1981 identified some 100 
enzyme systems, of which about 12 will be used for comparison among 
taxa. Objectives of the study are (1) to determine correlations 
between ."niche width" among taxa (e.g. , comparison of dwarf mis-
tletoes that have brood host ranges with those that have narrow 
host ranges) and (2) to determine the potential of isozyme analyses 
in defining classification and evolution of the genus Arceuthobium. 
Most Mexican and United States taxa will be studied, (Don Nickrent, 
Miami Univ. , Ohio and F. G. Hawksworth, RM Sta.) 

B. Electrical resistance (ER) between steel needle electrodes forced 
through bark into outermost xylem was measured by a Shigometer in 
lodgepole pines (Pinus contorta) infected by dwarf mistletoe 
(Arceuthobium americanum) in the greenhouse and field. In the green-
house, seedlings with bole infections were measured. ER was lowest 
at the infection, intermedi'ate below, and highest above the infection . 
In the field, ER of 100-year-old trees of different dwarf mistletoe 
intensity and vigor ratings was measured at breast height . Trees 
of poor vigor or those with high mistletoe ratings (Class 6) had 
significantly elevated ER. From manuscript accepted for Forest Science. 
(B. Schaffer, Colo. State Univ. ; F. G. Hawksworth, RM Sta. 
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C. Cytokinins were extracted and assayed from aerial shoots of the 
dwarf mistletoe Arceuthobium vaginatum subsp. cryptopodum (Engelm.) 
Hawksworth ahd Wiens, which induces witches broom formation on 
infected trees. Cytokinins were also extracted _from ponderosa 
pine tissue infected with the parasite, and healthy ponderosa pine 
tissue. Dwarf mistletoe shoots contained the highest concentration 
of cytokin_ins. The same cytokinins were present in the infected 
ponderosa pine tissue but in much lower concentrations. Cytokinins 
were not detected in healthy ponderosa pine bark and ~ood tissues. 
Cytokinins were also extracted and assayed from aerial shoots of 
Arceuthobium occidentale Engelm., a parasite of digger pine which 
does not induce witches broom formation. Although cytokinins were 
present in the shoots of this dwarf mistletoe species, they were 
different from those found in Arceuthobium vaginatum. These results 
suggest that cytokinins may be involved in the induction of witches 
brooms by dwarf mistletoes. From manuscript accepted by Forest Science. 
(B. Schaffer, Colo. State Univ.; F. G. Hawksworth, RM Sta.; 

D. Seeds of dwarf mistletoe par.as i tes, A. ameri canum and A~ cyanocarpum, 
avoid freezing by deep undercooling all freezable -tissue water to 
near -35C. Seeds nucleated with ice at - 3C and cooled to -40C were 
killed. Seeds cooled to -30C had germination levels equivalent to 
nonfrozen seeds. Differential Thermal Analysis studies showed that 
the position and size of the exotherms of the seeds were not signif-
icantly changed by the following treatments: absence or presence of 
external ice-nucleation at -3C, ice-nucleation at -3C· followed by 
holding at -l7C for 48h prior to subsequent cooling, and changes 
in cooling rate between 0.1 and 1.0C/min. Thus, the deep undercooling 
mechanism is persistent and the imposed hardiness limit of the 
mistletoe seeds overwintering on the host may be a factor in restrict-
ing the distribution of the mistletoe parasite relative to the distri-
bution of the host tree. (M. R. Becwar, F. G~ Hawksworth, M. J. Burke, 
Colo. State Univ. and RM Sta.) · 

III Life Cycle Studies 

A. The manuscript entitled "Population dynamics of dwarf mistletoes in 
young true firs in the central Sierra Nevada" reported as in press 
at the last WIFDWC is still in press. The USDA moratorium on 
publications has recently been lifted and we anticipate-being in 
print soon. (R. F. Scharpf, PSW; J . R. Parmeter Jr., UC) 

B. A preliminary study is being made to identify possible bird ano . 
mammal vectors of lodgepole pine dwarf mistletoe seeds. The study 
is being conducted at the Fraser Experimental Forest, Colorado. 
(T.· Nicholls, NC Station; F. G. Hawksworth and L. M. Merrill, RM 
Sta.) -- . 

IV Host-Parasite Relations 

A. Initial intensification and lateral spread of Arceuthobium laricis 
were measured for three levels of stocking, 1680, 549, and 272 
stems/ha (2.4x2.4, 4.3x4.3, and 6.0x6.0 m.spacing) of young, single-
layer, western larch monoculture, following artificial inoculation. 
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Intensification was slow for the first six years following inocu-
lation, but showed fivefold to tenfold increa ses in treatment 
means for the next three-year period. Lateral spread from the 
inoculated trees to neighboring suscepts was not observed during 
the first six years. It was observed in all three treatments 
between years seven to nine and averaged 3.5 to 4.9 m for the 
three spacing treatments~ Maximum lateral spread during the period 
was 6.4 m. We conclude that A. la ricis can intensify rapidly on 
young western larch once an inoculum source i s established . The 
lowest stocking level (highest spacing' level, 6x6 m) used in this 
study did not prevent lateral spread of the pathogen. These data 
attest to the value of prevention or early detection and removal 
of infections for the protection of western lar ch stands from 
subsequent losses. From manuscript being revised for submiss ion 
to Can. J. For. Res. (E. F. Wicker and J.M. Wells, RM Sta.) 

V Effects on Host 

A. 

8. 

C. 

Dwarf mistletoe-related mortality of _ponderosa and Jeffrey pines 
is being followed at five -campgrounds in Californi a and Nevada. 
A report ·of mortality after eight years was published in 1981, 
and showed· that the rate of mortality increased exponentially as 
the infection rating increased. Further data on mortality and 
mistletoe intensification will . be collected through 1984. The 
final report will use these data to predict losses in mistletoe-
infected campgrounds.- (D. R. Vogler, FPM, Region 5; R. F. Scharpf, 
PSW) 

I 

A manuscript entitled "Stem infection by dwarf mistlet,e in 
California firs" is in press. The manuscript summarizes the 
importance and frequency of 11trunk 11 infection by dwarf mistletoe 
in firs. (J. R. Parmeter Jr., UC; R. F. Scharpf, PSW) 

. ! 

Stem analysis data from approximately 200 western hemlock 40-150 
years old are being analyzed to determine effects of dwarf 
mistletoe infection on volume increment. ln addition, 26 
25-year-old trees have been di"ssected to e·xam,ne effects of size 
and distribution of infections and tree competition on tree 
growth rate . (A. J. Thdmson, R. 8. Smith and R. Alfaro, PFRC 
·Vi-ctorta )- ·- · ---· 

D. Ten-year readings are being taken in summer, 82 on the effect 
of dwarf mistletoe on released red firs in California . A summary 
will be prepared on growth after release, mortality as related 
to dwarf mistletoe, and buildup of the parasite over time. (R. F. 
Scharpf, PSW) 

E. Fieldwork has been completed and data analyses are well underway 
to develop a yield simulation program for mistletoe-infested, 
mixed conifer stands in the Southwest. Data from 70,000 trees 
from 387 plots in Arizona and New Mexico will provide the basis 
for the new program. The model will be able to project yields 
in uninfested stands and those inf~sted by A. douglasii , fl:_ 
~icrocarpum and A. vaginatum in various combinations. (R. L. 
Mathiasen, Nor. Ariz. Univ. ; C. 8. Edminster and F. G. Hawksworth, 
RM Sta.; E. Wood, FPM, Region 3) 
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VI Ecology 

A. A study was continued to determine correlations between dwarf 
mistletoe (A. vaginatum and A. douglasii) frequency and abundance 
with habitat types in Colorado. Some 940 plots have been estab-
lished. The results will be analyzed this winter and presented 
in a M.S. thesis at Colorado State Univeristy. (L. M. Merrill and 
F. G. Hawksworth, RM Sta.; D. Johnson, FPM, Region 2) 

VII Control - Chemical 1 . 

A. Chemical control tests on A. vaginatum on ponderosa pine were con-
tinued near Estes Park, Colorado. Several chemicals look promising 
as they prevent seed formation and selectiyely kill mistletoe 
shoots but the effects on the endophytic system are not yet 
certain. Spring spraying is most effective. Chemicals that 
look best to date are: Butyrac ester and Emulsamine (Union Carbide); 
D-40 and Esteron 99C (Dow); RoundUp' (Mcinsanto); .Dacamine (Diamond 
Shamrock); RP 2,4-D and MCPA (Rhone Poulene); and Acti-Aide (Upjohn). 
(A. Moinat, Estes Park, Colo.) 

VIII Control - Biological 

A. Spittlebugs (presumably Clasdoptera di stincta) were ve-ry corrmon 
on Arceuthobium vaginatum on the Mescalero Apache Reservation in 
southern New Mexico .in 1982. (F. G. Hawksworth, RM Sta.) 

B .. A manuscript on the "Mistletoe Rust" Peridermium bethelii associated 
with Arceuthobium americanum on lodgepole pine has been submitted 
to Plant Disease. The life cycle of this rust is still not known 
although it is apparently autoecious. It resembles Cronartium 
comandrae but has distinct spore morphology, sporulation period, 
and will not infect Comandra. (F. G. Hawksworth and C. Dixon, RM 
Sta.; R. G. Krebill, Int. Sta.) . 

IX Control - Silvicultural 

A. Treated over 6,900 acres of A~ americanum infested lodgepole pine 
stands on the Arapaho and Roosevelt, Grand Mesa, Uncompahgre, and 
Gunnison, Pike and San Isabel, Shoshone, and White River National 
Forests and State-owned sections in Wyoming. (D. W. Johnson, USFS, 
Region 2) 

B. 0verstory removal of A. americanum from 330 acres on the Caribou 
National Forest ·and 2,967 actes on the Targhee Natibnal Forest . 
Control treatment of A~ douglasii on 486 infected acres on the 
Sawtooth National Forest and 364 acres on the Boise National Forest. 
(Hoffman, USFS, Region 4) 

C. Using the western hemlock dwarf mistletoe model, DWARF, infection 
severity is being estimated over a range of stand and site conditions 
and various silvicultural regimes. The results will form the basis 
for silvicultural guidelines . (W. J. Bl oomberg, PFRC Victoria) 
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D. J. Laut under contract to the B.C. Ministry of Forests Protection 
Branch i s directing Ministry field crews to collect data for te sting 
and adopting the LPMIST mistletoe evaluation technique to B.C. 
conditions. Approximately 150 plots were established, and data 
should be analyzed by December 1982. Hopefully, a B.C. version 
of the technique to make site-specific prescriptions and regional 
loss assessment surveys will be available in 1983. (Muir, B.C. M. 
of F.) 

E. Field establishment and data collection for the California Region-
PSW Cooperative Project to test the efficacy of controlling dwarf 
mistletoe in true firs by pre-commercial thinning was completed 
in 1982, following an early winter which prevented completion in 
1981. Data verification and analysis will be undertaken in 1982-83 
and a progress summary prepared. (R. F. Scharpf, PSW; R. S. Smith 
and D. Vogler, Region 5) · 

F. · Reexamination of long-term (30- to 37-year-old) ponderosa pine dwarf 
mistletoe control plots were made on the Mescalero Apache Reservation 
in New Mexico and at Grand Canyon National Park in Arizona. · The 
results, which will be analyzed this winter, will be used to help 
evaluate the RMY'LD growth simulation model for even-aged stands 
and also to provide data for a new;yield program for uneven-aged 
stands. (F. G. Hawksworth, L. M. Merrill and T. E. Hinds , RM Sta . ; 
E. Wood, FPM, Region 3) 

X Surveys 

A. In 1981, a survey of dwarf mistletoes (A. laricis, A. americanum) 
was undertaken in five districts of the Nelson Region in southeastern 
British Columbia. Ministry of Forests personnel selected a problem 
site in each district. Each site was inspected with M.0.F. personnel 
including A. Renwick, Pest Management Coordinator for the Nelson 
Region. A survey procedure was selected and conducted at each site. 

' In three areas we found both mistletoe species; in one, A. americanum 
and in one A. laricis . Two young stands and three older stands were 
surveyed. A workshop to discuss mistletoe identification a-fle--eel}tN'H-
options was held at each site 'with local government and industry 
personnel who are concerned with mistletoe control. Field data and 
a technical report were prepared for the Ministry . (Muir, B.C. M. of 
F. ) 

B. Biological evaluation of 16,013 acres of proposed dwarf mistletoe 
control projects on the Payette National Forest. The di sease-causing 
organisms include A. americanum, A. douglasii, A. campylopodum, and 

. A. laricis. (Hoffman, USFS, Region 4) 

C. Data from approximately 400 western hemlock 1/50 acre plot s in seven 
Vancouver Island and Gulf Island locations previously cruised for 
dwarf mistletoe severity ratings are being analyzed to obtain estimat es 
of ratings on a stand basis by tree size cla ss . Rating data will be 
correlated with volume impact data obtained from felled sample tree s 
in each plot in order to es timat e volume impact on a stand basi s. (R. 
Alfaro and A. J. Thomson, PFRC Victoria) 
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D. Presuppression surveys for A. americanum were conducted on 52,000 
acres on the .Arapaho and Roosevelt, Medicine Bow, Pike and San Isabel, 
Shoshone and White River National Forests and State-owned sections 
in Wyoming. (D. W. Johnson, USFS, Region 2) 

E. Dwarf mistletoe loss assessment survey -- ponderosa pine and Douglas-
fir -- Colorado National Forests . As part of a continuing effort to 
assess growth loss and mortality caused by Arceuthobium species in 
the Rocky Mountain Region, a road-plot survey initiated during the 
1981 field season was continued in 1982. A report will be issued in 
1983. (D. W. Johnson and F. G. Hawksworth, USFS, Region 2 and RM 
Sta . ) 

F. An evaluation of the roadside survey technique has been made for 
ponderosa pine dwarf mistletoe on three National Forests in Colorado. 
Comparisons were made between stands with various intensities of 
dwarf mistletoe along 36 one-mile strips of roadside and transects 
parallel to the roads. Results are not yet available. {L. M. Merrill 
and F. G. Hawksworth, RM Sta.; D. W. Johnson, FPM, Region 2) 

XI Miscellaneous 

A. Ministry poli cy statements, and guidelines for Regional and Provincial 
use have been drafted, circulated for comment, and, in the Cariboo, 
imp 1 emented. · · ~1? 

·Additional guidelines for mistletoe treatments after logging and in 
stand tending (thinning) were drafted for the Provincial Silyitulture 
Manual. · 

A workshop in cooperation with the Canadian Forestry Service, P.F.R.C. 
is planned to outline impact data, survey methods, and control options 
for coastal B.C. hemlock mistletoe. (Muir, B.C. M. of F.) · 

B. The study that was begun at the Institute of Forest Genetics in 1980 
to test the resistance of Jeffrey pines to infection by A. campylopodum 

. was expanded in 1981. Because of heavy seed loss from branches in 
spring of 1981, an additional 4,500 inoculations were made in the fall . 
Bird and bug exclusion bags were tested to reduce seed loss . Data will 
be collected in 1982. (R. F. Scharpf~ Bro Kinloch and Jim Jenkinson, 
PSW) 

C. Two manuscripts have been submitted for publication that are indirectly 
related to dwarf mistletoe. They involve cytospora abietis, a co111T1on 
associate of dwarf mistletoe-infected branches of firs. The manu-
scripts are (a) Temperature- influenced growth and pothogenicity of 
C. abietis on white fir, and (b) Growth of C. abietis on dwarf mis-
tletoe-infected and uninfected branch tissues of red fir . (R. F. 
Scharpf, PSW) 

D. Bruce Schaffer completed his Masters thesis on "Effects of dwarf 
mistletoe and Comandra rust on cone and se~d production ·of Lod~epole 
pine" at Colorado State University. A manuscript summarizing the 
results has been accepted for publication in Plant Disease. 
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XII Late Reports (Continued) 

V. Effects on Hosts 

F. We are attempting to simulate effects of A. americanum in stands 
of jack pine in Manitoba, based on information from long ~erm 
plot studies and from transect studies. An abstract of these 
studies appeared in Phytopathology 72:979. (F; Baker and D. w. 
French, University of Minnesota.) · 

G. The manuscript on our black spruce dwarf mistletoe simulator 
has appeared in Forest Science 28:590-598. (F. Baker and D. W. 
French, University of Minnesota.) 

H. Height and radial growth data were collected from 103 felled 
sawtimber size grand fir in three stands severely infected with 
Arceuthobium abietinum f. sp . concoloris in central Oregon. 
Trees with high live crown ratio (LCR} and low DMR grew fastest 
over the last 25 years, while trees with low LCR and high DMR 
grew the slowest; LCR was the mor~ important factor. From a , 
sample of 673 branches with dwarf mistletoe, it was determined 
that mean age when a branch became infected was 8 years and 
it took an ave~age of 11 years of parasitism for infections to 
kill a branch. About 9 percent of the sampled branches also were 
infected by Cytospora abietis. This information was presented in 
a Forest Pest Management office report and will be submitted to a 
journal for publication. (G. Filip, FPM-PortlBnd.) 

VII Control-Chemical 

A. An ethylene releasing agent, ethephon, promoted the abscission 
of all Arceuthobium pusillum shoots on black Spruce. Refet to 
the special paper in these proceedings for additional information. 
(W. H. Livingston, M. L. Brenner, University of Minnesota.) 

X Surveys 

Black and white aerial photography (scale 1:15, 840) for one town- · 
ship in the Koochiching State Forest was interpreted to locate 
mortality centers and determine basal area losses caused by eastern 
dwarf mistletoe (Arceuthobium pusillum Peck). Due to difficult 
access, suspected mortality centers were checked by helicopter. 
Seven of the 3l stands checked were infested with A. ptis illum, of 
which five were correctly identified and two were not identified 
from the aerial photos. Of the tot al area checked, 89 acres were 
out of production, and 85 of the 89 acres wer~ in one stand. Basal 
area lost was 5% of the total basal area. (P. Scherman, W. H. 
Livingston, University of Minnesota; M. Albers, G. Hecht, Minnesota 
DNR.) 
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XII Late Reports 

I . Taxonomy, Hosts and Distribution 

C. Efforts are underway to eradicate A. americanum from the south-
eastern part of its range in Canada. The infestation near Milner 
Ridge, Manitoba was harvested during the winter of 1981-82, and 

. operations were started near Wallace Lake, Manitoba. In August . 
we did an aerial survey of these area s and an area in Ontario 
where A. americanum was eradi cated by wild fire in 1976. 
Arce~tbobium americanum was not observed in Ontario, but the 
parasite was found on three trees approximately 0.5 K from the 
eradicated center at Milner Ridge. These trees will be killed . 
(F. Baker and D. W. French, University of Minnesota.) 

II. Physiology and Anatomy 

E. High performance liquid chromatography is being used to purify 
black spruce (Picea mariana) tissue infected with eastern dwarf 
mistletoe (Arceuthobium pusillum) for plant growth substance 
analysis. Infected and uninfected tiss~e is being analyzed for 
abscisic acid (ABA), indole -3-acetic acid (IAA), zeatin, and 
zeatin ribozide . For tissue collected in April and May, 1982, 
major differences in compound amounts are associated only with 
ABA. Infected tissue has only 1/2 the level of ABA (350 ng/gdw) 
that uninfected tissue has (600~880 ng/gdw) - (W. H. Livingston, 
M. L. Brenner, University of Minnesota) . 

F. Arceuthobium pusillurn seed was c9llected in September from 
naturally infected black spruce by wrapping cheese cloth around 
the brooms. Seed caught by the cheese cloth was removed, 
!;teril ized in 3% hydrogren perox.i de, and suspended on discs in . 
jars over a saturated NaCl solution. Jars were stored at -lo0c 

· and +4°C. Starting two weeks after collection and continuing 
at biweekly and monthly intervals, 100 seeds were removed from 
jars at each storage temperature and placed in a growth chamber 
at 1s0 c, 18 hf light period. Seeds were moistened t hree times a 
week. Maximum germination (the appearance of the red radicle) 
was ca. 60% and did not differ between storage periods but was 
slightly larger for seeds stored at -lo0c. However, radicle 
growth did not exceed 1 mm unless seeds received at least 10 
weeks of cold storage . Arceuthobium pusillum seeds treat~d as 
described above successfully infected black spruce seedlings in 
the greenhouse. (W. H. Livingston, R. A. Blanchette, University 
of Minnesota. ) 

G. We continue to follow the development 6f A. pusillum on black 
spruce and larch branches inoculated in 1975, 1976, and 1977. 
To date, 8 infections have appeared, all on spruce. (F. Baker 
and D. W. French, University , of Minnesota. ) 
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Root Disease Committee 

Highlights of the 1982 meeting 

Greg Filip, Chairman 

The following summaries of work concerning root diseases were submitted: 

1. Armillaria Root Rot 

a. Paired, 1/4-acre ~lots have been established in five different 
areas 'in Oregon and Washington to determ i ne the long-t e rm effects 
of precommercial thinning on crop tree mortality caused by A. 
mellea. 

3 plots in Douglas - fir: two are 4 years o ld . 
one is a year old. 

1 plot 1.n Sha s ta red fir: 2 years old. 
1 plot in ponderosa pine : 14 years old. 

As yet, only the 14-year - old plot shows a significant decrease in 
mortality of crop trees in thinned piots ,. 

(Filip, FPM. R-6) 

b. Several limited field inspections in mixed spruce-subalpine fir 
stands in British Columbia indicated that Armillaria root disease 
and balsam bark beetle were associated with most dying trees. 

(Muir, BCFS) 

c. Intensive survey of 590-600 acres on Santa Fe NF found A . 
. mellea had caused loss through mortality of 10 percent (1,000 
BF) of residual overstory stand since the area ~as logged 8 years 
ago. Damage to the understory . was less . 

(Wood, FPM, R-3) 

d. A Regionwide root disease survey of 2.8 million acres found that 
root diseases (mostly Armillaria) were found in 30 percent of 
trees and 30 percent of volume, usually in complex with bark 
beetles and/or dwarf mistletoe. Root disease caused more damage 
in mixed conifer and spruce-fir types than in pine types. All 
mortality in spruce - fir type was root rot associated. 

(Wood, FPM, R-3) 

e. Several Forests have found Armillaria causing serious problems in 
regeneration areas, usually associated with poor pl anting tech-
nique. 

(Wood, FPM, R-3) 

f. Five intersterile groups were found among 40 collections from the 
southern half of British Columbia . 

(Mor'rison, PFRC) 
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g . In 1982, 363,206 acres of ~pruce-fir type on the San Juan National 
Forest were survey ed for root disease-caused tree mortality. 
Approximately 23 percent of the area was occupied by root disease 
(not area out of prod uction). 

Root diseas e (mos t ly A. mellea) alone accounted for only 1.3 
percent of the mor t ality , bark beetle s (mostly western balsam 
bark beetle) alone caus ed 35.1 percent, and the combination of 
root disease and bark bee tles caused 63 . S percent .. Mortality was 
almos t exc lu si ve ly in s ubalpin e fi r . 

(Fuller, FPM, R-2) 

h. The influence of A. mellea on H. annos11m is being examined , 

(Edmonds , UW) 

2. Annosus Root Rot 

t°('•,fl• 

a . F. ann9sus was found killi ng trees throughout · the central Oregon 
Pl ateau in young lodgepole pine plantations . Of 19 stands sur-
veyed, one has had 3 per cent of its tota'l area in production re-
duced by F. an.nosus . Ten other stands ha d 0.66 percent to less 
than 0.0 01 percent of their area affected by F. annosus, 

I b • 

(Schmitt, FPM, R-6) 

Substantial amounts of white fir mortality associated with F. 
annosus) fir en gravers, and drought have been found on the 
Fremont National For es t. A Forest-wide survey of the white fir 
type is proposed for 1983. 

(Goheen, FPM, R-6) 

c. Stumps in 20 stands were as sa yed for incidence and area of F. 
annosus infec tion. Equa l numbers of stumps were sampled in each 
diameter class. I ncidence and area were greatest in large stumps. 
Decreasing species susceptibility was Ahies, hemlock, spruce 
(Sitka), and Douglas-fir . No F . annosus was found irL lodgepole 
pine. 

(Morrison, PFRC) 

d. Data coll ection for calcu l ation of F. annosus impacts in Calif-
ornia f i rs has been completed . Loss estimates whill be converted 
to impact . Impac t survey in campground firs is underway. 

(Parmeter, UC Berkeley) 

e. Greenho use crc.,ss -inoculation of F. annosus isolates from pine to 
fir indicat e host preferences in the two isolate groups . 

(Worrall , UC Berkeley) 
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f. A study of conditions in wetwood and their effects on F. annosus 
indicate that wetwood may b~ inhibitory to fungal growth and de-
cay. 

(Parmeter, UC Berkeley) 

g. Airborne spore loads of H. annosum in precommercially and com-
mercially thinned stands of western hemlock in Oregon and Wash-
ington are being studied. Also, diurnal and seasonal spore de-
position and release patterns as well as proportions of conidia to 
basidiospores in the air are being investigated. Gene tic diversity 
of H. annosum with respect to decay rates of hemlock wood is 
being tested with soil blocks. 

(Edmonds, UW) 

h. The following chemicals are being tested to c·ontrol stump infec-
tion by H. annosum: Ridomil, benlate, ZnC12, dithane-M45, 
captan, ferbam, thiram, borax, daconil, laurictdin, penta-
chlorophenol, ACA, CCA, PQ-10, permatox, sodium metaborate, 
borateem, and grandstand 9E. 

(Edmonds, UW) 

i. The impact of H. annosum on physical (modulus of rupture and 
elasticity and specific ·gravity) and chemical (soda solubility, 
pulp yield, and paper quality) properties of western hemlock wood 
are being studied. 

(Edmonds, UW) 

j. Methods to prevent introduction into and to remove existing F. 
annosus inoculum from ponderosa pine stands in selected areas is 
being evaluated on the Payette National Forest. 

(Williams, FPM, R-4) 

3. Black Stain Root Disease 

a. Bloomberg survey technique was successfully adapted and tested in 
lodgepole pine stands with black stain and black stain plus 
Armillaria. 

(Morrison, PFRC) 

b. Results are being analyzed from several thinned and unthinned 
Douglas-fir plantations for incidence of black stain on the Siski-
you National Forest and the C<>os Bay District, BLM. 

(Goheen, FPM, R-6) 

4. Laminated Root Rot 

a. Survey of over 1,300 acres of grand fir-Douglas-fir type on the 
Mt. Hood National Forest revealed over 35 percent of the area to 
be infected by P. weirii. A modified Bloomberg technique was 
used. 
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b. Field observations of P. weirii in 120- 140-year - old Douglas-fir 
stands near Merritt, B.C. indicated that low-level aerial surveys 
should be feasible. · Stands or infested areas could be sketch-
mapped or designated on aerial photographs as light, medium, or 
heavy incidence. Field work and plans to develop the technique 
are underway, The Ministry supported a cooperative study with G. 
Wallis to determine the suitability of 70 nnn aerial photography 
for root disease surveys. 

(Muir, BCFS) 

c. Management guidelines called for favoring or planting tolerant or 
resistant s pecies in 120- to 140-year-old-stands of Douglas-fir 
with P. weirii in interior B.C. Several areas in B.C. have been 
"stumped" to reduce or prevent disease. A project was proposed to 
collate and compile field data on previous work and suggest fur-
ther trials, demonstrations, arid development . · 

(Muir, BCFS) . 

5. Root Diseases In General 

a. Impact surveys for root diseases (area out of production) have 
been completed for all northern Idaho Forests and the Lolo and 
Kootenai Nationaf Forests in northwestern Montana. 

(James, Dubreuil, Byler, Dooling, FPM1 R~l) 

b, In cooperation with the Intermountain Forest and Range Experiment 
Station, a demonstration of silvicultural management of root dis-
eases has been established on the Flathead IR north of Missoula. 

(FPM, R-1) 

c, Disease spread and progress of symptom expression in infected 
trees is being monitored in several 10- to 20-year-old stands. 

(FPM, R-1) 

d. Through excavation of entire root systems, the role of root dis-
ease complexes in the northern Rocky Mountains is being evaluated. 

(FPM, R-1) 

6~ Survey Technology 

a. The analysis program for root disease ground surveys can now 
accommodate up to nine different disease types recorded on the 
same survey form. Results including survey maps can be obtained 
for each type or combination of types. 

(Bloomberg, PFRC) 
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b • . A sorting program has been developed for root disease survey data 
which permits subdivision of the surveyed area into compartments 
and recalculation of root disease estimates for each compartment 
separately. 

(Bloomberg, PFRC) 

Following the meeting, Bill Bloomberg gave a short slide presentation on the 
use of radio-controlled model airplanes to take low-level aerial photographs 
of root-diseased areas. 
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30th WIFDWC 
Report of the Black Stain Subgroup of the 

Root Disease Committee 

At the invitation of Fields Cobb, U.C. Berkeley, some 20 pathologists and 
entomologists working on Black Stain Root Disease met 10-12 September 1982 at 
the Blodgett Experimental Forest. 

Representatives from the Canadian Forestry Service, Oregon State University, 
U.C. Berkeley, California Dept. of Forestry, Forest Pest Management in Regions 
3, 4 and 5, t,1innesota and Michigan were present. The session included reports 
on work in progress, comparison of isolates, discussion of the etiology of this 
unique disease, field observations, Hearts, and a marathon effort to keep 
Fields and his snori ng somewhere else. 

Two points were deemed worthy of the attention of WIFDWC as a whole. The 
specific epithet is properly spelled wageneri, with a single i. Dr. Kendrick 
erred grammatically in his original description; future papers should. use the 
correct spelling. 

Verticidadiella spp . are associated with wood staining of conifers around the 
world . Often they are secondary fungi introduced by insects. In a . few cases 
they act as primary pathogens capable of killing trees. Taxonomy of the group 
is confusi.ng and common names for the diseases are not standardized . 

In an attempt to clarify the situation, our group agreed by consensus that 
Black Stain Root Disease is unique. The name should be confined to the disease 
caused by Ceratocystis (Verticicladiella) wageneri. The disease is character-
ized by a crescent-shaped pattern of xylem stain, caused by pigmented hyphae 
that are confined to xylem trache:..:s, Urrlik.c ~': 1:1er Ve~tL.:iclacliell:1 species , 

wageneri does not colonize parenchyma cells. This unique behavior results 
in a unique symptomology. Futhermore, most other Verticicladiella species are 
not pathogenic or cause only localized infections upon inoculation. The 
several host•specialized forms of wageneri grow vertically in xylem 
tracheids of appropriate hosts after inoculation, often leading to tree death. 
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DISEASE CONTROL COMMITTEE 

1982 INVESTIGATIONS 

Kenelm Russell, Chairman 

In a year of ahort money your 1982 disease 
control reporta ·reflect a definite downward 

_trend. Here is the score: 

Number of Control Projects 

' Catego.n'._ l2fil. 11~ 
Seedling Diseases 13 9 
Foliage · riisea ·sea 3 2 
Root Rota 8 3 
Rush 2 1 
Wilt& __ 1_ 

l'O'l'AL 27 15 

Nunery disease control tests lead the list, 
Root rots were strong last year .but dropped 
dramatically this · ye ar • . Is thls real or just a 
lack of reporting? ·what about foliage diiieues? 
l'acific Northwest Chriatlllls~ tree g·rowers need 
controls for Rhabdocline and several unknown 
n,aladies of both grand fir and noble fir. Some 
are fungus caused . Uow a re the rest of you 
doine on foliage disease? .Tell me your thoughts 
on 1,here we should go with disease control for 
next year. ·1 1 11 uae this column as a forum for 
your convnencs. The 1982 list by disease category 
follows. 

J, S6edl1ng Diseases 

A, Nursery Root Pathogens 
Host: Conifer Seedlings 
Causal Organisms: Fusarium, Pyrhium, 

nematodes 
Control : Solarization 
Development Stage: Field Trial 

Solarization of Bend Nursery soil for 
control of pathogena and weeds, Compar-
ison with fumigation 'and no treatment, 
Seedling survival in solarhation pl ote 
comparable to no treatmi,nt. Fumigation 
most effective (Cooley), 

8, Phytophthora Root Rot 
lion: Douglas-fir 
Causal Orgai,isuis: l'hytophth\?J:! 
Control i Chemical 
Dt!velopment Stage: Fiel ·d 'trial 

Measurement of ~ubdue efficacy in preven-
ting rootlet infection by Phytophthora •. 
Applied u · 110U drenches (r.ooley , P. llamm), 
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C. Bird Predation 
Host: Conifer Seeds 
Causal Organisms: Birds 
Con trol: Chemical 
Development · Stage: Field Trial 

(R) 
Evaluating the chendcal 11esurol as a 
bird repellent for conifer seeds in bare-
root nurseries (Fuller). 

D, Nursery Damping-:9ff 
!lost: Conifers 
Causal Organ :Lsms: Fusarium sp 
Control: Biological 
Deve.lopment Stage: l'ield Trial 

Use of solar pasteurization Js belng 
evaluated at Colorado State Nur:iery , 
Ft, Collin", CO. Treated sunimc_r 1982 to 
be plllnted spring 1983 (llil.dd,r,111l!, Fuller) , 

E, Fusarium Hypoco.D'.J_ )l_o_~ 
!lost: Sugar pi iit!, · red & whitt: flr11 
Causal Orgonisnls : .21'1~.2.!l!!!! 
Control: Chernical, lliologicul, SUvJ.cul-

tural 
Development Stag~: l'ilol Oper£ttionul 

Disease incidence has be~n ruduc _ed through 
a combinadon of control metl,ods: soil 
fumigation 111 the full previous to planting, 
50% shade over the .bed,i after s .. edl'J.ng · . 
emergence, cnre ful _timing of 1rr iga tion ', · 
solar 'pasteurization and fungicide sei!d 
coating are being looked at through trials 
(Adams, Krellc, llrowndl) . 

F. Fusarium Dieea .. e 
. Host: Sugar pine and llouglas-fir 

Causal Orgaohms: Fusar1.um ~PEWffl 
Control: Chend cal and Riolocical 
Development Stage: Field Trial 

Captafol provided .. ome co_o.trol of the 
disease in 1981. 1982 trial includes seed 
treatments. Solnrization controlled 
Fusarium but not. mucrophomen:l; trlal 1s 
being ·repeatl!d (McCain, Beg.a). 

G. Phytophthota Roo~ Rot 
Host: Douglas-fir 
Causal Organi>1ms: Phytophth£!:.!!_ spp. 
Control: Chemical 
Develo pment Stage: Field Trial 

We are testing . the eff lcacy of t he fungi-
stat Ridomil or Subd ue. So far, tree 
appea~ance has i~provcd but the fungus is 
still present (llansen). 

JJ. General Seedlln&_ Foliage l>iseirne,i 
Host: Conifers 
Causal Organisms: Sevtlral (mainly Botrytis) 
Control: Biological · 
Development S rnge: Gree nho use 

Preli mi nary test showe d that cer .tain se~-
11eeds (dried) applied co foliage as a 
spray will red uce top height and . crowding, 
This will mean lower humidity and foliage 
disease (Russell): 
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I. Sirococcus Tip Blight 
Host: l'ond pine 
Causal Organisms: Sirococcua strobilinus 
Control: . Chemical 
Development Stage: Field Trial 

Bravo 500 applications were incon clus i ve . 
Several other fungicides were tried . 
Bayleton looks best so far. Results will 
be evaluated spring 1983 (Schwandt). 

II , Foliaee Diseases 

A. Swiss Needlecast 
Host: Douglas-fir 
Causa l Organisms: 
Control : Chemi cal 
Development St·age: 

Phaeocryptopus gaeumannii 

Full Operational and 
Field · Trial 

St udies hav e sh own that a single timely 
aerial application of chlorothaloni l will 
provide effective control of th is disease . 
The impact of thi s disease on growth of 
plantation trees is being evaluated (Chastagner) . 

B, Swiss Needlecast 
Host : Douglas-fir 
Causal Organisms: Phaeocryptopus ga eumannii 
Control: Chemical 
Development Stage: Pilot Operational 

Bravo 500 and Dithane M-45 were appl ied 
June 1, 1982 by helicopter with sta ndard 
spray boom. Results will be evaluated in 
April 198_5 · (Russell), 

I II, Root Rot 

A. Annosue Root Rot 
Host: Ponderosa pine 
Causal Organisms: Fomes annosus 
Contro l: Biological and Silvicult ural 
Development Stage: Field Trial 

Initiating studies co evaluate : 
(1) Sprea d rate and persistence 
(2) Methods to retard spread on margins 
(3) Methods to reclaim disease centers 

IV. Rusts 

A. White Pine Blister Rust 
Host: Western white pine 
Causal Organisms: Tuberculina maxima 
Control: Biolog ic ul 
Development Stage: Field trial 

Spray ed Tuberculins maxima spores onto 
sporu latin g white pine blister rust 
cankers in a plantation to determine 
if Tuberculins maxima would l>econie 
established, stop canker development, 
and spread to other untreated cankers 
(lladfield, llarvey). 

(4) Methods t o redu ce infection via spores (Williams, Marshall), 

8, Fon,es Annosus Root Ro:· 
Host : Western hemlock 
Causal Organisms: Fornes 
Control: Chemical 
Developemnt Stage: Field Trial 

Agricultural fun gicides , capten ferbam , 
Daconil, etc. , are ineffective in controlling 
stump infection by Fornes~- Wood 
preservative chemicals show more promise . 
(Edmonds, Driver), 
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Business Meeting Minutes 

The business meeting was called to order by Chairperson Bill Bloomberg 
at 9:30 a.m. on September 16. A summary of important points are presented 
here. 

REPORTS 

Disease Control Committee . No verb.al report give n since a written report is 
included in the proceedings. 

Mis_tletoe Committee. No verbal report given since a writte n report i s in-
cluded in the proceedings. 

Root Disease Committee. No verbal r eport given since a written report : .s 
included in the proceedings. 

Interim Program. Walt Thies reported that he had received quite a few good 
suggestions. The written report is included in the proceedin gs . 

Treasurer's Report. The treasurer's report shows a balance after the twenty-
ninth meeting at $1032.78 and after the thirtieth meeting at an estimated 
$612.58. The difference was utilized to print the proceedings. This is 
about $350.00 more than was collected for the proceedings. Future secre-
taries should overestimate costs so this deficit is not repeated. The extra 
cost was due to the 32 honorary members and reduced rates for graduate students. 

OLD BUSINESS 

The minutes of last year's meeting and tre as urer's report were approved 
as printed in the Proceedings of the twenty-ninth conference. 

Cost of Proceedings. The membership agreed that lif e members should receive 
a free copy of the proceedings. The cost of these can be cove red - by higher 
charges to others or hopefully from interest on our balance. 

Proceeding Disclaimer. There was general agreement among members that the 
proceeding is a publication in the eyes of _ libraries and others. Thus, to 
i nsure that the proceedings can remain a vehicle for reporting research 
progress and informal results the members voted to have Bill Jacobi and Bob 
Scharpf rewrite the present disclaimer to take into account the fact that 
the proceedings is a publication and is cited. The new version of the dis-
claimer can be found on page 1. 

1983 Meeting Place. John Schwandt announced that the meeting would probably 
be held between August 29 and September 2, 1983, at Coeur d'Alene. There was 
a spirited dis cussion about dates for WIFDWC. Early dates suc h as the end of 
August were supported by members who teach and those with sc hool age children. 
Later dates, i.e., September, were supported by members whose field season ran 
into September. The best suggestion made was to alternate "early" and "late" 
dates on a yearly basi s. 
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NEW BUSINESS 

1984 Meeting Location. Ken Russell invited us to the Seattle area with a Mt. 
St. Helen field trip. Greg Filip invited us once again to Bend, Oregon. Ed 
Wood invited us to the Santa Fe area. Members voted to meet in the Santa Fe 
area. 

Length of Meetings. There was a discussion on extending meetings for one day 
so there is more time for workshops and committees. Some members felt . the 
meetings were long enough and the added cost would be prohibitive. No de c ision 
was reached on this topic. 

Special Papers. A member suggested that special papers should be given a 
specific length of time instead of the present variable system. This would 
allow members presenting papers and program chairman to plan better. No 
decision was made on this suggestion. 

Field Trip. A member suggested that field trips should be on the first or 
last day so those that want to attend can and others don't have to. No 
decision was made on this suggestion. 

Bus·iness Meeting. A member suggested that the business meeting should be held 
before the last hour of the meetings. No decision was made on this suggestion. 

Election of Officers. The nominating committee of Bob Scharpf, Frank Hawks-
worth and Tom Laµrent nominated John Laut for Chairman and Suzanne Dubreuil 
as Secretary-Treasurer. The nominations were accepted and unanimously voted 
into .office. 

Common Names. Frank Hawksworth and Bob Gilbertson were asked to prepare a 
list of common names of forest diseases of the West. They will present their 
results at the 1983 WIFDWC. 
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.... 
Treo surer's Report 

Balance on hand following twenty-ninth meeting 
(Extra deposit, October 1981 (Offord) 

Interest paid July 1, 1980 through June 30, 1982 

Total 

Thirtieth WIFDWC Statement: 

Receipts: Registration (76 people) 
Expenses - meeting 

Balance 

Balance September 30, 1982 

Expenses - prbceedings (140 copies) Estimated* 

Balance February 28, 1983 (Estimated)* 

$ 962.00 
674.00 

Deposit held: Washington State Employees Credit Union 
P.O. Box WSECU 
Olympia, WA 98507 
Account No. 936258 

* This estimate will be updated at 1983 meeting. 
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$ 946.13 
30.00 
56.65 

$1032.78 

287.80 

$1320. 58 

708.00 

$ 612.58 
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Duties Of WIFDWC Officers 

In an attempt to help future officers in their positions the officers 
of 1982 have explained their responsibilities. 

DUTIES OF WIFDWC SECRETARY-TREASURER 

The secretary is responsible for taking notes during the meeting and 
especially the business meeting. The secretary is also responsible for inform-
in g the members how and when the special paper s, panel reports, etc ., should 
be turned in so they can be printed. All printing, ed iting and other acti-
vities r e lated to producing the proceedings are th e responsibilities of the 

·secreta ry. Cost estimates of the proceedings are made before the meeting so 
the appropria te amount can be charged at registration. 

DUTIES OF WIFDWC INTERIM PROGRAM CHAIRMAN 

The interim program chairman is appointed by the current officers at the 
initiation of the conference. The interim chairman's responsibilities include 
soliciting suggestions for meeting improvem ents, ideas for papers, pa nels and 
workshops for the next year. The chairman should re port his findings at the 

·business meeting and provide the secretary a written copy to be_ placed in the 
proceedings. 

DlITIES OF WIFDWC PROGRAM CHAIRMAN 

The program chairman is responsible for the main portion of the WIFDWC 
program, including panels, discussions, workshop ·s, sp ecia l pap er s, etc. He is 
not responsible for project reports, banquet entertainment or the business 
rneeting, and shares responsibility with the local arrangements committee and 
the ge neral chairman for keynote address and .field trip. 

· The program chairman, in consultation with the interim chairman, determines 
the .major program events. He may del egate responsibility for a parti cular 
session to a moderator who will in turn select speakers. 

The program chairman solicits special pa pers and poste rs, coordinating hi s 
mailing with the meeting announcement released by the local arrangements 
gr oup. 

The program chairman, in consultation with the general chairrnan and local 
arrangements committee, develops a preliminary program and a final program to 
be mailed to th e members prior to the meeting. 
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Publicoti ons 
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Current Projects 

A. Forest Disease Surveys--General 

71-A -4 ·Appraisal of damage caused by forest pests in British Columbia. (R, Alfaro and 
G. Van Sickle). 

-71-A-5 Forest insect and disease survey (G. van Sickle). ' -

71-A-7 Disease ·sampling in Douglas-fir plantations (G. Wallis). 

71-A-9 Forest insect and disease sur vey in the prairje Pro vinces , Yukon, and Northwest Territories 
(Y. Hiratsuka and H. Wong). 

73-A-4 Forest disease: diagnostic and taxonomic services and research (J. Hopkins and R. Hunt). 

74- A-l Disease (and insect) detection surveys in Colorado forests (J. Laut and M. Schomaker). 

76-A-l Annual disease and insect detection surveys in Idaho forests (J. _ Schwandt and R. Livingston). . . i . 

78-A-l Evaluation of jack pine mortality in the Nebraska National Forest (E. Sharon). 

79-A-l DISACC: a computerized access and analysis system for forest tree problems (A. Partridge). 

79-A-2 Standardizing damage estimation procedures for inventory foresters: a pictorial system 
(A_. Partridge). 

80-A-l Standard damage estimating syntems for major disease and insect problems in the inland 
- Northwest (A. Partridge). 

81-A-l Pilot testing in R-3 of the pest damage inventory procedures developed i n R-5 to provide 
estimates on disease losses for FIDIS (E. Wood)." 

81-A-2 Region-wide surveys to establish impacts o.f root rots for FIDIS (L. Fuller and D. Johnson). 

81-A-3 Appraisal of damage caused by forest pests in the prairie Provinces (B~ Moody). 

81-A-4 

81-A-5 

81-A- 6 

82-A-l 

82-A-2 

82-A-3 

Disease-caused growth impact in southern Utah comme·rcial aspen stands (B. Tkacz). 

Evaluation of disease occurrence and conifer family / disease occurrence associations in 
intermountain ·tree improvement plantations (J. Hoffman and J. Marshall). 

Mortality of Chamaecyparis nootkatensis in southeast Alaska (T. Shaw and T, Uurent.! . 

Root disease impact surveys of National Forests of northern Idaho and western Montana 
(R. James). 

Pest damage inventory to evaluate one-year mortality on the San Bernardino NF (G. DeNitto), 

Disease and insect impact on young-growth mixed conifer stands (J , Pronos and L. Dolph). 

B. Non-Infectious Diseases 

68-B-l 

68-B-2 

71-B-l 

71-B-2 

72-B-l 

Detection of chronic photochemical oxident injury to conifers by remote sensing (P. Miller, 
R. Bega, and R. Heller) . 

Physiological impact on ponderosa pine growing under natural conditions of chronic exposure 
to oxidant air pollution (P. Miller). 

Influence of the forest canopy on total oxident concentrations (P. Miller). 

The effect of atmospheric effluents on the forest (D. Hocking ands. Malhotra). 

Effects of smoke on forest disease fungi (J. Parmeter). 
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72-B-2 

78-B-2 

80-B-2 

81-B-l 

82-B-l 

82-B-2 

82-B-3 

Chronic effect of photochemical oxident air pollution on the composition of the ponderosa 
pine-sugar pine-fir forest cover type (P. Miller). 

Evaluation of air pollution effects on ponderosa pine in the Colorado Front Range (E. Sharon 
and J. Staley). · 

Trend of ozone injury to conifers in the southern Sierra Nevada (J. Pronos and o. Vogler). 

Establishment of a network of air pollution (ozone injury) trend plots in the central Sierra 
Nevada National Forests (J. Allison). 

Evaluation of ozone injury to conifers in the central Sierra Nevada (J. Allison). 

Monitoring of ozone levels in the central and south~rn Sierra Nevada (J. Allison and 
J. Pronos). 

Evaluation of sulfur dioxide levels on the Inyo N.F. (R. s. Smith) . 

C. Cone, Seed, and Seedling Diseases 

71-C-l 

76-C-l 

76-C-2 . 

76-C-3 

77-C-l 

78-C-2 

79-C-l 

79-C-4 

80-C-l 

80-C-2 

80-C-3 

80-C-4 

80-C-5 

80-C-7 

80-C-8 

81-C-2 

81-C-3 

occurrence of endophytic fungi in conifer seedlings (W. Bloomberg). 

Diseases of seeds and cones. PC-14-246 (J . Sutherland). 

Simulation of forest nursery diseases. PC-40-157 (W. Bloomberg) . 

Potential of several species of Phytophthora for damage to coniferous forests and forest 
nurseries (E. Hansen and P. Hamm). 

Nursery disease problems at the Albuquerque Tree Nursery (E. wood and J. Riffle) . 

Greenhouse and nursery pathogenicity and symptomatology of four soil-borne fungi on five 
commercial species of conifers at various ages of growth (R. Bega). 

Chemical & Biological control of soil-borne fungi on several conifer species at the 
Institute of Forest Genetics nursery. (R. Bega & A. B. McCain). 

Identification of fungi on Northern Region conifer seed, their detrimental effects, and 
methods to reduce detrimental effects (J. WOO and R. James). 

Fungicide efficacy tests to evaluate control of Botrytis blight at the Coeur d'Al ene 
Nursery, Idaho (R. James and J . Woo). 

Sugar pi ne hypocotyl rot in California forest nurseries. Etiology, inoculum sou rces, and 
host - parasite physiology (K. Brownell) . 

Effects of her bic ides on mycorrhizae development of conifer seedlings in Rocky 
Mountain-Great Basin tree nurseries (A. Harvey and R. Ryker). 

Pathogenesis of Fusarium on sugar pine at the Medford Nursery (C. Li, w. Thies, 
and E. Nelson). 

Detection , identification, and quantification of impact of fungi on deve loping cones and 
seeds of Douglas-fir and wes tern white pine (S. Cooley). 

Parameters to describe normal and disease tree seedlings (A. Partridge). 

Effect of sowing date on root disease and seedling growth in sugar pi ne (R. Bega, 
A.H. McCain, and J . Jenkinson). 

Sirococcus shoot blight on ponderosa pine seedlings (J. Schwandt). 

Seedcoat s t eri lization of conifer seeds using hydr ogen peroxide (L. Fuller). 
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81-C-4 MesurolR as a seed treatment to reduce bird predation (L. Puller). 
81-C-5 Reduction of pathogenic soil fungi in a forest nur~ery using solar r~dintion .. (L. Fuller) • 
81-C-6 Control of Fusarium cortical root in containerized conifers (L. Fuller). 

81-C- 7 Control of nursery pathogens and weeds by solarization (S. Cooley). 

81-C-8 Control of~ laricis on larch seedlings with fungicides (S. Cooley) . 

81-C-9 Control of Phytophthora root rot of true , fir with Subdue (Ridomil) (S. Cooley). 

81-C-10 Outplanting success of larch seedlings infected with~ laricis (S. Cooley). 

81-C-ll Outplanting success of noble fir seedlings grown in Phytopthora-infested soil (s'. Cooley). 

81-C-12 Benomyl and captan residues and biological activities in forest nursery soils (C. Li 
and E. Nelson). 

81-C-13 Efficacy of inoculating Pisolithus tinctorius into ' conifer seedbeds at Lucky Peak Nursery 
(J. Marshall). 

81-C-14 Survival and growth of seedlings in root disease centers (M. Militante and A. Partridge). 

81-C-15 Pathogenicities and modes of infection of some fungi isolated from seeds and symptomatic 
seedlings of conifers (B. Advincola and A. Partridge). 

81-C-16 Influence of pH and temperature on growth of and infection by a Cylindrocarpon sp. 
(B. Advincola and A. Partridge). 

81-C-17 Root disease fungi of conifer seedlings not previously reported in the inland northwestern 
United States (B. Advincola · an~ A. Partridge). 

81-C-18 Effect of soil solarization on Pusarium, Macrophomina (A.H. Mccain and R. Bega). 

81-C-19 Effect of rhizobacters on root disease, seedling growth (A. H, McCain, R, Bega), 

82-C-l 

82-C-2 

82-C-3 

82-C-4 

82-C-5 

82-C-6 

82-C-7 

82-C-8 

82-C-9 

Endomycorrhiza, seedling responses of Incense Cedar (R, Bega), 

Evaluation of seaweed applications to container seedlings for control of top height and root 
growth (K. Russell). 

Fungicide efficacy tests to evaluate control of Botrytis blight at the champion 
International Nursery, Plain _~, Montana (R, James), 

Evaluation of fungicides to control damping-off and root disease at the champion 
International Nursery, Plains, M:>nt3~a (P.. ~emes). 

Mycofloral populations of ponderosa pine seed (R. James), 

Tolerance of Botrytis cinerea to selected fungicides - BIA Nursery, Ronan, M6ntana 
(R, James). 

Ponderosa pine needlecast at the couer d'Alene Nursery, Idaho (R. James). 

Conditioning, winter storage and initial field performance of containerized conifer 
seedling (H. Zalasky). 

Fungicide trial to evaluate to evaluate efficacy agains ,t sp, on white fir Sirococcus 
strobilinus (J. Kliejunas, J~ Allison, and A. McCain). 

D, Root and Soil Diseases or Relationships (Including Mycorrhizae) 

66-D-l 

66-D-2 

Investigations on the occurrence and control of Fornes annosus (C. Driver). 

Studies on the cytology and genetics of~ annosus (C, Driver) , 
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81-c-s Reduction of pathogenic soil fungi in a forest nursery using solar radiation (L. Fuller). 

81-C-6 Control of Fusarium cortical root in containerized conifers (L. Fuller) . 

81-C-7 Control of nursery pathogens and weeds by solarization (S. Cooley). 

81-C-8 Control of Meria laricis on larch seedlings with fungicides (S. Cooley). 

81-C-9 Control of Phytophthora root rot of true fir with Subdue (Ridomil) (S. Cooley). 

81-C-10 Outplanting success of larch seedlings infected with Meria laricis (S. Cooley). 

81-C-ll OUtplanting success of noble fir seedlings grown in Phytopthora-infested soil (S . Cooley). 

81-C-12 Benomyl and captan residues and biological activities in forest nursery soils (C. Li 
and E. Nelson) . 

81-C-13 Efficacy of inoculating Pisolithus tinctorius into conifer seedbeds at Lucky Peak Nursery 
(J. I<l.arshall ). 

81-C-14 Survival and growth of seedlings in root disease centers (M. Militante and A. Partridge). 

81-C-15 Pathogenicities and modes of infection of some fungi isolated from seeds and symptomatic 
seedlings of conifers (B. Advincola and A. Partridge). 

81-C-16 , Influence of pH and temperature on growth of and infection by a Cylindrocarpon sp. 
(B. Advincola and A. Partridge). 

81-C-17 Root disease :fungi of conifer seedlings not previously reported in the inland northwe3tern 
United States (B. Advincola and A. Partridge). 

81-C-18 Effect of soil solarization on Fusarium & Macrophomina (A.H. McCain and R. Bega). 

81-C-19 Effect of rhizobacters on root disease & seedling growth (A. H. McCain & R. Bega) . 

82-C-l 

82-C-2 

82-C-3 

82-C-4 

82-C-5 

82-C-6 

82-C-7 

82-C-8 

82-C-9 

Endomycorrhiza & seedling responses of Incense Cedar (R. Bega). 

Evaluation of seaweed applications to container seedlings for control of top height and root 
growth (K. Russell). 

Fungicide efficacy tests to evaluate control of Botrytis blight at the Champion 
International Nursery, Plains, Montana (R. James). 

Evaluation of fungicides to control damping-off and root disease at the champion 
International Nursery, Plains, Montana (R. James) . 

Mycofloral populations of ponderosa pine seed (R. James). 

Tolerance of Botrytis cinerea to selected fungicides - BIA Nursery, Ronan, Montana 
(R. James). 

POnderosa pine -needlecast at the couer d'Alene Nursery, Idaho (R. James). 

Conditioning, winter storage and initial field performance of containerized conifer 
seedling (H. Zalasky). 

Fungicide trial to evaluate to evaluate efficacy against Phoma sp. on white fir Sirococcus 
strobilinus (J. Kliejunas, J. Allison, and A. McCain). 

D. Root and Soil Diseases or Relationships (Including Mycorrhizae) 

66-D-l 

66-D-2 

Investigations on the occurrence and control of~ annosus (C. Driv e r). 

Studies on the cytology and genetics of Fornes annosus (C. Driver). 
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66-D-3 

69-D-3 

71-D-2 

71-D-3 

72-D-2 

72-D-3 

73-D-l 

73-D-2 

73-D-3 

73-D-4 

74-D-6 

74-D-8 

75-D-l 

76-D-4 

76-D-5 

76-D-8 

77-D-l 

77-D-13 

77-D-14 

77-D-15 

78-D-l 

78-D-5 

78-D-6 

Studies on the effects of site treatments (slash burning, fertilization, mechanical soil 
disturbance, etc.) on limiting the abilities of Phellinus weirii to infect the 
regenerating stand (C. Driver). 

Relati ve species -susceptibility to Phellinus weirii infection (E. Nelson)". 

Phellinus weirii root rot : biology and control (G. Wallis and o. Morrison). 

annosus root and butt rot: biology and control (D. Morrison). 

Armillaria mellea root disease: development and testing of stand manageme·nt guidelines 
(D. Morrisoni:--

Identification, distribution and intensity of root rots in western Montana and northern 
Idaho (R. Jamee ands. Dubreuil). 

Testing native conifer plantings for resistance to Phellinus weirii (K. Russell). 

Testing red alder plantings to reduce Phellinus weirii development (K. Russell). 

Alnus rubra as a biological control agent for Phellinus weirii (E. Hansen, E. Nelson, and 
J. Trappe). 

Taxonomy and 
1
distribution of the endomycorrhizal fungi of the family Endogonaceae 

(J. Trappe). 

Silvicultural prescriptions for management of stands affected by root diseases 
(N. Martin, R. James, ands. Dubreuil). 

,., 
The role of ectomycorrhizas in · conversion of nitrogen . from inorganic to organic forms 
(C. Reid and R. France). 

Selection and induction of drought resistance in t _rees from ecotypes of the Coloradd Front 
Range: interaction of tree ecotype with its mycorrhizal symbiant (C. Reid and M. Cli ne ). 

stump pushing in eastern Washington to control Phellinus weirii and subsequent performance 
of six planted conifers (K. Russell). 

Simulation of root rot impact in second-growth coastal Douglas-fir stands 
(W. Bloomberg and G. Wallis) . 

Fertilization and root disruption to control laminated root rot of Douglas-fir 
(W. Thies and E. Nelson). 

Evaluation of the rate of spread of black stain root disease, Ver.tici cla diella wagnerii, in 
plantations (D. Goheen). 

Characterization of zone lines formed on artificial media and in wood by Phellinus weirii 
(C . Li). 

Inoculation of ponderosa pine seedlings with Pisol ithus tinctorius (J. Riffle). 

Evaluation of Pisolithus tinctorius inoculum produced by Abbott Laboratories 
for ectomycorrhizal development on pine species in container and bare-roo t nurseries 
in the Great Plains (J . Riffle). 

stump pushing in western Washington to cont rol Phellinus weirii and subsequent 
performance of planted Douglas-fir and western hemlock (K~ell). 

Lab, greenhouse, and nursery tests on effect of six mycorrhizal fungi on five species 
of conifers (R. Bega). 

Survival of Phellinus weirii in residual ro ots following stump _removal and nitrogen 
fertilization (W. Thies) . 

' Occurrence of Phellinus weir ii beyond visible limit s of infection (W. Thies">. 
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78-D-7 

78-D-8 

78-D-9 

79-D-1 

79-D-2 

79-D-3 

79-D-4 

79-0-5 

79-0-9 

79-0-11 

79-0-13 

79-D-14 

79-D-15 

79-D-16 

79-D-17 

79-D-18 

79-D-21 

79-D-22 

79-D-23 

79-0-24 

79-D-25 

79-D-26 

79-0-29 

79-D-30 

80-D-2 

80-0-3 

eo-ri-4 

Growth loss of Douglas-fir infected by Phellinus weirii (W. Thies). 

Chemical control of Armillaria root rot near Glenwood, Washington (K. Russell). 

Fornes annosus in thinned and chemically treated heml ock stands in Olympic Peninsula, 
Washi ngton (D. Chavez, C. Driver, R. Edmonds, and K. Russell). 
Surveys of root diseases in managed conifer stands in R-2 (R. Fuller and o. John so n). 

annosus on true fir s in Colorado: distribution and impact (R. Fuller). 

Verticicladiella wagnerii on pinyon pine at Mesa Verde National Park: disease spread 
characteristics and vector relationships (R. Fuller and C. Lister). 

Interactions between root diseases and insects on true firs (R. Fuller). 

Spread of Armillaria disease centers in managed pine stands (R. Fuller). 

Evaluation of effects of precommercial thinning in 10- to 20-year-old Douglas-fir 
plantations infected with Armillaria root rot in Oregon and Washington (G. Filip). 

Evaluation of timber loss due to root disease in the Wagon Sale area, Sisters Ranger 
District, Deschutes National Forest, Oregon (G. Filip). 

Comparison of root disease incidence in plantati ons of local ver sus nonlocal seed source 
stock (D. Goheen). 

Occurrence of airborne spores of Fornes annosus at forest sites in southeast Alas ka (T. Shaw), 

Infection of Sitka spruce and western hemlock thinning stumps by Fornes annosus in southe ast 
Alaska (T. Shaw). 

Relative abundance of conidia and basidiospores of Fornes annosus in airbor ne ino cu lum 
(T. Shaw and E. Florance). 

Evaluation of the incidence and impact of Fornes annosus in California fir stands 
(G. Slaughter, J. Mihaill, and J. Parmeter_) ___ _ 

Evaluation of borax stump treatment for control of Fornes annosus in Calif ornia fir s tands 
(M. Schultz and J . Parmeter). 

Displacement of Phellinus from stumps by the antagonist, Trichoderma viride 
(E. Nelson and W.' Thies). 

Chemical control of Phellinus weirii (W. Thies and E. Nelson). 

Susceptibility of Pacific Northwest conifers to laminated root rot (W. Thies and E. Nelson). 

Conifer culture with roots in nutrient mist (A. Harvey). 

Spatial relations of tree species in root disease areas (N. Martin). 

Fungi and insects ass ociated with and causing bla ck stai n ro o t disease in Idaho 
(A. Partridge). 

Evaluation of selected mycorrhizal fungi for improving the survival and gr owth ' of containe r 
grown Sitka spr uce in so uth east Alaska (T. Shaw). 

Effect of red alder, cottonwood, and Douglas-fir on nitrogen and microbiological activi ty in 
soil (C. Li). 

Black stain root disease of western North American conifers. Epidemiology and taxonomy of 
Verticicladiella wagnerii (T . Harrington and F. Cobb). 

Distribution and activity of conifer mycorrhizae in Rocky Mountain forest -ecosystems: 
impacts of disturbance, species , and age (A. Harvey). 

Effects of fire management and intensive fo re st util ization on soil nitrogen statu s in 
northern Rocky Mountain timber types (M. Jur gensen and A. Harvey). 
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80-0-5 Evaluation of effects of precommercial thinnin ·g in 10- to 20-year-old red fir plantations 
infected with Armillaria root rot in southern Oregon (G. Filip). 

80-o-7 Losses caused by black stain root disease ,in intensively managed Douglas-fir stands, coos 
Bay District, BLM (D. Goheen). 

80-D-9 Biology and management of Phellinus weirii (E. Hansen). 

80-D-10 Identification and characterization of high and low laminated root rot hazard sites in the 
coastal Douglas-fir region (E. Hansen). 

80-D-ll Insect-fungus interactions in the development of black stain root disease in Douglas-fir 
(E. Hansen). 

80-D-12 Occurrence of Phytophthora lateralia in the forests of California (J. Klienjunes and 

80-0-13 

81-D-l 

81-D-2 

81-0-3 

81-D-4 

81-o-s 

81-D-6 

81-0-7 

81-D-10 

81-D-ll 

81-D-12 

81-0-13 

81-D-14 

81-D-15 

81-D-16 

81-D-17 

81-D-18 

81-D-19 

81-D-20 

D. Adams). 

Systems of organisms causing black stain in pine roots (A~ Partridge). 

Black stain root disease: biology and control (R. Hunt and D. Morris on ). 

Growth loss of Douglas-fir caused by Plhellinus wei~ii (W. Bloomberg). 

Effects of Armillaria/bark beetle complexes on residual stocking (R. Fuller and E. Lessard). 

Logging effects on root disea$e areas (J. Schwandt). 

Impacts of root disease control measures by silvicultural means on soil and site 
productivity (R. Smith and E. Noss). 

Evaluation of factors contributing to Armillaria root disease risk to conifer regeneration 
on potential stand conversion sites in the upper peninsula of Michigan (J •. Bruhn). 

Mortality caused by Fornes annosus in 10- to 20-year-old lodgepole pine plantations in 
central Oregon (C. Schmitt). 

Evaluation of selected silvicultural treatments on root disease development in the Northern 
Region (S. Dubreuil, N. Martin, and R. James). 

Odontia bicolor in coniferous root wood (C. Bertagnole and A. Partridge). 

Hylurgops porosus as a possible carrier of Verticicladiella spp. (C. Bertagnole and 
A. Partridge). · 

Some conditions affecting the growth of Perenniporia subacida in culture and in wood 
(M. Chang and A. Partridge). 

Phellinus weirii and Phellinus furrugineo-fuscus in wood: penetration and modes of action 
(E. Militan~e and A. Partridge). 

Insect attractants produced by some yerticicladiella spp . and pine hosts (C. Bertagnole and 
A. Partridge). 

·Root disease agents associated with subalpine fir mortality in central and southern Utah 
(B. Tkacz ). 

Identification of root pathogens and development of root disease management strategies in 
southern Utah spruce forests (B. Tkacz). 

annosus: longevity and rate of spread in a young ponderosa pin e plantation (J. Hoffman 
and J. Marshall). 

- Fornes annosus: evaluation of methods to prevent introduction into and to remove existing 
inoculum· from ponderosa pine stands in southwestern I<laho (R. Williams and J. Marsha ll). 

Infection, development, and survival of~ annosus in large hemloc k stumps created by 
clearcutting (B. Van der Kamp). 
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82-D-l 

82-D-2 

82-D-3 

82-0-4 

82-0-5 

82-0-6 

82-D-7 

82-D-8 

82-D-9 

82-D-10 

The application of chloropicrin or methyl isothiocyanate to live trees to contr .ol laminated 
root rot (caused by Phellinus weirii) (W.G. Theis). 

The application of chloropicrin or Vorlex to infected stumps to eradicate Phellinus weirii 
(W. G; Thies and E. E. Nelson). 

Endemic ectomycorrhizal fungi of ponderosa pine in central Great Plains plantings: 
identification of fungi and synthesis of ectomycorrhizae (J. w. Riffle). 

Demonstration of Armillaria root disease control methods (S. Dubreuil, o. Dooling, and 
N. Martin). 

Assessment of root disease development in young managed stands and plantations (R. James). 

Assessment of Armillaria root disease in commercially thinned natural stands (S. Dubreuil). 

Armillaria root rot of young intensively managed lodgepole pine stands of Alberta 
(Y. Hiratsuka). 

Resistance screening of Port-Orford cedar to Phytophthora lateralis root rot (E. Hansen and 
P. Hamm). 

Effect of precommercial thinning on development of black stain in root disease 
(E. Hansen, w. Thies, J. Witcorky), 

Evaluation of the association of ~.ountain pine beetle and Armillaria in ponderosa pine in 
the Black Hills, South Dakota (L. R. Fuller, D. w. Washington, T; E. Hinds). 

E. Foliage Diseases 

74-E-l 

. 76-E-2 

77-E-l 

77-E-2 

77-E-4 

81-E-2 

81-E-3 

81-E-4 

81-E-6 

81-E-7 

82-E-l 

82-E-2 

82-E-3 

Inheritance of resistance to Rhabdocline pseudotsugae in Douglas-fir (G. McDonald and 
G. Rehfeldt). 

Evaluation of t .he growth impact of Rhabdocline pseudotsugae on sapling Douglas-fir in 
western Oregon (D. Goheen). 

Dothistroma pini resistance in ponderosa pine (G. Peterson). 

Inheritance of resistance to Dothistroma pini in Austrian pine (G. Peterson and 
D. van Haverbeke), 

Resistance to Phomopsis juniperovora in geographic sources of Juniperus virginiana and 
~- scopulorum (G. Peterson). 

Needle casts on Christmas trees (J. Schwandt) . 

Impact (growth . loss and mortality) of Hypodermella laricis and larch casebearer on western 
larch in northeastern Washington (D. Goheen). 

Impact (growth loss and mortality) of Meria laricis and larch casebearer on western larch in 
eastern Oregon (J, Hadfield). 

Fungicidal control of Swiss needle cast in Douglas-fir Chr.istmas tree plantations in 
northwestern Oregon (J. Hadfield). 

Identification of needle fungi associated with the "grey beard" needle disease of pines 
(R. Williams and J . Staley). 

Growth of germ tubes positively-directed twoard stomates--is this a common phenomenon of 
fungi infecting plant foliage? (G, W, Peterson). 

Helicopter fungicide applications to control Swiss needle cast in 8-12 year old Douglas-fir 
forest plantings (K. Russell). 

Needlecasts and blights of western larch in the Northern Region (S. Dubreuil) 

Dothistroma pini of ponderosa pine in northern Idaho (R, James). 
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P, Stem Diseases, Malformations, Witches-Brooms, Dwarf Mistletoes, etc, 

62-F-l 

62-F-2 

62-F-4 

62-F-5 

63-F-l 

65-F-l 

68-F-4 

69-F-l 

71-F-l 

71-F - 2 

72-F-l 

76-F-4 

76-F-5 

78-F-l 

78-F-2 

78-F-3 

78-F-4 

78-F-5 

78-F-6 

79-F-l 

79-F-3 

79-F-4 

79-F-5 

79-F-6 

Life tables for lodgepole pine and ponderosa pine dwarf mistletoe (F. Hawksworth and 
T. Hinds). 
Ecology of lodgepole and ponderosa pine dwarf mistletoes (F. Hawksworth). 

Taxonomy, hosts, .and distribution of Arceuthobium , (F. Hawksworth and o. Wiens). 

Silvicultural control of ponderosa pine dwarf mistletoe in the southwest (F. Hawksworth). 

Spread and intensification of dwarf mistletoe in ponderos~ and Jeffrey pines in California 
(R. Scharpf and J. Parmeter). 

The effect of dwarf mistletoe on growth of western hemlock (K, Russell). 

Spread .and intensification of dwarf mistletoe in young unistoried stands of western larch, 
Douglas-fir, and lodgepole pine with controlled stocking (N. Martin). 

Effectiveness of dwarf mistletoe control following special OM - precommercial thinnings in 
ponderoea pine and Douglas-fir (K, Russell), 

Growth impact, associated mortality, and spread and intensification of dwarf mistletoe in 
stands of Douglas-fir, lodgepole pine, and western larch (O. Dooling and N. Martin). 

Dwarf mistletoe control in rural and suburban residential developments (J. Laut and . 
F. Hawksworth). 

Simulation of the effects of dwarf mistletoe in ponderosa pine and lodgepole pine stands 
(F. Hawksworth, T. Hinds, and c. Edminster), 

Inoculation studies to de.termine the host ranges o.f Arceuthobium campylopodum and 
~- occidentale i .n California (W. Mark, R, Scharp£°, F. Hawksworth). 

Biology and epidemiology of a Peridermium associated with lodgepole pine dwarf mistletoe 
(F. Hawksworth), 

Expanded field plot study (into southwest Oregon) of Douglas-fir dwarf mistletoe development 
in thinned precommercial sta _nds (D. Knutson). 

Control of dwarf mistletoe-caused losses in young true fir stands by thinning 
(R. Smith, R. Scharpf, and D. Vogler). 

Population dynamics of dwarf mistletoe on true . firs in California (R. Scharpf and 
J . Parmeter). 

The effect of dwarf mistletoe on mortality and volume loss in released true fir stands 
(R. Scharpf). 

Reduction of dwarf mistletoe-cau~ed mort~lity of Jeffrey pines by br oom pruning (R. Smith 
and R, Scharpf). 

Simulation of hemlock dwarf mistletoe infection and spread (W. Bloomberg, R, Smith, 
A. Thomson) : 

Lodgepole pine dwarf mfstletoe surveys in the Gunnison National Forest (D. Johnson). 

Dwarf mistletoe loss assessment in Douglas-fi.r, lpdgepole _pin~ and western larch in Montana 
and north Idaho National Forests (0. Dooling) . 

Dwarf mistletoe infection in young-growth western hemlock beneath inf ected old-gr owth 
residuals in southeast Alaska (T, Shaw). 

Genetics of resistance of western hemlock to dwarf mistletoe (B. van der Kamp). 

Relationship between spread of dwarf mistletoe and stand development in western hemlock 
(B. van der Kamp). 
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79-F-7 

79-F-8 

79-F-9 

80-F-l 

80-F-2 

80-F-4 

80-F-S 

80-F-6 

80-F-7 

80-F-8 

81-F-l 

81-F-2 

81-F-3 

81-F-4 

82-F-l 

82-F-2 

82-F-3 

82-F-4 

Growth loss in managed, even-aged, dwarf mistletoe-infested stands of ponderosa pine in the 
Pacific Northwest (E. Nelson). 

Impact of dwarf mistletoe in the Intermountain Region (J. Hoffman). 

Evaluation of dwarf mistletoe effects and development of a yield .program for mixed conifer 
stands in the Southwest (R. Mathiasen, R. Gilbertson, F. Hawksworth, c. Edminister, and 
R. Wood). 

Dwarf mistletoe loss assessment surveys (D. Johnson and F, Hawksworth), 

Seed production and viability loss assessment of dwarf mistletoe of lodgepole and ponderosa 
pines (D. Johnson, F, Hawksworth, J, Laut, and B. Schaffer). 

Changes in plant growth regulators in black spruce associated with infection by eastern 
dwarf mistletoe (W, Livingston, M, Brenner, F, Baker, R, Blanchette, and o. French). 

Seed collection, storage, and inoculation of eastern dwarf mistletoe on black spruce and 
white spruce (W. Livingston, R. Blanchette, and D. French) . 

Root disease fungi found on black spruce infected with eastern dwarf mistletoe 
(W. Livingston) , 

Evaluation of effects of dwarf mistletoe on the growth and release of understory grand fir 
in central Oregon (G, Filip). 

Adaptation of RMYLD to predict yields in dwarf mistletoe-infected lodgepole pine stands in 
the Pacific Northwest (C, Schmitt). 

Resistance of Jeffrey pine to dwarf mistletoe, Arceuthobium campylopodium (R. Scharpf, 
B, Kinlock, and J, Jenk _inson), 

Correlation of ponderosa pine and Douglas-fir dwarf mistletoes with ecological factors 
(L, Merrill, F, Hawksworth and w. Jacobi). 

Interactions of dwarf mistletoe and fire in lodgepole pine forests of the central Rocky 
Mountains (T. Zimmerman and F. Hawksworth). 

Development of hemlock dwarf mistletoe following precommercial thinning of infected young 
stands in southeast Alaska (T. Shaw and T. Laurent). 

Evaluation of the animal vectors lodgepole pine dwarf mistletoes in Colorado 
(T. H. Nicholls, F. G. Hawksworth). 

Development of a framework for a yield simulation model in uneven-ag ed, mistletoe infected 
ponderosa pine stands (H. Maffei, w. R. Jacobi, F. G. Hawksworth). 

Evaluation of timber growth productivity of southwestern mixed conifer stands in relation to 
habitat types and dwarf mistletoe (R. L. Mathiasen) . 

Dwarf mistletoe-related mortality of ponderosa and Jeffrey pines in campgrounds in ' 
California (Vogler and Scharpf). 

G. Stem Diseases: Stains, and Decays 

63-G-l 

72-G-2 

73-G-l 

73-G-2 

73-G-3 

73- G-4 

A study of Ophiostomaceae wood staining fungi in North America (R. Davidson). 

Characterization and development of heartwood stain in Populus trichocarpa (A. Gokhele). 

Decay associated with logging-damaged conifers in Oregon and Washington (P. Aho) . 

Tests of wound dressings on artificial injuries on western hemlock and Sitka spruce (P. Aho) 

Decay hazard in advanced regen era tion of tolerant conife rs in -Ore gon and Washington (P. Aho) 

The role of microorganisms in bar _k beetle epidemiology (H. Whitney) . 
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77-G-l 

79-G-l 

79-G-3 

79-G-5 

79-G-7 

80-G-l 

80-G-2 

80-G-3 

80-G-4 

82-G-l 

82-G-2 

Surve ·y for fraxinophilus heart rot of green 'ash 'in natural stands in Nebraska 
(J. Riffle and E. Sharon). 

Evaluation of decay in released stands of advanced grand and white fir regeneration in 
eastern Oregon and Washington (G. Filip and P~ Ah6). 

Phellinus robineae stem decay of black locust: distribution, damage, and biology (J. RiEfle). 

Decay associated with logging wounds in young-growth white fir and red fir in northern 
California (P. Aho, R •. Smith, and G. Fiddler). 

Decays and cavity-nesting birds in the Pacific Northwest (A. Partridge) . 

Improved methods for identifying cultures of common wood-inhabiting fungi (A. Partridge ) . 

Decay and height growth losses associated with Douglas-fir and grand fir tops killed by the 
spruce budworm in the Wenatchee and Okanogan National Forests (P. Aho). 

The· role of Actinomycetes in the discoloration and decay process of living trees 
(R. Blanchette). 

Inonotus andersonii and decay of oaks in Arizona (K. Yohem and R. Gilbertson), 

Rate of decay in mature grand fir and western hemlock infected by Echinodontium tinctorium 
in northern Idaho (J. Schwandt). 

Bioactive metabolites of forest tree pathogens - Gr.emmeniella abie~ina, blue stain fungi 
associated with mountain pine beetle, Condrostereum purpureum, Verticicladiella spp. 
(Y. Hiratsuka, w. A. Ayer). 

Incidence and damage caused by heart rots, primarily Hericium abietis, in old-growth Pacific 
silver fir-western hemlock stands on the Olympic National Forest (G. Filip). 

H. Stem Diseases: Rusts and Cankers 

53-H-l, 

61-H-l 

61-H-2 

66-H-l 

66-H-4 

66-H-5 

66-H-6 

67-H-l 

67-H-2 

69-H-l 

71-H-3 

71-H-4 

Testing progeny of resistant pines for susceptibility to white pine blister rust in the 
I_nland Empire (R. Bingham) • 

Streamlining pollination and progeny test methods in breeding for blister rust resistance in 
western white pine (R. Bingham). 

Breeding and selection for climatic adaption in interspecies hybrids, toward accumulation of 
a pool of rust-resistance genes from other white pines of the world (R. Bingham). 

Comparative physiology of varieties of western white pine with respect to their reactiom to 
the blister rust fungus (R, Hoff), 

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

Precise estimates of heritability and combining ability of rust resistance (G. McDonald) . 

Development and pathogenicity of Hypoxylon on northwestern species of alder 
(J. Rogers). 

Etiology of aspen cankers (T. Hinds). 

Field level of blister rust infection in early generation, partially resistant, western 
white pine stock (R. Hoff). 

Thinning and pruning western white pine to control the blister rust disease (J. Byler and 
N. Martin). 

Forest tree rusts of western North America (Y. Riratsuka). 

Computer simulation of whi.te pine blister rust disease (G. McDonald and R. Hoff) . 
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74-H-l 

74-H-4 

74-H-6 

77-H-l 

77-H-2 

79-H-l 

79-H-4 

80-H-l 

80-H-2 

80-H-4 

80-H-5 

80-H-6 

80-H-7 

81-H-l 

81-H-2 

81-H-3 

81-H-4 

81-H-5 

81-H-6 

82-H-l 

82-H-2 

82-H-3 

82-H-4 

82-H-5 

Rust fungi of Cupressaceae and Taxadeae: taxonomy and life histories (R. Peterson). 

Biology, development, and systematics of Hypoxylon and its allies (J. Rogers). 

Seed production areas for obtaining western white pine that is genetically improved foe 
resistance to blister rust (R. Hoff and G. McDonald). 

Characterization of Champion Mine race of Cronartium ribicola (G. McDonald and E. Hansen) . 

White pine blister rust (R. Hunt). 

Diplodia tip blight in the Black Hills of South Dakota (G. Peterson and D. Johnson). 

Ecological studies of spruce rust diseases in subarctic taiga forests. Coop with USFS and 
Univ . Alaska (J. McBeath). 

Evaluation of aspen harvesting practices in Colorado and New Mexico (D. Johnson, T. Hinds, 
and J. Beatty). 

A su rvey of the incidence and impact of stem rusts and Atropellis canker on immature 
lodgepole pine in British Columbia (B. van der Kamp). 

Genetic variation of gall frequency in lodgepole and ponderosa pine seedli ngs i noc ulated 
with western gall rust (R. Hoff). 

Inheritance of horizontal resistance mechanisms (R. Hoff). 

Verification of white pine blister rust simulation .(G. McDonald). 

Pruning white pine for blister ruot control (K. Russell). 

Biology, cytology, and systematics of Xylaria (J. Rogers). 

The effects of comandra blister rust on lodgepole pine: predicting the consequences of 
silvicultural treatments in rust-infected stands (B. Geils and w. Jacobi). 

The etiology of Thyronectria canker -on Colorado honeylocusts (W. Jacobi). 

Mode of penetration and tissue invasion by Endocronartium hacknessii (M. Chang and 
A. Partridge). 

Biology and control of stem rusts of hard pines (R. Blanchette and D. French). 

Wood deterioration by canker-rot fungi (R. Blanchette) . 

Hazard-rating and ecology of comandra blister FUSt _in the Rocky Mt. Region (W. Jacobi). 

Canker diseases of honeylocust: etiology , infection, and disease development; (J. w. Riffle 
and G. w. Peterson). 

Guidelines for management of western white pine in the Northern Region (S. Dubreuil, 
G. McDonald, and G. Norby). 

Weste rn gall rust studies in relation to the genetic improvement program of lodgepole pinel 
(Y. Hiratsuka). 

Incidence and intensification of blister rust on the Sierra N.F. (J. Kliejunas). 

I, Wilt and Blight Disease 

71-I-l 

74-I-l 

77-I-l 

Dutch elm disea se detection surveys in all municipalities in Colorado (J. Laut). 

Control of Dutch elm disease using vector pheromones. Coop with USFS, NEFES, and CSFS. 
(C. Helburg, D. Leatherman, and J. Laut). 

Distribution of Dutch elm disease and its p ri ncipa l vector, the smaller European elm bark 
bee tle, in Montana urban ar eas (0, Dooling and S. Kohler) . 
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77-I-3 

77-I-4 

79-I-l 

79-I-2 

80-I-l 

80-I-2 

81-I-l 

Diplodia pinea tip blight on pines: etiology of stem infections (G. Peterson). 

Herpobasidium deformans blight _of honeysuckle: infection and contro l (J. Riffle). 

Dutch elm disease control demonstration project in Colorado (D. J ohns on and J . Laut). 

Resistance to Cerospora sequoia e var. juniper! in _geographic sources of Juniperus virginiana 
and !I_. scopulorum (G. Peterson). 

Microbial antagonists as a biological control for Dutch elm disease (R. Blanchette). 

Methyl bromide fumigation of oak wilt-infected oak logs (O. French) . 

Oiplodia tip blight in the Black Hills of South Dakota (0. Johnson and G. Peterson). 

J. Defects and Decays of Forest Products 

58-J-l 

68-J-2 

71-J-l 

71-J-2 

72-J-2 

72-J-3 

73-J-l 

76-J-l 

79-J-l 

80-J-l 

82-J-l 

Deterioration of beetle-killed Engelmann spruce in Colorado (T. Hinds). 

Role of heartwood microflora in the breakdown of thujaplicin in wes tern redcedar heartwood 
(B. van der Kamp). 

Evaluation of potential wood preservatives: Thiram and Thiram-Oxathiin mixtures (R. Smith 
and c. Johansen). 

·Analysis of aspen chip deterioration during outside storage (R. Smith and C. Johansen). 

Utilization of decayed wood in pulp manufacture (K. Hunt). 

Degradation and preservative treatments of western redcedar shingles and shakes 
(A. Cserjes ,i, R. Smith, and T. Litt.leford). 

Interaction of fun 'gi and chemicals--pentachloraphenol . (A. Cserjesi). 

Microdistribution and efficacy of preservatives in treated wood and their effects on 
microorganisms (W, Wilcox), 

Diagnosis of wood decay (W, Wilcox). 

Deterioration of timber following the Mt. St. Helens eruption (K, Russell). 

Deterioration of wind thrown timber in the Olympic Peninsula from the February 12, 1979, 
Lincoln Day storm (K, Russell), 

K, Miscellaneous Studies 

71-K-4 

71-K-5 

71-K-6 

72-K-l 

73-K-2 

73-K-3 

76-K-2 

77-K-5 

78-K-l 

species of Mycospaerella on Salicaceae in western interior of Canada (H. Zalasky). 

Winter injury in poplar: a histological study (H. Zalasky). 

Prevention of winter injury to conifers and other hardwoods (H, Zalasky). 

The pathology of Ohia decline in Hawaii (C. Hodges). 

Forest disease · simulation model (W. Bloomberg), 

Fungi of Washington State (J, Rogers), 

Determination of cause of •drooping malady• in Colorado aspen (V. Scarpa, T. Hinds, and 
c. Livingston). 

oevelopment of operational use of biological control of forest pests in British Col umbia. 
PC-45 (H, Whitney), 

Effect of thinning on the incidence and impact of cytospora canker, fir engra ver beetle, and 
anno s us in white fir stands on the east-side Sierra Nev ada (G. Ferrell, R. Soharpf, and 

J. Parmeter)~ 
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78-K-2 

79-K-l 

79-~-2 

79-K-3 

79-K-4 

80-K-l 

80-K-2 

80-.K-3 

80-K- 4 

80-K-6 

81-K-l 

81-K-2 

81-K-4 

82-K-l 

82-K-2 

Reduction in stem volume of grand fi r defoliated by western spruce budworm outbreaks in tt 
Payette National Forest, Idaho (G. Ferrell and R. · Scharpf). 

Use of the Shigometer for assessment of tree vigor and growth in 25- to 100-year-old Sitka 
spruce and western hemlock (T. Shaw). 

Mortality of Douglas-fir: biotic systems and _ impacts (A. Partridge). 

Management alternatives in forests with Douglas-fir mortality centers (A. Partridge). 

Revision and update of "Keys to major disease and insects ••• • in color (A, Partridge). 

Evaluation of hazardous trees in forested recreation sites and ski areas (D. Johnson and 
E. Sharon). 

Evaluation of diseases and their impact on Minnesota's shade trees (R. Blanchette). 

Interactions among the pine wilt nematode, fungi, and bark beetles in the Midwest 
(M. Wingfield and R. Blanchette). 

Evaluation of the Mount St, Helens eruptions on insect and disease activity in the blast 
area (J. Hadfield). 

Computer programs to analyze street tree inventory data in urban areas of Idaho 
(J. -Schwandt). 

comparative -roles for saprophytic and pathogenic decays in Rocky Mountain forest soils: 
impacts of disturbance on regeneration and growth (A, Harvey and M. Larsen). 

Life histories and anamorphs of lignicolous ~yrenomycetes (J. Rogers) . 

Reestablishment of vegetation on Mount St . Helens-created debris flow: an unusual 
•pathological" event (K. Russell). 

Comprehensive pest management plan for Washington State (within the Forest Land Management 
Plan) (K. Russell). 

Etiology and Epidemiology of Alaska yellow cedar in S.E. Alaska (E. Hansen, P. Hennon and 
T. Shaw). 

165 



---

Interim Program Chairman's Report 
Walter G. Thies 

A total of 30 participants of the 1982 WIFDWC offered multiple 
suggestions for .the 1983 meeting. The following are the · suggested items 
edited only to reduce duplication: 
. . . . . . . . 
Topics for Pa.nels or Special Invited Papers: 

1. - One panel each year dealing with basic biology. 
2. Electronic data recording for lab or field. 
3. Seed borne problems and nursery diseases. (!PC Nate: This topic was 

mentioned often). 
4. Status of research on Armillaria mellea. 
5. Assessment of losses caused by forest diseaies: techniques. 

philosophies. impact vs. loss. 
6. Disease hazard rating systems for various diseases. 
7. Technology transfer systems and techniques. · 
8. Role of forest pathology in forest planning. 
9. Genetic engineering. (There seems to be some potential for thi.s in 

ponderosa pine. Dallice I. Mills from OSU was suggested as a 
possible speaker.) 

10. Plant growth promoting bacteria (siderophores). 
11. Synthesis of ideas for ''management of important diseases: 

a. Thinning vs. pruning vs. clearcutting for control of 
mistletoe in various hosts. 

b. Possible stump treatments for control of Fomes annosus in 
various hosts. 

c. Clearcut vs. stump injection vs. stump removal for control of 
Phellinus weir.ii. 

12. Relative roles of Forest Pest Management (FPM) and Forest Disease 
Research (FDR): 
a. Differences and similarities between FDR and FPM in mission and 

organization. 
b. Does FPM do research? Why? 
c. Is it permissible for FPM to do quasi research to answer 

short-term questions to _fill gaps left by current research 
programs? 

d. Is FDR responsive (enough) to the needs of FPM or land 
managers? And vice versa? If not, how can this gap be 
bridged? 

Suggested Workshops 

1. Isolation and identification of various nursery disease pathogens: 
Fusarium spp., Pythium spp., and Phytophthora spp. (Ev Hansen, OSU, 
has volunteered to present a workshop on .identification of 
Phytophthora spp.). 

2~ Armillaria mellea biotype identification. 
3. Isolation and identification of Verticladiella spp. 
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Procedural Suggestions: 

1. Hold the meeting before the beginning of September to avoid conflicts 
with University schedules. 

2. Extend meeting by a day to allow more time for small group 
interaction, keep the evenings open (except for the banquet). 

3. Hold the business meeting before the last day. 
4. Use a self-contained D)eeting location whenever possib.le. 
5. Keep costs to a minimum. Provide lower cost options for grad 

students and others on tight budgets. 
6. Arrange for better name tags (easier to read). 
7. .Establish handout tables. 
8. Encourage members to bring copies of recent publications. 
9. Formally encourage posters. Continuing . the , quality of this year's 

posters will establish a valuable quality tradition. 
10. Set a specific time for poster presentations. · 
11. Schedule more open time. 
1.2. Encourage:, greater participation/ attendance by more students', 

foresters, industry representatives. 
13. Suggestions concerning special papers: 

a. Adequate time should be allowed for discussion of sped.al 
papers. 

b. Set a time limit for presentation. 
c. Schedule special papers in a block with known starting 

times for each. 
14. Limit extraterritorial presentations (with the exception of panel 

members) to posters or handouts. 
15. Structure panels to be true panels. Emphasize discussion rather 

than presentation of a paper. 
16. Hold concurrent panels. This has an advantage of covering more 

topics and smaller groups for discussion. 
17. Continue the biological workshops along the lines of the polypore 

presentation (IPC Note: This comment was made often.) 
18. Schedule the workshop as a daytime meeting, the late .hour detracted 

from the usefullness of the polypore workshop. (IPC Note: This 
comment was made several timeb.) 

19. Suggestions concerning presentation of new, modified or terminated 
projects: · 
a. Limit oral reports to members from western states and invite 

others to provide written summaries. 
b. Limit presentation to one member from an institution. 
c. Report repetitious material or material of very limited 

interest (i.e., routine surveys) in written form to be 
made available as a handout. 

d. Encourage written summaries of progress, limit oral 
presentations to a few key points, not a review of all 
ac~ivities for th~ year. 

e. Schedule status reports so that they do not run against a 
time limit such as lunch. 

f. Split the 3tatus reports so that each group does not present 
an oral report each year. 

20. Incorporate special field trips (i.e., the DM trip) into the week 
of WIFDWC. . 

21. Keep the date of the field trip flexible to take advantage of 
good weather. 
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22. Schedule the field trip for the first or the last day of the 
meeting. 

23. Consider tactful entertainment after "limited" festivities at the 
banquet. This will minimize "unfortunate incidents." 

168 

:[ 



Pa
st

 
M

ee
tin

g 
Lo

e a
 ti 

on
 s 

An
d 

Ex
ec

ut
iv

e 
C

om
m

itt
ee

s 

C
on

f. 
Se

cr
et

ar
y 

Pr
og

ra
m

 
Lo

ca
l 

N
o.

 
Y

ea
r 

M
ee

tin
g 

C
ha

irm
an

 
Tr

ea
su

re
r 

C
ha

irm
an

 
A

rr
an

_ge
m

er
i ts

 

1 
19

53
 

V
ic

to
ria

, 
B

. 
c.

 
R

. 
E.

 
Fo

st
er

 
2 

19
54

 
B

er
ke

le
y,

 
ca

lif
or

ni
a 

w
. 

w
. 

W
ag

en
er

 
p.

 
c.

 
Li

gh
tle

 
3 

19
55

 
Sp

ok
an

e,
 

W
as

hi
ng

to
n 

L.
 

J. 
N

or
di

n 
c.

 
o.

 L
ep

ah
ar

t 
G

. 
p.

 
Th

om
as

 
4 

19
56

 
El

 
Pa

so
, 

Te
xa

s 
L.

 
S.

 
G

ill
 

R
. 

w
. 

D
av

id
so

n 
v.

 J
. 

N
or

di
n 

5 
19

57
 

Sa
le

m
, 

O
re

go
n 

G
. 

p.
 

Th
om

as
 

T,
 

w
. C

hi
ld

s 
R

. 
L.

 
G

ilb
er

ts
on

 
6 

19
58

 
V

an
co

uv
er

, 
B

. 
c

. 
J. 

W
.· K

im
m

ey
 

H
. 

R
. 

O
ff

or
d 

A
. 

K
. 

Pa
rk

er
 

7 
19

59
 

Pu
llm

an
, 

W
as

hi
ng

to
n 

H
. 

R
. 

O
ff

or
d 

R
. 

E.
 

Fo
st

er
 

c.
 

G
. 

Sh
aw

 
8 

19
60

 
C

en
tra

l
_ia

, 
W

as
hi

ng
to

n 
A

. 
K

. 
Pa

rk
er

 
F.

 
G

. 
H

aw
ks

w
or

th
 

J. 
R

. 
Pa

rm
et

er
 

K
, 

R
. 

Sh
ea

 
9 

19
61

 
B

an
ff

, 
A

lb
er

ta
 

F.
 

G
. 

H
aw

ks
w

or
th

 
J. 

R
. 

Pa
rm

et
er

 
A

. 
c.

 
M

ol
na

r 
G

. 
P,

 
Th

om
as

 
10

 
19

62
 

V
ic

to
ria

, 
B

. 
c.

 
J. 

R
. 

Pa
rm

et
er

 
c.

 
G

. 
Sh

aw
 

K
. 

R
. 

Sh
ea

 
R

. 
t;.

 
M

cM
in

n 
11

 
19

63
 

Ja
ck

so
n,

 
W

yo
m

in
g 

c.
 

G
. 

Sh
aw

 
J.E

. 
B

ie
r 

R
. 

F.
 

Sc
ha

rp
f 

L.
 

Fa
rm

er
 

12
 

f9
64

 
B

er
ke

le
y,

 
C

al
ifo

rn
ia

 
K

. 
R

. 
Sh

ea
 

R
. 

F.
 

Sc
ha

rp
f 

c.
 

D
. 

Le
ap

ha
rt 

H
. 

R
. 

O
ff

or
d 

13
 

19
65

 
K

el
ow

na
, 

B
. 

c.
 

J. 
E·

 
B

ie
r 

H
. 

s. 
W

hi
tn

ey
 

R
. 

v.
 B

eg
a 

A
. 

c.
 

M
ol

na
r 

14
 

19
66

 
B

en
d,

 
O

re
go

n 
c.

 
D

. 
Le

ap
ha

rt 
D

. 
p.

 
G

ra
ha

m
 

G
. 

c.
 

Pe
nt

la
nd

 
D

. 
p.

 
G

ra
h<

!,m
 

15
 

19
67

 
Sa

nt
a 

Fe
, 

N
ew

 M
ex

ic
o 

A
. 

c.
 

M
ol

na
r 

E.
 

F
. 

W
ic

ke
r 

L.
 

c.
 

W
ei

r 
p.

 
c

. 
Li

gh
tle

 
. 

,-.
.. 

16
 

19
68

 
C

oe
ur

 
d'

A
le

ne
, 

Id
ah

o 
s. 

R
. 

A
nd

re
w

s 
R

. 
G

. 
M

cM
in

n 
J

. 
L.

 
St

ew
ar

t 
c

. 
D

. 
Le

ap
ha

rt 
°' I..? 

17
 

19
69

 
O

ly
rn

p_i
a,

 
W

as
hi

ng
to

n 
G

. 
w

. W
al

lis
 

R
. 

L.
 

G
ilb

er
ts

on
 

F
. 

G
, 

H
aw

ks
w

or
th

 
K

. 
w

. R
us

se
ll 

18
 

19
70

 
H

ar
ris

on
 

H
ot

 
Sp

rin
gs

, 
B

.c
. 

R
. 

F.
 

Sc
ha

rp
f 

H
. 

v;
 T

ok
o 

A
. 

E.
 

H
ar

ve
y 

J. 
R

of
f 

19
 

19
71

 
M

ed
fo

rd
, 

O
re

go
n 

J
. 

A
· 

B
ar

an
ya

y 
D

. 
A

. 
G

ra
ha

m
 

R
. 

B
. 

Sm
ith

 
H

, 
H

. 
B

yn
um

 
20

 
19

72
 

V
ic

to
ria

, 
B

. 
c.

 
p.

 
c.

 
Li

gh
tle

 
A"

. 
H

. 
M

cC
ai

n 
L

. 
c.

 
W

ei
r 

D
, 

M
or

ris
on

 
21

 
19

73
 

Es
te

s 
Pa

rk
, 

C
ol

or
ad

o 
E.

 
F.

 
W

ic
ke

r 
R

. 
c

. 
Lo

om
is

 
R

. 
L·

 
G

ilb
er

ts
on

 
J. 

G
, 

La
ut

 
22

 
19

74
 

M
on

te
re

y,
 

ca
lif

or
ni

a 
R.

 
v.

 B
eg

a 
o.

 H
oc

ki
ng

 
J. 

R
. 

Pa
rm

et
er

 
23

 
19

75
 

M
is

so
ul

a,
 

M
on

ta
na

 
H

. 
s. 

W
hi

tn
ey

 
J. 

w
. B

yl
er

 
E

. 
F

. 
W

ic
ke

r 
o.

 J
. 

D
oo

lin
g 

24
 

19
76

 
C

oo
s 

B
ay

, 
O

re
go

n 
L.

 
F.

 
R

ot
h 

K
. 

w
. R

us
se

l 
L.

 
c.

 
W

ei
r 

J. 
H

ad
fie

ld
 

25
 

19
77

 
V

ic
to

ria
, 

B
. 

c.
 

D
. 

p.
 

G
ra

ha
m

 
J. 

G
. 

La
ut

 
E.

 
E 

•
. N

el
so

n 
J. 

B
lo

om
be

rg
 

26
 

19
78

 
Tu

cs
on

, 
A

riz
on

a 
R

. 
S.

 
Sm

ith
 

o.
 B

. 
D

ru
m

m
on

d 
L.

 
c.

 
W

ei
r 

R
. 

L.
 

G
ilb

er
ts

on
 

27
 

19
79

 
Sa

le
m

, 
O

re
go

n 
T.

 
H

. 
La

ur
en

t 
T.

 
E.

 
H

in
ds

 
B

. 
V

an
 

D
er

 
K

am
p 

L.
 

c.
 

W
ei

r 

28
 

19
80

 
Pi

ng
re

e 
Pa

rk
, 

C
ol

or
ad

o-
R

. 
L.

 
G

ilb
er

ts
on

 
o.

 J
. 

D
oo

lin
g 

J. 
G

. 
La

ut
 

M
. 

Sc
ho

m
ak

er
 

29
 

19
81

 
V

er
no

n,
 

B
. 

c.
 

L
. 

c.
 

W
ei

r 
C

. 
G

. 
Sh

aw
 

II
I 

J. 
Sc

hw
an

dt
 

D
. 

J. 
M

or
ris

on
/R

. 
s. 

H
un

t 

30
 

1.9
82

 
Fa

lle
n 

Le
af

 
La

ke
, 

C
A

 
w

. J
. 

B
lo

om
be

rg
 

w
. R

. 
Ja

co
bi

 
E.

 
H

an
se

n 
F

. 
C

ob
b/

J. 
Pa

rm
et

er
/R

. 
Sc

ha
rp

f 



So
ci

al
 

A
ch

ie
ve

m
en

t 
A

w
a 

rd
 

W
in

ne
rs

 

C
on

fe
re

nc
e 

5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

29
 

30
 

Lo
ca

tio
n 

Sa
le

m
 

V
an

co
u

ve
r 

Pu
llm

a
n 

C
en

tra
lia

 
B

an
ff

 
V

ic
to

ria
 

Ja
ck

so
n 

B
er

ke
le

y 
K

el
ow

na
 

B
en

d 
Sa

nt
a 

Fe
 

C
oe

ur
 

d'
A

le
ne

 
O

ly
m

pi
a 

H
ar

ris
on

 
M

ed
fo

rd
 

V
ic

to
ria

 
Es

te
s 

Pa
rk

 
M

on
te

re
y 

M
is

so
ul

a 
C

oo
s 

B
ay

 
V

ic
to

ria
 

Tu
cs

on
 

Sa
le

m
 

Pi
ng

re
e 

Pa
rk

 
V

er
no

n 
· F

al
le

n 
Le

af
 

La
.ke

 

W
in

ne
r 

St
ui

e 
A

nd
re

w
s 

St
ui

e 
A

nd
re

w
s 

D
on

 
Le

ap
ha

rt 
K

ei
th

 
Sh

ea
 

Ph
il 

Th
om

as
 

To
by

 
C

hi
ld

s 
A

le
x 

M
ol

na
r 

R
ee

d 
M

ill
er

 
A

rt 
Pa

rk
er

 
c:

 G
ar

dn
er

 
Sh

aw
 

La
rr

y 
W

ei
r 

B
ob

 
Sc

ha
rp

f 
D

ic
k 

Pa
r,m

et
er

 
Ji

m
 

K
im

m
ey

 
Ed

 
W

ic
ke

r 
V

iv
ia

n 
M

ui
r 

To
m

 L
au

re
nt

 
B

ob
 

B
eg

a 
A

rt 
M

cC
ai

n 

R
ay

 
(F

ou
nd

er
) 

Fa
st

.er
 

Jo
hn

 
H

op
ki

ns
 

O
sc

ar
 

D
oo

lin
g 

To
m

m
y

.H
in

ds
 

Fi
el

ds
 

C
ob

b 
.. 

Jo
hn

 
La

ut
 

iH
on

or
ar

y 
Li

fe
 

M
em

be
rs

 

Ed
 

A
nd

re
w

s 
W

ar
re

n 
v.

 B
en

ed
ic

t 
R

ic
ha

rd
 

T.
 

B
in

gh
am

 
Th

om
as

 
s. 

B
uc

ha
na

n 
To

by
 

W
.. 

C
hi

ld
s 

R
os

s 
w

. D
av

id
so

n 
D

av
id

 
D

. 
Et

he
rid

ge
 

Lo
w

el
l 

J. 
Fa

rm
er

. 
R

ay
m

on
d 

E.
 

Fo
st

er
 

Li
nn

ea
 

G
ill

m
an

 
D

on
al

d 
p.

 
G

ra
ha

m
 

Jo
hn

 
R

. 
H

an
sb

ro
ug

h 
H

om
er

 
J. 

H
ar

tm
an

 
_G

eo
rg

e 
M

~ 
H

ar
ve

y 
D

w
ig

ht
 

H
es

te
r 

B
en

to
n 

H
ow

ar
d 

Ja
m

es
 

w
. K

im
m

ey
 

Pa
ul

 
c.

 L
ig

ht
le

. 
N

ei
l 

M
cG

re
go

r 
D

ou
gl

as
 

R
ee

d 
M

ill
er

 
A

le
x 

c.
 M

ol
na

r 
V

irg
il 

o.
 M

os
s 

H
ar

ol
d 

R
. 

O
ff

or
d 

Le
e 

A
. 

Pa
in

e 
C

la
re

nc
e 

R
. 

Q
ui

ck
 

Ja
ck

 
w

. 
R

of
f 

L.
 

F.
 

R
ot

h 
A

l 
c.

 T
eg

et
ho

ff
 

Ph
ill

ip
 

Th
om

as
 

C
on

ra
d 

p.
 

W
es

se
la

 
Er

ne
st

 
W

rig
ht

 
B

ra
tis

la
v 

Za
k 

W
ol

f 
G

. 
Zi

lle
r 

0 r-- ...
.. 



M embership List 
*Registered at 29th Conference, Vernon B. c. 

*David H. Adams 
California Dept. of Forestry 
1416 Ninth Street 
Sacramento, CA 95814 
(916) 322-0126 

Benny A. Advincola 
College of Forestry 
University of Idaho 
Moscow, ID 83843 

Paul E. Aho 
Forestry Sciences Laboratory 
PNW For. & Range Exp . Stn. 
3200 Jefferson Way 
Corvallis, OR 97331 

Norman E. Alexander 
6623 - 192nd Street R.R.Q 
Surrey, B.C. 
Canada V35 5Ml 

*Eric Allen 
12607 49 Avenue 
Edmonton, Alberta 
Canada T6H OH3 
( 403) 435-7325 

*James R. Allison 
USDA Forest Service , FPM 
630 Sansome Street 
San Francisco, CA 94111 
(415)556-6520 

Carol Alosi 
6 LaSonoma Drive 
Alamo, CA 94507 

Gerald w. Anderson 
Forest Insect & Disease Research 
USDA Forest Service 
P .O. Box 2417 
Washington DC 20013 
(703) 235-8065 

Ed Andrews 
Plant Sciences Division 
University of Wyoming 
Laramie, WY 82070 
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Pete Angwin 
Dept . of Botany and Plant Pathology 
Oregon State University 
Corvallis, OR 97331 
(503) 754-3451 

· Dana w. Arnason 
4711 57th St., i203 
Delta, B.C. 
Canada V4K 3E6 

*Fred Bak e r 
Dept. of Plant Pathol ogy 
University of Minnes ota 
St. Paul, , MN 55108 
(612) 373-0937 

Jeffrey Besse 
B.C. Mine s try of Forests 
355 Burrard St . 
Vancouver, B.C. 
Canada V6C 2Hl 

Thomas H. Beard 
Box 3272 
Moscow, ID 83843 

*Jerry Beatty 
Forest Pest Management 
USDA Forest Service 
517 Gold Avenue SW 
Albuquerque N. M. 87102 
(505) 766-2488 

*Robert V. Bega 
· Forest •Disease Research 
PSW Forest & Range E·xp . Stn . 
P.O . Box 245 
Berkeley, CA 94701 
(415) 486-3154 

Catherine Bertagnole 
College of Forestry 
University of Idaho 
Moscow, ID 83843 

Harry Blair 
Quinault Dnr . and Ed. 
P . O. Box 1118 
rahola, WA 98587 



Robert A. Blanchette 
Dept. of Plant Pathology 
University of Minnesota 
St. Paul, MN 55108 

*Helmut Blaschke 
Lehrstahl fur Forstbotanik 
Amaticustr 52 
8000 Muenchen 40 w. Germany 

*William J. Bloomberg 
Pacific For. Res. Centre 
506 West Burnside Road 
Victoria, B. c. 
Canada V8Z 1M5 
( 604) 388-3811 

William M. Bradshaw 
Valuation Division 
B.C. For. Service 
Victoria, B.C • . 
Canada V8Z 1M5 

Keith H. Brownell 
Dept. of Plant Pathology 
Univeraity of California 
Berkeley, CA 94720 
(415) 642-4763 

*Johann Bruhn 
Dept. of Forestry 
Michigan Technological University 
Houghton, MI 49931 
(906) 487-2454 

James R. Burleigh 
Dept. of Plant & Soil Science 
California State University 
Chico, CA 95926 

James w. Byler 
Forest Pest Management 
USDA Forest Service 
P.O. Box 7669 
Missoula, MT 59807 
( 406) 585-3880 

T.S. Buchanan 
14 Governor's Ct. 
Asheville, NC 28805 

Roger L. Caldwell 
Dept. of Plant Pathology 
Univertity of Arizona 
Tucson, AZ 85721 
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Clyde Calvin 
Portland State University 
P.O. Box 751 
Portland, OR 97207 

Elmer R. Canfield 
College of Forestry 
University of Idaho 
Moscow, ID 83843 

Orsin s. Cannon 
Dept. of Botany & Plant Pathology 
Utah State University 
Logan, UT 84321 

Robert Celaya 
State Land Dept. 
1624 w. Adams 
Phoenix, AZ 85007 

Rosy Chacko 
Dept. of Plant Pathology 
Washington State University 
Pullman, WA 99163 

Susan Cheny 
Colorado State Forest Service 
Colorado State University 
Fort Collins, co 80523 

*Gary A. Chastagner 
western Washington Research and 

Extension Center 
Washington State University 
Puyallup, WA 98371 
(206) 593-8528 

Toby W., Childs 
25P8 NE 24th Street 
Portland, OR 97212 

William M. Ciesla 
Forest Pest Management 
USDA Forest Service 1 

Drake Executive Plaza, 
2625 Redwing Rd. 
Fort Collins, CO 80521 
(303) 323-5065 

Richard Clevette 

; 

Suite 350 

B,C. Ministry of Forests 
5825 York Rd. 
Duncan, B.C., 
Canada 



*Fields W. Cobb 
Dept. of Plant Pathology 
University of California 
Berkeley, CA 94720 
( 415) 642-4663 

Hugh Craig 
· Pacific For. Res. Center 

506 W. Burnside Rd. 
Victoria , B.C. 
Canada V8Z 1M5 

Ross w·. Dav id son 
1205 Lory Street 
Fort Collins, CO 80521 
(303) 482-4172 

R. F. DeBoo 
B.C. Ministry of Forests 
1450 Government St. 
Victoria, B.C. 
Canada V8W 3E7 
(604) 387-5965 

*Gregg DeNitto 
Forest Pest Management 
USDA Forest Service 
630 Sansome St. 
San Francisco, CA 94111 
(415) 556-6940 

Don F. Doidge 
B.C. Ministry of Forests 
540 Borland St. 
Williams Lake, B.C. 
Canada V29 1R8 

*Oscar Dooling 
Forest Pest Management 
USDA Forest Service 
P.O. Box 7669 
Missoula, MO 59807 
(406) 329 - 3410 

George · Downing 
Forest Pest Management 
USDA Forest Service 
P .o. Bo·x 25127 
Lakewood, CO 80225 
(303) 234-4877 

*Richard Dresser 
953 Hilltop Dr. 
Fortuna, CA 95540 
(707) 725-4413 

173 

C. H. Driver 
College of Forestry 
University of Washington 
Seattle, WA 98105 

David B. Drummond 
Forest Pest Management 
USDA Forest Service 
2500 Shreveport Hwy. 
Pineville LA 71360 
(318) 473-7280 

*Suzanne H. Dubreuil 
Forest Pest Management 
USDA Forest Service 
P.O. Box 766 9 
Missoula MT 59801 
(406) 329- 3323 

*R.L. Edmonds 
College of Forest Resources 
University of Washington 
Seattle, WA 98195 
(206) . 545-0953 

R. D. Edward 
B.C. Ministry of Forests 
515 Columbia St. 
Kamloops, B.C. 
Canada V2C 2T7 

Dave E. Etheridge 
3941 Oakdale Pl. 
Victoria, B.C. 
Canada VS'N 3B6 

*Wilbur A. Farr 
P.O. Box 1743 
Juneau, AK 99802 
(907) 789-9801 

Harlan A. Fay 
Forestry Sciences Laboratory 
PNW For. & Range Exp. Stn. 
3200 Jefferson Way 
Corvallis, OR 97331 

*Greg Filip 
Forest Pe s t Management 
USDA Fo rest Servic e 
P.O. Box 3623 
Portlahd, OR 97208 
( 503) 423-2727 



Jam~s T. Fisher 
Dept. of Horticulture 
New Mexico State University 
Las Cruces, NM 88003 

Raymond E. Foster 
864 Fairdell Crescent 
Richmond, B.C. 

Susan Frankel 
College of Forestry 
University of Washington 
Seattle, WA 98105 

*W. L. Freeman 
USDA Forest Servic .e 
630 Sansome St. 
San Francisco, CA 94111 
(415) 356-6520 

Dave French 
Dept. of Plant Pathology 
University of Minnesota 
St. Paul, MN 55108 
(612) 373-0852 

*Lloyd R. Fuller 
Forest Pest Management 
USDA Forest Service 
11171 W 8TH SE 
Lakewood CO 80225 
(303) 234-557/) 

Alvin Funk 
Pacific For. Res. Centre 
506 West Burnside Road 
Victoria, B.C., 
Canada V8 Z 1M5 
(604) 388-3811 

Peter Gaidula 
Dept. of Parks, Rec~ 
P.O. Box 2390 
Sacramento, CA 95811 

*Brian W• Geils 
Dept. cf Botany & Plant Pathology 
Colorado State University 
Fort Collins, CO 80521 
(303) 491-7311 

*Robert Gilbertson 
Dept . of Plant Pathology 
University of Arizona 
Tucson, AZ 85721 
( 602) 626-2131 

174 

Linnea Gillman 
3024 South Winona ct. 
Denver, CO 80236 

Donald Goheen 
Forest Pest Management 
USDA Forest Service 
P.O. Box 3623 
Portland, OR 97208 
(503) 423-2727 

Maria Nava-Gomez 
For. Mycology Section 
Inst. Nae De Invest Forestales 
Ave. Progreso No. 5 ' . Coyacan 21, D.F. Mexico 

*Donald P. Graham 
5702 NE 88th. Ave. 
Vancouver, WA 98662 
(206) 892-8811 

Angelo R. Greco · 
Caixa Postal 74526 
23460 Seropedica RJ 
Brazil 

Gaston Huerta Guzman 
Escuela Nae De Botanica 
Laboratorio De Mycologia 
Apa·rtado Postal 42-186 
Mexico 17, D.F. Mexico 

James S. Hadfield 
Fbrest Pest Management 
USDA Forest Service 

·P.O. Box 3623 
Portland, OR 97208 
(503) 423-2727 

Philip B. Hamm 
Oregon State University 
Dept. of Botany & Plant Pathology 
Corvallis, OR 97331 

*Everett M. Hansen 
Dept. of Botany & Plant Pathology 
Oregon State University 
Corvallis, OR 97331 
(503) 754-3451 · 

*Tom Harrington 
Dept. of Plant Pathology 
University of California 
Berkeley, CA 94720 
(415) 642-4663 



Alan E. Harvey 
INT. For. & Range Exp. Stn. 
1221 South Main 
Moscow, ID 83843 
(208) 882-3557 

George M. Harvey 
1141 SW Sunset Dr. 
Corvallis, OR 97330 

Robert D. Harvey Jr. 
Forest Pest Management 
USDA Forest Service 
P. O. Box 3623 
Portland, OR 97208 
(503) 423-2727 

*Frank G. Hawkswor .th 
RM For. & Range Exp. Stn. 
240 West Prospect Street 
Fort Collins, CO 80521 
(303) 221-0918 

Dick Heath 
Pacific Forest Products 
8067 E. Saanich Rd. 
Saanichton, B.C . 
Canada VOS lM0 

Lawrence B. Helburg 
Colorado State Forest Service 
Colorado State University 
Fort Collins, co 80523 

Paul Hennon 
Dept. of Botany & Plant Pathology 
Oregon State University 
Corvallis, OR 97331 

Les J. Herring 
B.C. Ministry of Forests 
1600 3rd Ave. 
Prince George, B.C . 
Canada V2L 346 

Paul Hessburg 
Dept . of Botany & Plant Pathology 
Oregon State University 
Corvallis OR 97331 

*Thomas E. Hinds 
Forest Disease Research 
RM For. & Range Exp. Stn. 
240 we~t Prospect St. 
Fort Collins, CO 80521 
(303) 221-1233 

175 

Yasuyki Hiratsuka 
Northern For. Res. Centre 
5320-122nd St • . 
Edmonton 70, Alberta 
Canada T6H 3S5 

Dr . C. Hodges 
Institute of Pacific Islands Forestry 
1151 Punchbowl Street 
Honolulu, HI 96813 
(8'08) 546-5669 

Jim Hoffman 
Forest Pest Management 
USDA Forest Service 
324 - 25th Street 
Ogden, UT 84401 
(801) 586-3141 

John c. Hopkins 
Pacific For. Res. Centre 
506 West Burnside Rd. 
Victoria B. C. 
Canada V8Z lMS 
(604) 388-3811 

Benton Howard 
4129 S.E. Stark 
Portland, OR 97214 

*Rosalind L. Hu 
College of Forest - Resources 
University of Washington AR-10 
Seattle, WA 98195 
(206)543-5769 

*Richard S. Hunt 
Pacific For. Res. Centre 
506 West Burnside Rd. 
Victoria, B.C. 
Canada V82 lMS 
(604) 388-3811 

Steve Ilnytzky 
B.C. Ministry of Forests 
1319 Government Street 
Victoria, B.C. 
Canada 

*Fred Im~off 
California Dept. of Forestry 
776 s. State St, # 107 
Ukiah, CA 95970 
(707) 462-0506 



Eugene A. Irwin 
Oregon State Dept. of Forestry 
2600 State Street 
Salem, OR 97310 

*William Jacobi 
Dept. of Botany & Plant Pathology 
Colorado State University 
Fort Collins, CO 80523 
(303) 491-6927 

*Robert L. James 
Forest Pest Management 
USDA Forest Service 
P.O. Box 7669 
Missoula, MT 59807 
(406) 329-3142 

David R. Jessup 
Oregon For. Prot. Assoc. 
1326 American Bank Bldg. 
Portland, OR 97205 

A.L.S. Johnson 
Pacific For. & Res. Centre 
506 West Burnside Rd. 
Victoria, B.C. 
Canada V8Z 1M5 
(604) 388-3811 

*David w. John~on 
Forest Pest Management 
USDA Forest Service 
Box 25127 
Denver, CO 80225 
( 30 3) 234-3905 

Jennifer Juzwik 
Dept. of Plant Pathology 
University : of Minnesota 
St. Paul, MN 55108 

James Kimmey 
P.O. Box 19 
Westport, WA 98995 

Behun B. Kinloch 
PSW Forest & Range Exp. Stn. 
P.O. Box 245 
Berkeley, CA 94701 
(415) 486-3700 

John T. Kliejunas 
Forest Pest Management 
USDA Forest Service 
630 Sansome St. 
San Francisco, CA 94111 
(41.5) 556-6864 

176 

*Jerry Koenigs 
P. O. Box 12254 
Research Triangle Park, NC 27607 
(919) 549-8906 

*Andi Koonce 
1986 Fir St. South 
Salem, OR 97302 
(503) 754-3451 

Donald .M. Knutson 
Forestry Sciences Laboratory 
PNW For . & Range Exp. Stn. 
3200 Jefferson Way 
Corvallis, OR 97331 

Richard G. Krebill 
Forestry Sciences Laboratory 
USDA Forest Service 
Arizona State · University 
Tempe, AZ 85281 

David Largent 
Department of Biology 
Humboldt State College 
Arcata, CA 95521 

Albert T. Larsen 
Oregon State Dept. of Forestry 
2600 State Street 
Salem, OR 97310 

*Thomas H. Laurent 
Forestry Sciences Laboratory 
PN'N Fores -t & Range Exp . Stn. 
Box 909 
Juneau, AK 99801 
(907) 586-7510 

*John G. Laut 
Colorado State Fore s t Service 
Colorado State University 
Fort Collins, CO 80523 
(303) 491-6303 

Ellen Lauver 
Dept. of Plant Path oiogy 
University of Arizona 
Tucson, AZ 85719 

*Kelly B. Leslie 
College of Forestry Resources 
University of Washington AR-10 
Seattle, WA 98195 
(206) 543-5769 



C. Y. Li 
Forestry Sciences Laboratory 
PNW Forestry & Range Exp. Stn. 
3200 Jefferson Way 
Corvallis, OR 97331 

P. C. Lightle 
2405 Nolte Drive 
Prescott, AZ 87301 

*Bill Livingston 
Dept. of Plant Pathology 
University of Minnesota 
st~ Paul, MN 55108 
( 612) 37 3-1387 

*Willis R. Li.ttke 
College of Forest Resources 
University of Washington 
Seattle, WA 98195 
(206) 543-5769 

*Robert C. Loomis 
11211 Point Pleasant Drive 
Fairfax, VA 22033 
(703) 235-1554 

*Jeni.fer Huang Mcbeath 
Agricultural Experiment Sta. 
Uniyerni.ty of Alaska 
Fairbanks, AK 99701 
(907) 474 .-7431 

*Arthur H. McCain 
Dept. of Plant Pathology 
Uni._versity of California 
Berkeley, CA 94720 
(415) 642-7153 

Gerald I. McDonald 
Forestry Sciences Laboratory 
INT Forestry & Range Exp. Stn. 
1221 s. Main 
Moscow, ID 83843 
(208) 882-3557 

D. R. MacDonald 
Canadian Forestry Serv . Environ. Canada 
506 w. Burnside . Road 
Victoria, B.C. 
Canada V8Z 1M5 
(604) 388-3811 

177 

*W. T. McGrath 
School of Forestry 
Stephen F. Austin Stat~ University 
Nacogdoches, TX 75962 
(713) 569-3302 

· Neil MacGregor 
1012 Grizzly Peak Blvd. 
Berkeley, CA 94708 

*Helen Maffei 
Dept. of Botany & Plant Pathology 
Colorado State University 
Fort Collins, CO 80523 · 
( 303) 491-7311 

Otis C. Maloy Jr. 
Dept . of ~lant Pathology 
Washi.ngtpn St. University 
Pullman, WA 99163 

Walter R. Mark 
Natural Re·s. Management Dept . 
Polytechnic St. University 
San Luis Obispo, CA 93401 
(805) _ 546-2751 .· 

*Jack P. Marshall 
USDA Forest Service 
1750 Front Street 
Boise, ID 83702 
(208) 334-9024 

Neil E. Martin 
Forestry Sciences Laboratory 
INT Forest & Range Exp. Stn...-
1221 South Main 
Moscow, ID 83843 
(208) 882-3557 

*Bob Mathiasen 
School of Forestry, Box 4098 
~orth~in Arizona University 
Flagstaff, AZ 86011 
(602) 523-3031 

*Laura Merrill 
Rocky Mtn. For. & Range Exp . Sta. 
240 w. Prospect St. 
Fort Collins, CO 80526 
(303) 221-4390 EXT. 227 



*Ellen Michaels 
Western Washington Res. & Ext. Center 
Pullman, WA 98371 
(206) 593-8528 

*Douglas R. Miller 
107 Nova Drive 
Piedmont, CA 94610 

Paul R. Miller 
Air Pollution Res. Center 
University of California Riverside 
Riverside, CA. 92502 
(714) 787-3661 

James M. Mital 
Dept. of Plant Pathology 
304 Stakman Hall 
University of Minnesota 
St. Paul, MN 55108 

R. Miyagawa 
Alberta Forestry Service 
10620 - 120nd Ave. 
Edmonton, Alberta 
Canada T5R 5E2 

Alex c. ·Molnar 
East Road 
Denman Island, B.C. 
Canada . V0R lT0 

Ben H. Moody 
Northern Forest Research Center 
5320 - 122nd Street 
Edmonton, Alberta 
Canada T6H 3S5 

Duncan J. Morrison 
Pacific For. Res. Centre 
506 West Burnside Rd. 
Victoria, B.C., Canada V8Z 1M5 
(604) 388-3811 

Ronald A. Morrow 
Park & Recreation Dept. 
1400 N. Glen Avenue 
Colorado Springs, CO 80905 

*Harry Morton 
1812 Frieze 
Ann Harbor, MI 48104 
(313) 996-1767 

178 

John a·nd Vivian Muir 
B.C. Ministry of Forests, 
Protection Branch 
1450 Government Street 
Victoria, B.C. 
Canada V8W 3E7 
( 604) 387-5965 

David L. Nelson 
Shrub Sciences Laboratory 
INT Forest & Range Exp. Stn. 
735 N. 500 E. 
Provo, Ut 84601 

*Earl E,. N~lson 
Forestry Sciences Laboratory 
PNW Forest & Range Exp. Stn. 
3200 Jefferson Way 
Corvallis~ OR 97331 
( 503) 757-4416 

'"Tom Nicholls 
U.S. Forest Service 
1992 Folwell Ave. 
ST. Paul, MN 
(612) 642-5277 

Richard Norris 
·USDA Forest Service 
517 Gold Ave., SW 
Alberquerque, . NH 87102 
(505) 766:..2488 

*Joseph O'Brien 
University of Minnesota 
Dept. of Plant Pathology 
St. Paul, MN 55108 
(612) 373-1387 

*Harold R. Offord 
Forest Disease •Res. 
PSW Forest & Range Exp. Stn. 
P.O. Box 245 
Berkeley, CA 94701 

*Donald R. OWen 
Dept. of Entomological Science 
University of California 
Berkeley, CA 94720 
(415) 642-5806 



Le.e. A. Paine 
Forest Disease Res. 
PSW Forest & Range Exp. Stn. 
P.O. Box 245 
Berkeley, CA 94701 

John G. Palmer 
Center for Mycology Res. 
Forest Products Laboratory 
P.O. Box 5130 
Madison, WI 53705 

*John R. Parmeter Jr. 
Dept. of Plant Pathology 
University of California 
Berkeley, CA 94720 
(415) 642-4763 

Arthur Partridge 
College of Forestry 
University of Idaho 
Moscow, ID 83843 

R. F. Patton 
Dept. of Plant Pathology 
1630 Linden Dr. · 
University of Wisconsin 
Madison, WI 53706 

Glenn w. Peterson 
Rocky Mt. Forest & Range Exp. Stn. 
East Campus, Univ. of Nebraska 
Lincoln, NE 68583 

Rogers. Peterson 
St. Johns College 

,Sante Fe, NM 87501 

John M. Powell 
Northern For. Res. Center 
5320 - 122nd Street 
Edmonton Alberta 
Canada T6H 3S5 

*John Pronos 
Forest Pest Management 
USDA Forest Service 
630 Sansome Street 
San Francisco CA 94111 
(415) 556-6864 

179 

Rodolfo Salinas Quinard 
Laboratorio De Pathologia 

Forestal 
Inst. Nae De Invest Forestales 
Ave. Progreso No. 5 
Coyacan 21, D.F. Mexico 

C. P . P. Reid 
Dept. of For . & Wood Sciences 
Colorado St, Univ. 
Fort Collins, CO 80523 

Jack W. Roff 
P.O. Box 10 
Grilse Road 
R.R. l Nanoose, B. C. 
Canada 

Jack D. Rogers 
Dept. of Forest & Range Mgmt. 
Washington St. University 
Pullman, WA 99163 

F. Roth 
Horticulture 
Cal Poly. 
3801 West Temple Ave. 
Pomona, CA. 91768 

Lewis F. Roth 
Dept. of Botany & Plant Pathology 
Oregon State University 
Corvallis, OR 97331 

*Kenelm w. Russell 
Div. of Forest Land Mgmt. 
Dept. of Natural Resources , 
Olympia, WA 98504 
(206) 753-0671 

*Robert F. Scharpf 
Forest Disease Research 
PSW For. & Range Exp. Stn. 
P.6. Box 245 
Berkeley, CA 94701 
(415) 486-3156 

*Craig Schmitt . 
314 SW Pine 
Portland, OR 97230 
(509) 221-3605 



*Mike Schomaker 
Colorado St~te For. Service 
Colorado State University 
Fort Collins, CO 80523 
(303) 491-6303 

Mark Schultz 
Dept. of Plant Pathology 
University of California 
Berkeley, CA 94720 
(415) 642-4763 

*John Schwandt 
Forest Pathologist 
Dept. of Lands 
Box 670 
Coeur D'Alene, ID 83814 
(208) 664-2171 

Charles Gardner Shaw 
Dept. of Plant Pathology 
Washington State Univ. 
Pullman, WA 99164 

*Terry Shaw 
Forest Sciences Laboratory 
PNW For. & Range Exp . Stn. 
Box 909 
Juneau AK 99802 
(907) 586-7301 

*James Smith 
5036 Hamel Street 
Davis, CA 95616 
(916) 445-4521 

R. B. Smith 
Pacific For Res Centre 
506 West Burnside Rd. 
Victoria, B.C., 
Canada V8ZlM5 
(604) 388-3811 

Dr. Richards. Smith, Jr. 
USDA Forest Service 
630 Sansome St. 
San Francisco, CA 94111 
(415) 556-6891 

Rogers. Smith 
For . Products Res . Laboratory 
6620 N.W. Marine Drive 
Vancouver 9, B. C. 
Canada V6T 1X2 

180 

Michael D. Srago 
Forest Pest Management 
U.S. Forest Service 
630 Sansome St. 
San Francisco, CA 94111 
(415) 556-2563 

John M. Staley 
1406 Peterson St. 
Fort Collins, CO 80524 
(303) 493-7890 

Tom Sterner 
Canadian Forestry Service 
Dept. of the Environment 
Ottawa, Ontario 
Canada KlA 1G5 

Jim Stewart 
Forest Pest Management 
USDA Forest Serv. 
Washington, D.C. 20250 

-Arthur Stock 
B.C. Minijtry of Forests 
Box 3369 
Smithe'rs, B.C. 
Canada V0H 2N0 

J. R. Sutherland 
Pacific For Res. Centre 
506 ·west Burnside Road 
Victoria, B.C. 

. Canada VS Z lMS 
(604) 388-3811 

Al C. Tegethoff 
! 4042 East · Cooper St. 

Tucson, AZ 85711 

*Walter , G. , Thires . 
Forestry Science Laboratory 
PNW Forest & Range Exp. Stn. 
3200 Jefferson Way 
Corvallis, OR 9"7330 
(503) 757-4396 

G. P. Thomas 
548 Dallas Rd., Apt. 1304 
Victoria B.C. 
Canada vav 1B3 

Robert Tinnin 
Department of Biolo gy 
Portland State University 
P.O. Box 751 
Portland, OR 97207 



*Boris T Tkacz 
Forest Pest Management 
USDA Forest Service 
324 25th St. 
Ogden UT 84401 
(801) 625-5460 

James J. Trappe 
Forestry Sciences Laboratory 
PNW Forest & Range Exp. St.n. 
3200 Jefferson Way 
Corvallis, OR 97330 

Bartold J. Van Der Kamp 
Faculty of Forestry 
University of B.C. 
Vancouver, B.C. 
Canada V6T lWS 

G. Allan Van Sickle 
Pacific For. Re~. Centre 
506 West Burnside Rd. 
Victoria, B.C. 
Canada V8Z lMS 
(604) 388-3811 

*Detlve R. Vogler 
Forest Pest Management 
USDA Forest Service 
630 Sansome Street 
San Francisco, CA 94111 
(415) 556-6864 

Michael R. Wagner 
School of Forestry, Box 4098 
Northern Arizona University 
Flagstaff, AZ 86011 
(602) 523-3031 

Jim Walla 
Dept. of Plant Pathology 
North Dakota State University 
Fargo, ND 58105 

Gordon w. Wallis 
Pacific For. Res. Centre 
506 West Burnside Rd. 
Victoria, B.C. 
Canada V8Z lMS 
(604) 388-3811 

*Phil Wargo 
51 Mill Pond Rd. 
Forest Service Insect & Disease Lab. 
Hamden, CONN. 06492 
(203) 773-2030 

181 

*Tom Warner 
Box 22 , Ash Mtn. 
Three Rivers, CA 93271 

Edward Wass 
Pacific Forest Res. Centre 
506 West Burnside Rd. 
Victoria, B.C. 
Canada V8Z lMS 
(604) 388-:-3811 

John F. Wear 
Forest Pest Management 
USDA· Forest Service 
P.O. Box 3623 
Portland, OR 97208 

Lawren~e ~- Weir 
Oregon State For. Dept. 
2600 State Street 
Salem, OR 97310 

H. Stuart Whitney 
Pacific For Res. Centre 
506 West Burnside Rd. 
Victoria , B.C. 
Canada V8Z lMS 
(604)388-3811 

*Roy Whitney 
. Canadian Forestry S~rvice 

Box 490 
Sault St. Marie, ONT P6A 454 
(705) 949-9461 

Ed F. Wicker 
Rocky Mt. Forest & Range Expt. Sta. 
240 w. Prospect St. 
Fort Collins, COLO. 80521 
(303) 221-4390 

w. Wayne Wilcox 
Forest Products Laboratory 
University of California 
1301 S. 46th Street 
Richmond, CA 94804 
(415) 231-9400 

Ted Wilford 
Ministry of Forests 
Caribo Region 
540 Borland Street 
Williams Lake, B.C. 
Canada V2G 1R8 



Ralph E. Williams 
Forest Pest Management 
USDA Forest Service 
Boise Field Office 
306 N. 5th Avenue · 
Boise, ID 83702 

*Mike Wingfield 
Dept. of Plant Pathology 
University of Minnesota 
304 Stakman Hall 
St. Paul, MN 83843 
(612-) 373-1387 

*Jeff Witcosky 
Dept. of Entomology 
Oregon State University 
Corvallis, OR 97331 
(503) 754-4733 

John Y. Woo 
Forestry Sciences Laboratory 
INT Forest & Range Exp. Stn. 
1221 s. Main 
Mosco~, Io · 83843 
(208) · 882-3557 

*Ed Wood 
Forest Pest Management 
USO,\ Forest Service 
517 Gold Ave. SW 
Albuquerque, NM 87102 
(505) 766-2483 

182 

I 

Paul M. Wood 
B.C. ' Ministry of Forests 
35~ B~rrafd Street 
Vancouver, a.c. 
Canada V6C 2Hl 

*Jilfl wo·r rall 
Dept. of Plant Pathology 
University of California 
Berke~ey, I CA. 94720 
(415) 642-4763 

· Ernes ·t Wright 
1363 Princeton Rd, 
Woodburn, OR 97071 

Brattslav Zak 
P.O, Box 867 
Kalaeo, HI 96741 

Harry Zalasky 
Northern For, Res, Centre . 
5320 - 122nd Street 
Edmonton 70 Alberta, 
Canada T6H 3S5 

Wolf G. Ziller 
38 Kingham Place 
Victoria, B,C, 
Canada . . V9B lLB 


