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FOREWORD

The Twenty-sixth Annual Western International Forest Disease Work
Conference et at the Arizona Inn in Tucson on October 24-23, 1978,
Since the meeting was scheduled a week prior to the annual meet1ng of
the American Phytopathological Society, also held in Tucson, we were
fortunate to have scveral visitors from the East. :

The Arizona Inn provided a unique atmosphere for the meeting, which was
called to order by Chairman Dick Smith on Tuesday morning. A welcome
was- extended to us by Darrel S. Metcalfe, Dean of the College of
Agriculture at the University of Arizona, and the keynote speech was
delivered by Erwin H. Zube, Director of - the Schoo1 of Natural Resources
at the Un1Vers1ty of Ar1zona.

Mrs. Gilbertson organized several shopp1ng and sightseeing trips around
the Tucson area for the wives. The wives greatly appreciated Mrs. '
Gilbértson's time and effort to make sure their visit to the Tucson area
vas a memorab]e one.

The usual WIFDWC-sponsored field tr1p was delayed until Saturday the
28th so that-forest pathologists who did not attend WIFDHC but. were
p]annTng to attend the APS meeting -could accompany us. Because of the
unique nature -of the area surroynding Tucson, many d1verse ecosystems
were visited during the field trip, and many diseases occur1ng on
vegetation of the area were observed. S

The officers for the 26th Conference_were:

Dick. Smith - Chairman i

Dave Drummond - Secretary-Treasurer
John Hopkins - Program Chairman

Bob Gi]bertson'- Local Arrangements

- We would like to express our apprec1at10n to Noah Jacobs for des1gn1ng
the cover of this year's proceed1ngs. '
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IN MEMORIAM
WiThelm G. Solheim

Dr. WilheIm Gerhard Solheim, Emeritus Professor of Botany at the University
of Wyoming, died in Laramie, Wyoming, on May 15, 1978, after a long illness.
He had reached his 80th b1rthday on May 13.

Dr. SoTheim was born in Stoughton, Wisconsin, and had his early education
there. He served in the U.S. Army during World War [ as an officer in the
Cavalry, stationed at Deming, New Mexico. Following his discharge from
~the Army he continued his education at Iowa State Teacher's College, where
~ he earned the B.A. degree in 1924. He then entered the Un1vers1ty of
I11inois and received a M.A. degree in 1926 and a Ph.D. in 1928. His
'strong interest in leaf and stem parasites he retained throughout a long
-professional career. . His Ph.D program was directed by the legendary F.L.
.Stevens. One of Dr. Solheim's prized possessions was an ancient, tattered,
.and worn trave11ng salesman's sample case with several compartments,
formerly the property of F.L. Stevens. Bill used this as a field plant
press r1ght up to the end of his physical ability to do field work. Dr.
Sélheim's main contribution to mycology was his Mycoflora Saximontanensis
Exsiccata. This consists of 17 sets of 100 Rocky Mountain fungi issued
to -approximately 30 herbaria all over the world. The first set was issued
in 1934 and the ]7th in 1979. '

Dr. SoTheim began working at the University of Wyoming in 1929, and was
head of the botany department from 1930 to 1950. He also served as
acting dean of the College of Arts and Sciences for two years prior to
his official retirement in 1963. He suffered a severe heart attack in
1951, but recovered to resume his usual vigorous field collecting and
- herbarium work. Although he was under constant medical care for his heart
condition after that time, it had novisible effect on his enthusiastic
pursuit of mycology and his lust for life in general. His retirement
years were -an active and exciting period. From 1963 to 1965 he directed
the establishment of a college of agriculture in Afghanistan under the
~University of Wyoming's International Development Contract. During this
period he narrowly escaped death in an automobile accident on a remote
Afghanistan road. Shortly after .his return in mycology and forest path-
ology program left vacant by the sudden death of Dr. Paul D. Kenner in
mid-semester of fall 1966. Dr. Solheim taught a great deal in organ-
1zing the mycological herbarium. He was also instrumental in selecting
a permanent faculty member to fill the mycology-forest pathology position.
For several years afterwards he spent parts of each winter at the Univer-
sity of Arizona where he worked in the field, an activity he pursued
with great enthus1asm and skill.

Shortly before his death Dr. So]he1m received an honorary LL.D degree
from the University of Wyom1ng in recognition of his outstanding services
to that institution.



Throughout .Dr. SoTheim's career his Tovely and devoted wife Ragnhild
was his constant companion. She will continue to reside in Laramic and
is currently assisting in the organization of the Wilhelm G. Solheim
Mycological Herbarium to be housed in the Department of Botany at the
University of Wyoming.

There is so much that could be said about Bill Solheim but it is
impossible to capture his spirit in print. He was held in high esteem
by all who knew him and enriched the lives of all of us who were for-
tunate enough to share the pleasure of his company.



IN MEMORIAM
Stuart R. Andrews

Dr. Stuart R. Andrews passed away on May 25, 1978, in Fort Collins,
Colorado, following a lengthy iiiness. He was 68 years young. Stuie
retired from his position as Project Leader for Forest Disease Research
in the Central Rocky Mountains, with the U.S. Forest Service, Rocky
Mountain Station, in November 1971.  Dr. Andrews received his B.S. from.
Yale in 1933 and a masters in forestry from the same institution in 1935.
Stuie joined the old Division of Forest Pathology in 1935 with a 30-day
appointment. Stuie's aptitude for research was recognized early and

"~ his "30-day appointment” extended into a full 36-year career in forest
pathology research. His early work was with Dr. L.S. Gill on-red rot
studies in the Black hills of South Dakota, and later on the same

disease in the Southwest, stationed in Albuquerque. His career was
interrupted by. a 1942-46 tour of duty as a captain in the Medical

Service with the U.S. Army in the South Pacific. After the war he
returnad to Albuquerque (following a brief assignment in Columbus, Ohio,
to work on elm phloem necrosis) and continued his red rot studies which
resulted in his Ph.D. dissertation at the University of Minnesota in
1953. . From 1953 to 1960 he continued his red rot studies and served as
Disease Project Leader in Albuguerque. His studies of red rot rates of

~ decay, biology, and control established him not only as the authority on
this, the most serious decay of ponderosa pine, but on decays in general.
In September 1960, after the retirement of Lake Gill, Stuie moved to
Fort Collins -as Division Chief for Forest Disease Research. He served

in that capacity and later as Project Leader in Fort Collins until his
~retirement. Although Stuie was best known for his research on red rot,
he was interested in many pathological and forestry problems. For example,
he also contributed to our knowiedge of dwarf mistletoes, aspen diseases,
pole blight, cottonwood diebacks, rusts, needlie casts, Dutch Elm disease,
and other diseases. Because of Stuie's broad knowiedge and insight into
this myriad of forest problems, he was frequently consulted and freely
gave his time and advice.

Stuie was a charter member of W.I.F.D.W.C. and a_very active supporter
of this organization. He served as Chairman of the 1960 conference in
Coeur d'Alene, Idaho, and attended as many conferences as he was able to.

Stuie was an extremely thorough and capable scientist and an excellent

writer. He was -noted for his good humor and ready wit, which he retained
even during his last few years when he was suffering from emphysema. His
tenacity in coping with his fatal disease was truly remarkable. :

Stuie is survived by h1s w1fe, Helen, of Fort Collins, by a daughter,
Jenné, of M1nneapo11s, and a ‘son, Stuart of Estes Park, Colorado. With
Stuie's passing, the profession of forest pathology has lost a valued member.
- But the high calibre of his research, his professionalism, and his devotion
to his family, live on as an inspiration to all of us.



. WIFDWC 1978 -
RENEHABLE NATURAL RESOURCES OF ARIZONA

Erv1n H. Zube*
'INTRODUCTION

Arizona is known as one of the sun-belt states and is a desert or arid- -
lands state.. These are very broad and stereotypical descriptions.  How-
ever, Artzona is also a state of contrasts. .I would like to brief]y
describe the state by noting some of these contrasts before d1scuss1ng
"the state's renewable natural resources. The contrasts are found in the
physical environment, for example, climate, topography, and vegetat1on,
and in the social or cu1tura1 environment, in the d1versity of our:
populat1ons ]

T w111 also touch briefly on the 1ssue of popu1at1on growth in the state
.- Indeed, the rate of population growth is-one of the most critical factors - -
- .affect1ng the management of Arizona 'S renewab1e natura] resources 1n the

‘»i,ryears ahead

PHYSICAL ENVIRONMENT

.Ninety percent of the land area is c1assif1ed as ar1d or semi arid Y But :
theré are sharp contrasts within this broad physical categorization.

~ “Elevations range from 138 feet above sea level at Yuma, located in a

- region of desert plains in the southwest corner of the state, to a high
of 12,670 feet at Humphrey's Peak in the San Francisco Mountains north of

"~F1agstaff near the Mogollon Rim. The Mogollon Rim, an abrupt transition

slope running southeast-northwest across the entiré state, separates the
great Colorado Plateau of the north from a wide region of mountain ranges
running generally parallel with the Rim. The Colorado Plateau and the

. desert plains are not without elements of relief also.: The Plateau is

perhaps best known.for the dramatic river canyons found there (e.g. , "Grand
Canyon) while the desert plain is marked by lower and more compact moun-~
: ta1ns than are found in the centra1 mountain region. )

Average annua] rainfall varies from about 3. 6 inches in- Yuma to 32 4 1nches
“at Crown King. Rainfall in excess of 25 inches occurs in a number of loca-
tions. "The growing season ranges from 348 days in Yuma to less than 100

days at severa1 places’ in Apache and Coconino’ Count1es

The sunbelt stereotype is not without basis. in fact. Phoenix and Tucson,

for examp]e, have sunshine for an-average of 86 percent of the possible

_time. This is compared with 47 percent for Portland, Oregon, 73 percent

for Los Angeles, 66 percent for Miami, 59 percent for New York and 57 percent
for Chicago ' T

.k D1rector, School of Renewab1e Natura] Resources Un1vers1ty of
- Arizona, Tucson AZ 85721 .

9 -



Temperatures in the desert plain at a latitude of approximately 32 are
frequently higher than temperatureg along the equator Within the state,
maximu summerotemperatures of 110" to 120 F and minimum winter temperatures
of -20° to -30°F are not uncommon. - But then, the state also spans a distance

of some 400 miles from north to south in add1t1on to the approx1mate1y 2%

. mile e]evat1ona1 change.

, Within 40 m11es of Tucson at Mt. Lemmon, one can traverse flve 11fe o
zones within a time span of about one-half hour, -from Lower Sonoran .~
‘Desert vegetation to fir forest. - In the north, within the area bounded’

- by the Painted Desert and the San Francisco Mountains, one can traverse.’

~every 1ife zone except the humid tropical.. The major vegetation zohes . -
" in Arizona are desert shrub, grasslands, chaparral, pinyon-juniper forest
: and _ponderosa p1ne forest., I will discuss these in a b1t more detai] 1ater

CULTURAL ENVIRONMENT

The Hohokam, Mogollon and Anasaz1 peopIés were among the ear11est of

Arizonans whose cultures can be documented, at least partially, by

" physical evidence. The Hohokams, for.example, not only constructed -
dwellings in the Gila and Salt River Va]1eys but also had extensive =~

. systems of 1rrigation canals and dams.- This culture disappeared about S
- 1450 A.D., possibly as a result of drought and Apache raids.. The Apaches . . .
and Navahos probab]y migrated to Arizona between 1000 and 1300 A D T

- _Spanish 1nf1uence in Arizona can be traced back to the f1rst Spaniard to .
explore Arizona in 1539, a Franciscan friar named Marcos de Niza. .-The - .
following years, 1540-42, saw members of Coronado s exped1t1on reach as
far north as the Grand Canyon . co . L

Dur1ng the 17th century attempts were made with con51derab1e success. to

. Christianize the Pima, Papago and Moqui Ind1ans The first presidio was .

. not established, however, until 1752 at Tubac, on the Santa Cruz River. . .
Just north of what is now Nogales. _ : ‘ S

American traders and exp1orers f1rst entered Ar1zona 1n the ear]y 19th
century. - The area of Arizona, north of the Gila River, was brought into
the U.S. in 1848 following the Mexican War of 1846. The rema1nder was
acquired through the Gadsden Purchase between 1853 and 1856. . It became

- a separate territory from New Mexico 1n 1863 and was, the last of the '
Jower 48 to’ ach1eve statehood 1n 1912.

Today Arizona has the largest Ind1an popu]ation of any state 1n the nat1on
About 5 percent of a11 Arizonans are Indians in 15 different tribes located

on 21 reservations, - About one out of every 5.5 Ar1zonans 1s of Spanish

- heritage--19 percent of the state's population. - Thus, there are three cultuies
rooted in the Indian, Spanish and early United States history, each con- .
tributing to the soc1a] diversity of the state. Obviously, there is also .
considerable diversity within each of these broad cultural groupings.

-
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- PATTERNS OF GRONTH

‘Arizona 1s one of the fastest growing states in the country -It is
"also the sixth largest state in area, being exceeded in size by Alaska,
“Texas, California, Montana and New Mexico With an area of 113,909
square miles, it has a population of approximately 2.3 million and a
population density of about 20 people per square mile. A look at the
distribution of this population indicates that this is a misleading -
figure, . however,  because better than 1.7 million of. these people are in
metropolitan Phoenix.and Tucson. .Thus, population density in the rest of”.
the state 1s c105er to 6 people per square m1le

- How fast has Ar1zona qrown’ The popu]at1on 1ncreased by over 40 percent
.. in.the decade 1965 to 1975. Population projections for the period 1970
to 1980 suggest an increase of approximately 50 percent to 2.7 million.

" For the nation as a whole, however, the projected increase for this time

. period is around 10 percent a rate of growth that is con51derab1y smaller
‘ than that 1n Ar1zona o S

L RENENABLE NATURAL RESOURCE MANAGEMENT ISSUES

Much of th1s growth is occurr1ng in metropolitan Phoen1x. with1n Maricopar

-County. Maricopa County is also a primary agricultural county. - In 1975, -~
' 34 percent of all alfalfa, cotton, citrus, grain and vegetable acreage in -
" the state was .in Maricopa County (471,740 acres) It is also a primary -
~Jrrigation area. In 1970,. 38 percent of all irrigated lands in the state .

- (430,000 acres) were in this county. The population of Maricopa County
“has.- grown from 852,000 in 1965 to 1, 218,000 in 1975. Concomitant with -

“this growth is the cont1nu1ng conversion of substantial amounts of agr1-
cu1tura1 1and some of the best in the state, to urban uses,

' 0n1y 18 percent of the land area in Arizona is pr1vate1y or corporate1y )
owned. ~ Federal ownership accounts for about 42 percent with the major
“land holding agencies being the Bureau of Land Management (16.7 percent)
and the Forest Service (15.9 percent)., The balance of the Federal land,
about 10 percent, is primarily held by the National Park Service, Fish

‘;,.and Wildlife Service, and Department of Defense. Indian reservations

account for another 27 percent and state trust lands account for the
rema1n1ng 13 percent. Thus, in spite of the size of the state, there
is a comparatively limited amount of 1andava11ab1eto accommodate
continued growth. :

It should not be a surprise in a state where 90 percent of the 1and
is classified as arid or semi-arid, that water is the most 1mportant

" renewable natural resource managment issue. We use water more rapidly
. than it can be supplied by nature and the techno]og1ca1 efforts of man.
- There is a dependable annual supply of 2.8 million acre feet and a total

_annual-use of 5 million acre feet. Annually, we are using 2.2 mi1lion .
. acre feet more than is replenished. This overdraft is from groundwater.' -

11



In Pima County, the county in wh1ch Tucson is 10cated the consumption

is 4.7 times the dependable supply resulting in an average lowering of

the ground water table by 5.1 feet per year. This is by -no means the - :

- most extreme case in the state.. Rates of depletion.are as high as 96 - .
times dependab]e Supply in some of the smaller dra1nage basins 1n the o
state. - - , . ‘ _ _

Irr1gated agr1cu1ture is the 1argest user of water in the state and ac- AP
counts for 89 percent of the total depletions. The balance is accounted
for in municipal and industrial uses, the m1n1ng 1ndustry and e1ectr1c

_ power generatlon , _ ‘

Given this serious 1mba1ance hetween dependab]e supply and annual consump-

- tion, 1t is logical to ook to watershed management, in the -form of vege--
tation manipulation, as a means. of au menting available water supplies.
Somewhat less than half of the state %36 million acres) 1s in the desert- EE
shrub vegetation zone, which currently offers little potential, for 1ncreasing ]
recoverable water supplies. Most of this land is in federal. ownership or e
trusteeship. :About one-fourth of the state (18 million acres) 1s in the = "=
grasslands vegetation zone. These lands also offer 1ittle potential for
Increased water yield through vegetation manipulation. The chaparral .
vegetation zone, covering 8 to 10 percent of the state, does offer some .

- prospects .for increasing water yield by the removal of shrub overstories and _
estab11shment of grasses and forbs. Experimental work suggests ‘possible »«; E
1ncreases in some: areas of .20 to .50 of an acre foot per acre annua]ly

The p1nyon-3un1per ‘'woodland zone, compr1sing about 19 pereent of the state and
surrounding AriZona's commercial forests, offers little potential for increased
water yield through vegetative management. The primary commercial forest

{s ponderosa pine which covers 7 to 8 percent of the state. It is located
~primarily along the Mogollon Rim in an unbroken band about 225 miles long -
through central Arizona. Experiments on several watersheds with overstory .
‘thinning and with different arrangements,. orientations and patterns of . ..
clearings ind{icate: potent1al 1ncreases 1n Water y1e1d ranging from 16 percent
-to over 100 percent : .

Other vegetat1on zones include a1p1ne. m1xed conifer, aspen and riparian -
association. Together they comprise less than 1 percent of the area of .
the state. 'Of these, experimental data on mixed conifer forests and
r1p?£1an assoc1at1ons indicate con51derab1e potential for 1ncreased water
"yields - . L

Each of the vegetat1on zones which appear to have the greatest potential

for increased water yields through vegetation management also have va1ues :
for other uses. including timber production, grazing, recreation and wildlife
. ‘habitat.. Usua]ly these vegetation zones, and in particular the ponderosa -
p1ne and riparian assocfations, are those for which competition among u5es
is greatest, Thus, managers and researchers are challenged with the task.
“of developing procedures for and facilitating the rational.decision pro-
cesses that take iinto account the interactive effects of a1ternat1ve and
frequent1y contrasting management obJect1ves :

12
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The ponderosa p1ne forest provtdes a good exampie of the muitip]e vaiues '
- and uses that must be considered in the. development of managment plans.

Saw logs are ‘the predominant timber product from Arizona's forests. Of
the363.2 million. board feet received at mills, 312 mi11ion were ponderosa - .

‘pine.  Of the 24 mills in Arizona, 21 are ]ocated in or close to- the band

of ponderosa pine a]ong ‘the Mogoiion Rim.

fPonderosa pine forests are also important habitats for a- variety of
-wildlife including elk, deer and turkey as well as small game, rodents

and game and nongame - b1rds In a state where most streams are ephemeral,
several hundred miles of perennial streams are found in these forests.

These streams provide habitat for game and nongame fish as well as water

for agricultural, municipal, and industrial uses. It follows quite obviously
then, that these forests are also very popular for all forms of recreation,

.. ranging from backpacking to camping, picnicking, hunting, fishing, and all

forms of winter sports. This recreation popularity is enhanced by the

“cooler and more salubrious summer climate which provides welcome relief
“for re51dents of the major cities in the hotter temperature zone to the

south. - Furthermore, much of this land fs in public ownership and there-

‘ : fore must be managed to accommodate these multip]e uses.

SUMMARY

ln summary, 1 have tried to 1ntroduce the State of Arizona to you by :
. .painting a verbal picture which highlights some of its sharply contrasting
- features and characteristics. I touched briefly on the contrasts in the
_physical environment, contrasts in topography, climate and vegetation. The

diverse and contrasting cultural environment was presented as a product

'~'of the influences and traditions of Arizona's first citizens, the Indians,
of several centuries of Spanish influence and of the developments and

continued growth associated w1th 1ncorporation into the United States

Finaiiy, I reviewed what 1 perceive to be ‘spme of the major renewabie
natural resources management issues facing the state, including loss of
agricultural lands, water depletions, watershed management for increased —

- water yields and the competing and sometimes contrasting demands piaced
‘upon our prime commerc1a1 forests.

It 1s, I be11eve, these contrasts and a host of others that 1 have

" .not had time to mention, that make Arizona the attractive and appealing -
_.place that it is, -and that provide the challenges to natural resources
~managers’ and researchers In concluding, I wish you every success in your

meetings which follow and wherein I am sure you will encounter more contrasts '
(and p0551b1y confiicts) in your deliberations and discu5510ns
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WIFDWC 1978 .

. DISEASES OF ARID AND SEMI-ARID AREAS

Larry Weir, Moderator
INTRODUCTION

) The t1t1e of this pane1, as 'your program te11s you, 1is Diseases of Arid
and Semi-Arid Areas. Why I was selected as panel moderator comp1ete1y

. escapes me. because the topic is one about which I am singularly unin-

- formed. 1 am, however, happy 1 was chosen; probably more than I would
be if I knew the reason., At Teast, from the august position of panel
‘moderator there is more of an opportunity to understand what is said _
because I get a chance to peruse at least those papers I received before
.the meeting.. That way I don't have to either take notes or wait for the
- proceedings to find out about problems in dry places. - Those of you who
know me well realize that my association with problems in dry places
rarely. if ever, has anyth1ng whatsoever to do with d1seases

Let us proceed with the presentat1ons We have four people on this panel
‘who, unlike their moderator, know about problems in dry places. It seems -
to me that it has become, over the years, something of a tradition to have

. at least one paper per meeting that covers diseases peculiar to the meeting

- area. This tradition is shared this year and the first portion of it will
. -be discussed by Bob Gilbertson. - I have no idea why Bob accepted this
assignment. in view of his attendant problems with local arrangements both
for this conference and the up-coming APS meeting. I am, grateful that
he did so. Bob w111 d1scuss root rots of Southern Arizona Trees

The second speaker 1s a personal friend of 1ong stand1ng This may, in
"fact, be the reason that he accepted my request for help. If this is the
_ case, our friendship might possibly be wearing a 1ittle thin. - Since his

retirement he has had. 1ittle opportunity to continue to be a part of this

. -conference. I am sure that those of you who have been members .of this
~ group for some time are as happy as 1 am to welcome his return. He did
-pull a fast one on me and decided not to discuss Saguaro as the orig1na1

: program says.: His topic at least is applicable to the subject at hand
.. and I'm not about to argue since willing panel members are hard to find.
Paul Lightle's topic is, again contrary to the up- to-date program, " Some
minor forest diseases in Arizona and New Mex1co

'.The ‘third speaker on the ‘panel needs no 1ntroduct1on to most of you.

"I appreciate his presence here today because he deliberately jumped
Into the hole left when Del Wiens decided that going to Africa was

_ the only way he could get out of the assignment I gave him. So instead
“'of his normal topic of dwarf m1st1etoes,- Frank Hawksworth w111 talk

. about the big ones.
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Our last speaker is L1nnae Giliman. I have some, not much, but some
sympathy for Linnae. She made the mistake of going to Georgia instead
of remaining in Colorado to refuse the task of speaking today. Her
place on this panel, while most welcome was assured for her without
even asking her until the whole thing was done and she had Tittle
cho1ce L1nnae will discuss Black Stain of pinyon p1ne. '
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SOME MINOR FOREST DISEASES IN'ARIZONA AND NEW MEXICO
'Pau1 C. LightTe'_:

Dwarfmist1etoe and Western Red Rot are, without a doubt the two greatest
causes of wood loss in our,southwestern forests.. We are so aware of these
two bandits that we lose sight of the other things that are slowly but - ‘
surely robbing us. These small time and occasional p11ferers have, for = .

“the most part, gone unheéded, indeed scarcely noticed. It is my intention
to call some of their names today, to give you a brief description of them, .
and, where possible, "to £111 you in on their modus operandi so that you can

recognize their nefarious activities the next time your “D1ck Tracy" sense
tells you that there S someth1ng aimiss.

Unfortunate]y, the dossier on most of these sma11 t1me cr1m1na1s is extremely
1incomplete.. For many of them we have only their names. - (I won't bother =
you with the1r aliases). Some of them do not even have their picture’in
the rogues ga11ery yet, but I must hasten to add that that is our fauTt

" To begin w1th the more fam111ar, 1ets first discuss need1e b]lght of
‘ponderosa p1ne : , R

Most of you are - fam111ar with the symptoms of need1e b11ght. John Sta1ey,

Paul Keener, and Stuart Andrews have discussed the disease with you ‘several

. times, and so I will not bore you by repetition. ' There are, apparently,

four fung1 involved in this complex, and together or separately they produce

~-the symptoms.. They are Elytroderma deformans, Hypoderiella concolor, hacid-
ium spp. and Coryneum cinereum. It takes an expert, or, at least, one who
has spent a great deal of time studying the malady, to separate them. In

" areas where infection persists, mortality, either directly or indirectly
attributable to the disease can be expected and growth of affected trees

is markedly reduced . , ‘

‘Next, let us con51der the Sooty Bark Canker of aspen caused by enang1um
singulare. Although this disedse has only fairly recently been recognized
in our area, I feel sure that it has been working "this side of the street"
~ for many years but we failed to recognize that our pockets were being picked.
. We don't know how serious the losses are, or even the extent of the operation.
We do know that it occ¢urs in many places in our aspen stands, and we feel :
that it may be the most serious of the diseases preying on th1s timber host.
- There are at least a couple of other canker diseases of aspen in our reg1on,

. but they seem, to_be more spectacu1ar than serious.

The next dlsease I would 1ike to call to your attention is Atrope111s

canker of ponderosa pine caused by A. piniphila. It has been present
1n this reg1on for at 1east 30 years It is serious 1n po1es and re- )



| production on the Linco1n and Mesca1ero forests in southern New Mexico
and-on the Prescott in central Arizona. It has not been found on the -
Kaibab or the Coconino, or the Sitgraves Forests, and has never been

- seen in northern New Mexico The Toss ‘here is not from mortality or

decay but rather from stain. Affected wood is stained steel blue to

o nearly black.- The organism gets started in the &xil of a branch and -

. then -extends up and down the bole for several feet. -While it usua11y .'
girdles and kills the branch at the infection site, the fungus seldom
girdles and bole and. so- is rarely responsible for mort&lity. The -
bark over the cankered area is kilTed and splits Gpen, and the tree e
makes a heroic but unsuccessful attempt to calTus over the wound.: If SR
you cut into the wood under the callus tissue you will find it clean
. and bright, but if you cut into the wood in the center of the ‘cahker,

“you will find it completely stained, usually $o black you cén scarcely’
‘recognize it was wood. Should this fungus become established and persist .

- in the pulpwood areas. of .northern Arizona, I feel sure we would be tru]y

~alarmed about. 1t, "It does mot seem to be a threat to sawtimber, but I .
have seen. it. in: sawlog sized trees on the Mescalero and the Prescott, -
.and I’ feel sure: that affected trees will have to be Tong-butted’ perhaps

for half the butt 1og, when they are harvested , ‘

: Red heart caused by Fomes 1n1 is a serfous heart rot disease in many p]aces
“in the United States and elsewhere. However, in our area it is serious in -
_only. one Tocation in sauthern New Mexico. Theré it causes losses much greater
than Western Red Rot.. Why this is true we don't know. Since_most ¢f you -
;are undoubted]y fam111ar with red heart, I only ment1on it 1n pass1ng :

In somewhat the same. category, though occurring more genera]]y through
Arizona and New Mexico, are the bytt rots caused by Po1yporus circinatus

" and P. schweinitzii. P. circinatuscaules a rot that is, Th many respects,
quite similar to- Western Red Rot. In fact, it has been'm1staken many times °
by forést: pathologists. Howéver, it doesn't quite look 1ike red rot and -
has. often: been labeled. "a typical” red rot. It is confined to the stump

" and butt, seﬁdom extend1ng more than a few feet above the ground

B srdmwdndxaad,rauSES'a very- d1fferent type of rot - a brown cubicaI _
decay that:may- extend: 6-or 8 feet above the ground, and in a few cases, . .
it will eyen~run through the f1rst 1og - Both of these fun91 fruit in- S

-frequentiyz ’ ' T

The' brown: cubical rot caused by Fomes ‘officinalis, by contrast, usua]ly enters
the; tree: fairly-well up in the crown through a broken 1imb or & dead or broken
top: and rather: rapidly. extends throughout the bole: "It fruits rare1y and

-on]y after the: ent1re stem has been destroyed _ .

fThese*thnee heart rots together cause only a sma11 port1on of the Iosses
in-our forests,.and'yet they occur frequent1y enough so that they need
to: be*ment1oned as: sma11 t1me hoods :
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" Root rots are not causing serious losses in our southwestern forests,
still, the mere fact that Fomes annosus and Armiilaria mellea are .
found here, killing occasional trees, is cause for alarm. F. annosus =
is particularly troublesome in many parts. of the world, espec1a11y in L

‘plantations. - It could happen here ‘as we progress from virgin stands -
to more closely managed forests. "Affected trees have the appearance -
of Ips attacked trees. The tops are often invaded by Ips and many times
the damage is diagnosed and treated for I “g__beetle attack. Only after -
repeated attacks do péople. suspect something other than Ips to be the
primary cause. “The bark and wood from a foot, qr even less, above

the ground. appears normal and healthy. Indeed it is. Only if the d1rt
is scraped away at the base and the bark removed, or roots’ sampled, will
you find the real cause of death. In the Southwest. the fungus fruits
sparingly in the litter and duff around the base of the tree or eéven -

- several feet away. The perennial conks are small to tiny usua]]y covered

- with Titter, and are véry d1ff1cu1t to see. :

1In the same category, damage- wise, is the root and butt rot caused by
Armillaria mellea. This fungus fruits infrequently but produces

| ‘mycelieal strands and fans which are diagnostic. Resin flow from

'affected wood may be copious from both of these orqanisims and so
is not part1cu1ar1y useful .in d1agnos1s '

*Limb rust caused by Cronartium f11amentosum is noted with 1ncreas1ng
frequency in our Ponderosa forests, Whether this. is because we're

‘ beginning to look at the trees instead of just the forest or whether
there is actua11y an increase in diseased trees is difficult to say.
" “The spores of this rust that 1nfect the pines do so through the ter-
minal needles. TInfection enters the 1imb, progresses down the limb

. ."to ‘the bole, and then spreads both up and down the bole. The branch

originally infected dies about the time the fungus enters the bole .
and then additional branches die as the tissue around thefr bases

is invaded by the fungus and killed. While the tree may be infected
in any portion of the crown, the mid- -crown seets to be the area

most frequently infected and trees with an upper and a Tower crown,
but without a mid-crown, may commonly be seen in our forests. The

- aeciospores produced on the branches and trunk of the pines, mostly

in May or June, -infect only Indian paintbrush, and the teliospores
-that infect the pines are produced on the pa1ntbrush beginn1ng about
fa month after ‘the paintbrush is infected. " -

There is one more d1sease that should be ment1oned and that is needle
rust. The damage from this disease is negligible, at least by current
standards and so practically no work has been done on it. The perfect
stage for the rust on ponderosa pine in this area is unknown but all
~of the needle rusts, when their perfect stages are found, occur in the
- genus Coleosporium, and we can assume that th1s fungus’ w11l be no
except1on

.



' To end this discussion Tet me mention a group of diséases that have '

been almast completely ignored. They are the cone and seed diseases. ;-

Cone rust occurs occasionally and at times many of the conelets are
blighted from this and perhaps other unknown causes. That is the
extent of our knowledge. With more emphasis on management, and
‘particutarly on régeneration, ‘the need for studies on the diseases

-affecting the cones and seeds’is apparent,

With one exception, this discussion has covered only the robbers that
prey on ponderosa pine. This was intentional for two reasons: (T}
Ponderqsa makes up the great bulk of the volume in our forests, and
(2) We know next to nothing ahout the hoodlums operating in our other
coniferous species. ~~ , . U o
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| PHORADENDRON IN THE WESTERN UNITED STATES

Frank G. Hawksworth

ZI m glad to try to give the Phoradendrons some “equal t1me", Phoraden-

R drons have traditionally beeh the victims of "bad press", or in reality

"no press at all”, Very little attention has been given te these mistle-
toes either at W, I.F.D.M.C. or in the forest pathology literature in
general For example, to find the latest 1ist of hosts attacked by
~various species of Phoradendron we have to go back more than 60. years

to Hedgcock (19l5) Dr. Del w1ens and’ I hope.to remedy this situation. -
as .we are preparing a manuscript on the taxonomy, hpsts, and distribu-
tion of Phoradendron in the United States. For this paper, I' ll dis-
cuss taxonomy, damage, and control. of Phoradendron. - o :

TAXONOMY

- Trelease's (l9l6) monograph of the genus Phoradendron recognlzed some’ . .

240 species including 28 from the United States. - However, Trelease's

- extreme splitting 6f the genus has not been generally. followed and
Wien's 1964 treatment of the Acataphyllous (northern) group .of Phora-

dendron recognizes only 12 taxa in the U.S. Also, one outlier ‘of the

-,southern (Cataphyllous) .group occurs in southern Florlda The 13

taxa currently recognized in the United States are 1isted in Table 1.

In general, the taxonomy of Phoradendron in the United States has been

fairly well worked out although the taxonomic level of some taxa still

_ needs to.be determined (e.qg., P. bolleanum subsp. densum and pauciflorum,

and P. macrophyllum). . The major taxonomic problem remaining 1s the

" relationship of the eastern P. serotinum (= P. flavescens) to the

western P. tomentosum (Wiens 1970). Typical P. serotinum is nearly

glabrous while P. tomentosum in southern Texas 15 densely hairy.

Studies are neeaed in the transition zone between the two taxa in

. Missouri, Arkansas, and Louisiana, to determine if the differences

between the two populat1ons are abrupt or gradual.  If the gradation

1is gradual the populations might be more approprlately treated as sub-

spec1es of the same taxon rather than as separate spec1es B e

" The distrlbut1on of the 11 western Phoradendrons by states 1s given
- in Table 2. Cal1forn1a and Ar1zona have the most taxa wjth 7 each. - -

The thirteen . S Phoradendrons are descr1bed briefly The khown
principal and rare hosts of the 11 western taxa are given in Appendix I.
- Any correct1ons or addxt1ons to ‘the host llsts would be appreciated.
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. Jable 2..

—:Disti"i_&uiion of Phoradendron in the western United States.

*
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. PHORADENDRON BOLLEANUM subsp. DENSUM {TORR.} WIENS --This mistletoe
parasitizes junipers and cypress. ss. 1t has essentially glabrous 1eaves
from 2-3 cm-long. Its main range is from the Sierra San Pedro -
Martir in Baja California, throughout much of California and into
southern Oregon,. where it attacks many species of Jun1peru and

“Cupressus. An out11er occurs in central Ar1zona on uEressus
argzonica - _

.. PHORADENDRON BOLLEANUM SEEM subsp. PAUCIFLORUM (TORR ) WIENS -
WHITE FIR TRUE MISTLETOE.-<This mistTetoe is unique in Phoradendrgn -
because of -its extreme specificity. Its only pr1nc1pa1 host is o

“white fir, Abies concolor. .Its main range is from the Sierra San .

"Pedro Martir in Baja Galifornia north to Eldorado County in the -
central Sierras of California. An extreme disjunct of more than
300 m11es occurs in the Santa Cata11na Mountains near Tucson.

. PHORADENDRON CALIFORNICUM NUTT  DESERT MISTLETOE. —-The Desert .

- Mistletoe is common on several Teguminous desert trees and shribs
inc¢luding mesquite, palo verde, and acacia in Sonoran deserts. .
It ranges as far north as southern Nevada and Utah, barely enters
southwestern New Mexico, ‘and_extends south to northern Sina1oa,

Mexico. 1Its ‘shoots. are "veddish-brown to yellowish-green and often ,i .;

formr 1arge pendulous "bushes" in infected trees. " The Teaves of :
~ the mistletoe are reduced to small scales, making it one of the

few leafless true mistietoes. - Its p1nk1sh berries mature in
_ winter and are an important food source for many birds. Affected
‘trees do not usually die until they are heavily infected, but this -
-mistletoe is so common in the Southwest that it is considered an.
: 1mportant pest prob1em by many homeowners. 4

. PHORADENDRON CAPITELLATUM TORR ex. TREL. --Th1s mist1etoe parasitizes
. Junipers.. " Its geographic range 1is ‘restricted to central &nd.
southeastern Arizona, southwestern New Mexico and northern Ch1huahua,

~and Sonora, Mexico. Its Teaves are smal] (1-1.5 cm) and covered .
with dense stellate hairs. This mistletoe has not been studied
ﬁxtens1ve1y, and 1ts d1stribut1on and effect on its hosts . are poor]y

nown. .

. PHORADENDRON HANKSNORTHII NIENS (1ned ) --This Juniper m1st1etoe S
.- occurs from southern New Mexico, throughout west Texas, into north- -

ern Mexico. ~The species has been confused with P, capitellatum-

and P. bolleanum subsp. densum. Its range, in the U.S. at least,

apparent]y ‘doesn't overlap with these other juniper mistletoes.

~In New Mexico, P. capitallatum occurs only west of the Rio Grande -
nrdra1nage.wh11e P. hawksworthii is found to the east of it. This
species’ 15 characterized by glabrous leaves 1-1.5 cm Tong and

1-3 mm wide. - The taxon has not yet been fbrma11y described although

At was named 1n the F1ora of Texas (Wiens 1970).




'PHORADENDRON JUNIPERINUM ENGELM. ex. A. GRAY. OUNIPER MISTLETOE.--

‘Juniper mistletoe occurs on several species of junipérs from centra1

.-Oregon east of the Cascadesy south to southern California, eastward
“~through céntral Nevada to northeastern Utah and west-central

Colorado, south to Arizona, New Mexico, western Texas, and into
centra] Mexico It rarely occurs on cypress (Hawksworth and Wiens
1966). - The Juniper mistletoe is another example of a true mistle-

- toe whose leaves are reduced to scales. - This’ mistletoe is usually

not damaging, but does cause extensive morta11ty to Utah juniper.

.on: the south r1m of Grand Canyon National Park (HcHenry 1934)

.PHORADENDRON JUNIPERINUM subsp LIBOCEDRI (TORR ) WIENS INCENSE
- CEDAR MISTLETOE.--This parasite of Incense cedar occurs from the
‘Sierra San Pedro. Martir in Baja California, Mexico, north to southern
~“Oregon. It is morphologically similar to P gun1ger1num although

the shoots tend to be longer and more pendulous

. HORADENDBQ RUBRUM (L. ) GRISB MAHOGANY MISTLETOE. "Thls Caribbeanﬂ

mistletoe occurs in @ few localtities in’ the Everg1ades and on Key

,Largo in southern F1or1da (Cra1ghead 1971)

. PHORADENDRON SEROTINUM (RAF ) M. C. JOHNSTON. EASTERN MISTLETOE ~-
‘This, except for P. rubrum in extreme southern Florida, is the only"
- Phoradendron in the East, It ranges from New Jersey, southern
- Pennsylvania, southern Ohio, southern Ind1ana, southern I11inois,
. and southern Missouri, south to the Gulf.- It former]y occurred

in New York State, but is apparently extinct there now (Britton 1884)
The western 1imits of this taxon and its relationship to the

. western P. tomentosum are poorly known. This mistletoe has a vast

10.

1.

" host range f more tﬁan 110 species of hardwoods in about 50 genera.
'PHORADENDRON TOMENTOSUM (D. C ) GRAY —-Th1s m1st1etoe attacks primarily

hackberry and mesquite, but occurs on more than 50 other hosts in
Texas and Oklahoma. It has large leaves and is densely hairy. It is.

'the pr1mary spec1es used commercially for Christmas fest1V1t1es. .

PHORADENDRON HACROPHYLLUM (ENGELM ) COtKERELL --Th1s m1st1etoe
parasitizes several hardwood species, especially cottonwdod, walnut,
ash, and sycamore. Over 30 genera and 60 species of hardwoods have

-been reparted as hosts for this mistletoe. It is distributed from . - _
. northcentral Cal1forr3a—aleag—the—soastmRangeS—aad—54erra—Nevada——~T-ewwuf---_

. footh11ls into southern Arizona and. New Mexico, and south into -

northern Mexico and western Texas. This mistletoe has been con-

- “sidered to be a subspecies of P. tomentosum (Wiens 1964) but we

now regard it as specifically HHst1nct lHawksworth and Wiens 1979).

: ~It s, damag1ng on may orchards and ornamental trees 1n central
g ‘,Ca]ifornia : :

2%
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PHORADENDRON VILLOSUM NUTT. OAK MISTLETOE.-~This common mistletoe . .
attacks several species of oaks (and sometimes other trees) from

. Baja California, through California, north to nearly to Port]agd;
- Oregon. - It has Teaves 2-4 cm wide and is densely hairy.withusjmp1e-

hairs.

PHORADENDRON VILLOSUM subsp. CORYAE (TREL.) WIENS. SOUTHWESTERN -
- OAK MISTLETOE. --Southwestern oak mistletoe is commop on several. - o

‘oaks in the Southwest. It is distributed from central Arizoha =
south into Somora and Chihuahua, Mexico; west through .southern -
New Mexico and into weéstern Texas. 'This mistletoe has yellowish-
green shoots, small oval leaves with stellate hairs, and produces ..

large white berries which mature ‘in mid-winter.

- . DAMWAGE
Although the Phoradendrons ﬁké'genera]1y'hot as damaging as the -
dwarf mistletoes, there are mary instances where they are locally - .
‘serious parasites. The leafy mistietoes are essentially "water
parasites” and are less demanding of their hosts than the dwarf

‘mistletoes which are dependent on their
_minerals, and other nutrients.

<" Very Mttle information is available on the effects of Phoradendron
. - on the growth rates of infected trees. However, abnormally high - .-

~mortality rates associated with heavy mistletoe infection Have been
reported for several host-parasite combinations, P. juniperinum on - -
Utah Juniper at Grand Canyon, Arizona (McHenry 1934}, P. macrophyllum
on cottomood in southern New Mexico (Ohmart et al. 19773. P. tomentosum
.on-hackberry in central Texas {Hawksworth, unpublished observations),

hosts for both water and. . .- .

- and P. serotinum on water oak in southern Mississippi (Eleuterius 1976). -

Phoradendron bolleanum subsp. pauciflorum is frequently associated _
~with dead tops in white fir in California and Arizona. Not only are -
vigor of tops affected but, since most white fir cones are produced
near the tops of the trees, seed production in affected trées is

. greatly reduced (Fowells and Schubert 1956, Felix et al. 1971).

. - .. CONTROL |
At present, control of Phoradendron is seldom practiced or needed
- in forest situations, other than removal of infected trees when

- practical. However, control is often needed for ornamental trees,
-where values of individual trees may be high (Johnson 1977, Scharpf

and Hawksworth 1974, Walters 1976).
Control is most feasible when infestations are light, once trees

become severely infected, control requires more drastic measures and
‘cooperation of adjacent landowners. As all these mistletoes are
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- evergreens,’ 1t 1s easier to detect them in deciduous hosts dur1ng the
dormant season. The most effective mistletoe control is to prune .
out all infected limbs yearly. A safe guide is to cut off the limb
1 foot or more proximal to the mistletoe shoots .closest to the
"bole, preferably at the bole. For mistletoe shoots that occur on the -

~main stem, control may be practiced by (1) merely knocking off the

~ shoots every .1 or 2 years, or (2) by knocking off the shoots and
" . wrapping the affected area with a band of black polyethylene wide

-enough to exclude 1ight, and tying it tightly with twine or tape.
. If the plastic is left in place for a year or 50, the root system of
. the mistletoe s said to be killed (Johnson 1977). However, others
havg guest1oned the eff1c1ency ‘of this method 50 further tests are
heede .

'--lSevera1 herb1c1des, mainly 2 4-D and 51m11ar compounds are effect1ve
against Pheradendron in walnut orchards in California (Bayer et al
1957, Graser 1954) and in pecan in F1or1da (French 1970) ‘
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APPENDIX 1. HOSTS OF PHORADENDRON IN THE WESTERN UNITED STATES

PHORADENORON

P, bolleaum subsp. densum

" P. bollearion subsp.
- pauciflorum

. P. californicum

~ P. capitellatum’

" P. hawksworthii

. P, Juriperimm subsp.
Juniperinum

COMMON HOSTS

‘Cupressus

’

Cupressus

Cupressus
Cupregsus
Cupressus
Juniperus
Juniperus
Juniperus

artzontica
bakeri
goveniang
macnabiana
sargentii -
californica
occetdentalis
osteceperma

Abies concolor

“Acactia constricta
deacta farmesiana
Acacia greggii
Acactia millefolia
Cercidwn floridum
Cercidwn microphyllum
Dalea spinosa
Olneya tesota

- Parkinsonia aculeata
Prosopis juliflora
Prosopis pubescens
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Juniperus
Juniperus

Juniperus

Juniperus

Juniperus
Juniperus
Juniperus
Juniperus
Juniperus
Juniperug

Juniperus
Juniperus
Juniperus
Juniperus
Juniperus
Juniperus
Juniperus
Juniperus

deppeana

erythrocarpa
monosperma

osteosperma

ashet
deppeana
ervthrocarpa
flaceida
monosperma
pinchotii

ealifornica
deppeana
erythrocarpa
flaceida
monosperma
occidentalis
osteosperma
scopulorum

RARE HOSTS

Cupressus macﬁoearpa
Pinus monophylla

Phoradén&i'oh ‘bolleanun.

subsp. paucifiorum

Baccharis viminea
Calliandra homilis
Ceanothus sp.

Condalia lycioides
Condalia mexicana

. Condalia spathulata

Foquieria splendens
Fratinue Sp.

Larrea divaricata
Phoradendron californicum
Phoradendron macrophyllum
Pithecellobium confine
Simmondsia chinensis
Tamariz SP.

Chamaebatiaria

miilifolium
Cupressug arizonica
Cupreseus bakeri
Pinus monophylla



: pnomeuuaon "

P. Juniperimm: subsp
ztbooadn .

'P. tamentom

(Note :

' COMMON HOSTS

| Libocediws decurréns

"7 Acacta greggu.

The d1stribution

of this taxon and the eastern

« P. serptimen
are not yet understood.

(= P. flavescens)

Only:

the hosts .in west Texu are

- 1isted here).
LR Wﬁvllw

leltis reticulata

- Piosopis juliflora :

) me cusmdata

Fraxinus dipetala -

© Fraxinus latifolia

Fraxinus valuting

- Juglans ealifornica °

Juglans hindsii
Juglans major

- Platanus racemosa

Platanus wrightii
Populus fremomtii

‘Saliz exigua o
- Salix fluviatilie

Salix gooddingii
Salix laevigata
Saliz laewl.epts

. Salix nigra S
‘ 'Salt.-..- ta:ﬂ.foZ{a
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‘Chamae

RARE HOSTS

cypari
Phoradendron bolleanwn
subsp. pauct flormum

" Frarinus sp.

Gleditsia tmaca:ithoa

- Juglane microcarpa
© Quercus gravesiti
- Robinia pseudoacacia

Acar' mcraphyZZm
Acer negundo

Acer gacoarimwm -
Aesculus californica
Alnug oblognifolia

- Alnus rhombifolia

Betula $p.

Carya pecan -
Celtis. australis -
Celtis reticulata
Celtis sinensis
Cytwus prohferua
prpyroe kakt

: Dwapyroa Totus

Diospyros virginiana
Eriogonum pauctfloium

- Foregtiera 5p.

Fraxinus americarun

" Glediteia triacanthoe
. Juglans nigra

Juglans regia

Maclura pomifera
Malus sylvestris
Nicotiana glauca

* Platanug aserifolia
" Populus angustifolia

Populus deltoidse

: Populus Wi
" -Populus h‘zchocarpa

Prosopis Julifiora

. Prosopis pubsgoens

Prunus sp.

Punioa granatum
Pyrus commmis
Robinia pseudoacacia

" Saliz babylonica

Sapindus drummondit
Ulmus emericana

UVimus parvifolia

Ulmus pumila
Unbellaria oalifornica

Zelkova serrata

s lawsammm



PHORADENDRON

P. villoswn subsp. villosum

P. villoswn subsp. 'cqi‘yae.

COMMON HOSTS

Quercus agrifolia
Quercus chrysolepis
Quercus douglasii
Quercus dwnosa

- Quercus durata .

Quercus garryana

. Quercus kelloggiti
- Quercus lobata -

Quercus Xmoreha

. Quercus turbinella

Quercus wislizenii

Quercus arizomisda

Quercus chrysolepis
Quercus dunnii
Quercus emoryi.
Quercus gambelii
Quercus gravesii
Quercus grisea
Quarcus hypoleucoides
Quercus oblongifolia

_ Quercus pungens
Quercus reticulata

Quercus towneyt

. Quercus turbinella

Quercus undulata
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RARE HOSTS

Acacia SPp.

Adenoetoma fascwulatm
Aesculus californica
‘Alnus rhombifolia
Arctostaphylos manzanitc
Arctostaphylos patula

' Castanea dentata -

Castanopsis sempervirent .

" Ceanothus cuneatus

Cercocarpus. betuloides

; Cercocarpus brevtfolws

Frazinus Sp.

" Lithocarpus denstflora
. Phoradendron -bolleamon

subsp. paucifiorim
Fhoradendron villoswm .
Populus nigra
Prunue persica
Rhus diversiloba
Fhue integrifolia
Robiria pseudoacacia
Salix Sp.

L Umbellu laria cahform.cc _ '

Acacw omentacea
Berberis nevinii
Celtis reticulata
Condalia. globosa .
_Fomstzera neomericana
Fraxinus velutina
Juglans major :
Phoradendron juniperinum
-Populus Sp.

Prosopis SP.
Vagquelinia californica:
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~ BLACK STAIN ROOT DISEASE IN COLORADO
. Linneas. Gillman
| sumARv-

Verticicladiella wagenerii, a pathogen on p1nes and Doug1as-f1r in the
- western United States, s causing mortality of pinyon in western
Colorado. Forest Insect and Disease Management (USDA Forest Service)_

. staff members,. in cooperation with Mesa Verde National Park and the

" Colorado State Forest Service, have been investigating the problem.
We performed aerial and ground surveys in.1975 to determine the -
geographic distribution of the disease, and in 1978 we began an
evaluation in Mesa Verde Nationa] Park to determine the effect of V,

g gagenerii on pinyon.
1975 COLORADO SURVEY

. Groups of dead and dy1ng p1nyon were mapped from the air throughout A
- the pinyon- Juniper type. :Stands with possible disease centers were
" checked on the ground by sampling the roots and root collar. Those:
- with the typical black stain were taken to the laboratory for
' conf1rmat10n of black stain root by cul tural 1solations

" The disease was found to be present throughout the range of p1nyon
west of the Continenta1 Divide, but was not detected in any trees
in eastern Colorado. So far, the Divide appears to be a barr1er to
the eastern’ spread of the disease : :

One disease center ‘was excavated, revea11ng numerous root contacts and
several grafts through which the fungus had apparant]y $pread.>_

In Co1orado, ‘the disease occurred on the better pinyon sites, those
with cooler and more moist environments. - This observation is in
agreement with studies in California in wh1ch the disease was more
common on sites with h1gh soil moisture. : :

MESA VERDE NATIONAL PARK

- Mesa Verde 1s a 52 000 acre Nat1ona1 Park in the southwestern corner )
of Colorado, with elevations of 6,500' to 8,500 feet.' It is a flat o
tableland d1ssected by deep canyons into somewhat isolated areas,
- called mesas. - The Park's climate is classified as a co]d, middle
1at1tude, sem1ar1d one. Average yearly prec1p1tation is 18 inches.
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* The Park fé'ih"fhé_binyonéjdnipér climax region, and the trees grow .

‘taller and closer together than in the type.region-generally.-jIn,the-,_"

_ 'higher parts of the mesa, fire plays an important role in controlling
- the vegetation type. ‘' Succession after a fire résults in a dominance .
of brush after 25 years,'and a thicket after about 100 years. The ..
pinyon-juniper type gradually takes over after several hundred years. . .
- Thé present policy of fire suppression is gradually resulting in the .
pinyon-juniper forest replacing the former extensive shrub vegetation.

. The Park is presently concerned about the many dead and dying pinyon
"~ that are throughout the area. ' This decline was first confirmed. as

-~ the black stain root diesease by J. L. Mielke in 1942.. In 1933 and
1934, 12,000 dead and dying pinyon in the park were cut and burned,’
and stump sampling 10 years later showed the typical stain of the .
. disease in a large proportion of the -trees. This disease has undoubt- . -
edly been in the park for a long time. ‘ ST B :

The pinyon-juniper stands in Mesa Verde are approaching ‘climax, but the
‘'structure is not typical of a climax stand. There is a lack of old
pinyon and an abundance of much older juniper. This suggests that
‘some factor has adversely affected the pinyon component of the stands.-
One possibility {s the black stain root disease, which we have observed
to be predominantly killing. mature trees. Wagener and Mielke observed
that losses of mature trees have'been heavy, but small trees with :
1imited root systems eéscape and form the nucleus of a new stand. The .
Juniper is unaffected by the disease. Another factor which may have
‘caused the youthful pinyon stands is a severe drought that occurred °
-in the southwest several centuries ago that caused much die-out of
less resistant tree species. = . . . . - o

Our current investigation of the pinyon mortality problem in Mesa
Verde began in May 1978 with aerial reconnaissance. - In a total of
28,000 acres of pinyon-juniper type mapped, there were approximately
175 disease centers that contained pinyon with red foliage. The .~
centers varied in size from one tree to many acres each. The centers
-were located throughout ‘the park; including high visitor use areas. -
Ground checks of many centers confirmed the presence of black stain

root disease in every center of dead and dying pinyon. -

Our next activity was a reinvestigation of a permanent plot set up

by Mielke in 1944, He marked 73 trees, of which 5 were dead of V.
wagenerii. Mielke followed the plot annually over eight years, and
during this time the disease killed an-additional 28 trees and spread
a distance of 38 feet. The next count after 1952 was in 1972, when
there were. 56 dead trees, an average of a 1ittle over one per year. - .
No new mortality has occurred between 1972 and 1978. This center was
- .apparantly very active in the 1940's, but now has stabilized. The
abundant younger pinyon reprgduction is so far untoiiched by disease,
~and we have mapped the reproduction to follow its progress.
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‘Qur observations in the Park 1nd1cate that centers are active for a
time and then the disease apparantly slows down or stops. The.
assumption s that the undiseased reproduction then establishes a new
~ pinyon stand, since the fungus is not a saprophyte. in the remaining

dead stumps.” In order to better understand the spread of the disease,ffj‘

we have -established permanent. p1ots in disease centers in seyeral

> Tocations” throughout the park. New mortality will be mappéed over theaeft,,

- years, and we will -be able to pTot the rate of spread and Iongevity
-,r‘of a center 1n a var1ety of habitats N o
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THE CURIOUS ANATOMY OF ARCEUIHOBIUM IN REGARDS
TO HOST/PARASITE WATER RELATIONS AND TRANSLOCATION

: ~M.”Caro1 A16511' f;;

INTRODUCTION :

~ One of the most helpfu1 concepts to use when deal1ng W1th the 1nteract1on

- .of plant stucture and function is the apoplast/symplast concept (9).

This concept compartmenta1izes the total plant ‘body into a non—11v1ng com-
-ponent of cell walls and intercellular spaces-~the apop]ast, and a living
cytoplasmic component-~the symplast. Components can be dealt with as 1nde-;
pendent continuous systems {solated from each other but still interacting -
.by virtue of the unique properties of the plasmalemma.. Mo1ecu1es, fons =
. and microscopic pathogens may move about or be concentrated in quite dif-
ferent manners depending on whether they are apop]ast1cally or symplasti-
cally held.” The protoplasm of the symplast is interconnected by t1ny '
. cytoplasmic channels through the cell walls. These channels, which join -
adjacent cells are termed plasmodesmata. ‘Thus, sugars and metaboTites ,
may mové from cell to cell through these channels’ without leaving the sym-
plast, while other substances such as water and minerals may travel for -

"._ long distances through the free space of.the plant body apoplast with- -

out leaving cell-walls or intercellular spaces to enter a Tiving cell.

Despite their "indepéndency, the apoplast and symp1ast still function in a
state of dynamic equilibrium with each other since water--a sort of ther-
modynamic equilibrating factor-—moves freely across the p1asma1emma from

- one compartment to another (9)

Whan a p1ant becomes 1nfected with an ob11gate parasite, apoplast/symp]ast N
compartmenta1izat1on becomes more complex since a duality of systems is
involved. - However, the physiology of the host/parasite relationship can
perhaps be more mean1ngfu11y understood when the physical relationships of
host's and parasite's apoplasts and symplasts are known. For example, the
~water and mineral parasite may integrate its apoplast with the host apo-
plast insucha manner as to form a common apoplast. With no apoplastic
barriers isolating thé organisms, the flow of water and nutrients can be
a passive process governed by thermodynamic laws. ~The holoparasite must
not only channel apoplastic flow into parasite vegions of the’ common apo-
plast, but must also affect translocation in the host symplast so that
symp1ast1ca11y mob11e nutr1ents are made ava11ab1e to the parasite '

OBSERVATIONS AND DISCUSSION -~

The success of an ob11gate parasite might be Judged on how effect1ve1y
" the parasite can acquire nutrients while still allowing the host to
maintain a level of vigor supportive to the continual presence of the. L
parasite - Based on these criteria the dwarf m1st1etoe, Arceuthobium, s -

1

Research Assoc1ate, Dept. of Plant Pathology, Un1versity of Ca]ifornia,
Berke1ey .
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~-a holoparasite of con1ferous trees that appears to be a very successful

if.ob11gate parasite. It integrates its endophytic system with host vascular
" . tissue in such a manner so as to remain associated with nutrient-rich host

‘tissué for many years. -This association creates a minimal amount of dis- -
ruption of normal host tissue. ' The unique tissue arrangement is-achieved -
- through the estab11shment of meristematic parasite tissue in the host s
. cambial zone (11}.. Within the cambium, parasite tissue becomes associated
~with host ray initials and derivative production to the xylem and phloem

" sides of the cambium is coordinated with host tissues. Fig. 1 111ustrates _

the relationship of endophytic tissue with the host stem. Eventually para- -

site tissue becomes so successfully incorporated into what appear to be

- multiseriate rays that, without spetial histochemical techniques or phase -

. contrast microscope opt1cs, ‘one sometimes cannot tell host ce1ls from P
' paras1te ce1ls . , o , : T

.,_In both 11ght and e1ectron infcroscope studies the mistletoe cell wal1s
‘_often appear fused with the surrounding host ray cell walls.and pit-like -

L regions are seen in the adjoining walls. The 1ight microscope does not

. allow one to determine whether or not plasmatic connections between host . ‘

"‘;f and parasite exist in regfons of wall thinnings. But electron micrographs o
.- of thin wall regiofis between hemlock cells and parasite cells shows that, - -
"' although the wall. thins to only a fraction of & micron, there is no mem-

" brane fusion between the two organisms in this area. In some p1ne-Arceu- -
- thobium associations, there is ‘a tendency for half plasmodesmata to be

. Yormed on the pine side of the contiguous walls; but the plasmodesmata -

‘end blindly without joining with the dwarf mistletoe protoplast. An
extensive 1ight and electron microscope invéstigation has allowed me to
~ conclude that Arcedthobium-infected tissue can be considered in terms of
“three compartments: 1) a 1iving continuum of parasite protoplasm - the
parasite symplast; 2) a 1iving continuum of host protop1asm - the host
- ,symplast, 3) and a common apop]ast. -

The apop]ast1c cont1nuum between host and parasite allows d1rect access to :
apoplastically mobile nutrients.- But each of the organ1sms symplasts
appear to remain d1st1nct,A ; .

‘ Arceuthob1um obta1ns substant1a1 amounts of host-or1ginat1ng photosynthate :
(5,8). Photosynthate is symplastically translocated (2); but since -
Arceuthobium does not appear to have direct access to these nutrients
through interspecific symplastic continuities, the only way Arceuthobium
“could accumulate products of host photosynthesis is by leakage of these
host symplastically held nutrients into the common apoplast. -Nutrients:
~ may then be distributed passively and apop]astica11y within parasite cell

. walls, Additionally, nytrients may be actively loaded into the parasite .
r_symp1ast through membrane-med1ated events

a As far as_ is known there 15’ no specialized tissue (such as phloem) 1n _
Arceuthobium that functions to concentrate and rapidly move carbon-based
nhutrients acquTred from_the host to other regions of the parasite symplast.

3%



- Thus, 1t must be assumed that nutr1ents ate d1str1buted through the para—
site symplast by diffusion through plasmodesmata. The rate of diffusion
will be influenced by protoplasmic streaming and/or a symp]astlc pressure
' gradient. The presénce of a symplastic pressure gradient is suggested
by differential distribution of starch through the parasite plant bady. -
~ Starch is not found in the most of the endophytic’ system, but is.stored *
in the aerial shoots. This situation is the reverse of that found in most
plants, where starch is heavily stored in the roots, with lesser amounts .
. in the -aerial portions. - Starch synthesis, it will be recalled, lowers the’*
osmotic concentration of the cell by removing dissolved sugars. from the B
cytosol. ~Therefore, lack of starch stores in the endophytic system near - -
..the sourcé of osmotlcally active carbon- based nutrients will 1ntens1fy a
solute gradient toward the aerial shoots--where solute concentrations are -
reduced by po]ymer121ng sugars 1nto inso1ub1e starch stores

Different1a1 starch storage w1th1n the parasite symplast may enhance the
rate of diffusion of solutes through the parasite plant body, but it is. .
1ikely that there are other ways for the parasite to make nutrient acqu1~_;_‘
sition and translocation efficient. ‘Some investigators have proposed ‘
the existence of a phloedtracheid system in certain parasitic angiosperms
- devoid -of phloem (1,7). - This term implies that the xylem may facilitate
the translocation of carbon- -based nutrients in addition to normal tra- .

- cheary nutrients.  However,. 1t is difficult to see how sugars or other o

host-or1g1nat1ng nutr1ents ‘could be concentrated se]ective]y in the"
xylem since no apoplastic barriers {such as the casparian strips of roots)

. were found. It seems more plausible that carbon solutes leaked from the

host symplast are distributed throughout the whole of the apoplastic reg1on5
associated with endophytic tissue and further through the apoplast1c
cont1nuum into the aerial shoots. : . ,

A problem to consfder in developing thi§ hypothesis is: how could nutri-
ents be preferentially .distributed to apoplast regions around Arceutho-
bium cells and then passive1y trans]ocated into. the aerial shoots?

To answer this quest1on we must cons1der water potent1a1 concepts N

*. Water flows “downhill" from a region of high water potential to Tower

- potential, in order to equilibrate different regions of a continuous
system. Substances dissolved in the water may be flushed along with the
water provided there are no barriers to the solutes along the pathway.
. The simpiest formyla 1o obtain a value of water potential () at a given
region in a system is given by: ¥ = P-n (13). -Where P is’ usually thought
of as’ a mechanical pressure such as turgor pressure and v 1s the solute
concentration expressed as osmotic pressure. . P in the apoplast often =
has a negative value. This is due to the tension or pull on the system
that is generated by evaporation at air/water interfaces. During periods
‘of transpiration the closer to the regions of evaporation (stomates,
. cuticles, intercellular spaces in leaves) the’ lower the water potent1a1

- due to the 1ncrea51ng1y negat1ve P. , L .

37



Scho1ander. et al (10) us1ng the pressure bomb apparatus he deS1gned

- .compared water potential values of host and parasite and determined that F

the parasites he tested always had sign1f1cantly lower water potential " _
. .values. . Before Scho1ander, other investigators have demonStrated that some :
. parasitic angiosperms have higher transp1rat1on rates than the1r hosts

- under certa1n cond1t1ons (4 6 12) _ _

- Recently Fisher (3) studied water relat1ons of dwarf mistletoe on p1ne
under varidus conditions of water stress. His results show that Arceu~*w?
thobium is capable of generating significantly lower water potential in.

Tts aerial shoots as compared to host branches. "The results given in
- . his thesis abstract, seemed to 1nd1cate ‘that high transpiration rates of the

‘,.parasite were respons1b1e for the 10w water potent1a1

Since transpirat1on rates are strongly a function of the leaf or shoot
_anatomy (9) it is very disturbing to try to correlate Fisher's physiological
measurements with dwarf mistletoe aerial shoot anatomy. The stem and © .-
" leaf of Arceuthobium appear 'to be designed to produce a high resistance

to transp1ration rather than to promote transplration. I

* Aerial shoots of Arceuthob1um appear leafless and exh1b1t a low surface
. to volume ratio characteristic of xerophytic or drought tolerant plants. o

- Close -examination of shoots shows that Arceuthobium does have ‘Jeaves but -

they are small structures cupped around the nodes. A cross section’ through
one of the small-Arceuthobium leaves reveals many more mod1f1cat1ons
: that may reduce transp1rat10n rates (F1g 2). . O

,1._ Note the close]y packed cells. There 1s no arrangement T
" into the typical dicotyledonous leaf structure of spongy R
mesophyll and pa11sade tissue. . '

2. Also note the almost cqﬁp]ete lack of a sub- stomatal :
. chamber subtending the quard cells. This feature, l1ke the
 small amount of intercellular space throughout the leaf :
" reduces the evaporative surfaces from the apoplast and 11m1ts
the leaf's ability to generate high saturated vapor pressure
values and apoplastic tension. These factors in turn wou1d
reduce the rate of- transpiration through the stomata.'

.3 The guard cells are part1a11y covered by over—arch1ng acces- :
. -sory cells to produce a small antechamber just above the stomatal -
- aperature, This feature enlargeés the boundary layer of "dead"

.. 'space around the pore and reduces the effect of convect1on on .-
g transpiration - i : _

g 4.1'F1na11y. note the th1ck cut1cle of the Arceuthob1um leaf “a
-+ -modification that reduces water loss from evaporat1on of water
‘-s*;‘from the epidennis.g . o
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These features of Arceuthobium leaf anatomy--low surface to volume ratio,
1ittle intercellular space, lack of a substantial substomatal chamber,
sunken guard cells, and thick cuticle--do not support the conclusion,

~ based on the available physiological data, that Arceuthobium maintains

low water potentials within aer1a1 shoots solely by high transpiration
rates. _

_ But is there another method reconci]ab]e with para51te anatomy that S
might account for the para51te s ability to mobilize water and nutrients
into the aeria] shoots7 _ : :

It will be reca]]ed that the only thermodynamical1y~acceptab1e way for
- water and nutrients to flow preferentially into parasite regions of the
host/parasite apopiast, and subsequently out into the aerial shoot por-
tions of the apoplast, is by the existence of a water potential gradient'
between the court of the infection and the aerial shoots 4

In the water potentia1 formula given earlier y = P-%, a negative P va1ue T

is an indication of tension in the system due to ‘transpiration, and = is’

" an indication ‘6f the solute concentration. Because of the contribution of :.;q

. w1t is not necessary for Pparasite to be more negative (1nd1cat1ve of
'1higher transpiration rates) than Phost in order to generate a low water .
potent1a1 ‘as. Tong as “parasite 1s greater than "host - Thus. apoplastic
solutes () in the parasite regions may be a contributing factor to the

"f -generation of water potent1a1 differences between parasite and host.

I see the p0551b1]1ty of a connection between the ability to 1ower water
_potentia1 values by apoplastic solutes and the lack of ph]oem tissue
in Arceuthobium and other parasitic angiosperms : :

Ph]oem is a so1ute concentrating tissue “If host- originating so]utes ,

- were removed from the apoplast, concentrated in phloem, and then stored
 in insoluable forms, the ability to generate low water potentials in the
apoplast by solutes may be diminished. 8But, by ai]owing relatively high
solute concentrations to persist in the apoplast the parasite is able. to
_utiiize these solutes to steepen water potential gradients between host and
parasite tissues. A dual system, utilizing both apoplastic solutes and -
transpiration wouid allow the parasite to maintain a competitive ver-

- satiiity under various env1ronmenta1 conditions C

These hypotheses have been generated by my conv1ct10n that pIant struc- o
ture is indicative of function. Where structure does not appear to .
support conclusions based on quantitative data, it may be necessary to

- reinvestigate the problem to try to reconc11e an apparent confiict in
structure and function : S

‘_vFisher compared host and para51te transpiration rates under stress con-
d1t10n5 using the cuvett/phychrometer method for determining water Ioss.
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Perhaps the potometer method, where cut stems are supplied pure water
might allow different interpretations. Also, it would be interesting to .

- know 1f under ¢onditions of near zero transp1ration whether parasite
aerial shoots could still maintain lower water potentials than the host
stem. Another area for investigation that might clarify aspects of .
Arceuthobium nutrition 1s microautoradiographical study of soluable sub- .
stances to try to determine if host origanating carbon compounds are, - .
1ndeed d1str1buted through the parasite sapop1ast E , _
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eaves to the stem. 8X. .

B Cross section of Arceuthobium Jeaf wh1ch revea1s certain
' xerophytic mod1f1cat1ons (see text).
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WIFDWC 1978 -

HOST-PARASITE INTERACTIONS OF CRONARTIUM
'RIBICOLA AND PINUS MONTICOLA

" Neil E. Martin

Cronartium ribicola 1s,afmacrdcyc1ic heteroecious rust that causes the
blister rust disease of five needled pines. This fungus produces haus-
toria in both ribes and pine-hosts that differ in appearance and anatomy..

- Haustoria of €. ribicola "in pine bark are extensions of the haploid .

- mycelium into parenchyma or parenchyma-l1ike cells of the bark and rays..
These haustorta are clavate, of ¢onsistent radius along the long axis,
and constricted at the point of penetration of the host cell well.- - -
They can develop. into elongated, branching, coiling or twisting struc-
tures having .the morphology of hyphae. Transmission electron micro- .. -
scope aided observations of longitudinal sections of haustoria found -

" the haploid stage haustorium to be simitan to the intercellular hyphae.
The capsular sheath:and the wall of the mother cell are contipuous with .
" that of thé haustorium. The haustorium does not have a neck distinct

from 1ts body but is .constricted at the point of passage through the

host cell wall.- Neck bands are absent, but col\ars of host cell wall

- material are frequent. .

HauStoria Gf the n+n stage found in ribes'are morphologically differ- -

- ent from their associated mycelium and from the haploid stage haustoria ~

‘and mycelium in pine. The haustoria mother cell is thickened in the area

of contact with the host cell. .The walls of the haustoria mother cell

~are not continuous through the passage into. the host cell. The haus- -
toria are saccate, without septa, have a neck ‘distinct from the body,
and neck bands are evident.::- - . . oS et L

The tntercellular hyphae of both nuclear stages are affixed to host cell .
wall-by a substance(s) that can be observed with the aid of transmission
and scanning electron microscopes. It is not known if this Substance(s) .
is pectin, but it is assumed that pectin and the products of pectin :
catabolism are encountered by both host and pathogen cells early in the
penetration process. -Western white pine bark parenchyma cells and mycel-
fum isolated from branch cankers were challenged with pectins on artifi-
-cial media.. The methyl esterases are perhaps the first to-act upon the -
pectin to expose host and pathogen to a low methoxy pectin compound simi-
lar to citrus pectin. Continued enzymatic activity likely produces a
compound_void of methyl groups which can be represented by pectic acid.
Pine cells rapidly became brown and died in 0.1 percent citrus pectin
.and 0.05 percent pectic acid.” These treatments were fungistatic to the

. rust fungus and symptoms of death such as lysis or color change were not
evident. Polygalacturonic acid and sodium polypectate had 1ittle influ-
~ence on efther organism. Growth response by both organisms was within .
the variation within treatments. It was apparent that the rust fungus
could tolerate compounds and concentrations that the host cells could
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‘not, which supports the bas1s for hypersensit1v1ty, a common resistance
‘reaction. .. ‘

Climate effects changes 1n the host parasite ‘interaction that can be -
measured in the pool of soluble sugars. The seasons of the temperate
“20ne trigger distinct periods of growth and dormancy in western white
pine. Amounts of sugars in needles and bark reflect these periods by
‘being depieted by growth and stored during dormancy. Sugars are also
used by the rust fungus within and near bole cankers, but are not influ- =~
- .enced to be transported great distances from needles. Climate and rust

" fungus interact d1fferently than climate and pine. - Although aeciospores

"are disseminated in early spring, the physiology of the fungus is act1ve
in the winter months whenever the bark temperatures exceed the growth
threshold value for the rust. In February, a marked depletion in amounts'
of soluble ‘sugars was found in areas of cankers that produce aeciospores.
Similar but Tesser effects were measured in bark tissues adjacent to the -
blister rust canker.margin. - Although chemical control of this rust is
not in the immediate future, future stud1es may. profitably exp1o1t such
differences 1n phys1o]ogy ' , A

-f~H1gh leve1 res1stance in host-parasite lnteractions is the best and most

" desirable solution to the blister rust problem of five needled pines.

However, many low-level resistance mechanisms exist and when their
effects aré simylated in a computer model their utility is apparent.

' The low-level resistance mecharisms of reduced needle lesions, slow.

growth of the rust in branches and boles, and retention of needles for
*only 2 years when combined wou1d y1e1d 1 percent morta11ty from b11ster
rust in 100 years L o -.

Rat1ng the hazard of a site through d1str1but1on mapp1ng of . r1bes ‘
bushes and site dascriptions would provide a risk. rating for the land
_manager. - Ribes eradication before planting is a feasible and profitable
1nvestment in site preparation. . Fertilization and other cultural tech-
niques that encourage growth when coupled with breeding for rapid growth '
~will help five needled pines to pass through their most vulnerable stage
. quickly. If unexpectedly high levels of potentially lethal infections
are found, the branches having these cankers can be removed via pruning.,

Integration of certain or all’ resistance mechanisms, cu]tura1 treatments,f;"

 biological controls,-and chemical controls becomes closer to reality as
" these and other host-para51te re1at1onsh1ps are e1uc1dated -

o
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SEM AND LIGHT MICROSCOPY OF INFECTION oF _
PINUS NIGRA AND P. RADIATA BY DOTHISTROMA PINI

Robert F Patton and Russell N. Spear1 .

: Up to the present t1me our know1edoe of details of infection of p1ne ;f”jﬂ';:'
.~ needles by Dothistroma pini has come from the work of Gadg11 in New )
uZealand Ivory /{n tast Afri ica, Peterson in Nebraska, and most recently,
. Muir in"California, whose Ph.D. thesis (1974) has not béen publisked. ™
' Their results do.not agree in all respects, and the differences may be S
those ‘batween 1) field and growth room conditions, 2) natural and
~ artificial inoculations, 3) hosts, and 4) varieties of the fungus. ., =
In order to clarify and expand upon details of the infection process o
in Dothistromd needle blight, we applied scanning electron microscdpy :
in observing naturally-infected needles of Pinus nigra from w1sc0ns1n
and P. radiata from New Zealand, and- supplemented these observat1ons
with 11ght microscopy of sect1ona1 Specimens .

i

Germ1nat1on of Con1d1a and Dtrected Germ Tube Growth<

For germ1nat10n of conidia temperature is.generally not a 11m1t1ng

"-_ fgctor Conidia germinate at a range of‘temperaturgs between about

- ~28°C. with optima falﬂ1ng within thé range of 18°-24° C (Ivory
_ 1957 Gadgﬂ 1967, Sheridan and Yen 1970, Peterson 1967).

Ho1sture 1s necessary for germfnat1on. but 1t is not entirely clear '
. whether a film of free water is required. Most workers indicated
- 1iquid water is necessary (Ivory 1967, fadgil 1967, Gibson 1972).

But Sheridan and Yen (1970) in_New Zealand obta1ned good germ1nation .
at 98-100% relative humidity, and there was the possibility of some . -~
germination at a relative humidity as low as 76%, although this ‘ .
might have resulted from a carry-over of imbibed mofsture when conidia =
were in suspension. Also, Ivory (1967) and Gibson et al (1964) indi-

- cated that trace amounts of nitrogenous nutr1ents were also essent1al

Informatfon on time and character of germination in v1tro was reported
by Gadgil (1967). He obtained 70% germination after 48 hours, and 90%
“after three days. Usually spores formed 1-3 germ tubes, and anasto-; T
mosis between germ tubes was common - _ o S

--Peterson (196?, 1969) investigated germ tube growth by exam1n1ng p1ast1c S
leaf impressions of needles of Austrian (P. nigra) and Ponderosa SRR
(P. ponderosa} pines naturally infected with D. pini var. pini. Germ
tube growth was positively directed toward stomata = more than 80%

of obsarved germ tubes grew toward stomata. They often abruptly changed

- ‘direction of growth toward stomata, frequently as much as 90 degrees.

He reported no additional details of the infection process, and-instead
.p1aced amphasis on variat1on in susceptibility of needles accord1ng to

_ Tbepartment of Plant-Patho]ogy,,Un1ver51ty of Hiscons1n - Mad1son
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their age. Neither Gadgil (1967) nor Ivory (1972) confirmed Peterson's .

. observations of a marked effect of stomata on germ tube growth. o
Peterson's observations were of field material where moisture gradients

were possible, whereas Gadgil and Ivory used saturated atmospheres, and

moisture or other gaseous gradients, if they were important, would not

be present. Gadgil (1967) sprayed P. radiata seedlings with conidial .

Suspensions or a suspension of a bTended agar culture of mycelium and

Spores of D. pini var. pini and fncubated trees in a moist chamber.. -

He obtained profuse growth of surface mycelium and hyphae grew at random.

Under these conditions stomata exerted no special attraction. -

Muir (1974) observed similar extensive growth of hyphae on reedles of
aritificially inoculated P. radiata seedlings (presumably with B. pini
var, linearis) incubated Tn growth chambers. His observations of germ

. tube growth on needles naturally infected in the field, however, supported

Peterson's observations of directed growth. Muir's observations suggested

to him that the stimulus occurred periodically. -

. Our direct observations by SEM of germ tube growth both of Scirrhia . ,
~acicola conidia on needles of Scots pine (P. sylvestris), and of D. pini .
var. pini conidfa on needles of Austrian pine, do indeed indicate that ..
under natural conditions in the field germ tubes of these fungi respond - -
to some stimulus from stomata and grow toward them, We agree with Muir
“that the stimilus varies with time or with individual stomata.

B Enfny-intp'Stomata énqueve]opment in Stomatal Antechamber -

Thére'is'geﬁera1 dgreement thatlinfectibn occurs by penefratidn”fhrough Lo
stomata, but details of the process vary according to the investigator.. . .- .

Gadgil's (1967) artificial inoculations resulted in profuse mycelial - .
growth on the surface of needles of P. radiata seedlings incubated in .
a mist chamber. The mycelium formedmassive clumps over stomatal open-
~ ings and filled the stomatal antechamber. A narrow hypha penetrated
between the guard cells and branched out into the substomatal chamber'
and adjacent mesophyl1.  Such examples of penetration were seen only B
rarely, on about 5 of 20,000 sections. High levels of inoculum (at least
ﬁive'million,conidia/ml) were necessary to get reasonable levels of in-
ection. S " : e E SR

-~ Ivory (1967, 1972), working in East Africa, studied infection of P. radiata
- seedlings by D. pini var. keniensis, again after artificial inocuTation
- with sprayed conidial suspensions. <Occasionally the tip of a germ tube
was coiled or swollen into a structure he called a vesicle at the edge -
~ of or-in the Stomatal antechamber. Entry into stomata had occurred in . .
two days, and the swollen structures had formed by 5-10 days after inocu- .
lation, but the éxact time wasn't determined. He did not confirm Gadgil's
observations of the large mycelial masses over and in the stomata. -These
undoubtedly were the result of the particular circumstances of inocula-.

tion and incubation used by Gadgil.
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Muir (1974) worked with P. radiata seedlings in growth chambers and also
made observations on needles from naturally inoculated P. radiata and . -
P. muricata in the field. Again, extensive growth of mycelium was ob-".. - .
served on needles of field collections. His SEM observations of naturally. -
inoculated needles showed that spores usually produced one germ tube

which grew to the nearest stoma. Only a few instances of growth in . .
the antechariber were observed, generally as a simple germ tube that grew -
down toward the guard cells. ‘Unfortunately his SEM observations did

.not reveal details of germ tube behavior in the stomatal antechamber.

. On cellulose acetate casts a few flat or rounded structures were seen.

Just above the guard cells, but these weren't illustrated. He also
- described the presence of lobed, flat, reticulate structures in ante-

chambers of needles of both field trees and inoculated seedlings, but -
details could not be made out with this technique. Apparently, these

were not copsidered the same as Ivory's vesicle-1ike structures in the w:_f
antechambers. .- - ‘ o | o S T

Our observations of infected P. nigra needles by SEM revealed details
- of developnient after eéntry of the germ tube into the stomatal ante-. ..
chamber.: Most of the’cytoplasm concentrated toward the tip and the .
spore and the remainder of the germ tube collapsed. - Within the ante- . .
chamber ‘the germ tube became delimited from the collapsed portion by a . :
septum. = Often several septae developed, the hypha expanded in diameter,
became swollen at the tip, and later forked. As development continued B
a typical 4-footed or quadrupedal structure formed above the guard  :

cells, which was presumably an appressorium. This structure becomes
melanized and thick-walled as it develops. As the season progresses _

it appears that growth of such structures can continue so that they may -
develop into star-shaped or many-lobed complex and irregular structures. 5

Red pine (P. resinosa) trees immediately adjacent to the infected o
P. nigra pTantation were not infected and SEM examinations of these also
were made to determine the behavior of D. pini on red pine. On all -~
needles examined, stomata were completely occluded with wax and germ . .
tubes could not enter. Germ tubes grew only over the surface of the -
‘wax plug, the tips often becoming slightly expanded or contorted, .
- appearing almost as abortive attempts at appressorium formatfion in . -
response to a stimulus from the stomata. - ' ‘

In further consideration of the possibility of a stomatal stimulus .
directing germ tube growth to stomata and appressorium development in.
the antechamber, we prepared plastic needle replicates from silicone .°
rubber molds of Austrian pine needles and placed these among the branches
- of the Austrian pines for spore deposit and germination. Germination of -
spores was similar to that on real needles, ferm tube growth was at ran-

- dom, however, and there was no evidence of directed growth toward the
stomatal-apertures.. When germ tubes entered antechambers, growth con- .-
tinued as on the surface, often in a meandering manner and there was

no swelling or other differentiation in to appressorfa.
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On needles of P. rdadiata from New Zealand, sent to us by Gadgil, germ
tube entry and development in the antechamber was essentially similar
to that on P. nigra in Wisconsin. Appressoria seemed more. irregular in .
shape and were not always present. Certainly, however, the massive - _

- growth over and in stomata originally seen by Gadgil on his artificially-

inoculated material was not present. S - .

DeQelophehf in Substomdtal Chémber and Mésgbh§11 o

Both Gadgil and Ivory gave somewhat similar accounts of the behavior of
the fungus in needle tissue. Penetration between-the guard cells was

by a narrow hyphal strand. The funaus branched in the substomatal . .
chamber, grew in the mesophyll, and was largely intercellular, but Gadgil
reported it also as intracellular, probably after the cells were killed.-
Cells were killed in advance of the hyphae by a toxic material named
dothistromin by Bassett at al. (1970). .. . = . - - :

-In epidermal strips of needles of both P. radiata and P. myricata,

. Muir (1974} observed substomatal vesicles often seen as small saus-
age-shaped -structures. In P. muricata a prominent spherical cell of

up to 8 um in diameter occurred just below the guard cell junction. . .
-He speculated that these structures might provide a-dormant period .
for the fungus during dry weather. : SR Lo

~Collections. of needles from P. nigra in Wisconsin were embedded in - ... .
-Spurr's resin and sectioned either transversely or longitudinally. . .
few needle segments had been first examined by SEM and then were embed-
- ded and sectioned for examination by 1ight microscopy. From one lobe ..

- of the appressorium a fine infection strand penetrated between the guard
cells and then formed a vesicle of tear-drop to spherical shape immediately

- beneath the guard cells in the substomatal chamber, varying in size

but up to about 10 um in diameter. The vesicle then produced a single
infectiqnjhyphq which grew into the mesophyl1. Occasionally, a sec-
- ondary vesicle budded off the original vesicle. ~As development con-
tinued other infection hyphae developed and eventually the vesicle ~
lost its jntegrity. Often the substomatal chamber became filled
- with a tortuous mass of hyphae. In other infections the substomatal
chamber was crossed with only one or two strands of hyphae from the
- transformed vesicle. Mycelium extended “into the mesophyll, but often
for little more than about 50 to 150 um beyond the penetration point.
First evidence of the toxic action of dothistromin could be seen by a
- yellowish discoloration of the cells immediately adjacent to the sub- -
~ stomatal chamber when a vesicle had formed, but before the development
of infection hyphae. Later, mesophyll discoloration and disruption !
~ could be seen for as much as 200 to 600 um beyond the extent of hyphal .

:]imitsvin!ipdivjdua] Tesions.

In the NewrzeaTéndJE,<fédia§a needles similar vesicles were fbﬁmed._A
Typically, however, the infection hyphae developed laterally, immedi-
- ately beneath the vesicle and guard cells to form a structure somewhat

resembling an inverted “Th.
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It seems likely that if Muir's material had been examined in serial =~
sections his spherical cells and sausage-shaped vesicles would have
closely resembled the vesicles we saw, particularly those observed in

the P. radiata material. T ' I o

- Fruiting stromata began to develop in the fall in P. nigra in Wisconsin,
but did not complete maturation and begin spore production until the
following spring. The stroma began to form between cells of the hypo-
dermis, or between the hypodermis and epidermis, through which it
finally erupted. Even at this stage mycelium was sparse in. the meso-
phy11 &nd the stroma formed close to the point of initial entry into =

the needle by the fungus.
. S éonclu$10n§';~

The phenomenon df directed germ fube'grbwth'toward_Stomata"does occur

by this fungus 1n nature, but this seems to be on an individual stoma
bas1$,1or at least it may not occur uniformly for all stomata at the
same' t_me,. R . C R . s . ‘

‘The development of an appressorium or appressorium-1ike structure in-

the stomatal antechamber after entry of a single germ tube is a rela-
tively consistent feature, although apparently penetration between the
guard cells ‘may ‘occur without it. The extent of appressorium develop- -
ment is variable, from.a relatively simple, typically quadrupédal struc-
. ture that may almost fill the antechamber. Factors influencing appres-
~sorium developmenit and the exact role of the structure in the infection
- process are unknown. : SR B S

Also, the formation of a substomatal vesicle after penetration between

- the guard cells by a fine infection strand seems to be a regular feature -
-of development by the fundus. Infection hyphae, few or many, devélop '
. from the vesicle which eventually loses its original shape after budding

off a number of hyphae. - . . o .

'Myceliat'dgﬂelapmeni‘tn the_néedle'tissde fs very‘reétricted in extent.
Cells ave killed comstderably in advance of the hyphae by diffusion of
& to_xftp: materialt frem the mycelium. . L S =
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* THE INFLUENCE OF WETWOOD ON DECAY
" DEVELOPMENT IN SLACK COTTONWOOD

-dB._q.svaﬁ'derrKamp

- Good Horn1ng.' Before I start w1th the last paper of our panel, I

want to give’ “credit where due. -Most of the work I am going to report

on is taken from the Ph.D. thesis of Dr. Atul Gokhale. -Atul is now -

,g Sﬁc1a] worker 1n Vancouver, another v1ct1m of restra1nts and cut—
acks . .

Black cottonwood (Popu]us tr1chocarpa Torrey and Gray) 1n our area

invariably exhibits a column of dark stained wood in the place where ‘
- one would norma]]y expect heartwood. This wood has 2 higher moisture. .
content than’ inner sapwood (160 vs 125%), a higher pH (7.8 vs. 6.3), -

e apparently low ‘oxygen_ levels, and a very abundant microbial population.

In other words, in black cottonwood, heartwood is replaced by wetwood.
Wetwood 1s of un1versa1 occurrence 1n older btack cottorwood in our
area. Examination of large piles of logs at a local papermill did

- not reveal a singie log without. wetwood. We dug up seedlings and .
~saplings of various ages to determine at which age wetwood first S
}appears. The resu]ts are shown in Table 1. :

It has tradit1ona11y been supposed that wetwood is a de1eterious
“condition damaging to the tree. If this is true, it is difficult to
reconcile with universal occurrence of wetwood. From the start we
hypothesized that wetwood has a beneficial function, namely that of
‘protection against decay.  We established early on that at times the

02 content of the wetwood could be very low. The main thrust of the

" study therefore was to determine whether the oxygen content of the

»wetwood was sufficiently low to prevent or reduce decay. Direct com-.
parison between trees with and without wetwood proved impossible; the
. latter cou1d not be found As a result we were reduced to -

(1) Determ1n1ng the gas compos1t1on of the pneumatic system of
- black cottonwood wetwood throughout the year, and

(2) Measur1ng the rate of decay of black cottonwood blocks
- in v1tro under s1m11ar conditions .

METHODS

Unwounded black cottonwood and red a1der (A1nus rubra Bong. ) trees o
21 to 41 years old, 21 to 54 cm DBH and 11 to 20 m tall, growing in
close association on the University Endowment Lands near Vancouver,

- B.C. were selected as sample trees. . Gases from the wetwood and sapwood
- of cottonwood and the heartwood of red alder were extracted and =
'analysed in the foIIowing manner. A brass pipe(o d. 0.9 cm), f1tted '
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with a shut-off valve was inserted to the appropriate depth through .

- an increment borer hole. Gases were extracted using a tubing pump. The
- suction developed and the flow rate were recorded. A Beckman field :lab
analyser was used to measure 0, (lowest level of detection 0.05%) while
- €02 and CHyq concentrations were determined by gas chromatography. The .
field apparatus consisted of the following ftems 1isted in order ~ "
according to the direction of gas flow: brass pipe in tree, vacuum ~ -
gauge, tubing pump, gas collecting tube (for CO2 and CHy analysis) with-
bypass, 0o sensor, -1iquid trap, flow meter, vent to atmosphere. A1l .:
connections were made with 3 mm 1.d. vinyl tubing. The wetwood of 6 -
trees was sampled at bi-monthly intervals throughout 1974. In addition,
the 'wetwood of ‘a further 16 trees was sampled for short intervals, : .
mostly in connection with separate experiments on tree wounding. Gases
were extracted at bi-monthly intervals from the heartwood of two red .

alder trees and analysed in a similar manner. -

Extraction of sapwood gases presented a special difficulty. Gas flow - -
into increment borer holes in the sapwood of black cottonwood was . . E
generally blocked 4 weeks after they were drilled. No significant volume
of gas could be extracted from such holes at the maximum suction developéd
by our-tubing pump (66 kPa). Sapwood gas samples were therefore collected
- throughout the year from.9 trees, each tree being sampled a maximum of -

. three times. .For fear that a hole drilled deep into the sapwood might - -
affect the gas composition of the wetwood, sapwood gases were collected .

| :_ from different trees than wetwood gases.

A modification of a sofl-block test (ASTM 1971) was used to determine

the extent of decay of black cottonwood under near-anaerobic and aerobic
conditions. Polyporus delectans Peck and Ganoderma applanatum (Pers.)
Pat., both white rots, were used as test fungi. The former is the most
common decay fungus of 11ving black cottorwood in British Columbia, Canada,
while the latter is common but virtyally restricted to deal cottonwood.

- Sapwood and wetwood blocks (2 c¢m cubes) from 4 black cOttonNOgd trees - -

were cut and sterilized by either gamma-radiation at 2.5 x 106 rads .
(complete sterilization) or by flame sterilization (surface sterilization).
The moisture ‘content of each test-block was assumed to be equal to that of
- an end matched adjacent block. The test was made in 16 oz bottles which

- contained approximately 80 g of soil, with 27.2% moisture-holding ability
by dry weight, and a black cottonwood sapwood feeder strip (5 x 5 x .5cm).
After innoculation of the bottles with the required fungi and once the
fungi were well established on the feeder strips, 4 test blocks, 1 from :
. each of 4 trees, were placed in each bottle. No further attempt was made -
to distinguish between the wood of these 4 trees.. A disposable ahaerobic
system (Gas Pak - BBL) was used to create near-anaerobic conditions (02
concentrations 0.08%, range 0.06 to 0.10%). The bottles were incubated

in.the dark at 27° C and 70% relative humidity. | |
The experiment was done in two parts.. In the first part, half thé bottles
were subjected to near-anaerobic conditions while the other half served |

. .QJ. -
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at atmospheric controls (aerobic). . After 10 weeks, 2 blocks were removed
from each bottle and their weight loss determined (Part 1). In the
second part, the same bottles with the 2 remaining blocks were exposed

to the environment opposite to the previous one, i.e. near-anaerobic

to aerobic and aerobic to near-anaerobic for a further 10 weeks

before weight loss assessment (Part 2).. At the end of the first

10 weeks the gas composition of 6 of the anaerobic systems was determined.
Each of the 32 treatments consisted of 12 replicates (blocks).

 RESULTS

~Table 2 gives the composition of gases from the trunk wetwood of
 unwounded black cottonwood trees. The column headed "Percentage

~ of trees with 0.10% 02" was included to show the proportion of

trees in which the 02 level was equal to or less than that used in
subsequent decay tests. The 02 level dropped below 0.10% for a continu-
ous period of -5 to 19 weeks (average 9 weeks), and below 1.05% for 13 to
31 weeks (average 19 weeks) in the 6 trees under regular observation.

The highest. 02 Tevel recorded in the wetwood of any tree was 6.2% on
February 18th.” The wetwood gases of many trees conta1ned no detectable
02 dur1ng May, June and July.

The h1ghest €0 concentration recorded was 13.3% on October 15, and
the Towest 4.0% on November 22. ' Some trees had cons1stent]y higher
CO9 1eve15 than others. :

The var1at1on in the average concentration of CH4 is Tlargely due to

the fact that 3 trees with CHg concentrations of about 30, 20 and

- 15% respectively were sampled at irregular intervals from May to

August. CHp was detected in three of the six regularly sampled

trees. The highest level recorded in these trees was 2.5%. A :

consistent annual pattern of CHg concentration was not evident; the

- concentration of CHg in a given tree changed very little over the year.
- The highest CHy level ever recorded was 34% on May 8. The pressure

_of the wetwood pneumatic system was always equal to that of the
atmosphere. The lowest 0, level ever recorded in black cottonwood
sapwood was 11.4%, the highest 18.8%; CO2 concentration varied between
0.1 to 0.6% through the year. In the heartwood of adjacent red alder,
0y ranged from 15.9 to 19.4% and C02 from .35 to .88%. :

‘The percent we1ght 1oss of black cottonwood sapwood and wetwood blocks v
under aerobic and near-anaerobic conditions is recorded in Table 3.

‘The composition of gases in the anaerobic systems at the end of 10
weeks was: . 0p, 0.08% (range 0.06 to 0.10%); CO2, 6.0% (range 4.5 to

- 7.0%). The remainder was presumed to be n1trogen with only traces of
hydrogen rema1n1ng at this time.
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- DISCUSSION

Gas Composition in Tree Trunks

The concentrat1on of 0» in black cottonwood wetwood was consistent]y o
much lower than that: in the sapwood or in the heartwood of adjacent» .
- red alder. " Bacteria and other micro-organisms may. play some role in ..
‘-develop1ng and maintaining the low 02 levels. Part of the reason

that 02 is much lower in summer than in winter may be that these
-organisms are more active at the higher summer temperatures It is |
noteworthy, however, that the highest air temperatures were recorded . .
during the last half of July and August. At this’ t1me the 02 1evels TR
were well above the m1n1mun achieved 1n June. :

- €0, Tevels found in the wetwood were always much higher than those
found in the sapwood of black cottonwood or than in the heartwood =~ .
of red alder. A distinct seasonal trend was evident; the concentration e
in summer was generalIy higher than that found in w1nter ' e

‘The marked dzstinction beoueen sapwood and wetwood gases is noteworthy
~The surface aréa to volume ratio of the wetwood column-was as high as-
-'0.25 cm@ per em3. This Suggests that in order to maintain the low 02

. Tevels the rate of diffusion from the sapwood.to the wetwood must be

~ rather low, and the oxygen demand of the wetwood high. Therée were no
visible barriers to the radial movement of gases between sapwood and.
- wetwood or within the wetwood. - The boundary between sapwood and wetwood
was only roughly parallel to the cambium, and common]y crossed two or
three annual growth rings. ’ . A

The low 0 and high €0 1evels in the wetwood of b1ack cottonwood
appear to be peculiar %o this tree species. Red alder, growing in
close association with our cottornwood sample’ trees exhibited 02 levels
in the heartwood c1ose to ‘those found in the atmosphere while 602 was
always below 1% " ;

Decay Deve]opment Under Near-anaerob1c Cond1t1ons

There was no stat15t1ca11y s1gn1f1cant weight 1oss in any. of the
treatments exposed to near-anaerobic conditions for 10 weeks, while
weight loss of control aerobic treatments varied from 29.5 to 47.6%
(Table 2, part 1). Therefore, it is most probable that under field
condit1ons during summer, the concentration of 0, found in the wetwood
of many unwounded trees is too Tow to allow any 5eve1opment of decay,
. at least by our test fungi. - It should be pointed out, however, that
in our experiments the fungi survived the 10 week near-anaerob1c
period and presumab]y the same might happen in the field.

" The level of decay deve1opment on wood b]ocks under near~anaerob1c

~ conditions was less than 1% of that of aerobic controls and not
‘significantly different from zero. On agar the linear growth rate
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TABLE 2
Cmp&aition.of_._ giﬁ.sesv'_frol‘n the trunk He;wod of unwounded black cott'br_wéod trees.
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of P. delectans and G. pp]anatum under near—anaerob1c conditions

was 4 and 12% respectively of that of aerobic controls. It appears

. therefore that the activity of these decay fungi under near-anaerobic
conditions depends on the substrate on which the test is done and

perhaps a1so on the parameters used to measure such activity.

The exper1menta1 desion of the decay test permitted d1st1nct1on between
the effects of 0, levels, bacterial presence, pH, and any toxic compounds.
- If bacteria had & direct influence on the rate of development of decay
one would expect significant differences between the weight loss of
surface and completely sterilized wetwood blocks under either or both
~aerobic and near-anaerobic conditions. No such difference was detected.

- If pH were a factor, one would expect a difference between ‘sapwood and

- wetwood blocks. Again no such difference was detected. If there were

~ toxic compounds in the wetwood not found in the sapwood, one would

expect a lowér rate of decay in the wetwood. Again this was not observed.
The only factor that appeared to affect decay deve]opment was 02 concen-
trat1on A

There was no s1gn1f1cant add1t1ona1 we1ght 1oss durina the 10 weeks
exposure to near-anaerobic conditions following 10 weeks of aerobic
conditions. “The maximum weéight loss of cottonwood blocks decayed
by the two test fungi in other experiments over longer time periods:
' -exceeded 70%. This suggests that even if a decay fungus is well

e established and actively ‘growing in a piece of wood, imposition of

. anaerobic conditions appreciably inhibits further decay activity.
'Presumably the same wou]d happen in a tree.

It is- noteworthy that the we1ght 1oss of b1ocks exposed to near-an- :
aerobic conditions followed by aerobic conditions was much lower
{average 10.9%) than that of blocks exposed to aerobic conditions’
~only {average 41.7%). Perhaps toxic metabolic by-products accumulate
under the near-anaerobic conditions and their elimination is required
_ before normal growth resumes. “Alternatively, it is possible ‘that
during the near-anaerobic period, Tiving mycelium of the fungus in
reduced to special resting stages thus substantially reducing the
inoculum potential, A similar phenomenon might reduce the activity

" of fungi in trees during winter months following near-anaerobic

summer conditions. Furthermore, decay activity dur1ng the winter months
““would also be 11m1ted by Tow temperatures

- He expected that S1nce P. de1ectans occurs in 11v1ng trees even though
common]y assqciated with scars or branch stubs, while G. pp1anatum
“is normally restricted to dead trees, the former might be more toler-
~ant to near-anaerobic conditions. However, neither fungus caused a
significant weight loss after 10 weeks under near-anaerobic conditions,
."therefore indicating no preferential ability of P. delectans te toler-
ate such conditions.” In a sequence of 10 weeks near-anaerobic followed .
by 10 weeks aerobic, however, the average weight loss caused by

.
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P. de]ectans was 7 4% wh11e that of G applanatum was 14 5% suggest1ng ;
a more rapid recovery from near-anaerobic conditions by the latter.
-Presumably the occurrence of these fungi in the f1e1d is determ1ned by .
- factors other than those consfdered here : .

eAny wound or opening ‘into the wetwood would natura]ly admit 02 and
negate any decay resistance due to low 0o levels. However, branch
§tubs do-not function as such openings. Our sample trees had many
branch stubs and sti1l were able to ma1nta1n near-anaerob1c
cond1t10ns in summer , . _

» Many 1nvest1gators dealing w1th wetwood have regarded it as a :
deleterious phenomenon, As a result of our work we suggest that 1n
black cottonwopd the occurrence of wetwood may well be a perfectly =~
natural phenomenon which 1mparts a cons1derable degree of decay resis— '
: tance to the inner wood, , : S
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" PANEL: BIOLORICAL CONTROL OF TREE DISEASES
... ED F. WICKER, MODERATOR

* PANEL INTRODUCTION . *

Control of plant diseases with biological agents is very appealing from .
_ the standpoint of procedures, costs, and the absence of residue problems. -
. Such control is only a segment of natural control which I consider to be
. the summation of control contributed by all natural agents and factors.. .

. 'These biological agents are a very integral part of the suscept-pathogen's
" efivironment and foreign or toxic substances seldom are introduced into -
the environment when using such control measures. - S

Biological agents are known to affect fruiting, growth, and survival of :
- ‘many plant pathegens, some of which are highly specialized or even .

~ obligate parasites. Also, they are known to ameliorate the effects of

- disease on- the suscept. .. - o S - L

- Investigations of biological control of plant disease have not received
- the scope they merit. The role and. significance which this control:

- ‘measure should occupy have not been realized (Fedorinchik, 1964). The

. research needs to thoroughly explore potential avenues for biological
control of plant diseases are long standing, such needs immediately
become stark reality when we consider the logic and ecological nécessity

" for developing integrated measures for effective management of plant

- pest problems.  This becomes more and more apparent as agricultural
~ . production acquires'a stable trend of narrow specialization in raising

' The use of resistant varieties as the major method for plant disease

control cannot keep pace with adaptibility of the causative agents .

because of .the latter's greater plasticity and ecologic amplitude and

. their shorter reproductive cycles. As agricultural production becomes
“ even more highly specialized;.biological control methods will assume.
“their proper role as a major factor of integrated control measures for
plant diseases (Fedorinchik, 1964). o

~Only a few biological control agents of tree diseases have ‘been studied
in the detail necessary to adequately evaluate their potential usefulness.
Plant pathologists and foresters have not been attracted by the biological

"measures of plant disease control because suich measures are often (1)

~ difficult to appraise; (2) slow and erratic in effecting control; (3)

. -less spectacular in achieving control; (4) biologically complex and, _
therefore, more difficult for man to understand and manipulate; (5) not -
economically effective unless manipulated by man; and (6) less Tikely to
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be comp]ementary to other contro] measures 1n an 1ntegrated contro1
program than are cultura1, chemical, .or genetical control measures. .
‘Furthermore, control is relative. Conseauently, prior to 1970, most of
- the knowledge acquired is a result of mycological curiosity and motivation.
Thus, the majority of the availabile information concerns structure of .
the active agents. Data on function is necessary for evaluation of
~ thejr potential as biological controls. A detailed understanding of
their Mode of Action is imperative to the evaluation of. potent1a1 o

: _.b101og1ca1 contr01 agents for contro]1nq p1ant d1seases.

I often have occas1on to go back in time and review. the proceedlngs of
past Western International Forest Disease Work Conferences. My Tatest .
“excursion’ thrdugh these :annals of wisdom revealed that we conducted a U
panel discussion on biological controls of forest disease during our ..
19th conference in 1971. -Those of you who may have .embarked also.on - -
such a journey in quest of fntellectual enrichment and trodden the pages -.
- of past conference proceed1ngs will notice some duplication of subject -
matter covered by the panel in 1971 compared with that to. be offered by

" ‘the present panel.” ‘1 refuse to become alarmed at this revelation,

‘because 1 have complete confidence in my ability to evaluate and select:-
highly-competent panel members for this discussion topic. 1 was not -
involvéed with the panel in 1971, and therefore, I will terminate any -

. further inniigndo. and conf1ne my comments to 1ntroduct1on of the present

pane1

,’ISpeaker A Dr. John Staley R o
: . SubJect B1o1og1ca1 Control of Needle D1seases.

jSpeaker ¥#2: DR, Neil Martin
" SubJect Bioloqica1 Centro] of Poot Rots

Speaker #3 Dr. Ra]ph Wi111ams SR
A SUbJECt'* 3101OQ1ca1 Controls for Nursery Dlseases

LY

?Speaker #4: Dr. Ed F. Wicker | L A
: SubJect B1oIoglca1 Control of Con1fer Rusts.
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A-..fru1t on attacked foliage.

- WIFDWC 1978

-A‘ IHE POSSIBILITIES AND POTENTIAL OF BIOLOGICAL
! CONTROLS FOR FOLTAGE DISEASES OF CONIFERS

é

John M Sta1ey

There is strong evidence that under greenhouse and experimental
conditions biological control by infestation with saprophytic bacteria
prior to foliar pathogen inoculation can decreasé remarkably the
development of certain diseases (4,6). There is no evidence provided
by field experlments that a pract1ca1 biological control with bacterial
-epiphytes can be obtained for foliage diseases under less carefully = .
~ controlled natural environments (5). "In fact, the evidence suggests * -
- that, under naturally flyctuating conditions, the few b1o]og1cal
..control agents known to work under exper1menta1 conditions are soon "’
- é)iminated by dry1ng or other advers1t1es Hovever, if fire cah be
conceived as a biological control agent as it has been in some author's
treatments (3,8), then we can point to the case.of brown spot control
-1n longleaf pine by fire as a: successful application of a silvicultural
- treatment designed to control a needle pathogen through a comb1nat1on
- of erad1cat10n and env1ronmenta1 mod1f1cation. P

. The idea that eplphytic m1croorgan1sms might lay a part in diseases
- incited by foliar fungi is not new. Leben (4§ in his 1965 review of
these re1at1onsh1ps traces the idea back almost 70 years. Many
treatments of needle disease pathogens note in detail tfie secondary
 fungi such as Hemiphacidium E;anum or Hendersonia acicola that commonly
hese accounts usually mention that such

- . secondary fungi may be instrumental in the ultimate natural diminuition -

of damage seen in connection with needle cast ep1phytot1cs “To my ;
. knowledge, ‘there has been no experimental effort to grow these secondary -
parasites in culture and app1y the1r spores art1f1c1a11y, in attempts

o to control need1e Casts. S ,

There are a very few experlmental stud1es re]at1ng to b101ogica1 A

“"contro1 of fo11age diseases of forest trees and with the exception of

those involving fire, only two of these relate to conifer foliage
. diseases, It may be helpful to bring out a few ‘details of these
) stud1es to i]Iustrate where we stand as stated 1n my open1ng summary

.In 1966 J. E B1er (1) presented h1s results of pre treatment of

Populus trichocarpa foliage with non-sterile leaf washings prior to

-inoculation with Melampsora occidentalis. On 267 branches, results

were equivocal on older foliage, but on the youngest three leaves

. differences significant at the 0.1% level were observed. Reductions -
"in infection and. pustule formation on these youngest leaves were on

" the order of 25% and 90%. Such results show unequivocally a beneficial
~effect of the treatment, but still 1eave much to be des1red as a
pract1cal means of contro1 : _
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-In 1969 R. P. McBr1de (6) reported that, in greenhouse trials, reduced
infection of Melampsora medusae resulted from treatment of Doug]as -fir
seedlings with pre-inoculation atomizations of bacteria containing
broth and, to a lesser degree, bacterial suspensions and cell free
filtrates of nutrient broth cultures. Over 98% reduction in numbers
of seédlings diseased was achieved. MNumbers of bacteria on the foliage -
. seemed to be correlated with reductions in infection, and a mixture o
.of bacteria. The reduction in seedling infection thus seemed the
-consequence of bacter1a1 action, whether th1s was nutr1ent compet1t1on .
-or ant1biosis or both. A y

- In 1971 HcBrade (7) presented a s1m11ar study of larch seed]ings

show1ng that bacterial suspensions would cause significant reduct1on
in infection by Meria laricis.  These amounted to a 30 to 60% -
. reduction in infection. The inoculations were conducted in the

a greenhouse to seed11ngs held in polyethylene bags.

The work re1at1ng contro1 of brown spot of longleaf to e]1m1nat1on of

“the inoculum source and modification of the environment by removal of -

surrounding grass and weeds has already been cited as a practical

means of silvicultural manipulation to control a damaging foliage . =

disease. By this method, the percent of diseased foliage may be reduced

- as much-as 40% to 2% and the reduction maintained to a lesser degreé

- up to four seasans. Controlled burning at three- -year intervals unt11
“the desired number of seedlings are over 18 1nches in he1ght is 0«

recommended for successful contro1 (8) : : S

‘One can go yet a b1t further afield to note Burch111 and Cook s (2)
- report that 5% urea sprays promote chemical and microbial changes in.

apple leaves that prevent the deve1opment of Venturia 1nequa11s on "
- overwintered faTlen leaves L : R

* With the except1on of brown spot contro1 by fire, each of these
reports of modified biological activity in 1eaves or on their surfaces. .
involves the application of some material to the leaf to effect the - .
~ disease ‘and/or inoculum reduction. .From the standpoint of forestry, A
- there are limited circumstances under which such disease control
applications would be economica11y justified. Most foliar disease -
damage _under forest cond1t10ns would probably not beégin to justify

- even a single such direct application. However, if such treatments

~ were both highly effective and lasting, they might find app11cat1on
A-1n Christmas’ tree cu]ture ar in forest nurseries. :

It seems, therefore 1n b1o]ogica1 contro1 of - coniferous fo11age

- ., .diseases with ep1phyt1c microorganisms, we have at.present only some

encouraging evidence that a potential control means exists, and that
. there {is a blank spot in our understanding of it. Should microbial
. epiphytes play a_significant role in controlling coniferous foliage



: disease, it seems un11ke1y that they cou]d economicaiiy be empioyed

to do this by means of direct appiication except in those special

- cases where. the: vaiue of the crop 1s high and its term of production -
' hort . . ‘

We shou]d however, try to fiN this gap in our knowiedge both to
perféct such possible direct applications  and perhaps more to the .
_point; to inyestigate the possibility that leaf epiphyte populations -
‘might be modified to our benefit through silvicultural manipulation,
Since such studies have ‘neither been done nor ever planned, 1 take this
- as an opportunity to d1SCUSS how they might be approached :

With the exception of the Venturia-urea relationship, the favorabie
observations to date concern relationships between natural processes R

.. that have been brought together within-an unnaturally short time span by

- artificial inoculation. Conifer foliage diseases in nature appear. to be
quite the opposite ‘They are the result of extended and repeated

-inoculation processes, and are further characterized by prolonged and _
‘variable latent periods. Epiphyte antagonist population would thus have
to be maintained at an effectiveiy high level over a considerably Tonger -
_ period than" ‘that involving a single experimental inoculation. In .- -
‘contrast to the single pre-insculation treatment favored in experiments

' ..to date with bacterial antagorists, the secondary parasites of conifer e

pathogens would appear to require an initial buildup of infected foliage

which they might then penetrate and fruit upon. Thus, conifer foliage.

diseases don't fit well the experimenta] models that provide us with our

-~ 'glimmers_of possib]e success in using epiphytic microorganisms to - -
.vachieve bio]ogicai disease contr01 .

Foliage diseases of Chr1stmas trees ‘and nursery seediings such as that
‘caused by Lophddermium seditiosum (recently segregated from L. Qinastri)
have a fairly short latent perfod. They are sufficiently pathogenic to
largely overcome host resistence and, therefore, provide a reliable -
amount of material for replicated studies. ‘Moreover, direct applications
of control substances appear necessary to successfully grow disease free
individuals, at least in some environments. In the forest, Lophodermella -

morbida is an example of a foliage disease that has a short Tatent o

period, is strongly pathogenic, and is predictable in occurrence. .- .

Another feature favoring its use in initial studies is that it also is

: paraSItized by Hendersonia acicola, a fungus, the effect of which would

be ‘interesting to study after the foiiage disease had taken hold. Many

~ other diseases such as Dav1somyce11a, Virgella, and E]xtroderma for - ..
"example, seem too unpredictable in their response to weather or have too

prolonged jatent periods to be attractive for study. Whatever disease

~ relationships is chosen for study, strong pathogenicity and- .

’ predictabiiity, over a short time span of observation, seem requisite.
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In each of the suitable diseases for study, 1nd1V1dua1 trees can be
observed that are possessed of resistence. .Perhaps these degrees of
resistance are related to the epiphytic microorganisms and the’ ‘specific
ability of such trees to support microbial growth through leakage of -
nutrients from the leaf. We could perhaps take a leaf from the book
used by soil microbiologists and begin our search for antagonists on
~ such trees. We might compare the microflora of resistant trees with -
““that of susceptible trees. Judging from work such as Leben's, “such
efforts will probably be laborious. Leben examined and tested 230 -
‘{solates from cucumber before finding one that had antagonistic
potential against cucumber anthracnose. - For forestry purposes, it
might be well to start the study testing Hendersonia acicola effects
~against Lophodermella morbida. “Hendersonia has been grown in N
culture.” It would be a matter of developing techniques to allow ' .
abundant sporu]at1on in culture, followed by the successful fnoculation
of the spores on attacked foliage. The technique would have to be
effective. enough to overcome the -variability introduced by the natural =
occurrence of Hendersonia on untreated trees. It is possible that )
treatment such as a urea spray would exert an effect on the secondary °

- " parasite that would be worthy of study. On the other hand, such

- secondary parasites would be next to useless for the Chr1stmas tree .
grower, and probably also to the nurseryman. : ,

McBride has ‘shown’ for larch what may well be true for most conifers:

" that bacteria and yeasts are the initial colonizers of new foliage -

and that non-pathogenic fungi occur only as spores on young leaves,
_ hyphal development being restricted until the Teaf has reached ,
- maturity. Presumably it is among these bacteria and yeasts that we
~ are likely to find effective antagonists capable of acting .in.what
appears to be the primary inoculation court for foliar disease fungi,

. that is, the immature newly-formed leaf. Isolation of these organ1sms,

at least in the ‘case of bacteria, requires the use of low nutrient
media suited to their growth. -Presumably a candidate antagonist

would be one of the more common isolates, innately suited to flourish
on the surface of foliage and well adapted in its resistence to adverse
fluctuation of the environment. It should, in other words, be a fa1r1y
Common organ1sm found associated with hea]thy plants grow1ng in an
env1ronment favorab]e to d1sease deve1opment

»Testang of such an organ1sm might well proceed by us1ng the branch d1p
" technique that has been so sat1sfactory in screening fungicides.

* . Apparently suspensions ‘of organisms grown in their nutrient med1a :

- without further preparation have been satisfactory in screening antagon1sts ,

* under experimenta1 conditions. Judging from the success of previous
trials, care.should be taken to assure that approximate1y 500 000 ‘

,_propagules per square cent1meter of fo11age are used. .

Assuming that antagonism and a degree of d1sease contro] can be

- successfully demonstrated, it then seems incumbent on the patho]og1st
."to demonstrate how the microb1o1og1ca1 epiphyte antagon1st can best

66



- be nurtured under forest conditions by silvicultural practice. One
assumes that, {f epiphytic antagonists are, in fact, related to

" disease resistant 1nd1v1dua1s, the silvicultural practice most suited
would be to plant the superior disease resistant offspring of selected
superior plants.. 1 think, however, that the basis of disease -
resistence in superior trees is not 1ikely to be merely their epiphytic

" complement of organisms and that the pathologist might better fall back

on observing those cultural situations under which.the desired microbes
flourish and foliage disease is absent. The task would then be,to
experiment by practicing imitation of nature to see if the desired

- disease~ antagonist1c microbes can be promoted through silv1cu1tura] -
treatments - : . I o

| F1re has not been exp]ored 1n the western United States as a’ tool to
contro) foliage diseases. It might be effective under some circum-

" stances .if. high enough temperatures could be achieved to ki1l the lower

-infected foliage without damaging the lower holes. This hazard of tree
mortality would have to be demonstrably low for fire.to be useful in -~
controlling a disease which itself kills infrequently. Two past occurrences
- of foliage diease, that of Lophodermella cerina in Arizona and Lophodermella
morbida in Oregon have beeh over extensive enough areas to have allowed
experimental tests of fire to be used. The more spotty and unpredictable
- needlecast outbreaks do not. lend themselves to exper1mental tests of .

v_'f1re s effect1veness

" Leben (4) in. 1965 descr1bed m1crob1a1 antagon1sm as'a fourth dimension
~in the study of fo]iar disease. We are really no closer in 1978 to a
knowledge - of how 1mportant th1s d1mension 1s to the forest patho1ogist
~ than he was then. : , _

.At present, in the western United States we wou1d seem to have to fa11
. ‘back on the tried and true preventative measure of choosing the appropriately
resistant host species for a given site. A1l other biological control
- measures. or silvicultural manipulation to achieve" biological control are
at th1s po1nt on1y in the specu]at1ve and experimental stage _—

SN
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WIFDWC 1978

BIOLOGICAL CONTROL OF ROOT INHABITING FUNGUS PATHOGENS
Ne11 E Mart1n

Philosophy of Why B1oqu1cal Contro]

. The protection of agr1cu1tura1 crops. forests, and man and other

_ animals: from p]agues and damage by various kinds of pests remains a

never-end1ng problem. OQur entire 1ife style is a continuous strugg1e

to provide an even better 1ife style. For example, as a person and as -

.a natfon we spend almost all of our money and energy on protecting 11fe

and the essentfals to life, only to see our successes give way to new

“problems (4). Because protect1on of food and fiber is vital to ourselves
and future generations, we must give priority to all potentially useful

" techniques for the control or management of pests.  We must integrate

.them S0 their effects are compounded beyond that ach1eved Separate1y

One Such approach to the management of soil borrie organ1sms appears
. to be biological control. Biological control catches one's attention
because the word: "b1o1og1ca1“ elicits a softer, less violent reaction
. "in the public arend than does the announcement that chemical controls
are being considered. -Biological control also numbs our sensitivity
to energy crises ‘because something biological is seemingly synonymous .. -
‘with self-perpetuating whereas "chemical" conjures up images’ of b0111ng :
vats, storage tanks, menacing liquids and powders, and a threat to the
purity of the food and water we eat and the air we breath., Besides, we
all know that as ruthless as chemicals are they cannot do the Comp1ete o
job (6). Their numbers are limited by our 1mag1nat1on and therefore
cannot combat all situations. They do not enjoy an increase in numbers. :
through multiplication or replication and cannot therefore f]ex w1th the,‘
target populat1on. : B

| Mechanisms EV1dent 1n B1o1og1ca1 Contr01 Agents .

‘The basis: for b1o1ogica1 control is found in the concept of a ba1anced
ecosystem (2).. When an organism can influence in a detrimental manher
the population Tevel of another then it is d1sp1ay1ng a characteristic
. of biological control- that may be exploited. ~‘The mechanisms through

- which one organism influences another are seldom understood though
‘they seem to be limited to 1} induced res1stance in the host p1ant.

- 2) hyperparas1t1sm, and 3) antagon1sm.

' Induced res1stance requ1res that when pathogen and host 1nteract,the et
response makes the host more resistant to a second pathogen (1,2).
These phenomenon are known in Jiterature as- acqu1red resistance, cross

-protect1on interference, and simply interactions. Treatment of these

~ subjects is beyond the scope of this presentation regarding forest tree

" root problems and yet may someday prove to be the most powerfu1 of all
'b1ocontrol approaches .
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Hyperparasitism, the pakasitizing of one parasite by'andther,'is frequent
in nature but its significance under field conditions is difficult to
assess. The successful management of an undesirable fungus pathogen

- by another fungus parasite is not kmown. Attacks by virus and bacteria

. detrimental to fungus populations are documented and show attributes
~ that may be of value when combined with a hyperparasitic fungus.j

The most common mechanism of influence of one organism upon another is
antagonism. * The mechanisms 1ikely to be responsible are competition

for substrate, occupancy of an ecological niche, production of metabolic
products, or antibiotics. Evidence for these mechanisms was most often
obtained in greenhouse studies or in petri dishes, but the inferénces -

. are strong enough to encourage field application of chtur@]vpraqtices

that. éncourage antagonistic organisms.

~ Source of Antagonists

Regardiess of antagonistic mechanisms; there are no procedures ‘that

' - predict which organisms will function as antagonists (1,2). Antagonists

are where you find them. -Pest problems are in general man caused. Man .
has been responsible for introducing plants and animals ‘into ecosystems
-lacking natural enemies to these exotics (1,2,5).- The result has been - -

a rapid unchecked spread exceeding a tolerable threshold.. Antagonists -
- are likely. to be found in the original area in which the exotic was o
developed. It is in such areas that a balance existed due to environment,
host, and antagonist interactions; however, the antagonistic attribute

may not be expressed in" 'the new environment.

Use of Biological Control ~ .

 To date, we have 'not encountered a problem in the Western States with
exotic root inhabiting organisms in forest trees, but the warning is
recorded in pathology history. Future generations demand more fiber,
~'and to meet those needs we are responding with huge container stock:
‘programs, tremendous energy inputs into site émelioration, and human
selection of genetic combinations. ' In all cases, the risk increases

as we deviate farther and farther from an indigenous balanced ecosystem.

. Some of our problem organisms réquire rather sound plant parts in which
to survive until another generation of hosts is available. Rapid decay

~ of plant remains would seem then to be a viable hypothesis. Risbeth

. has reported 1imited success in encouraging decay by injecting stumps
with nutritive as well as fungistatic chemicals (2). To ameliorate the

- forest s0i1 with urea, sludge, or compunds to influente pH is at best
- temporary because of the enormous buffering capacity of the sofl (3),

and yet can be effective if timed correctly according to the biology

. of the organisms involved. Escape and crop rotation are still the most
reliable cultural practices that we have. Preventing damage to roots,

. not exceeding the carrying capacity of the site, and maintaining a :
vigorous stand all contribute to escape. Shortened rotations and species

mixture in effect achieve the principal of crop rotation.
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Biological control is centuries old in the forest whether it be

above or below the soil surface. Man is just beginning to learn -

of its potential in helping to reduce losses to all kinds of pest11ence.
Our employment of biological control agents will increase and improve
as we learn more about the biology of forest ecosystems.
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WIFDWC 1978

~ BIOCONTROLS FOR DISEASES OF NURSERY CROPS
S ,,fﬁﬁa]ph E.”ﬂi11jams _ |

~ Annual loss directly or ‘indirectly related to disease agents in bare
root ‘seedbeds of the Coeur d‘Alene Nursery has been estimated at nearly
$400,000. - Losses in greenhouses alone may reach 10 percent of a 2.5 to
-3.0 M base. " Production capacity (ca 24 M) has been reached, yet future
Regional needs will be nearly a third greater than capacity by the early
eighties. - Alternatives to meet these needs are to put more ground into
production or to maximize production. = Perhaps improved utilization would
_ peithe most economical from both a quantitative and qualitative stand-
point. . Ce o ~ R

* Various means of improving utilization may be through the use of bfocides, .
sanitation measures; or biological control. - Although only biological .
control will be discussed, most agree that biological control should be .
regarded as only one facet of ‘the overall control program, rather than as

a method to be used alone..

" The. concept for biocontrol followed in this paper is that of Baker and -
Cook (1974): . . ... ST T

. "Biological control is the reduction of inoculum density or dfisease
producing activities of a pathogen or parasite in its active or dormant ,
state by one or more organisms, accomplished naturally or through manipula-

. tion of the environment, host, or antagonist, or by mass introduction of

one or more antagonists." : T - S :

. Based on this concept, there are two general approaches to achieving bio-
logical control: ‘1.  Introduction into the system of antagonists--(micro-
~ organisms which affect pathogens via: (a) antibiosis and lysis; (b) com-
petition; or (c) parasitism and predation; or 2. manipulation of the
environment to enhance resident antagonists and/or host vigor. In either
case, manipulations to achieve success may ultimately be reduced to a :
* chemical or physical level as it directly or indirectly affects pathogen,
~ host, or antagonist. . S : o o .

-it seems'c1eér thatlfbﬁ biological control to be effecfive; it is neces-

- sary to create an environment which will: (1) favor vigorous growth of

the host which may -in turn directly and/or indirectly reduce disease
- -severity; (2) directly suppress pathogen population or activity; and
'(3) favor antagonists of the pathogen. Even though much information
concerning the effects of environmental alternation on host/pathogen/
.,»ia?tag??ist systems has been published, for many--because of the complexity
“of sofl, - . o T T o : S SR
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systems whereby many ordered responses are illicited--the exact mechanism
of action may not be understood or even identified and may be the reason
for the many seem1ng1y contradictory findings and except1ons to genera1
trends. A A _

It is not worthwh11e d1scuss1ng known chemical and phys1ca1 details of
every host/pathogen/antagon1st system remote]y related to con1fer nursery
~diseases. Only major diseases encountered in Inland Northwest nurseries
will be discussed. Suggestions for reducing damage by using biological
measurés are based on (1) host/pathogen/antagonist information about .
major nursery diseases, (2) general trends identified in_available
pathogen/antagonist information- from field crops research and (3) nur-
'sery management pract1ces :

Damage caused by Botrytls cinerea. in greenhouses, shadehouses, and seed—
beds is the major foliar problem, while damage caused by poss1b1e-
Lophoderm1um sp - may be increasing. S

~In greenhouses and outdoor storage facilities for greenhouse seed11ngs,
Botrytis has caused considerable damage to western larch and occasional
damage to p1nes during wet periods .in late winter, early spr1ng, and -
fall months. " In seedbeds, damage is observed to develop in the early
spring months-only in. dense areas of 2-0 western larch seedlings.

Botrytis cinerea isa re]at1ve1y nonspecialized facultative paras1te o

(Baker and Cook 1974) requiring high spore densities, senescent or dead .

tissues in contact with living host tissue, free moisture, and cool

- temperatures for infection to take place (Baker et al. 1954). Although

_ sanitation and/or biocide treatment may reduce popu]at1ons of this rather
_ub1qu1t0us agent, if suitable host substrate uncolonized by other micro-

organisms is present and if proper environmental conditions exist,

“infection will likely occur. It seems logical to assume that b1o1og1ca1
control via environmental manipulation and/or introduction of antagonists

may be helpful in reducing damage. ‘

-In the Northern Region, manipulation of the greenhouse environment during
winter months or shadehouse during late spring or fall to suppress. the
pathogen s competitiveness while maintaining propér cond1t1ons for seed-
lings is difficult. However, reduced watering, increased air movement,

“elevated temperatures, and wide spacing of seedlings are alternatives to
cons1der : _

The seedbed.environment is less easily manipulated than that in the green-
house. In these situations, propagation of western larch in areas with
good air drainage, lower sowing rates to achieve wider spacing, or cultural
methods to suppress growth during the 1-0 year may be beneficial.
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1t ‘appears as thdugh foliarﬁhbp1ication of antagonists CQmpetitivé for

~free carbon- and ‘nitrogen-containing materials may be effective in reduc-

ing damage if applied prior to colonization by Botrytis (Newhook 1957,
1951; Blakeman 1972), and if high humidities and moderate temperatures
prevail., Perhaps a shotgun approach, applying soil suspensions to '

- - foljage, may also be effective. Application of antagonists should be

~accomplished during the fall or end of the growing season in greenhouses .-
when needles become senescent and when temperatures and relative humidity

. are conducive to their growth. - .

“Although not positively identified, a pine needle disease problem, per- -

' haps caused by species of Lophodermium, miy be increasing in nursery -~

seedbeds. - If a needle pathogen of this sort is present, obvious controls
are to remove the infection source--surrounding trees and pine needles

. ‘applied to reduce frost heaving.. However, since most nurseries in the

~ Northern Region are in forested areas, this alternative may not be
practical. . . © = . - S e D

‘Biological contral via environment manipulation may not be of much use -

" because of current management practices, -An exception to this may be

-~ related to aluminum Tevels in soils (lyer et al. 1971). For the most
part, perhaps the only hope for biological control would be through the

T inpqulation‘of competitive-type antagonists onto seedling foliage.

“Major rursery disease problems are soil related, involving primarily

Fusarium spp. - (Fusarium oxysporum and possibly Fusarium roseum). Damage -

‘occurs in both greenhouse and seedbeds and, judging from seed isolations,
disease occurrence, and soil testing, inoculum is both seedborne and soil- -
~borne. - Therefore, control measures which will reduce effectiveness of -
either or both types of inoculum, depending on the situation, must be

~employéd, - '
Seed treatment with biological dgents may be effective in reducing’ .
~germinant infection. Several studies with cereal crops (Merriman et al.
1974; Chang .and Kommedahl 1968; Aldrich and Baker 1970) indicate that
seed treatment with organisms such as Streptomyces spp., Bacillus
subtilis, and Chaetomium sp. has been tested and appears to be effective
in reducing crop loss due to infection by Fusarium spp. Seed treatment
is essential in gréenhouse culture where potting media is not contami- -
- - nated. "It may be effective in reducing losses in seedbeds where both the
rooting medium and seed may be contaminated, {f activity continues until .

-mycorrhizal development has taken place, at which time a certain amount

of long-term disease tolerance is attained (Marx 1972), . B
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Reduction of inoculum potential of soilborne pathogens is normally accom-
plished directly by the use of biocides. However, where considerations

" make it undesirablé to chemically eliminate these Grganisms from soils -
(Iyer et al. 1969; Lu 1968) or biocides do not producé thé degree of
control desired, biological controls should be considered. - '

" Addition of alien antagonists to soils has generally been ineffective

- in reducing inoculum potential of soilborne pathogens unless the antagonist
is'well suited to the system, it is introduced in large quantities, or it

is given a competitive advantage by treatments such as fumigation. One

" notable exception may be the incorporation of mycorrhizal fungi into .

nursery soils (Marx 1972).° ' S S

In many nurseries, because fumigation is a standard practice, introduction .
of antagoriists may be effective for at least a short time until the system .
reverts to a balanced state. In soil systems, only a few organisms have
. been identified as being antagonistic ‘to Fusarium spp. These include '~ -
 Bacillus ubtilis (Mitchell and Alexander 1962), Stréptomyces supp. -
. - (Bloomberg 1973), perhaps species of Pseudomonas (Kawamoto and Lorbeer -
- 1976), “and Trichoderma viride (Wood and Tveitt 1955).  Direct introduc- -
_tion has not been tested; however, information concerning envirgnmental
manipulation to favor these organisms isavailable and will be discussed -

1ater,

The introduction of mycorrhizal fungi and subsequent mycorihizal estab- .
" 1ishment offers not only a protective mechanical barrier to root infection

. by pathogens, but may also function via antibiosis and stimulation of - -

competitive antagonists (Marx 1972; Zak 1964). Sinclafr (1974), however,
reports that the mycorrhizal association may not be developed for 7-12 = .
. weeks or more.. Thus, in light of Bloomberg's work (1973) which- shows
that much infection-of Douglas-fir seedlings by Fusarium oxysporum f. sp.

pini occurs early in the life of the germinant, if one were to rely solely
upon mycorrhizae for disease reduction, considerable loss could occur. - .~
Perhaps inoculation of seed or soil with a mixture of antagonists, as

. indicated above, to protect the germinant for 7-12 weeks, plus soil .
, g?ocu]atiOn with suitable mycorrhizal fungi, may be effective in reducing

sease. SRR SR T T

Manipulation of the soil environment to stimulate resident antagonists
may be worthwhile since residents are at least partially suited to the
system. Indeed, various nursery management practices which are employed

.. primarily to ¢reate an environment favorable for tree growth may also be '

_.effective in biological disease control. Examples of erivironmental
manipulation as related to biocontrol follow. —~ - | | _
“Addition of inorganic materials, particularly nitrogen fertilizers, can be

important. Nitrate nitrogen tends to suppress soilborne Fusarium spp., -

- while ammonium’ nitrogen favors them (Huber 1966). It is Suggested that
~ the primary mode of action is through changes in pH (Smiley 1975). Soil
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reactaon adJustment by 1iming may 11kew1se suppress severity of fusarial
pathogens. - Low sofl pH favors their activity (Garirett 1956; Baker and
Cook 1974}, while neutral to slightly acid pH suppresses it, but stimu-

. lates bacteria and act1nomycetes (Alexander 1961? ‘several of which may
be highly antagon1st1c to these pathogens (B1oomberg 1973; M1tche11 and
- Alexander:1962). _ - . :

Incorporat1on of cover crops or ‘other organlc amendments 1nto so11s may

; . effect changes which not only suppress pathogen activity, but more impor-

© tantly changes which favor antagonists. These changes may benefit .
specific antagonists as is the case with Bacillus subtilis st1mu1at1on :

" “with Soybean residues Mitchell and ATexander 1962), but will most often

~stimulate a variety of competitive types of antagonists as is the case .

" with sawdust incorporation (Lu 1968; Switzer and Nelson 1967).

- Effectiveness of cover crops in reduc1ng damage. depénds upon nutr1t10na1
status of the crop, timing of incorporation, crop maturity, and cropping

- sequence (Huber et al. 1965; Maloy 1960). In general, mature cover

crops with high C:N ratios w111 reduce severity of fusar1a1 pathogens -
(Garrett, 1956). - Organic amendments which increase moisture ho1ding
- -capacity, pH, and anaerobic respiration, and have high C:N ratios will
']1ke?15e reduce damage by fusar1a1 pathogens (Baker and Cook 1974, Cook
1976 T

- Biocide treatments, such as app11cat1on of various herbicides, may be
.‘ind1rect1y effective in disease reduction by affecting nitrogen cycling,

which in turn affects populations of soil microorganisms (Huber, 1966; -
. Huber et.al. 1969; Baker and Cook 1974). In this case, multi-ordered

- reactions are responsible for disease reduction.” Fumigation and the
app11cat1on of specific fungicides may increase numbers of several
organisms which may function as antagonists to the Fusar1um spp
(Vaartaja 1967 B1oomberg 1965) R

Maintain1ng s0i] mo1sture at 0 1 bar (ca 75 percent f1e1d capac1ty), wh1ch

. is normal for nursery soils (Bloomberg 1973), may not only favor seedling

;deve1opment but may also favor antagonistic bacteria and actinomycetes.
"High moisture levels may also affect soil aeration which may enhance

. ‘anaerobic bacterial activity, which in turn may increase ethylene, an
.agent suppress1ng act1v1ty of severa] root pathogens (Cook 1976)

.,Ma1nta1n1ng $0i1 temperature below 230C. , at .least during germinat1on

‘periods by shad1ng devices, evaporation cosling, and even perhaps with
- .mulch cover, should reduce severity of Fusarium oxysporum damage to .
-‘jconiferous seed]ings (B1oomberg 1973, 1976). .

5 Because of the -complex dynamic nature of soiIs and the 1nteract1ons
_'between many management pract1ces as shown above, it is easy. to see that.-
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‘the imposition of a simple factor into the system will create multiordered
reactions throughout the influence zone. The fact that we are dealing
with a very complex system which we may never fu]ly understand should,
however, not deter us from using biocontrols. " Rather, in the words of
Baker and Cook (1974), we should “isolate the phenomenon, make it work,-
then study it carefu11y to perfect 1ts accomp11shment." .

An approach to b1o1og1ca1 cpntrol in nurseries could be to 1dent1fy
~ areas, either with ground surveys or with remote sensing techniques
 such as color infrared photography, where problems are significant or
nonsignificant. Correlation between problem occurrence and original .
5011 type or management activity maps could be identified. Finally,
beneficial practices, either determined from past management or from

'1 - f1e1d crop 11terature, cou]d theﬁ be employed 1n the appropr1ate areas.

XU



REFERENCES

'.ATorich' J., and R. ‘Baker, 1970, B1ological Contr01 of Fusar1um roseum
. sp dianthi by Bacil]us subt111s Plant Dis. Rep 54 46 448, - - ..

'Alexander, M., 1961. Introduction to 5011 Microb1ology John H11ey and '

- Sons, New York 472 p.

Baker, K. F s 0. Matk1n, and L. H. Davis, 1954, Interaction of
~ salinity fnjury,: leaf age, fungicide applicat1on, c11mate. and :
- Botrytis cinerea in a dfsease cowp]ex of column stock s

Phytopatho]ogy 44 39 42. - L R

Baker, K. F., and R. J. COOR. 1974. Bio1og1ca1 Control of Plant :asi
Pathogens H H Freeman and Co .5 San Franc1sco, 434 P.

B]akeman. J P 1972 "~ Effect of piant age on 1nh1b1tion of Botrxtis
cinerea spores by bacteria on beet root 1eaves Physio] Plant o
Pathol. 143 152 _ . _ '

”B]oomberg, W N., 1965 The' effect of chem1cal ster111zat1on on the S
‘fungus population of soil in relation to root disease of Doug]as fir
seed11ngs. .The. Forestry Chron1c]e 41:182-187.

- " Bloomberg, N.‘J., 1973 Fusarium root rot of Douglas f1r seed]ings
_ Phytopath 63:337-341.

| B]oomberg w J., 1976. Simulat1on of Douglas f1r seedl1ng root growth
damping-off and root rot. Canadian Forestry Servzce Pub., BC-x-127. .
43 P. ey, - . Lo

. Chang, I p1n, and T Kommedah], 1968 Bio}og1ca1 control of seed]ing '
© . blight of corn by coating kernals with antagonistic organismsq g
: _Phytopathology 58: 1395 140} ,

A

- Cook, R. J., 1976. The oxygen ethylene cycle and va]ue of compost Soil
: Sc1ence 111 23 25, - , L o

'Garrett S. D.y 1956 Btology of Root-Infecting’ Fung1. Canbridge '
jUniversjty Press, London. | R

Hubgr, D M., R. D. Hatson. and G w Ste1ner, 1965 Crop"residues.

u.-"nitrogen, and plant disease. Soil Science 100:302~ 308

: Huber, D. M 1966 How n1trogen affects so11borne d1seases Crops and
..50115 Maga21ne April May - . .

78



Huber, D. M., G. A. Murray, and J. M. Crane;'1969 Inhibition of n1tr1f1-
cation as a- deterrent to n1trogen loss Soil Sci Soc of Amer1ca ‘
,Proceed1ngs 33 975 976, . :

o Iyer. J G., G Chesters and S. A. w11de, 1969. Recovery of growth
~. potential of nursery stock produced on b1oc1de treated s0ils. " S1lva S
.'Fennica 3: 226 233 ? , vl

'xyer. J. ‘6., -E. E. Schu'lte, and G, W. RandaH 1971. Re’lation between
- foliar compositmon of red pine and jack pine seedlmngs and bulnéra- -
. bility to Log;oderm1um needIe cast d1sease. Plant and 5011

35:213- 216 R Y L

" Kawamoto, S. 0 , and J. M. Lorbeer. 1976. Proteotion of onion seedi1ngs

: “from Fusarium o oxysporum f. sp. cepae by seed and soil 1nfestation with
Pseudomonas cepat1a. P]ant Dis. Reptr. 60 189- 191 ' , :

Lu, K. c., 1968. Effect of organic amendments -on soil microfloara 1n re]ﬂ-.

- . tion to Fusarium root rot of ponderosa pine seedlings. Western

| Forestry ana Conservation Assn , Western Forest Nursery Council Pro-
ceedxngs, p 40- 45, 7 . :

Maloy, O. C.s 1960 Phys1o]ogy of Fusarium solani f. ghaseoIi in re1at10n
to saprophytic surv1va1 in soil. Phytopatho]ogy*BO 56-61

“Marx, D. H., 1972 Endomycorrhlzae as biological deterrents to pathogen1c,
groot 1nfections Annua] Review of Phytopatho1ogy 10:429-454.

Merr1man, P. R R. D. Prlce, J. F. Ko11morgen. T P1ggott. and E. H
Ridge, 1974. Effect of seed inoculation with Bacillus subtilis and ,
itregﬁomyces gr1seus on the growth of cerea1s and carrots' Aust, .

Mitche11 R.»: and M. Alexander, 1962. M1crob1o1og1ca1 processes assoc1~
- ated w1th the usé of chit1n for b101og1ca1 contro] Proc So11‘Sci

= Soc Amer, 26 556-558

Newhook F. G,. 1951 M1crobio1og1ca1 contro1 of Botrytis cinerea Pers
I. "The role of pH changes and bacterial antagonism.” II. ﬁntagon1sm
by fun91 and act1nomycetes _Ann. App] Biol. 38:169-184, 185-202.

Newhook, F ., 1957 The relationships of saprophytic antagonism to _'t
ggn:;o]4g? Botr1t1s cinerea Pers. on tamatoes N Z J Sci. Technol.
3 ‘ . .

Sinc1a1r, w A., 1974 ‘ Deve]opment of ectomycorrhizae in a Doug]as f1r
nursery: I. Seasona1 characterist1cs Forest Sc1 20 51-56.

79



Sm11ey, R w -1975. - Forms of nitrogeh and the pH in the root zone and
“their 1mportance to root differentiation. :IN: -Bruehl (editor) _
Biology and Control of Soil-Borne Plant Pathogens. The American. -
Phytopath Soc., St..Paul, Minn , 216 p o et :

 switzer, G. L., and L. E. Ne1son, 1967. Annual soil analyses help matn-
tain fert111ty of tree nurser1es in w1sconsin Tree“Pianters'-Notes o
18:5-14, R -

Vaartaaa, 0 1967 Relnfestation of ster111zed nursery seedbeds by

""fung1. Can Jour M1crobaology 13: 771 776

: Hood ‘R. K. S , and M. Tveit, 1955, Control of p1ant d1seases by use  of
'antagonistwc organisms ‘Bot, Rev 21: 441 492 o -
' 'Zak B 1964 Ro1e of mycorrhizae 1n root disease. Ahn..RéY;aPhytopathOIOQy _

.80



" AN EXAMPLE OF BIOCONTROL OF STEM RUSTS OF CONIFERS:
THE PURPLE MOLD

Ed F. Wicker

INTRODUCTION

Suppression of native rust fungi throughout the world is-due, in part, -
to their natural. enemies which are primarily other fungi. Arthur

- (1929) Tists 37 fungi attacking rusts or living in intimate association
in vivo with them. One fungi, Darluca filum (Biv.) Cost., is '

‘associated with at least 71 species of rust in.Latvia along (Kirulis,

' 1942). However, of the many fungi known to associate with the rusts,

Tuberculina spp. are the most effective at inhibiting their normal,
growth and development (Tubeuf, 1901, 1930, 19365 Lind, 1913; Weir and -
Hubert, 1917; Wilson, 1925; Brooks, 1928; Deacon, 1939; Hulea, 1939;
Thirumalachar, 1941; Kirulis, 1942; Rayss, 1943; Keener, 1954; and -
Barkai-Golan, 1959).. ' o ‘

THE PURPLE MOLD

Among the first fungi reported associated with white pine blister rust .
~ cankers was the purple mold, Tuberculina maxima. This Deuteromycete
‘was described by Rostrup (1890). Tubeuf (1901) discussed the taxonomy-
and host range of the genus Tuberculina and reported T. maxima able to -
"destroy (control) blister rust of white pine". His observations
reported in 1914 did not fulfill their expectations. Lechmere (1914)
clarified the-1ife history of T. maxima and considered it a typical
example of double parasitism. He concluded that only the pycnia and
“aecia could be attacked; that the parasite cannot invade the pine
‘tissue itself and destroy the rust mycelium and therefore could not be"
employed as a biological control. These conclusions were based on only
a few observations; at least, no experimental data was given. Tubeuf
(1930) and Rohmeder (1931) concluded that one does good by using T.

maxima to combat the blister rust disease.

The purple mold was first reported in the United States by Weir and

" Hubert {1917) on native pine rusts in Montana. It was first found on
blister rust in North America on western white pine at Daisy Lake on-
the coast of British Columbia in 1926 (Mielke, 1933). Until 1932 it had
been found on this host only along the coast of British Columbia where
it also occurred on native Cronartium comptoniae on lodgepole pine. In
1932 it was found on white pine blister rust for the first time in the
United States at Newman Lake, near Spokane, Washington, (Mielke, 1933;
Hubert, 1935a), where the blister rust was first found on pine in the

- Inland Empire in 1928 (the rust became established here and at other
locations in the Inland Empire in 1923). In 1932 the purple mold was
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- found a1so 1n 1nter10r British Columbia on western white pine rust
cankers (M1e1ke, 1933) . .

Althouoh early observat1ons on the purp1e mo1d s ability to control the
rust on western white pine were not encouraging (Goodding, 1932; Hubert,
- 1932; Mielke, 1933), each of these early workers expressed the possib111ty -
that the mold could develop a strain that would be more virulent on the
rust. --In 1931, Hubert obtained a strain of T. maxima from Germany that
he hoped would control the rust heére as it had in some parts of Germany.
He inoculated rust cankers at two localities in Idaho, but by 1934 th1s
mold strain from Germany, as well as material obtained in British - .-

- Columbia n- 1931 and 1932 had ‘given unsatisfactory control resu1ts .
(Hubert, 1935a) . o _ o

jThe early work with T maxima on the rust of western white pine. as we11
as the European work on other pines, demonstrated the abil1ity of the
purple mold fungus to parasitize rust cankers. In the Pacific Northwest,
~ Goodding (1932) reported he found the purple mold "often completely .

- destroying ‘aecial production." Hubert (1932) stated, “Every canker’
showing purple mold gave evidence that aecial sporulation had been .

© " arrested." His concern was not with the effect of the para51te on the

rust cankers, but with its apparent inability to spread to enough cankers
to appreciably reduce rust damage Mielke (1933) stated, "The parasite
" attacks both pycnia and aecia of the white pine blister rust. In British

e Columbia it has been observed that production of the aeciospores ‘is

greatly reduced when the ‘ae¢ia are attacked and that death of the bark.
over the cankered area often occurs in a few years." In- Germany, Tubeuf
(1930) found by inoculation that T. maxima suppressed formation of aec1a ‘
and repeatedIy 1ed o the hea11ng of the aecial stroma in pine. =~ :

- In British Cqumbia Mie]ke (1933) observed that pycnia may be attacked
“throughout the entxre ‘Seasonal. period of their development,~production is
reduced, and a pycnial zone attacked one season usually fails to produce

- .aetia the following year. Spaulding (1929) observed in Europe, where -

" T. maxima occurs, that pycniospores are not produced in great abundance.
A study made at Oregon State University showed that an aqueous solution
- of the pycn1a1 fluid is an excellent medium for the germination of T,

- maxima spores (Mielke, 1933). 'Because of the preference of purple mold

on pycnia, he suspected that 1ts effect on aecial production was indirect.
He substantiated this by shaving off the outer bark of the parasitized ,
. portign of a stem canker and one month later observed T. maxima sporulating
. profusely on the cut surface. He interpreted this to demonstrate that the
-purple mold's mycelium invades the bark well beneath the pycnia and aecia
- on the surface. ‘He believed that th1s may explain why this fungus appears
S to hasten the death of 1nfected bark

:-'In a study of the fung1 associated with b1ister rust cankers of western
‘white pine, made in 1941 in the Inland Empire, Bingham and Ehrlich (1934)
f‘reported 24 different perfect and 1mperfect stages of fungi 0n1y one of



A, poténtial of C. ribicola by suppression of both pycnia and aecia

these, T. maxima, was considered to be parasitic on the rust fungus '
itself. The others were considered weak bark parasites or saprophytes -
which subsist on the weakened or dead bark of the blister rust cankers. -
. ‘These bark parasites starve out the rust by killing the cankered bark,
‘upon which.the rust fungus is dependent for its sustenance, while T. .
maxima parasitize$ the pycnia and aecia of the rust fungus itself .

. {Bingham and Ehrlich, 1943). Lo e T e

The published 1iterature, unpublished observations by professional
personpnel, and our field and Taboratory data from work initiated since
1965, indicate that the lilac fungus, T. maxima, is the most active °~ =
biological agent having a definite and demonstrable pathologic effect on
blister rust cankers. This imperfect fungus reduces the inoculum PR
i C production
and inhibits growth and development of the cankers, which results in o
- partial or, more rarely, complete inactivationof suth cankers.

Results from a survey in 1965 (Kimmey, 1969) showed that T. maxima was
distributed through the western white pine type in the Clearwater, -
Coeur d'Alene, Colville, Kanisksu, and St. Joe National Forests. The .
fungus was.actively fruiting on 24.3 percent of the active lethal-type
cankers. T. maxima fruits only on active cankers; it is not possible at
present to ascertain accurately its past occurrence on cankers. Aecial,
. production was reduced to 14.2 percent for the active lethal-type cankers
and to 5.4 percent for the entire lethal-type canker population.  This
‘was not entirely the result of action of T. maxima, but a large percentage

~ of it was undoubtedly associated with T. maxima infection, because the

fungus was fruiting on 1.4 percent of the cankers producing normal aecia,
39,7 percent of the cankers producing partial aecia and 25.2 percent of
active cankers. producing no aecia.- Our inability to recognize the
presence of T. maxima in the absence of fruiting certainly masked the
relation between this fungus and aecial production. -

7. maxima has not been reported in association with uredial or telial sori
of C. ribicola on Ribes spp. Tubeuf (1901) reported collections by - -
several European workers (Gobi, Frank, Magnus, Schroter, and Rostrup) of
Tubercilina spp. occurring on uredia and telia as well as spermogenia and
aecia of several rusts. However, in all cases where enough information is
provided to permit a check on the nature of the 1ife cycle of the rusts,
the collections of Tuberculina spp. reported in association with uredia
_.and telia were on autoecious rusts, regardless of whether they were
macrocyclic, demicyclic, or microcyclic. In these cases, infection by
.Tuberculina spp. may have occurred during pycnia and/or aecia production’
and remained throughout uredia and telfa- production. One collection - = °
listed by Tubeuf (1901) reports a species of Tuberculina on Darluca filum

- - (Biv.) Cast., another imperfect fungus associated exclusively with the -

- uredinales. Gobi (1885) reported Tuberculina spp. on Paris quadrifolia -~
. without finding a uredinales on the host plant. Undoubtedly a rust was
present, Gobi just failed to detect it. L ‘

*
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] have successfully {solated T. maxima from the discolored margin of,
. "dormant" cankers collected from the field during the winter months ~.° .
" (December-March). I know that T. maxima can overwinter on western white
pine blister rust cankers as spores, sporodochia, and as mycelium within
the pine cortex (Wicker and Wells, 1968). Continuous freezing for perfods
- up to 19 months does not completely destroy spore viability. Thus, T. . .-
maxima {s well adapted to overwintering in the imperfect state and viable
Tnoculum is available, under natural conditions, for invasion of blister
rust cankers any time the cankers are susceptible and the environment is .
. favorable. ~Also, reinfection is not necessary on an annual basis. These - -
data and our many field observations indicate that the mycelium of T. -
.- maxima does ramify throughout the cankered piné tissues and is not ~ -
restricted to the ‘aecia and pycnia as Tubeuf (1914a, 1914b) and Lechmere
(1914) reported. - T. maxima does not go beyond the rust invaded pine o
- tissue and, thus, does not constitute a canker and subsequent threat to .
the tree itself. - S . _ . o .

pycnia and aecia production. Non-fruiting cankers (juvenile or fruiting -
retarded) could not be infected even following scarification of the =~ .
discolored canker tissue with carborundum (Wicker and Kimmey, 1967). .~

- T. maxima canrdhly infect western white pine blister rust cankers durihg e

. .- Data from artificial fnoculations of blister rust cénkers:wfth_spbfe':~"

- suspensions of T. maxima both in the field and under controlled conditions .
in_growth chambers (Wicker and Wells, 1970) show the incubation period to
- be two-seven weeks for both aecia and pycnia inoculations. - The incubation
period is defined as the elapsé time between inoculation and subsequent
- spore production. Thus, the incubation period encompasses both the .
" penetration and infection periods. It is quite evident that T. maxima is
. capable of completing its life cycle in-a very short period. ~ '
. 1. maxima can be grown on a variety of artificial média. Investigations
‘of the nutritional requirement (unpublished) show that the fungus can
- utilize numerous carbon and nitrogen sources. There.are some it cannot -
- use and still others, such as nitrite compounds, that may even be toxic.

© ¢ The fungus grows exceedingly well in pycnia fluid, This fluid is known

to contain ammonia, 21 amino acids, inorganic phosphate, fructose, three .
{ acyclic sugar alcohols and inositol (Wicker et al., 1976), Growth of the
4 fungus is favored by a high carbon content; C/N ratios of 20:1 and 25:1

. (unpublished). = . . oo : L S

My investigations of the ecology og T. maxima have defined the tempera-
ture range. - Spores germinate at 5°C Wigﬁ_iittle or no additional ggowth.
:The thermal death point is between 25-30°C as no grogth'occurs at 30°C.

The optimum temperature appears to be between 20-25C and varies slightly
according to the medium used. Our studies of pH are in process and so =~
far we have grown the fungus on media form pH 3.0-8.0. The optimum is
around pH 5.0. - . ' o '
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During our f1e1d eva1uat1ons of cyc]ohex1m1de and phytoact1n as chemical
controls for the blister rust disease (1965-1967), initial observations .*
indicated that these two antibiotics were suppressing T. maxima. at the
concentrations used when applied directly to the canker surfaces. Our .
data from both field and laboratory studies confirm both -antibiotics

to be phytotoxic to T. maxima. When tested 1n vitro, cycloheximide
completely inhibited T. maxima -a 1-1000 ppm. * Complete inhibition
occurred with phytoactin at concentrations 70 ppm (Wicker; 1968).

-These data suggest that direct canker treatment using these two anti- - -
biotics may have been detrimental to blister rust control rather than
just ineffective (Leaphart and wicker, 1968; Nicker, 1968) . .

Resu]ts from histo]ogica1 study of the p1ne-rUSt T. max1ma assoc1at1on"-
- (Wicker and Woo, 1969; 1973) show that the effects of 7. maxima on the .
rust infected tissues of pine seedlings and tissue cultures are rapid, - -
lethal, and result in structural degradation.” Walls, cytoplasm, and
"~ nuclei of rust-infected pine cells are hydralyzed as ‘the mycelium of T.
. maxima invades them. We observed haystoria, hyphae, and sporgenous cells
of the rust to'lyse as the piné cells were destroyed. . T. maxima does . -
not attack the rust-free pine tissues in vivo. However, it can-establish -
“'parasitic and pathogenic relationships with rust-frée pine bark tissues
growing in vitro. We conclude from these studies that destruction of
rust parasitized pine cells by T. maxima results from the controlled
action of several enzymes (Wood, 1360} secreted by the 1ilac fungus.

" This enzymatic action {s directed at the rust parasitized pine cells

- and not at the rust organism per se. Thus, the mode of action of 1.
maxima is the enzymatic destruction of the food source vita1 to the
survival of the obligate rust organ1sm ,

Wickér and ‘Shaw (1968) l1sted $ix attributes essent1a1 to the success - -
of a biological control agent: ‘a) distribution which coincides with:

that of the target pathogen, b) ecologic amplitude sufficient to ensure
persistence within its suscept range, ¢) production of abuhdant inoculum
for establishment of epiphytotics, d) high infectivity, e} high virulence,
and f) an efficient mode of action for curtailing development of target
disease. [ would rate T. maxima positive for the first three attributes
~and negative for the later three. The purple mold has de1ayed damage by

~ blister rust and prolonged the life of afflicted white p1nes but it has

" not contro11ed the disease. :

Recent surveys (Powe11 1971a; 197lc) myco1og1ca1 co11ect1ons (Powe11
1971b; 1972), and personal observations indicate that T. maxima is well
‘ estab1ished in western North America on such rusts as Cronartium ribicola, -

. C. gmandra , C. comptoniae, Peridermium harknessii, and P. stalactiforme.

'».Ihere are undoubtedly other Uredfnaceous hosts for th1s fungus in North
merica ‘ _ :

-‘Tubercu11na maxima has been observed 1nfrequent1y 1n eastern North
-_America (Hubert 1935a, Hedgecock, 1935). 1In 1966, ‘T provided
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Dr. W. R Phelps, Rhineiander, W1sconsin, cultures of an 1soiate of the
"purple mold from the western United States. This isolate was used to
'successfuITy inoculate C. ribicola cankers on Pinus strobus growing in -
- the vicinity of Rhinelander. I personally observed these inoculations

“in August, 1967 and confirmed that T. maxima was established within the
“cankers. Since that time, the frequéncy of the purple mold is reported
to be increasing in Wisconsin and Minnesdta on native conifer rusts.
~(Bergdah1, personai communications)

Likewise, 1n 1967, T provided Dr. J W. Koenigs, Research Triangle Park, '

N.C. with cultures of a T. maxima isolate from Idaho to be used for -

inoculating C. fusiforme galls on southern pines. I have no information

" to confirm that the inoculations were ever made and, if they were, - -
‘whether they were successful. However, I am not surprised that the
‘purple mold was recently reported infecting fusiform rust galls on

N southern pines in North and South Carolina (Kuhlman and M111er, 1976)

: Tuberculina maxima 1s knoWn to infect €. ribicola cankers on whiteé pines

~ Tn Japan (Yokota, personal communications). However, I did not observe

. the]fgzgus to occur on the is]and of Hoppaido during my: excur51ons there"7
“1n 9 ’ o :

OTHER FUNGI AND BACTERIA

o The possibility that bio]ogicai components of the microflora of blister

- .rust cankers, other.than T. maxima, may have a pathological effect on
the canker has not overlooked. However, 1nvestigation of such has
~attracted even less attention than has T. maxima. While several fungi
are reported to inhabit blister rust cankers (Tubeuf, 1910; Posey and =~ =
Gravatt, 1917; Colley, 1918; Rhoads , 19203 Snell, 1929a, 1929b; Goodding,
1932; Hoi]enweber, 1934; Hubert, 1935a; Bingham and Ehrlich, 1943)
information on the nature of their association with such cankers is
essentially nil. There is a very notable void of reports of fungal
_ingazgtants of blrster rust cankers other than T. maxima, from Europe
an a. :

; On each of 13 sample str1ps examined during the1r study, Bingham and
" _Ehrlich (1943) estimated 0-14 percent of the rust-threatened trees -

~-, had beensaved through intercession of the canker fungi. They believed
-7 the smaliness of these percentages was due, in part, to the intense

“ -pine infection and the small size of the reproduction of the selected

. strips, where the proportion of stem cankers was particularly high.

Each such stem-cankered tree constituted a threatened tree, the deliver-

~* “ance of which could not be effected. This fact was well demonstrated in

" two 'strips where more than 70 percent of the potentially damaging branch
‘cankers were parasitized and judged dying but where only 0 or 2 percent
of the threatened trees could be considered saved by the parasitic canker
fungi where trees are larger or.the rust 1nfection not so intense, they
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concluded the tess numerous direct stem infections should increase the
effectiveness of the canker fungi in saving rust-threatened trees. . -
Their data showed that the percentage of canker paras1t1sm is dependent
more on age and stage of cankers than on intensity of: pine 1nfect1on

-On their 13 sample strips, Bingham and Ehrlich (1943) found aecial
sporulation reduced 5 to 60 percent by canker parasitism. They found

a high and significant degree of direct correlation.of aecia reduction
~with the percentage of cankers parasitized. Volume of aeciospores

is reduced more by parasitism than is percentage of-aecia; as l-year .=
sporulating cankers, which produce relatively small volumes of spores, -
were parasitized 32.5 percent while 3-year sporulating cankers, which -
produce relat1ve1y large vo]umes of spores, were paras1t1zed 57 percent

In recent years, field observat1ons and data reported by several workers
‘indicate an increasing: degree of natural inactivation of blister rust .
cankers:-on western-white pine growing in the Inland Empire. The - :
‘accumulated evidence that the microflora {primarily fungi) which inhabit
blister rust cankers may have an adverse effect upon growth and develop-
ment of-such cankers, either directly or indirectly, supports-this conclu-
sion.  Williams (1972) lists 49 different fungi inhabiting western white
pine blister rust cankers in the Inland Empire with both perfect and
imperfect stages of some being commonly encountered. Some of these .

are mere epiphytes;, some-are saprophytes, some are parasites,- and a few
are pathogens T

I have collected and isolated in pure culture ca. 120 fung1 and a dozen
or so bacteria from rust cankers in Europe and some 50 fungi and another
dozen bacteria from rust cankers in Japan.. However, to date, these

organ1sms have not been tested on blister rust cankers on western C
white plne : . A

AGENTS OTHER THAN FUNGI AND BACTERIA

Organisms other than fungi and bacteria are known to inhabit and/or

feed upon white pine blister rust cankers {Hubert 1935b; Furniss et al
1972). Numerous arthropods feed upon the rust structures or the rust-
infected p1ne tissues. Rodents, such as squirrels and mice, feed upon
infected pine tissues. A1l these agents effect some degree of biological
control of the rust and it is important that the1r ecological roles be
determ1ned and documented :

OTHER RUSTS
Biological agents associated with native conifer rusts have received

even less attention than those of white pine blister rust. Within the
-last decade, several excellent papers have reported on biological agents
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‘assoc1ated with rust cankers on hard p1nes in western Canada’ (Powell
1971a, 1971b, 1971c, 1971d, 1971e, 1972, 1974; Powell, et al, 1972). -
Byler, et al (1972a, 1972b) ‘reported on the occurrence and effects of . .
-.fung1 on western ga11 rust in California. . :

CONCLUSION

‘Within the past decade, America has experienced an uprising of pub]ic

. interest and concern relative to the utilization of renewable natural, =

resourcés, particularly, her forests. Consequently, social, economic,

. and political demands for maximum and efficient use of forest goods and

services to ensure the greatest public benefits have increased pro-
portionately.. Reduction of losses due to destructive agents, such as
diseases, 1s of maaor sign1f1cance in meeting these demands . :

It should be obv1ous by now - if, indeed, we 1earn from past mistakes - j"
- that the app11cat1on of single, specific measures .to reduce losses from
disease is seldom effective. What is needed for the future, in my

*opinion, are numerous and varied protective and preventative measures

that are integrated into forest management systems based on, the ecology
- of the forest’ area be1ng managed

1 be11eve it 1s the respon51b111ty of research forest pathologists to
develop these protective and preventative measures and to work, hand -
in-hand, with disease control specialist and forest land managers to
1ntegrate such measures with management systems

If the above phi]osophy is rational and has merit, then why do we:
continue to evaluate biological control measures with the premise that .
they, alone, must effect the des1red level of contro] before : they are
acceptab]e? _ e :
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. TREE GROWTH SUPPRESSION IN RESPONSE TO. -~
LONG-TERM LOW LEVELS OF 03 -NO,, AND/OR SO,.

_ Lance W. Kress

. Air pollutants usually occur in combination with one another and at
“rather low levels in the ambient atmosphere. The National Ambient Air
. Quality Standards (NAAQS) have been established based primarily on reports -
- of single pollutant effects (only California standards have considered
. 05 + 50, interactions).  When setting the NAAQS little attention has been
paid to the potential interactions of pollutants primarily becduse 1ittle -
-~ information redarding the effects of interactions has been available. The
" lack of adequate technology for handling and working with certain pollu--
tants in combination has been a major stumbling block, but récently instru-
mentation has become available that could be used in support of research
regarding the effects of several pollutant interactions to vegetation.

-~ Another major void in the knowledge of pollutant effects to plants -
- has been the failure to deal with 'the effects of long-term low-level expo-
sures. 1t 1s important to consider that the exposures must occur daily
without weekend breaks. Under ambient conditions, plants are usually .
exposed seven days per week, and sometimes pollutant levels.are even
-higher on weekends. e : S ‘

< When this investigation-was undertaken, the author was aware of -
“only one researcher ‘who had exposed plants to controlled pollutant levels
- for long-term (seven days per week) low-level fumigation. Barnes (1, 2)

exposed several pine species”to low levels of 0, continuously for up to
22 weeks and measured photosynthesis, respiration, and. some biochemical |
compounds. - There were no reports of long-term low-level eéffects to

~ -

:‘vegetgtion'pf mixtures of three pollutants. -

"-vLoblblly ptnév(Pinus taeda L.) and AmericahAsybamoré (Pféténuﬁ fff‘ '
occidentalis L.) were selected as the plant species for this study. Full-

' s1b1{ag§1ies of loblolly pine and half-sib families of sycamore were ‘

‘available. ) ST e

. The objectives of the study were: to determine if relatively .
ambient levels of 03, NO,, and SO, could cause .significant growth suppres-
_sions and foliar symptoms on sensitive and tolerant families of loblolly
- pine and American sycamore; and to evajuate the effects of three pollu- |
- tants in combination in long-term exposures ~---~ & basic study that had

never been accomplished for any. crop.-
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‘,MATERIALS AND METHODS

: bensitwve and tolerant fam1]1es of 1oblo1ly pine and sycamore were -
chosen based on earlier 03 screening studies. -Seedlings wére started from
seed.on a-staggered planting schedule so as to have. uniform aged trees
for each of three exposure groups. The seedlings were planted four per
pot in four inch pots containing a 2:2:1 weblite:vermiculite:peat moss.
planting medium, When the pines were approximately 2 weeks old and the
sycamore approximately 1 week 0ld,. they were exposed to the pol1utants din
_ one of three expoSure ser1es - ‘

| exposure number 1 ~ Control, 03. 302, or 03 + 502, ; '
exposure number 2 = Control, 0z, NO,, or 03 +.NO,; : C e
exposure number’ 3 - COntrol, 03. 03 + 502, or 03+502 + uoz. :

, Each exposure series ran for 28 consective days
© " exposyre ‘nimber 1 = Jan. 26 to Feb 213

" .exposure number 2 - Feb. 25 to Mar. 23, and

exp05ure number 3 - Mar 30 to Apri] 26, 1976.
The exposure ser1es were repeated in 1977 on new seed11ngs The.p1ants _
- were exposed for 6 hours per day. The pol]utant levels used sing]y and
1n combination were- 5 pphm 03, 14 pphm S0, and 10 pphm NOz

Prior to exposure, during the non-exposure port1ons of the day, and

- after exposure, -the plants were ma1nta1ned in a charcoal-filtered green-

- house, -under a 14 hr photoperiod " Lighting of 21,000 lux were provided -
by high pressure sodium lamps.’ Each pot rece1ved 1 gm of osmocote ferti-
]1zer and was watered routinely : : _ . :

: The m0n1t0rs used were: Bend1x chem11um1nescent for 03, calibrated
by’ the 1%. neutral buffered KI method; Bendix chemiluminescent NO,, cali-

- brated by a known leve] of NO; and Bend1x flame photometric total sulfur

. .anaIyzer for 502 that was ca11brated with an 502 permeation tube.

The exposure chambers emp]oyed a single-pass’ air systenm, draw1ng in

| ""charcoa1 filtered aif having a chamber residence time of two minutes. The

pol]utants were 1nJected into the intake lines just prior to their. entry
.1nto each chamber. “Pollutant concentrations were maintained at the
desired levéls by monitoring at plant height .and adjusting the flow of

- pollutant into the chamber. Lighting for the chambers was 30,000 lux

_ provided by high pressure sodium lamps. Environmental cond1t1ons were 25-
30°C and 70-85% RH. . : o . :

The seedlings were eva]uated for foliar symptoms prior to- the expo-

sure, at the termination of the exposure, and at two weeks Iater Height
growth of the seed11ngs was measured at week]y 1ntervals
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" RESULTS - LOBLOLLY PINE

_ 'J"SigquECant differences’ in height growth were noted between some
treatments, -and between the two families within some treatments. .Foliar

- damage ‘was Tight, but significant differences in foliar symptom response

. betweer treatments and between families within treatments were also not-
~ed. While the sensitive family exhibited greater foliar damage and great-
er growth suppression than the tolerant family, the actual amount of fo-
liar damage was not necessarily correlated with growth suppression when =
comparing any two treatments, especially within a family. e

~ The predominant symptoms noted were mottle and chlorotic spot, but
the amounts of each symptom varied with treatment and family, - The

- -sensitive family (4-5x523) exhibited the mottiing symptom for all pollu-

tion treatments. 1In 1976, ‘the chlorotic spot symptoms were common (but
“Still secondary to the mottling symptom) mostly on the trees exposed to
~ the single pollutant treatments.” In 1977, the chlorotic spot symptoms

- were predominant on the single pollutant exposures, while the mottling

symptoms were- predominant only on the”comb1ned_pol]utant_exposures;

) ‘ 6veréllg the average fo]iar'damagef(SGI)Efor:a,fam11y'né&ér.exceeded
1% of the potential maximum (approximately 40,000), although individual
~trees had up to 5% damage. e

.. Comparison of the tree height growth in similiar treatments across’
exposure groups demonstrated a tendency for height growth to increase
from exposure groups 1 to 3, but the differences were not sigriificant at
- exXposure termination for efther family. Therefore, Table 1 was derived.
by averaging all the similar treatments and arriving'at average growth
“suppressions’ for particular treatments versus the control treatment or. the
03 alone treatment. The 03 + SO, and.0; + SO, + NO, treatments consist-

- ently resulted. in significantly Tess growth than either the 0; alone or

-~ the control treatments. The sensitive family always exhibited greater
growth suppression than the’tolerant family in the 0; + S0, + NO, treat-

ments. - . . _ | » A RN
" RESULTS - AMERICAN SYCAMORE --

-~ - Significant growth suppressions resulted from some treatments in -
‘the almost complete absence of pollution induced foliar symptoms. The
effects were most prounounced in the pollutant combination treatments,
but even 03 alone caused significant growth suppression in some cases,
‘At the level used (10 pphm), NO, consistently had a stimulatory effect on
sycamore height growth. American sycamore also demonstrated a capacity

- for recovery of the pollution induced height growth suppression after

- removal of the pollution stress. T |

Foliar Symptoms

. A few foliar symptoms were noted in 1976. Leaf chlorosis and dis-
_tortion was common on all trees including controls. It was probable
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Table 1. . Height growth of loblolly pine seedlings (exposed to
g R ‘5'pphm 03, 14 pphm S0, and 10 pphm NO2 singly and
in combination for 6 hours per day, 28 consecutive
. days) expressed as a percent of either the control
5trees or the O3 alone exposed trees.

o .1976'Loblelly Pine Seedling Growth as Percent of
i Control During Four Weeks Exposure to:

7 Famiiyf'g‘ | 0315‘502 , N02 05 + N0, 0O +.502 0q + SO2 +. N02 .
4-5x523 95 84 105 90 - 78% 70%

| -14-s_x_s17_1 98 . 113 - 94 90 86* 88*

1 Average of 3 0, treatments
2 Average of 2 03 + 802 treatments

o * S1gn1f1cant1y different from the contro] at the .05 1evel

Loblolly Pine Seedling Growth as Percent of 03
Exposed Plants During Four Weeks Exposure to
(Average of 1976 and 1977 Data):

CFamily - S0, N0, 03+ N0, 03 +50, 0y+50,+N0,
4-5x 523 83 105 100 78% 74
14-5,x1517_ 160 99 o 85

o S1gn1f1cant1y d1fferent from the 03 treatment at the
.05 1evel :
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“that the symptoms‘noted were not actué]ly pollution induced. Typical
oxidant stipple or typical $0,-induced interveinal necrosis was never
noted. No foliar symptoms were noted for the 1977,equsures.

The sycamore height growth response to various treatments is shown
in Figure 1. In 1976 the 0; treated trees grew significantly less than
the controls and as another pollutant was added there was a further
significant reduction in height growth. The 1977 data match 1976 except
. for the controls. In 1976 all treatments were 1n identical chambers

.- (square), but in 1977 the controls were in a different chamber type (cy-

lindrical) than the 1976 pollution treatments. When all treatments were
- in the cylindrical CSTR chamber, the 05 exposed plants grew less than the
controls in 1977 also (Figure 2). , T

" DISCUSSION -

The data indicated that long-term low-levels of 05, NO,, and SO, in
combination were capable of causing significant growth suppressions fn
loblolly pine with minimal foliar injury, and significant growth suppres-
sions in American sycamore in the absence of foliar symptoms. The pol- |
lulant levels used were below the National Ambient Air Quality Standards
for each pollutant. The study also provided positive indications that
specific famities of loblolly pine were sufficiently stable to serve as
bioindicators of ambient pollution levels. . -

~ . The control treatments (in relation to the pollutant treatments)
exhibited significant variation from 1976 to 1977, The controls for

1976 were in a square exposure chamber immediately following a pollution . -

treatment, but for 1877, they were in a cylindrical chamber at the same °
time that the pollutant treated trees were in the square chambers. Fig-
ure 1 demonstrated the difference very well. The control trees were the
largest of the treatments in 1976, but they were smaller than both the 03
alone and 03 + SO, treatments in 1977, - The same phenomenon was noted with
the pine seedlings.  The data in Figure 2 demonstrated that when all the
treatments occurred in the cylindrical chambers, the control plants

were taller than the 03 alone plants..  Therefore, the growth differences

- between ‘the control treatments from year to year seem to be related to

- the difference between the square and round chambers. The cylindrical
.Charibers were generally up to 5C cooler and 5% RH higher than the square
chambers, but the major difference was probably in air exchange. The
total flow rate was set to be the same in both sets of chambers, but since
the cylindrical chambers were about twice as large as the square chambers,
‘the residence time for air in the cylindrical chambers was about twice
~as long. Mhether or not that was the reason for the difference is un-
known. It is possible that €O, levels were depleted in the slower moving
~air (by the plants) and thus became a 1imiting factor for photosynthesis.

'-:Prev1ous screening studies had demonstrated that the pines were much

. more sensitive to 0;in terms of foliar symptom response in early July .
-than atvo;her‘tjmes of the year, given the same aged tissue (5). In this
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" Figure 1 -
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Total height of both families (sensitive - 16-Syc-19 and
tolerant - 16-Syc-23) of sycamore exposed to various treat-

:3 ments at the end of the 4 week exposure period. The com-
parable 1976 data are shown above the 1977 data. All pollu-

tion treatments were in square chmmbers. - The 1976 controls

- were in a square chamber 6 hours following the pollution
‘treatments, and the 1977 controls were in a cylindrical
- chamber at the same time as the:pollution treatments.
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Figure 2.
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study, the most significant differences occurred 1n}exp05ures that

n ~occurred in April and May versus ‘February and March. - M"ased on these

results more significant growth reductions and greater foliar damage could
have been expected had the exposures occurred in June and July.

: .S1gn1f1cant growth suppressions (up to 453) for sycamore and 30h

- for loblolly pine were noted in this study, even though the pollutant
Tevels used were below the.NAAQS for each pollutant. The results of
studies Tike this.one must be considered when the NAAQS are re-evaluated.
Pollutants naturally occur in combination and the potential effects of
these combinations are probably more damaging than anyone ever realized.

A 45% Toss for .any endeavor (even if it has an exceptional profit-margin)-

would hardly be acceptable. The profit margin for most forest industries
~is rather Tow, and p0551b1y air pollution growth 1mpact has been.a major
reason.

- The. resUlts of th1s study provide considerabie evidence,in faVor
of the theory of hidden damage. Previous work has demonstrated hidden
damage: Treshow et-al. (7), Barnes (1,2), Tingey et al.(6), Keller (4),
and Houston. and Dochinger (3). However, none of. the previous reports
have examined growth under such closely controlled exposure conditions

. and reported such significant growth suppressions in the total absence

of foliar symptoms. Hidden damage has been demonstrated in a convincing
“manner by these results. Hidden damage should be considered as fact
rather than theory ’

It would be extreme]y d1ff1cu1t but 1nterest1ng to .carry these
‘results foward to determining the actual growth loss: of forest trees that
must be occurring due to ambient levels of air pollution. As mentioned
previously, the-entire forest tree improvement program in the South is
based upon realizing a 5% increase in yield; this study has demonstrated
that up to a 30% reduction in pine growth and a 45% reduction in sycamore
growth could be occur1ng due to the interaction of three major air
po]]utants

Th1s study 1s the flrst to. involve three major po]]utants in ]ong-
~term (7 days per week) low-level exposures, and to examine the growth im-

. pact of such exposures. These results must be considered in the establish-

ment of the NAAQS. It is unrealistic to base the standards on single pol-
Tutant effects when plants and people are constantly exposed to several
pollutants at the same time. These results must also be considered when
evaluating the economic effects of air pollution. Growth impact due to
invisible damage has the potential to be devastating. Trees appear to be
less sensitive than crop plants to most air pollutants in terms of visible
foliar damage. However, due to their perennial nature, they may be much
-more sensitive to the here-to-fore unappreciated invisible damage.
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HERITABILITY OF OXIDANT SENSITIVITY
C "IN LOBLOLLY PINE
~ Lance W, Kress =~
: In studigs of environmental effects (such as air pd]lﬁtion Stréséj o

on plants, minimization of plant to plant genetic variation must be con-
sidered. This is espe¢ially important in studies where a relatively small

- number of plants are to be examined, ' Substantial plant to plant variation -

within treatments results in a high coefficient of variation and can . -
effectively mask any differences between treatments. -Two ways of minimiz-
~ ing genetic variation are cloning (by grafting or rooting cuttings) and . .
by controlled pollinations to generate full-sib famijies. - ~ .- -

- The minimization of genetic variation is of paramount importanceé when
attempting to develop a bioindicator system for detection and quantifi-
cation of ambient ‘levels of air pollution.. A bioindicator system as
suggested by Berry (2) would supplement and in part replace mechanical )
monitoring instruments, and biologically demonstrate the effectiveness of -
. pollution abatement programs. However, the symptom responses must be unde
- . adequate genetic control to allow good repeatability of the responses.

.~ .The primary objective of this study was to screen sevéral full-sib -
‘families of lobTelly pine for sensitivity to 0, or NO, in order to ideritify
a sensitive and a tolerant family for use in sabsequeﬁt field studies ‘
‘utilizing open-top chambers at the Radford Army Ammunition Plant (9). A

- second objective was to attempt to determine whether or not tolerance or
‘sensitivity of loblolly pine to air pollution was a heritable charactér- -

Cistic. .

.~ MATERIALS AND METHODS _

.. Seeds of 18 full-sib families of Pinus taeda were obtained from _

‘Dr. Bruce Zobel of the North Carolina State University - Industry Coopera-

- tive Tree Improvement Program. The seéds were sown in a 2:2:1 by volume ‘
-~ weblite® (an expanded shale product of the Webster Brick Company, Roanoke, -
- Virginia):vermiculite:sphagnum peat moss potting mix. As the seeds o

-germinated, the seedlings were transplanted four/pot into .45 1iter

- plastic pots with the same potting mix. The trees were maintained in a

. greenhouse supplied with charcoal-filtered air, Supplemental lightinﬂ B
- was_provided on'a 14 hr photoperiod with high pressure sodium lamps which -
produced 21,000 Tux .(330 microeinsteins m-2 sec=1). Throughout the study, -
the trees were watered daily to saturation.” The seedlings were fertilized
with a single application of one gram of osmocote spread uniformly over

- the potting medium surface in each pot 2 to 3 days following transplanting,
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Dur1ng the summer. of 1975 and the summer and fall of 1976 four
trees of each family were exposed to varying amounts of 03 or N02 There
was a s1ng1e set of control plants for each of the two pollution treatments
occurring on a single day. To determine if secondary needle response to -
03 was relatively similar (among fam1]1es) to the response of primary
-.needles on the same tree the prev1ous year, some trees were exposed in
1975 and’ aga1n in 1976.

_ - Indoor exposure chambers were constructed as per the spec1f1cat1ons
of Heck et al. (6). The chambers were 72 cm x 72 cm x 75 cm high, drew

charcoal-filtered air, and emp]oyed a s1ng]e pass air system haV1ng a
chamber residence time of 1.7 minutes. The pollutants were injected "‘
into the intake air stream prior to its entry into the chamber. Pollu-
tant concentration varied less than one part per hundred million ‘(pphm)

{at 25 pphm) at p]ant height in the chamber. Ozone was generated by

. passing oxygen around an ultraviolet lamp in a water jacketed 3" x 9"

'glass -cylinder. The ozone enriched air was carried to the threé fum1~ :
gation chambers via teflon tubing and rotometers controlled the flow.
"The air inside each chamber was sampled continuously through a tube’ p]aced
at plant height, O0zone was monitored in 1975 with a Mast Oxidant .meter

(Mast Development Co., Davenport, IA, 52803) calibrated by the 1% néutral
buffered potassium jodide {NBKI) techn1que (14). 1In 1976, 03 was moni-
tored by a Mast Oxidant meter and a Bendix model 8002 chem11um1nescent
. ozone analyzer {Bendix Process Instruments Division, Lewisburg, W. Va.,

. 24970), and again calibrated by the NBKI technique. Nitrogen d1oxide was
obtained as bottled gas diluted in nitrogen (1.09% NO2), and delivered. to
. each chamber via teflon tubling and controlled with a rotometer. .The N0,
concentration was monitored with a Mast Oxidant meter calibrated by the
NBKI technique (approximately 10% efficient for NO7). The pollutant .

' concentrations in the chambers were maintained by mon1tor1ng at plant -

. height and adjusting the flow rotometers. The 03 and NO, levels were
-additionally spot checked occas1onally during fumigation w1th the NBKI
techn1que directly. -

~

Lighting for the’ chambers was 28,000-30,000 lux (420 460 microein-
‘steins m~¢ sec-1) at plant height prov1ded by high pressure sodium lamps.
Temperature during fumigations generally was 26-29C, but varied from 24-

. 31C depending on season. Relative humidity was genera]]y 70-80%,. but -

~ varied from 50-90%. Temperature and RH were generally higher in the c
‘summer months ' R PR ‘ ' o :

The trees were exposed beg1nn1ng at approx1mate1y 0800 and pr1or to
and after fumigation they were maintained in the greenhouse. During. all
phases of the study, the plants within any treatment replication were

" treated as uniformly as possible. Placement on greenhouse benches and
- .space assignment within the exposure chambers was completely random. -

" Control plants were treated identical to the exposed plants except that
‘zno p011utants were 1njected 1nto the chamber *
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Foliar symptom evaluations were made prior to, immediately following,
and 1, 7, 14, and 21 days following exposure. The control trees were
exam1ned flrst in-each treatment, and symptoms (generally none) noted
were considered to be not po]]ut1on related. When the 'same type symptom.

~was noted on exposed trees 1t was also cons1dered to be not pollution
re]ated un]ess the 1ntens1ty of the symptoms was drast1ca11y greater

The fo]iar symptoms noted were ass1gned the . fo110w1ng numer1ca]
value in an attempt to place.an. estimate of sever1ty to the p]ant

No symptom _
Chlorotic spot:
Mottie - '
- Chlorotic band .
Chlorotic tip. - . -
~Necrotic spot . -
- Necrotic band.-
Necrot1c t1p

chﬂ_hu&—ro

The sever1ty va]ue was mu1t1p1ed by the percent of’ the need]e affected
This yielded a symptom severity index (SSI) for each needle. In cases
where more than one symptom occurred on a needle, the one providing the
highest SSI was recorded. .[Each primary needle was evaluated, and each
fascicle 'of secondary needles was evaluated. The three needles within a .
fascicle were generally uniformly damaged, but in cases where they weren t,
the highest SSI value was recorded for the entire fascicle. The SSI' s
were summed for all needles on a tree and divided by the total number

of need]es (symptomatic and ‘asymptomatic) on the tree to yield an average:
tree SSI.  The possible maximum average SSI was 700 and was dependent on-
- needle damage severity and the percent of total needles damaged.

~An analysis of variance table (ANOVA) to test for differences in mean
SSI values between families in each treatment was generated using the
Standard F-test as performed by the Statistical Andlysis System (SAS) (1).
‘The results of these ANOVA tests were then used for the Duncan's New :
‘Multiple Range Test to determine which families were s1gn1f1cant1y '
d1fferent in each treatment at the 0.05 level.

RESULTS

The predominant symptom of 05 or NO exposure was a pigmented mottle
‘that was usually tan in color, bug occas1ona11y it was reddish or purple.
Mottling occured both abaxially and adaxially, but was more intense on

~ the adaxial surface. If the mottle was str1ct1y ch]orot1c, 1t was c]assed
as vary1ng percentages of ch1orot1c spot. . _ :

T1p necrosis was common on]y in the 15 and 25 pphm treatments.

Severely damaged trees-had over half of the need]es affected W1th some
'hav1ng half. of the need]es 100% necrotic.
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The average tree SSI s for 18 families 1n response to 8 treatments .
in 1975 and 2 treatments in 1976 are listed in Table 1. Except for both
replications of 10 pphm 03 and 20 pphm 03. family 6-13x2-8 always exhibited
the greatest amount of f0?1ar symptoms. - In all cases, family 6-13x2-8
sustained greater damagé than families 1nvolv1ng parent tree 504 (501x504, ..
529x504, and 540x504), and in all but the 10 and 20 pphm exposures, the .
difference was significant. In both replications of 15 pphm 03 and the
..9/3/76 25 pphm 03 treatments, 6- 13x2-8 ‘was significantly more Sensitive

‘than the rema1n1ng 17 families. On 10/14/76 family 6-13x2- 8 was signifi-
cant]y more sens1t1ve than 16 of the 17 remainlng families ‘

The objective of re~expos1ng trees in 1976 was not only to determ1ne

. if family responses were consistent, but also to determine if individual

*tree responses within families were consistent. Table 2 presents the :
average tree SSI values for individual trees of 7 of the 18 families re-
-~ exposed to 25 pphm 03 in 1976 compared to the 1975 responses to 20 pphm L

- 03. The seven families were selected to illustrate that within some

families the trees responded similarly relative to each other from year

T to year whi]e in. solie other fam111es they d1d not

. The results of the N02 fumigations were 1nconc1us1ve since few
"symptoms deve]oped on any of the families. Within families 6-13x2-8 . . .
and 4-5x523 in the 7/10/75 rep11cat1on of 50 pphm, one tree in each family
~accounted for over 95% of the average tree SSI. Two out of the four trees

" in each family had no symptoms at all. However, on the limited data

available, it appeared as though 6-13x2-8 was relativey sensitive to RO,

- "{as 1t had been to 03 } and that 540x504 was relative1y tolerant to ﬂOz KR
(as 1t had been to 03 , | _ | . o

Seasona] Var1at1on

: An appreciable var1at1on in the response of the trees occurired with

time of year. -As indicated in Table 3, trees were most sensitive in early

- July. Damage in May and early June or late July was considerably less. -
"The trees had been . produced by sowing seed on a staggered schedule so

that tree age over the different exposures was re1at1ve1y un1fonn

DISCUSSION

: The data indicate that it is feasible to use sensitive and tolerant
families of loblolly pine as bioindicators of ambient afr pollution.
- Based on foliar symptoms in response to 03, there is a good separat1on
between the most sensitive and the most tolerant families when either
. primary or secondary needles are evaluated, .While the NO7 screening data
~ are inconclusive, 1t does appear that some families sénsitive or tolerant
. to 03 are also sensitive or tolerant respectively to NOp and additional

-data indicate that the same s true for SO02 (9). .The finding that.

~ sensitivity and tolerance may be heritable should warrant further study

+ into . the feas1b1l1ty of select1on or breed1ng programs

106



*S31{twey thowe SadUSLASSLP

$3{poou AJefuod9s pado|aAap FuR pnNQ 3304Q $33J] PO-JvAA-{ 3JULS SNIM JO Jaquny
b} umwu YAONY wouj Burginsas aosueyd AQ Euidandao snieA 4 Jo3ea46 e 30 A3t1|1QegQouy

2

; - “swojdwAs 4RO OU PATLQIYLI JRYY S [IwWey JO Joquny .
.~L>a~ GG* 9Y) IC JUDLIIJLp J0U B4R J3TI3[ Swes I Aq pamo1io; uwniod Aue up sdNtep ,
*SU03IRIL [dsd OM] 40 $3BRJaA? 3ue puR $I|peau A4epUOIDS UD PIIDP| (0D 3JaM SaALeA 9//p|/01 Pue 92/E/6 1
‘§-2 X £{-9 A|lwej ueYy DALILSUIS $53| (a2} 6p°) AIuedijiubis sAeape ‘uydd gz pue gf 3o uuou.guon 464 3d3aox] ,
1600° 1000° 6669°  '626S° 681L°  10u0” 1600~ 1000°  €L10° 1060 R
_ g 0 6 ! 2 t o 0 0 ¢¥ Swoyduhs. oy
52l sy IR S e bt v-€ € £ (sam) oby salL:
8z 2y 29 6t %0 eQ eQ - q 1 R A 92 2qeztt 90 €25 X 9v§
»92 21 29 (L €0 oo oy Qlz WN\Sst 98 34 €8 q 2L €25 X ££5
il 2y > £f e &0 20 v P (S q 02 x4 06 q0 £25 ¥ _
8l 79 2 1 €0 0. eL ®%65 3P 62 - - 9.2 29000 © 9L €25 X 8l-¢
01 I > 4 €0 ®0 eQ 94 » 2 - 42 3 €l q0 L15 x S-¥i
24 2 2 2904 &0 g ®0 991 Iqegpe 90 21 9 NAUR T
Ll 5 ¢ - 39 91 %W e °0 q9€ ° 02 . 92 2944 q0 L1§ X 92§
£€ 22 39 £ &0 &0 v0 Al saepbz 9 02 qe/tl 90 ' L1§ X 525
€2 2 £ 92 €0 0 ey BUR 3pd  gf 95 q L q0 80S X £0S
»L1 "9 £t q 22 €0 %0 0 Q11 32 911 92 > ¢ q0 B0S X 00S
¥9 2 € 29 bt L D - 1} ©0 q.0 P 92 2.6 92z B0S X £-9
6 > ¢ > 1 80 | ) ‘90 % 26 90 299 9 W5 X 0p§
b 2 2 3 € €0 ! £0 q¢ 3 99 2 5| g1 Vs X 625
»§ 2 ¢ 3 ¢ 0 ® eQ qs. a3 | - Q£ 25 90 b5 X 10§
FAY qe5] 59 ¢/ W80 °g q 01 qepot - q.tl 3 6L . 0179 x2S
2l 2t S99 €1 ) £ €Q q1 3 €2 qt 3qeps 90 - 8i-p X £0S
€01 gl . B9y *0 1] 1t 911 R9/E - - 662 BSY2  R§/L 872 X {9
1S 2.6 33 6L W . e 24 g9 91 € Q¢ qegzz 9 vl . 82 X 0p-2
Hoowmmmmau_ \9L/PLI0L 9L/ mN\ma\h mN\op\h Sifzzir Su/wMfL o sLRlL swsllsule/e selzlt Ruwey
Sap abesshy . wdd 52 widd 5 wmad 0y s;;; Gl wydd gz wydd 0z wydd sz 0 wdd g wydd gz wydd gy
g _ - RS y g 404 €0 wydd 6z 4o .om “G1 03 pasod
~X9 mcﬁa xpwopao_ 30 mm_FpEmm wM ;ow (15S) xovcﬁ £3La39A8S. EounEhm 3343 mmm;m>< ‘1 9Lqel

107



’ TABLE 2. Averdge tree symptom sévefity.index
(s51) for fndividual trees-of loblally pine
families exposed to 20 pphm 0, on 7/14/7§ and

“then to 25 pphm 0, on 9/3/76. Family 6-13x2-8
ahd family 540 x 504 were most consistent in
Eeing most sensitive and very tolerant,

", respectively '

INa/75 - 973776

Family Tree . 20 pphm 25 pphm

. 613x28 V0 4

B 2 2 8
32 173

R | 4 4

240 x2-8 - ) 7 16
A 2.0 .8
3 29 o

S S I 18
846 x 523 ¢ ) 0 Sa

o 2 2. 15

3 2 43

I P 0 .10

. 6-1x508 ) 1 13
' 2 .3 7

T T 5

R ‘_4 g -20 _2
"53] x 517. ) 0. .

N L2 27 0

3 10 R

TR N 27 18

e x5 - T 8 4

R 2 ) 29

3 1 66

540 x 504 1 0 0

: ' 2 2 0

3 o 0

4 0 0

. %7°0f 18 families exposed were selected to .
1lustrate that withjh_some famiﬁies the trees

 résponded similarly relative to each other from

..yeprvto year, while i other famiides they did
not. o :
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. Part o. the usefulness of white pine as a bioindicator had been the
variabi11ty among clones in response to different pollutants (2, 3, 11,
13). One clone might be very sensitive to 03, but not to S02. Another '
might be sensitive to SOz, but not 03. Therefore, the bioindicator system
with white pine may be useful in determining what kind as well as how much
“pollution is present. -Some’ indication that this may also be true with
Toblo1ly pine was found in th1s study. Family 4-5x523 was not particularly -
sensitive to 03, but was ‘the most sensitive to NO Family 6-13x2-8 was
. sensitive to both pollutants. Additional researcﬁ has shown that 4-5x523

- was sensitive to 03, NOz, and S0p, while the rec1proca1 (523x4-5) was

sensitive to 03 and S0, ‘but mucﬁ less sensitive to NO; (9). This ‘type of
response, -if 1% can be developed and quantified, would add immeasureably
14'to the va1ue of a b1o1nd1cotor system emp]oy1ng 1ob1011y p1ne :

. . The tlme of the year effect was an 1nterest1ng but puzz]ing probIem
"1t has been noted by other researchers on several other species of plants
(5. 7, 8, 10). Peak sensitivity, holding age constant, usually 0ccurred

~at the end of June and the first: part of July. It .may. -have been. tied
~partly to age, day length, and RH in a field situation, but éven:con-
trolling those variables the difference still otcurred. - The dramatic
- differénce noted in this study may ve due in part to RH. During the

~ winter months -and spring months, it was difficult to mdintain high RH

" levels in the exposure chambers.  This effect may be very significant
in the field, especially near point sources. At times .when plants are
not in a sen51t1ve condition, the pollutant levels could possibly be .
h1gher without caus1ng sign1f1cant adverse effeots to the plants.

The. results 1nd1cate that sens1t1v1ty to. 03 may be heritab1e. and ‘
warrant further study into the feasibility of selection or breeding
programs. ~Amdng the 18 families tested, two involved the parent tree .

- 2-8 and three involved the parent tree 504, Families with 2-8 were

" usually moré Sensitive than families with 504. In overall ranking of

the 18 fami]1es, the two most sensitive involved 2-8 and three of the
four most tolterant involved 504. The parent trees have never been placed
under exper1menta] po]?ution stress, so the parent responSes are’ unknown.

Heir (15) pred1cted genetic gains of 26 to 32 percent (1ater adjusted

" - downward to. 20 to.26%) for mass selection among trees 1in the north coastal

. population (North Carolina).- In his summary, he stated that the potential
" for achieving greater genetic tolerance deépended on whether the response

. to acute ozone doses (which he used) was representative of the responses’

"to ambient Tevels, and whether there was an economically important growth
reduction assoc1ated with low ozone tolerance. In the absence of such
information he concluded that se]ect1on and breed1ng were not econom1callj

"‘_feasible at this, time.

: The current study has demonstrated S1gn1f1cant d1fferences in foliar
-rresponSe between families at pollution levels c]oser to ambient. Further
-work has demonstrated significant differences in foliar symptoms and signi-
ficant dlfferences in he1ght growth of two fam1l1es se]ected from th1s
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" study in response to concentrations of 03 NO2, and/or SO below the
- National Ambient Air Quality: Standards. Add1t1ona1 work with open- top
- chambers has demonstrated up:to a 40% reduction in height growth of an

- 03-sensitive family in response to ambient air pollution in the absence

- of foliar symptoms. Dorman (4) has stated that "Breeding for resistance
~ to minor pests may not be Justified at this time because more 1mportant

~ traits for yield have h1gher priority, but it would be wise to ‘insure
that breeding does not increase susceptibility to minor pests.- Should
‘this occur, losses to minor pests could offset some of the gains from
improvement of other trains." In the opinion of the authors air pollution
is morg than a minor pest. The authors have reported. up to a 40% height
growth reduction due -to ambient levels:of air pollution and Phillips

et al. (12) have estimated-45% radial increment growth reduction in
loblolly pire. However, even if air pollution is to be considered as a

. minor pest, tree improvement: scientists..should be cautious about select1ng o
‘ _unknow1ngly for sens1t1v1ty to air po]]ut10n :
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- DISEASE CONTROL QITHE‘MODERN NAY
R ‘erné1m husse111

MikeYSrago2

.A short d1a109 expoSIng the 1ntr1cas1es of FIFRA and other acronyms

CHARACTERS, Phe111nus P. Weirii, "Phel” portrayed by Ken Russe]], a

SCENE:

Phel:

Phome:

phet:

Phome:'~

Phel:

Phohe:
Phe]f**'

' ‘Phomei

.. hardnosed pathologist employed by ‘the State Department of
. Natural Resources, Protector of Water, A1r, Soil ‘and
' Genera] Overseer : :

: Phomops1s Smith, "Phome" portrayed by‘M1ke Srago a frustrated
- self-educated nurseryman employed by the Cut & Scram Timber
F-Company, ]oca]ly ‘known as C&S. : _

: Our d1scuss1on opens in Phe] S lab where Phome has stopped
to .find-out how he can control the epidemic of droopy twig

_ eit.on his Douglas-fir seedlings caused by the fungus
';f,Bas1d1oascus twospore

'“We11 Phomops1s Sm1th He]]o therel How does your garden grow
- today7 o

_hOh man, “do I ever. have a -problem. I've got 23.6 million 1-0
.~ Douglas-fir seedlings that will probably die by Monday if I
. idon t spray them by the end of the week They look terrible.

.D1d you. br1ng a samp]e7 :

Yeah here.

(Peer1ng under microscope) Hmmmmmm' They ve got the gascutis

(A T. Childs concoction) all right! It's droopy twig, caused

by the fungus Basidioascus twospore. Here Phome _take a Took
.'(Phome peers under the scope, too).

. 0Oh, I gotta spray tomorrow for sure.
j:well wa1t a second ‘What are you going to use?

'-I bouoht th1s methy] peroc1detyl alkaline bichloride fungicide
' commonly called Zit.  I'm going to use that. The salesman

said it was good for everything from mule's ear to wind suck.
He said it even controls fungus diseases, too! I read the label,

but I didn't see droopy twig on it anywhere, but that's OK.

113



The 1abe1 says to use Zit at 12 1bs/100 ga]]ons of water for
mule's ear so I'm going to increase the rate to 48 1bs. of Zit

L for droopy tw1g just to be sure of goad control.

' Phel:

: .Phomé.':.

* Whoa - wait 3 ‘minute Phome. That s a bunch of zit! The regu-
- 1at10ns won 't allow you to do that.’ g

:hRegulat1ons what regulations? I read the label! Isn't that

' en0ugh? It says in big letters DO NOT APPLY OVER WATER. Since
Iw going to app1y the stuff with a helicopter, I'11 be real .

' zcarefu1 - I'11 instruct the pilot to go over our ‘creek extra

'rf_;fast ‘That way only a small amount will go into the creek.

’ yBesides, 1t_11 wash downstream after a few hours Non t bother'

'--Fus any

'APheta’f7
- .~ you about the new approach to controlIing your disease. Ne

Uh - Phome? 'Have you got a little tfme? f 'd'1tke to talk to

; ',must fo11ow the procedure.'

 Phome:.-

- Phel: ..

Phome:’

Phel:

_‘,Sure we ve: got to 1ook out for- our environment now, but don t
. ;forget about my droopy twig : : .

,Do you have an operator s 11cense to use Z1t?

" No,. who needs that? Ne re so far out 1n the brush that the
:;bartender is a sasquatch - . S

Well, you must have an operator s 11cense to use Zit 1n your

. operation There are some other prob]ems in 1ts use. but we'll
- cover that 1n a m1nute B . . :

.‘,ffThere is a course go1ng on now at the Department of Natura1 _
" Resources, Protector of Air, Water, Soil and General Overseer's

‘office right now. I want you to attend. You'll have to study,v;
“and there will be a pop quiz at the end to certify that you - -

- . know your stuff. If you pass the test, the State Dept. of

-~ Agriculture will grant you your operators license. You'll
“learn ‘about the Federal Law governing fungicides, and how it

'{ﬁ'v:affects your-way of doing business. Further, you'll see how
' the State functions fn the process, too. .You'll also find out .

h'Phoneiuf

CPhel:

' Phohe;

. . that there are several different kinds of pesticide licenses.
.Mine, for example, is a Public Consultant's license. I cannot

prescribe for anything but fungicides because that is what is
stamped on my license. I could be held 1iable if I strayed off
‘course and someth1ng went wrong with my recommendat1on._

'How, what s. th1s world coming to?

) 'Somebody 3 a1ways Tooking after you, Phome., By the way did-
1,;*you eVer hear of FIFRA? L _ - ‘ :

;;Who s<that? -Yournlatest gir]?
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Phel:

... Phome:

.f”‘“.Phei;'-

' : No, no, that s a Federal Act designed to protect the “user"
~ and the ”usee" against accidents with pesticides. It also

provides many other officially sanctioned methods of dealing

' “with fungicides, 1nsecticides and rodent1c1des

-AOnly Act I m familiar with is the Sex Act, and it general]y

doesn t prov1de against any accidents.__%_;

- Uh, yeah well let me tell you about FIFRA and how it will affect
‘*our treatment of your droopy twig. Let's start with ‘the Feds

:*f‘ and work our way to the State.

"'(Description of Laws on pesticides fol]ows )

ﬁ“fnLet s go back a few years. The first Federal Insectic1de Act

“was passed in 1910. It provided protection for farmers against

adul turated or misbranded products. It was buyer beware before

'Lithat.“ - 4 S .
I 1947 the first Federa] Insect101de, Fungicidesand Rodenticide

- Act'was passed. That's FIFRA, -Phome, not my girl. : The Act
7. placed the burden of proof of acceptability of a pesticide on
- * - the manufacturer prior to marketing it. The user, consumer,
7 and the public would then have protection egainst potentially
*‘;T“dangerous pesticides ' _

A year later. minimum to]erances were established for- pesti-

. cides, ' Thelr registration was on the basis that either no resi-

... due remained or that residues were declared safe.

”In 1961 more protection clauses were written in for fish,
_;wiid]ife and environment. Eventually, concern built over the

e continued use of persistant. pesticides. This concern probably

“helped push development of the newer law. -With the advent of

.'-EPA 's establishmént in 1970 the modern day FIFRA evolved.. The

1972 act required all pesticides be registered and toierances

B " hazardous to environment, flora, fauna, etc., be accounted for

and established. - The act itself is only 22 pages and 27 sections

" long, Phome, but. there are hundreds of pages of regulations

'_Phome;',

| “Phel:

oo and guide]ines that dictate specific enforcement procedures
;It s not as 1ong as’ this scriptI | | |

S In 1975 additionai amendments to FIFRA were signed into ]aw.
~ . The amendments were mainly for c]arification of original '
'-.congressional 1ntent. . .

:I N skim through those sections briefly for you Phome. to put -

- the whole- thing in- perspective N

'”Section 3. Registration of. Pesticides - All pesticrdes must
. bé registered with EPA. Some were previously covered by State

' ~:gfaUth0P1ty only There is an exemption clause under an experi-
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" - mental use permit This section tells how data to support y
~.registration is handled, denial procedures and c]ass1f1cat1on
' (general vs. restricted) of pest1C1des

Sect1on 4. Restricted Use Pest1c1des Certified Appl1cators -
Under this section the Tawmakers recogn1zed the need for separa-
tion of highly toxic from more general pesticides, Phome. They

call the toxic ones Restricted Use Pesticides. You must be
certified and highly trained to use them. States handle the

| - . training and individual State programs must follow prescribed

standards which are dictated by the EPA Adm1n1strator we'11
talk more on tra1ning later.

Another important part of this section is to make ‘sure the

. States provide Integrated Pest Management techniques in appli-

cator certification programs. Training is done under_section'

23(c) of the Act.

Section 5. Experimental Use Permits - This section a110ws

. experimentation and development of new products. It includes
-the setting of temporary tolerance levels if they are needed
-and adherence. to details in the previous section. Public or
L private agrieuitural research agencies, laboratories and univer-

. sities may secure an experimental use permit provided.the pesti- -

- cide under investigation is used for experimentation. I have
used these permits several times, Phome. In one Christmas tree
- disease application the State Dept. of Agriculture issued my

permit restricting me to.under 10 acres for treatment. .They
required a tetter from me identifying the pest, pesticide to be
used, proposed treatment and spray schedule. We could spray

. your trees under this Section, Phome. One time, I was able to

get a State experimental use permit with only a three day notice.
Federal permits for a restricted use fungicide would take much o

- longer. Let's come back to this Sect1onv1ater, Phome, to see
: _how we handle your spec1a1 need ,

- Section 6 Adm1n15trat1ve Reviewz Suspen51on - Reg1strat1on '

of a.pest1c{a“‘1s cancelled 5 years following date of regis-.

- tration or dny five year peériod thereafter, unless the regis-

trant requests’ cont1nuance., Things aren't permanent anymore

R 1”Phomeg and that s for the good!

~Phome$-
' - "EstabITshments" :
Phel:
. "Estabeshment“

Sectxons 7 8, 9 & 10 deal with Registration of Estab11shments, o
Boaks and Records, Inspection of Establishments, etc., and

‘Pratection of Trade Secrets. These rules have more to do with
o tﬁe Pest1c1de manUTecturers than us, Phome '

Has a 1ot to do with me 1f they require 1nspect10n of

Uh No Phome, they re not referr1ng to that kind of
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Phome

- Phe1

on! o
Sectlon 11 deals with Standards Appl1cab1e to Pest1c1de

- Applicators. This requires commercial operators to have separate
.- - standards from private appiicators. For instance, 1f you were '
- a commercial applicator, Phome, you would have to keep records
. on pesticides such as date, app11cat1on rate and other data.

f"Sect1on 12, Un]awfu] Acts conta1ns the "no, no's".  This 4
. covers things e repackaging, non- tasty coloring or °

dssueing restricted use pesticides for an untrained user,

. plus many others. A classic example is the time I was called

.- out to.look at some riysteriously dying westert hemlock in a

+." ’back yard, Under the hemlock were some fenced in pigs who had

-done a lot of soil damage. Everytime I tried to diagnose the
.cause I kept coming back to the pigs. I just knew the pigs
e gouldn t have killed the trees because there was no direct
- damage . o .

- F1na1ly. in desperat1on, I.asked the lady. w1th the problem, .
... 1f anything had'been applied to the trees or near them. "
.. After some hes{itation she said "Well, her hushand had brought .-

home some white stuff in & can. from work which was given to

- h1m by ‘one of his buddies who said it really worked. He used it
“1in the back yard to kill salal." (The hemlock trees were about

" Fifty feet from the salal. ) Now we are getting somewhere, I

thought, and I felt the pigs were off the hook. Her husband "

- --had sprinkled the white pellets 1iberally around the salal,
which was readily killed and the winter rains later washed the

. dissolved pellets into nearby trees downslope. The substance

xr;was pi¢loram, a very potent and persistant brush killer to be

used only by highly trained personnel. Once the nearby trees

- picked up 1ethal doses, the chemical was transferred by

" "“flashback" to other trees nearby. Nearly the whole stand was.
- killed.- A sad case ‘through careless use of white pellets in
. ;untrained hands from an unlabe]ed coffee can, all 111ega1 of

- - course, . : ,

fi"seCtjon'ISICbVérsest°p'sa]e: Use;ARemoval and Seizuregkf

" Section 14 covers Penalties. It could cost you money. Phome,
“.1n the form of a fine (up to $1000) if you app11ed your Zit with-
-'j“0ut a license or its proper registration.

3 fSect1on 15, Indemn1t1es Th1s section helps pay for pest1c1des
- a distributor might be stuck with if they are found hazardous
'e'oand pulled off the market - :

.Zisect1on 16. Adm1n1strat1ve Procedures - Jud1c1al Review is
- concerned with all the legal stuff such as hearings, time

- periods, etc., necessary for any ‘change in reg1strat1on

. status of a pest1c1de St A
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Section 17. Imﬁorts and Exports - The orly requirement

under FIFRA for export is that Section 8 Records, be

‘followed. A1l other adherences must be’ requirements by

the purchasing foreign country. Foreigh governments are
notified of cancellations of pesticides through our State

.-‘: Department. The 1972 law is a 1ittle weak here,

",'Section 18. Exemption of Federal Agencies - Your droopy

‘twig problem could come under this section Phome, but I'm

~_.afraid the problem isn't big enough or a real emergency on

:‘:Phomef

Phel:

Phoﬁe:of

Pheif:"

Phoﬁé;

Phel:

“a large regional scale. For example, a "Section 18" was done
" "on the 1974 Douglas fir tussock moth problem in Washington
.- and Oregon when DDT was authorized through the EIS process.
Also, there is a considerable time constraint using Section
- 18 which would cramp your style, Phome. We would have to

begin detailed preparation up to six or more months prior to |

-spray. No Monday morning spray, Phome fo]iowing a Tuesday

previous awareness of a probiem.

‘What can I do? - _ A
* Hold on just a b1t and we m get to that.
dMy trees might die before you get there' |
»Section 19. Disposal and Transportation - Estab]ishes

~ procedures for storage, disposal and transportation of
A'packages and containers of pest1c1des They are very strict.

" Does that mean I can't toss my old pesticide cans out by the'
- creek anymore? The water takes all the material away and it

doesn t bother us at all.

1 d1dn t even hear that, Phome, uh, 1ets % on.

o Section 20. Research and Monitoring - Exp]ores research to

develop a1ternat1ves to chemicals such as biologically
oriented control.  It's usually done under contract to

" universities or other agr1cu1tura1 research organizations.

Likewise, monitoring of air, soil, water, man, plants, and

animals fbr adverse effects from pesticides is done.

Section 21, Solicitation of Comment, Notice of Pub11c

,Hear ngs - Before reaulations are pub]ished under FIFRA

the Views of the Secretary of Agriculture must be notified.

lThis is where scientists, farmers, farm organizations and

other qualified persons prOV1de input before regulations are

‘published. Notices are published in the Federa1 Register

in time1y fashion

Section 22—24 These are the most meaningfu1 sections of the
" FIFRA act for us, Phome. Here's where a great deal of
.authority transfers to the State. Section 22. Delegation
.. and Cooperation ~ Delegates authority to the State.
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j.Phome:<

~Phel: -

Section 23. State Cooperation, Aid, and Training dictates
that EPA enters cooperative agreements with States for

~ enforcement of regulations of FIFRA. The States provide the
‘training needed to qualify pesticide applicators and

consultants. The help of the Cooperative Extension Service

is also enlisted to assist in training of farmers of :
accepted uses. This is where our licenses come from, Phome.

That all sounds complex at first, but now I'm beginning to

~see why. TI'll be their star pupil at the training session.

But what about my droopy twig? I still don't have a
solution. =~ '

Coming right up Phome.

Section 24. Authority of States Part (c) - Provides a lot
of help-and is probably one of the most used sections of

'FIFRA. Remember 24(c). It can bail us out under many
~circumstances. A -

:In-ESsénce,fthe States regulate the use of the pesticides

while working through the FIFRA law and using its regulations.

- Section 24(c) leaves us with a possibility with your droopy
~twig, Phome. It says that the State may grant a supplemental

label for a Special Local Need (SLN) but the recommendation

-must come from a recognized disease specialist or researcher.
"Hak Koff", that's me, Phome. ' '

'Sometimés'research.may not be required. There is one
- important fact to remember though. Someone has to accept
- Hability for the special labeling. The manufacturer almost

always does this, but it's often up to people like us to

- point out the need. Usually, agencies don't want the
1iability imposed by the registration. Occasionally, an

agency or company may accept the liability but the pesticide
manufacturer must agree to it. I have an example or two I

can show you. -

remember that the chemical companies are skilled at processing
them. In extreme emergencies they can be processed quite

Remember the 24(c) proviéion and the SLN 1abé1 and also

‘rapidly - sometimes in as Tittle as a few days.

By comparison, a Federal permit could take 5 or 6 years.

“The SLN label must also tie back to pathogen by species and

- ~the hqst. . .

3 COmh]ete health risk ané]ysis must be done if the compound to

be used is. highly toxic. Usually, 24(c)'s are issued for
fungicides that have had considerable testing and long use

~on other pathogens; their safety hazard is low or average .

and the Tlabel is for an additional disease it has not been
tested on.
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"Well, we've just about covered the FIFRA Taw except for the
last three sections; 25 - Authority of Administration, 26 -
- Severability and 27 - Authorization for Appropriations.
- Section 25 describes the procedure for preparing the regula-
_ tions including the required timetables. There is also
" provision for a Scientific Advisory Panel that reviews and
comments on impacts of pesticides on health and environment
~ following proposed action under the regulation time table.

-~ Now lets deal with your poor Douglas-fir seedlings. I've
done some work with Zit on diseases similar to droopy twig,
Phome. It is a registered fungicide now. I suspect it will
‘work on preventing the disease on more of your seedlings.

'We must do something qu1ck1y Remember, we work through
. the State on this. 1'11 write a letter to the State Dept.

~of Agriculture and will phone at the same time. They will .

probably issue an experimental use permit based on my -

. "experience with the fungicide. We could have the permit
‘through the State Dept. of Agriculture by next Tuesday. We
will make three applications of Zit at the standard package
recommended 12#/100 gallon rate plus a good spreader*stICker

-~ and carefully observe our resu]ts ‘ ‘

S We must 1eave a small untreated patch as a control. Dur
“.results under this test will then form the basis for a '
- 24(c) label application we can apply for next spring, prov1ded
.. our- treatment is successful. If everyth1ng works we won't
have any d1ff1Cu1ty Uh, by the way, you'll have to be licensed
to spray so we'll have to f1nd a cert1f1ed operator to do it
the f1rst t1me :

Phome: =Anw-

Phel: Congress and EPA have been work1ng on a new FlFRA for. many
" - months and it was signed into law by President Carter on.
. September 30, 1978. The new Act won't be printed for awhile
~ but the Senate Conference Report (95- 1]88) g1ves deta1]s of
all of the changes made to FIFRA.

" Lets take a 100k at the charnges because they ‘make FIFRA a
. much easier law to work with, _

STATE AUTHORITY '

- Most 51gn1f1cant in the new Act is the enhanced authority of
the States over the program. .

F1rst there are eéxpanded cond1t1ons for add1t1ona1 uses qf
o federa11y registered pesticides which may be issued under :
. 24{c) by the States. Changes will allow the State to better

"~ . meet. special 1oca1 needs if reg1strat1on for such use has
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" fot been prev1ou51y denied or cancelled by EPA. Related to

~this, is the minor use issue which has been a problem with
"FIFRA ever since the 1972 amendments. It concerns h1gh

. va1ue crops requ1r1ng sma11 amounts of pest1c1de

A typical example is the southern forest nursery industry

with 1,300 acres of seedlings valued at $13 million. It

~ costs on1y $75/acre to control weeds with herb1c1des, but
- 'w1thout them weeding costs would be $700/acre.  Pesticide
“manufacturers are reluctant to consider the small user,

~ because of low profit potential. The new Act resolves this

-~ critical problem. : ' '

EPA is -required to make standards for mihor uses commensurate . --
" with anticipated extent of use, pattern of use and degree of
. potential exposure from the pesticide being considered to

~ humans and environment. In the development of the standard,

" EPA is to consider economic factors of potential national

- volume, distribution and impact of cost of meeting all"
requ1rements Thus, incentive for produc1ng minor use

un_pest1c1des will not be destroyed

Second,. the States also will have important new enforcement
~authority. Those States with cooperative enforcement

. agreements will have primary-enforcement respons1b111ty
. under the Act '

;Th1rd Congress will prov1de each State or Indian tribe up
to 50% of the anticipated cost for conducting app11cator

: _tra1n1ng and certification programs.

.'REGISTRATION AND REREGISTRATION

There are other 1mprovements under the comp]ex registration
" process. The old process has stalled registration and
reregistration of some 40,000 pesticides. A Conditional
Registration amendment has been provided in certain situations

. To greatly alleviate the congestion even though data collection

required for registration or reregistration is not complete.
Safeguards are included to protect the public interest. This

7 authority will be exercised on a case-by-case basis. It

should avoid leaving certain crops in a no man's land when a
_serious pest threatens and a]ternatives are not available.

B Second EPA can now classify for Restricted or General Use
_.currently registered pesticides without waiting for the drawn
out process of registration. This makes it easier to imple-
~ment existing law requirements which 1imit use of restricted
pesticides to certified applicators.

Third, the revision provides relief in the controversy manu-
facturers have whose test data is used by competitors for
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registration of their data. There is now compensat1on
.protection of all test data for 15 years. There are additional
“protection amendments for companies which Representative
~Tom Foley (Washington) says are among the most important
_refinements to FIFRA, They will promote safer and more
effective pesticides and stimulate a flow of new research
providirg new basic ingredients.

Fourth, ‘there is also relief from the RPAR process. Thénk
- heavens. Phome, have you ever heard of this process? -

Phome: = Yeah, I did'tht just after I got up this morning.

- Phel: . No, not that! RPAR stands for Rebuttable Presumption Against

‘ -Registration. 'RPAR's are initiated for a given pesticide
when certain criteria in the FIFRA regulations are exceeded.
These inglude human health hazards and unacceptable ‘environ-
mental impact. -When a pesticide makes the RPAR Tist it
means the manufacturer must show cause or “rebut" why the

- pesticide should be registered. RPAR's may be initiated -
against either currently registered pesticides or a new one.

Under the amended FIFRA, pesticides will not be subjected
to RPAR until substantial evidence is presented raising
_concern of adverse risk to man or environment. Notice of

- such evidence w1l1 be pub]ished in the Federal Reg1ster

In order to minimize the process, EPA will develop sc1ent1f1c
- protocol for the development of human exposure data. EPA
will then work with the registrant to assemble, co11ect,
evaluate and weigh data prior to initiating RPAR. A risk-
benefit evaluation will be made. If humans or énvironment
are not at risk or exposure is minimal RPAR will be fprgone
and registration will continue. This is quite an improvement,
as 1t will now take significant evidence of hazard before '

, 1n1t1at1ng RPAR, A

COMMEPCIAL APPLICATORS

- New penaTt1es for v101at10n of FIFRA by commerc1a1 applicators
while using pesticides will be in force. First offenses .
will no Tonger be just a warning, as under current law, but
will hit the pocket book in the form of fines of vary1ng
amounts depend1ng on the 1nfract1on ,

”There are also some changes with regard to 1nspect1on of books

‘:i-and records. Owners must be notified in writing 1nc1ud1ng a
statement as to whether a law’ v1o1at1on is suspected
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-~ MISCELLANEOUS

"”Othér‘changes include provisions relating to use of a registered 1.

"_pesticide in a manner inconsistant with its labeling, the use
-of a pesticide at a stronger concentration than that on the
-label, requirement for a study on pesticide application methods,

ﬁ - arbitration procedures to resolve disputes on data requirements,-

- ‘walver. of data requirements pertaining to efficacy, changes’

in classification from restricted to general use, changes in
effective dates for certain required actions and provisions

"'a»rg1atti to experimental use petmits and pesticide research.

No doubt of ‘considerable interest to Canadian friends are
the new conditions imposed on pesticides and devices

'_*1ntehded for export. These conditions will allow foreign
. countries to be better informed concerning US manufactured
~ pesticides.. o T T T

In addition, FIFRA has a built in Sunset Provision. Fach
year EPA must seek an extension and justify to Congress .- . :

" activities 1t has taken during the intervening period. - In

this manner, problems that arise during the year can be

‘U;»‘reso1ved-thnough an oversight process.’

" One of the new FIFRA sections (28) IDENTIFICATION OF PESTS;
- COOPERATION WITH DEPT. OF AGRICULTURE'S PROGRAM will undoubtedly - -

filter down to many of us scientists and specialists rather

" soon.’. This section states that all pests that must be

hrought under control are to be identified. Some of this -~
has been done all ready for the Pacific Northwest, at least
in broad categories. EPA and USDA must coordinate research

- and implementation programs to develop and improve safe

- use and effectiveness of chemical, biological, and alternative
methods to combat and control pests that reduce the quality, -
- economical production and distribution of agricultural:
. products to domestic and foreign consumers.

Rep: Fd1éy feels the amended act will balance in the direction

- of providing necessary .chemicals and herbicides needed -
.- .for-production of food and fiber with an eye on environ-
- mental safety. A1l who worked on the amendments from both

sides openly tried to remove inhibitions and problems and

-~ develop a more agriculturally oriented program than in the

past. Congress really went to bat on this law, Phome. In
the words of Rep. Thone (Neb.) and echoed by several others;

:'“they want EPA held on a tight rein. Congress is very con-
© cerned about law-that is written by bureaucrats. ' They really

Phqme;“s

Phel: -

'did_something about it in the FIFRA amendments. R

Thats it, huk! -

“Yup! - The neéw law ‘is now 31 sections long and'atfew more pages
than before, but 1t will reduce a Tot of problem areas.
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©* _NOTES ON THE BIOLOGY AND CONTROL OF SOME JUNIPER AND
R © PINE DISEASES IN THE GREAT PLAINS

- GQlenn W. Petersonl/-

". DOTHISTROMA BLIGHT OF PINES

~ . Dothistroma pihi which causes a blighting and early casting of needles

'of pine species such as ponderosa, Austrian and mugo can be effectively
controlled by properly. timed applications of copper fungicides. In.

~ eastern Nebraska, infection of second-year and older needles may occur
‘as early as late May (8). First=year (current-year)-needles of Austrian

and ponderosa pines are ‘initially resistant to infection; they become’ -

_ susceptible near mid-July (3). Thus two applications of fungicide '

will provide complete control. An application made in mid-May will

protect older foliage; a second application in mid-June will protect

the first-year needies (2, 3, 9). The extent of early infection (prior

to mid-June) .is Tow in most years; hence -good control can usually be

- obtained with one spray applied in mid-June. -

An’ interesting phenomenon has been observed during the germination of
D. pini conidia. Plastic prints of the surface of needles collected
From Austrian and ponderosa pines in the field revealed that when
conidia of D. pini germinate, their germ tubes are positively directed
. toward stomates (b, 14, 16, 18). Since the fungus enters needles
through stomates, the positively-directed germ tubes increase the.
chances of infection over germ tubes that grow at random.

Interestingly, when artificially inoculated pines are incubated at 100%
relative humidity, germ tubes of D. pini are seldom directed toward
~ stomates. A moisture gradient from stomates to germ tubes is likely
responsible for the positively directed growth of germ tubes in the
field, but incubation at 100% relative humidity destroys the gradient.
~ Thus chances of infection are less when inoculated plants are incubated
-at 100% relative humidity. This phenomenon is probably more widespread
" _than has been reatized previously, but artificial incubation at high -
relative humidity has not revealed this. Conidia of Scirrhia acicola
also have positively directed germ tubes in the field {16). Tests
are beingmade to see if this phenomenon occurs in other host-fungus
systems in which the fungus enters through stomates. This phenomenon -
would be particularly significant in forestry research involving mass
inoculation of trees for selection of resistant individuals (i.e. white
pine blister rust, brown spot). .

1/ P1ant’Pathd10915tQ USDA-Forest Service, Rocky Mountain Forest & Range
Experiment Station, Forestry Sciences Laboratory, East Campus,
University of Nebraska, Lincoln, Nebr. 63583.
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_ DIPLODIA BLIGHT OF PINES

Diplodia pinea infects a large number of pine species, including Austrian,
ponderosa, Scots, mugo, and red pines. -The fungus has most frequently’
been reported on Austrian pine; furthermore, damage has seldom been .
reported in other than plantings of pines.” Damage is usually not sévere
in plantings in the Plains until trees are over 30 years old (4). -Severe
infection of older trees may be related to the buildup of inoculum on =
- seed cones. ' Second-year seed cones of Austrian, ponderosa, and Scots
- pines are highly susceptible. Infection of plants younger than 30 years
. -~ has been noted, including seedlings in nursery beds, but this has usually
. ~been"observed when the younger trees are near old infected trees.

Infection of new shoots of Austrian, ponderosa, and Scots pines occurs,
- as soon as buds start to expand. ° Infection on nonwounded new shpots can
occur beginning with opening of buds and extending to about mid-dJune (1).
The period of high susceptibility, however, is a two-week period begin-
- ning .with bud expansion (12). In eastern Nebraska, this period is from
- about April 24 to May 8. Two applications of Bordeaux mixture during
F?;5?$W?fweek period has effectively reduced the amount of shoot infection
A ' » 3 . ’ f‘ .'“"‘ . e s ’V‘,' . ! . ’ '- B o .

1l PHOMOPSIS BLIGHT OF JUNIPERS

The most damaging disease of conifers in Plains nurseries is caused by
- the fungus, Phomopsis -juniperovora. Under epidemic conditions, entire -
beds of Juniperus virginiana and J. scopulorum can be destroyed if

chemical control measures are not used., ' o -

Phomopsis initfally affects foliage, then spreads to and kills stem tissues,
. Newly developing needles are especially susceptible while they are in the
~yellowish-green stage; after needles develop a normal deep green they are
not susceptible (7). - When a side shoot is infected, the fungus progresses
- to the main stem, which it may girdle if the stem is less than-1/3 inch -

Established junipers in plantings can be infected; but since only small

. diameter branches are:girdled, these established junipers are not killed

- -even when infection is severe. Thus Phomopsis blight is primarily a
nursery proh}em.' L e S L e

N PhoﬁopSis can be effé¢fivély controlled by mercury fungicidés. (15);
however, now that there are restrictions on mercury fungicides, a search
- has been made to find other effective fungicides (6). : ‘

Studies by Dr, J. Otta have shown that Benlate applied at the rate of 0.5
- 1b/acre every 7 to.10 days to J. virginiana seedlings coupled with weekly
‘roguing of all seedlings with dying foliage has given complete control of
- Phomopsis blight ‘at.the Big Sioux State Conifer Nursery, Watertown,
~South Dakota. . . - _ B . S »
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CERCOSPORA BLIGHT OF JUNIPERS

The fungus, Cercospora sequo1ae var. JUHIEEF 1nfects a number of

Juniperus species and other species in the Cupressaceae. Well estab11shed
Juniperus virginiana and J. scopulorum, have been killed in p]ant1ngs in
the central Great Plains (17). P]ant1ngs of J. monosperma in western
Towa have been destroyed by this fungus The disease progresses more

rapidly on dJ. cogu]orum than on J. virginiana in the P1a1ns (11).

Infection typically occurs first on foliage of Tower branches near the
~stem and progresses outward and upward. Infected branches often have
only a tuft of hea]thy foliage remaining on their tips.

on J 1r91n1ana and J. sco ulbrum, both current and brevious years'
juveniTe leaves become infected, whereas only the previous years' spur

{adult). Teaves become infected (]0) Initial infection occurs as early
- as 21 June in eastern Nebraska. Symptoms have been observed in July, but
Symptom deve]opment 1s usual]y not str1k1ng until 1ate September (10).

A highly pers1stent fung1c1de applied before late June theoretically cou]d
protect trees with spur foliage for the entire season. Because of
~weathering (Bordeaux mixture), an additional application may be required.
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BUILDUP AND IMPACT OF ELYTRODERMA DEFORMANS
| ON JEFFREY PINES IN CALIFORNIA

R. F. Scharpf
- R. V. Bega

The fungus Elytroderma deformans (Weir) Darker is responsible for the
most serious needle disease attacking ponderosa pine (Pinus ponderosa
Laws), Jeffrey pine (P. Jeffreyi Grev. and Balf.), lodgepole pine ’

~(P. contorta Dougl.) and several other pines in western North America.
Weir (T1976) first recognized and reported the importance of this disease
agent. Since then, it has received substantial attention and research
by some of.the best known forest pathologists, including Childs, '
Lightle, Roth, Wagener, and Waters. Much information about the biology,
distribution; hosts, and damage of the disease is known but details -
about its epidemiology, the damage it causeés different forest stands,
and control are Tess well known. For reasons not well understood to
us, relatively 1ittle research has been conducted on this serious
forest disease within the past decade. o '

This report points out why Elytroderma disease is considered a serious’
disease of western conifers and why its presence should be considered

in the management of certain forest stands. Results presented here were
obtained from studies of the disease in Jeffrey pine stands near South
Lake Tahoe, California, with a known history of Elytroderma infestation.

The disease has been known in these stands for at least 40 years and at
least one outbreak took. place in 1949-1950 (Wagener, 1951). No other
outbreaks were recorded until Miller (1970) reported buildup of the
disease in the South Lake Tahoe area in 1970.

The objectives of the study were to: 1) determine the incidence,

rate of spread, and buildup of the disease in Jeffrey pine stands

following an "epidemic" outbreak of the disease; and 2) determine the

~ effect of the disease on mortality, growth, and vigor of Jeffrey pines.

" The study was begun in 1971--the year of the outbreak--and continued .
-until fall 1977.

METHODS

Six plots, each containing about 100 test trees, were established in

or near the area of disease outbreak. Plots ranged in size from about
0.2 acre to slightly over 1 acre. Basal areas ranged from 53 square
feet to about 225 square feet per acre among the plots. More than

95 percent of the basal area on all plots was in Jeffrey pines. Some
plots were in areas of 1ight infection and others in areas of heavy
infection. A1l plots were within a few hundred yards of one another

so that differences in topography, stand composition, and microclimatic
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conditions could be held to a minimum. The: plots con51sted mostly of
_Jeffrey pines but a few trees of .other species, such as white fir,
Abies conco)or Gord -and Glend., and 1odgep01e pine, were also present ‘

Tree measurements and tree cond1t1on were recorded at the beg1nn1ng
of the study.  Included were diameter, tree height, crown class, and
tree vigor. Disease distribution and intensity was also recorded
Disease distribution was determined by visually dividing thé 1iving

. ¢crown into four parts--lower, lower-mid, upper-mid, and upper crown--

- and then determining the presence or absence of the disease in each

“portion. A total of the parts of the crown infected was used as a

p"j_measure of d1sease dfstrlbut1on within the tree.

Disease intensity wes based ‘on-an estimate of the total amount of

- foliage showing disease symptoms within the Tiving crown: 1ight infec-. .
- -tion-- 1 to 10 percent of the foliage showing symptoms, moderate infec-

- tion-- 11-50" percent foliage with symptoms, and heavy infection -- more

- _than 50 percent of the fo)iage showing symptoms. -

Permanent photo points were established and color photos taken of s
certain trees each year from 1971 to 1977. Tree mortality was recorded .

. once, sometimes twice, a year during this period. - At intervals of

2 and 5 years, the trees were remeasured, their condition noted, and

:).disease d1str1but1on and 1ntens1ty recorded

. RESULTS
‘A, Host cond1t1on and d1sease situat1on in June 1971.

‘Test trees ranged from 1 to 40 1nches dbh with an average dbh of 8.9 - i
inches. Crown and vigor class of the test trees is summarized below.

Crown Class - | Vigor Class
Co-dOminant ' ' ' o ;
Dominant - 1ntermed1ate Suppressed Good - Average . Poor

(percent) : (percent) (percent) (percent) (percent) (percent)

B w o w | s 4 o3

| Distrtbutwon and 1ntensity of the disease was a]so recorded at the
beginn1ng of the study . _ .
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 Disease Distribution Disease Intensity

»(heréent live crown affected) None Light Med.  Heavy
None 1-25  26-50 51-75 76-100 (percent of test trees)
0 1. -1 22 18 | o0 28 25 47

None of the test trees was completely free of infection by Elytroderma,
and nearly all trees were infected throughout most of their crown. About
“half of the test trees were rated heavily infected and half light to mod-
erately infected. Infection did not appear to vary noticably among trees
of different 51ze or crown class.

Inten51ty of 1nfect1on d1d vary among trees of d1fferent v1gor c1ass

_g:agg Infection Rating
| Light . Moderate N Heavy
(percent) (percent) (percent)
CGod 6l TR "
Average : L 23 ; 34 : ) 43
Poor'. ';--_' ’ 5 - :h'13 | . 82

In general, trees of good vigor were lightly to moderately infected;
whereas trees of poor vigor were heavily infected. It appeared that
trees were of poor vigor because of the disease rather than poor vigor
trees being more subject to attack by the disease.

B. Changes in host cond1t1on and. d1sease s1tuat1on from June 1971 to
August 1977.

- 1. Tree morta11ty

Mortality was heavy among the’ test trees over the six-year period of study:
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Dead Trees

| Month.Year - - Living Trees - .= _ 1iving trees
“June 1977 - 607 - Cem
~June 1972 o 581 26 - 4,3
June 1973 - .7 .553 . 28 : 4.8
June 1974 s B2 | I 5.6
~ June 1976 R 447 751/ 14.4
. Aug. 1977 | o 43 8 1.8
Tewl 607 168 -;21.7_"- |

VA year morta11ty

Over ‘the six-year per1od of study, more than one-fourth of the test
trees died. 0f the trees that died, 90 percent were heavily infected
.with disease 1n 1971. In addition, 72 percent of the mortality occurred -
among trees of poor vigor and 26 percent among trees of moderate vigor.

- Few trees of good vigor 1n 1971 d1ed during the six-year period.

Morte11ty was fairly evenly divided among trees of different crown c1ass.

 Among the dead ‘trees recorded, 33 percent were dominant, 40 percent

co-dom1nant and 1ntermed1ate, and 27 percent suppressed

- A b1o]ogica1 eva1uation of the infested area in 1973 showed that agents

. other than Elytroderma also killed Jeffrey pines (Pierce and Srago, 1973).
Causes of mortality were recorded as Elytroderma disease alone, Elytroderma
disease and Jeffrey pine-beetle, Jeffrey pine-beetle alone and unknown
causes. We -found on our study plots, however, that nearly all the mor-

~ tality could be attributed to Elytroderma disease alone or to the 1nter-
action of Elytroderma d1sease and Jeffrey p1ne-beet1e ,

:.The severe drought of 1976-1977 did not appear to have increased morta11ty
- in our study area as 1t d1d in many other areas throughout the state

N

2. Tree v1gor and disease rating changes

Changes in tree condition and in disease rating were determined for the
~test trees in 1973--2 years after the study began and after 6 years, in-
- 1977. For this report. emphasis w111 be p1aced on the 1977 examination.

.0f the trees that were stil a11ve 6 years later, about half showed

no change in disease intensity rating, about a third increased in

disease intensity, and the rest decreased in disease intensity. These

" résults in 1977 were nearly the same as those found in 1973, indicating
.that there was no noticable building of disease in test trees over the
s1x-year period of study after the 1nit1a1 outbreak of Elytroderma in 1971.

.Another fact that suggests lack of disease spread or building in test

- trees since 1971 was that the disease was less widely distributed in
-the crowns of trees in 1977. For example, crowns of nearly 90% of

the test trees showed about the same amount of infestation, or less of
- it, 1n 1977 as in 1971. Newly developed crown and top growth were free



_of Elytroderma. As a result, the disease was present in a smaller propor-
tion of the living crown of most trees in 1977 than it was-in ]97]

Host v1gor dec11ned dramat1ca11y among test trees over the s1x—year
- period. "~ More than 50 percent of the trees declined at least one vigor
_rating, and almost al1 the others remained the same. Few trees improved
_in'vigor. Thus, for the stand as a whole, not only has_ the stocking -
B level dropped as a result of mortality after 6 years, but the average
,V1gor of the surv1v1ng trees has aiso declined markedly o

'-Resu1ts on the effects of the d1sease on radial growth ‘and stand basal
area over the 6 years of study are not yet available. But preliminary
analyses indicated that both radial growth and basal area were reduced
marked1y 1n heav11y 1nfested stands. o : »

mscussmn AND concr.us:ons

Serious morta11ty of Jeffrey p1nes resu]ted over a six-year per1od from
this epidemic outbreak of Elytroderma needle d1sease. Weakening of . .
:treés as a result of the persistence of the disease in the stand after”
the outbreak, along with Jeffrey pine-beetle activity accounted for - -
“most of the morta11ty Thus, single outbreaks of the disease in certain
'stands can result in severe persistent infestation, loss of tree vigor,
and subsequent mortality associated with both the disease and bark beetle
activity.” Some of the factors related to mortality were the same as
_those reported by Childs (1968) for Elytroderma disease on poderosa

pine in the Northwest: 1) Mortality occurred among trees of all size

~ classes; 2) mortality wds highest among trees of poor vigor; 3) mortal-
. ity was the result of the associat1on of E1ytroderma d1sease with other
‘agents, . - o : _

We not1ced as d1d Ch11ds and others (1971) and Hunt and Childs (1957),;
that outbreaks of the disease dre restricted to certain specific areas,
‘mostly along meadows, draws, and lake shores. We conclude that outbreaks -
of the disease require certa1n weather conditions or specific microeli-
matic situations in order for heavy infection to occur. Unfortunately, _
we do not know what the. combination of factors are that result in peri-

. odic outbreaks. "Additional research is needed to clarify the relation-’

"ship between weather conditions and disease outbreak. Knowledge of past
outbreaks does .allow the forest manager to delineate sites of “h1gh dis-
ease hazard", however. L , . _

-Dur1ng the study, we observed that 1odgepo1e p1ne-—a maJor host for

‘the disease in British Co1umb1a--was almost free of disease. From a

strip sample through.a mixed species stand, we noted only 5 1ightly

infected lodgepole pines out of 71 exam1ned whereas among 40 Jeffrey

pines sampled, all were either moderately or heavily infected. It '

.. appears, - therefore, that lodgepole pine may be h1ghly re51stant to
‘E1ytrodenna dlsease in some areas.
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- MANAGEMENT CONSIDERATIONS

,Informat1onaboutEIytroderma disease that should be of use in the
management of Jeffrey pine stands include these major po1nts

1. Outbreaks of EIytroderma d1sease seem to occur most often on certain.
sites or in ¢ertain areas. These arsas often can be delineated by past
records of outbreaks. “In addition, surveys and biological evaluations
of present outbreaks will show the manager where "high risk" sites are
Tocated. Defining these high risk sites will at least give the manager -

L the needed information on where the problem occurred before, where it is

11ke1y to occur again, and how ser1ous the prob1em may be.

2. Effects of & S1ng1e outbreak of dlsease can last for several years
possibly resu1t1ng in heavy mortality and even substantial growth loss.
Therefore, even though no further outbreaks occur for several years, the
.. impact from the disease may be of major consequence 1n the management
of some stands . _

"~ 3. weaken1ng of trees by d1sease attack results not only in damage to
‘trees from disease alone but also in damage and morta11ty from assoc1ated
agents such as bark beetles o .

4. Trees of a11 sizes ages, and vigor c1asses are susceptib]e to attack
and damage by Elytroderma 'disease. - We know of no method of protection
from or control of the disease in susceptible species. Planting or -
favoring existing non- Suscept1b1e species on high- r1sk sites is the best
‘ approach to contro] , . -
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- PENETRATION AND LATENCY IN NEEDLE CAST FUNGI
Ai,John M. Staley

- In 1968,, preésented some preliminary results of ‘grafting studies
using scions, the foliage of which had been exposed to spore

- .showers of a Davisomycella sp. These scions were Stripped of all but
“the 1965 fol1age and grafted in March of 1966 to nursery run ponderosa
pine seedlings. A1l scions came from a single mother tree that was
consistently and very heavily infected by Davisomycella. On the
mother tree, fruiting of the fungus was restricted to two-year-old

- and older foliage, and occurred 1n July of each year of observation
from 1963 to 1969. T :

he grafted sc1ons were subsequently he1d in a lath house or at
other suitable locations in Fort Collins, far removed from any source
~of inoculum.  The first fruiting of needlecast on the grafted scions
~occurred in 1967 and was restricted to the 1965 foliage. On the .
grafts, as on the scion mother tree in 1967, no symptomatic develop-
" ment was evident on either 1966 or 1967 fo]1age. In 1967 (and in

" subsequent years) all symptomatic foliage was stripped from most of

- the grafted scions prior to ascocarp maturity. On a few scions,

',ascocarps vere allowed to mature on the symptomatic foliage, but
. .such scions were removed to a safe distance from the lathhouse. It

made no apparent difference in the results whether asocarps were
-allowed to reach maturity on the grafted scions or not. In no year

. were symptoms apparent on any but the 1965 foliage of the grafted

scions. . Fruiting was observed on port1ons of th1s 1965 scion f011age
'1n 1967 1968 and 1969 . .

No- fru1t1ng was observed 1n the years subsequeht to 1969, but two “
factors may be responsible. First, most or all of the 1965 foliage
~had been shed by 1969, and second, the years 1970 and 1971 did not
."provide _very satisfactory weather for the development of asocarps.
- The spring weather in thoseé years was probably too warm and too dry.
. By 1971, a11 of the 1965 foliage was gone . :

In 1967, symptoms developed on the scions he1d 1n Fort Co]lins, about
3 weeks prior to symptom development on' the scion mother tree, which
was about 3,000 feet higher in elevation than the lathhouse. There
- were no flecks or other incipient signs of disease present during the
long latent periad. in the case of either of the scions, or the scion
mother tree. The latent period was truly latent and not merely
characterized by an obscure symptom development. It has thus been

- 'shown experimentally that the latent period for this needle cast

- may extend from two seasons to at least four seasons. Perhaps given
~ different experimental czrcumstances a longer latent period m1ght
.-, have been observed
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Histological studies offered no suggestion of any systemic infection.” -
In the case of this Davisomycella, hyphal growth is limited to-a
short. band of needle tissue that is symptomatic. No invasion of . .
phloem tissue such as that seen in the case of Elytroderma deformans
can be detected, and no ‘infection of foliage more recent than 1965

"was observed as might have been expected with systemic-infection of

“ the grafted scion.

“This grafting experiment also shows that the young developing foliage -
can serve as highly suitable infection court, even though it is .
separated from the sporulating foliage by an intervening foliated
internode. - My grafting experiment does not show whether or not the

-foliage on this intervening internode is additionally susceptible to

~infection, but artificial inoculations with a second species,. R

~D. ponderosae, indicate,-in that case at least, a mild capacity of
older foliage to serve as an infection court as well. - - N

‘ TheApreciée fééa%ibn of ‘the 1ﬁfec£ioh'coqrt is not clear for many -
species of the Hypodermataceae. We are Teft to assume that many of

- them, such as Virgella and Lirula, may operate essentially as do the

Davisomycellas described above. However, in the case of several
Lophodermeilas and one Lophodermium, which under natural conditions
. have a largely one-year disease cycle, it is all too clear that the

primary {nfgttiph'gourt must be the newly developing foliage.

_ What happens at this infection court is a matter of concern for the ..
" full explanation of why needle casts operate as they do. Fortunately,
we have a.fairly complete idea of what happens in the case of one

. ~ needle cast fungus, Lophodermium seditiosum. -

' The manner of penetration of this fungus has been demonstrated (1).
The ascospores of Lophodermium sedjtiosum are produced in great
‘abundance in Christmas tree plantations of infected Pinus
“sylvestris L. ,They are deposited in concentrations that exceed
- 2%00:spores/cm2; Deposition is most dense on the distal third of
the needle not protected by the subtending foliage, but ascospores
are frequently detected at any random position on the needle.

. Symptoms develop first on the distal part of the reedle. L.
- seditiosum casts the bulk of its ascospores at a time of year and

" under circumstances in which other Lophodermium species are largely
inactive, It is on the overwhelmingly large ascospore production by
L. seditiosum during the period of observation that my identification
. of the spores and appressorial penetration illustrated here depend.

Studies of ‘ascospores deposited in water droplets on glass slides
‘show the spores will.sink to the bottom of such droplets. They do
not, however, adhere to the glass surfage as long as free water
remains. Within one second following evaporation of the droplet,

~ the spores fasten themselves so securely to the glass that they
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cannot be moved without rupturing. It seems 1ikely.from this

that spores are free to move about on wet pine needles and lodge in in-
_dentations between epidermal cells. Seldom, however, do they

- come to lie across a stomatal opening, and penetration even near
stomates, so-far as has been observed, is directly through the cuticle.
‘Germination by germ tube alone has not been observed on leaf surfaces
or on exposed sporé trap slides. Germ tube germination can be seen -
in: cuTture, but in nature, appressoria invariably develop. S

At first, appressoria are hyaline and thin-walled.. Thickening and

- melanization of the appressorial wall takes place in two or three
weeks and judging from the initial lesion formation, penetration must
occur at least by four or five weeks. Since fungicides largely
prevent both appressorial melanization and symptom development, it
appears that appressorial melanization is an essential step in the-

. process of Teaf penetration by L. seditiosum.

Sections cut from the distal one-third of needles revealed frequent
penetration from melanized appressoria. Penetration hyphae grew o
directly through the cuticle and epidermis. In no casé was - . - =
~ penetration through a stomatal opening observed. Direct penetration
_ _through the cuticle near a stomatal opening did lead in at least one

instance to hyphal growth into the substomatal chamber.

‘ Hith-thesefféaturésidfﬁ{nfebt{on'c0uft'activ1ty having been demon-
. strated for Lophodermium seditiosum, it seemed logical to extend
“my observations to several neediecasts native to our western forests.

. This past season I therefore studied, at weekly intervals from July

through October, the spore deposition and appressorial development of
several Lophodermella species attacking lodgepole and limber pines.
These were L. montivaga, L. concolor, and L. arcuata. In the process,
I was able to make some observations on Bifusella sacatta. I
_expected these fungi to follow the familiar developmental pattern of
" Lophodermium seditiosum. Such was the case only to a certain point.’
“Theé density of ascospore deposition was far more erratic than for ..
L. seditiosum. "It seemed to be more dependent upon & juxtaposition
between the new foliage and the fruiting bodies borne on last years
foliage than it was on other needle surface exposure factors. The
position of developing lesions in the case of Lophodermella montivaga
bore. this out. The lesions which were evident in early September were
frequent in the middle and lower thirds of the new needles and were
- not' formed on the distally-exposed portions of the needles. = "

N\

Upon germination, every spore observed (with the exception of .
 Bifusella saccata) produced. an appressorium.. These appressoria were -
only infrequently observed to thicken their walls, and in no case was
appressorial melanization seen. The typical mode of germination can
_be seen in these slides. - c .
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No visual evidence relating to penetration of the needle was gained
from this study. Occasional structures were observed in transverse
section preparations which appeared to be appressoria, but no-in-

. stances of penetrat1on were seen. Some of these structures probably

were appressoria as judged from attached, characteristically-shaped
germ tubes ' Others were probab]y spores of other 1eaf fung1

| : The reason for 1ack of appressor1al wall thickening and me]an1zat1on

remain unknown. - One thing is clear, L. nt1vag was nevertheless
successful in penetrating the needle and causing lesions, even
though this penetrat1on was hot observed histologically. Spores
and appressoria could be visualized directly on the leaf surface
by use of cotton blue in lactic acid. ~Although transverse sections
were made through such v1sua11zed spore concentrat1ons, penetration
still was not observed.

In,spite of this failure to obtain direct visual evidence, it seems
clear that all the Lophodermellas studied, penetrate the leaf

- surface directly from appressoria.  All Lophoderme]]a spores observed
germinated by appressorial formation, and it is inconceivable to me.
that 'some other rarely occurring process would 1ead to the successfu]
.d1sease production seen.

T
RN

.The case.of B saccata is more obscure. ; Its germ tubes were
considerably thicker than .those of any of the Lophodermellas. No
distinct appressorium was formed a]théugh it is possible that the
germ tube itself was a type of .appressorium. It is also possible
that B.saccata germinating on-thé youngest foliage was not developing
in a suitable infection court. B. saccata attacks on]y the older
‘needles on Pinus flexilis and pe_haps it infects only through older
needles. However that be, no attempt was - made to observe spore
germ1nat1on on such o1der needles _ .
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© ANNOSUS ROOT ROT IN SOUTHERN PINE
BEETLE-INFESTED LOBLOLLY PINE STANDS -

S.A. Alexander, J.M. Skelly, and R:S. Hebb/ = :

The association of Heterobasidion annosus (Fr.) Bref. incidence and-
severity with southern pine beetle (Dendroctonus frontalis Limm.)} infes-
tations was examined among 476 lobloTly pines (Pinus taeda L.) in Georgia,
North Carolina, Texas, and Vitginia. Twenty-two SPB infested and 18
noninfested BA-10 plots were established in Toblolly stands in coastal
plain, piedmont, and mountain regions on moderate to high hazard sites.
Total height, height to live crown, c.b.g., crown rating, cCrown class,

. and shigometer readings. were recorded for each tree prior to bulldozer

excavation of the éntire root system. Tree crowns were rated as dead
(brown), thin and yellow, thin and green, or healthy. The presence of
H. annosus basidiocarps for each tree and stump was recorded within each
plot. S ' o

Once excavated, the primary and secondary roots of all trees with >1%
colonization were measured as to the number, base diameter, and length of
healthy and colonized roots.. The length of healthy, resin-soaked, and
stringy decayed tissue of each measured root was recorded with the latter
two symptoms charac teristic of H, annosus decay. A disc was removed at
d.b.h. from each tree and the gr@wth rate for the previous 0-to-10 years
was determined. - Shigometer read}ngs were taken at d.b.h, from four points
on the stem. Similar data was recorded for 5 paired tree plots in which
two trees, one SPB-infested and one nearby which was uninfected, were
escavated and analyzed. A _ ‘
Fifty-two SPB-infested and 29 noninfested trees were measured for which

the average colonization incidence was 21 and 13 percent, respectively.
SPB-infested and noninfested. trees exhibited 47 and 14 percent colonization
by length, respectively which-was significant at P = 0.001. Secondary
roots were colonized 44 and 13 percent for SPB-infested and noninfested
trees, respectively, which was significant at P =-0.01. The number of
colonized roots for SPB-infested and noninfested trees was 68 and 32
percent, respectively, which was significant at P = 0.001. A significant
difference between infested and nonifnested trees within the SPB plots
indicated that H. annosus is positively associated with the southern pine
beetle within the Tmmediate infestation area. Radial growth reduction of
both the previous 0-to-5 and 6-to-10 years increments was significantly
and negatively correlated with both the percent number of roots and percent
length colonized by H. annosus at P = 0.05. Significant R2 values were
observed when shigometer readings were regressed against both 0-to-5 and

l] AVirginia Po]ytethnic Institute and State University, Blacksburg, VA.
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'6-t0-10 years growth Hithin the 5 paired tree p10ts. the average percent
~colonization was 46 and 15 for the SPB-infested and noninfested trees,
. respectively, Clearly a significant relationship has been established
- -between H. annosus colonization and SPB mfestation on moderate to h1gh
ha::ard sites in the southeastern U S :
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. A”NEH.MALADY OF VESTERN ASPEN.
- Thomas E. Hinds

Over the past several yearé,we have been noticing individual and small

~ groups of aspen in Colorado in which thé branches droop similar to weeping

willows. Upon finding tree mortality associated with this droopy syn-
drome, our observations and interest has become more intense for we

-~ find these abnormal trees scattered throuqhout the state; part1cu1ar1y ?
a1ong roadsides, in’ campgrounds, ‘and as aspen transp1ants in urban’ ‘areas.

The term. "droop1nq aspen" is fa1r1y descriptive of the disorder
Flexuous-rubbery pendant branches in the lower crown of large: trees and
- throughout the entire crown of smaller trees with a lack of lateral’ "twig
growth for the past 5 to 25 years, and larger than usual sized terminal
Teaves but no 1ateral foliage on the branch behind the terminal f011age,
character1ze the malady. Buds appear to form normally on'the. current
year's growth, but later turn black ‘and fall off with the exception of .
the terminal bud.  After 20 or more years, the. pendulous branches die
and eventually the entire tree succumbs. The symptoms do not apbpear

to be clona] in nature nor entirely associated with man s act1v1t1es

Because of the p11ant nature of the branches and lateral bud morta11ty,
our first suspicion was that a virus might be involved. A cooperative
agreement between the Rocky Mountain Station and Dr.- Clark H. Livingston,
Colorado State University, was made in 1976 for .a prel1m1nary study of -
the disorder. As results of the short term study were inconclusive

and suggested that perhaps it- might be a phys1oqen1c disorder rather .
than an infectious disease, a new cooperative agreement was made for
two years so that a more complete study, utilizing the services of a

- graduate student, could be accomplished. Results of the pre11m1nary
study w111 be. forthcom1ng in the Plant Disease Reporter
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- WIFDWC 1978

POfENTIhL-OF NATURALLY INFECTED ROOT MATERIAL
“AS AN INOCULUM SOURCE FOR PHELLINUS WEIRI1

1,

J D Kellas

INTRODUCTION

.The use of‘natura11y 1nfected mater1a1 as an 1nocu1um source for .

- Phellinus weirii (Murr.) Gilbertson has been virtually ignored. Early °
~ -attempts of fnoculating Viving trees using wood chips and agar permeated,
with P. weirti failed te infect the host roots (Buckland et al, 1954).

Buckland and co-workers also reported using heaV11y‘permeate3_kood

., blocks' as an’ “{noculum source but only 2 of 36 inoculations infected - " .
' grevrogsly damaged roots of Doug]as fir (Pseudotsuga menziesii (Mirb )
ranco). . _

1"Attempts to infect Scots pine roots (P1nus S 1vestr1s L1nn ) with 7
.. Fomes annosus: (Fr.) Cke. using ‘naturally infected root materfal resulted
“Tn Tow Tevels of infection of the host roots (Wallis, 1961). However, a

| - successfuyl ‘technique was developed for inoculation using laboratory .

. cultured F. annosus on sterile branch sections. This technique was
" subsequently adapted for inocu1at1ng DOugIas fir with-P. we1r11
(wa111s and Reyno!ds, 1962) . L

One techn1que has been reported for the mass 1nocu1at1on of Doug]as
fir seedlings ' with P. weirii using naturally infected Doug1as fir stem
- wood (Wallis and Reynoids, 1975). Seedling mortality was reported. as
early as. five months following the introduction of the inoculum to-
the roots of one and two year old seed]ings ST

. This paper veports a possib]e method for- 1nocu1at1ng Douglas fir "

.~ and-western hemlock (T su a heterophylla {Raf.) Sarg.) roots with naturally

| _infected root material ' {s part of a larger study investigating the
-growth of P. wetrii on Douglas fir and western hemlock on several site-
»specnes>¢oﬁb1nat1ons fn the UBC Research Forest, Haney. ' :

| S METHODS AND MATERIALS
-Trial 1., February to May 1978
Five Douglas fir- and three western hem]ock trees were inocu]ated with

sections of Douglas fir roots naturally infected with P. weirii in .
. February 1978. A total of 30 inoculations (22 and 8 respectively) were

- established. Infected root sections, bark intact and 1-5 cm diameter,

were cut 1nto 7.5 cm lengths and t1ed to previously excavated unwounded

_'1Un1vers1ty of Br1tish Columbia ‘



roots of the selected trees. The inoculations were covered with plastic
'sheet1ng and recovered with so11 and organic matter

Inoculations were inspected 9 weeks after inoculation to-ascertain the _
number of inoculations were P, we1r11 had become estab11shed on the root
of the host tree

Trial 2., May to July 1978.

Three areas classified by Klinka (1976) as xeric, mesic, and hygric
were.selected containing 7 different site-species combinations of -~
Douglas fir and/or western hemlock. A total of 210 inoculations were
made on 105 trees; 60 Douglas fir and 45 western hemlock. Two sources
of inoculum were collected, from Haney and from Surrey, and each tree
was inoculated with-each source of inoculum. The inoculum blocks were:
root sections 7-8 cm in length sp11t tongitudinally. Blocks showed
- advanced colonization of P. weirii with decay pockets well d1str1buted
through the root wood. .

Roots of host trees were excavated and the inoculum blocks were attached‘
with po]ypropy]ene rope and covered with plastic sheeting before the soil
and/or organ1c matter was replaced. Roots inoculated were 1-8 cm in
~diameter. The inoculations of 35 trees were removed at. 10 weeks and
“inspected for colonization of the host roots, brown crustose myce11a1

mat on the .inoculum block and zone line format1on

Concurrent1y the two souces of inoculum were ralsed on 2% and 5% agar

to study their rates.of lineal growth under conditions of continuous
Tight or darkness. Possible racial differences between the two sources-
were tested by "cross plating" mycelia from both sources on agar plates,-
treated under the same cond1t1ons as above '

= h Trial 3 August to October 1978.

Ten 1nocu1at1ons each on Douglas fir and-western hemlock were estab11shed
-using only. inoculum from the Haney source. The inoculum blocks were =
similarly-prepared as in the second tr1a1 ‘Inoculations were inspected

7 weeks after establ1shment B I

N RESULTS -
Trial 1.

Myce]1um deve]oped on 18 of the 22 Douglas fir roots and on 6 of the 8
western hemlock roots from the respective inoculum blocks after 9
weeks. Development on the host roots varied from one or a few pockets
of mycelium to those where the block was firmly attached to the host
root by myce11um
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Necrotic bark was observed under the mycelium of 7 Douglas fir roots
and 4 western hemTock roots. Culturing on.2% malt agar indicated the
presence of P. weirii in the necrotic areas of several roots. One inocu-
~lation of a‘western hemlock root showed a large necrotic zone surrounded
" by what appeared to be a "reaction zone". P weirii was isolated from
the necrot1c reg1on, but the react1on zone proved steri]e.

Trial 2..

'}'Assessment at 10 weeks showed that 25 of the 70 inoculations had developed
‘mycelium on the host root and that 64 of the 70 blocks had developed

- .zone Tines on or under the exposed wood surfaces. - A large proportion

of the blocks from the Haney source developed a brown crustose mycelial
mat on these: surfaces, whilst few of the blocks from the Surrey source
exhibited such growth.. Viable P. weirii was detected in 44 of 59 blocks. .
‘when isolations were made from the 1n{er1or of these blocks and cultured
on 2% malt agar. : _ '

Table 1 compares the formation of zone 11nes, block v1ab111ty and the
presence of P ‘we1r11 myce11um on the. host roots - '

. The growth characterist1cs of the “two sources of 1nocu1um were tested .
by observing their development on 2% and 5% agar. The results (Table 2.)
. show that the rate of lineal growth of both sources raised in the dark

- was greater than that grown in continuous 1ight. C

Under conditions of continuous dark, the growth on 5% agar for both
sources was greater than growth on 2% agar, there being no significant
differences between the sources raised on the same medium. The colour
of the dark grown ¢ultures was white or cream, with copious fine aerial
“hyphae which f111ed the 100 m diameter p]ates after 15 days

_ L1ght grown cu]tures were not on1y s]ower grow1ng but were different 1n

- appearance.” ‘The amount and extent of aerial hyphae was much less than
the equivalent dark grown cultures. The cultures from the surrey source -
were.a mottled brownish yellow and those -from the Haney source were -
mottled a strong brown. After 18 days those cultures from both sources
raised on 2% agar had significantly greater lineal growth than those
-raised on 5% agar. -The rate of growth of the Haney source was signifi-
cantly greater than the rate of the Surrey source on both 2% and 5%

.agar raised 1n the light ,

Cross’ p1at1ng of the two sources of inocu]um produced a reaction at the
" interface of the advancing zones. The boundary between the two sources

" raised in the dark on 5% agar was distinct with no merging of hyphae

. from the o sources. Hyphae of both sources were white to ¢cream
coloured. 'However,the interface between the two sources raised in the
dark on 2% agar differed. Hyphae of the Haney source adjacent to the
1nterface became a strong dark brown colour which often extended over
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the ent1re surface, wh11st the hyphae of the Surrey source remained
white to cream coloured. The reverse side of the 2% agar plates showed

- a strong black "zone-Tine" at the interface between the two sources.

- Microscopic examination showed. the presence of masses of setal hyphae
in the brown coloured areas of the plates. :

Trial 3

Inocu]at1ons were removed 7 weeks after estab11shment A11 20 inocu-
lations had developed mycelium on the host roots. The amount varied
from one or two small pockets of mycelia 2 mm in diameter to instances
‘where the inoculum block was firmly attached to the host root by myce]—
ium along the entire length and width of the block. Necrotic bark was
observed in 8 instances and penetration to P. weirii to the camb1um N
was_ observed in 4 of these Tnstances. . :

o DISCUSSION

The resu1ts of the first trial indicated that with ref1nement healthy
roots could be inoculated with P. weirii using naturally. 1nfected .
. material.. Of 30 inoculations, 24 showed mycelial development from the
f31nocu1um block onto the host root. Penetration of host bark was observed
in 11 instances. Both Douglas fir and western hemlock were colonized -
by P. weirii in similar proportions. It was observed that some inocula-
tion sections where the infected wood had been placed. in contact with
the host root, that a.more luxuriant mycelial growth occurred. In the
two subsequent trials the inoculum blocks were root sections 7-8 cm
- Tong and split 1ong1tud1na]1y with an exposed surface placed in contact
with the host root. .

These modified 1n0cu1um blocks proved very successfu1 in the third trial
~when all 20 inoculations colonized the surface of the host roots of

- both Douglas fir and western hemlock. Moist soil conditions prevailed
in-both the first and third trials, however, the period during the second
trial only 3.43" of rain fell. The period May to July was the third
driest for that per1od in the 19 years that records have been kept at
Hanev _

Inoculum b1ocks 1nspected after 10 weeks in the second trial showed
abundant zone 1ine formation, with some loss of viability, part1cu1ar1y
with blocks from the Haney source. Zone line development by P. weirii
has been reported to be influenced by several factors 1nc1ud1ng s0i1
‘moisture conditions (Nelson, 1973). Viable P. weirii was only present
in blocks showing zone lines as previously reported for wood blocks
buried for any length of time (Nelson, 1973). However, inoculum blocks
from the third trial were generally covered by a cream to brown mycelial
layer and zone lines were only observed where coverage was incomplete.

Racial differences between the two sources of P. weirii in Trial 2 were
‘evident when cross plated on 2% and 5% agar. A distinct boundary
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developed with no'intermixing of”hyphae from either source with some .
colour differences and an obvious ‘black zone 1ine-1ike formation occur-
ring in dark grown 2% agar cultures. .

: No explanation is attempted to explain why the lineal growth of cultures
raised on 5% agar were greater than on 2% agar for dark grown cultures
or why the reverse was observed for light grown cultures. '

' Differences between the two inoculum sources were noted at the end af
“the second trial.: The Haney blocks showed prolific development of
crustose—mycelium on exposed wood surfaces, ectotrophic mycelium devel-
.-oped on more host roots and a lower proportion of the blocks contained
viable p. weirii compared to the inoculum blocks from the Surrey source.

- The annual rainfall near where the Surrey inoculum was collected is _

approximately 49" compared to approximately 88" at Hariey. Precipita-

- tion and sofl moisture conditions may have through time influenced
differentially the . tolerance of P. weirii to drought stress for the

,-two s0urces. L . o

- For the short duration of the three trials it appears that Douglas

.. fir and western hemlock are equally susceptible to infection by P. weirdi,

K although more_concern is expressed as to the potential damage to Douglas :
fir than fOr western hemlock o

-Immediately adjacent to where the Haney source was collected. many f,'A

- Juvenile western hemlock trees remain free from P. weirii attack,

-~ yet trees close by were suitable for ectotrophic mycelial growth from
: 1noculum.blocks in the third trial . S A

' Several questions are posed by the results S0 far

,_',_e once zone 1ires have formed in an inoculum block,can P weirii
R subsequently infect a, host when suitable conditions prevail. N

iiare the raC1al differences between the two sources of inoculum
‘ attributable to drought tolerance?

o fl'if summer is unsuitable for 1noculations yet spring and fall . :f ‘
‘--are, when is B. weirii growing most actively? e .

: --1f Douglas fir and western hemlock appear equally susceptible

“during artificial inoculation, why isn't P. weirii of more concern
Tin natural stands containing western hemlock .
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~ WIFDWC 1978

REPORT TO WIFDWC ON. THE 5TH IUFRO CONFERENCE ON
PROBLEMS OF ROOT AND BUTT ROT IN CONIFERS

. o. Shaw 1_11 e
5ummzv

‘Sponsored by the International Unionoberestry Research Organizations
Working Group 5-2.06-1 (Problems of Root and Butt Rot in Conifers).
Held in Kassel, Federal Republic of Germany, 7-12 August, 1978. The
‘conference was organized by the Hessian Forest Research Station at Hann
.° Minden with Dr. Dimitri in charge of arrangements.. Meetings were held
" 4n the city hall of Kassel, the Biirgersaal des Rathauses. ' 80 partici-
pants were registered from 23 different countries, -~ .

Gordy Nallis was to present a synopsis of this meeting to NIFDNC as
he 1s the current chairman of the IUFRO working group on Problems of
Root and Butt Rot in Conifers. -However, as Gordy is not here, I have
been asked to present a short summary of the meeting

CONFERENCE FORMAT

o The four previous IUFRO conferences sponsored by this working group

-~ dealt specificaily with Fomes annosus. At the Kassel meeting the struc-

" ture was changed with approximately 40% of the time devoted to F. annosus,

40% to Armillaria, and 20% to other root and butt rot problems and
genera] concepts of wounds and subsequent decay in trees. _

. Format for the presentations started with statement papers on the

. current_status of F. annosus throughout Europe, the USA and Canada.
These were-followed by invited:position papers tovering: Pathogen. N
. Biology; Infection Phenomena; Effect of Edaphic and Environmental
Factors; Resistance and Relative Susceptibility; Biological, Chemical,
and Silvicultural Control. Additional short contributions covering
~individual disease Situations or research projects compieted the forma1
o F annosus program _ .

~Presentations dealing with Arm111ar1a fo11owed They had a similar B
~format to those on. F. annosus starting with statement papers on the
- status of the disease In Northern and Western Europe, Canada, Austrilia,

 and New Zealand. Papers concerning the disease in the USA and Africa
. were listed in the program, but not presented as the authors were absent

“from the meetings ‘and copies of their text were unavailable. This was
unfortunate as the material was of‘interest to all participants. Some
“information concerning Armillaria in the Pacific Northwest was presented

-~ in the control paper of Shaw and Roth.
Tilesearch Piant Pathologist, PNH Forestry Sciences Laboratory,
P.0. Box 909 Juneau, A]aska 99801 A
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| Invited pos1t1on papers fo]]owed with the same titles as those for
F. annosus. Additonal short contributions, noting individual disease
situations and current research projects, completed the Armillaria’
section. .

‘The final session covered other root and butt rot fungi and wound-

decay problems. Papers on Polyporus tomentosus in eastern Canada and
Poria weirii in the Pacific quthwest were presented along with short

- statement papers on wound-decay in Europe and the USA. Several papers
dealt with various aspects of wounding and decay phenomena including
possibilities of genetic, biological, and. chemical control. Alex Shigo
followed with his presentat1on on the CODIT system (Compartmenta11zat10n
of Decay-in Trees) . ) _

" Most, but not_a11, of the_papers presented were printed in a booklet
~and distributed to the registered participants prior-to the confer-

ence. To provide for presentation of material not submitted by. the
deadline, poster displays were established. These remained in place
for the duration of the conference, allowing ample t1me to v1ew the
-mater1a1 and dlSCUSS it with the authors ‘

A bus1ness session conc]uded the forma1 meetings It was decided that
the next conference will be held in 1983 in Austra11a, probably at or
~ near Melbourne.. This location will allow part1c1pants to attend the
- 4th Internat1ona1 Congress of Plant Pathology which is also scheduled
. for 1983 in Melbourne. Dr. Dimitri was selected as the new chairman-
e;ect of the work1ng group with Dr. G. Kile elected as the new vice-
chairman.

The- conference closed w1th a f1e1d trip where we saw some lTocal forest
disease problems associated with Armillaria sp., F. annosus, tree
wounding and subsequent decay, and die-backs of unknown origin. The
field trip ended with a festive dinner in a remote hunting lodge where
all participants thorough]y enjoyed themselves by eating several skewers
of barbequed wild pork and imbibing ample quantities of quality German
brew. Throughout the conference the Germans were gracious hosts,
arranging several.social gatherlngs These included viewings of the
n$t1ona11art co11ect10n held in Kassel and a dinner hosted by the c1ty
of Kasse oo

Fo110wing the. conference, there was a 2-day excursion from Kassel ‘to
Munich. = The trip was arranged for people who were also attending the
3rd International Congress of Plant Pathology, which was held in Munich
the following week. This relaxing drive in a Mercedes touring bus
allowed ample time for informal discussions and viewing the countryside.

CURRENT»STATUS OF DISEASE PROBLEMS

- Summarizing the current status of disease problems associated with

F. annosus and Armillaria from the various geographic regions covered
during the conference is difficult. Those wishing detailed information
are referred to the official proceed1ngs which should be ava11ab1e
through IUFRO w1th1n the next year.
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. Of particular interest to me was the report from Scotland concerning
the occurrence of F. annosus in Sitka spruce. Stump infection via =
airborne spores and subsequént fungal growth down through stump roots
. and onto roots of adjacent standing trees is occurring where this
.gpecies is planted on former pine sites. While not yet quantified,
_ infection Tevels may be as high as noted in the United Kingdom and else-

- - where for other conifer species.

A géne»%al impréssi'on»_l gathered concerning the status of F. M
;n Europe was summarized in the paper presented by Dr. DeTatoUr from
" France: . . LT C Sl

. 'f. annosus 1s an important silvicultural factor in management
of conifer stands and especially Norway spruce. Research in this
- field will not give spectacular results but should allow us to
better tolerate F. anposus by minimizing losses. - An important
problem 1s the pracftical application of results; they shoyld be .
translated into a management rule, specifying the action of the -
© _forester in different types of sitpations. "These guidelines
" should take account of site, stand characteristics (density, age,
.. growth rgte.;;) and attack characteristics {intensity, growth in
" trees...). I

- Disease problems associated with Armillaria sp. appeared to be even more
Adiverse than with F. annpsus. There were several instances noted where
. the fungus was regarded as mainly a secondary problem on trees weakened
by some other primary factor.or event. However, there were also reports
‘where the fungus was considered the primary agent of extensive damage.

- DOne of the stops on the field trip examined a mixed planted stand of
Serbian spruce and Douglas-fir. European larch had seeded in natur-
a1y, creating a dense, mixed species stand around 3 to 5 m in height.
Armillaria was ki114ng 2 high percentage (30%+) of the spruce, while little
Cmortality was wisible on either the larch or Douglas-fir. The fungus
- was performing a beneficial thinning as Tong as one was not concerned
“with the change Jn species composition. The forest manager was not so
concerned as ithe spruce ‘was considered the wrong tree for the site
© pven without the losses to Armillaria. Thus while losses to Armillaria
swere iighly visible they had 17ttle silvicultural relevance.  The
recoimmendation given by nesearch personnel to the forester in charge:
- aThow ‘the public to enter ‘the stand to cut spruce for Christmas trees.

. ‘GENERAL COMMENTS

. Commurdication -was somewhat .of a problem as papers were written and -
presentad in several Jlanguages. The written texts usually provided
- Engiigh summardes. “The European participants, while possessing a far
‘better command wf ‘English than:.the-English speaking people of the
- ‘Eurnpean ‘languages, 'sti11 had difficulty in following rather rapidly
. ‘spdken EngTish. This situation somewhat hampered discussions. Informal

_ Yinterpretors -provided English:summaries when necessary and aided discus-

stons as much ‘as possible. . - . o S
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Genera11y, adequate time for discussion followed the presentation

of each paper. Even with language difficulties these exchanges often
provided further insight into the various topics. As with past confer-
ences, questions and answers raised during discussions will be part of
the off1c1a1 record of the conference and appear in the proceedings.

Some, personal highlights of the conference: The relatively free

- exchange of ideas and information that flowed through the informal dis-
cussions with forest pathologists from around the world; experiencing
the international brotherhood that was created during the dinner at
hunting Todge; viewing German forests and management practices after
reading so much about them .
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SCANNING ELECTRON MICROSCOPY REVEALS DIFFERENCES IN SURFACE MORPHOLOGY
BETWEEN BASIDIOSPORES AND CONIDIA OF FOMES ANNOSUS

Char]es 6. Shaw 1111

E R Florance2

" The assistance of Dr. D, éoheen USDA Forest'Service. State and Private
Forestry, Region-6, Portland, Oregon who supplied sporophores and cul- =
tures, is most apprec1ated

‘, ABSTRACT

: Bas1d1ospores and con1d1a of Fomes annosus were’ exam1ned by 11ght and
scanning electron microscopy {SEM).” Light microscopy did not allow
for accurate and reliable separation between the two spore types.
Contrarily, SEM clearly demonstrated that condidia have a relatively

~ -smooth surface whereas basidiospores are consistently ornamented with

numerous echinulations. SEM also demonstrated a definite dissimilarity
in the shape and location of the apicular structure on basidiospores and

. conidia. - With these differences now apparent attempts can be made to

-examine airborne inoculum of F. annosus for the presence, absence and/or
re]ative abundance of the two spore types. :

Add1t1ona1 Key Words U]trastructure. spore ornamentation.

INTRODUCTION B

Nhen discussing airborne 1nocu1um of Fomeés annosus (Fr )} Karst., an
important source of infection for root wounds, Stem wounds, and freshly -
cut stumps of conifers, the term "airborne spores“ is common]y used.

This label has been necessary because the actual spore type has not been
identified. Basidiospores have commonly been considered the predominate
- spore type in airborne inoculum with conidia considered unlikely to serve
an important role in airborne dispersal (Rishbeth 1951, 1957). Conidia,
however, are known to occur naturally on forest debris and fresth cut
stump surfaces (Morris and Knox 1962; Kallio 1971; Hunt et al. 1976)

and may colonize stump surfaces after inoculation, albeit less thoroughly
than after inoculation with basidiospores (Kuhlman and Hendrix 1964).

"~ Thus, both spore types cou]d potent1a11y contribute to airborne 1nocu]um

1Research Plant Patho1ogist USDA Forest Serv1ce, Forestry Sciences
; Laboratory, P.0. Box 909, Juneau, Alaska 99802 : '

Assistant Professor, Biology Department Lew1s and C]ark Co]]ege.
~ Portland, Oregon 97219 - ,
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Published mycological descriptions of the two spore types present a mixed
record with text and drawings in Gaumann (1928) suggesting that some
conidiophore heads were basidial-1ike and may represent the ancestrial =
form of basidia. Bondartsev (1953), Lowe (1957), Domanski et-al. (1967),
and Gilbertson (1974) all dindicate that the surface of the basidiospore
wall is smooth. Bondartsev also notes that basidiospores are distinctly
flattened on one side. Pegler and Waterson (1968) indicate that the.
surface is sl1ght1y asperulate, an impression also gained from some of
the drawings in Hartig (1874). Lowe states that basidiospores are api-
culus in drawings, but do not note it in their written description. All
descriptions generally agree that basidiospores are somewhat ovoid and
measure approx1mate1y 3. 5 6'u X 3 5 4 5.

Conidia occur pn oedocephaloid heads and are described from cultures as
subglobose to ovoid, apiculate, 4.5-7.5 n x 3.0-60 u. (Nobles 1948,
1965). This- descr1ptlon is in general agreement w1th those of Campbe11
(1938) and Baksh1 (1950, 1952).

Suchvdescr1pt1ons have led pathologists to assume that the two spores
~ were almost identical morphologically (Kuhiman 1969). Certainly des-
criptions of spores currently available do not allow for accurate and
reliable separation with the 1ight microscope between collections of -

detached spores. The objective of this study was to determine if the
two spore types could be distinguished through characters observable

with a Scann1ng E1ectron M1croscope (SEM).

MATERIALS AND METHODS

Bas1dlospores

Sporocarps of F annosus were co]lected from forest s1tes in the Coast
Range of western Oregon and on Kosciusko IsTand in southeast Alaska.

The Alaskan specimens from which basidiospores were obtained are deposited
in the mycological herbarium at Washington State University (WSP #62361
~and #62362) Basidiospores were obtained by suspending sporocarps over
SEM stubs in a humidity chamber at room temperature for 24 to 48 hrs.
After humidity treatment, pieces of tissue less than 1 cml were also re-
moved from the pore 1ayerfof the same basidiotarps for 1ight microscopy
and processing for scanning electron microscopy. Tissues to be processed
for SEM were transferred to Flo-thru T1ssue Carrier V1als (American '
Optical. Co.) and dehydrated : .

ACon1d1a;

Two cultures of the imperfect stage of Fomes annosus were used. One
originated from typically decayed wood in western Oregon and the other.
from airborne inoculum 1n-southeastdA1aska. Stock cultures were sub-
cultured onto PDA and incubated at 20°C for one week. Three mm agar
plugs containing sporulating mycelium were removed aseptically and p1aced
in F]o-thru T1ssue Carrier V1a1s for subsequent dehydration.
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Dehydratipn and Microscopy: o

. Dehydration of both spore types was carried out in an ascending series
of 4 éthanol/distilled water solutions (25, 50, 75, and 100% ethanol)
. followed by an ascending series of 4 ethanol/trifluoroethane solutions -
(25, 50, 75, and 100% trifluorethane). Spores and tissue remained in
" each solution fifteen minutes. After treatment in 100% trifluoroethane
they were critical point dried (Cohen et al. 1968). At this point some
spores and tissue were used for 1ight microscopy while others were mounted
. .on SEM stubs, shadowed with gold/palladium alloy, and subsequently
- 'viewed with either an AMR 1200.or AMR 1000 SEM. Photographs were taken .
on Polaroid PN 55 black and white film. o L

| © o REsuLTS .

" In general, Yight microscopy revealed smooth surfaces for both spore types;
. even when viewed with 2 1000x oi1 immersion objective. However, by using

- depth of field and fine focusing the impression was obtained that small .
echinulations were present on some basidiospores. ‘ e

 SEM clearly dembnsfrated that -conidia have a relatively smodfh.surﬁace -

- whereas basidiospores are consistently ornamented with numerous echinu--

Jations. Echinulations on basidiospores range in length from 0.045 u

to 0.20 p. Their size 11kely accounts for.the general failure to observe
. them with the 1ight microscope. The maximum resolving power of a light

- microscope under optimum conditions is approximately 0.20 u. :

. SEM also demonstrates a definite dissimilarity in the shape and location .

" of the apicular structure. The basidiospore apiculus is @ more distinct .
projection from the spore surface, eccentrically 1ocated and measuring . =
0.36 u in length. The apiculi on conidia are generally centrally located,
and there is a smoother continuum with the outer periphery of the spore. -

~ "wall, The apiculi measure approximately 0.54 M.

. Measurements of the two spore types yield a mean size for conidia of ~ ~ .

: © 3.46 p x 4.79 u (21 observations) and for basidiospores 2.52 n X 3.50 u-

(28 observations). Conidia from the Alaskan culture were significantly.-.

~ longer (P < 0.01) and wider (0.01 < P < 0.05) than those from the Oregon .
culture. The number of spores obtained from basidiocarps collected in -

Oregon was too small to statistically compare the sizes of the basidio-

spores between the two collection sites, However, based on 28 basidio-

. spore measurements and 21 conidia from both cultures there is a highly

- significant difference (P < 0.01) in both length and width between the _
basidiospores and conidia. The sizes :for both spore types observed here -
__are generally smaller than measurements previously reported (see.intro-
‘duction).  This difference 1s 1ikely attributable to our SEM measurements -
being made on spores in a dehydrated conditon. The previously reported

measurements were made by 11ght microscopy and the spores were undpubtedly, o

hydrated. -
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DISCUSSTON

'Approximate]y 15 590 species of Ba51diomycetes have been c1a551fied
Some 200 of these species (1.3%) have been investigated ultrastructur-
ally (Hess and Weber 1976). Approximately 33% of the ultrastructural
studies on Basidiomycetes have been with Uredinalés, 24% with Ustilaginales, .
and 43% with the Hymenomycetes and Gastromycetes (Hess and Weber 1976). '
The studies jpertaining to Hymenomycetes have concentrated mainly on the .
Agaricales and to date few other studies have been published that deai

- With members of the. Po]yporaies (Peg]er and Younq 1973) '

The surface morphology and size difference between basidiospores and
~conidia of F.-annosus are now readily apparent Attempts now can be

made to collect airborne inoculum and examine it for the presence, )
absence, and/or relative abundance of the two spore types. The medium -
- of Kuhlman and Hendrix (1962) may provide a means for selectively collecting
and germinating spores of F. annosus. Freshly germinated spores could
perhaps be fixed for SEM exanination by the techniques we used for conidia.

T'_ Such methods-may provide a means for investigating the role of the

Oedocephalum stage of F. annosus in nature, an area of research where
;he need ggr concentrated study has been noted (Staumbaugh. et al. '1962;
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FOREST DISEASE (AND INSECT) RECORDS COMPUTERIZED
- John G Laut , o

: Reports and records of diseases, causai organisms and inSects, gathered
through surveillante and detection surveys by the Colorado State Forest
Service have beer computerized to facilitate their use. - FAMULUS, a 3
, programddeveloped to hand]e 1iterature compilations, was modified to meet
our needs :

_'Information on-each coiiection or report is organized by fields and can
- be searched, compiled, compared, or otherwise manfpulated in a variety

- of ways. - The fields, and information present]y contained in each are:

' 1.'=3“District” State. county, organization (e.g., CSFS, USFS),
: district name {e.g., Grand Junction (CSFS), or Pike N.F.,
- San’ Carlos district), specific location (e.g., legal descrip~
tion or grid ete. will be added to th1s field).

2.7-‘Date date coliected 1aboratory sequence number
3, ﬁost,. by scientific and/or common_ name. B

4, ) "Name"* the common name of the disease or insect’ (e ag. Dutch
v':elm'disease, dwarf mistletoe) .

5.'f SpeC1es.i scientific name - of organism 1nvoived
: 6; f'Description'l ba51c stand information (e.g., urban forest,

plantation, etc., average DBH, S1ze class of trees number of .
- trees 1nvolved) :. . . A

~

rsy@gtom part of tree invoived and descriptors of the problem |
8. | amage more detailed descriptors |

9. T'Enciosures what krnd of sampie or specimen was VECE1VEd With
o greport.,-i : o

;0,' 'H1story ' stand 1nformation = previous disturbance by fire, _
ogging, pests, weather, man, etc. : .

"The system presentiy contains on]y CSFS recores for 1978 Older records'
- Wil be added as time fs available. Our plans also include adding herbarium

g records from ‘the Rocky Mountain Forest and Range Experiment Station.

o Any organization that ‘takes this’ type of data and requires periodic

compilations is invited to participate or develop its own system. The
basic program is extremely flexible and, since no coding of field 1nfor-
mation is required it is easy to operate and maintain
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BIBLIOGRAPHY OF DUTCH ELM DISEASE
| John G, Laut

The bibliography of Dutch elm disease, pub11shed in 1976! with addendum
in 1977, has been continuously updated since that time. It now has

been computer1zed utilizing teh FAMULUS system? for information retrieval.
It presently contains over 2,400 citations, many of which are accompanied
by . abstracts - New c1tat1ons are added weekly.

A deta11ed users gu1de is being prepared but 1n-the interim potential

~ users can obtain searches and print-outs for any DED-related subject.

- The information is organized into several fields to facilitate retrieval.
Searches of one or more fo the fields can be made- for broad-or specific

~ subjects. Persons: request1ng information should dec1de as precisely as
poss1b1e what. 1nformat1on is desired.

Requests for searches can be made to John G. Laut, Colorado-State Forest
- Service, Colorado State Un1vers1ty, Fort Co]]1ns, Colorado 80523,
telephone {303) 491-6303. _

1 Laut, J.G. and M.E. Schomaker. 1976. Dutch elm disease - A
bibliography. CO State Forest Serv1ce, Ft Collins. 135 pp
{with addendum 1977).

2 USDA-Forest Service. 1969. FAMULUS: ~ A personal documentation

system -:A users manual. USDA For. Serv. Pacific SW For. and Range
Exp. Stn., Berkeley, CA. Misc. Publ. 33‘pp.
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©NEW AND MODIFIED PROJECTS

' USDA Forest Service

" Region
'..].

1

Dwarf mxstletoe 1oss assessment in 1odgepole p1ne in Hontana h

{o. Doo]ing)

..3Expanded survey for root d1sease Centers on three Nat1ona1 Forests .

- on about four ﬂn]11on acres (R. H1111ams)

Dynamics of root d1sease centers and environmental factors

..,correlated with centers (R. H1111ams)

2_"_5

Survey of the 1nc1dence and damage caused by con1fer broom rusts _’

1n Colorado (D Johnson and L. Gillman).

Dwarf mist]etoe loss assessment survey - B:ghorn and Shoshone

'.Nat1onal Forests wyoming (D. Johnson, F.- Hawksworth, D Drummond).

Eva]uation of jack pine morta11ty on the Nebraska National Forest
(R. . James). i , .

Fomes annosus on white fir in Co]orado {R. James)

B Eva?uation of. sa]t damage to conifers a]ong roadsides in Colorado

(R. James)

-AEva]uat1on of air po]lution effects on ponderosa pine in the
-Co1orado Front Range (R. James and J Staley) ‘

Fung1c1da1 to]erance of Botryt1s c1nerea (L Gi1lman and R James)

sEvaluat1on of 1nsect and d1sease cond1tions at Mesa Verde Natxona]

Park, Colorado (R James and K. Lister)

Pac1f1c Northwest Forest and Range Exper1ment Station :

.

Expanded field plot study (1nto SW Oregon) of Douglas-fir dwarf
mistletoe development in thinned precommercial stands (D. Knutson)
(mod1f1catzon of 73-F-2 Impact of dwarf mistletoe on Douglas-fir)

'Inh1bition of Fomes annosusvon western hemlock stem d1sks by a

. Streptomyces P (€. ‘Li)
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3. Survival of Phellinus weirii in residual roots fol]owing stump
_removal and nitrogen fertilization (W, Thies). :

4, Occurence of Phellinus (Por1a) wefrii beyond v1s1b1e limits of
f-_1nfect1on (W. Thies}. . | . , :
5.  Growth- loss of Douglas fir 1nfected by Phellinus weirii
(w Th1es) ,

Pac1f1c Southwest Forest and Range Exper1ment Stat1on :

1. Control of dwarf mistletoe- caused ]osses in young. true flr stands
- by th1nn1ng (R S. Smith and R. F. Scharpf) .

2. Reduct1on in stem volume of grand firs defoliated by western
spruce budworm outbreaks on the Payette Nat1ona1 Forest, Idahq
(G. FerrelI and R.F. Scharpf). -

3. Y:Greenhouse and nursery pathogen1c1ty and symptomato]ogy of
- four soil-borne fungi on.five commercial spec1es of conifers at
‘various. ages of growth (R V. Bega). . y

4, Chemical and b1o]og1ca1 control of sugar pine root diseases at
~ U.S.F.S,, Placerville Nursery using seven fungicides and one
.suppress1ve soil (R v, Bega)

v(cont1nued but never reported)

™,

5 Popu]at1on dynam1cs of dwarf m1stletoe on true f1rs 1n -
- California: (R.F. Scharpf and. J. R Parneter, 15- and 20-year -
readings) N . , _
6. The effect of'dwarf mistletoe on morta]ity and vo]ume loss in

released true fir stands (R.F. Scharpf)

7. Reduct1on of dwarf m1st1etoe caused mortal1ty of Jeffrey pines
by broom prun1ng (R.S. Smith and R.F. Scharpf)

8. Effect of- th1nn1ng on the incidence and impact of cytospora
. canker, fir-engraver beetle, and Fomes annosus in white fir
~stands on the Eastside Sierra Nevada (E WOod, G. Ferrell, R.F.
Scharpf and J.R. Parmeter).

9. Lab, greenhouse, and nursery tests on effect of $ix mycorrh1za1
fung1'on five species of conifers (R.V. Bega).

163



- States. | -
. Nash1ngton State Department of Natura1 Resources :kiﬁ"

1.. .. Near Glenwood ‘Washington, ‘a series of plots are being. establ1shed
-1 to test chem1ca1 control of Armillaria. We have not- -yet- decided
~ whether to control the disease within the stump or within the soil.

Several types of fum1gants will: be used (K W. Russe11) S

2. We are reexam1n1ng a ser1es of Fomes anngsus p]ots oh the north
- end of the Olympic Peninsula near Clallam Bay. The plots: were
. ‘precommercially thinned in 1967 and treated with borax, Tordon,
-~ afd Stlvisar. We are.looking at old stumps and crop trées to see
how far Fomes annosus penetmated the standing trees (D, Chavez,
C. Driver. R. Edmonds, and K Russe11) S :

Un1vers1ties ;;,:=I;{.

Un1vers1ty of Idaho :3 '”T.

1.;;; -Suzanne Dubreu11 s beginning her d1ssertation proaect on root
o d1sease caused by Phaeolus schwe1n1tz11 L .

,52}-'Vf§A new project was initiated last year to study cavity-nestlng
- birds in' decayed. dead or alive stand1ng trees., - X

.'; 3. Col]ect1on and 1dent1f1cat1on of wood-1nhab1t1ng fungi under a
- - grant by the St1]11nger Fund ‘ L _ Lo

4Liv The f1e1d ‘work is already f1nished on a study of morta11ty centers

in the.southern end of the Northern Rock1es, Bo1se N. F., conducted
for the U S.: Forest Serv1ce o R ,
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- TERMINATED PROJECTS

N 'Uénxﬁaesf'_ige@ge

-Region 2 o | o
1'1(19"1vMycorrhizai inocu]ation of container-grown Enge1mann spruce
o ‘ﬂzand lodgepole pine (D Hildebrand) - , _
O Reglon g Al R |
“_1.°i,"Eva1uat10n of tree spec1es susceptibility to- Iaminated root rot
. _lin eastern 0regon and Hashington (G Fiiip) ;-'. v
B ‘2,"7*7]Evaluation of blue stain penetration and checking in recentiy
- - killed 1odgep01e pine in northeastern Oregon (R Harvey and J.
' Hadfield) ; . P A
*-23;~3gtlEva1uation of . truben and barrot for disease contro] at the '

f”westfir Nursery (D Goheen)

=:Pac1f1c Southwest Forest and Range Experiment Station

- _,_'

1, 53 -2 o P
. 2. _ 71 K—l (change to C S Hodqes and J KlieJunas)
"3 72 K-1 (change to C. S Hodges and J K]iejunas)

States . -

- washington State Department of Natura1 Resources

-1. fﬂ Comp]eted a moss contr01 test for container seed]ings using X- 77
" spreader and captan fungiC1de. See Disease Contro]_Committee
, report (K W. RusseTT) ‘ : ' _

2. "‘Compieted an IR- 4 fungicide evaluation test for container seedlings.
- Captan emerged as one of the best fungicides for control of :
. Botrytis., " Routine captan sprays as a preventive were a]most 100%
¢‘successfu1 as a deterrent to otrzti (K W. Russel]) L
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. Un1vers1t1es

University of. Idaho T

RS
.. 1in western white p1ne and ]odgepo1e p1ne He 1s now writing the .
: Vresu]ts : , oo ,

David Kulhavy has f1nished his work on insect/disease aSSOC1at1ons

‘A student laboratory manual "Forest Pathology 0ut11ne" was f1n1shed
and publ1shed 1ast year.- ‘ o ; G

'gAnother pub]ication, "keys to maJor d1sease. 1nsect and re]ated
. problems of forests -in Northern Idaho"- was published in 1977 but

supplies were exhausted A rev1sed edit1on was pub11shed in the

- sunmer of th1s year. -

i";F1e1d work 1s fjnished on effects of art1f101a1 defo]iation on
“grand- fir, “This project begén in 1975 as announced at the '
.n<M1ssou1a meeting Ana1yses are now in progress T

William L1v1ngston f1nished his work (MS degree) on Pseudohy]esinus
granulatu as, possible Vectors of root diseases in_.grand fir.
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WESTERN INTERNATIONAL FOREST DISEASE WORK CONFERENCE

DWARF MISTLETOE COMMITTEE REPORT
HIGHLIGHTS OF 1978 DNARF MISTLETOE RESEARCH

John G Laut Chairman

a.

TaXohomy, Hosts., ahd'DiStribution

~ Arceuthobium cyanocarpum, a common parasite of
‘Pinus flexilis, was found for the first time on

whitebark pine, Pinus a1b1cau11s, in Wyoming.

- . In.an area near South Pass in the Wind River
: Range the paras1te was common and damaging on

both Timber pine and whitebark in a mixed stand
(F. G. Hawksworth, RM Station, Fort Collins, -~

-and Dave Johnson, Region 2, Denver).

'A morpho]ogica] study of the pollen grains of
.- Arceuthobium, using light microscope and SEM
- techniques has been started. = Analyses of all

38 known dwarf mistletoes. (from both the 01d -
World and New World) are being made to determine

©if individual species can be identified by their
~pollen morphology (R. Mathewes, Simon Fraser Univ.,

Burnaby, B.C., and F. G. Hawksworth RM Stat1on,

Fort Co111ns)

. .Branch1ng type in a11 u. S. dwarf\mist1etoes
{except A. americanum = subgenus Arceuthobiuri)
~ has been thought to be exclusively fan-shaped
~ (flabellate = subgenus Vaginatum). . However, a

study of 30 populations of A. occidenta]e and

- 33 of A. campylopodum in California showed that

all but 1 had.some whorled branching. About 4
percent of both species had shoots with whoried
branches; the remaining 96 percent were flabellate.
From a taxonomic standpoint, we still feel that

" branching types are valid for separating the two

subgenera of Arceuthobium. However, the presence

. of flabellate branching, rather than the absence
of whorled branching, is a better criterion for

distinguishing subgenus Vaginatum. Subgenus
Arceuthobium seems to have only whorled branching
(W. R. Mark, Cal. Poly State Univ., San Luis

:~0b1spo and F. G. Hawksworth, RM Station, Fort
- Co]11ns)
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. . First collections of A, americanum on lodgepole

- pine were made from the Castle Mountains in
- Meagher County and the Pryor Mountains in Carbon
- County; Montana. The specimens were 'deposited
in the Mistletoe Herbarium in Fort Collins: (0.: -

Dooling, Region 1, Missoula). -

- Approximately 233 miles of spruce cover type in

28 counties in the lower peninsula of Michigan

were surveyed for eastern dwarf mistletoe. The
-parasite is not prevalent or damaging in any of

the counties surveyed, and was present in less

© than 1 percent of the spruce ‘stands examined.

In most.instances mistletoe 1nfe$tations“cons1stéd

- of only a few infected and/or -dead trees. .Infected

. black spruce were consistently located in spruce-cedar
. bogs and only one infestation in white. spurce was ‘
. detected (R. L. Mathiasen, Michigan State Unjversity).

LL‘Atmaancript'has been accepted for-pu51ita£iqn
. -in"The Southwestern Naturalist, “Distribution
- and effect of dwarf mistletoes parasitizing Pinus =

 strobiformis in Arizona and New Mexico," and .

.- should appear in February or March,1979.: Arceuthobium
- apachecum and A. blumeri parasitize Pinus strobiformis
. in the southwestern United States. The mortality
- rate of this host in mixed conifer stands heavily

" infested with A. apachecum was 30 times greater than -
- In non-infested stands and 20 times greater in stands

| ‘heavily infested with A._blumeri. Surveys 4n southern
‘Colorado, northern New Mexico, and central Arizona
-did not detect additional populations of A. apachecum

although P, strobiformis was present in the areas .

surveyed. = Analysis of morphological characters of - :
the dwarf mistletoe population parasitizing P. strobiformis
in the Santa Rita Mountains, -Arizona indicate the parasite

-~ .is A, apachecum, and not A. blumeri as reported previously.

- ‘A, blumeri is only known in the United States from the .
- .Huachuca Mountains, Arizona but extends south to Durango,

+7 . Mexico, and is reported from Sonora, Mexico for the
first time, Contrary to a previous report, A. blumeri

:g_freQuent1y causes the formation of witches' brooms on
P. strobiformis. . Pinus ayacahuite var. brachyptera

~ ~is vecorded as a host for A. blumeri in Durangdo, Mexico

. for the first time (R. L. Mathiasen, University of
CArizona). o s Lo e B
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g. _Arceuthob1um‘gjl111 subsp. 9_1111, A bluméri, and
" A, vaginatum subsp. cryptopodum have been ¢ollected
. . from Sonora, Mexico in the Sierra de Ajos approximately
.- 20 miles southeast of Cananea.’ This represeﬁts ‘the .
. first report of A. blumeri in. Songra, but only the
"~ second collections of. the other two taxa from Sonora
- (R L. Math1asen. Un1vers1ty of Arizona)

“h. ',Dur1ng this year, we d1scovered Arceuthob1um
. campy1qpodum growing on Norway spruce. The host
- .1s located in Chelan State Park on Chelan Lake,
-.washangton (K. Russell, Nash DNR 01ymp1a)

p 1."_F1eld tests were begun in the winter of 1977- 78 to
- .. . test the host parasite re]at1onsh1ps of the
" Arceuthobium camponpodum -~ occidentale complex.’
Cross. inoculations with seeds of several collections
- of both-A. campylopodum and A. occ1denta1e from
" several hosts were made on several p1ne species
- jncluding ponderosa pine, Jeffrey pine, knobcone
- pine, Coulter pine, digger pirne, and Monterey pine.
. Tests were made in the native ranges. of the host
- species which include both the Sierra Nevada and
the Coast range of California (W. Mark, Cal. Poly
" State Univ., San Luis 0b1spo, and R F Scharpf
i PSN. Berkeley)

L Phy51ology and Anatqmy -

a. A ‘normal ph1oem has 1ong been regarded as being ~
: absent from the dwarf mistletoes, Arceuthobium.
~ Now, our fluorescence microscopy stud1es reveal RN
~ . that .a primitive member of the genus, g1obosum, -
.~ has highly specialized phloem tissue. The sieve =
_~tube members of this large Mexican species have -
 transverse to oblique sieve plates, and small but
-~ numerous. dxffuse lateral pores (C. ‘Calvin, Portland .
- State Univ., F. G. Hawksworth, RM Station, Fort
‘,‘00111ns and D Knutson, PNW Station, orva11is)

. b.]}.Germination resp1rat1on, and ‘photosynthests in
. seeds of dwarf mistietoe (Arceuthobium) were “studied.
* The effects of 1 hour soakings of seeds in aqueous
- solutions of 1, 2, or 3 percent Hp07 or 1, 2, 3,
4, or 5 percent Ch1orox on germipnation of seeds ,
- were tested. Germination rates for seeds from three
_Conisecutive years (1975-1977) were obtained.
.+ -Germination rates varied w1de1y This variance
- transcended subtle changes in treatment. . Pre- "
-A,r'treatment of seeds with Ch]orox resulted 1n 51gn1f1cant1y
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: ‘lowérlgermlnation rates than those of the
-.control. ~ Chlorophyll concentrations were -

_determzned for seeds and . aer1al shoot tissue

- 'of four species, ‘Seeds of A. douglasii had

"the highest chlorophy1l concentration (0.38 .

- mg/g fresh weight) while seeds of A. tsugense

"had the lowest concentration (0.25 mg/g fresh

welght).” Net 02 uptake by seeds of A.
campylopodum in dark and in 1ight was measured

- by manometric and polarograph]c ethods,” The

‘. mean. values were 353 y1 0

in the dark -

- and 201-y1 02 g-1h-1 in tﬁe light. The - . -,
- difference between these rates is -apparently due

to 02 evolution during photosynthesis. 1In light

" the seeds can fix 43 percent of the CO2 produced . -

by resplrat1on Experiments in which seeds were
_éxposed to ]4C02 in 1ight confirmed that the ~.

- incorporated .

. seeds are able to fix CO2. - Extraction of seeds

with ethanol fhowed that 97-99 percent of the -
4C was ethanol soluble. Ten to .
16 percent -of the ethanol fraction was chloroform

. soluble while the rest was Ha0 soluble. Ion
,'exchange separation of the H20 phase showed that

11-25 percent of 14C activity was cationic, 15-19

" percent anionic, and 53-67 percent neutral (S W,
o Gustafson, Portland State Univ., Portland) .

.- Work is in progress on the anatomy of the aerial
, epidermis of A. tsygense and certain other dwarf
- m1stletoes (Calvin. PSU Portland)

.-Llfe

Cycle Studies

T'Dwarf mistletoes (Arceuthob1um spp.) have been l
- thought .to spread mainly by means of explosive "

fruits that expel seeds under hydrostatic pressure

. to.distances up to 130 feet. -Recently, birds and

.. mammals have been considered possible agents in ,

. long distance dissemination of the seeds. This -

' . study investigates the role that small mammals, = -
- - especially the red squirrel (Tamiasciurus hudsonicus),
- 'may play in seed dispersal. "The study was conducted .
- in the Malheur National Forest on Graham Creek’ :
- near Prairie City, Oregon. Mistletoe species

.- present were A. campylopodum, A. douglasli, A, laricis, :.,

.- and A, americanum, and primary host species of of each
. L Were Pinus ponderosa, Pseudostuga menziesii, Larix
. occidentalis and Pinus contorta respectlvely Two
* separate areas, A and B, were studied and characterized
.~ for. 'species composition and extent of mistletoe |
' ,:1nfectwon. A study area in Area B was establ1shed
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IV,

for obSErviﬂg behavior and movement of red
squirrels. Squirrels were trapped and shot in

- each area when the seeds began to erupt. The

two stands varied slightly in species composition
and drastically in their degree of infection. No
seeds were found on trapped or shot squirrels in

- Area B where infection was low. Fifty percent -

of the squirrels trapped or shot in Area A

‘carried seeds on their fur. It appears that-

squirrels do carry mistletoe seeds over distances
up to 150 m. if their territory is in a stand

that exceeds a threshold level of infection.

The number of seeds carried per year can be
predicted. It is doubtful whether a significant
number of infections result from squirrel dispersal
of seeds since most seeds carried on the fur are
probab]y groomed off in an uninfectable part of the

- host tree (D E. Lemons, Portland State Un1v .

Port]and)

,'Host Paras1te Re1at1ons

=’No reports

Effects on Hosts

4.

Effect of dwarf mlstletoe on growth of re]eased red
firs in California. The manuscr1pt is still in
the editor's sh0p (R. F. Scharpf PSW, Berke]ey)

o The manuscr1pt "Dwarf m1st1etoe does not increase
- trunk taper in released red firs in California"

~has been published. USDA, Forest Service Res. Note,
- ~PSW 326, 1977 (R. F. Scharpf, PSW, Berkeley).

“Examination of permanent plots in summer of 1978
- showed that neither uninfected red firs nor firs

severe]y infected with .dwarf mistletoe suffered-

:mortal1ty during the severe drought in California -

in. 1976 and 1977. Less than 1 percent of the plot

trees had died since 1973, and none of the deaths

could be directly attributed to either drought or

:dwarf m1st]etoe (R. F. Scharpf, PSw Berkeley).

| With the d1scovery of additional 1974 1nfect1ons

during the 1978 spring check of planted western
hemlock at Nitinat, the avérage upward advance of
A. tsugense for 1974 is revised to 19.1 cm from

"~ 13.6 cm noted in the 1977 report. Average height
- growth of the trees in 1974 was 34.7 cm. Infections
- from 1975 seed resulted in an average upward spread
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‘1e~Yi.' Ecologz -

of 17 6 cm but this 1s 11ke1y to be increased

as "new" 1975 1nfections are fourd in the -

. spring of 1979.  In the first 'three to four
- years fo]lowing overstory rémoval in 1969,
" ‘there was a marked decrease in percentage of .
T crown 1nfected - This percentage is now holding
. steady at 30-50 percent, the actual level '

depending on the original degree of infection
(R. B. Sm1th PFRC, Victor1a? . -

A survey was conducted to assess the distribution
and effects of the mistletoes on the pinyon-juniper

:.vegetat1on type on the south rim at Grand Canyon
" National Park, Arizona Two mistletoe-host ‘

f~~],re1at1°nsh1ps -- Arceuthobium divaricatum Engelh-

on Pinus edulis Engelm. (spread by forceful

‘~-feJect1on) and Phoradendron juniperinum Engelm.:

on Juniperus osteosperma (Torr.) Little (spread

by birds) -- were investigated. Both mistletoes
were present throughout the park. - The only areas

devoid of mistlietoe infection were those areas
with a history of a burn. Fire was the most

':."11m1t1ng factor in the distribution of the mistletoes.
+_The incidence of infection increased as trunk :

diameter and height increased in both pinyon and

" juniper. Arceuthobium divaricatum had the most

- serious impact on its hosf of the two mistletoes -
- in" respect to both vigor and mortality. Both =~
~ ‘mistletoes gppear to be in“equilibrium with their .
" hosts at this time. A control program does not-

appear warranted, but perhaps for aesthetic -

" purposes may be considered 1n the future (Alyce

e

‘Hreha, Provo, Utah).

- The 1ast measurements of f1e1d 1nocu1ations (see
1971- 73, 1975 and 1976 reports) were made in the

spring of 1978. A manuscript, "Infection Trials

~ - with Three Dwarf Mistletoe Species Within and
- Beyond their Natural Ranges in British Columbia"

T oc.

- “is undergoing local ed1t0r1a1 review (R B. Smith.
’ -1PFRC V1ctoria)

=Terry ‘Shaw and I are conduct1ng a cooperative o
- study to determine how past old-growth timber

harvesting has affected the occurrence and-
distribution of dwarf. mistletoe in the developing

. young- growth stands. To determine if there is
“now a mistletoe problem in the young-growth stands

.. studded with infected residuals. We have had field
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crews out this summer and will have more out
next summer. The study will be finished next
- fall (T. Shaw, Region 10, and T. Laurent, Forest
‘ Serv1ce Lab, Juneau).

YVII. Control - Chemical
‘ Nbvreports '

VIII, Control - B1o]og1ca]

~a. L. A. Kelton and J. C. Herr1ng {Can. Ent. 110:
-~ 779-780, 1978) describe two new species -of
~ plant bugs, Neoborella (Miridae) collected
- on Arceuthobium. This brings the total to four
_ species known to live on dwarf mistletoe. A

. key to separate the North American species of

- Neoborella is provided. The article describes v

" N. canadensis new sp. on Arceuthobium americanum,

~on Pinus banksiana {Bellis, Alberta, Canada,

- also at Meadow Lake), and N. pseudotsugae new sp.
:on Arceuthobium douglasii on Pseudotsuga menziesii
(Humphrey's Peak, Flagstaff, Arizona, also at
Hannagan Arazona, and Cloudcroft, New Mex1co)

- b Morpho1og1ca]-and b1o1og1ca1 character1st1cs of-r

' 2 lodgepole pine dwarf mistletoe-associated rust,
Peridermium betheli Hedgc. and Long, were evaluated
and compared to the blister rust, Cronartium comandrae

“Peck, in an attempt to determine the taxonomic status

. of P. betheli. Aeciospores of P. betheli were found

~ to be shorter and more globose than those of C.

- comandrae. Morphology of the aec1ospore wall as
. observed under a scanning electron microscope was
similar for both rusts. Aeciospore germination
characteristics were similar for P. betheli and C.

- comandrae. No P. betheli hyphae were observed in

. histological examinations of lodgepole pine-seedlings
‘naturally infected,with dwarf mistietoe and inoculated
with P. betheli in the greenhouse. P. betheli.
sporulation period was found to be later in the season

- than-C. comaridrae. P. betheli can cause tree mortality;
however, its damage was not as severe as that caused
by C. comandrae. The distribution of P. betheli -
was mapped and found to extend through the Rocky
Mountains and one location in the Sierra Nevadas.

- P. betheli distribution coincides with the range of A.
americanum on lodgepole pine. The results suggest
that P. betheli is a heteroecious ecotype of C. comandrae.
Conclusions regarding the taxonomic status of P. ‘betheli
require additional research {C. Dixon and W. Nishijima,

- Colo. State Univ., and F. G. Hawksworth, RM Station,
Fort Collins, and R. G. Krebill, RM Station, Tempe).

173



.

One of the first attempts to breed trees for

. disedse resistance was begun in the early .

.. 1920's in Colorado for mistletoe-resistant

- ponderosa pine (C. Bates, J. Forestry 25: :
- 130-144, 1927). Two plantations of putat1ve1y

resistant and susceptible strains were

- established near Colorado Springs in 1932.

" The plantations were relocated in 1978. Some
_ "resistant” trees were found to be infected,
but we were not able to make a detailed

comparison of the amount of mistletoe on the . ..
"resistant" vs. "susceptible" strains. ‘Further -
examinations are planned in the ‘plantations

next spring (F G Hawksworth RM. Stat1on,

Fort Co111ns)

. A, tsu ense 1nfect1ons sprayed ‘with Nectria

‘macrospora (fuckeliana) in the Jordan River

ancouver Island) area (see 1973 report):

" resulted in no definite takes. A new trial was ..

' _established in the Cowichan Lake area also on

" Vancouver Island on October 22, 1975.-. Of 20
- “infections sprayed, 8 produced N. macrospora - .
~conidial or perithecial structures and associated
" symptoms of cankering and resinosis -- apparently
. ..a successful trial. However, of 20 unsprayed - .

. mistletoe infections, 2 also produyced N. macrospora

”’ssigns - A11 infections have been removed and are -

A‘t“'be1ng examined in the 1ab (A Funk and R B. Sm1th.

‘HT,PFRC ‘Victoria).

.'.‘IX; COntrol - Si1v1cu1tura1

fTo determine the effects of thinning in m1st1etoe-
"infested ponderosa pine and lodgepole pine stands,
- .a series of permanent plots (mostly 0.4 acre) are
. .being established..  Stands with no mistletoe and .

those with d1fferent intensities of infection are

‘being thinned to various growing stock levels. We

. plan to evaluate the mistletoe and tree responses

to thinning. To date, about 80 plots have been .-

‘established: 65 in ponderosa pine (in Colorado,
. and Ar1zona) and 15 in lodgepole pine (F G ;
Hawksworth RM Stat1on Fort Co1lins)

.if;The proceedings of the symposium “Dyarf m1st1etoe
. ‘control through forest management," held in Berkeley
~in April 1978, is available -~ USDA, Forest Service, -

-7 ‘General Technical Rep., PSW 3, 1978 Although -
f--;gmphasi§ is on s1]v1cu]tural,contro1, aspects of



. chemical,vbiologica1 and genetic control are

also discussed. The symposium was organized

",_around the following general topics: bases for

control, control planning and decision making,
control operat1ons and accomplishments, refining

“and improving control techniques, pest damage. and

 integrated control, and needed research (R. F.

"Scharpf PSW, J. R. Parmeter, u. C.).

e

. U..s. Forest Service, Reg1on § and PSW began
a pilot test project in the summer of 1978
"to test the efficiency of control of dwarf
-, mistletoe by thinning in pre-commercial stands

of true fires. Infested stands in need of-

e thlnn1ng are now bezng located and selected ‘for

“plots in California's National Forests (R. F.

'fScharpf PSW, R. S. Smith, Region 5).
; We have 32 p]ots that were estab11shed in 1974

in pre-commercially th1nned units. They are

"~ - designed to evaluate success of operational
.- thinning programs in eastern wash1ngton They
. Will not be remeasured until 1979. Our original
. measurement showed good control (K. Russe]]

Wash. DAR, 01ymp1a)

~Rem0ved A. americanum lnfected overstory
- lodgepole pine trees from 5,746 acres on

4 central Montana National Forests {0. D0011ng,
Reg1on 1, Missoula).

X. Survezs

a.

Dwarf mistletoe loss assesSment'5urVey -~ Médicine

~ Bow National Forest in Wyoming. As part of an

effort to assess growth 1oss and mortality caused

by dwarf mistletoe, Arceuthobium americanum, in

western coniferous forests, two approaches were
used to estimate annual cubic foot volume loss in
1odgepo]e pine forests on the Medicine Bow National
Forest in Wyoming. The first approach was to use

~data derived from a 1970-71 Stage 1 Timber Inventory

(available from Timber Management, Rocky Mountain

... -Region), and the second one was to conduct a road-
. plot survey to estimate dwarf mistletoe incidence

~ and associated volume loss. Results indicate that
. existing mistletoe data in timber inventory files
. are inadequate when trying to develop growth loss

information. Suggestions for improvement of survey

- data gathering are presented. A similar survey was
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-".‘conduoted'on theABighorn and Shoshone National

. Forests during the 1978 field season. Results

- will be available in late 1978 (D. W. Johnson,

" “F. G. Hawksworth and D. B. Drummond; Region 2,

" RM Station and MAG, USFS). ~Report available from
. . .USDA, Forest Service, Methods Application Group,
- Report No 78-1, 6 PP

SRS survey of the incidence and infection level -
of lodgepole pine dwarf mistletoe was conducted
on the Red Feather Ranger District, Roosevelt

.. National Forest, during 1973, 1974, 1975 and 1977.

. .- Variable radius plots (BAF 10) were located on a10 by 10
.~ - 'chain grid.  Understory data were collected on fixed
.* . radius plots (0.01 acre). Over 7,300 plots were
- established on 45,000 acres. Dwarf mistietoe was
-~ -recorded on 83.8 percent of the plots that fell .
- within lodgepole pine type. Over 53 percent of

the plots had an average DMR of 3 or greater. Data

" were input into the RMYLD Program to determine
- growth loss and mortal1ty associated with dwarf

" _mistletoe infection. It has been estimated that

the annual volume 1055 is 685 450 cubic feet for

"7”~fthe Red Feather District. This i$ an_average yearly
© loss .of 15.2. cubic feet per acre. ‘A.final report of

the ‘survey will be. prepared 1n late 1978 (D

"f:Johnson Region 2, USFS)

(f7F1n1shed the field part of a survey to determine
- cubic foot volume loss due to A. americanum on - _
- lodgepole pine in central Montana. The survey covered

the Beaverhead, Custer, Deerlodge, Gallatin, HeIena,

.and Lewis and Clark National Forests. The data will.
‘be analyzed during the. winter of 1978 (0 Dooling.
"~ Region 1, M1ssou1a) [

A total of 3,040 acres of 1odgepo1e pine forests
in the Island Park area of eastern ldaho were surveyed

| from a Bell Helicopter cruising at 40-65 mph 100-200
--feet above the forest canopy. Witches' brooms were

readily discerned and could be used to distinguish

" ‘general levels of infection (high, medium or low).
~ " The low cost (about $.25/acre) and relatively high
" :degree of accuracy indicate this would be a very cost-

| - effective survey method in areas of widely fluctuating

« dwarf mistletoe infection levels. However, in this -

| ' area of low stumpage values, high losses from the

mountain pine beetle, and consistently medium to high

levels of dwarf mistletoe infection, it is difficult
to justify even this small investment (Report No.

' -.78-6 ldaho Department of Lands, Coeur d'Alene, ldaho.
J. Schwandt, ldaho Department of Lands).
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XI..

Miscellaneous

a.

‘Masters thesis: A peridermium rust associated with
_dwarf mistletoe on Todgepole pine. Christine Dixon,

Colo. State Univ., 100 p.,1978. (See abstract under
VIIL.) |

~Ma§ters thesis: Small mammal diésemination 0f dwarf
mistletoe seeds. D. €. Lemon, Portland State Univ.,

- 38 P.> 1978. (See abstract under II11.)

Masters thesis: A comparat1ve d1str1but1on of two

mistletoes: Arceuthobium divaricatum and Phoradendron

juniperinum (South Rim, Grand Canyon National Park,

‘Arizona). A. Hreha, Brigham Young Univ., 62 p., 1978
'(See abstract under VI.)

o -Masters thes1s Germ1nat1on, resp1rat1on, andj

photosynthesis in seeds of dwarf mistletoe
{Arceuthobium). S. W. Gustafson, Portland State
Univ., 48 p., 1978.

. :'The FAMULUS mistletoe information retrieval "system

is alive and well in Fort Collins and Berkeley. Since

.last year's W.I.F.D.W.I.C., we processed about 70

requests for literature, mostly from the western

" U.S. and Canada, but also from South Africa, Sweden,

Switzerland, Germany, and Australia.. A display of
the system w111 be shown in Tucson {(F. G. Hawksworth,
RM Station, Fort Collins, and R. F. Scharpf, PSW

”Stat1on, Berkeley)
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Root Disease Committee

. Walt Thies, Acting Chairman

Discuss1on of the Root Disease Committee centered on the purpose and
format of future meetings

Y
2.

.Greg F111p was elected chairman for the 1979 meeting.

‘Current root d1sease work will be summar1zed and mailed to WIFDNC

members prior to the 1979 meeting The summary will be. produced
from responses to a questionnaire to be mailed to the membersh1p._

L Discussion at the 1979 comm1ttee meeting will center on a’ narrow.

topic selected by the chairman and introduced by two speakers,, _

. each spending 5- 10 minutes add wessing the topic. These presen~
.'jtations w111 serve as a focus for the committee d1scuss1on : '
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:?:Disease,pon;roi Committee

" “Mighlights of 1978 Control Investigations

S Kene1m'Russe11, Chairman -

. 1. SEEDLING DISEASES ..
A. Damping off and .animal control
Host: Ponderosa pine . F
Causal Organisms: Damping off fungi, birds and rodents
_Control: Chemical —~ s ' S
" "Development Stage: Field Trial’

" Petroleum mulch was used at two rates (100 & 200 gal/acre) to increase

~‘seed germination and protect seeds in seedbed from predation by birds
and rodents. Results did not increase overall germination percent, but:

., treated did germinate slightly faster.  Birds were not observed in

.~ . treated area. (R. Harvey, USFS - Region 6, Portland.) -

B. Moss
"'Host: Container seedlings o
Causal Organisms: Various Mosses
Control: Chemical o T
Development Stage: ~Pilot Qperational

Developed successful treatment for moss in container cavities by using
mixture of captan and X-77 surfactant. Very pleased with results. .
Complete story will be published in Winter 1979 in both Tree Planter's .
Notes and PDR. Material to have a 24(c) registration, (K. Russell, W.
Haglund, WDNR & Cascade Agricultural Service Co., Olympia.}) . -~
C. Rosellinia b
. Host: Douglas-fir . : o _ .
Causal Organisms: Rosellinia herpotrichioides .
Control: Chemical - Biological - - - - =
Development Stage:  Full Operational

PRI

“An outbreak of the disease resulted in a test to see if the fungus would '
be a problem in storage. We sprayed several treatments with fungicides
. "and stored trees for up to one year at 36° F, then outplanted. Findings
. were that fungicides not needed. Disease can be culled during packaging.

“No problem occurred when planted in pots. (K. Russell, WDNR, Olympia.)

" D. Damping off & Root Disease
Host: Sugar pine ' : . T
- Causal Organisms: Fusarium, Pythium, Phytophthora spp. -
Control:  Chemical - Biological B v
Develppment Stage: Field Trial
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" Control: Chemical-

" Control: - Chemical

', Seven fungicides, ‘one suppressive soil used Started May, 1978 -
" Placerville, USFS: Nursery. ~Results not yet available. (R. Bega,
© A. HcCain, USFS & uc Berkeiey ) : S

. Damging-off _
" Host:" “Ponderosa pine = = -
Causal Organisms. Pythium, Fusarium

»:'Deveiopment Stage Fie]d Triai

fv’At Big Sioux Nursery, SD, fumigation with Dowfume MC-2 (400 Tb/acre)
- gave good weed control, ~Damping off did not occur in either fumigated
or non- fumigated beds (Linnea Gi]]man, USDA Forest Servxce.)‘;

. Grex Mold- - i
- . Host: Lodgepole pine o :
-~ Causal Organisms - Botrytis c1nerea 5”; '

Deveiopment Stage In Vitro

fMost Co]orado Botrytis isoiates were to]erant of benomyi in vitro : -
Dichloran completely inhibited fungus growth and captan ‘and chiorothaionii
slowed g;owth significantly (Linnea ﬁiilman & Bob James, USDA Forest
Serv1ce. - . , . .

. Damping~off : ' : ‘ e
"Host: Ponderosa pine, Engelmann spruce, Lodgepoie pine .

;Causai Organisms Pythium, Fusarium o

‘Control: Chemical =

Deveiopment Stage‘ Operational

At Mt.- Sopris. Nursery. COIOrado, fumigation with Dowfume HC 33

(400 1b/acre) in September, 1977 resulted in a 4-fold increase in - '
- '1~0 ponderosa pine survival compared with pine grown in non fumigated
%beds (Linnea ﬁillman USDA Forest Serv1ce ) ' :

. ~Botrytis Grey noid -

>"--.Control Chemical

Host: Sitka Spruce,Awestern han]ock, Dougias fir ."’
Causal.Organisms: Botrytis cinerea , g

*zDeveiopment Stage bperationai |

We are comparing two fungic1des applied through the irrigation system
. vs. normal spraying on & three week schedule. It looks Tike the
',-1rrigation appiication 1s not effective (A H McCain Univ of Calif.,
:Berkeiey ) R oL

. Fusarium root rot -

. Host: .Conifer seedlings ~

.~ Causal 0rqanisms Fusarium oxysporum ‘
Control: 'Chemical = Biological -
' Deveiopment Stage: Pot Tria] . .‘v

o Just. begun, (Dav1d Adams. Caiifornia Dept “of Forestry )
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-l Gre Mou1d : ;

: ost: Wes tern hemlock
"Causal Organisms: Botrytis cinerea
Control: Chemical . -
iDevelopment Stage Operational

A survey of proport1ons of Benlate sens1t1ve and tolerant isolates
showed a1l sensitive isolates at a new nursery; all, to1erant at the
oldest nursery; a mixture of types elsewhere. (John Hopk1ns, Pacific
Forest Research Center, Victoria, BC.)
<K, -Fusarium o
" Host: Sugar pine
"~ Causal Organisms: Fusarium oxysporum f _E E’"

-. Control: Chemical.
Development Stage: Field Tr1a1

. Tested six chemicals for control of a Fusarium collar rot. Tt wad
not a good test of the chemicals because the disease levels were
too 1ow (H1chae1 Srago. Art HcCa1n, USFS & uc Berkeley )

I FOLIAGE oxsaAses

4-,A.' Swiss Needle cast
- - Host: Douglas-fir e T
Causal Organisms: Phaeocryptopus gaumanni .
Control: Chemical : , o o
Deve]opment Stage* Field Trial

: F1e1d trials fron 1977 were qu1te successfu] D1thane M-45 and Ben]ate

- give good control. We are refining dosages and timing how. * At least

- three app11cat1ons are necessary. (B. Fatuga, K Russe]l WDNR Olympia
and UW, Seatt}e NA.) , o .

11. STEH DISEASES AND NILTS

- A. Dutch elm disease
- -Host:  Elms . ‘
- Causa) Organisms: Ceratocyst1s u1m1 or (Ceratostomella)
- .* Control: Chemical = Biological - S11v1cuTtura]
_Deve1opment Stage~ Fie]d Tr1a1 '

_ The first year's work on the federally funded DED demonstration contro]

- project was completed. Yuma, Eaton, Ladunta and Canon City. recejved
“intensive detect1on surveys, sampling, sanitation and insecticide
preventive spray. (Michae] E. Schomaker, Co]orado State Forest Serv1ce )
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. B]ue Stawn

- Host: - Pinus sp. S ‘

. - Causal 0rgan1sms Ceratocystis sp.
" Control: - Chemical -

Development Stage In V1tro ;j

*The herb1c1de paraquat exhlbits d1fferential growth 1nh1bit1on of
‘pure cultures of Ceratocystis sp. vectored by Dendroctonus sp

- (F Kidd, Co]. State Univ. = Dept Forest & Wood Sci.)

V. ROOT DISEASES.

Root & Butt Rots in Mana ged Lands o

‘Host: Western hemlock

Causal Organisms: Fomes'annosus

‘Control: ~Chemical = Siivicultural -
,_Development Stage Impact Eva]uation

unthinned) to determine if.losses being covered by root & butt fungi

'DissectIn? 400 trees in 20 rotation aged stands (ha]f thinned ha]f "

- Justify use of existing control measures. (D Goheen, J. Haofield,'

G. F1Hp, Region 6, Port]and )

Shoestring root rot 1n plantations

Host: Douglas-fir

Causal Organisms: Armil1ar1a me]]ea

‘A;“ Control: “Silvicultural . :
ﬂ”‘_Development Stage., Pilot Operational

. An eva1uation to, determ1ne if thinning heavi1y 1nfected young stands
- dn plantations decreases susceptab111t of leave trees by 1ncreasing
o v1gor “{G. F111p, Reg1on 6,,Port1and { S

~Ann111ar1a fu."

" ‘Host: Ponderosa p1ne - o R L _‘:"‘. N

© . Causal Organisnis: Arm11lar1a mel]ea

. Control: Chemical

R f.Deve1opment Stage F1e1d Trial |

| Plots estab11shed to test chemica] contro1 of Anm111ar1a by treat1ng j
_around or in stumps. It's to be an expansion of Filip's and Roth'
- wWork on a little larger scale. A lony term project beg1nning the

fa11 of 1978 (K. Russe11 HDNR 01ymp1a ) o

.'_Arm1]1ar1a f7:7‘

Host:  Pinus ponderosa, Abies grandis :
Causal Organisms: Ammillaria mellea

Control: . Silvicultural

, Deve1opment Stage Full 0perat10na1

: .TA Manager s field gu1de with 40 co1ored p1ctures has been. comp1eted using

principles :set fourth by Shaw, Roth and others. Since each copy costs
about. $40 it is not availabTe for wide distribution with pictures. Text
is available free and pictures by spec1a1 arrangement (K. Russell, WDNR,

.=;;“1§2:g;?§_

'L01ymp1a )



V

. Fomes annosus root disease_"

. DECAYS

© pp———— .

F. annosa =

.- Host: Western hemiock
- Causal Organisms “F. annosa *
_ Contrdl: - Silvicultural -~
’ Deveiopment Stage: Field Tr1a1

Annosus Root Rot in Precommercial thinning “of Hestern hemiock time of

" cutting and borax stump treatment 11.years after cutting = littie contro]

under conditions tested (Driver, Edmonds, Chevez, UW Coll. of For..

Res.) S » L

.-'P weirii'

Host: Doug]as-fir 1]

‘Causal Organisms: “P. weirii
" Control:. Biologicai' ' ‘
’_Deveiopment Stage* Greenhouse - Pot Trial

'Greenhouse screening test of 2-0 Douglas fir stock show presence of

relative degrees of natural resistance to infection by P. weirii

_fa’(Driver, Ednonds & Morse, {11 Co]] of For. Res )

Laminated root rot

-Host: - D Douglas-fir °

Causal Organisms: 'P. weirii

' Control'f Siiv1Cu1tura

Deve]opment Stage" Field Trial

e are’in process of laying out a field test of commercial thinni
options 1n heav11y infected Douglas -fir stands. ( E' M. Hansen, OSU )

>
s

Host: . Western hemlock ] o
Causal Organisms: F. annosus g :

Control: - Chemical ~
fDeve]opment Stage Fie]d Tria]

In a field tria], application ofgranduiarzxncsu]phate to fresh]y tut

f, hemlock stumps prevented infection by F. annosus spores. {D. J. Horrison,

Canadian Forestry Service, Victoria BC.)

. ‘l‘

. Host: .Douglas-fir, true firs

Causal Organisms: Echinodontium tinctorium -
Control: Silvicultural - . v e
Deve]opment Stage ‘Field Trial

- Little decay in Douglas firs wounded during thinnings in second growth
-stands. Now studying Indian ‘paint in white and grand fir advanced
vregeneration (P E Aho, FSL PNH Station, Corvallis.)
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' BUSINESS MEETING MINUTES ~

| :4The bus1ness meet1ng of the 26th western Internat1ona1 Forest D1sease
~ Work Conferene was called to order by Cha1rman D1cL Sm1th at 3 45 pm,
“ October 27 1978 - _ .

. The m1nutes and treasurer B report were approved as presented 1n the
* Proceedings of the 25th wIFDwC. _' > oo

: 01d Business and Comm1ttee R_ports B “ S

Dwarf MistIetoe Comm1ttee ‘Met for 1unch on October- 25 1978. The_ ‘

- committee report 1s included 1n the Proceed1ngs. -

Root D1sease Cormittee., Walt Thies. Acting Chairman, summarized the
topics discussed by the committee at the luncheon on October 25, 1978.
_Greg Filip will be chairman for 1979. Items discussed hy the committee
_-are sunmnr1zed by Walt 1n the: Proceed1ngs. : S

o Disease Control Committee. Ken Russell 1nd1cated that the ‘committee
. discussed- having a panel for the identification of needle diseases of

“'-the West. This would include a clinic or lab and would be held at- a

future WIFDWC. The committee is sponsoring the compilation of a :
national list-of forest disease control methods present]y in use; th1s
g w11] be coord1nated by Dan Brown. L

' Interim Prog_am Cha1rman Dave Johnson s report suggests severa1
possible discussion topfcs for future meetings. ' The most frequent
comment made concerned the time available for discussion. Many peOpTe

" 'seemed to feel that there was not adequate time available to ask ques-

“tions and discuss présentations. They felt that this should be a major

L consideration in the p]ann1ng of future conferences.--

. New Bus1ness

-1980 wIFDWC 1ocat1on Inv1tat1ons were extended to the group by Ne1l
.- Martin and John Laut to meet at Moscow, Idaho, and the Colorado State

~ University, Henry Park Campus, respectively. After the advantages and
disadvantages of each of the two locations were discussed, a show of
hands revealed a preference for the Henry Park Campus as the 1ocat1on
for the 1980 meet1ng. Co o

Ed Wicker requested that someone’ e1Se be appointed to keep the list of
.~ projects current. Frank: Hawksworth consented to pick up this task.
~A¥IFDWC members want to thank Ed for see1ng to this reSponsib111ty f0r so
Tong.’ SR : : . )
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~ Election of Officers

Tom Laurent and Tom Hinds were chosen chairman and secretary-treasurer
respectively for the 1979 WIFDWC. This was accomplished in the usual
-efficient and time-conserving manner.

. The meéting was. adjourned at appFoximatély 4:15 pm,
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~ TREASURER’S REPORT

'A!BaTance - carr1ed over from 25th NIFDNC

- 9-8- 73 “1 D1vidend
Exgenses Prior to 26th HIFDNC

10 18 78 :. Advance for Buses

. Receipts - 26th wxrnwc [;,L}.rf

L 10-24te n Lo L
: 10-28-78 Reg1strat10n

’ “Expenses - 26th wrrnwc

10—24 to . . -
A10_28¢78_ ‘_»Arizona Inn

.+ {including bahdhet coffee,ff'*
. field trip lunches etc.
" ‘Buses (total less advance

51~Aud1o-visua1 equipment

" rental .

. -1M1sc. expenses and tips

‘ f”antal Expenses 7f7u

faeceipts Subseguent to 26th wach

‘ 12 31- 78 .' D1v1dend

3- 31 79 Dividend
’_75-30-79 - D1v1dend g

lfl: Balance - June 30, 1979

Deposit held wash1ngton State Emp]oyees Cred1t Union

©'P.0. Box WSECU

':';Olymp1a Washington | ‘98507 A

""fih;‘Account No. 936258

I

242
100,00

0 2375000 .

47,00

39,10
| 2122,60

224
B0 -

1790.90 ~
245,60

" Balance

159.97
162,39

62.39

243739

314,79

317.03

32195
~ 326.95
.. 326.95



| INTERIM PROGRAM CHAIRMAN'S REPORT

_ David W. Johnson

Thenfb1Tawfng topics .were suggested. for the 1979 meetfng in Salem, Oregon:

1'

fA panel on disease problems in the Pacific Morthwest and Alaska
~including aspen diseases (Hinds), hemlock dwarf mistletoe (Shaw).

--: Suggested by Filip.

A pane1 on measur1ng[imﬁact due to forest diseases - growth loss,

AparticuTarly loss due to rOot”diseases ~ Suggested by Thies.

A pane1 on the spec1f1c1ty of non- spec1f1c dlseases, 1nc1ud1ng
Verticicladiella wagenerii, Fomes annosus, and Armillaria mellea,
all of which are non=specific in their action on conifers; however,

"~they gften attack only one or a few possible host species in a
“given area. The discussion should include recommendations for

"rep]acement"'spec1es in d1seases sites. - Suggested by Parmeter.

: A panel on foliage diseases and current control measures. Movie

a1$o ava11ab1e. Suggested by Sta1ey

Intens1ve forest management in western hemlock stands and the effects
of Fomes annosus and hemlock dwarf mistletoe. Suggested by Hadfield
v(c0u1d_be-p]aced in panel as suggested in item 1).

Decay'potentia1 in understofy true fir stands. Suggested by Hadfield.

" The selling of "CODIT" in- the Pac1f1c Morthwest. Suggested by

: rHadf1e1d

10.

1.

12

D1seases of seeds. ~Suggested by Hadfield.

The ro]e of FI&DM (Fotest Insect and Disease Management) Suggested

by Don Graham

A pane] on the status of the'Dutch elm disease ‘demonstration projects,

including Lake States, Colorado, and Ca11forn1a' Dan Brown volunteered
to 1ead panel.. .

New deve]opments in whi te pine blister rnst programs, emphasizing

~silvicultural control. Suggested by Byler,

A discussion on current fungus name- changes and reasons for.
Suggested Gilbertson lead: d1scuss1on Suggested by Hal Bursall

' a(Forest Products Lab)
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Other program suggest1ons

- Allow more t1me for discussions 6f new projects and techniques.
Rather than Tist projects. give some detailed lnformat1on..

g :Have "t1me“ ava11able for discussion of- current prob]ems, .
identification of spec1f1c pests A "show and te1l“ session.

. sh1rts with some “catchy" slogans. were present at this last
“meeting. -.A suggestion was made that we offer an award (T shirt
award) for the best s1ogan at the banquet 4

: _Have quest1ons for speakers oh panels imned1ately fo1IOW1ng
presentattqns rather than delay quest1ons unti] end of pane]

Panels shou1d be organized to present a central theme or 1dea }
" rather than a potpourri of unrelated subjects. . This last meet1ng :
" was characterized by too many unrelated subJects and paper o . -
- presentations. It would be much better to reduce the number of

Apapers and pane]s and allow for more discuss1on :



NEW_PUBLICATIONS

- Aho; P.E.. 19?7 Decay of grand fir in the Blue Mountains of Oregon and
| Nash1ngton ‘USDA For. Serv. Res. Pap. PNN 229 Pac. NH For and
:Range Exp Stn s Port1and OR. ..

Aho, P.E. 1978 Insect and disease management through stand management -
. areality? .Stem Decay Solutions Executive Summaries of the Proc.
~ of the 1977 Western Forestry Conference, Nestern Forestry and ~
Conservat1on Assoc p. 73 :

| 'Aho, P.E 1978 0r1gin of frost cracks 1n grand f1r [Abies grandis j
S .(D?ug1 g L1nd1 ] Jn.the B1ue Mountains.. Proc. Northwest Sci "AssocC.
- 52(1 40 . ' T : L

" Aho, P.E. and LF. Roth. - 1978, - Defect estimation for white Fir n the
SRR Rogue River Nat1ona1 Forest. USDA For. Serv. Res. Pap. PNW- 240
Pac. NH For and Range Exp. Stn., Portland, OR 18 p.

| -Bega. R V 1978 Phomopsis 1okoyae outbreak 1n -a Cal1forn1a nursery
' Plant Dis Rptr R 62 537—569 : . o

-E ',eega, R.V.s R.S. SrmthPiJr ; A.P. Mart:lnez zimd c.J. bDavisi d19781
: - Severe damage to Pinus radiata and P pinaster by Diplodia p nae
ggda%gpggderm1um spp “on Mo1oka1 and_Lanai Plant is. Rptr y
AR . BT B

Blanchette, R, A and c G Shaw 1978, Accelerat1ng decay of forest

© - residues ~ app11cations in coniferous ecosystems. - IN Proc. Fifth™
-Int"1 Conference on Problems of Root- and Butt- rot in Con1fers,
‘Kassel, Germany, Aug 7- 12 pp ©333-339.. ,

B1anchette, R. A and C.G. Shaw 1978 Associations among‘bacteria,; E
yeasgs,sand bas1domycetes dur1ng wood decay Phytopatho1ogy'
68:631-637 S L '

'Blanchette, R.A. and C G Shaw 1978 Management of forest res1dues
C for rap1d decay Can. J. Bot. (In press,_Nov 1978) '

" Blanchette, RiA., C.G. Shaw, and A.L. Cohen. -1978. A SEM study of the
effects of, bacteria and yeasts on wood decay by brown- and wh1te—
rot fungi Scann1ng ETectron Microscopy 2 61 67

.Brown, D H. 1978 Effects of th1nn1ng and prun1ng on the incidence of
 dwarf m1st]etoe in lodgepole pine. - USDA For. Serv., State and

‘ Pgivate Forestry, Rocky Mountain Region Tech Rpt. R2 14 Lakewood

o C 7 pp

. 189



- Brown, D.H. i978 Extension of’the known distribution of Cronart1um ‘
ribicola and Arceuthobium cyanocarpum on limber pine in wyoming
Piant ﬁ ., Rptr., 62(1)

e Brown, D.H. 1978 The status of white pine blister rust on limber ' ‘
. pine and wh1tebark pine in Wyoming. USDA For. Serv., State and
. Private Forestry, Rocky Mountain Reg1on Tech Rpt.. R2 13, Lakewood,
CO 10 pp. . . : S

Ca]VTH. C L.s F. 6. Hawksworth, and D Knutson. 1978. Ph1oem 1n','
Arceuthob1um ~Bot. Soc. Amer M1sc Pub1 156'25 (Abstr )

~— Crawford, D J and F. G Hawksworth 1978. F1avono1ds of the genus
?Egeuth?b1um (V1scaceae) Bot Soc Amer. Mlsc ‘Publ. 156:8 .
str T ) S

B ‘D1xon, G.E.. 1978, - A spread and 1ntensif1cat1on mode] for mistletoe _
: in ponderosa p1ne Diss. Abstr. Int: B, 38(7)2963 C0 State P
Univ » Ft. Collins (Ph D. thesis) o L

| .-F111p, G.M. and L F. Roth. 1977. Stump 1nJect1ons w1th so11 fumigants ﬁffz
» " to eradicate Armillaria meéllea from young-growth ponderosa pine
ki]]ed by root rot.’ Can J. of For. Res. 7:226-231. S

_ F111p, G.M. " 1977 An Armi]laria epiphytotic on the Ninema National
Forest Oregon P1ant Dis Rptr. 61:708-711. .

Filip, G M. 1977 Crown mortallty of ponderosa pine caused by
Cronart1um comandrae Plant’ DIS. Rptr 61 1083~ 1085

]'F11ip. 6. M. 1977 “Incense. cedar, a new host of Arm111ar1a meIlea -
1n Oregon P1ant D1s Rptr. 62 280. ‘ R

Gil]man, L. S 1 1978. - A study of the borea], a1p1ne, and arctic spec1es N
-of Me]ano1euca Mycolog1a 69 927 951 . . : o

Gi]lman, L. S 1978 Ident1f1cation of common po1sonous mushrooms
- IN Mushroom Poisoning, diagnosis and treatment. ~B. Rumack and
B Salqman, eds CRC Press pp. 27-57.

| Goheen, D.J., F.M. Cobb, Jr., and G.N, McKibbin. 1978 "ihf1uénce of
'so011 moisture on 1nfection of ponderosa pine by Vert1c1c1ad1el1a
agner11 Phytopatho]ogy 68: 913 916 .

1.’~Goheen D. J., and F W. Cobb 1978.. Occurrence of Vert1c1c1ad1e1]a_ -,“J
' agner1 and 1ts perfect state, Ceratocyst1s wageneri $p. nov.,
in insect ga]ler1es. Phytopathology 68 1192 1195. -

Gregg, T., K.W. Russel] and E. Knudson ' 1978 Detection of Arm111ar1a
..root rot damage ‘with color infrared photography. Symposium on
. Remote Sensing of Vegetation Damage Assessment. Seatt]e. Amer.,
~ Soc. of Photogrammetry.. pp. 429-438. - ~
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Gurus1dda1ah S.» R.A. B1anchette, and C.G. Shaw. 1978. A modified = .
techn1que for determination of fungal mass in decayed wood Can.
- Jd. For Res (in press) D . .

Hadf1e1d J. S and K.W. Russell. 1978. Dwarf mist1etoe management 1n

’ “l: the Pacific Northwest. IN Proc. Symposium on Dwarf Mistletoe

- Control through Forest. Management Pacific SW For. and Range Exp.
:Stn., Berke1ey, CA. Gen. Tech. Rpt. PSW-31,

Hansen, E. H - 1978. Incidence of Vert1c1c1ad1e11a wagner11 and Phellinus
weirii in Douglas-fir adjacent to and away from roads in western
Oregon. Plant Dis. Rptr. 62 179-181. ‘ : N

Harr1ngton. T. C.. R.A. Blanchette, and C.G. Shaw 1973: In vitro
" basidiospore and chlamydospore production in Cnyptoporus volvatus.
Phytopatho]ogy News 12(9):167. (Abstr ) R

Hawksworth, F.G. 1977 The six-class dwarf mistletoe rat1ng system
"USDA For. Serv. Gen. Tech. Rpt. RM-48. Rocky Mountain For. and
Range Exp. Stn , Ft. Co111ns, Co. 7 pp. ‘

Hawksworth F. G 1978. B1ologica1 factors of dwarf mistletoe in
- relation to control. IN Proc. Symposium on Dwarf Mistletoe Control
" through Forest Management. Pacific SW For. and Range Exp Stn s
Berkeley, .CA. Gen Tech. Rpt. PSK-31.

Hawksworth, F.G.- 1978 .Intermediate cuttings in mistletoe-infested
lodgepole pine and southwestern ponderosa pine stands. IN Proc.
.Symposfum on Dwarf Mistletoe Control through Forést Management.
Pacific SW For. and Range Exp. Stn., Berkeley, CA. Gen. Tech
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